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CHAPTER 1
INTRODUCTION
Daniel H. Eakin
The Office of the Wyoming State Archaeologist (OWSA) conducted extensive data recovery
excavation during the 1995 and 1996 field seasons at the Goff Creek site (48PA325). The investigations
were performed at the request of the Wyoming Department of Transportation (WYDOT), as part of
project PREB-031-1(44), the Cody-Yellowstone Highway. The excavations described herein were
implemented to mitigate adverse effects of highway reconstruction pursuant to stipulations in the 1994
Programmatic Agreement between the Federal Highway Administration, WYDOT, United States Forest
Service, Wyoming SHPO, and the Advisory Council on Historic Preservation.

e, e
site is about 950 m in length, but only 30-160 meters wide, with a short (150 m long) extension |
I 2!l the site covers 8.33 ha (20.6 acres). Elevations range from 1,934
m to 1986 m (63457-6,515) above sea level. | EEEEEEE
e
|

Investigative History

Although the Goff Creek site has been known to local artifact collectors since at least the 1940s,
the site was not formally recorded until 1977 when it was formally recorded during a cultural resource
survey related to a timber sale. No subsurface investigations were conducted at that time. The site was
reinvestigated as part of the class Ill cultural resource inventory for the proposed reconstruction of US
14/16/20 in 1987, and further evaluative testing was recommended (Eakin 1988). The following year
WYDOT authorized formal testing of Goff Creek (Eakin 1993). Six sub-datums were established across
the site, five of which were along the proposed highway corridor (1-5) and a sixth was placed ||l
I Fioure 1-3). Datum areas 1 and 5 were situated in
topographically higher positions near the eastern and western ends of the site and were characterized by
sediments of limited archaeological potential. Three 1 m x 1 m test units excavated in datum area 1
yielded only five artifacts and revealed a relatively thin layer (48-60 cm) of fine-grained deposition
overlying gravels. Due to low surface visibility and the potential for buried cultural material, 20 shovel

tests were excavated in datum area 5. No cultural material was found in the shallow (3-12 cm) deposits of
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Figure 1-1 Location of the Goff Creek site.

datum area 5. Datum areas 2 and 4 were found to possess little to no potential for buried archaeological
deposits, due either to a close proximity of bedrock, or the presence of poorly sorted, coarse-grained
sediments containing gravel and boulders.

Datum area 3, located near the center of the site, was situated both on the eastern flank of the
Goff Creek alluvial fan and on Shoshone River terraces. Datum area 3 revealed several archaeological
components encased in thick sedimentary sequences. Areas adjacent to the Goff Creek alluvial fan were
found to possess thick sequences of alluvium and colluvium interbedded with pea-to-grape-sized rounded

to sub-rounded pebbles. Sediments accumulating at the base of slopes to the east of the fan consisted of
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Redacted

Figure 1-2 7.5 USGS Quadrangle showing location of Goff Creek (48PA325) and surrounding
topography.

OWSA WY-22-95-2 Cultural Resource Series No. 3



Goff Creek Chapter 1 Introduction 1-4

Redacted

Figure 1-3 Location of test excavation conducted in 1987 at Goff Creek (48PA325).

silty sand and angular gravel. Crossbedded sand and silt units were encountered in terrace areas and
indicate past overbank events of varying intensity. Given the high potential for stratified cultural deposits
in the this area, 12 1 m x 1 m test units were excavated.

The 12 test units ranged from 35 cm to 2 m in depth, with units 4, 5, and 6 yielding 1,188, 812,
and 1,524 artifacts, respectively, most of which were recovered from relatively shallow (0-50 cmbs)
contexts. Unit 7 revealed a relatively thick (1.5 m) profile, although the lower 65 cm were represented by
mainly high energy fluvial sediments that were not conducive to contextual preservation. Test unit 10,
excavated to 2 m below surface, revealed relatively low density archaeological deposits possessing little
to no stratigraphic separation. Artifact concentrations between 140 and 170 cmbs (where 73% of the 128

unit artifacts were found) indicated the possible presence of a deeply buried component. No features or
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other dateable material were recovered during testing. Diagnostic artifacts indicated the archaeological
deposits dated to the Late Archaic and Late Prehistoric periods.

Datum area 6 consisted of a rockshelter on the east bank of Goff Creek, just north of the Goff
Creek Lodge and well north of the project APE. A steatite bowl was found at this locality in 1964 while
excavating for a pump-house. Because the rock shelter was located well outside the APE, no subsurface
investigations were conducted during fieldwork.

The 1988 testing at Goff Creek demonstrated that the Datum 3 area contained multiple
components. Testing also demonstrated that several areas identified during the inventory phase were
either located in areas characterized by sediments having low potential for preserved archaeological
context, or were well outside the APE and would not be affected by proposed construction. The Goff
Creek site was determined eligible for nomination to the National Register of Historic Places under
criterion D. Datum areas 1, 2, 4, and 5 were recommended non-contributing, Datum area 3 was
recommended contributing, and Datum area 6 remains unevaluated.

After consultation with WYDOT, USFS, the Wyoming State Historic Preservation Office
(SHPO), and the Advisory Council on Historic Preservation (ACHP), the Goff Creek site was selected for
data recovery as part of the Cody-Yellowstone project. A data recovery plan (Eakin 1994) was submitted
in May, 1994 to WYDOT, the Federal Highway Administration (FHWA), USFS, SHPO, and the ACHP,
under a determination of no adverse effect in accordance the then current regulations in 36CFR2800. The
plan focused on block excavation as the primary data recovery method, along with specific research goals
and objectives based on site testing.

Consultation with the Eastern Shoshone Tribe occurred on May 14™ 1994, Shoshone Elders
Haman Wise and Delphine Claire, official tribal representatives, toured the proposed project area and
visited most of the NRHP eligible sites. Testing results, proposed impacts and mitigation measures were
outlined by OWSA and WYDOT personnel. The Eastern Shoshone tribal representatives requested the

site be avoided, although the scope of the project did not allow avoidance as a site management option.

Data Recovery Phase

Data recovery (Figure 1-4) investigations were conducted in a series of ten-day long work
sessions in 1995 and 1996. The first field season lasted from June to August, 1995 and included
excavation of block areas and dispersed excavation units placed in areas of high potential identified
during the 1988 testing. The 1996 work session lasted from March 29™ through September 4™. A backhoe
was used to remove overburden in the western portion of the site (Area A) so that deeply buried cultural
levels discovered in October 1995 were more accessible. A shelter was subsequently constructed in the

resulting pit so that excavations could proceed during inclement weather.
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REDACTED

Figure 1-4 Data recovery excavations at Goff Creek.
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Other excavation blocks initially opened in 1995 in the eastern portion of the site were also
expanded, and several additional areas were also explored. Geoarchaeological investigations were
undertaken at the site on June 23", September 2™-4™ and October 22" -23" 1995, and June 27" - 28",
and August 5™-7" 1996. The purpose of these investigations was to document the geologic and pedologic
context of the site, reconstruct the sequence of topographic and environmental change, and use the
paleoenvironmental reconstruction to base inferences concerning prehistoric subsistence and settlement.
Data collection at the site focused on the Goff Creek alluvial fan and other landforms in the general

vicinity.

Data Recovery Plan

Three primary areas of research were identified in the data recovery plan; 1) subsistence
practices, 2) site function and spatial relationships, 3) stratigraphic evaluation and occupational history
(Eakin 1994). Specific questions within each of these research areas were formulated and helped guide
the excavations at the site.

Subsistence Practices

Although a sizeable amount of bone was recovered during the 1988 testing, much of it was
unidentifiable. Moreover, no artifacts or features were identified during testing that could shed much light
on the subsistence practices or strategies, such as plant use or season of occupation. Therefore, the
recovery of a representative sample of faunal and floral remains was a goal of the research design. The
emphasis would be to ascertain if the site’s inhabitants focused on any particular plant or animal species.
Season of site use is intricately tied to the question of subsistence, so another stated goal was to

determine, if possible, seasonality.

Activity Area Analysis and Site Function

Tool assemblages can be reliable indicators of general activities that occurred at the site during
occupation. Therefore, an analysis of the spatial distribution and relative association of artifacts with
hearths and other features is outlined in the research design. It was additionally anticipated that, through
addressing this issue, we might gain some insight into the role Goff Creek played as a campsite in the

annual subsistence rounds of the site’s inhabitants.

Stratigraphic Evaluation and Dating

Testing at Goff Creek revealed evidence for stratified cultural levels. However, it was also
discovered that the site has witnessed episodes of channel cutting, mass wasting and bioturbation.
Consequently, one goal outlined in the research design was to determine if the cultural levels identified

during testing retain integrity. In order to address this goal the data recovery plan called for the collection
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and submission of charred material from hearths or bulk organic sediments to date the occupations.
Another means of reaching the goal was to conduct pedological analyses in order to determine the degree

of post-depositional mixing.

Organization of the Report

This report is presented in 13 chapters. In Chapter 2 Eckerle provides an overview of the geologic
setting and paleoenvironmental history of the Goff Creek site and surrounding region. Eakin provides a
succinct overview of previous research and our current understanding of the prehistory of the Central
Rocky Mountains in Chapter 3. The field and laboratory methods are discussed by Eakin in Chapter 4. In
Chapter 5 Eckerle and colleagues report on the results of the geoarchaeological investigations conducted
at Goff Creek. Clayton, Wedel and Waitkus present the results of the excavations in Chapters 6 through
11, with each chapter reporting on a different area of the site. Lastly, Page provides a summary and

discussion of the excavations in Chapter 12.
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CHAPTER 2
GEOLOGIC SETTING, PALEOENVIRONMENTAL HISTORY

William Eckerle, Rebecca Hanna, Marissa Taddie and Sasha Taddie

Site 48PA325 is in Park County, Wyoming, [ GGG
I (-ioure 2-1).
|
The Absaroka Mountains are part of the Middle Rocky Mountain Physiographic Province (Fenneman and
Johnson 1946). They form an arc of high terrain at the leading edge of the Yellowstone Hot Spot (Good
and Pierce 1996). This arc stands as a now dissected plateau, which is formed on 1979 m (6493 ft) thick
sequence of Eocene and Oligocene age volcanic rock (Mackin 1937; Thornbury 1965). The Absaroka
Range is bound by the Bighorn Basin to the east, the Beartooth Mountains to the north, the Yellowstone
Caldera to the west, and the Wind River Basin to the south. High mountain areas were covered by an ice
cap during the Pleistocene, and tongues of glacier ice descended into valleys as low as 1999 m (6558 ft).
Deglaciation has revealed a glacially sculpted landscape above this elevation.

The North Fork heads on the west slope of Sunlight Peak (3642 m; 11,950 ft) and flows
southwestward, down a glaciated, U-shaped, valley to approximately 2249 m (7379 ft). There, the valley
narrows into a canyon and turns south to join Middle Creek at Pahaska Tepee (2029 m; 6657 ft). From
there, the river flows eastward to its confluence with the South Fork of the Shoshone at Buffalo Bill Dam.
Between Wapiti Ranger Station and Wapiti, Wyoming, the canyon widens into a broad valley. Numerous
perennial and intermittent streams enter the North Fork in the canyon, some of which head in alpine
settings.

The oldest rocks exposed at the surface along the North Fork occur at the confluence of the North
and South Forks of the Shoshone River (Fritz 1985). This confluence is just to the west of the Cedar
Mountain (Rattlesnake Mountain) anticline. Cedar Mountain anticline (Laramide) trends northeast-
southwest and is flanked by a thrust fault on the southwest. Downstream, the Shoshone River canyon cuts
this structure nearly perpendicular to its axis. River erosion beginning from a superposed channel
(Mackin 1937) has excavated the canyon and exposed the core of the anticline including Precambrian
granitic gneiss and Paleozoic sedimentary rocks. Younger, drag-folded middle Jurassic through

Cretaceous sedimentary rocks ("The Palisades") are exposed on the footwall to the southwest. The lower
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REDACTED

Figure 2-1 Location of the Goff Creek (48PA325) site.
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Eocene Willwood Formation formed as basin fill and is the predominant, exposed bedrock in the valley of
the North Fork. Shortly after the Willwood Formation was deposited, Mississippian rocks were thrust
over it forming the Heart Mountain Overthrust. Erosion has exposed Mississippian rocks overlying
Eocene sediments on Logan, Sheep, and Table mountains above the North Fork/South Fork confluence.

