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bounds of the National Park Service, Bighorn Canyon National Recreation Area (BICA-NRA) in
Bighorn Canyon. The project area would ultimately extend from an area near the Historic

Lockhart Ranch within the recreation area, to the Montana/WWyoming state border (Figure 1 2).

Figure 1.2. Bighorn Canyon National Recreation Area location to surrounding states.
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The goal of the 2014 inventory was to record the Bad Pass Trail corridor as well as the
contributing and non-contributing features located within it (Finley and Branam 2012). This CLI
fieldwork was conducted by hiking the entire length of the trail, documenting historic landscape
features and recording contributing and non-contributing features for purpose of creating site
plans and future CLI inventories (Finley and Branam 2012). Characteristics recorded during field
inventory for each cairn included measurements of cairn size and orientation, stone size and
quantity, sedimentation, historic modification, any visible signs of offerings, signs of destruction
or looting, and any noted atypical stone materials. The locational data for Bad Pass Trail cairns
serves as a building block upon which I expand my own project design.

During the culmination of this thesis | completed an independent literature review,
managed geodatabase for GIS analyses, and conducted statistical tests on dataset distributions, to
inform my final interpretations of spatial relationships of the Bad Pass Trail to computer-
generated slope-derived paths of least resistance (also referred to as least cost paths throughout
this thesis) through the BICA corridor. A combination of ArcGIS mapping software maintained
by the Environmental Systems Research Institute (ESRI), digital elevation model (DEM)
information from the United States Department of Agriculture Geospatial Data Gateway, and
orthorectified imagery, contour maps, and topographic information obtained from the U.S.
Geological Survey by the Bighorn Canyon National Recreation Area, were used in exploration of
spatial patterns.

In mathematically driven cost studies, a least cost path is a path of least resistance
between an origin and destination point. My least cost path and its defining ‘cost’ is the factor of

just one variable: terrain slope. By doing so, I provide spatial connection between Wyoming’s
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Bighorn Basin and Montana’s Yellowstone River Basin. Near measurements between cairn
locations and the nearest point along my computer-generated path comprise the dataset of values
from which | will apply general statistics. If found to lie within a mathematical or statistical area
of probability to the path of least resistance, the assumption can be made that slope serves as a
primary influence (albeit not the only influence) for determining cairn construction locations.
User-defined study area boundaries and user-assigned origin and destination points may
greatly influence generated routes through the canyon corridor. I afford great consideration
towards landform transformations as seen through river terracing when establishing area bounds.
Additionally, user-defined origin and destination points representing prehistoric activities must
remain general in location but relevant in association. A balance was created by choosing
locations which would produce a valuable work while also allowing greatest freedom from bias.
It is imperative to acknowledge caveats of measuring prehistoric activities by use of
quantitative tests alone. Assumptions of past behaviors based upon quantifiable numbers alone
can negatively limit our approach in feature classification and determining cultural landscape
study areas. As seen in any past or present population, those behaviors which would have
influenced pedestrian movement across a landscape are products of both external and internal
driving factors. It remains implausible and truly irresponsible to assume we can obtain a
genuinely conclusive understanding of the motives and values held by prehistoric populations
through mathematical calculations. In the Bighorn Canyon, for example, a stone culturally
created stone cairn may have been constructed to mark a passable route but could have also been

used for activities associated with driving big game (or vice versa). Additionally, a stone cairn
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for instance can serve as an identifier for a resource such as a spring location but also be used as
a marker in a broader transportation system.

As researchers we must clearly acknowledge that this type of work is limited in its ability
to truly encapsulate a complete understanding of the complexity of those motivations which
influenced prehistoric peoples. A combination of approaches should be considered when
examining past populations and cultures; the use of mathematics and statistics should be some of
several tools in our larger academic toolkit. By combining approaches, we can attempt to
minimize the risks associated with applying a formula to past activities, and acknowledge the
overlapping utilization of past resources, spaces, and landscapes to those people who transverse
the landscape.

