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ABSTRACT

Thisthesisreconstructs the landscapeolutionof the Billy Big Spring #e (24GL304,
Glacier Countynorth-central Montana) from the last glacial maximum to present through the
analysis of sediment and soil samples collected fxanansect ohuger testthat bisectedhe
site and surrounding landformaterpretations were dnan from stratigraphypedologic data
sedimentologic analysis anddiacarbon datingThesitelandscape came into beingthe late
Pleistocengafter Wisconsirage glaciers retreate@lacial retreat left a meltdown depressiaon o
the lndthat filled with water to form a pondvhichpersisted through the eajyolocene.The
onset of the micHolocene (Altithermal) occurreldefore ~8,41%al. yrs BP,when increasingly
arid conditions cased the water level to drophe first radiocarbon dated humaccupation of
this site occued during the Altithermak7,030 cal. yrs. BRfter the eruption of Mount
Mazama(~7,633 cal. yrs. BRArid conditionscontinued unti~7,000 cal. yrs. BP, whepond
waterre-expanded across the bagimarking the transitio to thecoolerlate-Holocene Sometime
before2,100cal. yrs. BR dry conditions returned, and the extent of the pond water decreased
again Since this timeoverland alluvial processes have depabisediments in the basMany
hypotheses on how thétithermalimpacted the people of the Northwa® Plains have been
proposedsince the 1950s, but little agreement has been reathisds due to the fact that there
was great variation in how the Altithermal expressed itself throughout the Northwesties Pl
The human reactions to this phenomena cannot be explained simplistically for the region as a
whole. This studyshows thathe Billy Big Spring siteexperiencd drying during the Altithermal,
but despite thispeople continued toccupythis site This evidence adds the argument that the
Altithermal climate of the Northwestern Plains did not have severe erioygttsto impose

much hardshipn its occupants.



CHAPTER 1: INTRODUCTION

Thisthesisseeks to understand how landscapes and peopladhiertheface of climate
change. This work was conducteaderthe assumptiorthat @mponents of the human
environment interact to cause cuélstability and changé&his is asystems pproachto
understandinpumanlandscape interaction§his approactrequiresutilizing data derived from
multiple environmental proxies to reconstruct the past landscapes that humans oCngeaed.
people interact with a natural landscape, the landscape takes on cultural meaning.
Geomorphologystratigraphy, angedologyare usedo understand past landscapesl their
evolution,and paleobotanig usedto reconstrucpast vegetational regimebhis body of work
appliesthe contextualbpproachto createa paleolandscape context for an archaeologitabn
the Northwestern Plain¥ he site investigated in this study is Bidly Big Spring site

(24GL203)(a b b r e v i BB$s® id nodhsentiial Montana.

The major climatic events that are of particular interest to this study incdadkciation
afterthe last Ice Age, mitHolocene warming (known as the Altithermal), and théd.ice Age.
Understanding theesponse of thpaleolandscape during thedenatic eventss critical far
reconstructindiuman settlement patterns on thertdwestern Plains. The timing of deglaciation
of the last Ice Age allowed for the entrance of Paleoindians into this region in the Late
PleistoceneTo estimate when people may have first entered this region, it is necessary to know
when the ice left andthen the landscape was recolonized by plariis. Altithermal (also
known as the Hypsithermal or Mid Holocene Climatic Optimum) wasverenestand driest
period in theHolocene. On the Northwestern Plains the Altitherfastedabout 3,000 4,000

years This study atthe BBSsdid not obtaidate-Holocenestratigraphic datavith high enough
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resolutionto investigate the Little Ice Age, so the focus @dhalysis is on the deglaciation and

the Altithermalevents

The BBSswas selected for this analysis base previous investigations (Kehoe 2001),
demonstrated itontairs a series of occupatioms a stratified contexrom the Early Archaic to
the Late Precontageriods. This history of continued use through most of the Holocene showed
potential toyield dataaboutthe impacts of the Altithermallhe goal of this thesis is to use
stratigraphy, sedimentological and soil analype#ien radiocarbon dating, and archaeological
evidence as proxies to understahne landscape evolution tife BBSs These datavill be used
to specificallyreconstructhe postglacial andhe Altithermal environmestto understand how

these events affected human settlement

This project was conducted part of the Blackfeet Early Origins Project, which is a
collaborative researgbroject betweethe Blackfeet Indian Tribeyho are culturally affiliated
with the ancient occupation of tB8Ss, and Dr. Mda Nieves Zedefio from the Bureau of
Applied Research in Anthropology at the University of ArizoFae progct was funded with
off-site mitigation funding from th®lontana State Department of Transportafidedefio et al.
2017).Working togetherDr. Zedefio anthe Blackfeet Tribal Historic Preservation Office
drafted a research plan that was of vatuboth the Blackfeet Trib@nduniversity researchers.
The Blackfeet were interestadinvestigaing the nature and antiquity of their ancestral presence
within the paleolandscapand thisdovetailed well with investigating the impactsclimatic
events since the last glacial maximurnogether, Blackfeet tribal members and researchers from
the University of Arizona excavatéao 2m x 2m blocks in the summsiof 2016and 2017
(Zedefio et al. 2017This geoarchaeological analysias conducted to abextualize the cultural

materials uncovered during the excavations.
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Theoretical Background
Landscape is a centrabncept in this thesis. Carl Sauer (1983he originator of the
concept otcultural landscpes. He explains that before people eatearea, the regide a

natural landscapevhichi s composed of fAmaterials of the ea

important measure determined the surfacerfos . 06 ( Sauer 1969 :tf®34). Onc:
landscape, it becomes a cultural landscape. Thecu r a | | andscape i s fAimanod
|l andscape. 0 (Sauer 1969:342). I n this case, t

and the cultural landscape is the result. Following this distinction, anywhere where there is a
recor d oifitiesrfarrexaspleaan tirchaeological site) is a cultural landstéqe

recent renditions of landscape theory view the physical environment as an active participant in
the development of cultural traditions, rather than a backdrop where people imgirint
activities.This view sees traditional history and culture as embedded in the land, and that
cultural associations can span great geographical distances (Ferguson and Anschuetz 2003).
Landscapes are the essential medium through which people shstatuttural identities across
generations (Ferguson and Anschuetz 2003). This view segitetthendscag asnot just

composed ophysical landforms, but i landscapanbued with meaning.

The cultural landscape of the BBSs was just one of the tnaalties the ancestors of
the Blackfeet Tribe would have regularly visited in the past. The ancestors weaningg
hunters who practiced seasonal and logistic mobility (Zedefio 200088ly.social environment
was structured around the extraction apgropriation of localized natural resources (plants,
animals, mineral, and landforms). (Zedefio 2000:98). Their lifestyle required a large area of land

with many individual localities that were required for specific purposes (i.e., they offered
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particularresources, had spiritual importance, or were desirable locations to camp out of the

weather).

The landscape approach provides a good framework to understand the network of
meaningful placeacross théerrainthis ancient group used, as opposed to viewhrgBBSs as
an isolatectulturalsite on the natural landscape. Applying the landscape approach, the total area
of Iand used by a groupndompesiesditwhieddoalanidec al
constitut.e@ Baalkmdiman & s aiece to the avdrall laritscape sorya
Following Zedefio et al. (1997:126), The landscape has three differeerigions: 1) the formal,
which arethe physical characteristics and properties of landmarks; 2) the histatideth isthe
sequential networknks that result from the transformation processes; and 3) the relational,
which is the interactive (behavioral, social, symbolic) links that connect people and landmarks.
This thesis applies the methods of geoarchaeology to understand the formal, physical
characteristisand properties of the BBSs, with the understanding that these formal aspects are

intrinsically linked to the historical and relational aspects of the landscape.

Since the 1980s and the risepobt-processual archaeology, archaeologstaties have
often been cast as either empirical or theoretical ended@veosarchaeological studies have
traditionally been classified &®longing to thempiricalgroup with fewtheoretical
applicationsThis does not meamoweverthat geoarchaeology is atheoretical. Most
geoachaeology is conducted undesyastems pproach to the human environment, which is a
theory borrowed from biologysystemsheory was first applied in an environmental science
perspective by Chorley (1962hen from an ecological anthropologyrggective by Geertz
(1963), andn archaology by Flanery (1968) (Butzer 1982). The systempp@ach seeks to

understandhe a O0syst emd wiobidkogy, thelsystemneex stuaypid the ;
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ecosystem, whereas geography, the system is the interactions between human communities
and their environments. In ecological anthropology, the system is the intersection of the social
and environmental structurds.geoarchaeology, the system is the interactions betthieen

biophysical environmerdand human societjButzer 1982).

More recently, he basigrinciples of the systemgproach have been reapplied in a
paradigmthatButzer (1982 and Schoenwetter (1981) call contextuahaeologywhich is the
theory histhesiswas conducted undefhistheoryfocuses on the environmental context of
archaeological finds to make interpretations. Karl Butzer positsviii it is easy to see the
environmenmsstatic,the environmenis actuallya dynamic factor in the alyais of
archaeological context. Context is a matrix of space and time dimensioritsisakely to
archaeological interpretationBheideasof the systemspproachare applied in contextual
archaeology to understand how the contextual components ofitharhecosystem (flora, fauna,
climate, landscape, and human culture) interact, leading to an explanation about cultural stability
and change (Waters 1992:4). This model can be used to understand cultural stability and change
basednthe principle that huams developtrategies and practic&sfit in their ecosystem. This
model sees changes in human behavior as the result of a change in one or more of the
components of the system. Understandivese interactionis the goal of applying eontextual
approah. The theory otontextual echaeolog fits thiswork becauséhe projectseeks to
understand if or how environmental elements affected peGplagextual archaeology considers
how different components of the environment interacteéate a platform fonuman life
Applying thecontextualapproachin this projectmeans considering all of ttiacets ofthe

biophysical environmerdasimportantfactorsin understanding human society.
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Why Geoarchaeology?

Geoarchaeologig critical to understanding the arewdogical record and the human past
(Rapp and Hill 2006:1)Geoarchaeology uses techniques and approaches from geomorphology,
sedimentology, stratigraphy, and geochronolagyntvestigate and interpreédiments, soils, and
landformswith the goal of answering archaeological questi®iaters 1992:@ 4). The primary
purpose of conducting a garchaeological investigationtis understand the archaeology of a
site, areaor region using earthciencebased ideas, as opposed to understgritie geology of
that place with only ephemeral ties to the archaeology, which is classified as archaeological
geology (Rapp and Hill 2006:2)here are foudifferentways that geoarchaeology is applied
the context of this study) to date archaeajyical materias through the application of
stratigraphic principles antumerical dating technique) to understand the natueaid
anthropogeniprocesses dfite formation3) to reconstruct thphysicallandscape that existed
around thesite at the time of occupatipand 4) to reconstruthe environment athe site.
Reconstructing the past environmenan important aspect of understanding an archaeological
site becaus# places prehistoric human occupatiomghin the context of ayhamic and
evolving landscapehis, in turn, helps to etidate huma#and interactiongind in some cases,

to identify causal factors that may explain culture change (Waters 1992:12).

Site Setting andHistory of Previous Work
Regional Context of the Ndhwestern Plains

The Northwestern Plains is a subdivision of the Great Plains. The Great Plains are usually
conceptualized as the grassland prairie region of North America, extending from Alberta,
Saskatchewan, and Manitoba in Canada, south through theevesal United States into Texas.

Following Oetelaa2011), there are three general regions within the Great PldiasSouthern
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Plains (eastern New Mexicmost of Texas, western Oklahoma, southern Kansas, and Southern
Coloradg, the Central Plaingeastern ColoraddNyoming, South Dakota, Nebraska, Kansas,
western lowa and western Missguand the Northern PlainsgsterrMontana,North Dakota,
southern Alberta, southern Saskatchewan and southwestern Mafiigioge 1) Within the
Northern Plais, there are two subregiof@etelaar and Beaudoin 201@)e Northwestern

Plains (southern Alberta, southwestern Saskatchewan, and Montana east of the continental
divide) and the Northeastern PlailNofth Dakotasouthwestern Manitoba, and southeastern

Saskatchewan).
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Ecological Zones of the Northwestern Plains

Within the Northwestern Plains, there are three different ecological:zbee20ocky
Mountain Front, the éothills,and the Openmiries(Oetelaar and Beaudoin 2003:188]jtitude
is the most important factor for defining these zones, since altitude dictates the ecology of these
areas. The Rocky Mountain Front has the highest elevation, because it is the trans#fzonal a
between the Rocky Mountaiissing over 3,000 mag$Detelaar and Beaudoin 2Qpandthe
lower elevation grasslandis the eastA vast variety of wetland, riparian, grasslaadd forested
habitats exist along the Frofithe descent from the Rocky Miatainsin this zonds punctuated
by freestanding mountain$of example Chief Mountain)hat tower above the rest of the
landscapeThe Foothills aredefined aghe upland areas east of the Rocky Mountain Front. They
have a lower elevation than the Fromith a maximum elevation of 1200 malsit still have a
varied topography of rises and drainaff@stelaar and Beaudoin 2008rasslands compose
mostlyof vegeation cover here, with some forested areas sprinkled throughout therbene
Open Rairies are the lowest elevation zone of the Northwestern Plaimeh are generally
between 80@ 1000 masl (Oetelaar and Beaudoin 2003)ey have a relatively flat tography
and are coverecompletelywith grasslandsThe BBSs is locatedn the boundary betweenreth

Rocky Mountain Front and theoBthills zones

Geoarchaeology on the Northwestern Plains

The driving force of geoarcha®gical investigations on thedithwestern Plains has
been investigating Paleoindian si{@¢banese 2000)The first application of geoarchaeology on
the Northwestern Plains was1832to determine the age of tiseottsbluff sitg Albanese
2000:239) Shortly after, Kirk Bryan conduatéhis pioneeringstudyto date the Folsom

component at the Lindenneeisite (Bryan and Ray 1940). After the invientof radiocarbon

18



dating in 1%0the focus of geoarchaeological investigatierpandedo studying the
geomorphic and sedimentary changesrduthe Holocenand the development of regional
stratigraphic chronologies. C. VanliogeisaHaynes?©o

classic examplef this research.