The Heart Mountain Overthrust is buried by the Absaroka Volcanic Supergroup (upper Eocene)
in the upper part of the North Fork drainage (Sundell 1993). North and east of the river, the Wapiti
Formation forms the surface. It is composed of fine- to coarse-textured volcaniclastic rocks, which
include lahars, volcanic breccias, and mudflows. This formation is centered around Sunlight Peak and is
composed of andesitic volcaniclastic rocks (Love and Christiansen 1985). The Wapiti Formation is cut by
a series of radial dikes (both felsic and mafic), which have their hub around Sunlight Peak (Love and
Christiansen 1985).

Southward from the North Fork (along the divide between the North and South Forks of the
Shoshone River), the Wapiti Formation is overlain by the Trout Peak Trachyandesite, which is in turn
overlain by the Langford Formation. The latter formation is composed of "...dark-colored andesitic
[volcaniclastic] rocks and flows underlain by light-colored andesitic tuffs and flows" (Love and
Christiansen 1985).

Pleistocene fluvial deposits occur in the study area. Quaternary terrace history of the main trunk
of the Shoshone River downstream of the confluence of the North and South Forks as well as the South
Fork of the Shoshone have been studied in detail (Mackin 1937; Moss and Bonini 1961; Moss 1974;
Palmquist 1983; Albanese 1987a), whereas the terrace sequence of the North Fork canyon has received
less attention (Eckerle and Eakin 1997). Terrace history of the Shoshone River basin is complex. Mackin
(1937) describes several terrace levels, which occur along the Shoshone near the town of Cody. The
highest is the Powell terrace which stands about 300 ft (91 m) above the channel, followed by a Cody
terrace set occurring between 120-210 ft (37-60 m) above the channel, and finally the ‘Inner Terrace
Flight,” which occurs from 120 ft to the river. The Powell and Cody terraces are gravel-capped whereas
the Inner Terrace Flight terraces are bedrock platforms (straths) with little gravel. Mackin (1937)
hypothesized that the Cody and Powell terraces were thinly mantled with gravel developed through lateral
corrasion and formed during interglacial periods. Moss and Bonini (1961) demonstrate that the gravel on
these terraces is thicker than reported by Mackin in 1937 and suggest that they were glaciofluvial fill
terraces. Moss (1974) suggests that the terraces could be traced to terminal moraines in the valley of the
South Fork and that the Powell terrace is outwash from the Bull Lake moraine, whereas the Cody terrace
formed from outwash exiting the Pinedale moraine. This conclusion is not universally accepted, and some
favor Mackin’s conclusion, which is that the Powell and Cody terraces underlie the respective Bull Lake

and Pinedale moraines (Pierce 1968). Palmquist (1983) indicates that the Cody terrace submerges into the

OWSA WY-22-95-2 Cultural Resource Series No. 3



Goff Creek Chapter 2 Geological Setting & Paleoenvironmental History 2-4

Modern
) ) Blackwater Ponds Holy City Floodplain and
Pleistocene/Holocene Alluvial Fan (PHf) , Terrace (Ht2) | Terrace (Ht1) | Channel (Ht0)

| | |

Fishhawk Gravel (Pt3)

Newton Gravel(Pt1) 1990490 BP
\\ 8270+90 BP
Overbank Dominated
660+80 BP

Absaroka
Volcanics

Debris Flow Dominated

Pagoda Gravel (PT0)

5000-2000 BP

92070 BP

5500-9500 BP

Figure 2-2 Generalized schematic cross-section of the North Fork valley.

Shoshone River floodplain downriver near the confluence of Bitter Creek. Palmquist calculates a long-
term, Bighorn Basin incision rate of 0.158 m/1000 years based on the occurrence of Pearlette-like Type O
volcanic ash (now considered Lava Creek B).

Love and Christiansen (1985) map portions of the high country at the headwaters of the North
Fork as glacial deposits. The glacial U-shaped valley does not extend to the highway. As indicated by
Love and Christiansen (1985), the canyon and valley of the North Fork and its principal tributaries are
floored by Quaternary alluvium. Landslide deposits are present along the walls of the lower part of the
canyon.

Eckerle and Eakin (1997) mapped Quaternary deposits along the canyon of the North Fork of the
Shoshone River (Figures 2-2 and 2-3). Well sorted and well rounded, locally-derived bouldery gravel
deposits are common. Elevationally, the highest occurs in a gravel pit near Goff Creek at approximately
23 m (75 ft) above the river and is vegetated with Douglas fir. The pit is nearly mined out; no terrace
tread is preserved, and the original thickness of this gravel unknown. Some clasts exhibit carbonate rinds
suggesting stage 11+ morphology (Birkeland 1984, Birkeland et al. 1991) . This deposit is designated as
the Goff Gravel (Pt2; designations in parenthesis are those used in Eckerle and Eakin 1997). Because of
its relatively low elevation above the river compared to the Cody terrace at the town of Cody, it and lower

gravel deposits in the canyon of the North Fork are tentatively correlated to Mackin’s Inner Terrace Flight
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REDACTED

Figure 2-3 Latest Pleistocene and Holocene geology of the North Fork (Eckerle and Eakin 1997).

OWSA WY-22-95-2 Cultural Resource Series No. 3



Goff Creek Chapter 2 Geological Setting & Paleoenvironmental History 2-6

at Cody. Well sorted and well-rounded bouldery gravel deposits within the canyon are thought to have
formed aggradational terraces in the canyon, whereas those within the Inner Terrace Flight at Cody are
strath-cut terraces. They are thought to be late Pleistocene in age, perhaps Pinedale, with the elevationally
lowest (discussed below) being late Pinedale (14,000 BP).

A bouldery gravel terrace is present at ~14 m (46 ft) above the river where it occurs at a distance
of approximately | km downstream from Mummy Cave (designation not defined in Eckerle and Eakin
1997). Part of this terrace is overlain by a small, finer-textured alluvial fan. Both the alluvial fan and the
terrace support sagebrush vegetation. A soil formed into the gravel contains a Bt horizon with thin clay
skins and a Bk horizon with stage I+ calcium carbonate development. This gravel deposit is referred to as
the Mummy terrace. Gravel thickness in this terrace is estimated in excess of 5 m (16 ft), although its base
was not observed. Bedrock was not encountered underlying this terrace. A correlate remnant of a
bouldery gravel deposit is present at about this elevation immediately downstream and upslope of the
Goff Creek Site, although it does not retain a tread.

Numerous remnants of the next lower gravel terrace are scattered throughout the canyon of the
North Fork. This is the Newton terrace (Ptl), which is composed of well sorted and well-rounded
bouldery gravel forming a tread that stands ~5-6 m (16-20 ft) above the river. In places, this terrace is
covered by slope wash, colluvium, alluvial fan, and possible loess deposits. Soil formation is weak with
some development of Bw color and stage | calcium carbonate accumulation. Douglas fir and sagebrush
occur on this terrace. Like the Mummy terrace, no bedrock was observed underlying the Newton terrace
so the thickness of the gravel is unknown.

Still lower in the terrace sequence is a bouldery gravel unit that forms a tread which stands
approximately 1-3 m (3.3-9.9 ft) above the river shoreline (Pt0). At some locations this tread is covered
by up to 1.2 m of overbank sediment that interbeds with slope wash towards the canyon walls. Moss
(1978) identifies this gravel just outside Mummy Cave and suggests that the river scoured the floor of the
cave at the level of this gravel. The oldest radiocarbon date from Mummy Cave is 9248+78 BP ; Husted
and Edgar 2002). The aggradation of this gravel predates the earliest Holocene. This gravel also occurs
distal to the Pagoda Creek alluvial fan where dates from an overlying overbank unit produced a date of
3270+90 BP. We refer to this gravel terrace as the Pagoda terrace. Generally it is overlain by finer
deposits and associated vegetation types, discussed below.

The base of the river channel is inset approximately 1-3 meters below the top of the Pagoda
gravel terrace tread. Like all the gravel deposits discussed so far, the river bed is armored by bouldery
gravel. This bouldery texture contrasts with gravel that forms islands and unvegetated mid-channel bars
which is a cobbly texture. The cobbles in the recent bars are derived from the riverbed. Material of this

size probably is commonly transported as bedload during high water stages. The presence of the cobbly
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bars combined with the pre-Holocene dates for the gravel composing the Blackwater Ponds terrace
suggests that all of the gravel deposits discussed thus far are Pleistocene-age. Bedrock can be observed in
the channel of the North Fork at a few locations. Otherwise, it is difficult to estimate the thickness of the
gravel underlying the Blackwater Ponds terrace and the current channel. Given this, it must be assumed
that not all of the gravel terraces have been formed by corrasion, but rather some may be aggradational.

Two levels of Holocene, fine-textured terraces are present. The highest (Ht2) stands at about 2-
2.5 m (6.6-8.25 ft) above the river and overlies the Pagoda terrace with a thickness of about 0.5-1.5 (2-5
ft). It supports a limber pine and sagebrush vegetation community. This terrace was investigated below
(south of) the Firefighters Memorial near Blackwater Creek where it dates from before 8270+90 BP (Cal
9470-9020 BP, 95.4% confidence) to after 1010+80 BP (Cal 1070-730 BP, 95.4% confidence). This
location once housed a fish hatchery called Blackwater Ponds, and thus the fine-textured sediments and
the terrace they are contained within are referred to as the Blackwater Ponds terrace (Eckerle and Eakin
1997). The deposits which form this terrace are interpreted as Holocene overbank and sheet wash
sediments with some slope wash along the canyon margins

A lower fine-textured terrace (Htl) is also present. A typical example is located near Hanging
Rock and is designated as the Holy City terrace. It stands at 1.4-1.8 m (4.6-5.9 ft) above the river and
about 0.25-1 m above the top of the Pagoda terrace tread. Like the Blackwater Ponds terrace it is
composed of overbank sediment. A radiocarbon date of 1720+50 BP (Cal BP 1700-1550 BP, 68.2%
confidence) provides a minimum date for the aggradation of this terrace. Grass-sedge meadow occurs on
this terrace.

In addition to the terraces, the canyon also contains alluvial fan deposits at the mouths of side
canyons. Some of the fans issue from canyons containing perennial streams while others are intermittent.
More moist locations along perennial streams support riparian shrub vegetation whereas sagebrush,
limber pine, and Douglas fir dominate elsewhere. The deposits forming these fans vary from silty sands to
large boulders (up to 2.5 m diameter). Radiocarbon dates on intact archaeological features from
Clocktower Creek fan (48PA1981; Eakin 1999) were recovered from under large bouldery deposits and
dated to the late Holocene (1230+60 BP, 720+70 BP). This indicates that some alluvial fans formed
during the Holocene (Hf), while others may be Pleistocene-Holocene (Phf) or primarily Pleistocene (Pf).
It is often difficult to differentiate these three fan deposits as exposure windows into the core of larger
fans are rarely available. Thus, discrimination of Pleistocene from Holocene alluvial fans is based on
height above the river and/or radiocarbon dates from buried cultural materials.

The North Fork canyon possesses a continental climate. A strong, elevationally controlled
climatic gradient runs through the North Fork area. The higher elevations in the west are wetter and

cooler, and the lower elevations to the east are drier and warmer. The average, maximum/minimum
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January temperatures range from -4° C (24° F)/-16° C (4° F) in the west to -2° C (26° F)/-14° C (6° F) in
the east. Average maximum/minimum July temperature is 23° C (74° F)/2° C (36° F) in the west to 24° C
(76° F)/4° C (40° F) in the east (National Oceanic and Atmospheric Administration 1985). Average
precipitation ranges from 150 cm (59 in) near Sunlight Peak in the west to 36 cm (14 in) in the east (Soil
Conservation Service 1983).

Soils of the North Fork area reflect the climatic gradient as well as parent material differences
(Kronenberger et al. 1977). In the east, where the canyon widens, the soils are formed on alluvium,
landslide, and slope deposits. The warm and dry climate there results in Argiborolls formed on older and
more stable landscapes and Torriorthents on younger deposits. In the wetter and cooler western portion of
the area Cryochrepts and Cryumbrepts predominate.