These quantifiable measurements or assumptions should not be used as a limit on our
research, but rather as a guide for expansion. Quantifiable results allow us to more quickly and
easily compute and store massive datasets, more easily identify trends and patterns within
samples, feature characteristics, and sites, and allows us to produce from our research a baseline
to promote consistency and transparency. Acknowledging caveats in research allows for a more
accurate approach and respectful consideration for the interconnected complexities in human
conditions which could have influenced prehistoric populations.

| support the incorporation of archaeological research with the consultation of
ethnohistoric resources for a better understanding of the driving factors acting upon the creation
of pre-contact transportation routes. | acknowledge the existence of other possible influences in
the determination of cairn locations through the Bighorn Canyon corridor. My thesis should not

be used for the purpose of supporting the limiting of coverage area considered for a landscape
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inventory of transportation routes. | hope my results represent the advanced and interwoven roles

which archaeological resources express within a landscape.

Expected Outcomes

This research results in a final thesis for partial completion of the SCSU CRM-
Archaeology Master of Science degree. This final thesis provides:
e An organized compilation of data from the 2014 Rocky Mountains Cooperative
Ecosystem Studies Unit (RM-CESU) Cultural Landscape Inventory delineating
prehistoric and historically modified portions of the Bad Pass Trail.

e Calculated path(s) of least resistance through the identified Bighorn Canyon corridor.

e Measurements of individual cairn and segment variation, distribution, and degree of

significance to the path(s) of least resistance.

e A brief comparison of locational data to nearby occupational sites.

e A discussion comparing the archaeological data associated with the Bad Pass Trail to the
Native participants’ view of the trail system throughout the 2014 cultural landscape
inventory.

At its foundation, this thesis builds upon an archaeological-based framework to present
data derived from the Bighorn Canyon. It includes a blend of both archaeology and ethnography
to aid future exploration of trail significance to contemporary Crow people. It provides
quantitative and qualitative interpretation for the trail’s creation, spatial patterns, and continued
use. This thesis results in a marriage of method and theory and provides data exploration and

analyses for future arguments of monumentality of the Bighorn Canyon landscape.
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Chapter 2: Literature Review

Cairns and Linear Arrangements

Rock cairns are re-arrangements of naturally occurring stones into stacked features on a
landscape (Figures 2.1 and 2.2). Creating cairns and linear cairn arrangements serves a cognizant
purpose to the people who originally constructed them, and their presence conveys meaning to
others who later encounter them (Kornfeld et. al 2010). In the archaeological record cairns have
been found marking burials, fasting locations, resource locations, bison Kill sites, trail routes, and
places of other spiritual significance (Skillman 1962; Malouf 1962a, Loendorf 1980). When
winter snowfalls obscure much of the ground, cairns leave a more clearly defined marker in their
wake (Loendorf and Brownell 1980).Cairns are sometimes found near stone features such as
stone circles, tipi rings, fasting beds, or spokes of medicine wheels (Malouf 1962a, 1962b,
1962c¢). During historic times, sheep herders, trappers, and fur traders constructed cairns as
locational markers upon the landscape. To homesteaders, cairns could provide additional support
to fence lines (Figure 2.3) or could delineate land ownership by marking property bounds
(Malouf 1962a, 1962b, 1962c; Skillman 1962; Malouf and White 1963). When combined with a
single wooden post and/or proper documentation, historically stacked stones act as a tool for

staking mining claims (Figure 2.4).



Figure 2.2. Stone cairn with incorporated grasses.
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Figure 2.4. Abandoned Mine Lease cairn and post.
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Generally, isolated cairns lack context—diagnostic artifacts or datable material—used in
determining relative age and cultural affiliation (Kornfeld et al. 2010). Some researchers have
also encountered cairns within their work which they believed may be a result of an individual’s
passing of time or busy work (Malouf and White 1963). This data gap is the product of multiple
factors which include: a lack of precisely known cultural affiliation of cairn creators, a lack of
recollection by present-day tribal members whom archaeologists believe may be of closest
association, and the frequent inability to directly and accurately date a cairn itself without a

presence of datable material.

