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The rolling topography of Last Stand Hill overlooks the floodplain of the Little
Bighorn River. The topography of the area influenced the 1876 Battle of the
Little Bighorn.

Photograph by Bob Reece (Friends of the Little Bighorn Battlefield), courtesy
Melana Stichman (Little Bighorn Battlefield National Monument).
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7th Cavalry Memorial and Indian Memorial. The 7th Cavalry Memorial (in the
foreground) and the Indian Memorial (in the background) help interpret the
Battle of the Little Bighorn from both the U.S. Cavalry and Indian perspectives.

National Park Service photograph by John Doerner (Little Bighorn Battlefield
National Monument).
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Executive Summary

This report accompanies the digital geologic map data for Little Bighorn Battlefield
National Monument in Montana, produced by the Geologic Resources Division in
collaboration with its partners. It contains information relevant to resource management
and scientific research. This document incorporates preexisting geologic information and
does not include new data or additional fieldwork.

Located in southeastern Montana, Little Bighorn
Battlefield National Monument overlooks the valley of
the Little Bighorn River. Here in 1876, the Battle of the
Little Bighorn—also known as the Battle of the Greasy
Grass—broke out between the U.S. Army and an allied
group of Northern Plains Indians. The national
monument memorializes a major victory of the Northern
Plains Indians to preserve their ancestral way of life, and
protects the site where Lieutenant Colonel George A.
Custer and all the men under his immediate command
met death on what is now “Last Stand Hill.” The primary
purpose of Little Bighorn Battlefield National
Monument is to preserve and protect the historic and
natural resources pertaining to the Battle of the Little
Bighorn and to provide visitors with a greater
understanding of the events that led up to the battle, the
battle itself, and the resulting effects of the battle
(National Park Service 1995).

The national monument is separated into two units—the
244-ha (603-ac) Custer Battlefield and the 66-ha (162-ac)
Reno-Benteen Battlefield. A 6.6-km (4.1-mi) road
connects the two units. The Custer Battlefield unit
preserves Last Stand Hill, the Indian Memorial, and
Custer National Cemetery. The Reno-Benteen
Battlefield unit preserves the site where seven companies
under the command of Major Marcus A. Reno and
Captain Frederick W. Benteen held out against Indian
attacks until the main army column arrived on June 27,
1876.

The bedrock that underlies Little Bighorn Battlefield
National Monument is from the Upper Cretaceous
Period (about 100 million to 65.5 million years ago) and
represents sediments (mud and sand) originally
deposited in a seaway that inundated west-central North
America. Surficial units consist of alluvium (gravel, sand,
silt, and clay) that streams deposited during the
Quaternary Period (the past 2.6 million years). These
rocks and unconsolidated deposits give rise to the
landforms that influenced the actions taken during the
Battle of the Little Bighorn.

This Geologic Resources Inventory (GRI) report is
written for resource managers, to assist in resource
management and science-based decision making, but it
may also be useful for interpretation. The report
discusses geologic issues facing resource managers at the
national monument, distinctive geologic features and
processes within the national monument, and the

geologic history leading to the national monument’s
present-day landscape. An overview graphic illustrates
the geologic data; a map unit properties table summarizes
the main features, characteristics, and potential
management issues for all the rocks and unconsolidated
deposits on the digital geologic map for Little Bighorn
Battlefield National Monument (see “Overview of
Geologic Data” and Attachment 1). This report also
provides a glossary, which contains explanations of
technical, geologic terms, including terms on the map
unit properties table. Additionally, a geologic timescale
shows the chronologic arrangement of major geologic
events, with the oldest events and time units at the
bottom and the youngest at the top. The timescale is
organized using formally accepted geologic-time
subdivisions and ages (fig. 19).