Academicscientistswere the primary investigators in this region before thikual
Resource Management (CRM) boom in 1#8&0s (Albanese 2000:200RM developed after
the passage of the National Historic Preservation Act of 1966 and the NationahBresital
Policy Act of 1969. These lawsquiresurveysto locate and recorall of thehistoric properties
thatmaybe impacted by federal projectandto mitigate theadverse effects of federal
undertakings owulturalmaterials The number ofederal undertakings needing compliance with
these laws creatadore work than univeitses could handle, sprivatesectorcontract
archaeologyvas developed to provide the professional services needed by federal agémcies
increase in projectequired more archaeologists to do the work, along with more
geoarchaeology specialists taafyze sites. Considering the impacts tooallhearchaeological
sitesin areas potentially effected by federal undertakings (rather than simply identifying
archaeological sites of interest to academic archaeologatsesulted ia larger variety ofite
types being investigated by geoarchaedtsgihan beforenvironmentalaws were passed.
Originally, geoarchaeologists onlyorked at Paleoindian sites but now sité all agesire
investigated Albanese 2000Nonetheless,w&n though more investigations are being conducted
on the Northwestern Plainke geoarchaeologgf this regionis still in its infancy (Albanese

2000:239).
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The Altithermal
The Altithermal Climatic Episode was originally conceptualized by Ernst Ant&#3j1
as a period of drouglm the Great Basinccurring from7,000to 4,500years agg¢5,000to 2,500
B.C). Over the last 65 years, climétasedesearch has found that middlelocene warming
did occur, but that there was considerable variability itinighg, intensity, and associated
ecological impacts. The global average for Holocene temperature shows a warming of about 0.6
degrees Celsius from the early Holocene to a temperature plateau sp&tthirgpto ~6,295
cal. yrs. BP (9,506 5,500“C yr BP)! (Lowe and Walker 2015:427which represents an
average for this event across the gldhdividual regionseexperienced changesuch more
severeor much lesseverehan this averagét is true thatémperature did increase, but it

increased by different amountsdifferent times across the glofdeltzer 1999).

Even within the North America@reat Plaingsegion there is muchaviationin the
intersity and timing of the warmin{Meltzer 1999)On agross scale, some of this variability
can be explained bya¢ longitudinal climatic variatiothat existsacross this regiohere are
two important gradients in this regigprecipitation decreasdéi®©m east to wesdndtemperature
and evaporation rates incredsmm north to southToday, as well as throughout the Holocene
these factors combirte create a general north to south gradient of decreasing effective moisture,

surface water, and resource abundabceing theAltithermal, this caused increasing resource

L All radiocarbon dates in this work are presented as calibrated years BP (cal. yrs. BP),

accompanied with the uncalibrated radiocarbons/8& in parenthesis*C yrs. BP). Many of

the dates cited in this work were published originally*@ years. To be incorporated with the

other dates in this thesis, these radiocarbon dates were calibrated using the IntCal 13 curve on
OxCal 4.3. In someases, the previously published dates appeared in only in calibrated years. In
these circumstances, these dates only appear here in calibrated years BP. For simplicity, the
mean date of the range of <cali bratcedandat es i s
Aapproxi mateo date. The nine r agwork aeaprebeotad dat e
in Table 2 with their standard error, calibrated ranges, and lab identification numbers.
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patchiness, sediment weathering, erosion, and aeolian activity along this same gradient (Meltzer
1999:406).

The effects of the Altithermal were strongest on the Southern High Bhdiich is a
portion of theSouthern Plains south of the Canadian River in eastern New Mexico and in the
western panhandles of Texas and Oklahdf®ae theground wateffed seeps and springs
declined or disappeared in places as aquifer recharge failed to keep pace with discharge, and
bison diminishedAdditionally, isotope work suggests that the Aridlocene landscape was
marked by a rise in warm season)(@rasses (Holliday 1995:6458). These changes caused the
human population of the Southern High Plaintetaporarily leavdocalized areas, dig wells to
reach underground water sources, and widen thei breadth (Meltzer 1999)here have been
four sites on the Southern High Plains that have yielded hand dug wells from the Altithermal
period (Meltzer 1999:408). The mostensive of these sites, Mustp8prings, had over 60
wells datingto ~7,640to ~7,485 cal. yrs. BP (6,8606,6001C yrs. BP) (Meltzer 1991

It is clear that the Altithermal had a stroegplogicalimpact on theSoutherrHigh Plains
butthis cannotbe projecedinto the Central or Northern Plain&cross the Northern Plainghere
is evidence in the pollen record tllais areaexperienced a transition to a more xeric grassland
ecotongAlbanese and Frison 19954yt did not experience the massive @ase in available
waterthat occurred ithe Southern High Plains (Meltzer 1999:40806). In the Northwestern
Plains, nultidisciplinary data indicates that an at@semiarid midHolocene climatic episode
did occur but the botanical, faunal, geomorplaod sedimentary responses to this event were
not regionally synchronous or of the same magnitude (Albanese and Frison 1995:13). In fac
there are some sites on thertiwestern Plains (Lookingbill and Laddie Creek) where there is

little evidence that théltithermal occurredat all (Albanese and Frison 1995:13hus thelinks
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betweerthe Altithermalandchanges in human settlememéless straightforwardn the
Northwestern Plainthan they are on the Southern High Plaulere it is cleathat the

Altit hermal hadlirect impactdo theenvironmentand human settlemeriteedless to say, the
presence of surface water during the Altithermal on the Northwestern Plains is important to this

discussion.

Hypotheses on How the Altithermal Affected People

Theadaptive respaes of human foragers to rritblocene climates on the Great Plains has
long been a subject of discussion, if not dispute (Meltzer 1999:80%e there was so much
variationin how the Altithermal played out across the Great Plains, hudegtians to middle
Holocene climate change were not consistent across retidast, it is questionable Human
adaptive strategies on the Central and Northern Plains were influenced at all by the scarcity of
water (Meltzer 1999:4097 his thesis addss fiveprevious hypotheses: 1) the Hiatus Model, 2)
Reevesd idea of fino effecto, 3) the Mazama

and 5) the Altithermal Refugia Hypothesis.

Albanese and Frison (1995:1) explain that in the 1950s and 1360erthept of the arid
Altithermal and its inhospitable climate was readitcepted by Nrthwestern Plains
archaeologists because it seemed to explain an apparent gap in the archaeologigalthecord
Early ArchaicPeriod This lead to thelevelopment of the Hiatus Model by Mull¢3958) in
which he proposed the Plains were completidpopulatedetween7,500and4,500 cal yrs. BP

(5,500 BC and 2,500 BCwhich roughly coincided wit A n {1848)&l6thermal dates

In the 19708rian Reeves (1973) stated that the concept of a cultural hiatus during the

Altithermal has become entrenched in archaeological thought and literature. He argued that the

Northern Plains were not reduced to an inhospitable desert during this time beaayg®ten
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studies had shown that a grassland existed on the Northern Plains during the Altituedmal,

turn, this grassland would have supported bison and a viable human population. He explained

that the small number of sites on the Northern Plaitiagl#o the Altithermal was attributable to

sampling error in archaeological sunaayd site burial on the Opemdfiesrather tharto an

actual decrease in human populatdre r e, t hi s i dea is referred to
Many archaeologts agreed with this idea as they discovered areas that were heavily used by

pele during the AltithermalncludingCreasman (1987:289orkingin southwestern

Wyoming andRoot and Ahler (198Ayorking atthe Benz site in North Dakata

Archaeological sites that were occupied during the Altithermal in this regefar more
commonnowthah her e were in Mulloyds time (Al banese
conducted by Oetelaar and Beaudoin (2016) exemplifies the extent of vistidtheccupations in
the Northwestern Plains. These authmspiled a list of published dates for cultural occupation
in the region that preand postdate the MounMazama eruption (Figure) 2From their graph,
there are at least 51 other sites that wemipied during the Altitherm@imespan (~1&25to
~6,850 cal. yrs. BP, for the Northwestern Plains). As Albanese and Frison note, archaeological
research in the northwestern Plains clearly indicates that prehistoric people occupied all ecologic

niches diring the midHolocene, including the more arid portgof basirs.

Some archaeologists continued toiptgat the Altithermal on the dithwesterrPlainshad
severeenough impacts that it caused a chandaimansettlement patteeaSome of this
uncertainty is caused lilge eruption of Mount Mazan(a7,633 cal. yrs. BEgan et al 2013
near the end of the Altithermalhis massive eruption cowegtmuch of the Northwestern United
States and adjacerdgions inCanada with astOnly recently have the potential effects caused

by this eruptiorbeen seriously considered by archaeologistthe Mazama Eruption Hypothesis
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(Oetelaar and Beaudoi®@5; 2016). These authors suggested that the effects from the eruption
of Mount Mazama compoued preexisting Altithermal stresandprecluded human use of the
Northwestern Plains region for 589600 years after the eruption. They expgbetarea wasot
usedfor this length of time because taevironmenneededo recover from being smothered by
the thick layer of asfall from the eruptionChanges in settlement pattethatoccureddirectly

after this event were originally attributed to being causedAltithermal effectsbut are now

realized toactuallybearesponse to the eruption.
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Figure 2. Radiocarbon dated occupations on the Northwestern Plains. Note that 51
occupations date to the Altithermal time span. Modified from Oetelaar and Beaudoin
2016:Figure 9.

The FoothillsHypothesis is attributed t@geral archaeologists (Alex 1991; Benedict and
Olsen 1978; Black 1991; Greiser 198&)o hypothesized that the Altithermal climate may have
reduced water sources on tBpen Rairie zoneof the Central and Northern Plainsausing

populationsn these area® moveinto the foothills and Front Range of the Rocky Mountains,

24



since these higher elevation areas may have provided more reliable water reSbgrecasne
styles of projectile points afeund within both regions, wth supportghis hypothesis of

cultural continuity.

In the 1990s, Michaebheehan (1994) propostte Altithermal RfugiaHypothesiswhich
drew uporHurté §1966)idea that people may have taken refuge near rivers and springs during
the Altithermal on te Northern PlainsSheehaproposed that there wefdtithermal Refugia
located across the Great Plains reglmat would have been relatively unaffected by the warming
and drying oflhe Altithermal Climatic EpisodéSheehan 1994:113pheserefugia had reliable
water sourcefusuallyaquiferfed springs ostream}, which Sheehan hypothesizedbuld have
beenmore reliable than meteorologicahtersources (Sheehan 199335 134). In this model,
people stayed near thedea e f to lgaveaadceds thewater.Sheehan supportedis theoryby
explaining thaEarly Archaic sitesicross the Great Plaiaseusually foundassociated with
either springs or streaniSheehan 1995)n Sheehaé s  vthe emaller number of sites dating
to the Altithermakupports the hypothesis that #iéithermal was inde@ a time of resource

stress across th@reatPlains.

It is clear that the Northwestern Plaimsre not unoccupied for the entiretf/the
Altithermd, but it is not apparerit the Altithermal hadanyeffect at all, ifpopulations migrated
into the Fothills, or if people relocated to spgs and seeps to have acceseliable water
source. It is clear that the eruption of Mount Mazama impd&ettiement patterns on the
Northwestern PlainfOetelaar and Beaudoin 2016), but it is unclear how sevedrdhght was
prior to the eruptionin this thesis, the stratigraphy and archaeology of the Billy Big Spring site

will be analyzed to address tleds/e hypotheses on Altithermal impacts.
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Frequency of Altithermal Aged Archaeological Sites

Understanding human responses to the Altithermal across the Greaidtangplicated by
the fact that sites from this period are rare, remaiasephemeral, anthe climatic contextis
poorly known (Meltzer 19991t is true thathere is a scarcity ohid-Holocene sites on thepg@én
Prairie(Meltzer 1999:412put it is uncleawhetherthis scarcityis correlatedvith a reduced use

of this regionor is due to geomorphic processes

David Meltzer (1999:405) points out that the scarcity of sites from théhéithal may be
due simply taerosion and depositiasccurring during and aftehis period, which acted to
remove, rework, or deeply bury archaeological features and surfaces, particularly in valleys
where sites are often located. Rolfe Mandel (1992, 1995) explains that reduced vegetation cover
and infrequent but intense rainfdllring the Altithermaln the Central and Northern Great
Plains triggered extensive erosion and sediment transport out of small tributary upland valleys.
This caused Altithermadge surfaces in larger and deeper valleys (which may have been
frequented by huan foragers due to their persistent water sources) to be eroded, carried
downstream, deposited in disarray, and deeply bukidditionally, Anderson and coauthors
(1989:524) point out thdtecausdake levels were lower during the Altithermatchaeologial
siteswould have existed adjacent to thésserlake edges. After the Altithermal when tlage
levelrose, the Altithermahged archaeological sites would have berexed and inundated by
therising water levelsThe apparent increase in sites after Altithermal may reflect better
archaeological visibilitydue to a different suite of geomorphic procegdstzer 1999) These

geomorphiceffects make understanding patterns in Altithermal archaeology even more difficult.
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Previous Work at the Billy By Spring Site

The BBSswas originally excavated by Thomas Kehoe in the 19%6koefound a
remarkable artifact record in appatigrstratified deposits butonducted n@eoarchaeology.
This work revisitBBSsto contextualizéts cultural materialsn apaleolandscape
reconstructionKehoe conducted three seasons of excavation (1952, 1954, and 1971) on the
southwest side of a ponded landform, whiehnterpreted as the remnants of a kettle lake
(Kehoe 2001:27)ehoedefined five cultural occupations the site, with diagnostic stone tools
spanning from the Early Archaic to the Late P
on the point types within each occupation, but other stone tools, flakes, and faunal bones were
also uncovered during$fieldwork.The oldest horizon (Level 1) was found within a matrix of
glacial till and contained modified flakes and charred and cut animal bones. Level Il had one
symmetrical lanceolate point. Level Il (Mid Archaic) contained Oxbow, Meron, and Gowen
points. Level IV (MidLate Archaic) contained Pelican Lake and Besant points, as well as one
Sandy Creek complex point. Level V (Late Precontact Period) contained one Prairie side
notched point along with a feature composed of watied and fire cracked oiks and slabs of
sandstone obliquely placed at adiégree angle to the ground (Kehoe 2001:32). Kehoe was
uncertain of the function of this feature. In total, Kehoe recovered 41 whole projectile points, 9
projectile point fragments, 125 whole and fragmanszrapers, 51 knife blades and fragments,
37 cores, 3 gravers, 11 choppers, one abrader, 2 drills, and 5 shaft scrappers (Kehoe 2001:32).
total of 285 artifactavererecoveredrom the excavatiorKehoe also collected several

unproveenced artifacts asurface finds at the site.