Kichler (1966) maps the major zones of potential vegetation for the North Fork region, and
Dueholm (1988) conducted an inventory of the river corridor. As with the soils, these correlate to the
east-west climatic gradient. A wheatgrass-needlegrass-shrub steppe (Agropyron-Stipa-Artemisia) is
present in the warm-dry eastern portion of the valley (Kuchler 1966), which is identified as a Wyoming
sagebrush steppe community (Dueholm 1988). The central and western parts of the valley are occupied
by Montane sagebrush steppe, with limited areas of Greasewood Flats community occurring on T2
terraces. Gravel Strand community occurs on gravel bars in the North Fork valley and its tributaries, and
Shrub Carr community occupies wet fine soils (Dueholm 1988). Gallery Forest community occupies the
river valley and in the lower reaches is dominated by narrowleaf cottonwood (Populus augustifolia). In
the upper reaches, cottonwood is replaced by balsam poplar (Populus balsamifera). Douglas fir
(Pseudotsuga menziesii) forms a mid-elevation forest on lower mountain slopes (Kuchler 1966), and is
identified as Douglas fir terrace woodland community (Dueholm 1988). Higher elevations have a Western
spruce-fir (Picea-Abies) forest (Kuchler 1966). The highest elevations on the drainage divides above the
river have alpine meadow (Agrostis-Carex-Festuca-Poa) vegetation (Kichler 1966).

Large mammal species such as wapiti (Cervus canadensis), bison (Bison bison), mule deer
(Odocoileus hemionus), moose (Alces alces), mountain goat (Oreamnos americanus), bighorn sheep
(Ovis canadensis), black bear (Ursus americanus), grizzly bear (Ursus horribilis), gray wolf (Canis
lupus), coyote (Canis laterans), mountain lion (Felis concolor), and bobcat (Lynx rufus) are found in the

area. Smaller mammals, birds, and fish are also present.

Paleoenvironmental Background

This section presents a review of regional post-glacial paleoenvironments to provide a framework
for evaluating site-specific stratigraphic and soils data presented later in this report. Paleoenvironmental
change in western North America is intricately tied to global climatic change (Thompson et al. 1993).

Modeled Late Pleistocene and Holocene climatic change is also discussed. A paleoenvironmental and
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archaeological correlation chart illustrates trends in cultural chronology and climatic history (Figure 2-4).
Dates are given in radiocarbon years before present (BP) unless specified otherwise.

Regionally, the paleoclimate of the post-glacial era can be summarized as follows. Maximum
glacial conditions existed between 20,000 and 15,000 BP when the area was very cold. Although the area
is well south of the continental glaciation boundary, alpine glaciers were present in mountainous areas.
Deglaciation began around 17,000 BP, and was well underway from 15,000-14,000 BP when cool
conditions predominated. This was followed by a period of Late Pleistocene aridity between 14,000-
11,500 BP. A cool and mesic interval occurred at around 11,500-10,000 BP, which roughly correlates to
the Younger Dryas. Sub-regional differentiation of paleoenvironment becomes prominent during the
Early Holocene beginning at 10,000 BP. Drying began at present-day winter-wet locations, whereas
conditions remained cooler and moister at present-day summer-wet locations (Figure 2-5). Very dry
conditions prevailed at many locations from 7500-6000 BP (early Middle Holocene). A weak mesic trend
began at 6000 BP (late Middle Holocene). By 4500 BP, this trend had intensified, prevailing with several
perturbations until 1800 BP (early Late Holocene). A drying trend was initiated by 1800 BP (middle Late
Holocene) and intensified during the Medieval Warm period between 900 to about 500 BP (late Late
Holocene). Cooler conditions returned during the Little Ice Age from 500-150 BP (also late Late
Holocene) with at least one major, multi-decadal drought at about 350 BP. The early historic era was

dominated by a slightly drier than present climate. These trends are discussed more fully below.
Paleoclimatic Discussion

Glacial (>15,000 BP)

Mountain glaciation was widespread in the region prior to 15,000 BP (Andrews 1987; Clayton
and Moran 1982; Porter et al. 1983; Richmond 1986a). During this time, pluvial lake levels in the eastern
Basin and Range physiographic province were high (Currey 1990); permafrost was widespread (Mears
1981), and vegetation zones were elevationally depressed (Barnosky et al. 1987; Plager and Holmer
2002). The Peoria loess was being deposited across much of the western High Plains (Forman et al. 2001;
Osterkamp et al. 1987).

Paleoclimatic modeling (COHMAP Project Members 1988) for the last glacial maximum (at
~20,000 BP) retrodicts a jet stream that was split into two halves, one north and one south of the
Laurentide Ice Sheet, both flowing west to east. The southern stream was depressed far below the present
position of the jet stream. Interaction of these streams is modeled as producing strong anticyclonic
circulation over the ice sheet with the predicted result of cold, dry, easterly, summer winds. Winters were
probably no harsher than at present, but seasonality was much reduced, resulting in colder summers.

Average temperature in the study region was 12° C colder than present. The summer monsoon was absent
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Figure 2-4 Paleoenvironmental and archaeological correlation chart (Eckerle and Hobey 1999 and references therein).
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Figure 2-5 Map showing the spatial and temporal distribution of maximum post-glacial aridity.
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and the Pacific subtropical high was very weak. Thus, cold, dry conditions are retrodicted for the study

region, and proxy data support the model (Thompson et al. 1993).

Deglaciation (15,000-14,000 BP)

Regional data suggest that deglaciation of the mountains and the cessation of the periglacial
regime in the basins was well underway by 15,000 years ago (Porter et al. 1983; Richmond 1986a; Teller
1987). Pluvial lake levels dropped to post-glacial lows (Currey 1990), and vegetation zones shifted
upward in elevation (Barnosky et al. 1987). Eolian sand activity may have occurred at this time
(Ahlbrandt 1974).

Changes in the geometry of the earth's orbit and axial tilt initiated a trend toward warming and an
increase in seasonality (COHMAP Project Members 1988). Paleoclimatic modeling predicts the Pacific
subtropical high was too weak to provide much moisture to the area. A northward shift of the jet stream
occurred as a result of the wasting of the Continental ice cap but the shift was not pronounced enough to
draw monsoonal flow into the study region. As a result, dry conditions prevailed.

Immediate Post-Glacial (14,000-11,500 BP)

Around 14,000 BP, changes in the geometry of the earth's orbit and axial tilt initiated a trend
toward warming and an increase in seasonality (COHMAP Project Members 1988). Regional data
suggest that pluvial lake levels dropped to post-glacial lows (Currey 1990) during this period. Generally,
conditions were dry, especially around 12,000 BP (Haynes 1990). Deglaciation of the Continental Ice
Sheet progressed (Richmond 1986b; Teller 1987). Vegetation zones shifted upward in elevation
(Barnosky et al. 1987).

Latest Pleistocene (11,500-10,000 BP)

Dramatic, post-glacial climatic change occurred on a worldwide scale between 10,900-10,050
BP, correlating to the Younger Dryas. The Younger Dryas cooling event is well documented in Greenland
ice cores (Alley 2000; Fiedel 2003). Cooling in the Northern Hemisphere at this time is responsible for
the rejuvenation of mountain glaciers in the Rocky Mountains (Reasoner and Jodry 2000; Davis et al.
2003). The Great Salt Lake rose to a post-glacial high-stand at the Gilbert shoreline (Currey 1990)
responding to greater runoff from western Middle Rocky Mountains. Eolian sand deposition occurred
during this time at the Killpecker Dune Field (Moss 1951; Ahlbrandt 1974). A latest Pleistocene cooling
event is well represented in pollen cores from the region (Fall and Zielinski 1995; Plager and Holmer
2002).

Early Holocene (10,000-7500 BP)

Evidence points to divergent paleoclimatic histories in the region during the earliest Holocene.
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The Great Salt Lake record indicates that effective moisture began to gradually decrease around 10,000
BP (Currey 1990). Murchison (1989) suggests that the lake fell to an Early Holocene low between 8800
BP and 7800 BP. A minor rise occurred between 7600 BP and 7000 BP before mid-Holocene low levels
were reached between 6800 and 6000 BP.

Eolian sand activity occurred at some locations during this period although dune deposits are not
as common as during the Middle Holocene (Ahlbrandt et al. 1983). In some areas a soil formed on
stabilized eolian sand deposits during this period (Eckerle 1997; Eckerle et al. 2002; Mayer and Mahan
2004).

There is no evidence that cirque glaciers reactivated during the Early Holocene (Davis 1988).
Temple Lake cirque in the Wind River Range was essentially ice free after 11,770+710 BP, and alpine
cirques were not reoccupied by ice until the Neoglacial era (after about 5000 BP). Pollen data for the
region suggest the beginning of a warming and drying trend but not to the degree exhibited during the
Middle Holocene (Plager and Holmer 2002). However, in some winter-wet areas like Grays Lake, ldaho,
maximum Holocene warmth and aridity seems to have prevailed (Beiswenger 1991).

A well-documented shift in stream systems occurred from high-energy fluvial regimes during the
Pleistocene to low-energy regimes during the post-glacial era (Hunt 1953). This probably reflects a
reduction in runoff from glacier and snowfield melting. Albanese (1990) and Leopold and Miller (1954)
document such a shift in the Powder River Basin. Miller (1992) suggests a similar shift in alluvial
regimes for the Wyoming Basin in general. Albanese (1980) and Reider (1980) postulate a transition from
perennial to intermittent flow regimes beginning in the Early Holocene in the Owl Creek Mountains.
McFaul (1985) reports encroachment of foot slope deposits onto a former alluvial floodplain in the
Rawlins Uplift during the Early Holocene. Early Holocene debris flow and slope wash fill valleys that
previously exhibited perennial flow (Albanese 1987b, 2001). Larson (1992) reports hill slope instability
during the Early Holocene at the Laddie Creek site on the west slope of the Bighorn Mountains. All of
this evidence suggests a reduction in stream capacity and an increase in hill slope sediment availability in
the Early Holocene, both of which can be interpreted as the result of a shift from higher moisture in the
latest Pleistocene/earliest Holocene to reduced moisture after 9000 BP.

Late Pleistocene mammal distributions in the Wyoming Basin and adjacent Great Plains (Walker
1987) suggest that boreal fauna were replaced by steppe forms sometime between the terminal
Pleistocene and the Middle Holocene. This was the result of warming and drying in the Early Holocene.

There is some evidence for a continuation of moist conditions during the Early Holocene at some
locations. Dahms (1994) reports evidence for slope stability and soil formation in the foothills of the
Wind River Mountains dating to before 6700 BP, which suggests adequate moisture and hillslope stability

before this date. At Ice Slough on the Sweetwater Plateau, cool and/or moist conditions existed between
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10,000-8500 BP (Beiswenger 1991). At Antelope Playa in the Powder River Basin, the Early Holocene is
dominated by cool and moist conditions (Markgraf and Lennon 1986). Packrat midden data from the
northern Bighorn Basin also suggest cooler than present conditions during the Early Holocene (Lyford et
al. 2002). A few dune locations in southwestern Wyoming have evidence for stability during the earliest
part of the Early Holocene (Eckerle et al. 2002).

The general circulation model retrodicts summer insolation and seasonality at post-glacial
maximum values with worldwide solar radiation 8 percent higher in summer and 8 percent lower in
winter than at present for the earliest Holocene. Worldwide temperatures were as much as 2-4° C higher
than at present during this time (COHMAP Project Members 1988). In response, seasonality is thought to
have been pronounced, and summer warming caused the jet stream to shift northward producing stronger
monsoonal flow from the Gulf of Mexico and the Sea of Cortez (Thompson et al. 1993).

The interaction of mountainous topography with both the Early Holocene summer-insolation
maximum (Davis 1984) and the northern migration of the jet stream caused spatial variation in the timing
of periods of maximum post-glacial moisture and maximum post-glacial aridity (Millspaugh et al. 2000;
Whitlock and Bartlein 1993; Whitlock et al. 2003). This led to contrasting wet and dry climatic trends
during the same time frame and may explain the fact that maximum Holocene aridity occurred in the

Early Holocene in some areas but not until the Middle Holocene in others.

Early Middle Holocene (7500-6000 BP)

Aridity intensified in most of the region during the early Middle Holocene. This marks the first
half of the postulated dry Altithermal interval that dates to 7500-5000 BP (Antevs 1955). The initial
portion of this period (7000-7500 BP) coincides with a worldwide, episode of cooling, the so-called ‘early
to mid-Holocene transition” (EMHT; Stager and Mayewski 1997). This event is thought to have produced
dry and windy conditions in the interior United States (Alley et al. 1997).