Geologic issues of particular significance for resource
management at Little Bighorn Battlefield National
Monument include the following:

¢ Flooding, anthropogenic disturbances, and channel
migration of the Little Bighorn River. Although
channel migration is predominantly a natural
phenomenon, this ongoing process of the Little
Bighorn River has raised concern for the preservation
of cultural resources within the national monument.

e Erosion. The main types of erosional processes
occurring at Little Bighorn Battlefield National
Monument are soil piping (formation of “pipes”
through which soil material is removed) and sheet flow
(movement of water across the landscape in thin
sheets rather than in channels). Soil compaction and
soil ruts also occur. Management of erosion includes
the mitigation of informal, undesignated “social trails,”
and the potential treatment of headcuts (vertical cuts
in an [intermittent] stream channel), for example in
Deep Ravine.

e Energy development, specifically the impacts from
coal-fired power plants. The National Parks
Conservation Association identified emissions from
coal-fired power plants as a primary concern for the
protection of resources (soils, vegetation, and water) at
Little Bighorn Battlefield National Monument. There
are five power plants operating in Montana, all of
which are relatively close to the national monument.
The primary source of the coal used in these power
plants is the Fort Union Formation, which crops out
24 km (15 mi) east of Little Bighorn Battlefield
National Monument, but does not appear on the
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digital geologic map of the national monument. Also
known to host coal are the Parkman Member of the
Judith River Formation (informally referred to as
“Parkman Sandstone”) (map unit symbol Kjp),
Bearpaw Formation (Kb), and Lance Formation (K1),
which are shown on the digital geologic map for Little
Bighorn Battlefield National Monument; however,
these strata do not contain coal resources in the
vicinity of the national monument.

e Impacts of development and land use on geologic
features and processes, including increased erosion,
runoff, and sedimentation into fluvial (river) systems;
exacerbated eolian (wind) processes (e.g., dust
storms); soil compaction; the formation of soil ruts;
and potential erosion and theft of in situ
paleontological resources. Additionally, past
development impacted landforms that were both
geologically and historically significant.

The historic and natural resources at the national
monument include the following geologic features and
processes:

¢ Landforms such as ridges, hills, coulees (small,
intermittent streams or the channel of such a stream),
ravines, riverbanks, floodplains, and terraces. All of
these landforms played a role in the Battle of the Little
Bighorn / Battle of the Greasy Grass.
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Introduction

The following section briefly describes the National Park Service Geologic Resources
Inventory and the regional geologic setting of Little Bighorn Battlefield National

Monument.

Purpose of the Geologic Resources Inventory

The Geologic Resources Inventory (GRI) is one of 12
inventories funded by the National Park Service (NPS)
Inventory and Monitoring Program. The GRI,
administered by the Geologic Resources Division of the
Natural Resource Stewardship and Science Directorate,
is designed to provide and enhance baseline information
available to park managers. The GRI team relies heavily
on partnerships with institutions such as the U.S.
Geological Survey, Colorado State University, state
geologic surveys, local museums, and universities in
developing GRI products.

The goals of the GRI are to increase understanding of the
geologic processes at work in parks and to provide sound
geologic information for use in park decision making.
Sound park stewardship requires an understanding of
the natural resources and their role in the ecosystem.
Park ecosystems are fundamentally shaped by geology.
The compilation and use of natural resource information
by park managers is called for in section 204 of the
National Parks Omnibus Management Act of 1998 and in
NPS-75, Natural Resources Inventory and Monitoring
Guideline.

To realize these goals, the GRI team is systematically
conducting a scoping meeting for each of the 270
identified natural area parks and providing a park-
specific digital geologic map and geologic report. These
products support the stewardship of park resources and
are designed for nongeoscientists. Scoping meetings
bring together park staff and geologic experts to review
available geologic maps and discuss specific geologic
issues, features, and processes.

The GRI mapping team converts the geologic maps
identified for park use at the scoping meeting into digital
geologic data in accordance with their Geographic
Information Systems (GIS) Data Model. These digital
data sets bring an interactive dimension to traditional
paper maps. The digital data sets provide geologic data
for use in park GIS and facilitate the incorporation of
geologic considerations into a wide range of resource
management applications. The newest maps contain
interactive help files. This geologic report assists park
managers in the use of the map and provides an overview
of park geology and geologic resource management
issues.

For additional information regarding the content of this
report and current GRI contact information, please refer
to the Geologic Resources Inventory website
(http://www.nature.nps.gov/geology/inventory/).