BBSsis important foithe Northwestern Plainsecause there are few sites wittha

regionthat exhibit a welkstratified series of continuous occupations since the Early Archaic.
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This long history of use makes this site a good location to investigate how settlement changed
over time. AdditionallyEarly Archaicperiodsites ardew along the Rocky Mountain Frqrsio
BBSs presenta speciabpportunityto study this perid and tanvestigateAltithermal impactsn

this ecological zone

Research Question

This thesisapplies thdandscape approach (Zedefio 2000) thie®ry ofcontextual achaeology
(Butzer 1982xnnd the method of geoarchaeologylevelopa sitespecific history ofandscape
evolutionand site formation at multi-component, clearlgtratified archaeological sité.
demonstrates how and wBBSsprovides clues to paleoenvironmental change and human
adaption through the HoloceriEhe research questismuiding thisnvestigation arel) How
does water arrive in the pond basin at theit®) What was th@aleolandscapéke duringthe
postglacial period andAltithermal periods and;3) How doesthe BBSs fiinto the five
previously proposed models of Altithealimpacts to human settlement the Northwestern
Plains? Becauseaesearch on these topics is limitghisthesishasimplications relevant to the

broader region

28



CHAPTER 2: SITE SETTING
The Billy Big Spring #e (BBS9 is located on the presedayBlackfeet Indian Reservation
in north-central Montananear tle town of East Glacier (Figlse and . It sits on a high bluff
overlooking he South Fork of the Two Medicine Riyat the convergence of an asgerest a
pine forest, and a grasslar®@urrounded by ridges on the west, north, and east and by a sharp
drop on the south, the site is well protedi@n the strong winds of the Great PlaiAs the
same timeBBSscommands a great view of the forested slopes of the Rocky Mountain Front

and thke South Forkmaking itan ideal place to watch the movement of people and.game

Bedrock

Bedrockaffectsgeomorphology, so a brief mention of the underlying bedrock of this region
is warranted for a discussion of its landscape evolution. Across theRlage, the underlying
bedrock is mostly shallow marine sedimentary material from the Phanerozoic time, the age of
which becomes younger to the south and west (Holliday et al. 2002:335). The mountains that
bound this study area to the west (the Lewis Rpogesist of Precambrian Belt Supergroup
sedimentary and metasedimentasgks (Karlstrom 2000:179). Theéthills and plains east of
the Lewis Range are developed on Tertiary and Cretaceous sandstones and shales (Karlstrom
2000:179)and thisis where théBBSs is locted The BBSs is located on the Blackleaf
Formation, whichs composed of mudstone interbedded with layers mds@ne (Cannon
19%6b) (Figure %. This formation is only exgsed in the high mountains anddthills of the
Blackfeet Indian Reseation;in the plains to theastit is deeply buriedCannon 1996b). Across
most of the reservation, the bedrock is overlain by unconsolidated Quaternary or Tertiary

deposits (Cannon 1996a).
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Figure 4. Overview of BBSs. View looking westPhotographed by Anna Jansson, July 2016.
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Figure 5. Bedrock gedogy near the Billy Big Springste.i Kb 1 6 i s the ABIl ackl e
Formation, 06 AKko the Kootenai Formation, and
River Shale.Modified from Cannon (1996hPlate?2).

Glacial Geology

The glacial historyf this area is important for thisvegigation fortwo reasons. First
this landscape was uninhabitable during the Last Glacial Maximum (LGM) when it was covered
with ice. Only after the glaciers retreated into the mountains could this area qappband
animallife. Second, the erosional and deposisibforces of the glaciers crea@bdummocky

terrain that allowed a pool of water to collect at this site, drawing anandlpeople here.
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During the LGM, most of the Northwestern Plains was covered by the Laurentide Ice
Sheet, which reached its maximwextent around 23,360 cal. yrs. BP (Fullerton et al. 2004:11).
At roughly the same time, tH&inedale glaciation occurred in tRecky Mountainsthough it
exhibited its ow local advances and retredEsch lobe of ice that reached the plains from the
Rocky Mountains left its own geologlastory in glacial till depositedcross the landscape. The
lobe that covered the are&the Billy Big Springs sites called th&'wo Medicine lobeThe Two
Medicine lobeflowed out from coalesced alpine glaciers in MaR#ss a mountain pass on the
Continental Divide directly south of Glacier National Park and west of the Billy Big Spring site

(Figure 2) eastward onto the Plains of Montana (Carrara et al. 1986 anddéiuk¢ al. 2004:4).

The Two Medicine lobe had three separate maxima, all of whicéred the Billy Big
Spring #e: Pinedale 1, 2, an8 (oldest to young#) (Figure §. The Pinedale 1 maximuwas
the largestextending 55 km beyond the mountain frddafrara et all986), and encompassing
2,000 knt (Alden 1932 and Calhoun 1906). The maxima of Pinedale 2 and 3 were each
progressively smaller. Radiocarbon dates for the maxima of Pinedale lagee52160to
25,700 cal. yrs. BRand 23,86Q0 22,900cal. yrs. BRrespectively). For the Pinedale 3
maximum, geologists know that it was significantly older than late Pinedale-ggédleigr drift,
which dates to 17,64 17,520 cal. yrs. BP, and younger than the Pinedale 2 maximum

(Fullerton et al. 20042).

Between the Pinedale 2 and Pinedale 3 maxima, the active terminus of the Two Medicine
piedmont lobe retreated back into the Rocky Mountains, perhaps as far as Marias Pass (Fullerton
et al. 2004:12). This would have exposed the Billy Big Spring sita feeriod between the two
maxima. The third and final advance of the glacier likely wastadu®ssbalance changes in the

northern Montana ice field associated with dissipation of the icerbéh@r than climate change

33



(Fullerton et al. 2004:12). Thené of the Pinedale glaciation is relatively dated to sometime
before~13,250 cal. yrs. BP11,400*C yrs. BP)which is when Marias Pass becamefiee
(Carrara et all986 Carrara 198p This datds based othe Mount St. Helens Jy eruption. Ash
fall from this eruption is preserved in Marais Pass, which means that thegmg® free by the
time theeruptionoccurred(Carrara et al. 1986, Carrara 1989). In Washington, near the town of
Colville, Carrara andrimble (1992) dated ash from the Mount Saint Helens Jy eruption to
~13,863 cal. yrs. BPLR,000'C yrs. BB, but they admit that this earlier date is an anomaly, and
is na congruent with the accepted date for this eruption (Carrara and Trimble 1992 Atz
from Mount Saint Helens Jy and Glacier Peak G are usually preserved together in a couplet
(Carrara et al. 1986). Glacier Peak G is securely dateti3®76 cal. yrs. BPL,200%C yrs.

BP), and it is well accepted that the Mount Saint Helensrdgtion happened shortly before this

(Carrara 1989).

Till from alpine glaciers in this region is usually much rockier than till from the
Laurentide Ice Sheet. For example, Karlstrom (200®1881) observed Rocky Mountain tills
to be composed of 40 50 percentBelt Supergroup sedimentary rocks in a sandy loam matrix,
whereas tills from the Laurentide Ice Sheet usually have a clayey texture, containingaosly 2
percentrocks, usually both smaller and more rounded than clasts found in the Rocky Mountain
glacial tills. The landfans created by glacial retreat aesponsible for creating a place that

people from Paleoindian to Lategeontact times wanted to live.
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After deglaciation, herbaceous tundra would have revegetated the landscape within a few
hundred years, and forests would have regenerated by 1,000 years, if not much sooner (Potter et
al. 2017:10). It is clear that trees had already recolonized Maraib&fass the time of the
eruptions because Carrara (1989) found a conifer needle, an alder strobili, and an unidentifiable
wood fragment beneath a deposit of Glacier Peak G ash, and several small willow fragments
beneath Mount St. Helens Jy ash in MariassP&aking this into consideration, Marias Pass was
likely ice free fora long period ofime (perhaps as much as a 1,000 years) before the ~13,250

cal. yrs. BP Mount Saint Helens Jy eruptitirappears that the MasPass area had a
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substantial vegetath community by ~13,250 cal. yrs. BP, which would have served as a

habitable environment for animals and people.

Formation of the Pond Basin

As the Two Medicine lobe retreated it left a veneer of hummocky till over the area,
characterized by miorhighs and micralows. The latter resulted ithe formation of small
glacial ponds and lakes, which are ubiquitous adiossegion of MontanaGlacial till is a good
aquifer, resulting in precipitatiefed springs that water these drainage basins (Cannon 11996).
is within and around one of these small basins that the Bill\5@iimng site is located (Figure.7
Kehoe referred to the landform at this site as a kettle lake (Kehoe 2001:27). This pond was
formed by the same ice stagnation processes that form kettle lakes, just on a smaller scale.
Characterizinghis landformasa 6 me |l t down de pr accustelprefléctsfise r hap s

size.

The rockyalpineglacial till that surrounds the site has high groundwater permeability and
holds largegroundwater aqufr s . A c c o r d i(199pa)suricialenlogicanmp cf
Blackfeet Indian Reservatiqfigure 8, the BBSs is located on top @uaternary landslide
deposité@ Most of these deposits are formed from piedmont glacial till, but potentially could
have originated from ange of other sources including gravel terraces and pedimsedisents
depositedn glacial lakesrock andsurficial debris in landslideand alluvium in the channels
and floodplains oftreamsWater arrives in the basin at this site as spring discharge from the

underlyingglacial till aquifer and through overland flow from the sumding uplands.
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Figure 7. Site overview showing expanse of the pond basin and location of excavation units.
Photographed by Anna Jansson in July 2016.

In the summer of 2016, when this work was condudteriyeather wadry and thepond
was completelyglesiccatednto a hardened, dry clay surface. In the wet season and durireg wett
summers, a ponor marsh forms in the bas{iMariaNieves ZedefiandVance Holliday
personal communicatio2016. The wetland at this site was likely a magnet for animals, and
provided a good place for people to campthis location in the &othills of the Rocky
Mountains, the eastern Prairies are just beginning to transition into forested mountain
environmentsToday, & aspen stand lies to the west of the site, and a pine forest uphill to the
north.Most aspen in this area are a historidiidn to the biomesoit cannot be assumed that

this aspen stand was present dugagdier than a few hundred years ago
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Figure 8. Surficial geology around the Billy Big Spring site marked with a white circle.
Pink represents landslide deposits and till, purple represents till deposited by piedmont
glaciers, and tan represents bedrock. Modified from Cannoi(1996aPlate 1).

Climate History

A key component of thieesearcldealswith understanding howeople athe BBSs
responded to environmental changeparticular,to climate changelo build a context for this
discussion, a brief summary what is already known about climate change in this reigion

warranted. Tie climate hstory is given in fousections; 1) Late Pleistocene; 2) edtlglocene;
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3) mid-Holocene; and) lateHolocene A date 0f11,700 cal. yrs. BP10,000C yrs. BP)is

usedas the temporal boundary betweka PleistocenandHolocene(\Walker et al. 200Q

A tripartite early,middle and &te subdivision of the Holocene is commonly used.
North Americatheclimatic changes associated with theisions of the early mid-, and late
Holocene are regionally dependefstworking group of the International Commission on
Stratigrgohy (ICS) has recently proposed a formal subdivision of the Holocene Series/Epoch, but
this proposal has not been formally ratified (Walker et al. 2012). The proposed subdivision
places thdcarly-Middle Holocene Boundary at 8,200 cal. yrs. BP, and the Middte Holocene
Boundary at 4,200 cal. yrs. BP (Walker et al. 2012). This thesis acknowledges this proposal, but
bases the subdivisions of the Holocene on local stratigraphic and paleobotanicalregherds

thanthe proposed ICS standard.

Generally, te division between the eaflgnd midHolocene is seen as a shift from the
coolandmoist conditions of the earjolocene to a more arid clireaof the midHolocene. In
the Northwestern Riins,this occurred between ~10,625 at®J575 cal. yrs. BP (9,4@06,700
14C yrs), depending upon locatiailbanese and Frison 1995:The most approfate date for
the early to mid-Holocene transitiomt the BBSss 10,625 cal. yrs. BP (9,406C yrs. BP),
which CathyBarnosky(1989)determinedhrough pollen analysis at Guardipee Lake (atly
kilometerseast of the BBSsYhe division between the midnd lateHolocenels commonly
seen as a return to camnditions, but is alsoccasionallycharacterized as ttalvent of the
NeoglaciationAlbanese and Frison 1995 Rcross the Mrthwestern Plaingooling associated
with the mid to lateHolocene transitioomccurred between ~7,830 and,550 cal. yrs. BP
(7,00 2,500“C yrs. BP) (Albanese and Frison 1995This study considers theansition to

a coder climate as the mido lateHolocene boundargs opposed to the Neagiation, since
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the Neoglaciation occurred very late in Glacier National Park betweenardi3@40 cal. yrs.

BP (400and100'“C yrs. BP)duringthe Little Ice Ag (Albanese and Frison 1995:1). This date

is so recent that it would cast most of the Holocene as th&lola@tene, and leave very little of

the record as the latdolocene The most relevant date for this transition comes from

Bar no@389)wos atLost Lake which places the transitiat ~6,850 cal. yrs. BP (6,000

14C yrs. BP) Under this scheme, the lakolocene contains several individual episodes of

climate change. tommenceavith cooling after the miHolocene was then followed with a
transition to medieval warmth, then cooled again at the Little Ice Age, and then another return to

warm conditions.

Late PleistoceneLGMd 11,700 cal. yrs. B (LGMd 10,000 'C yrs. BP)

The BBSs lieon the Foothillshalfway betweeithe heavily forested slopes of the Rocky
Mountains and the grasslands of @ygen Pairies Paleoenvironmental research has been
conducted in botRocky Mountains and Open Prairie, but not in the Footfihe Late-
Pleistocengaleoenvironment of the BB3kely fell somewhere between the paleoenvironments
of the two studied ecological zon€sat hy B ar n of vk polles corefrom Guardipee
and Lost Lakalocuments the Late Pleistocene paleoenvironment of the Oper® ki study
analyzel vegetation changem the Open Prairiesverthe last~14,100 cal. yrs. BP12,200C
yrs. BP) She found that by14,800 cal. yrs. BP1@,200C yrs. BB, significant warming had
already occurredt Guardipee Lakéarnosky 1989:71)The low percentages of arboreal pollen
from this timesuggestdthat the area around Guardipee Lake has béemperate grassland
with shrubs growing locally in mesic settinigs the last-14,100 cal. yrs. BPLR,200C yrs.