Travel Routes and Natural Pathways

Throughout this thesis | hypothesize that culturally created cairns of the Bad Pass Trail’s
braided route follow a path of least resistance through the Bighorn Canyon corridor. Created
from repeated or habitual use, early travel routes often lack large recognizable signs of landscape
modification. Early travel routes frequently follow natural pathways provided in landscape
topology through valleys, watercourses, ridgetops, and animal migration routes. Many natural
routes exist along the Bighorn Mountain’s northwest flank. The product of canyon erosion of the
Bighorn’s sedimentary rock plateaus, these routes run northward from the Bighorn Basin (Platt
1992). However, issues of funding, location, and access, all impact the thoroughness to which
some travel routes are documented.

Culturally created trails can provide information about the social complexities of earlier

populations. Many early routes function as connections to other archaeological sites (Platt 1992).
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Routes of cultural diffusion, trade, and of everyday life are gleaned from studies of these early
trails and trail creation (Malouf 1980).

Culturally created trails can provide information about the social complexities of earlier
populations. Many early routes function as connections to other archaeological sites (Platt 1992).
Routes of cultural diffusion, trade, and of everyday life are gleaned from studies of these early
trails and trail creation (Malouf 1980).

Practical and useful natural pathways do not lose their utility over time. These pathways
are often adapted for new purposes or to meet new demands (Platt 1992). Highest visibility of
trails resulted from their continued use by game and small hunting parties, especially if used year
after year. Less defined trails were a result of less repeated use, from routes leading to temporary
camps, or as a result of not being kept clear of fallen trees or erosion (Malouf 1980). Some trails
were further defined by stone cairn markers and deeply worn game trails (Frison 1982). Game
trails can be physically enlarged to serve as routes for other commodities such as plants,
minerals, curing springs, and trade. Trails marking seasonal bison migration routes were more
well-defined, as were those marking major passes. Well-marked or well-developed trails that are
still visible today are those that saw continued use (Malouf 1980).

The re-use and re-modification of earlier trails would have been implemented in order to
better meet people’s current needs (Nabokov and Loendorf 1994). Reeves (1992) provides
descriptive measurements of physical patterns left upon the landscape, as observed in his study
of the Old North Trail. Reeves states that the transition to horse and its wider-setting travois
required the clearing of larger and loosened rocks from within a trail to that trail’s edges. As

wagons became more common, the sets of narrow marks and internal impressions left from the



27

horse and travois were replaced with uniform wheel well tracks, typically measuring two or more
meters apart (Reeves 1992).

Historic trail modification of a substantial size is visible within the context of the
Bighorn Canyon and Bad Pass Trail (Figure 2.5 and 2.6). A large undertaking of trail marker
modification in route of the Bad Pass trail was made in order to improve the existing route for
now-historic wagon transportation (C. Finley 2014 personal communication). This evidence of
modification can be seen along the mid portion of the mapped Bad Pass Trail route. This
classification of historically modified cairns was determination both by crew in the field, as well
as by confirmation by retired Bighorn Canyon NPS archaeologist and cultural resource manager

Chris Finley.



Figure 2.5. Cairn modified for creation of wagon route.
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Figure 2.6. Cairn modified for wagon route, with close-up of counting tool.