Park Setting

Surrounded by the Crow Indian Reservation, Little
Bighorn Battlefield National Monument is located in
southeastern Montana on the western edge of the Great
Plains (fig. 1). The national monument overlooks the
lower Little Bighorn River valley (fig. 2). The headwaters
of the Little Bighorn River (and its principal tributaries)
are in the Wolf Mountains to the south. The confluence
of this northward-flowing river with the Bighorn River is
near Hardin, Montana, to the northeast. Much of the
low-lying land adjacent to the river is irrigated land
within the Crow Indian Reservation (Moulder et al.
1960).

The bedrock formations exposed in the area are
primarily shale and sandstone of Upper Cretaceous (99.6
million to 65.5 million years ago) age and include the
Bearpaw Formation (map unit symbol Kb) and Judith
River Formation (Kjr). Pleistocene (2.6 million to 11,700
years ago) terrace deposits (Qat) and Holocene (the past
11,700 years) river alluvium (Qal), including some
terraces, are the principal unconsolidated units within
the national monument (see “Overview of Geologic
Data”).

Various geomorphic landforms dominate the landscape
of Little Bighorn Battlefield National Monument. The
primary form consists of ridges dissected by ravines and
coulees. “Coulee” is a French term applied in the western
United States to a small stream (or the bed of such a
stream) that is often intermittent. During the Battle of the
Little Bighorn, ridges provided views across the broad
valley and defensible high ground for soldiers of the 7th
Cavalry. Ravines and coulees, which cut into the ridges,
allowed for the secluded advance of Indian attackers.
The steep banks on the east side of the Little Bighorn
River form an abrupt edge, limiting access (and escape)
from the floodplain. Some of the most conspicuous
topographic features are the prominent stream terraces,
which primarily line the west side of the Little Bighorn
River valley. Unlike the ridges and coulees, these features
did not figure significantly in the actions taken during the
Battle of the Little Bighorn. However, the flat-topped
terraces that sit above the Little Bighorn River served as
suitable camping grounds for the warriors and their
families at the time of the battle.

The national monument commemorates the Battle of the
Little Bighorn (known as the Battle of the Greasy Grass
by the Indians) where on June 25 and 26, 1876, allied
Indian forces led by Tatanka-Iyotanka (Sitting Bull), a
Hunkpapa Lakota, joined to defeat the U.S. 7th Cavalry
on “Last Stand Hill.” Commonly referred to as “Custer’s
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Last Stand,” the battle also marks the last (and perhaps
greatest) victory of Northern Plains Indians to preserve
their ancestral way of life. Lieutenant Colonel George A.
Custer commanded the cavalry and was among the
soldiers and other personnel—including Arikara and
Crow scouts—who were killed or mortally wounded
during the battle. Also involved in the battle were seven
companies under the command of Major Marcus A.
Reno and Captain Frederick W. Benteen, who held out at
their defense site on “Reno-Benteen Hill” until the main
army column arrived on June 27, 1876. Total 7th Cavalry
casualties numbered 263 killed and 5 mortally wounded.
All 210 men under Custer’s immediate command were
killed, and 53 men under Reno and Benteen’s command
were killed. The number of Indian casualties is not
known, but has been estimated at 60 or more men,
women, and children with many dying from wounds
after the battle (Michael Donahue, park ranger, Little
Bighorn Battlefield National Monument, telephone
communication, June 10, 2011). The total number of U.S.
Army soldiers and attached personnel who participated
in the battle was 647.