BP), although its character and that of the nearby montane fomstschange{Barnosky

1989:64). Betweer14,100 and ~13,340 cal. yrs. BR2(200 and 11,508C yrs. BB, Barnosky
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(1989:64) saw evidence for a high rate of sediment inwash and sparse vegetatb likely
reflect mass wasting on the recently deglaciated landscape before enough vegetation was

established to hold the sediments in place

This is different from the paleoenvironmental history of the Rocky Mountains in Marias
Pass, wherPaulCarara(1989)found that trees had aldy colonized the area by 13,2¢4l.
yrs. BP (11,400°C yrs.BP) Ad di t i o n a | (1989)poll€nadata adso indicate thait the
time of these eruptiorthe treeline was 500 700meterdower than it is todayThe
paleolandscape of tieBSsduring the latePleistocendits between the Guardipee Lake and
Marais Passpaloenvi r onment al reconstructions, though
Pass work. Based on this, it is likely that the BBSs wasstlynorested landscape during the

early-Pleistocene, with some grassland areas.

Late Pleistocene in Nearby Regions
Catherine Yans@007)conducted aextensive study on presex pollen and plant

macrofossiremains from two lakes in North Dakota. Her findings are relevant to this work, but
becausehey originate from a consideratdestance from the BBS®n the Northeastern Plains)

they are | ess directdrnyd a@agthts. darsdidusel thatldkalevelBar no s
were high during this time but that precipitation regime was low. Instead, surface water

originated from thenelting Laurentideice sheet.This residual meltwater effect diminished

during Pleistocen&lolocene transition, but buffered vegetation from the low precipitation

regime Additionally, Yansa found that during latgacial and early postglacial times on the
Northeastern Plains, summer temperatures were about 2 degrees Celsius lower than modern (pre
1800 A.D.)temperatureand wintertemperatures wei@ degrees Celsius colder. This was

because summertime insolation was greater than it is now, causing winters to receive

correspondingly less insolation. This was caused mainly by the jet stream pattern at the time,
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which huggedhe southern margin of the Laurentide Ice Sheet, and deflected moist air to the
south.Climateclose to ice sheet would have been mild during the summers and brutally cold in

the winter.It is likely that a similar situation existed on the NorthwestermBlas well.

Younger Dryas
In some regiosof North America, coolingssociated with théounger Dryagime
periodoccurredaroundl12,900to 11,700 cal. yrs. BR11,000to 10,0004C yrs.BP). McGregor
et al.(2011:86 found evidence for this eveint their analysis of a lake cofim Swiftcurrent
Lake in Glacier National Park. Using %TOC, C/N ratios, and grain size of clastic sediments,
these researchers show that between 12,900 and 11,500 cal. yr BP this region was under a colder
and possibly dar climate relative to the rest dfe HoloceneOn theOpen Pairie, Yansa did
not see evidence for Younger Dryas cooling in her pollen analysis. The Swiftcurkenstldy
is closer regionally to the BBSs than the Northeastern Plains, so the BBSdypsalvwalyounger

Dryas affects more akin to Swiftcurrent Lake.

Early-Holocene 11,700 ~10,625 cal. yrs. BR10,400 9,400'4C yrs)

The changes associated with the shift to warmer and drier conditions duringthe late
Pleistocendo Holocene transitiogreatly accelerated hillslope erosion and caused major valley
alluviation to dominate egrHolocene environments on theithwestern Plains (Knox
1983:3® 36). McGregor et al. (201ifpundthatthe land along the Rocky Mountain Front
experiencedomplexlandscape instability due t@riable climatic and geomorphic conditians
the early and midHoloceneg 11,300to 7,500 cal. yr BRMcGregor et al. 2011:87pata from
central Alberta shows rapid warming at the end of the Last Glacial Maximum represeated by
rapid invasion of arboreal vegetation aroui,100 cal. yrs. BPL(,300to 11,200'“C yrs. BP)

(Vickers 1986). Additionally, other studies in the Rocky Mountains have suggested that the
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Early Holocene was a time of increased seasonality (Elias ,J\986)some areasxhibiting
either extreme wet or dry summer months (Brunelle.&045).In short, there was much mass
wasting on the landscape during the e&tblocene, but vegetation was also quickly taking root

and working to slow erosion.

Mid-Holocene Altithermal): ~10,62% ~6,850cal. yrs. BP(9,40@® 6,000“C yrs. BP)
Recent research in the Northern Plains region has found that the Altithermal occurred

slightly earlier here than in other regions (Yansa 2007). Timagi of the Altithermal on the

Northwestern Plains is transitional between the Pacific Northwest (where it occurred earlier) and

the Midwest (where it occurred later), but contemporaneous with the Kanasaskis Valley in

southwestern Alberta (Barnosky 1989:Mpntana and Wyoming appear have experienced a

similar Altithermal timespan, represedtby a more xeric climateetween ~10,62& ~7,840

cal. yrs. (9,40@0 7,000'C yrs. BP) (Albanese and Frison 1998ast of this study location,

Rolfe Mandel found evidence of the Altitherniaitiating at 8,000 cal. yr BP at the Beacon

Island site in North Dakota (Mandel et al. 2014), whiclatsr than the Nrthwestern Plains

This gradient of warming corresponds to the how rapidly the Wisconsin ice sheets retreated from

these areafransa 2007), and the air circulation patterns that flowed off of the receding ice

(Vickers 1986).

In the Great Basin, the Altithermal was a mhldlocene phenomem, but in the
Northwestern Plaingt occurred in a timespan that is more conventioradhgciated withthe
earlyHoloceng(Walker etal. 2012Bar nos ky 6s (1989) pollen work
the Altithermal signaturen the Nrthwestern Plains to be alm@6Q calibrated years earlier
than the traditionahntevs (1948) date forthaii t i at i on of Al tit her mal

10,625 cal. yrs. BP(400“Cyrs. BP,wh e r e a s wah @,00&al. yré. BP $,000 cal.
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B.C). Additionally, Barnoskyfoundthat theAltithermal endedon the Northwestern Plair2s300
calibrated years earlier t 6820calAmstBPWGHEC dat e.
yrs.BP)wh er eas A4500al gré. BRRHAEO cal. B.Q. The Northwestern Plains

regionalspecific dates are applied in this study as the begirandgend of the mitHolocene.

There is huge ariationin the timing ofthe Altithermalin western Montana. The
vegetative responses to the onset of a drier climate have been observed b&0y&25io
~6,850 cal. yrs. BP9(400to 6,000'“C yrs. BP on theOpen Rairiesof northwestern Montana,
to ~8,888to ~4,470 cal. yrs. BP8(000to 4,000%“C yrs. BR in the Elkhorn Mountains of
Southwestern Montana, while in the westarast mountain range in Montana, the Bitterroots,
the Altithermal did not irtiate until~7,840 cal. yrs. BP7(000'“C yrs. BP (Albanese and Frison
1995:13).From eastern to western Montana (340 km), there is a 2'@0@ time lag in the
onset of xeric conditions reflected in the pollen record (Albanese and Frison 199:1@ngdthe
of the Altithermal period also greatly varies from 2,600 to 41000yrs. (Albanese and Frison
1995:13).In general, Kutzbach (1987) estimates that the annual temperature during the
Altithermal in the northwestern United States (between 900®,0001‘C yrs. BP) was 2

degrees Celsius warmer than present.

Barnosky(1989)found that afte~10,510 cal. yrs. BP3(300%“C yrs.BP) the
Northwestern Plainexperienced an increase@nenopodiaceae/Amaranthacqaalen and a
decline inArtemisig whichindicates the development of xerophytic (drylatthpted) grassland
at the beginning of the Altigrmal The Lost Lake core supports this drying trend by showing
that by~10,625 cal. yrs. BP9(400“C yr BP) this area was a xeric grassland with a clintater

than the presenklost rainfall during this time occurred in the summer months (Barnosky 1989).
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Knox hypothesizes thaediment yields and valley alluviation may have also dechioethg

droughts on the northwestern Pla{isiox 1983:35).

Even locations in the same region experienced vastly different timing of Altithermal
climate changd-or example, malyzing Swiftcurrent Lake in Glacier National Pak;Gregor
et al. (2011) the warmest and most stable payfdde Holocendo be from7,00 to 4,000 cal.
BP. This is substantially later thahe dates documentednmost of the other work on the
Northwestern Plain#t the Indian Creek archaeological site (24BW626¢ated in the Elkhorn
Mountains of southwestern Montana, the pollen record shows an abrupt change from a subalpine
coniferous forest to a sagebrush steppe at ~8,820 cal. yrs. BP {&008. BP) (Fredlund and
Bozarth 1987as cited in Albanese andison 1993. This shows a somewhat similar transition
to the increased aridity of the Altithermal. The HacHaffie archaeologicajustetO km
northwest of the Indian Creek site, shows a shift to Altithermal conditions at ~9,280 cal. yrs. BP
(8,280C yrs. BP) with an increase in sagebrush pollen (Davis et al. 188dgrson et al.
(1989) explain thatgdeoenvironmental studies in Alberta have shown thatHoidcene
warming exhibited very similar timing and effects in Alberta as it did in Montana arwiiidy
as a 3,000 to 4,000 yekbmgwarm period with a dry clinta generally ranging between ~10,330
and~6,630 cal. yrs. BP (9,206nd5,800“C yrs. BP). They explain that the Altithernaused
significant changes to gace hydrology and vegetatioasexempliied at Lofty Lake (in east
central Alberta)where pollen and stratigraphy indicated that the \a&e reduced to a shallow

pond surounced by wetland soil from ~9,460 7,180 cal. yrs. BP (8,700 to 6,38 yrs. BP).

A volcano in Oregon atscatastrophically erupted during the Altithermigtis volcano,
Mount Mazama, walocated in western Oregan the Cascade Range. Its eruption occurred

sometime between 7,6827,584 cal. yr. BP (Egaet al.2015)andcovered much of
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northwestern North Amera with ash. This eruption suralyppactedhe climate of
Northwestern North America for a while after the eruptbrawing from theirexcavations in
Alberta Oetelaar an@eaudoin(2005;2016) hypothesizthatthis eruption killed plant lifeand
combined with the prexisting stress of the Altithermdbrced people taemporarilyleavethe
Northwestern Plains until theegetation could regenerate, whmtobably tookabout 500 to 600

years.

Barnosky saw the end of the Altithermal at ~6,882yal. BP (6,000“C yrs. BP), when
shrubs spread and the forests exeanahich indicate coolerandmoister conditions than
previously. Anderson and coauthors conclude that the Altithermal ended with an increase in

precipitation or a decrease in sumrtenperaturesor both(Anderson et al. 1989:524).

Altithermal in Adjacent Regions

Yansaods (2007) pol |l enrl0499aal ysBPS9,08Cgrsvs t hat
BP) the Northeastern Plainsxperience a shift from white spruce forestdeoiduous
hadwoods. This change has long been attributed to a warming climate. This warmer climate
during the deciduous parkland phase brought with it the first noticeable draw down of the
regional water table, which created vast tracks of forage for migrator hexhiVbe presence of
mudflats and the precipitation of carbonaieh marlsupporta lowering of the water tahle
Drying lakebeds would havprovidedgood foragdor bison.Thesedataaresignificant because
theyshow how the increasingly arid climate of the fhidlocene was actuallybenefit to the

people of the Northern Plains, as opposed to a handicap.

Late-Holocene ~6,850 cal. yrs. B® presert (6,000*C yrs. BB present)
The end of the mitHolocene was not a synchronous event throughout the Northwestern

Plains but rather seemed to have been a graduatéomgprocess (Albanese and Frison
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1995:1% 16). This change to a less arid and cooler climate is usually signifiechwidétrease
in erosion, slope stabilization, and widespread pedogeffdbmnese and Frison 1995:16).
Bar no@989)pblen data shows thafter~6,882 cal. yrs. BP (6006C yrs. BP), more wet
habitats existed that supported shrubs and that forests expanded into the nearby mountain ranges.
Sheinterprets this onset of coolandmoister conditions as indicating the end of Altithermal
period.Several widespread erosional episodes a@edun the lateHolocene during brief returns
to aridity (Albanese and Frison 1995:16). These erosive episodes were soaerselplant
cover had decreased during the Altithermaaldthere wadittle vegetation to stop erosion (Knox
1983:35). This episadof massive erosion caused many drainages on the Mqitansto
become entrenched down to the bedrock beneath the surficial Holocene sediments, a condition
still visible on the landscape today

Since about6,850 cal. yrs. BP6(0001“C yr. BP), icebuildup in the Rocky Mountains has
tended to be correlated with river entrenchment on the Riachglacial retreat with alluviation
(Knox 1983:36)Knox proposedhree main pisodes of erosion of earlgnd midHolocene
alluvium for the Northwestern Plzs. The first occurring betweei,850 and-5,170 cal. yrs.
BP (6000and4500%“C yrs. BP) thesecondrom ~3,670 to~1,945 cal. yrs. BF3,400to 2,000
14C yrs. BP) and the third currently taking place sine865 cal. yrs. BP700%“C yrs. BP) (Knox
1983:36).These erosion episodes are likely responsible for removing large tracts of early
archaeology from the region, and burying them in disarray downst&gmficantly, &
Swiftcurrent Lake, McGregor et al. (2011) found evidence for the gramtl increase in erosive
power of the Grinnell Glacier (in Glacier National Park) between 380d@2,800 cal. yr BP,

which is roughly congruent with Knoxo6s second
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Barnosky (1989:70) saw even further cooling sin8eg70cal. yrs. BP 3,400“C yrs. BB,
with adecline inChenopodiaceae/Amaranthacea®d an increase in pin€he Northwestern
Plainscontinued to experience climatic change throughout the late Holanehsling the
Medieval warm period, the Little Ice Age, and historic alpine glacial melting in the Rocky
Mountains (McGregor et al 201 Nalley alluviation was the dominant process for most of the
last 700 years, but may have ended with the entrenclohehainnels during the lateneteenth

century (Albanese and Wilson 1974).

Culture History
Many cultural chronologies have been proposed for the Northwestern Plains. This work

uses the chronology put forth by George Frison (1991), with slight modifiqétigare 9)

Frisondbs chronology is as foll ows: Pal eoindi a
Late Plains Archai c, Late Prehistoric, Protoh
modifier is dropped from the three Archaic periodsbhesae it i s rletdundant . Al

Prehi st epl a o éadePwie tt o tofiecognizéthdilative American oral traditian

include historical accounts

The use of t he andircrosm tfapthavepmdnty seernidebatedin
Northwestern Plains and Rocky Mountain archaeology (Scheiber and Finley 2012). These
authors feelthatels i gnati ng fApr ot ohi sobsoures thedarcharalbgiyii c ont ac
this time. They explain, that by designating these artificial boundar@saeologists cast
everything that occurred during these times as the initial reaction to European people and take
away Indian decision making during this time and do not acknowledgddomgndigenous
histories (Scheiber and Finley 2012:353¢heiberand Finley (2012:357) recommend presenting

chronologies with calendrical dates, as opposed to cast them into these misleading categories.
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Since this thesis is aimed towards the general reader who does not command an extensive
knowledge of NorthwesternPlais hi st ory, therotodhistmrnocbogwnd
areused to give a rough idea of what was going during these times, but is not nigatido

sole descriptor of what wagcuringduring these periods.