Some locations in the region experienced eolian deflation, while aggradation prevailed downwind
from sand source areas. Ahlbrandt et al. (1983) propose maximum Holocene dune activity in the
Wyoming Basin during the early Middle Holocene. At the Finley site, which is near the head of the
Killpecker dune field, this eolian activity produced deflation, whereas massive eolian sand accumulation
occurred at sediment trap areas like the Clear Creek location in the Seminoe-Ferris dune field (Gaylord
1982, 1990). At Seminoe-Ferris, the peak period of Holocene sand accumulation occurred between 7500-
7000 BP. Several periods of stability are noted, and one is bracketed by dates of 6460-5940 BP. Gaylord
(1990) interprets this as supporting the idea that the early Middle Holocene was punctuated by a period of
increased moisture as suggested by Benedict (1981) for the Colorado Front Range. However, Benedict's
(1981) dates (7200-6400 BP) do not significantly overlap with Gaylord's (1990) (7500-7000 BP, 6460-
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5940 BP). Similarly, the Great Salt Lake record contains two minor moist periods within the overall xeric
Early Holocene through early Middle Holocene span. These moist periods are at 7600-7000 BP and then
again at 6000-5200 BP. Miller (1992) suggests a period of dune stability between 7500-7100 BP. Miller's
dates overlap well with the earlier mesic spike at the Great Salt Lake. Otherwise, there is little or no
overlap in these records and little support for a region-wide period of increased moisture during the early
Middle Holocene. Several studies in the western United States suggest that eolian activity correlates with
La Nifia events, and that these events might have been more common during the early Middle Holocene
(Menking and Anderson 2003). Twentieth century corollaries suggest that dune field destabilization and
sand mobilization result from greater than 25 percent deficit in growing season precipitation, which
correlates with La Nifia conditions (Forman et al. 2001).

Xeric-induced hillslope instability in the foothills of the Wind River Mountains occurred from
6700-4800 BP (Dahms 1994) suggesting aridity. Regionally, the palynological record suggests aridity and
the altitudinal lowering of vegetation communities (Plager and Holmer 2002). Pollen records indicate that
Holocene drying was pronounced in the southern Yellowstone area between 9000-5000 BP (Baker 1976;
Whitlock and Bartlein 1993). A few records suggest a later persistence of aridity. Beiswenger (1991)
documents maximum Holocene aridity at Ice Slough between 8200-3200 BP. Fall et al. (1995) propose
that the Wind River Mountains were driest between 5400-3000 BP. However, woodrat midden data from
the Bighorn Basin indicate that the early Middle Holocene was warmer and drier than the preceding Early
Holocene (Lyford et al. 2002).

Great Salt Lake lowered between 6800 and 6000 BP (Murchison 1989). Slightly higher lake
levels preceded this low (7600-7000 BP) and followed it (6000-5200 BP). Low lake levels and aridity
returned near the end of the early Middle Holocene and continued until 4500 BP (Don Currey, personal
communication 2004). Neither of the minor high-stands approached the magnitude of the terminal
Pleistocene (11,000-10,000 BP) or the middle Neopluvial (~4500-3000 BP) high-stands, which were
caused by significantly increased moisture.

The mid-Holocene alluvial history at many locations suggests that reduced stream flows began in
the Early Holocene and continued through the early Middle Holocene. Flash flood (debris flow) and slope
deposits form the bulk of sediments at confined valley locations including Sage Creek (McFaul 1985),
Indian Creek (Albanese 1987a), Barton Gulch (Eckerle 1988; Davis et al. 1989), Guffy Peak (Albanese
1980; Reider 1990), Split Rock (Albanese 1987b), and Dead Indian Creek (Eckerle 1990). At some
former alluvial locations, eolian activity predominated (Miller 1992) and choked alluvial systems with
sediment. Miller (1992) reports a rarity of overbank aggradation during this time due to lowered stream
energy. Early and early Middle Holocene deposits generally form the lower part of what has been termed

the Kaycee Formation (Leopold and Miller 1954), which is largely composed of slope wash.
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Larson (1992) documents less slope activity at the Laddie Creek site during the early Middle
Holocene than during the Early Holocene. This evidence, along with evidence for drying at Antelope
Playa in the Powder River basin during this time interval, suggests that present day summer-wet locations

may have different paleoenvironmental trajectories than winter-wet locations (Figure 2-5).

Late Middle Holocene (6000-4500 BP)

Climate modeling suggests that by 6000 BP summer temperatures were still 2-4° C higher, but
began to decline in response to decreased summer insolation (COHMAP Project Members 1988). Other
modeling combines the influence of solar input and volcanic aerosols to predict Holocene climatic change
(Bryson 1994). This model predicts that 5000-4000 BP was transitional between the generally dry winters
and warm/wet summers of the early Middle Holocene and the warmer and wetter winters of the
Neoglacial episodes after 5000 BP. Thus, as modeled, the late Middle Holocene was transitional.

The Great Salt Lake record indicates that conditions of relatively low effective moisture
continued into the period between 5000-4500 BP (Currey 1990; Don Currey, personal communication
2004). Pollen records from the southern Yellowstone area indicate that xeric conditions began to
ameliorate after 5000 BP, a trend that has continued up to the present. This is documented at Divide Lake
(Whitlock and Bartlein 1993) and Buckbean Fen (Baker 1976). Beiswenger (1991) documents aridity
continuing through the late Middle Holocene at Ice Slough in the Wind River Basin. As mentioned above,
Holocene drying began much later in summer-wet locations, like Antelope Playa, with aridity beginning
after 7000 BP and especially after 3000 BP (Whitlock and Bartlein 1993), but these are exceptions.

There is evidence that eolian activity persisted relatively unabated from 5000-4500 BP in some
areas. At the head of the Killpecker dune field, eolian sand began to accumulate in the Upper Sand after
5845+115 BP marking a transition from a long deflationary period (Ahlbrandt 1974). Ahlbrandt et al.
(1983) suggest that sand deposition prevailed from 5800-4200 BP. Gaylord (1990) indicates that sand
accumulation continued after a stable, mid-Holocene period dating from 6400-5900 BP and that a late
Middle Holocene peak in sand accumulation occurred between 5900-4500 BP.

The late Middle Holocene has sometimes been referred to as the "early Neoglacial," however in
most of the study region a resurgence of cirque glaciers did not begin until the very end of the period. By
around 4700 BP (5000 ka), small cirque glaciers had begun to occupy high cirques in the Wind River
Mountains (Dahms 2002). In other ranges, a shift in cirque lake sedimentation from fine to coarse
textured sediment occurred at around 5000 BP and is thought to coincide with the beginning of increased
Neoglacial runoff (Dahms 2002).

The alluvial record for the late Middle Holocene indicates that conditions remained similar to

those that existed during the early Middle Holocene interval. Powder Wash in the Washakie Basin
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(48SW7933) was aggrading by foot slope and lateral fan encroachment during this period (Eckerle and
Hobey 1994). Similar relationships that show a continuation of early Middle Holocene depositional
processes are present at Indian Creek (Albanese 1987a; Ottersberg 1987), Barton Gulch (Eckerle 1988;
Davis et al. 1989), and Dead Indian Creek (Eckerle 1990).

Miller (1992) reports a rarity of overbank aggradation during this period and attributes this to
down cutting and massive valley stripping brought on by more moist conditions and increased stream
competency. This conclusion fits with Miller’s reconstruction of dune stability and moist conditions
during the early Neoglacial but is at odds with several of the investigations cited above. Both early
Middle Holocene and late Middle Holocene alluvium are rare in the Powder River Basin (Albanese
1990). Some late Middle Holocene alluvial locations contain alternating fluventic A horizons suggesting a
several alternating moist and dry episodes (Reider 1990).

Early Late Holocene (4500-1800 BP)

The highest Holocene lake levels occurred at Great Salt Lake between 4500-1800 BP (Don
Currey, personal communication 2004). Pollen records indicate a continuation of previously established
trends with summer-dry areas becoming moister and summer-wet areas drier (Whitlock and Bartlein
1993). Ahlbrandt et al. (1983) indicate that dune fields were generally not active during the beginning of
the late Middle Holocene. Continued but lessened sand accumulation occurred from 4500-2200 BP at
which time the Seminoe-Ferris dune field stabilized.

This time interval is also known as the ‘middle Neoglacial.” Several periods of glacial activity
are documented within high elevation cirques in the Wind River Range (Dahms 2002). The first glacial
pulse formed the Alice Lake allochthon, which aggraded from 4670 to 3600 BP (5500-4000 ka). Another
pulse occurred during the Black Joe glaciation at an estimated 2000-1500 BP (Dahms 2002).

Dahms (1994) observed evidence for renewed soil formation on slope soils in the Wind River
Mountains dating to after 4800 BP which he attributes to increased moisture. Eckerle (1989, 1997; see
also Albanese and Frison 1995) documents a moderately developed paleosol (i.e., Vonalee-Hiland
paleosol) that formed on eolian sand in the Wind River Basin at this time. Dates generated by the eolian
sand studies indicate that eolian activity (deposition with intermittent deflation) began in the Early
Holocene and continued through the late Middle Holocene. Eolian activity ceased by the early Late
Holocene when the soil formed. This paleosol consists of either a weathered Bw horizon (structural
development and/or oxidized iron), or an illuvial, clay enriched Bt horizon. Albanese (1989; Albanese
and Frison 1995) noted the presence of this soil in the Lost Soldier area where he documented eolian
activity with a soil forming on stabilized sand after 3600 BP. Sites in southwestern Wyoming that have

evidence of eolian sand activity (deposition and deflation) in the Middle Holocene followed by stability
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(non-deposition and non-deflation) during the early Late Holocene include the Disney site in the Muddy
Creek basin 3(Rood et al. 1992), 48UT122 in the Blacks Fork/Granger area (Eckerle 1991), and the
Trappers Point site near Daniel (Eckerle and Hobey 1995). In addition, research in the Deer Hills west of
Marbleton, Wyoming (Eckerle 1993) indicates that eolian sand shadow deposits that had been active
during the late Middle Holocene became stabilized during the early Late Holocene. As a result of this
stability a soil formed which contains a Bw horizon of oxidized iron staining and blocky structure
development. This soil has remained at the surface in a large portion of eolian sand deposits, including
major portions of the Wind River Basin, Casper Dune Field, and Deer Hills (Eckerle 1989). This suggests
that Middle Holocene eolian sand activity followed by early Late Holocene landform stability are high
order geomorphic events within the Holocene, whereas alternations of eolian deposition and deflation
during periods of general sand mobility reflect lower order events. Miller (1992), on the other hand,
suggests that the period of 6000-5000 BP was a dominant period of increased moisture, and greater dune
field stability.

The presence of the early Late Holocene Vonalee-Hiland paleosol (Eckerle 1989) suggests that
shallow-rooted plants like grasses were widespread and had the effect of stabilizing dunes during this
period. Given adequate moisture, shallow-rooted species can prevent erosion in sand provenance source
areas and truly stabilize dune fields. This paleosol is thought to have formed from an increase in meteoric
water, as well as from stored moisture.

Woodrat midden data from the Bighorn Basin indicate that the period from 4400 BP to 2700 BP
was cooler and wetter than today, and markedly so in comparison to the preceding dry Middle Holocene
(Lyford et al. 2002). There is evidence for a resurgence of cool conditions with higher timberlines and
renewal of cirque glaciers at this time (Benedict 1985; Currey and James 1982; Denton and Karlén 1973;
Zielinski 1987). Mesic indicator species dominate small mammal collections from deposits in
Yellowstone National Park dating from 3200 BP to 1100 BP (Hadly 1996).

Middle Late Holocene (1800-900 BP)

Moderately dry conditions returned sometime after 1800 BP. According to Ahlbrandt et al.
(1983) dune fields reactivated between 2000-1000 BP. Currey (1990) and Murchison (1989) report the
beginning of a recessionary shoreline period at the Great Salt Lake at 1800 BP. Bison procurement seems
to become more common during 1200-900 BP at sites with possible Avonlea affiliations. This increase in
bison procurement may be the result of purely cultural process; however a return to slightly more moist

conditions during this 300-year span is also possible.