Between 1,500 and 2,000 Indians warriors participated in
the battle from 17 different tribes: Northern Arapaho,
Three Affiliated Tribes of the Fort Berthold Reservation
(Mandan, Hidatsa, and Arikara Nation), Northern
Cheyenne, Cheyenne and Arapaho Tribes of Oklahoma,
Apsaalooke Nation (Crow Tribe), Assiniboine and Sioux
tribes of the Fort Peck Indian Reservation, Cheyenne
River Sioux Tribe of the Cheyenne River Reservation,
Oglala Sioux Tribe, Crow Creek Sioux Tribe, Lower
Brule Sioux Tribe, Rosebud Sioux Tribe, Santee Sioux
Tribe of Nebraska, Yankton Sioux Tribe, Sprit Lake
Sioux Tribe, Flandreau Santee Sioux Tribe of South
Dakota, Sisseton-Wahpeton Oyate of the Lake Travers
Reservation, and the Standing Rock Sioux Tribe. Two of
these, the Arikara and Crow tribes, were scouts for the
U.S. Army. An estimated 7,000 Indian men, women, and
children, in more than 1,000 lodges, comprised the
Indian encampment (John Doerner, chief historian,
Little Bighorn Battlefield National Monument,
telephone communication, March 10, 2011).

Almost overnight, the site of the Battle of the Little
Bighorn became a national shrine and tourist attraction

2 NPS Geologic Resources Division

(Mangum 2000). Just three years after the battle,
Congress designated the site “Custer Battlefield National
Cemetery” under the administration of the War
Department. Starting in 1881, the War Department
began to erect stone memorials, monuments, and
markers that told the Cavalry side of the story. The list of
classified structures for Little Bighorn Battlefield
National Monument contains 65 separate entries,
including the Superintendent’s House (referred to as The
Stone House; fig. 15), 7th Cavalry Memorial (figs. 16 and
17), Reno-Benteen Monument (fig. 16), marble markers
on the battlefield (fig. 17), and marble headstones in the
national cemetery (fig. 2). There are approximately 5,000
individuals interred in the national cemetery, including
soldiers from frontier posts and veterans from the
Spanish American War, World War I and II, the Korean
War, and the Vietnam War.

Gradually, the national monument has also come to
include the Indian side of the story. In 1999 and 2001, the
National Park Service installed red granite markers on
sites where Indian warriors were known to have died
(fig. 17), and in 2003 the Indian Memorial was dedicated
(fig. 18). Significantly, this is the only national battlefield
with markers that show where both Army soldiers and
Indian warriors fell (National Parks Conservation
Association 2003).

Connected by a 6.6-km (4.1-mi) stretch of paved road,
Custer Battlefield and Reno-Benteen Battlefield
comprise the 310 ha (765 ac) of Little Bighorn Battlefield
National Monument (fig. 1). The Custer Battlefield unit
covers 244 ha (603 ac) and includes Last Stand Hill, the
Indian Memorial, a visitor center/museum, Custer
National Cemetery, The Stone House (fig. 15), and other
NPS buildings and housing. Located south of the Custer
Battlefield, the Reno-Benteen Battlefield unit consists of
66 ha (162 ac), and includes a granite monument on the
Reno-Benteen Defense Site (fig. 16). Little Bighorn
Battlefield National Monument also houses one of the
National Park Service’s most impressive collections, with
119,000 artifacts and archives (Melana Stichman,
resource manager, Little Bighorn Battlefield National
Monument, written communication, June 24, 2011).



21ydelb dIAISS Hled [EUOIEN "SHUN OM] 3} S}P3UUOD peoY PlalydlIeg "sHuN pjalyajlieg uaaluag-ouay pue pialyaieg 191sn) ayl usamiad Hjds pue| Jo (e §9/) ey OLE
sassedwodud Juswnuow |euoileu ay| “dew sy} uo paidop—sa9|nod pue ‘saulAel ‘s||1Y ‘sobplI—swWIOopUR| SNOJSWNU PUE JALI 8Y) JO dinjeu Bulispueaw ay) 10N "I9AlY utoybig
313317 9y} 4O A3||eA 3Y} Ul BURIUOIA UIS}SEIYINOS Ul S| JUSWNUOIA |euoileN plalyalieg uioybig a3 "Juswinuoly [euoneN pia1yapieg uioybig o)1 Joj dew uonedoq °| ainbiy

LIBI Geologic Resources Inventory Report 3



Figure 2. Situated above the valley of the Little Bighorn River, the even spacing and straight rows of the marble headstones in Custer
National Cemetery contrast with the surrounding, rolling topography and meandering river. Photo by John Doerner (Little Bighorn
Battlefield National Monument).
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Geologic Issues

The Geologic Resources Division held a Geologic Resources Inventory scoping meeting
for Little Bighorn Battlefield National Monument on May 18-19, 2005, to discuss
geologic resources, address the status of geologic mapping, and assess resource
management issues and needs. This section synthesizes the scoping results, in particular
those issues that may require attention from resource managers. Contact the Geologic

Resources Division for technical assistance.