The oldest archaeological sitedné Nor t hwest ern Pl ains is Wal
Canada. This site contains the butchered remains of seven horses and one camel in association
with 29 nondiagnositic lithic artifacts (Waters et al. 20IT®)enty-seven radiocarbon ages date
this site to~13,300 cal. yrs. BP, which predates the oldest firm date for Clovis (1202315
cal. yrs. BP) (Waters et al. 2015:4265). The Clovis culture mayektether back in time,

making it unclear i f the-ClowsbriClpwkil. Beach site r

There are many Early, Middle, and Late Paleoindian sites in the Northwestern Plains
belonging to the cultural complexes of Clovis, Goshen, Folsom, Agate Basin, Hell Gap, Cody,
Frederick/James Allen, Lusk, Foothill/Mountain, Alder and Hardingevell Constricted, Pryor
stemmed, an®eception Creek (Kornfeld et al. 201@xojectile points dating to the Paleoindian
period are typified by their use of higjuality lithic material and craftsmanship.this region of
Montana, Clovisage lithics hava strong focus on local material types, whitifferent than
the rest of Nah America (lves et aR014).Since thesarly discoveriesf Paleoindian artifacts
in association with megafaunemains, it was assumed that Paleoindians were big game hunters.
The high visibility of megafauna remains has caused a disproportionadsaefation of
Paleoindian sites with megafauna, as opposed to Paleoindian sites with ongnlitisimall
animal emains. More recent literature recognizes that Paleoindians likely also utilized plants and
smallersizedanimals for foodThe Paleoindian period sparsighly13,000to 8,390 cal. yrs.

BP on the Northwestern Plains (Kornfeld et al. 2010).
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Figure 9. Cultural chronology used in this thesis.

The shift from thé?aleoindian period to the Eaychaic is marked by the transition
from lanceolate and stemmed projectile points of the Late Paleoipelientto the sidenotched
types ofthe EarlyArchaic (Kornfeld et al. 2010:106pxbow points appear towards the end of
the Early Archaic and persist on the Northern Plains through theél®&Adchaic. The Early
Plains Archaic sparfsom ~8,390 cal. yrs. BP (8,006 7500“C yrs. BP)(Kornfeld et al.

2010:107)o ~5,170cal, yrs. BP 4,500 1C yrs. BP)(Albanese and Frison 1995).
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The Middle Archaic is marked by the abrupt and widespread appearance of the McKean
Complex around5,170 cal. yrs. BF5,500%“C yrs. BP)(Albanese and Frison 1995) that lasted
until about~3,895 cal. yrs. BP (3,600C yrs. BP)(Peck 201} This complex is characterized by
an exponential increase in the number of prehistoric sites, the appearance of abundant grinding
stones, large numbeo$ roasting pits, more emphasis on food plant procurement and, stone

circle habitation features (Albanese and Frison 1995:2).

Thebeginning of the_ate Archaic is marked by a transition to Pelican Lake projectile
pointsPlains ~3,895 cal. yrs. BP (3,600 yrs. BP)Peck 2011)which are the oldest of several
styles characterized mpen corner notches that form sharp points or barbs as they intersect
blade edges and bases (Kornfeld et al. 204@und~2000 cal. yrsBP, the Besant projectile
point apared in the Northwestern Plains (Kornfeld et al. 2010:11283. point style is
represents an extremely sophisticated bison hunting manifestation Tiéd)L.ate Archaic lasted

until about ~1,288 cal. yrs. BP (1,35 yrs. BP) (Peck 2011).

The Late PecontactPeriod is marked with the occurrence of the Avonlea projectile point
followed by the Plains SidNotched pointMost archaeologists attribute this change in point
style to the introduction of the bow and arrow. The Latedr&actperiod spans1,288 cal. yrs.
BP (1,350%C yrs. BP)to 292 cal. yrs. BP (1725 AQ0Kornfeld et al. 2010:130, 136ison
jumping became a widespread practice during this period, as documented at the Vore Site in the

Wyoming Black Hills area (Kornfeld et al. 2010:131).

The Protohistoric period is marked wite introduction of the horse, which in the
Northwestern Plains is roughtiated to the first quarter of the eighteenth cent2® cal yrs.
BP, or 1725 AD)Kornfeld et al. 2010:135pe mps ey 6s (1994:27) Bl ackfo

indicated that the horse arrived among their people about A.D. 1725. This is concurrent with
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when Shoshoneardsoobtained horses (Kornfeld et al. 2010:13%ptohistoric sites sometimes
contain projectile pointthat were constructed out of repurposed metal obtained from trade with
EuropeansThe Protohistoric period ends when Europeans permanently settled in the area. This
did not occuin the Western Plains or Rocky Mountains until late in tHechtury, in &ct,
townships were not founded in Montana or Wyoming until the early 1900s (Scheiber and Finley

2012:348). For simplicity, the transition to the historic period is placgédatal. yrs. BP1900

AD) here.
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CHAPTER 3: METHODS
To restate, the quesnsguiding this research argé) How does water arrive in the pond
basin at the site; 2) What was the paleolandscape like during the jptestial period and
Altithermal period® and;3) How does the BBSs fits intfwe fivepreviously proposed models of
Altithermal impacts to human settlementthe Northwestern PlaiisTo address these

guestions a variety of field and laboratory analyses were applied.

Sediment Sample Collection

The soil samples required fgeoarchaeological analysigere collected usma standard
soil auger. This type of auger is capable of removing short cores (less than 25cm in length, with a
10 cm diameter) from the surfadewnward The auger cannot dig through cobbles, meaning
that very rocky substrates are impassable in this type of coring. The length of the core we were
able to extract with each draw varied with the texture of the matrix being excavates.
difficult to extrect full-length cores fromaarse, cobbly sedimentecausdarger clastizes are
more difficult to diginto. The average draw of the soil auger dug about 11 cm into the ground,
with a range between 3 and 24 cm. Moist, @ayninated sediments produced kvegest, most
intact cores. Sometimes soil would slump into the auger test from the overlyingdasiacs
digging. These slumped sediments were discernaime ifitact sediments because they were
loosely compactedvhereas the intact sediments werd stimpact inside the auger bar®hly

the obviously intact sedimentgere characterized

Auger Test Locations
To create a landscape context for the gitwas important to analyzgratigraphyfrom areas
inside and outsidef the site boundarieg&rchaeological sitesre often situated anique

locations on the landscagder example, a spring qgalace ofresource abundance. For this reason,
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the stratigraphy of an archaeological site may not reflect regional geomorphic trends, making it
important to look at the stratigraphy outside thetsitgain a full understanding of the
geomorphological contexHolliday 2004:30) Furthermorehuman actiities ata site may have
modified the sediments, so it is important to compare-ingeses extraite (Stein 2001:21) 0
gain a landscape perspectiveBBSS a transect of fivauger testsvere dug that spanndie
glacial pond basirandincorporatedareas that were within dmexterior to the site (Figure 10
The augers tests in the transect are numbered 2, 6, 7, 8 and 9. Augers 1, 3, 4, and 5 were
initiated, but had to be terminated at a shallow depth due to blockage by cobbles. These tests
were disegardedThe auger holesicluded in the transecanged in depth between 148 and 297
cm. Digging was terminated when cobbles that blocked the auger were enedunter

All of the sedimerd that wereexcavated from the auger tests wkxie out on a tarpn
stratigraphic ordeiObviously slumped sedimentgere removed at this poinAfter each core
segment was removeithe depttof the auger hole was measurétlesediment from each auger
drawwas individually characterized witilunsell color and texturdy-feel (Figure 11to Figure
15). Laboratory particle size measurements are far more accurate than theligxeeemethod
for determining sediment compositions. The original field measurements are presented here, but

the final interpretation were made rindhe laboratory particle size analysis when possible.
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Depth

Description (cmbs) Soil* Stratum

0-23:10 YR 2/1 Black, Si Cl Lo
3:A
3:C1
3:Ab1
3:C2

3:Ab2 9
3:C3

3:Ab3

3:.C4

3:Ab 4

23-25: 10 YR 4/1 Dark Gray, CI Si
25-28: 10 YR 2/1 Black, Si Cl Lo
28-38: 10 YR 5/2 Grayish Brown Cl Si

38-44: 10 YR 2/1 Black, Si Cl Lo

44-53: 10 YR 5/1 Gray, Si Cl
53-56: 10 YR 3/1 Very Dark Gray, Si Cl Lo
56-60: 10 YR 5/1 Gray, Si Cl
60-64: 10 YR 3/1 Very Dark Gray, Si Cl Lo

64-85: 10 YR 5/1 Gray, Si Cl 3:.C5

85-89: 10 YR 2/1 Black, Cl Lo

89-94: Gley 1 6/1 Greenish Gray with oxidation and
CaCO3 nodules, Si Cl

94-100: 10 YR 2/1 Black mottled with Gley 1 6/1
with oxidation, CaCO3 nodules and, peat fibers, Si Cl
100-114: Gley 16/10Y Greenish Gray, oxidaion Si Cl
114-118: Gley 1 6/10Y with oxidation, Si Cl

Gley 1 6/10Y and 20% large cobbles, oxidation, and
peat fibers, Si Cl

118-124: 10 YR 2/1 mottled with 10 YR 5/2 Grayish
Brown and Gley 2 6/5BG Greenish Gray, oxidation
stains, Si Cl

124-132: 10YR 4/6 Dark Yellowish Brown mottled
with T0YR 5/1 gray and, Gley 2 7/5BG Greenish Gray,
Sicl

132-136: Same as above, but with 20% gravel
136-141: 10 YR 5/8 mottled with Gley 2 6/BG S,
Greenish Gray and 10 YR 5/3 Brown, gnd15% AbbreVIatlon Texture

pebbles, Si Cl Sa sandy
141-135: Same colors as above, but with 50% Si Silty
pebbles

cl Clayey
Lo Loam

*Soils are indicated first with a number representing the individual soil profiles, followed with the horizon

Figure 11. Field observations for Auger 7.
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Description

0-16: 10 YR 2/1 Black, Sa Cl Lo
16-20: 10YR 4/2 Dark Grayish Brown, 5a Si Lo

20-43: 10 YR 3/1 Very Dark Gray w/ 50% oxidation
stains, Si Cl Lo

43-53: Mottled: 60%10 YR 4/1 Dark Gray and 40%
10 YR 6/2 Light Brownish Gray. Oxidation and many
CaCO3 nodules, some gleying with depth, Sa Cl Lo
53-64: Mottled: 60% 10 YR 4/1 Dark Gray, 10% 10YR
2/1 Black, 20% 10YR 5/6 Yellowish Brown and, 10%
2.5Y 7/6 Yellow, Cl Lo

64-75: 10 YR 4/1 Dark Gray mottled with 2/1 Black,
oxidized

75-84: 10 YR 6/3 Pale Brown, Sa Ash

84-88: 10 YR 2/1 Black, SiCl Lo

88-124: 10 YR 3/1 Very Dark Gray and some gley
(Gley 2 6/10BG Greenish Gray) increasing with
depth, Si Cl, hatch lines indicate peat fibers

124-143: Gley 2 6/10 BG Blueish Gray with oxidation
stains, Cl Lo

143-154: Gley 2 6/10 GB and 50 % decomposing
pebbles, Si Cl

154-201: 10 YR 4/1 Dark Gray, becomes slightly
lighter with depth and50% decomposing pebbles,
Sicl

201-222: 10 YR 4/1 Dark Gray, Gravely Sa with
oxidation stains. Become better sorted
with depth

Figure 12 Field observations for Auger 9.

Depth
(

cmbd)

124

143

154

222

Soil Stratum
3:A
3:E 9
3:Bt
3:Bk
8
2 7
6
1 5
4
2

57



Description

Depth Soil Stratum

{cmbs)

0-12: 10 YR 3/1 Very Dark Gray, Si Cl Lo (dry)

3 9

12-38: 10 YR 2/1 Black, with CaCO3, SiCl Lo

38-56: 10 YR 3/1 Very Dark Gray, Si Lo

56-68: 10 YR 8/2 Very Pale Brown mottled with 10 YR
8/1 White and 10 YR 7/2 Light Gray, Si Ash

68-71: 10 YR 3/1 Very Dark Gray, Si Cl Lo

71-74: Mottled 10 YR 4/1 with 10 YR 2/1, oxidation, Si
ClLo

74-88: Gley 2 5/5B Blueish Gray mottled with 10 YR 2/1
Black, peat fibers, Si Cl

88-96: 10 YR 3/1 Very Dark Glay mottled with Gley 2
5/10BG Blueish Gray with oxidation stains, Si Cl

96-112: 10 YR 2/1 Black, Cl

112-116: Gley 2 5/10BG Greenish Gray, with oxidation,
Sicl

116-127: Gley 2 6/10B Blueish Gray, oxidation stains, Si
a

127-139: Gley 2 6/10 B Blueish Gray, strongly oxidized

with peat fibers, Si Cl

139-150: Gley 2 6/10 B Blueish Gray with 40% decom-
posing pebbles, oxidation stains, peat fibers, Si Cl
150-161: 10 YR 5/6 Yellowish Brown mottled with 10
YR 5/1 Gray, 50% decomposing pebbles and peat
fibers, Si Cl

161-177: 10 YR 4/1 Dark Gray, 60% decomposing
pebbles, with peat fibers, Si Cl

177-188: 10 YR 3/2 Very Dark Grayish Brown, 30%
decomposing pebbles, some oxidation, Si Sa
188-210: 10 YR 3/2 Very Dark Grayish Brown, some
oxidation, coarse sand

210-244: 10 YR 3/2 Very Dark Grayish Brown, abundant

oxidation, coarse sand

244-283: 10YR 3/2 Very Dark Grayish Brown, 20%
pebbles, strong oxidation, very coarse sand

Figure 13. Field observations on Auger 8.