Late Late Holocene: Medieval Warm Period (900-500 BP)

Records from various parts of western North America suggest a period of aridity occurred that
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correlates to the Medieval Warm Period of Europe (Graumlich 1993). Locally, it seems appropriate to call
this event the “Little Altithermal.” Lake levels in the Great Salt Lake fell to post-Altithermal low levels
during this time (Currey 1990; Murchison 1989). Forest fire frequency increased during this time period
(Whitlock et al. 2003). This episode is well represented in pollen cores from the region (Plager and
Holmer 2002). An episode of post-Altithermal eolian activity dating from 1000-500 BP correlates to this
period (Ahlbrandt et al. 1983). There are no glacial episodes dating from this time (Dahms 2002; Davis
1988). Xeric indicator species dominate small mammal collections from deposits in Yellowstone National
Park during this period (Hadly 1996).

Late Late Holocene: Little Ice Age (500-150 BP)

A final high stand of Great Salt Lake occurred in the terminal prehistoric era (Currey 1990).
Murchison (1989) places this event at about 450-150 BP. Thereafter, the lake dropped to modern levels
suggesting a drier historic climate. Ahlbrandt et al. (1983) suggest that dunes stabilized during this period
and remained stable until at least 22090 BP. Good evidence for Holocene glaciation dates to the Little
Ice Age. This glaciation is termed the Gannett Peak in the Wind River Range where it dates to 500-150
BP (Dahms 2002; Richmond 1986a). Temperatures during this period were 1 to 3° C lower than present
day (Munroe 2003; Plummer 2003). Mesic indicator species reappear in small mammal collections from
deposits in Yellowstone National Park dating to the Little Ice Age (Hadly 1996). Analysis of oxygen
isotope and tree ring data in the Wind River Mountains indicates that temperatures have risen since the
end of the Little Ice Age (Plummer 2003). Some periods of drought occurred during this period. A severe
multi-decadal ‘megadrought’ occurred in the late Sixteenth century (~350 BP) (Gray et al. 2003; Stahle
and Fye 2003).
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CHAPTER 3
CULTURAL CONTEXT
Daniel H. Eakin

A highly developed cultural chronology provides a firm grasp on time perspective, an increment
of archaeological research necessary before more advanced objectives can be addressed (Thomas 1979).
A cultural chronology should be considered no more than a tool to position and organize technologic and
other changes characterizing cultural systems through time. The criteria used to construct a cultural
chronology are based upon the more durable esthetic or utilitarian objects usually comprising only a small
increment of a material culture. Once an item has been determined temporally diagnostic - usually
through stratigraphic comparisons or radiocarbon dating - it can be used as a time indicator (Frison
1991:15-19). Cultural chronologies of the Northwest Plains and Intermountain areas have primarily
developed from projectile point typologies (Mulloy 1958; Frison 1978a). Other criteria such as ceramics,
association with extinct fauna, and in some cases geomorphic setting have been used as temporal
indicators (see Frison 1991:267-275).

Systematic investigation of archaeological sites began in the North Fork Valley in the early 1960s
with the discovery and excavation of Mummy Cave (Husted and Edgar 2002, Figure 3-1). At that time the
stratigraphic record of Mummy Cave (located about 8.8 km downstream from the Goff Creek site) was
considered one of the best known because the 38 radiocarbon dated levels provided one of the most
complete prehistoric chronologies in the central Rocky Mountains (Wedel et al.1968). Cultural levels
spanning 9000 years of Holocene time provided a relatively complete succession of human occupation for
the area along with associated projectile points and other artifact types.

In addition to the cultural sequence, the Mummy Cave investigations contributed to the initial
recognition of several important patterns that would become the focus of research in coming decades. One
was evidence for specialized mountain-adapted culture beginning at least in the Late Paleoindian period.
Similar patterns have continued to be documented in the region and now comprise part of the conceptual
basis or paradigm for early occupations of much of the Rocky Mountains (Husted 1969). Another was
evidence for bighorn sheep’s role as a primary human food source for a considerable period of time. In
later years Frison and others added to these ideas, which greatly enhanced and refined models pertaining
to high elevation adaptations (Frison 2004). Another contribution of the original Mummy Cave
investigation was the pattern of fluvial degradation recorded in its lower levels which destroyed

archaeological deposits that may have once been there. A similar pattern was documented during our
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Figure 3-1Sites discussed in text: 1) Goff Creek; 2) Mummy Cave; 3) Medicine Lodge Creek; 4) Bush Shelter; 5) Hansen; 6) Hell Gap; 7)
Lindenmeier; 8) Big Horn Canyon sites; 9) Hudson-Meng; 10) Finley; 11) Osprey Beach; 12) Laddie Creek; 13) Horner; 14) Schiffer Cave; 15)
Southsider Cave; 16) Paintrock V; 17) Lookingbill; 18) Wedding of the Waters; 19) Granite Creek; 20) Dead Indian Creek; 21) Spring Creek
Cave.
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investigation of sites up and down the North Fork Valley in the 1980s and 1990s. At the Goff Creek site,
16 km east of Yellowstone Park, Cody Complex artifacts found directly above high energy fluvial gravel,
provided a possible maximum-age limit for archaeological materials within the post-Pinedale Shoshone
River channel.

Apart from McCracken’s (1978) interpretation of the stratigraphy at Mummy Cave, the only
detailed analysis of the Mummy Cave material was conducted by Hughes (2003). In that study Hughes
(2003) addressed the effects of changing Holocene climate on the annual range of bighorn sheep and how
these changes could have influenced the occupation history of Mummy Cave. The study used sheep and
deer remains and oxygen isotope analysis to argue that human use of Mummy Cave was greater during
the Early Holocene because habitat at that time favored greater numbers of bighorn sheep, whereas after
the mid-Holocene cooling around 4000 BP, humans refocused their subsistence activities to lower
elevations due to greater numbers of sheep in those areas. However, the radiocarbon dated occupations
documented elsewhere in the valley throughout the period of WYDOT-sponsored investigations may not
agree with those findings (Eakin 1989, Eakin and Miller 1989). Among other things the Hughes (2003)
study cleared up some lingering problems of stratigraphy within the cave and provided several new
radiocarbon dates for various cultural components from samples collected in the 1960s.

The upper North Fork valley is well within the Absaroka Mountains, and archaeological sites
found there reflect a subsistence strategy geared toward a wide assortment of locally available raw
materials and food resources. However, as the North Fork flows from the mountains, across the Bighorn
Basin to join the Bighorn and eventually the Yellowstone River on the plains of Montana, it is only
natural to assume that the environs of the upper North Fork were visited and used by various plains and
mountain-oriented groups throughout the Holocene. Some non-local toolstones found at various sites on
the North Fork certainly indicate this, and the possibility that prehistoric populations had a wide

geographic range.

Paleoindian Period

The Paleoindian period includes the immediate post-glacial through earliest Holocene time as
outlined in Chapter 2 and includes Clovis, Goshen/Plainview, Folsom, Agate basin and Hell Gap. The
early Paleoindian period is not well represented on the North Fork. No sites of this age were found over
the years of investigation, and there were a few reports by local residents of fluted point finds and other
possible early Paleoindian projectile points. Unfortunately none of the reports were substantiated. The
lack of early Paleoindian materials probably lies in the lack of exposed earliest Holocene landforms in the
upper portion of the North Fork Valley. The oldest archaeological remains found in Holocene overbank

sediments within the modern river trench appear to be of Cody Complex age (Eakin and Eckerle 2005).
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This does not rule out the possibility that deeply stratified alluvial fans or buried Pleistocene terraces or
other landforms above the T2 might contain evidence of these earlier Paleoindian occupations.

The temporal range of the Clovis point, one of the oldest known point types in North America, is
becoming better known and calibrated radiocarbon dates from several sites cluster around 13,500 BP
(Frison 1991:39). Based on their widespread occurrence as surface finds, Clovis groups exploited
ecozones from the lower elevations of the plains and interior basins to above timberline. The Colby site
located in the central Bighorn Basin, just east of Worland, Wyoming, produced several diagnostic
projectile points along with other cultural material in direct association with the remains of at least six
mammoths (Frison and Todd 1986).

Goshen points (or perhaps more properly Goshen/Plainview) either fall between Clovis and
Folsom or may be contemporaneous with both. More radiocarbon dated Goshen sites need to be found
before the true cultural and temporal context are known. What little is known of the Goshen Complex
comes from several sites in eastern Wyoming and southeastern Montana (Frison 1996). In the Bighorn
Basin, Goshen/Plainview points were recovered from the excavations at the Medicine Lodge Creek site
and at Bush Shelter, located about 50 km to the south of Medicine Lodge Creek (Frison and Walker
2007). Some researchers suspect that Goshen may be one of the earliest representatives of the mountain
oriented adaptations (Frison and Walker 2007:36). No Goshen points are known from the North Fork
Valley. Folsom projectile points date from about 11,000 to 10,500 BP (Frison and Stanford 1978). Some
sites of this age suggest that the primary focus of Folsom groups was big game hunting. Other sites like
the Hanson site in the northern Bighorn Basin (Frison and Bradley 1980), the Hell Gap (Irwin-Williams et
al. 1973) and Lindenmeier sites (Wilmsen and Roberts 1978) indicate a broader based spectrum of
hunting and gathering encompassing scheduled movement and utilization of a wide variety of large and
small mammals (Frison 1983a:111).

Agate Basin projectile points date from about 10,500 to 10,000 BP (Frison and Stanford 1978). In
Wyoming, classic Agate Basin age sites may represent more of a plains phenomenon, since they have
been documented mainly to the east of the North Fork area in the Powder River Basin. No Agate Basin
age sites have been found in the Bighorn Basin. A number of lanceolate projectile points considered to be
Agate Basin variants have been recovered in the northern and western parts of Wyoming. Such points
have been reported from Mummy Cave (Husted and Edgar 2002), the Bighorn Canyon cave sites in the
Bighorn Mountains (Husted 1969), as well as Medicine Lodge Creek (Frison and Walker 2007).
Although the radiocarbon dates are somewhat late (8700-8100 BP), Husted (1969) believes the parallel-
obliquely flaked lanceolate points from cultural layers 8 through 12 in Mummy Cave and the Bighorn
Canyon cave sites represent an early phase of mountain occupation and considers these point types to be

derived directly from the Agate Basin complex, an assessment that is supported by Bradley (2010).
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The Hell Gap complex follows Agate Basin and has been dated between 10,000 and 9500 BP No
Hell Gap sites are known from the Bighorn Basin. This cultural complex is commonly associated with
plains environments and was apparently a highly specialized technology centered on the exploitation of
bison. Several large bison kill sites are known of this age from both Wyoming and Colorado (Frison
1974; Stanford 1978).

The Alberta cultural complex follows Hell Gap and dates from about 9600 to 8600 BP
(Agenbroad 1978). Although similar to point types of the Cody Complex, Alberta points remain distinct
as a result of finds at the Hudson-Meng (Agenbroad 1978) and Finley sites (Frison 1991:62-65). Most of
the evidence for the Alberta Complex has been gained through bison kills.

The Cody complex is defined by the presence of Eden and Scottsbluff points and the distinctive
Cody knife (Jepson 1953; Frison 1991:181-186; Frison and Todd 1987). Radiocarbon dates from various
sites show that the Cody complex lasted from about 9300 BP to 8500 BP (Frison 1991:26). Surface finds
of Cody Complex material range from the interior basins to timberline. Although no evidence for Cody
Complex was found in Mummy Cave, a Cody Complex site was found at the Goff Creek site. This
indicates that this complex should not be viewed strictly as a Plains manifestation (Eakin and Eckerle
2005). The Osprey Beach site, a campsite located even farther west along the shore of Yellowstone Lake
in Yellowstone National Park, leaves little doubt that an advanced mountain-oriented subsistence strategy
was well within the milieu of Cody Complex groups (Johnson et al. 2004). To the east of the North Fork
area, Cody Complex age levels are known from foothill settings at both the Medicine Lodge Creek
(Frison and Walker 2007) and Laddie Creek (Larson 1992) sites in the eastern Bighorn Basin and suggest
small scale hunting and gathering. The Horner site, a large bison kill located on the Shoshone River a few
kilometers east of Cody, was excavated by Princeton University and the Smithsonian Institution in the
1940s and 1950s and in the 1970s by the University of Wyoming (Frison and Todd 1987). Excavations
revealed a campsite and associated kill-processing areas where several procurement episodes occurred.
Together Cody Complex sites indicate groups that employed both small scale hunting and gathering in
both mountain and basin settings, as well as the periodic exploitation of bison to obtain large volumes of
meat and other useful items that these animals supplied.