Little Bighorn River

The Little Bighorn River forms the southwestern
boundary of the Custer Battlefield unit of Little Bighorn
Battlefield National Monument (figs. 1 and 3). Although
the Custer Battlefield unit is only 1.6 km (1 mi) wide from
north to south, the boundary with the Little Bighorn
River is three times this length because of stream
meanders (Bramblett and Zale 2002). The river also runs
near the western edge of the Reno-Benteen Battlefield
unit but does not overlap it.

The Little Bighorn River drains an area of about 3,370
km” (1,300 mi*), most of which—about 2,850 km* (1,100
mi”)—is part of the Crow Indian Reservation. The
headwaters of the Little Bighorn River are in the Wolf
Mountains of Wyoming. From its headwaters, the Little
Bighorn River flows swiftly and turbulently through a
narrow, 610-m- (2,000-ft-) deep canyon at the Montana-—
Wyoming state line. From the canyon to its junction with
the Bighorn River at Hardin, Montana, the Little Bighorn
River is a meandering stream bounded by terraces
(Moulder et al. 1960) (see “Landforms”). The increasing
sinuosity of the channel as it meanders downstream is a
reflection of the interaction between local gradient,
sediment particle size of the floodplain deposits, and the
conditions of riparian vegetation (Beschta 1998). A
gravel/cobble substrate comprises most of the Little
Bighorn River’s streambed. The coarser sediments
underlie finer textured soils associated with the
riverbanks and floodplains (Beschta 1998).

Flooding

Overbank flows (flooding) represent an important
floodplain function for low-gradient rivers such as the
Little Bighorn River. During periods of overbank flow,
significant detention storage of floodwaters can occur,
moisture levels of floodplain soils and underlying
aquifers are recharged, and fine sediments are deposited
on floodplain surfaces. Overbank flows are crucial for
the establishment and maintenance of riparian
vegetation and aquatic habitats (Beschta 1998).

As an indicator of flooding potential in southeastern
Montana, a record flood occurred on May 16-22, 1978.
Runoff from abnormally high rainfall, combined with
runoff from snowmelt, produced above-average stream
flows. Peak flows exceeded the previous peak of record
and also exceeded the computed 100-year-flood
frequency (Parrett et al. 1978). On May 20, 1978, flows at

the station on the Little Bighorn River near Hardin,
Montana, were 447 m’/s (15,800 ft’/s) (U.S. Geological
Survey 2011). The U.S. Geological Survey did not record
gage height at this station until 2004, although Parrett et
al. (1978) recorded a gage height of 3.41 m (11.19 ft) on
May 19, 1978, for 637 m’/s (22,500 ft3/s) of flow. Flood
stage is 2.4 m (8 ft). More recently, May 21-23, 2011, near
record precipitation resulted in a major flood that
inundated the Little Bighorn River valley. The
floodwaters drew many comparisons to the 1978 floods
(Thackeray 2011). The Little Bighorn River stream gage
near Hardin measured 3.51 m (11.51 ft) on May 23, 2011.
Discharge was 396 m’/s (14,000 ft*/s) (U.S. Geological
Survey 2011). The flood forced the closure of Interstate
90 and the national monument, and likely exceeded the
500 year floodplain (Melana Stichman, resource
manager, Little Bighorn Battlefield NM, written
communication, June 27, 2011). Erosion from the heavy
precipitation significantly damaged the Deep Ravine
Trail within the national monument (Friends of the Little
Bighorn Battlefield 2011).