Depth

Description ) Soil

0-18: 10 YR 5/1 Gray, Sa Si Lo

18-22: 10 YR 5/1 Gray, 5a Si Lo 12
with CaCo3 nodules 2
22-40: 10 YR 5/1 Gray, Sa Si Lo

40-43: 10 YR 6/3 Pale Brown 40

Stratum

mottled with 10 YR 6/4 Light 1

Yellowish Brown, silty ash
43-45: 10YR 2/1 Black, Si Cl Lo

45-84: 10YR 4/1 Dark Gray, Si Cl,
hatch lines indicate peat fibers

84-104: 10YR 6/1 Gray, Si Cl,
10% weathered red sandstone
pebbles and oxidation stains
(10 YR 5/8 Yellowish Brown)

104-163: 10 YR 6/1 Gray, Si Cl
with oxidation stains (10 YR 5/8
Yellowish Brown), hatch lines

indicate peat fibers

163-182: 10 YR 6/1 Gray, 10%
Lewis Range pebbles, some
oxidation and CaCO3 nodules,
SaSi

182-190: 10 YR 4/1 Gray, few

large CaCO3 nodules, <5%
exotic pebbles, Very Fine Sand

190-253: 10 YR 4/1 Gray, Very
Fine Sand

253

253-297: 10 YR 4/1 Gray,
Medium Sand

297

Figure 14. Field observations for Auger 2.
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Description

et Soil Stratum

(cmbs)
0-44: 10 YR 2/1 Black, Sa Cl Lo

4:A 10
44-63: 10 YR 3/2 Very Dark Grayish Brown, 4:B
with oxidtion, Sa Cl Lo
63-109: 10 YR 3/2 Very Dark Grayish Brown,
Sicl 4:Bt
3

109-129: 10 YR 8/1 White with oxidation, 4Bkm
petrocalcic horizon )
129-133: 10 YR 4/3 Brown with 60% —
subrounded pebbles, Sa Cl Lo 2
133-136: 10 YR 4/2 Dark Grayish Brown and
30% rounded pebbles, oxidation, Sa Cl Lo Bed rOCk

136-141:60% Gley 2 4/5PB Dark Blueish
Gray decomposing shale bedrock and 40%
10 YR 4/2 Dark Grayish Brown, Sa Cl Lo
141-148: Gley 2 4/5 PB Dark Blueish Gray,
shale bedrock

Figure 15. Field observations for Auger 6.

To bolster théasic stratigraphic interpretation, soil samples fromatiger sediments
were collected to analyzmrticle size, calcium carbonate, and organic matter content in the
geoarchaeology lalt ¢he University ofArizona(UA). Comparing the physical and chemical
characteristics of the individual stratigraphic layslitated developingross interpretations
about the geological mechanisms that deposited and weathered the sedirentghout the
process otligging the auger testsgpresentative subsampl@dbout two cups in volume) were
collectedfrom major stratigraphic unit©pportunistic samples were alsollectedwhen

paleobotanical remains, organic rich sedimemts)teresting sediment texture compasis
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were encounteredn total, 95soil samplesvere collectedrom the auger testall samples were

dried under the fume hood in thiA geoarchaeology lab.

Collecion of Sediment, Charcoal, and PolleBamples from Excavatiotnits

In the 2016 seasothe research team excavated twio 2 2mexcavation units. These
unis wer e termed fABlock 1010 and ABlock 3010.
side of the pond at the site and separated by a lingandesof seven meters (Figure).1During
the course of the archaeological excavations, the excavators collected nine sediment and 18
charcoal samples from the featur&H.charcoal fragments that were potentially dataidee
collected and at least one sediment sanwées collectedrom each featre.A grabsamplewas
also collected from each strata exposed in the walls of excawdbick 101 which were used in
this analysisSediment sampleaere not collected frorhlock 301 because the stratigraptgs
congruent between the units. To collda pollen sampke a 10cnx 10cm bulk column in the
southeast quadrant of excavation block @@% colected in 2cm levels (Figure 16 This

column extended 42 cm below the block 301 datum.
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Laboratory Soil Analysis
Particle Size Analysis

Thepatrticle size and sorting different sedimentary matrixgsovideimportant data in this
studythat are used tmfer the transport mechanistthat deposited the sediment. For example,
well sorted finegrained deposits usually settle though suspension in slack water environments,
whereas poorly sorted matrixes that are dominated with large angular cobbles are usually
deposited by msswasting eents as a colluvial deposit.

Using the pipette method (Janitzky 1986a), 26 samples were rpartale siz analysis
(Table 1. To characterize the difference between the swoilse pond margin antthe soils inthe
center of the pond basin, six sangleere selected from Auger 2 (representing the pond center),
19 samples from Auger 9 (representing the pond margin), and one sample from Auger Test 8
(also on the pond margin). Because samples were opportunistically collected in the field, there
was not arequal number of samples from each auger test. Due to this, the resolution of the
particle size datéor each auger profils not the same, and is a source of bias in this vikak.
instance, Auger 8 has 19 particle size data points, but Auger 2 ordixhBsawing from these
data, it is easier to see change in the depositional environments of Auger 8 than of Auger 2.

Using the pipette method entailed grinding each sample with a ceramic mortar and pestle
until 25 grams of fine fraction sediment (clasts less than 2 mm in diameter) was produced. The
remaining clasts with a diameter larger than 2 mm were weighteaiculate the gravel
component in eackample The fine fraction samples were treated with HCI to remove
carbonates, then with hydrogen peroxide §8centsolution) to remove the organic matter. The
percentage of sand was found by wet sieving each sample to isolate the sand particles, which

were then mechanically sieved into Wentworth size classes and weighed. To find the percentage
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of silt and claythe ranaining sediments were suspended in large cylinders with dispersant and
the settling rates of silt and clay were used to calculate the total percentage of silts and clay in the
original 25 g sampléTable ). This data was graphed to make weight by dejatyrdms for the

soil profilesof Auger Tests 2 and @igures17 and 18.
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Table 1. Soil Laboratory Data.

Texture without Gra:

Texture With Gravel

Sand Breakdown

Lithostr
Depth |atigraphi Soil and %Me |%Fin| %
Sample 4 (cmbd)| ¢ Unit Inte rpretation Horizon Texture Sand %Silty% [Clay Ysravel %4Sand % Silt% [Clay %9%VC |%C| d e | VF | %OM |%CaCO3
Auger Test 9
110 6-10 9  |Alluvial Overbank Depos| 3: A Loam 48 38 15 12 42 33 13 20 | 21| 20 22 | 17 9.59 0.14
111 | 14-19 9  |Aluvial Overbank Depos| 3:E Loam 28 [ 45| 27 3 28 44 | 26 7 |12] 21 | 33 | 29 2.63 1.73
113 | 34-40 9  |Alluvial Overbank Depos| 3: Bt2 Clay loam 29 | 39| 31 0 29 | 39| 31 3 |15| 31| 27 | 25 3.1 0.25
114 | 43-49 9 |Alluvial Overbank Depos| 3: Bk Loam 47 38 15 3 46 37 14 1 | 28| 34 22 15 1.44 0.14
119 [ 56-64 8 Pond Clay Clay 15 36 49 0 15 36 49 0 | 15| 27 32 27 1.12 0
120 | 62-69 7 Eolian and Overland Flow 2: A Clay 37 18 46 0 37 18 46 0 | 18] 33 29 21 1.05 0.21
115 | 66-71 7  PAnthropogenic Organic L 2: A Sandy clay 61 2 37 0 61 2 37 0 [11] 33 | 34 | 22 3 1.58
116 | 75-80 6 Weathered Mazama Tephra Clay loam 34 35 31 0 34 35 31 1 | 19| 33 26 21 0.98 0.63
117 | 72-79 6 Mazama Tephra Loam 34 52 14 0 34 52 14 1 | 11| 24 31 | 33 1.54 0.47
118 | 78-82 6 Mazama Tephra Sitt loam 25 69 6 0 25 69 6 2 9| 19 24 | 46 1.66 0.14
91 84-99 5 Eolian and Overland Flow 1:A Loam 46 39 15 11 41 35 14 1 | 18| 34 28 20 2.35 1.13
93 [114-12 4 Pond Clay 1:A Clay loam 18 | 44| 39 0 18 | 44| 39 0 |12| 15 | 33 | 39 0.8 0.09
94 |124-12 4 Pond Clay Clay 14 | 18 | 68 0 14 | 18 | 68 0 ]0[ 9 38 | 53| 1.15 0.32
95 [135-14] 4 Pond Clay Sitty clay 12 | 45 | 42 0 12 | 45 | 42 009 39 | 52 | 0.92 0.6
96 [143-14 2 Glacial Outwash Very Pebbly Clay 29 [ 19| 52 36 18 12 | 34 3 8| 27| 31| 31 0.61 0.2
97 |154-16 2 Glacial Outwash N/A N/A [ N/A [ N/A N/A N/A | N/A | N/A 6 [10] 21 35 28 0.84 0.13
98 |160-17 2 Glacial Outwash Very Pebbly Loam | 39 48 13 40 23 29 8 11 | 16| 20 29 24 0.59 0.44
99 |172-18 2 Glacial Outwash \Very Pebbly Sandy logm 52 35 13 43 29 20 8 23 | 23| 21 19 15 0.65 0.97
100 [201-21 2 Glacial Outwash Very Pebbly Loam | 49 37 14 50 24 19 7 20 | 21| 20 22 17 0.41 0.12
101 ([219-22 2 Glacial Outwash \Very Pebbly Sandy lodm 63 22 15 35 41 14 10 9 [10] 14 37 | 30 0.7 N/A
Auger Test 2
1 20.0 8 Pond Clay Clay 12 24 64 0 12 24 63 27 | 23| 14 18 18 2.74 16.26
4 80-85 4 Pond Clay Pebbly Clay 1 0 100 23 0 0 77 0 1 0 0 0 0.88 18.13
6 [120-12 4 Pond Clay Pebbly Clay loam 19 43 39 27 14 31 28 0 3 9 31 | 57 0.72 11.05
7 [145-15 2 Glacial Outwash Very Pebbly Clay loarp 27 39 34 45 15 22 19 4 5| 12 32 | 47 0.75 10.93
8 [170-17 2 Glacial Outwash Very Pebbly Sit loan] 30 56 15 38 18 35 9 3 5 9 29 | 54 0.75 3.15
9 [182-18 2 Glacial Outwash Very Pebbly Clay 32 20 48 36 21 13 31 3 5 9 29 | 54 1.12 2.29
Auger Test 8
78 [44-28] 1 | Glacial Til | | PebblySandylbam| 66 | 20] 14 | 18 | 54 [ 17| 12 | 16 [25] 22 ] 24 [ 14] o061 ] o0.14
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Particle Size
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Figure 17. Soil laboratory data for auger test 2.
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Depth Below Surface (cm)

Particle Size
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Figure 18. Soillaboratory analysis for auger 9
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Pedogenic Carbonate

The percentage of calcium carbonate is a standard soil science method of differentiating
strata and understanding the landscape evolution a soil profile has experienced. For example, a
peak in théoCaCQ deep in the soil indicates that the soil has been stable for a long time. This
is because CaCGs mobile in suspension, and is transported and deposited with soil moisture
flow. A bump in CaCQ@at depth indicates that the soil has been sitting on the landscape for a
long time to allow such an accumulation of Ca@®form.

Twenty-six samples were measured for pedogenic carbonate content using the Chittick
method (Machette 1986). Only the fifraction is used in this testhese samples were reacted
with 6 N HCI in the Chittick apparatus to measure the amount of gas the reaction produced. The
amount of gas was then calibrated with the temperature and pressure of the air in the lab to
calculatethe percentage of CaG@ each sampléTable ). Thesedata weremapped by depth

for Auger Tests 2 and 9 (Figw&7and 1§.

Soil Organic Matter

Testing organic matter is a good way to locate buried soil horizons. This is because the
surface of a soil alays contains the most OM in the entire profile. If a soil is quickly buried, this
spike in OM should be preserved under the overlying sedimikatorganic matter content of 28
samples was measured using the WalB&ck method (Allison 1965 and Janitzk986b). The
principal of the WalkleyBlack method is to use 20 mg of sulfuric acid and 10 mg of potassium
dichromate to remove the organic matter in the sample. After letting the sample react for 30
minutes, sulfuric dichromate was titrated into the m@dsiamples until all of the organic matter

was removed. The amounts of these chemicals used to react the samples were then used to
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calculate the original amount of organic matter in esshple (Tale 1). Thesedata vere

mapped by depth fakuger Tests 2rad 9 (Figured7 and 19.

Radiocarlon Dating

Our project budget allowed for nine radiocarbon défeble 3. These numerical dates were
important for placing lithostratigraphic units into a regional context. Three samples (two
charcoal and one charreddiment) from the cultural occupations were dated by Beta Analytic.
Six bulk sediment samples from the auger tests were dated at the University of Arizona AMS lab
to date the geomorphic evolution of the sitetaB&nalytic pretreated the two charcsaimpes
with the standard acid/alkali/acid pretreatment and the one organic sediment sample with acid
washes. The author pretreated the six bulk sediment samplesyeoarchaeologhab with the

standard acid/alkali/acid pretreatment

Pollen Analysis

Pollenis a good way to understand the paleoenvironment at both the regidriatal
scales. The pollesamples wereollected from one of the 2016 University of Arizona
excavaion units (Unit 301)not from the auger tests that are the basis of this geoalchmal
analysis. Unit 301 lies about 10 meters northwest of AudErgire 10) The stratigraphy from
this excavation unit is continuous with the stratigraphy in the auger tests, so the pollen data can
be extrapolated to the lager geomorphic pictunec&pollen analysis is a costly procedure, |
elected to run a pilot study on the samples to find if any pollen was preserved, before committing
to have all of the samples countdebr the pilot study, four samples were selected from the bulk
column inexcavation unit 301 at 8012, 163 18, 3D 34 and 38 40 cm below datum (Figure

16). Susan Smith (paleoecologist) was contracted to count these samples. She had the pollen
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grains isolated from thegediment matrix by the Texas A&Laboratory of Paleoecologgnd

then counted the grains underneath a micros¢bglale 3)(Smith 2017).

Data Management

All data(including field notesassociated with this project will be stored on the
University of ArizonaS: Driveunderthé Bi | | y Bi g Spri ntldeAThehaeol ogy
remaining soil samples will be stored in the University of Arizona Bureau of Applied Research
in Anthropology (BARA) lab in the Emile Haury Building, room 316.

Table 2. Radiocarbon dates from BBSs.