A few archaeological sites, some dating as early as middle Paleoindian Period, have given
archaeologists reason to believe that a divergence in subsistence strategies occurred between the plains
and mountains at some point during the Paleoindian period (See Frison 1991, 1983b; Husted 1969). A
wide variety of diagonally flaked lanceolate and split or expanding base projectile points are typical for
this time. Some of the point types are associated with plains bison kills (Mulloy 1958), while others are
known from mountain-foothill rockshelters (Frison 1983a:120) or mountain valley settings (Eakin and

Eckerle 2004). A common find in the Bighorn-Absaroka mountains are a variety of stemmed, eared and
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bi-beveled projectile points which are also contemporaneous with terminal Paleoindian lanceolate
projectile points. Pryor Stemmed and Lovell constricted (Husted 1969) are names given to two of these
point types. These complexes seem more restricted to upland areas, being represented most often in
stratified rockshelter sites and as surface finds in many areas near the mountains. Several important sites
providing information on these little known complexes include Mummy Cave (Husted and Edgar 2002),
Schiffer Cave in the Bighorn Mountains (Frison 1973), Medicine Lodge Creek, Laddie Creek, Southsider
Cave, Paintrock V, the Lookingbill site (Frison 1976, 1978a, 1983b) and the Bighorn Canyon caves
(Husted 1969). Though no diagnostic projectile points were recovered, the Blackwater Creek site, located
approximately 7 km downriver from the Goff Creek site, produced a fire hearth encased in overbank
sediments just above river cobbles that radiocarbon dated to 8270+70 BP (Eakin 1996).

The Archaic Period

The Archaic period follows the Paleoindian period. The Archaic is most clearly defined by a
change in projectile point styles that most often include the incorporation of notching as part of the haft
design. A number of distinctive side-notched points illustrate this change during the early phase of the
Archaic, but these proliferate into corner, basally notched and eared forms within a few thousand years.
Other noted changes include an increase in the frequency of prepared seed grinding implements, and
highly sophisticated methods of procuring bison and mountain sheep.

The Early Archaic

The Early Archaic period lasted from about 8000 BP to 5000 BP and is within the Early Middle
Holocene as outlined by Eckerle in Chapter 2. This period is thought to coincide with the Altithermal
climatic episode (Antevs 1955), a time when human groups shifted their subsistence focus from the drier
plains and interior basins to the higher elevation areas retaining more effective moisture (Mulloy 1958).
These ideas had a profound influence on the thinking of archaeologists and in some cases influenced
interpretations concerning the distribution of archaeological sites in many parts of the west (Husted 1969;
Benedict 1981; Reeves 1973; Frison 1976).

Much of what is known about the Early Archaic in Wyoming comes from cave and rockshelter
sites in foothill/mountain settings. These often yield deeply stratified deposits, often rich in perishable
goods that would otherwise be absent in open sites. The few excavated Early Plains Archaic sites indicate
that much of the activity was carried out by comparatively small groups of people. Early Archaic
components are well defined in Mummy Cave and represented by radiocarbon dates of 7600 BP to 5250
BP, a variety of side-notched projectile points, and numerous stone and worked bone tools (Husted and
Edgar 2002). Other sites in the Bighorn Basin include Wedding of the Waters Cave, Southsider Cave,

Paintrock V and Granite Creek rockshelters (Frison 1978a). The Goff Creek site contained evidence of
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several Early Archaic occupations in relatively good context. All of these sites yielded similar
assemblages indicating activities centered around exploitation of mountain sheep, deer and smaller

mammals.

The Middle Archaic

The Middle Archaic period lasted from about 5000 to 3000 years ago (Frison 1991:33) and
roughly coincides with the Late Middle Holocene. Middle Archaic projectile points are represented by a
variety of lanceolate, stemmed, side-notched, corner-notched and eared forms, mainly of the McKean
complex (Mulloy 1958). Husted (Husted and Edgar 2002:139) proposes a Great Basin/Shoshonean origin
affiliation based on a regional pattern of projectile point styles (see Jennings 1986). Middle Archaic
groups carried on hunting and gathering activities over most of Wyoming from the plains and interior
basins to above timberline and created numerous sites (Wedel 1983). Subsistence activities in the
foothill/mountain areas remained similar to those of the Early Archaic, as indicated by assemblages
excavated from rockshelter and other sites. Middle Archaic components at the Dead Indian Creek site in
the Clark’s Fork Valley were characterized by reliance on locally available toolstones, mule deer, and to a
lesser extent mountain sheep (Frison and Walker 1984). Frison (1991) believes Middle Archaic groups
moved seasonally and exploited a wide range of ecological situations. Middle Archaic occupation is well
represented in levels 28-30 in Mummy Cave (Husted and Edgar 2002) where both Oxbow and McKean
lanceolate as well as other forms were recovered in association with dates ranging from about 5200 to
3000 BP The Moss Creek site, located 10.5 km downstream from Goff Creek contains several Middle
Archaic components in an open-air setting. A relatively small Middle Archaic component was also

excavated at Goff Creek

The Late Archaic

The Late Archaic lasted from about 3000 BP to about 1500 BP (Frison 1991:34). Most, but not
all, of this period coincides with the Early Late Holocene. Late Archaic sites have been documented all
across Wyoming, in both plains and mountain settings. Evidence from foothill/mountain sites indicates
continued occupation of caves and rockshelters. Several sites such as Wedding of the Waters Cave
(Frison 1962), Spring Creek Cave (Frison 1965), Mummy Cave (Husted and Edgar 2002), and the Big
Horn Canyon caves (Husted 1969) have produced extensive collections of material, including perishable
goods reminiscent of Desert Culture of the Great Basin. Sites at lower elevation suggest higher population
densities and increased exploitation of interior basin areas compared with earlier times (Frison and
Wilson 1975:29). Sites are often represented by extensive lithic scatters, stone circles, fire hearths and
ground stone.

Corner-notched projectile points are perhaps the most common horizon marker for the Late
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Archaic period. Within this a particular style of projectile point characterized by wide corner notches,
known as Pelican Lake, is well known from the plains of southern Saskatchewan to Colorado where they
are found in association with a number of sites (Wettlaufer 1955; Wettlaufer and Mayer-Oakes 1960).
Pelican Lake occupations were found at Medicine Lodge Creek in the eastern Bighorn Basin (Frison
1991:103) as well as the Osprey Beach site in Yellowstone Park (Johnson et al. 2004). Very similar
projectile points, with nearly contemporaneous dates were found in layer 32 at Mummy Cave, although
no “Pelican Lake” association is mentioned in the discussion for the Late Archaic levels (Husted and
Edgar 2002). Well preserved campsites containing Pelican Lake projectile points were found during
highway investigations at the Pagoda Creek and Goose Rock sites (Eakin 1989, 1993). Both sites greatly
add to our knowledge of Late Archaic subsistence in the area, because unlike the Mummy Cave material
which formed from a succession of spatially restricted occupations superimposed upon one another, the
Pagoda Creek and Goose Rock assemblages provide task specific information formed under an open-air
setting. High numbers of mountain sheep remains at the Pagoda Creek site provide important time-depth
information for intensive use of bighorn sheep (Frison 2004:160).

The Late Prehistoric

The Late Prehistoric period is most clearly marked by the appearance of a variety of small corner
and side-notched projectile points representing the introduction and widespread adoption of the bow and
arrow (Frison 1978a). The Late Prehistoric period lasted from about 1500 BP to the first contact with
Europeans or European goods at around 300 or 250 BP. Climatically this period coincides with the short-
term perturbations characterizing the late-late Holocene of Eckerle (this volume), which included a late-
Holocene warm period as well as the Little Ice age. Archaeological sites of this age are common
throughout Wyoming. They are reminiscent of Late and Middle Archaic sites in that stone circles, lithic
scatters and ground stone are common. Several relatively unrefined types of pottery also mark the Late
Prehistoric. Mulloy (1958) has documented the Intermountain tradition and attributes it to Shoshonean
origins. Steatite was also a preferred material for vessel manufacture, but only limited amounts of this
material has been documented in the North Fork valley, a pattern perhaps attributable to the recency of its
appearance in the record and relatively great source distances (Frison 1982). Culture Layers 36, 37 and 38
in Mummy Cave, date to the Late Prehistoric. A variety of artifacts were recovered from these levels
including, projectile points of the Rose Spring type, widely regarded as Shoshonean in origin (see Husted
and Edgar 2002 for discussion), probable Avonlea projectile points, considered by some as Athapaskan
(see Davis 1988), as well as tri-notched and Cottonwood triangular points, also considered Shoshonean
(Jennings 1986).

Over a period of several decades much time and energy has been devoted to the documentation of
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high altitude bighorn sheep trapping, a procurement strategy that appears to have Shoshonean origins and
may have been widespread in portions of the Central Rocky Mountains during at least the later part of the
Late Prehistoric and Protohistoric periods (Frison et al. 1990). The traps are characterized by drive lines,
often a hundred or more meters in length, which lead to a terminal catch pen. Two traps have recently
been identified in the North Fork Valley (Eakin 2011), and as the area lies in what was probably prime
bighorn sheep country, it is probable that some of the Late Prehistoric occupation found in the valley is
related to Shoshonean groups involved in these subsistence practices.
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CHAPTER 4
METHODS
Daniel H. Eakin

Field Methods

Excavation Procedures

The data recovery plan (Eakin 1994) called for expansion (in checker-board fashion) of test units
containing important stratigraphic or occupation-level information. If buried features were encountered, a
3 x 3 m block area would be expanded around the feature. If activity areas extended past the 3 x 3 m area
then the block area could expand to a 5 x 5 m area. In addition to block areas, up to 30 exploratory test
units could be excavated in areas that had not been evaluated during the testing phase.

A transit was used to establish a grid system over the area prior to excavation. The grid consisted
of a series of north-south and east-west base lines, aligned on true north, from which 1 x 1 m excavation
units could be established. The primary grid datum was an arbitrary point located 100 m west and 100 m
south of the excavation area. An “X” incised into a large boulder at the uphill end of the site was used as
an elevation benchmark of 100.00 m. Steel spikes were used to mark one or two meter intervals along
baselines. Distance in meters north and east from datum was used to establish excavation unit location.
Once excavation unit corners were laid out, a string was stretched around corner spikes to establish wall
limits and surface elevations. Elevation control was maintained by elevations marked on a wooden stake
placed adjacent to an excavation unit. Stake elevation was determined by sighting on a stadia or metric
tape placed on the elevation datum to derive barrel height, and then subtracting the distance to the top of
the stake from barrel height elevation, again using a metric stadia or measuring tape. Graph paper was
used to track both grid base-line and excavation unit location. As each additional excavation unit was
established, its location was marked on the grid map along with excavator’s initials and height of the
elevation control stake. When a unit excavated during one of the previous testing phases was encountered,
it was incorporated into the grid by measuring and plotting its corners and overall outline on both the grid
map and appropriate unit and unit-level forms.

Elevation control for levels and artifact elevations were maintained by use of a string and line
level attached to a wooden stake. String elevation was determined by subtracting from the top of the stake
to the nearest 1 cm (i.e., 99.29). Artifact elevation was derived by measuring downward to the desired
location using a metric tape and then subtracting the reading from the string elevation. Horizontal artifact
provenience was recorded as the distance, to the nearest centimeter, from the southwest corner of an
excavation unit. These two measurements were then combined with the whole-number grid value of the

individual unit to derive an X-Y decimal coordinate. Depth, or Z-value, was determined by an artifact’s
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vertical position relative to the elevation datum. X-Y values were determined by measurement to the
center of the artifact; Z values were determined by measurement to the bottom, or lowest position of an
artifact. Provenience for screen items was maintained by listing the X-Y value of the excavation unit, the
50 x 50 cm quadrant represented, and the upper and lower Z values of the excavation level represented.