Flooding can also occur as a result of ice jams during
high spring runoff. Ice jams cause flooding of low-lying
alluvial lands, which are chiefly pasture or woodland,
along the Little Bighorn River (Moulder et al. 1960).
Finally, during localized cloudbursts or thunderstorms,
flash flooding is possible in narrow coulees (David
Lopez, geologist/consultant, written communication,
March 17, 2011).

The primary concern regarding flooding at the national
monument is the potential loss of artifacts on the
floodplain and riverbanks of the Little Bighorn River;
this may require some type of stabilization to preserve
potential collection sites (National Park Service 2007).

Anthropogenic Disturbances

Based on interpretation of aerial photographs taken in
1939, most sections of the Little Bighorn River had a
sinuous, single-thread channel, with well-vegetated
riverbanks and floodplains at that time (Beschta 1998).
By the early 1960s, more than one-half (approximately
53%) of the 193 km (120 mi) of the main stem of the
Little Bighorn River had been modified via channel
relocation, riprap, channel clearing, and diking (Beschta
1998).
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In the immediate vicinity of Little Bighorn Battlefield
National Monument, a large portion of the meander belt
has been prevented from continued fluvial processes by
the construction of I-90 and the Burlington Northern
Railroad grade (Martin 2010) (fig. 3). In addition, on the
west side of the valley, the Little Bighorn River has been
diverted from its natural channel to an artificial channel
along the east side of the valley, about 3.2 km (2 mi)
above its confluence with the Bighorn River at Hardin
(Moulder et al. 1960).

According to Beschta (1998), the primary causes of
substantive changes in the Little Bighorn River channel
are (1) the widespread removal of streamside vegetation
for agricultural and grazing purposes, (2) continued
grazing of existing and reestablishing streamside
vegetation, and (3) disturbance of the riverbanks and
beds by bulldozer activity (in an attempt to increase
channel stability by constructing berms, which actually
increased the potential for long-term bank erosion,
sediment transport, and channel instability).

Fortunately for the preservation of fluvial processes
locally at Little Bighorn Battlefield National Monument,
the battlefield is composed of a relatively undisturbed,
mixed-grass, native prairie. The Custer Battlefield unit
has been protected from grazing since the battle in 1876
(Britten et al. 2007). The Reno-Benteen Battlefield unit
was partially fenced off in 1947, completely enclosed in
1954, and has subsequently self-restored to the pre-
grazing plant community (Timmons and Wheeler 2010).
Protection has resulted in particularly diverse riparian
areas within the national monument (Bock and Bock
2006). However, Bock and Bock (2006)—a survey of
vascular plants and birds of Little Bighorn Battlefield—
suggested that riparian areas within the national
monument could benefit from some active management,
namely the removal of two nonnative woody species—
honeysuckle (Lonicera tatarica) and Russian olive
(Eleagnus angustifolia)—and the nurturing and judicious
planting of native willow (Salix amygdaloides and

S. exigua). Plantings could perhaps coincide with areas
where significant channel adjustments have occurred.
Indicators that a channel has undergone adjustments
include (1) decreased width of the active channel; (2)
decreased channel sinuosity, which results in increased
local channel gradient; (3) sinuous, single-thread
channels becoming braided; (4) frequent changes in
channel form and location; (5) greatly accelerated
riverbank and floodplain erosion; (6) channel
downcutting; and (7) a general simplification of channel
morphology, decreased connectivity with floodplains,
and loss of instream habitat (Beschta 1998).

Channel Migration

Decreasing sinuosity (river straightening) of the Little
Bighorn River can increase stream power and, thereby,
the potential for accelerated streambed and riverbank
erosion (Beschta 1998). In the reach at Little Bighorn
Battlefield National Monument, however, the river has
been able to maintain a very sinuous and well-developed
meander pattern, despite losing a portion of the valley’s
width to infrastructure (see “Anthropogenic
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Disturbances”). The primary meander belt of this
segment of the Little Bighorn River has occupied the
river-right side of the valley since the time of the Battle of
the Little Bighorn (Martin 2010). The river continues to
rework the older deposits in the river valley, abandoning
established meanders and forming new ones. Evidence
of this ongoing process is readily apparent in satellite
imagery, aerial photos, and published maps, where
numerous meanders and oxbows are visible (Martin
2010) (figs. 3-5).