Lab Material | Loci Pretr- | Lab Conventional | 2 Sigma Mean
Sample eatm Radiocarbon | Calibration Cal.
ID ent Age (cal. BP) Age
Beta Charred | Block 100; PD acid/ Beta 780 +£ 40 760 665 ~710
446257 : | material | 119, Artifact# 21; | alkali/ | Analytic
ZEDENO 18 cmbd Stratum | acid
20161 9; E horizon
Beta Charred | Block 100; PD acid/ Beta 2170 +£ 30 230 2225; ~2,210
446258 : | material | 129; Artifact 138; | alkali/ | Analytic 22048 2115;
ZEDENO 28 cmbd;Stratum | acid 2205 2115;
20162 9; Bt1 horizon 2075 2070;
2075 2070
Beta Organic | Block 100; PD Acid Beta 6130 +£ 30 7160 6940 ~7,030
446259 : | sediment | 152; Artifact 195; | washes| Analytic
ZEDENO 70 cmbd;Stratum
20163 7; Soil 2
B10568 Soil Auger 9 (inside acid/ UA AMS | 7635 +£ 25 8430 8395 ~8,415
Humin block 101) 108 alkali/
114 cmbs;Stratum | acid
5; Soil 1
B10573A | Soll Auger 8; 98 96 acid/ UA AMS | 5,779 +f 22 6636 6555 ~6,590
Humin cmbs;Stratum5; alkali/
Soil 1 acid
B10571 Soil Auger 8; 128 139 | acid/ UA AMS | 12082 +/51 14016 13831 | ~13,920
Humin cmbs;Stratum4 alkali/
acid
B10572R | Soil Auger 2; 79 80 acid/ UA AMS | 6915 +£ 25 778D 7694 ~7,730
Humin cmbs;Stratum4 alkali/
acid
B10570 Sail Auger 2; 14% 150 | acid/ US AMS | 11440 + 33 1332% 13240 | ~13,290
Humin cmbs;Stratum?2 alkali/
acid
B10569 Soil Auger 2; 17@ 178 | acid/ UA AMS | 17375 + 70 21081 20832 | ~20,950
Humin cmbs;Stratum2 alkali/
acid
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Table 3. Pollenresults from Unit 301 (Smith 2017) Sample 136 had so little pollen that no
percentage was calculated for the individual species representélche charcoal matrix
shows the amount of sediment in the sample that was composed of charcoal fragments.

Geo Sample #
Depth(cmbd)
Stratum

Tracers (initial concentration 20,848

Lycopodium spores)

Pollen Sum

Pollen Concentration gr/gm (sample

weights 10 grams)

Taxon Richness
Taxon Name
Picea

Abies

Large Pine poss.
Pinus contorta
Small Pine

Cupressaceae
Populus
Rosaceae
Artemisia
Cheneam
Asteraceae
Liguliflorae
Poaceae

Large Poaceae
Plantago
Caryophyllaceae
Scrophulariaceae
Liliaceae
Apiaceae

Salix

Alnus

Betula
Cyperaceae
Degraded
Unknowns
Non-Pollen Forms
Trilete Spore
Monolete Spore
Charcoal Matrix

122
106 12
I
104
323
6474.9

17
Common Name Counts | %
Spruce 1 0.3
Fir 8 2.5
poss. Lodgepole 196 60.7
Pine
Other Pines 9 2.8
Juniper 1 0.3
Aspen 4 1.2
Rose Family 1 0.3
Sagebrush 3 0.9
Cheneam 1 0.3
Sunflower Family 4 1.2
Chicory Tribe 11 34
Grass Family 12 3.7
Large Grass type 5 15
Indian wheat 0.3
Pink Family
Penstemon Family
Lily Family
Carrot Family 1 0.3
Willow
Alder 0.6
Birch 0.6
Sedge 52 16.1

9 2.8

125 133 136
160 18 320 34 389 40
1] v \Y
215 296 91
316 104 13
3064.2 732.5 297.8
18 10 4
Counts | % Counts | % Counts
1 0.3
9 2.8 4 3.8
144 45.6 57 54.8 7
26 8.2 9 8.7
8 2.5 2
3 0.9 4 3.8
7 2.2 1 1.0
7 2.2 3.8
14 4.4 7 6.7
4 1.3
10 3.2 1.9
3 0.9 1.0
1 0.3 1 1.0
1 0.3
1 0.3
2 0.6
2 0.6
3 0.9
36 11.4 6 5.8
32 10.1 8 7.7 1
2 0.6
1 1
20% 20%

71



CHAPTER 4: RESULTS
From field observations and laborat@nyalysestenmajor lithostratigraphic stratélo
10, oldesttoyoungest eac h i de nt )ahdfardoilsa(@ 4, ldest to goungepto
each i dent)iwereidedtifie{Biguife $ Tihé sirata will e described in order of
age, staing with the lowest, oldest layesnd then proceedingp the profile to the highest

youngestayer, addressing the soiis stratigraphic sequence

Bedrock
The bottom of Auger 6 reached the underlying bedrock, whiphrisof the Blackleaf

Formdion composed of mudstone interbedded with layers of sandstone (Cannon 1996b).

Stratum 1

The oldesStratumis composed of a pebbly shnloam. The sediment matrix $and
dominated, poorly sted, and hamassive bedding. Thesbaracteristics are diagstic of
glacial till. The matrix of this deposit contains large proportions of red and green argillite from
the Belt Supergroup formation in the Rocky Mountains to the west, which is congruent with
Kar |l str omds o boskg Mourgainialpime glaceertilts in this Region. He found
these tills to usually be composed oftd®0 percentBelt Supergroup sedimentary rocks in a
sandy loam matrix (Karlstrom 2000:18081). This stratumrextends from about two meters
below the surfee downwards. The deepest auger test reached a depth of 297 cm below the
surface and was terminated because the equipment could not reach any fhishstraium

likely extends deeper past this depth.

There was norganic material from this Stratufor a radiocarbon date, btlite unit
above (Stratun2) returned two bulk soil radiocarbon datB4Q570 and B105§9Table 3.

Stratum? is at least20,950cal. yrs. BR(discussed beloyythereforeStratuml must be older
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andlikely dates to the PinedaPR or 1glaciations (the maximuneccurred at 23,8G0 22,900

cal. yrs. BP and 26,18025,700 cal. yrs. BRespectively Fullerton et al. 2004:10 12).

Stratum 2

This Stratunconsistf interbedded sediments ranging from very pebbly sandy loams to
very pebbly clays. This large range of clast sizes and the presence of a few large cobbles is also
indicative of a glaciasource This Stratums composed of many layers of sediments tbkdyv
a fining-upwards sequence. The lowest layer has the highest percentage of basuhweitsilt.
Higher in the stratunthe percentage of sand decreases and is replacesiltvitsthe dominant
textural class (Tabl1). The amount of gravel sta congant throughout this Stratyrand clay
remains a minor constituent until the very top of the layer. Finmjgards sequences signify
alluvial deposition with decreasing stream flow overtime (Waters 1992:133). A decrease in
stream flow is usually interpreteas showing channel migration across a landscape, with the
larger clasts composing the old stream channel and the finer silt and clay particles composing
point bars. The mix of grain sizes present in this layer indicate that the origin of this sediment
was glacial, and the pattern of deposition shows that they were laid down by moving water.
Considering these data, this layer is likely glacial outwash thatle@ssitecdby moving streams
of glacial melt water. ThiStratum represents the pagtcial envionment when there was much
surface wateon the landscape from meltigéaciers. There would have been large piles of
unconsolidated glacial sedimemine to episodes of mass wastimgthis landscape. On this
rapidly changing landscape, large amountsasfiments were being reworked by the forces of

water and gravity. At the end of this tinggacial outwash had shaped the basin at this site.

The two bulk sedimenadiocarbon dates from this Stratgapport thenterpretatiorthat

it originated from melbg Wisconsirage glaciersBoth were taken from the center of the pond
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basin (Auger Test 2). One originates from 1@Q78 cm below surface and dates-20,950cal.

yr. BP B10569[Table 3), the other is from 14& 150 cm below surfa¢end dates t613,290

cal. yr. BP B10570Q. Relatively, the Pinedale 3 maximum occurred after 22,900 cal. yrs. BP but
before 17,640 17,520 cal. yrs. BP (Fullerton et al. 2004:11). Between the Pinedale 2 and 3
maxima, the Two Medicine Lobe retreated a great distan@dy(ldack to Marias Pass)

(Fullerton et al. 2004:10). Considegi this, the ~20,956al. yr. BP datshouldrepresent a time

when the landscape was subaerially exposed between the Pinedale 2 and 3 maxima, meaning that
this outwash layer originated from tReedale 3 glaciation. The ~13,264al. yr. BP date

represents a point after the Two Medicine lobe had already retreated up into Marias Pass and till

was experiencing episodes of mass wasting across the recently deglaciated landscape.

Stratum 3

This Straum consists of a layer of silty clay loam with massive bedding on the eastern
side of the pond basin. The silty texture of this layer indicatest timay alsohave glacial
origins adoess. This is a speculative interpretation, since no large loessitdemave been
mapped in this regioof Montana. This Straturwas only encountered in one auger test, so
perhaps it i fairly localized phenomenoihere are no radiocarbon dates from this Stratum to

test this hypothesis. If not glacial loess, it could have originated as a more recent aeolian deposit.

Stratum 4

Stratumd is a silty clay that contasgmo gravelswas heavily gleye@Figures 12 and 13
andonly existed witim thebottom of thebasin.Gleyingoccurs post depositionally when a
perched water table sits on top ofiarpermeablesedimentary layeand causes the underlying
sediment to become anoxic, causing it to tlug/gray in color. e sediments like this silty

clayneed to belepositedn a lowenergy environment, and settling fr@mspensiom standing
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water is one potential proce&ratumd4 is likely a pond deposit becausB:it was deposited
within a basin?2) it has a fingygrained texturgand 3) it has a heavily gleyed col&ediments
would have entered the pond systeither bymovingwith surface water or as eolian dust that

settledonthewate6 s sur f ace Fael2001:135).1992: 222,

Initially, Stratum 4dwvasdeposited throughout the entire basin, but eventually retreated to
only beingdeposited in the basin cent@mne bulk soil radiocarbon datB1057) at the base of
this layershows thatleposition begahy ~13920cal. yrs. BPDeposition endedn the bais
margin sometime before8,415cal. yrs. BP B1056§, whereas in the basin center,
sedimentatiorcontinueduntil after~7,730cal. BP B10572R. B10573Ais stratigraphically
lower than the Mazama ash (Stratuynidut the radiocarbon date pakites the miption. This
radiocarbon date is disregarded in this study. In all, these dates show B@atire 4lacustrine

depositional regimavasreduced irareaover time.

Stratum 5

After thepond water retreatad extent Straum 5 was deposited on thlexposed basin
margin.This deposit has loamy texture witlhree times as much sand as Strafiyand a high
percentage of silt. Sand and silt can be entrained by the overland flow of water and also by wind
(Waters 1992). The Grealdhs are notoriously windgnd dustyHolliday 1987) so eolian
transport likely played a role in delivering the sedimentStratum 5Eolian sediments are
typically well-sorted (Water 1992:18/ut can also exist as poorly sorted deposits if wind
speals and durations are variabléhis Sratum is likely mostly composed of eolian sediments
with the addition of some sediment from overland flow. Guk soil radiocarbon datieom this

Stratum(B10569, shows thatleposition othis layerbeganbefore~8,415cal. yrs. BP.
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Soil 1

This is the oldest soil in the stratigraphic sequencesasiie. This soil spns Stratd and
5. Soil 1 began forming in Stratunedter the retreat the pond water, and then continuéatro
as the sediments in StratumvBre deposited on top of the soil surface. When pedogenesis keeps
pace with sedi mentat i onng,, o0t hiieo vreerstuhlitc kiesn icnagl,|oe do
of the soil (Hollicay 2004:91). This soil displaysassic soil trends in CaG@nd organic matter
content(high percentages near the soil surface dleatinewith degh) (Figure 18. This soiland
Stratum 5 is buriedby Stratum6, which is tephra from the eruption of Mount Mazama,§33
cal. yr. BP (Egart al.2015)).The change from pond deposition to soil formation suggests

drying and prolonged exposure of the surface, which is also supported by the bafiatztes.

Stratum 6

This lithostratigraphic unit is tephra from the eruptioMMafunt Mazama, which occurred
~7,633cal. yr. BP and covered much of the northwestern United States ¢EghA015).Under
a microscope, Andrea Freeman identified volcatasgshards with elongated bubbles in a
sample from this stratum, proving that this stratum is a volcanic asAfatéa Freeman,
personal communication 200L& he radiocarbon data above this layer in Stratum 7 (Beta 446259
: ZEDENO 20163) places this layer in the correct time range have originated from the ~7,633
eruption of Mount Mazamash fall from this eruption was only preserved within the pond
basin, and varies in thickness between three and seven cm. The subtief shajasin is

expressed by the way the ash drapes acrogmtbelandscape dfie pond basin.

Stratum 7
The sediments deposited on top of the tephra layer congtegem 7 These sediments

aremostly composed of clay, but also contain a modenateint of sand (Table)1Like
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Stratum 5these sediments likely originated waombination of overland flow and eolian input.

A cultural occupation occurred while these sediments were accumulating and left small lenses of
organic rich sediment and charctialoughout thigayer. One of these lenses of organic

sediment near the top of tisratumwas radiocarbon dated ~7,030cal. yrs. BP Beta446259 :

ZEDENO20163).

Soil 2

A soil formed in the sediments of Stratdirt has a dark gray coldFiguresll, 12, and 13
and is mottled with some bladkganic rick pockets, anayhtly oxidizedthroughout This soil
was wet when excavated, so it did not exhibit clearsnicture. Tiere is a substantial increase
in the organic matter content within thierizon, supporting the interpretation that this is a
buried soil(Figure 18. While this soil was forming on the basin margin, clay depos{&irata

4 and § continued in the basin center, indicating that there was still water in the basin center.

Stratum 8

Stratum8 represents the expansion of the clay depositional regime aceosadim,
reaching the margin3his clay contains a minor amount of silt an@reless sand (Tablg.1
Like Stratunmd, the small particle size of this mataxd its locdion within a basinindicate that
it was depositety pondwater. The readvance of watmrosshe landscape indicaeither an
increase in precipitation and/or a decrease in temperature, which allowed the wettpdstb

across the basin.