Roadway Impacts

Not until more recently in history are the cut and fill practices used in road construction
and road improvement encountered across landscapes. Borrowing and filling introduced a type
of landscape modification that, in affected areas, can completely decimate physical evidence of
Indian travel routes (Platt 1992). In the Bighorn Canyon this practice was mostly adopted for the
creation of park roadways and powerline access roads (Loendorf and Brownell 1980). Results of

cut and fill, or borrowing and filling, are visible in areas of the Bad Pass Trail (Figure 2.7).
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Roadways through Bighorn Canyon today receive traffic from both personal vehicles as
well as from ranchers pushing cattle to their summer grazing grounds. The use of roadways for
continued cattle driving purposes results in more condensed and predictable impacted areas.
However, heavy traffic from stock animals can still pose a threat towards obscuring Indian trails
underfoot (Platt 1992). Present-day cattle trails are seen along the roadsides of the Big Horn
Canyon Road. Trails running parallel to the Big Horn Canyon Road during our 2014 inventory

are noted in southern sections of the Bad Pass Trail.

Figure 2.7. Evidence of cairn disturbance in road construction borrow area.
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The Bad Pass Trail as a Linear Feature

For areas that could not support agriculture, such as those of Montana east of the
continental divide, bison provided a major means of subsistence for larger populations (Kehoe
1965). Evidence for the Bad Pass Trail aligning with a prehistoric bison migration route is
substantial and is apparent when viewing the still-visible prehistoric bison ruts (Figure 2.8). The
physical overlap of prehistoric bison ruts to the culturally created stone cairns of the Bad Pass
Trail serve to further solidify a connection between migrating bison and the people who moved

within the area.

Figure 2.8. Prehistoric bison migration ruts in proximity of Segment C.
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The Bad Pass Trail’s linearly arranged cairns represent two types of arrangements:

pedestrian transportation markers, and game drive lines (Carlson 2012; Loendorf and Brownell
1980). Differences between these two types of linear arrangements lie within their respective
size, spacing, and topological location (Frison 1991; Loendorf and Brownell 1980; Malouf 1980;
Kornfeld et al. 2010). The drive lines were often constructed from piles of rock or brush placed
at certain intervals, or as a solid wall near a corral entrance (Lowie 1982[1954]). Cairns leading
to a final procurement site were smaller in size than other culturally created cairns. Where large
numbers of smaller cairns spaced at intervals mark animal procurement, taller-standing cairns
spaced more according to terrain viewshed make ideal markers for travel though rugged terrain

(Frison 1982).

Bison Drive Lines

Collective hunting incorporates many members of a group for the procurement of game.
Groups of people may have chosen to impound game or drive game from cliffs (Lowie
1982[1954]). Collective hunting incorporating drive lines was used for the procurement of large
game such as antelope, deer, or bison. Drive lines are often constructed from two linear
arrangements converging at a final corral or final cliff (Lowie 1982[1954]). Drives were well-
organized and often incorporated religious practices for enlisting supernatural aid for sanctioning
a drive (Kehoe 1965; Malouf 1980). Sometimes these lines consisted of plate-sized flat rocks
upon which burning cedar was placed (Nabokov 1992).

Within the Bighorn Canyon area, Carlson (2012) recorded several drive lines, two of

which lie within the bounds of the 2014 inventory study area. Carlson identified one line as
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comprising the northern portion of Segment B, per 2014 inventory labeling system (Figure 2.9).
The second line comprised the northern portion of Segment E per 2014 labeling system or named
as the Two Eagle Encampment site (Finley et al. 2013). Cultural resource manager of the Bad
Pas Trail cairn inventory, Chris Finely, suspects the existence of additional cairn lines to the

south of the Bighorn Canyon park bounds.

Figure 2.9. Bison drive line of Segment B.
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The Bad Pass Trail as a Cultural Resource

As is suggested by its name, the Bad Pass Trail marks a passable route through the
rugged terrain of the Bighorn Canyon Corridor (Loendorf and Brownell 1980). Cairns with the
greatest number of included stones are in already heavily rocky areas, suggesting the creation of
the cairns was influenced by people clearing the route through habitual or seasonal use of the
trail (Nabokov and Loendorf 1994; Loendorf and Brownell 1980; Platt 1992). The Bad Pass
Trail cairns are created from locally available rocks which were not likely carried great distances
(Frison 1982).