Although channel migration is predominantly a natural
phenomenon, this ongoing process has raised concern
for the preservation of cultural resources within the
national monument. On the length of the river that runs
along the boundary of the Custer Battlefield unit, there is
awell-developed meander that is very close to being
abandoned through channel migration (fig. 4). This
meander is the most upstream (farthest south) position
of the three distinctive meander loops currently along
the national monument’s boundary (fig. 3). The alluvial
deposit through which this meander is cutting likely
contains cultural artifacts that would be lost as a result of
channel migration (Martin 2010) and oxbow formation
(fig. 5).

In August 2010, an interdisciplinary team of natural
resource specialists, an archaeologist, and a hydrologist
from Little Bighorn Battlefield, Bighorn Canyon
National Recreation Area, and the NPS Water Resources
Division evaluated ongoing channel migration, the
presence of cultural material in the eroding alluvial
deposit, and the feasibility of various stabilization
treatments (Martin 2010). The team concluded that,
overall, the river displays the elements of a properly
functioning meandering stream. The observed erosion
and channel migration is predominantly a natural
process consistent with meandering river evolution.
Furthermore, a cursory reconnaissance of the site failed
to detect any cultural material on the surface or in the
eroding bank. Consequently, investigators saw no
compelling reason to undertake bank stabilization
treatments (Martin 2010).

Ultimately, the meander of interest will form an oxbow.
Oxbows are classic geomorphic features created as a
river migrates across its floodplain in closely looping
stream meanders. The piece of land left between the two
endpoints of the meander is the “ox’s neck” (figs. 4

and 5). Eventually, the stream will cut across the narrow
neck, abandoning the meander and creating an oxbow
lake. Over time, oxbow lakes (fig. 4) fill with sediment,
but oxbow scars remain apparent on the landscape. A
thorough inventory of oxbows in the vicinity of Little
Bighorn Battlefield National Monument has not been
conducted; however, comparison between the 1891 map
depiction, which shows past oxbow lakes, and recent
aerial photographs, which show oxbow scars, illustrates
the continuation of this process over time (fig. 3).

The national monument may want to consider an
inventory of oxbows and other channel migration
features. Such an inventory could provide more



information about how the river morphology has
changed following the 1876 battle, and perhaps even
over a longer timescale (Pleistocene or Holocene).
Remapping of the river channel, or comparison of aerial
photographs following the 2011 flooding could provide
information regarding the record flood’s impact on river
morphology.

Lord et al. (2009) provided an overview of river and
stream dynamics, described potential stressors that may
lead to channel instability, and provided guidelines and
methodologies for monitoring streams and rivers. Their
“vital signs” and monitoring methods include

(1) watershed landscape, (2) hydrology, (3) sediment
transport, (4) channel cross section, (5) channel plan
form, and (6) channel longitudinal profile. This
information might assist national monument staff in their
resource management efforts along the Little Bighorn
River.

Erosion

Upper Cretaceous (99.6 million to 65.5 million years ago)
bedrock units, specifically the Judith River (Kjr) and
Bearpaw (Kb) formations, underlie the broad alluvial
valley of the Little Bighorn River and Little Bighorn
Battlefield National Monument. These rocks are
sandstone interbedded with shale (Kjr) and shale
interbedded with sandstone (Kb). In general, shale gives
rise to broad flats, while more resistant sandstone forms
steep slopes (Thom et al. 1935). The resultant landscape
is a series of dissected ridges that sit relatively high above
the river valley (see “Landforms”).