Sediment removal was by use of trowels and shovels. Excavation proceeded in arbitrary 10 cm
levels. A field specimen (FS) number was assigned to each item or screen bag and written, along with its
three dimensional provenience, on a field catalog form. Individual items were also plotted on a unit level
form in order to compile a visual record of artifacts and other material found within a given excavation
level. Stone and bone screen items were sorted separately and assigned separate numbers. Field specimen
numbers and all appropriate provenience information were written on bags used to transport items back to
the lab for analysis. Fire-cracked rock was recorded on level forms and described. Fire-cracked rock
associated with a feature was recorded, photographed, and weighed. No fire-cracked rock was collected.
Notes were compiled by each excavator for each excavation level. Summary notes were compiled upon
completion of an excavation unit, and appropriate wall profiles were either drawn or photographed. A
Munsell book of colors was used as a standard for soil and sediment coloration. Excavation was
terminated upon contact with coarse-grained sediments, usually at around 1 m deep in the data recovery
area.

Screen inserts having 1.5 mm mesh were used to screen sediments collected from each
excavation level quadrant. Once loose sediments passed through the mesh, the insert was removed from
the shaker-screen and transported to a water filled stock trough (loaned by USFS), where on-site water
screening was performed. Bags filled out with appropriate provenience information were placed with the
insert during the drying process.

Hearths usually appeared as circular or semi-circular charcoal-stained basins. Once defined,
hearths were exposed in plan- view and mapped on the appropriate unit-level form. Hearths were labeled
with their individual excavation unit designation, and then with a number representing the order in which
they were found in that unit. Hearths found in units excavated prior to the data recovery phase were
numbered by first applying the year of the test investigation, followed by the sequential test unit number,
followed by the order in that unit in which the hearth was found. A feature form was used to record the
size and shape of the hearth and to collect additional information used to describe hearth morphology.
Hearths were not excavated in accordance with the arbitrary levels of the excavation unit. Instead, the
hearth was first sectioned, and one-half of the interior sediments were removed in 5 cm levels until the
basal contact was reached. If recoverable charcoal was present, it was collected by use of metal tools and
stored in an aluminum foil pouch. Profiles and photographs were then recorded, after which the remaining

portion of the hearth was removed. Hearth fill was collected in one-gallon zip-lock bags and returned to
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the lab for flotation analysis and in some cases radiocarbon dating.

Radiocarbon samples submitted for radiocarbon analysis were collected in such a way as to
eliminate or minimize contact with potential organic contaminants such as skin oils or mixing with
potentially contaminating organics such as carbon from a non-archaeological context. Hearth-fill
sediments were used either in bulk or as a supplement to the original sample if insufficient amounts were
originally collected in the field. All charcoal samples were submitted to Beta Analytic, Coral Gables,
Florida, for radiocarbon analysis.

Field methods remained unchanged at the site through the 1995-96 investigations. The general
approach was based on the inference that hearths served as loci for activity areas. Excavation of these
areas was one of the original goals of the project, and it was thought recovery of archaeological data
contained in these areas would lead to a better understanding of prehistoric adaptations in the area.

Backhoe Use
A rubber-tired backhoe was used to excavate trenches for constructing soil and sediment profiles
at the site. A backhoe was also used to excavate overburden from Area A, prior to the erection of the

excavation shelter.

General Profiling

Investigated locations include: excavation units within the site area, backhoe trenches, and the
cutbank along the North Fork (Shoshone River). Exposures are described and representative sections are
presented documenting all pertinent stratigraphic and soil horizon information. The methodology used for
fieldwork and analysis is summarized below. Conventions used for sedimentary descriptions are

presented first, followed by pedogenic description terminology.

Strata Descriptions

The deposits in each location are divided into strata based on similarities and differences in
texture or sedimentary structure. All strata are designated by a Roman numeral. Since strata often exhibit
a range of characteristics due to bedding and facies changes, subdivisions are sometimes used to
encompass this variability (e.g., Stratum la, Ib, Ic), and the type of variability is specified in the field
notes. Soil horizon documentation is addressed below.

Geological descriptive methods used for this investigation generally adhere to Compton (1985).
The modified Wentworth Scale (Dietrich et al. 1982) is used throughout. Color terminology follows the
Munsell system. Roundness descriptions are those presented by the American Geological Institute
(Dietrich et al. 1982). Names for mixtures of sedimentary materials also conform to standards of the

American Geological Institute. Sandstone terminology is that presented by Compton (1985), and coarse
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grained sedimentary rock terminology is from Dietrich et al. (1982). Travis (1955) is followed for all
other sediment naming conventions. Unconsolidated equivalents are used throughout, e.g.,
conglomerate=gravel, sandstone=sand, mudstone=mud. When gravel is present in a deposit, the following
terms are used to indicate its percentage: slightly gravelly = 0.01 percent to <5 percent; gravelly
mud/sand = 5 percent to <30 percent; muddy/sandy gravel = 30 percent to <80 percent; and gravel = >80
percent (Folk 1980).

Soil Horizon Descriptions

Soil horizons are designated using Birkeland's (1984) modified system (Soil Survey Staff 1981),
where all vertical subdivisions of an individual master horizon are listed before the buried soil
subordinate element (b) is added (e.g. Btlb, Bt2b, Bt3b). The numbering of vertical subdivisions begins
with 1 (Soil Survey Staff 1981). The designations following the b (b2, b3, etc.) are reserved for the
sequential number of buried soils below (older than) the surface soil. Note that the "b" element, which is
used for buried soils, corresponds to Soil Conservation Service usage for designating a buried genetic
horizon (Soil Survey Staff 1981).

Another of Birkeland's modifications that was utilized is the ">" symbol, which designates a
horizon in a state of major genetic transition. The designation to the left of the symbol indicates
characteristics that formed when the buried soil was a surface soil. On the right of the symbol is the
designation of characteristics that are thought to be the result of post-burial pedogenesis (engulfment) or
polygenetic processes (e.g., Ab>Bk).

Soil horizons are described using the conventions prescribed by the Soil Survey Staff (1981), and
classified using Soil Taxonomy (Soil Survey Staff 1975). Carbonate and gypsum stage descriptions

follow a six stage classification (Birkeland 1984).

Soil Developmental Stages

Birkeland (1984; Birkeland et al. 1991) has reviewed the literature on soil chronosequences in the
arid and semi-arid western U.S. A general, time dependent sequence of horizon formation can be
identified and includes from youngest to oldest: A (surface organic accumulation); Bw (oxidation or
structural development); Bt (clay accumulation) and Bk (calcium carbonate accumulation); and K (very
well developed calcium carbonate accumulation) and Bgm (very strongly developed gypsum
accumulation). In terms of taxonomic classes this sequence would read as follows (also from youngest to
oldest): (1) Orthents; (2) Camborthids; (3) Argids and Calciorthids; and (4) Paleargids and Paleorthids.
These soil classes are referred to by the subjective, but useful, terms of weakly, moderately, well, and

very well developed.
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Laboratory Methods

Data recovery efforts at the Goff Creek Site produced a large quantity of material, including over
200,000 chipped stone and bone artifacts, along with lesser numbers of other items such as floral remains.
The first stage of laboratory analysis involved processing the entire assemblage. This included sorting and
cross-checking bagged items against field notes and the FS number assigned in the field, washing and
assigning catalog numbers to these items after the process was completed. Cataloging of the assemblage
was performed in accordance with guidelines established for curating artifacts at the University of
Wyoming Archaeological Repository (UWAR), in Laramie, Wyoming. The second stage consisted of
separating out the artifact classes for more specific analysis. Initial cataloging data was combined with the
analytic data to form the final curation record.

Provenience data were revised for artifacts recovered during earlier testing phases so that they
could be listed within the appropriate excavation grid unit. This involved hand plotting artifacts on graph
paper, overlaying the graph paper in its appropriate grid location and then measuring from the appropriate
unit corner the new distance and depth which was then recorded on an analysis form. In order to maintain

catalog numbers, however, no catalog numbers were changed in this process, only artifact provenience.

Lithic Analysis

Lithic analysis is after Sullivan and Rosen (1985); definitions are provided in Table 4.1. For the
purposes of this analysis, the following classifications were used. Primary flakes are considered the initial
flakes removed from a stone core during core reduction. Primary flakes possess between 75% and 100%
cortex on the dorsal surface and a single dorsal flake scar. Secondary flakes are indicative of further core
reduction, exhibit one or two dorsal scars, and possess between 75% and 1% cortex. Tertiary flakes
represent the final stages of core reduction, preparation, or tool manufacture. They exhibit numerous
dorsal scars and less than 1% cortex. A biface reduction flake possesses a variable cortex, several dorsal
flake scars, a prepared and lipped striking platform, and is relatively thin and highly curved along the
longitudinal axis. Tools were classified into several types based on morphology, e.g., projectile points,
bifaces, drills, scrapers, retouched, and utilized flakes (Francis 1983). Bifaces are classified after Frison
and Bradley (1980; Table 4.1). Tools were measured with a 0-150 mm electronic digital caliper. Use wear
analysis followed Ahler (1971), Keeley (1980) and Tringham et al. (1974). Use wear categories include
no use, cutting of soft materials, scraping of hard material, scraping of semi-hard material, and cutting of
wood shafts.

Maximum length, width, and thickness measurements were taken of all tools. Additional
measurements of projectile points include: maximum blade width, blade length, base width, base length,

haft width, notch depth, notch width, proximal notch angle, proximal notch length and depth of basal
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- g maximum length
- ¢ maximum blade width
- b maximum blade length
- f maximum base width
- g maximum base length
-d haft width
- e notch depth
- f notch width

f proximal notch length

g basal notch/indentation depth

a
c
a
f
b
dl
d
c
d
h

Figure 4-1 Reference points for projectile point measurements and example of proximal shoulder angle.
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Table 4-1. Prehistoric artifact definitions and classification system.

ARTIFACT TYPE
Debitage

DESCRIPTION

Primary Flake
Secondary Flake
Tertiary Flake
Bifacial Thinning

Flake

Shatter

Level |

Level 1l

Level 11

Level IV

Level V

Cores

Random Flaked

Bipolar

Unidirectional

Bifacial

Tested Cobble

Unmodified flake having between 75% and 100% cortex on the dorsal surface.
Striking platforms are generally unprepared.

Unmaoadified flake having between 1% and 75% cortex on the dorsal surface and one
or two dorsal flake scars. Striking platforms are generally unprepared.

Unmodified flake having 1% or less cortex on the dorsal surface and generally three
or more dorsal flake scars.

Unmodified flake with no cortex on the dorsal surface, numerous dorsal scars
running in several directions, and prepared, lipped striking platforms. Such flakes
generally are very thin and are highly curved along the longitudinal axis. The
platforms of lipped flakes often have flake scars on both the dorsal and ventral
surfaces.

Material produced during lithic reduction having no definable dorsal surface, or
more than one dorsal surface. The piece generally has no definite flake attributes
(striking platform, bulbs of percussion, etc.)

Debitage Breakage (after Sullivan and Rozen 1985:759; Prentiss and Romanski 1989:89-99.)

Complete flake with a single ventral surface, a point of applied force, and intact
flake margins.

A portion of a flake with a single ventral surface, a point of applied force, but not
having complete flake margins. This is a proximal flake fragment.

A portion of a flake with a single ventral surface, no point of applied force, and
incomplete margins. Can be either a medial or distal flake fragment.

A nonorientable flake fragment having a single ventral surface, no point of applied
force, and no intact flake margins.

A piece of debitage with no discernible ventral surface, point of applied force, or
intact flake margins. Usually considered shatter or debris.

Any nucleus of raw material from which flakes have been detached.
Nucleus has flakes detached in no apparent pattern, with or without platform
preparation.

Nucleus has two opposing striking areas, one being struck by a hammer-stone and
the other area, where the core was resting on an anvil.

Nucleus has flakes detached in one direction only. Usually has some sort of platform
preparation.

Nucleus has flakes detached from two opposing sides. Similar to a Stage | biface.

Nucleus has had only one or two flakes detached making the core type
determination tenuous at best.
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Table 4-1. Prehistoric artifact definitions and classification system.

ARTIFACT TYPE

DESCRIPTION

Modified Materials
Projectile Point

Biface

Stage |

Stage Il

Stage 11

Stage IV

Stage V

Uniface

Scraper

Spokeshave

Retouched Flake

Utilized Flake

Ground Stone

Generally a bifacially flaked implement with pointed distal end and basal
modification (Chapman 1977:413). Their primary function is assumed to have been
to puncture and cut flesh. Other uses, such as cutting and scraping, have been
reported (Ahler 1971:117-118).