Stratum 9
Stratum 9s composed of a series of layefxlay loaminterbedded with loamA small

stream flows less than 50 meters west of the basin at this site, and likely deposited the clay loam
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layers as owdank flooding deposits. Aorizons (Soil 3) formed ithese deposits during times
of nondeposition. These alluvial overbank layers are most clearly expressed in auger test 7,
which is the nearest test to the stream. Due to its proximity, this locality received the largest
amounts of sentiments, hence sepaggthe individual layers more clearlyan the expression of
Stratum 9nside the basin. Pedogenesis has obscured thesewahencreasingffect further

from the source of the sediment, typical of floodplain qailslliday 2004)

Soil 3

Soil 3 formed in Stratun®, and represents the modern surface 8ilthewestrn end of
this auger transect, large alluvial over bank deposits have precluded continuous soil formation.
The basin center has received less of this sediment input, so a continupusfé®ihas formed
with A, E, Bt and, Bk horizons (Figure 20rhe presece of an argillic horizonBt) indicates
that theassociated modeigeomorphic surface has been stablestametime. Argillic horizons
form relatively slowing, generally requiring 3,000 to 5,000 years to form (Schaetzl and Anderson
2005:568).The organic matter content is very high near the surface, which is normal for the
organicrich Mollisol soils in this are@Haigh 1980)but may also be due to its wetland setting

and the higher biological activity

In a seemingly contradictory situatidmth a calcic horizon (BK) and an E horizon have
formed in this soil. Calcic horizons are formed wigaCQ is dissolved an translocated
downwards irsuspensioand therstops moving in the soil profile due to lack of energy (there is
no more water téurther translocatiodlownward (Schaetzl and Anderson 2008).contrast,

i pdzolization" forms E horizonsyhereorganiccarbon, iron anr aluminum are translocated
from the upper profile to an illuvial horizon. Podzolization generally occurs in cool, humid

climates where there is an excess of precipitation over evapotranspiration, such that water
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frequently moves compldiethroughout the profile (Schaetzl and Anderson 2005:440).
Podzolization is best expressed under vegetation that produces acidic litter, such as coniferous
forests and heath&rhich aids in mobilizing the iong he environmenteeded for a calcic
horizonrequires little water in a weakly acidystem, whereas podzolizati requires abundant

of water and a stronglgcidic environmeniThe presence of tee two horizons in this profile

could be explained if the circumstances are thatcatic environmentrad large amounts of

water are causing organic matter, iron, and aluminum to be leached from the upper profile and
carried down to the level of the calcic horizon. Here, the veatiees in contact with Stratum 8
which is a clay with 49.4% clay, 35.7% sdfnd 14.9% sand. This claich layer has low

porosity, and acts as an aquiclude. Water perched at this location precipitates its carbonate as a
Bk horizon, and flows laterally until leaches past the extent of Stratum 8, and is again allowed

to flow downward in the soil profile

Stratum 9
“Soil3: A

Stratum 9
Soil3: E

Stratum 9
Soil 3: Btl

Stratum 9
Soll 3: Bt2

Stratum 9
Soil 3: Bk

~ Stratum8 — T

~Stratum?7 —

Stratum6 -
. (weathered)

Stratum6 —

Figure 20. Excavation block 101southwall stratigraphy showing Units 6, 7, 8, and 9 and
Soil 3.
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Stratum 10

This stratum is a sandy clay loam deposited on the eastern side of the pondHzasin.
were no clasts larger than pebbles in this stratum. To the east of the pond basin, a ridge steeply
rises. This layer likely accumulated from downward creep of the upslope sediments, and from
eolian transport. This layer sits directly upon Stratumvt8¢ch likely dates tgpostglacial times.
This stratigraphic positioning suggests that Stratum 10 has been accumulating since-the early

Holocene.

Soil 4

Within StratalO and 3a soil profile containing an A, Bt, and Bkm horizon has
formed. Petrocalciborizons (Bkm) are horizons with cemesh®condary carbonates (Schaetz
and Anderson 2005:118%kiven the generally low levels of calcium carbonate in the pond
deposits, dst is likely the source of teecalcium carbonates (Holliday 1987). Petrocalcic
horizons usually from slowly (Schaétand Anderson 2005:570), indicating that this geomorphic

surface has remained stable for a long time.

Pollen Preservation
All of the pollen samples originated from Stratumv@thin Soil 3. Unfortunately, after
countng the pollen in the samples, Dr. Smith fodhat the pollen at this site heavily
degraded. Beneath 38 cm, the grains had decomposed so much that the lowest sample was sterile
for pollen (Smith 2017). She explained that the most likely reasons fenpidigradation are
repetitive cycles of wetting and drying (Holloway 1989), basic (high pH) environments

(Dimbleby 1957), and certain species of soil fungi and bacteria (Goldstein 1960).
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The pollen grains were found within the matrix of Soil 3, but likelginate from the
deposition of the parent material of the ¢8iratum Qyather than the formation of the sdil.
the pollen that was preserved, Smith saw evidenceefponal climate change between the two
highest sample$n Sample 1 (1012 cm bedbw datum[cmbd), she finds 6percentodgepole
pollen, but in Sample 2 (8618 cmbd)lodgepole pollen decreasesanly 46percentalong with
a decrease in sedgéyperaceag whereashefrequencies othe sunflower family, Cheram,
smallpine, junipersagebrush, and a variety of herbs and forbs inc{@adde 3. The third
deepest sample has increasing deterioration, but shares similar characteristics as Sample 2. Smith
concludes that Sampferepresents a drier environment with less t@eer thanhe younger
Sample 1The wetting trend to the present may reflect historic fire suppression, or a climatically
wetter interval (Smith 2017). Despite the pollen being largely gone in the lower two strata, Smith
saw microscopic charcoal particles in thesaas (33 34 cmbd and 38 40 cmbd), which
may reflect the occurrence of natural and frequent fires that maintained more open forest

conditions that allowed a greater variety of herbs and forbs to flourish (Smith 2017).

Cultural Occupations

Dr . Ze dav§tiond sncoeexed a wealth of cultural material at thigBitgire 2).
To address human interaction with the Altither{idl,62% 6,850 cal. yrs. BRthe occupation
dated to this periots thefocus of this analysiglthoughmore recent occupatiomse

acknowledged

Bones and Charred Sediment
The oldest ocquation is situated within Stratum This occupation contains one chert
scrapping toolmanybroken bonesandmuchcharrel sediment. Whin Stratum 7here are &@ 2

cm thick lenses of organitch sandyclay, likely resulting fromanimal processing. This
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occupation overlieand thus postdaté&dtratum 6Mount Mazama tephra). Omadiocarbordate

on a lens of charred sediment dates this occupatie,@80cal. yrs. BP. Significantly, this date
falls within Cathy Barnoskyds (1989062@mate for
6,850 cal. yrs. BP (9,4@06,000%“C yrs. BP) as well as a period of reduced water resources at

this site (indicating incresed aridity) The stratigraphy of the BBSs also indicates a peffiod o

increased aridity during a period with a similar timespan.

Later Occupations

There are at least four occupasam the pond margin within Stratum Bachof these
occupatios containedprojectile points, flakes, faunal bone and fire cracked rock featunréss
brief discussionthey will bereferencd by the diagnostic projectile posthey contain. The
earliest occupation has McKean projectile points (Middighaic ~4,771to ~3,777 cal. yrs. BP
(4,200to 3,500%“C yrs. BP, Peck 2011). Above this isMid-to-Late Archaicoccupation
containinga Yonkee pointand one reworked BesaMonkeepointsare one variant of the
McKean Complex (Foor 1985) ami@dte to roughly-3,312to ~2,340 cal. yrs. BP (3,140 2,300
14C yrs. BPin Wyoming archaeological sitéKornfeld et al. 2010:125%. It is likely that Yonkee
points in Montana are slightly later than the Wyoming filgisant pointsdate to~2,056to
~1,385 cal. yrs. BP (2,100 1,500%“C yrs. BP(Peck 2011))A radiocarborsample(Beta
446258 : ZEDENO 201@) dates a piece of charcoal in this occupationz@10cal. yrs. BP.
Next, there was an Avéera occupation (Late Precontaet,290to ~1,010 cal. yrs. BP (1,350
1,100*“Cyrs. BP (Peck 2011)) whi ch was foll owed by an Ol d Wt

(Late Precontact-1,010to ~300 cal. yrs. BP (1,100 250%“C yrs. BP (Peck 2011))
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Surface Finds

In the 2016 seasd1Early Archaicto Late Precontacirtifactswere faind scattered
across the basin cent¥vhen Thomas Kehoe was working at this site, he also collected surface
artifacts. In his collection, one previously unidentified point base has recently been classified to
the Cody complex, stretching the occupatiothig site back to the Paleoindian period. The
2016artifact scatter consists of flakes, fire modified rock, expedient stone tools, projectile
points, knapped scrappers, and faunal b8pecifically relating to the Altithermal period, one
Country Hills Projectile point base was found in @4 7surface collection. This point type
dates to-8,345t0 ~8,106 cal. yrs. B7,500to 7,300%C yrs. BP (Peck 2011)), which fits within
the Altithermal periodThe area around the site has been used as a cattle pasture since historic
times, causing the artifacts within the pond basin to become heavily trampled by the cattle when
the ground is weDespite the historic period use of this area, amlg artifact was found dating
to the historic period, which was a colorless glass vessel. The shape appears to be a whiskey
bottle. A GIS analysis of the surface artifact pattering has demonstrated that the cattle trampling
hascaused the artifacts to beuwrned vertically in the pond sediments, but remain somewhat in

place horizontallfJansson and Thompson 2017)
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No vertical exageration

14C date on
charcoal: ~710 - 14C date on
cal.yr BP charcoal: ~2,210

cal. yr BP

Separated by 7 m
of linear distance,
38 cm difference in
elevation

14C date on charred
sediment: ~7,030
cal. yr BP

Figure 21. Cultural horizons uncovered in 2016 excavations.
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CHAPTER 5: DISCUSSION AND CONCLUSION
There are three topied concernn this discussionl) the concept of the pond asvater
source 2) paleolandscape reconstructions for the jotextial period; and the AltithermaR) how

the BBSs fits into previously proposed madaf Altithermal impacts to human settlement.

The Pond as a Water Source
Water Supply Mechanisms for the Pond Water

The presence of water in the basin at this site is an important element in this analysis. Water
certainly enters this basin via overland fldwt also arrivebere through groundwater flow.
Glacial tills with high permeability and annual recharge rates (like Stratum 1) are responsible for
delivering large amounts of water to springs in this area (Cannon 1996a). These sediments are
good aquifes becauseainfall and snowmelt that occur in the uplands run downslope and are
readily captured by the ti{Cannon 1996a). Water remains in theddjuifer until the aquifer
contacts an impermeable layer (usually bedrcakglat this point, the groundater is forced up
to the surface, and a spring is forn{€hnnon 1996a)lhe bedrock intersects the modern ground
surface in many locations around this site, which indicate locations where water is forced up to
the ground surfac&ince these till aquiferhold large amounts of water, they create reliable
springs, which persigiven during times of drought. Spring water has difficulty moving through
the clayrich layers within this basirso the water likely enters the basin from the edges of the

depressin, where the clay is thinner or nonexistent.

Poor Drainage within the Basin
Strata 4 and 8 are clay rich layers, which restrict the movement of water through the
basin fill sedimentsThe basin collects water throughout the year, but the water cafiticdtia

deep into the sediments because the-gtdylayers do not allow water to pass through. This
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creates a perched water @blvhere water collects above thgenetrable layelhis perched

water table has causedme sediments in Strata 2, 4, artd 5ecome gleyed in colowhich is a
common effect of avater saturatiorAdditionally, the basin center contaiasignificantbuildup

of calcium carbonate; containiadpout ten times as much calcium carbonatbelsasin margin
(Figures 17 and 18. This accumulation of calcium carbonate is probably a function of poor
drainageAs the water evaporates, it leaves behind dissolved minerals. This large concentration
of calcium carbonate was likely created by many seasiostanding water evaporating from the
basin during dry period3.he presence of clay barriegdeying, and calcium carbonate buildup
show that this basin has poor drainage. Since there is little drainage, water is trapped within the

basin and then evamies during the summer months.

RecentDrainage of the Pond Basin

The water level in this basin has continued to be low in the historic period because the
unnamed stream to west bktsite began headcutting updtainageleaving steep banks along
thestream channel. This deep channel has bisected the water table, and has caused the
groundwater that once sattime pond basin to empty out irttee stream channel. The increase in
erosive power of this drainage was likely fueled by the constructionidftavd-track roadthat
was cut through the northern section of the site in 1954 for petroleum exploration (Kehoe
2001:28). This road construction likely influenced local drainage patterns and exacerbated the

erosioral trend that was already occurring mg stream.

Paleolandscape Reconstruction

Late Pleistocene
During the late Pleistocene, this site was covered by large streams of glacial melt water

that were depositing Stratum 2lightly after 13,290 cal. yrs. BP, the streams stopped flowing
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and the shape of the pond basin at this site was expliagbedoutwash sedimenteing a low
spot on the landscapaused by a glacial meltdown depressisater quickly filled the basin.

This water was composed of both surface runoff and spring Wwaterthe underlying glacial till
aquifer. The addition of the spring water made this basin a reliable water source, even when
precipitation had been absent in the region for a long time. The reliability of this water source
was likely one of its key attréions to both humans and animals in the past. The pond persisted
in the basirthroughout tle rest of the late Pleistocerad into the EariHolocene and allowed
Stratum 3 to be deposited on the basin floor as fine sediment settling from susfiéigsien

22).

This area has a high potential for Paleoindian aged deposits because this landscape was
not onlydeglaciatedbut alsarecolonized by trees before ~13,250 cal. yrs(B&trara 1989)
The beginning of the Paleoindian period begins somewhere at@0@0 cal. yrs. BP, meaning
that this area washabitableby the time the first Paleoindigreople could have passed through
this region.Though it was found out of contexhae Cody Compl ex poi nt i
collection shows that this site was occupied in the Late Paleoindian Rewiwdntly, no
stratifiedcultural deposits at this site have been radiocarbon dated to the Paleoindian period, but
Kehoe did report recovimg a layer ohondiagnositidlakes and charrednimals bonewith cut
marksin the glacial till. If this occupation is congruent with the age of the glacial till, and not
reworked from a later deposit, this could represent an Early Paleoindian occupatio
mentioned before, the large piles of glacial till left on the landscape during this time were very
unstable, and were prone to slumping and reworking. Any cultural occupation that occurred on

this glacial outwash surface could have easily been bhyiesh episode of mass wasting shortly
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aftertheir depositionTaking this into account, artifacts within the glacial till at this site likely do

date to the Paleoindian period, but many not be in their primary depositional contexts.

Figure 22. Landscape reconstructions for posglacial and Altithermal periods at the Billy
Big Spring ste. Note the expansive pond in the Pogklacial period, and the reduced but
nonetheless present pond during the Altithermal period.

Early-Holocene

The cool earlyHolocene at this site is marked by gentinuedpresence othe pond

water.The water was at its highest level during this period.

Mid-Holocene
The transition to thevarmmid-Holocene occurred when tipend begarto deceasen

extent, which occurresometime before ~8,415 cal. yrs. BR this point, the water retreated
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