Cairns, such as those of the Bad Pass Trail, are created from an accumulation of piled
stones from passing travelers for a successful journey, good health, long life, good luck, or to
keep in the good graces of the spirits. Travelers made offerings to stay in the good graces of the
spirits that reside on the land (Malouf 1962a, 1962b). Offerings of stones, beads, or other small
artifacts were placed on cairns (Malouf 1980). The action of placing stones was considered acts
of devotion, one which over time increased the size of respective stone cairns (Frison 1982;
Malouf 1962a, 1962b, 1962c, 1980).

Two early accounts—provided by James H. Bradley of the Montana Column in 1876,
and by Meriwether Lewis regarding the Indian Post Office Mountains in 1806—reflect special
consideration to cairns by tribal members traveling within their respective parties (Loendorf
1980; Malouf 1964). Bradley recounts Crow scouts in his party picking up stones before spitting
on them and casting them onto cairns. He was informed that this action was done to ensure good

fortune of their enterprise. Bradley also states that Crow people left such piles scattered along
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their migration route (Frison 1982). Lewis recounts Nez Perce guides requesting a pause at
cairns to smoke before continuing their journey.

Crow interview participants provide important insights into the Bad Pass Trail’s
existence as a cultural resource as well as its use by Crow tribal members in recent history.
Pottery recovered during the early sixteenth to eighteenth century attribute many sites across
northcentral and northeastern Wyoming to the ancestral Crow (Frison 1976, 1980). Investigation
into the Bad Pass Trail provide a radiocarbon date after calibration of 1620 +/- 85 B.P. or A.D.
350 +/- 27, and an estimate of initial construction to a time during the early Late Prehistoric or
Late Archaic period (Loendorf and Brownell 1980; Frison 1982; Kornfeld et al. 2012; VVoget
2001).This time period pre-dates Crow occupation of the Bighorn Canyon. As explained in the
work of Peter Nabokov and Larry Loendorf (1994) Crow Tribe interview participants
acknowledge with respect the people who dwelled in their homelands prior Crow culture and
respect the responsibility of managing and protecting both cultures’ cultural sites (Nabokov and
Lawrence 1994). The viewpoint of holding responsibility for the material history of the area was
a prominent point discussed and implemented to the best of our ability in the 2014 landscape
inventory fieldwork.

Historic documents prove an important means for determining Indian use of trails (Platt
1992). However, the greatest contribution is made from a compilation of archaeology,
anthropology, ethnology, and ethnography, and accounts by members of descendant
communities. These significant studies comprise a great deal of what is known today regarding
tribal occupation, cultural affiliation, and cairn feature constructions during prehistoric times. A

recent natural resource historic properties nomination revision actively sought participation from
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affiliated Crow and Eastern Shoshone tribes regarding the construction and use of the Bad Pass
Trail as a migration route (Finley and Branam 2012). When completed, this research will

hopefully add even more information to what is currently understood of this cultural landscape.

Paths of Least Resistance

Analytic limitations will always prevent researchers from fully interpreting the exact
influence(s) acting upon prehistoric humans as they modified landscapes. Numerous studies
explore the cost-benefit relationships of prehistoric activities and assign cost grids in order to
understand likely motivations for past movement (Harvey 2012). The application of foraging
models, optimal diet breadth, and cost models of front-loaded and back-loaded resources can
prove informative in understanding past activities regarding cost expenditure (Harvey 2012).
However, without first having a thorough understanding of how the Bad Pass Trail is related to
these past activities, one cannot discern to what extent they are related. The understanding |
provide through examining slope as a driving factor to cairn location provides a basic
understanding of cairn location without being subjected to the constraints of user-defined level of
costs.