An implement with flake scars across both the dorsal and ventral faces (Francis et
al. 1985).

Biface retains cortex or original flake surface of the raw material from which they
were made (Frison and Bradley 1980:31).

Biface at early stage of percussion shaping: little actual thinning, margins and
cross-sections irregular, tendency for thick and blocky cross-section (Frison and
Bradley 1980:33).

Biface at middle stage of percussion shaping: evidence of initial percussion thinning
and margin regularizing in the form of regularly spaced flake scars and even cross-
section (Frison and Bradley 1980:33).

Biface at final stage of percussion shaping prior to pressure flaking; specimen
usually thin with regularized margins, flake scars tend to terminate at the mid-line
(Frison and Bradley 1980:33, 39).

Biface pressure flaked to form the shape of a projectile point, just prior to notching
(Frison and Bradley 1980:39).

A tool having only one intentionally flaked face. This is different from a biface
reduction flake.

Generally a unifacially flaked or retouched implement with a steep, convex working
edge. The working edge generally exhibits distinctive step-fracturing use wear.

Generally a unifacially flaked concavity along one or more edges or portions of
edges of a flake or tool. The modified area is thought to have been used to reduce
the diameter of the material being modified. Also commonly part of a compound
tool.

Flake with an intentionally modified edge usually considered a result of
resharpening; sorted by unifacial vs. bifacial retouch.

Flake showing edge modified by use only.

Generally a coarse grained stone with a rough surface texture used to reduce the
material being ground to a different shape or consistency.
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notch or indentation (Figure 4-1). Measurements of extremely small fragments, such as ear fragments,
remained basic.

Portion is defined as follows: 1) complete - entire tool is present; 2) proximal - proximal is used
to pertain to that portion of the tool nearest the user; 3) medial - the mid portion of the tool; 4) distal - that
portion of the tool farthest from the user, such as a projectile point tip; 5) longitudinal - pertains to the
long-axis of an object; and 6) indeterminate - when a portion is unknown. The maximum dimensions of
debitage and tools were recorded on an interval scale with seven size grades between 7 cm (2.75") and
0.25 cm (1/8").

Raw material characteristics, discussed below, were recorded and used as distinguishing criteria
for lithic variables. After identification, lithic data were encoded and entered into an EXCEL file for
analysis and statistical manipulation.

Several lithic material types are present in the artifact assemblage from the Goff Creek site. Most
of these possess distinguishing characteristics that provide dependable source identification in the
laboratory. Most types are represented by a sufficient number of examples to conclude that the prehistoric
inhabitants had a thorough knowledge of toolstone sources in the region. The following discussion
reviews toolstone types recovered and their origin relative to site proximity.

Many grades and colors of Eocene cherts and porcellanites (siltstone) are available from the
Absarokan Supergroup. The high soluble silica content of this formation, which surrounds the Goff Creek
site on all sides, provided a favorable environment for penecontemporaneous formation on high-quality
toolstone (Miller 1991:452). The Eocene cherts range in color from a translucent clear to opaque white,
from green to brown, and often vary from darker purples to browns to black. The porcellanites range in
color from tan to brown to gray, and are often variegated by impurities. Silica-permineralized (silicified)
wood, “petrified wood” to some, is a replacement chert formed as interstitial silica is deposited in the
wood cells, thus preserving its original structure (Bates and Jackson 1984:468). Silicified wood of many
different colors, textures, and grades is common in the Absarokan Supergroup.

East of the Absaroka Range, in the Bighorn Basin, more ancient Paleozoic formations are
exposed. The Madison (Mississippian), Tensleep (Pennsylvanian), and Phosphoria (Permian) all possess
the potential for chert or orthoquartzites. Mesozoic formations such as the Morrison and Cloverly
(Jurassic) also outcrop in the Bighorn Basin and also provide high-quality toolstone at various localities.
Various formations are known for different toolstones, for example; the Madison Formation, chert;
Tensleep Formation, orthoquartzite; Phosphoria Formation, chert; and the Morrison Formation, both chert
and orthoquartzite, to name a few. The Madison cherts exhibit a variety of colors including white, gray,
orange, brown and yellow. They can also be variegated or contain mineral inclusions, especially

dendrites. Phosphoria chert is opaque, ranging from bright red to maroon in color. Orthoquartzites, silica-
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cemented sands in which the individual grains are visible (Bates and Jackson 1984), were utilized from
both the Tensleep and Morrison formations. The Tensleep orthoquartzite ranges in color from light gray
to tan to light red or pink. Morrison orthoquartzites are variegated, but are commonly gray, blue, yellow
or red. Morrison Formation cherts have also been reported by Frison and Bradley (1980) to vary from
opaque to translucent and also to occur in a variety of colors from deep red to white or variegated. They
also report a translucent yellow chert from facies of the Morrison Formation. Exact source locations for
these materials are complicated in that the stratigraphic column outcrops sporadically around basin
margins as well as parts of the interior. To make matters even more complicated, in many instances cherts
from the Madison and Morrison formations along with high quality cherts and silicified wood from the
Absaroka Supergroup can be so similar to one another as to be macroscopically indistinguishable.

Metaquartzite, a metamorphic rock, differs from sedimentary orthoquartzite in that individual
silica grains are no longer distinguishable (Bates and Jackson 1984). Metaquartzite generally originates
from metamorphic facies within certain Paleozoic formations, such as the Flathead (Cambrian) and is
commonly available as resistant cobbles on Pleistocene terraces.

Obsidian is typically a black, brown, red, or green, rhyolitic volcanic glass (Bates and Jackson
1984). While Obsidian Cliff in Yellowstone National Park, is one of the best known sources, many others
exist, including those of welded tuff which can be glassy and obsidian-like or grainy and quartzite-like.
Although none of the obsidian from Goff Creek was submitted for source analysis, obsidian and tuff
recovered from the Moss Creek site has been tied to several sources including: Obsidian CIiff in
Yellowstone National Park, Teton Pass in the Teton Mountains, Packsaddle Creek in the Big Hole
Mountains of eastern Idaho, and Lava Creek Tuff, near the Grassy Lake Dam in the Targhee National
Forest (Eakin 2012).

Another category of igneous rocks includes those of basalt, andesite and dacite. All are generally
extrusive igneous rock typically found in the Absaroka-Yellowstone region and commonly associated

with dikes, sills or flows of igneous origin.

Faunal Analysis

Analysis of archaeological faunal assemblages can provide valuable information pertaining to site
function and human behavior (Frison 1991:267-88) as well as providing information relating to both the
local and formational environments of the site (Schiffer 1987:187). Faunal analysis consisted of recording
four general attribute classes: 1) bone provenience; 2) taxonomic identification; 3) skeletal element
identification; and 4) cultural and physical modification of the bone. When present, other attributes were
recorded, including portion, segment, side, age, epiphyseal fusion, sex, burning, breakage, butchering, and

number of fragments. All faunal materials were identified using the University of Wyoming, Department
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of Anthropology comparative faunal collection. After analysis and identification faunal data were
encoded and entered into an Excel file for analysis and statistical manipulation. All field notes, maps,
photographs, and project records are housed at the Office of the Wyoming State Archaeologist, Laramie.
All collected artifacts have been curated at the Department of Anthropology, University of Wyoming

curation facility.

Spatial Analysis

Artifact density contour maps were generated for higher-density components using Golden
Software Surfer 8 and Microsoft Excel 2000. Artifact totals for each unit quadrant were determined and
the number assigned to the quad center. This results in four equally distributed data points per unit. The
eastings, northings and totals were entered into an Excel spreadsheet which Surfer used to generate the
contour maps. Surfer software extrapolates contours to the assigned borders of each map. Rocks and
features were plotted on the Surfer generated maps by importing scanned unit level maps, scaling them to
that of the contour map, and then tracing over them. This was then imported as a layer which was placed
on the contour image. Finally, symbols and descriptive labels were inserted.

Post classed (point plot) maps were also generated in Surfer 8 and Excel 2000. The data consist of
easting, northing and artifact type. After the map is generated the parameters of the unit information and
the artifact type are set. Rocks, features, symbols and descriptive labels are done in the same manner as

for contour maps.

Macrofloral Analysis

A total of 16 hearths were examined for macrofloral remains. Hearth fill samples from 11 features
recovered during data recovery were submitted to High Plains Macrobotanical Services for analysis
(Appendix C). Several samples from one feature were also analyzed by Havner and McFaul (Appendix

D). Methods used in these analyses are found in the appendices.
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CHAPTER 5
GEOARCHAEOLOGY

William Eckerle, Rebecca Hanna, Marissa Taddie and Sasha Taddie

Background to Site Formation Processes

A discussion of pertinent aspects of site formation and destruction processes is presented here.
The following categories are summarized, which generally follow Gifford (1978): occupation trampling,
post-occupational (preburial) dispersal, burial dispersal, and post-burial dispersal. Zones of cultural
materials and features are referred to as components, and the designations are those assigned by the
Office of the Wyoming State Archaeologist. Geoarchaeological contextual integrity is an assessment of
the likelihood that artifacts are recovered near the location they were lost, discarded, or abandoned
(behavioral context). As presented here, an assessment of high geoarchaeological context is an inference
that the recovered cultural material is in near-behavioral context and is not vertically mixed with other
cultural material that might be significantly younger or older. Moderate geoarchaeological context is
reserved for cultural levels that might have relatively minor horizontal displacement and vertical mixing.
An assessment of poor geoarchaeological context is used where there is evidence for significant post-
occupational horizontal movement or where there is the potential for the mixing of occupation debris,
which could have been deposited over a long time span. The principles outlined here are used to evaluate

the context of the buried components at 48PA325 later in this report.

Occupation Trampling

The magnitude of occupation trampling (treadage and scuffage) varies as a result of the texture of
the substrate and the intensity of occupation traffic (Schiffer 1987). Moisture content is also a factor (Deal
1985). Experimental studies indicate that an occupation "churn zone" is formed in loose substrates. Well
sorted sands produce the thickest trample zones, which range from 5-16 cm in thickness (Table 5-1)
(Gifford-Gonzalez et al. 1985; Stockton 1973). Loamy sand will develop a 3-8 cm trample zone (Villa
and Courtin 1983), whereas loams produce "almost no" churn zone (Gifford-Gonzalez et al. 1985).
Clayey sediments, likewise, require extremely high levels of traffic or saturation to a mud state to produce
any churn zone (William Eckerle, unpublished field observations). Pedestrian traffic on cobble or larger
size clasts will not produce a trample zone at all (Hughes and Lampert 1977).

Trample zones can be viewed as both a positive and a negative aspect of site formation. Churn
zone development on a soft substrate has the effect of blurring the occupational record of stratified sites
(Hughes and Lampert 1977; Villa 1982). The positive aspect of churn zones is that their formation
quickly hides artifacts and makes them unavailable for site cleaning and secondary refuse disposal

(Schiffer 1987). In addition, items are much easier to lose in soft substrates (Schiffer 1987). As a result
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there is a higher potential for discriminating areas of high primary-discard (lodges, hearth activity areas,
etc.) from those of low primary-discard in soft substrates. Additionally, there is probably less scuffage
(horizontal artifact dispersal due to foot traffic) on loose substrates than on firm ones because items are
less likely to skid.

Table 5-1 Occupational churn zones based on substrate texture.

SOIL DESSS'\?_Mgm AL CZHOUNREN HORIZONTAL EASE OF IDENTIFY IZI)I(D)i/II\lI;-SI'lEI\E:

TEXTURE ENVIRONMENT (cm) SCUFFING CLEANING ACTIVITIES AREAS
aeolian dunes,

sand well sorted fluvial 5-16 low low high low
sands
some slope deposits

loamy sand and alluvium 3-8 moderate moderate moderate moderate
overbank deposits,

sandy loam lacustrine deposits, . . .

and finer and most slope <5 high high low high
deposits

Post-Occupational Dispersal

Post-occupational (but preburial) dispersal can alter the contextual integrity of surface
archaeological materials. In general, soft substrates tend to hold onto artifacts after they have settled in to
the surface (Wandsnider 1988). Additional trampling by animals,