Origin and destination points for my path of least resistance remain user defined. The use
of two calculated paths serve to represent travel both paralleling the Pryor Mountain foothills, as
well as paralleling the Bighorn River. Utilizing two generated routes of least resistance allows
for a broader consideration of possible transected routes, and better represents the corridor’s
wide northern and narrower southern extents. The examination and comparison of a path of least

resistance to the geographical locations of culturally created cairns along the Bad Pass Trail
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represents only one aspect of spatial relationship to the landscape. External factors such as
available river crossings, threats by neighboring populations, and availability to food and water
reserves, could all present influences towards the braided behavior of the Bad Pass Trail’s cairn-
marked route. My thesis provides the basic analyses required to begin to understand these

factors.
Study Area Descriptions

Bighorn Canyon

The Bighorn Canyon study area is located within a topographical and structural basin of
south-central Montana and north-central Wyoming (Richards 1955). Bisected by the Bighorn
River and its canyon, the basin is geographically divided into a northern Dry Head Creek area
and a southern Garvin Basin. The basin is bordered to its east and south by the northern portion
of the Bighorn Mountain range, its west by the Porcupine Creek anticline of the Bighorn
Mountain’s western flank as well as the Pryor Mountain range, and to its north by a ridge of
Triassic and Jurassic rock. Most of the basin’s surface stratigraphy is comprised of the
Pennsylvanian Amsden formations (Richards 1955).

Located within the political bounds of the Bighorn Canyon National Recreation Area
(BICA-NRA), the Bighorn Canyon and its corridor connect the more arid Bighorn Basin in
Wyoming to the grasslands of Montana’s Yellowstone River Basin (Loendorf and Brownell
1980). The entrance to the canyon, its mouth, lies three and a half miles south of the Montana-
Wyoming state line (Husted 1991). The canyon extends northward along the axis of the Bighorn

Mountains until terminating near the town of Fort Smith, Montana, while the Bighorn River
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continues across the floodplains of the Great Plains to join the Yellowstone River near Bighorn,
Montana.

The Bighorn Canyon and northern Bighorn Basin are included within the Great Basin
Division, Upper Sonoran Zone (Cary 1917), and lie within the Montanian biotic province (Dice
1943). The Wyoming portion of the Great Basin Division is most accurately characterized by its
climate and supported vegetation, of which Cary (1917) provides a detailed description.
However, a further division, specific to the Pryor Mountain area, is provided in the form of life
zones. Loendorf (1973) provides a detailed description of life zone divisions which are, for the
most part, smaller in area and more exclusive than those provided by the larger Great Basin
Division.

The Bad Pass Trail is located within the juniper break life-zone division (Figure 2.10).
The juniper break zone runs along the lower sides of the Pryor mountains, ranging in width from
less than one mile to more than seven miles at its maximum extent. Broken topography and a
dominant presence of juniper vegetation characterize this zone (Haberman 1973). The juniper
zone’s broken topography is the result of erosional processes upon underlying sandstone and
limestone stratigraphy. Many of the Pryor’s canyons terminate at this juniper break zone, while
other canyons and drainage features dissect the more easily eroded strata to create numerous
buttes and ridges (Loendorf 1973). The sides of the Pryor Mountains, with exception to its
eastern scarp, have a mantle of soil to support vegetation. This is confirmed through the large
presence of juniper, as deep mesic soils are needed in order to support the plant’s large
distribution. Other vegetation, such as limber pines appear to not be restricted to one zone, but

rather to certain soil types (Knight et al. 2014). The soils of the juniper zone consist of sandy
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loam surface layers with a brown silty clay loam subsoil. The sub-stratum is comprised of a

white to pale brown highly calcareous silty clay loams.

Figure 2.10. Bighorn Canyon juniper break zone.

The Bighorn Canyon study area experiences a semiarid middle-latitude and steppe
climate which typically involves a warm, wet season and cool, dry season, with a growing season
of 141 days (National Centers for Environmental Information 2019). The Absaroka Range and
Beartooth Mountains to the west of the Pryor Mountain range, as well as the Northwest Block of
the Pryor Mountains act as a barrier to moisture, casting a rain shadow over much of the Pryor

Mountain and Bighorn Canyon areas. Rainfall amounts for the Bighorn Canyon vicinity average