Piping and Sheet Flow

The composition of shale (i.e., clay, silt, or mud) and
sandstone (i.e., sand in a matrix of silt or clay) results in a
landscape that is highly erodible and especially
susceptible to hydraulic piping (Martin 2010) (fig. 6).
Piping causes the formation of narrow conduits, tunnels,
or “pipes” through which soluble or granular soil
material is removed (Neuendorf et al. 2005). Piping is a
major management issue in anthropogenic areas such as
earthen dams and raised roads (Pete Biggam, soil
scientist, NPS Soils Program, e-mail communication,
February 23, 2007). Piping can also occur in natural
settings, typically when sheetwash erosion starts to
concentrate into rill erosion, entering a soil through
cracks, animal burrows, fence-post holes, or excavations,
and eventually moving through the subsurface to an exit
point (Pete Biggam, soil scientist, NPS Soils Program, e-
mail communication, February 23, 2007). Following the
precipitation of May 2011, one of the sediment pipes in
the park created a sink hole approximately 20 m (66 ft)
wide, 100 m (330 ft) long, and up to 15 m (49 ft) deep.
(Chris Finley, archeologist, Bighorn Canyon National
Recreation Area, email correspondence, May 28, 2011).

The primary agent of erosion across the Little Bighorn
landscape is sheet flow. Sheet flow—the movement of
water across a sloping surface—causes sheet erosion,
which is also referred to as “sheetwash,” “slope wash,” or
“surface wash.” Sheet flow is the even removal of thin

layers of surface material from an extensive area of gently
sloping land. Broad continuous sheets of running water,
rather than streams flowing in well-defined channels, are
the agents of erosion (Neuendorf et al. 2005). However,
sheet flow can grade into channelized flow as the water
movement becomes progressively more concentrated
into particular down-slope routes, such as coulees. For
this reason, the distinction between “sheet flow” and
“channelized flow” is sometimes indefinite (Summerfield
1991).

These two processes—sheet flow and piping—can
dramatically degrade upland soils (Martin 2010). Once
soil piping begins, it is very difficult to alleviate (Martin
2010). Consequently, during a geomorphic evaluation of
channel migration at Little Bighorn Battlefield National
Monument, investigators recommended “careful
management of the uplands,” especially those areas
adjacent to the river valley (Martin 2010, p. 8). A soil
resources inventory and database for the park was
completed by National Park Service (2006).

Management of Erosion

Although active management at Little Bighorn Battlefield
discourages activities that denude slopes of anchoring
vegetation and compromise soil structure, staff members
at Little Bighorn have noticed an increase in “social
trails,” primarily in areas where no maintained trails
exist, such as on Last Stand Hill (National Park Service
2007). This impact is especially apparent surrounding the
Indian Memorial, 7th Cavalry Memorial, 7th Cavalry
Horse Cemetery, and the Crazy Horse/Keogh Trail
(National Park Service 2007). Several social trails also
have developed near small pull-offs along Battlefield
Road. Even with the dense grass coverage, these trails
form quite rapidly and begin to attract others to walk on
them (National Park Service 2007).

Recent improvements to the trail system at Deep Ravine
indicate that there is a correlation between improved
trails and a decrease in the formation of social trails.
Since the new trail system at Deep Ravine opened, the
proliferation of social trails has “decreased dramatically”
(National Park Service 2007). Short of improving all trail
systems, however, park managers are addressing the
problem by developing revegetation projects to
reintroduce native “prickly” species such as yucca and
cactus, in accordance with the national monument’s
resources management plan (National Park Service
2007). These methods will help to minimize both
shortcutting and the continued use of unauthorized trails
(National Park Service 2007). Bock and Bock (2006, p.
28) commended the National Park Service at Little
Bighorn for “the re-working of visitor movement
patterns and the excellent trail relocation, along with
appropriate enforcement to keep visitors on the trails.”

Another erosion-related issue at the national monument
is the occurrence of headcuts in Deep Ravine (Martin
2010) (fig. 7). Deep Ravine is an important part of the
historic landscape and likely contains cultural material
(Staff, Little Bighorn Battlefield National Monument,
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personal communication in Martin 2010, p. 8).
According to Martin (2010), the small headcuts—vertical
faces or drops on the bed of a stream channel, in this case
an intermittent stream, occurring at a knickpoint (break
in the slope)—occurring in Deep Ravine could probably
be stabilized fairly easily with hand labor, and are
probably worthy of some form of treatment. Because this
is a less dynamic environment than an active stream
channel, there is a relatively high chance of success
(Martin 2010). Deep Ravine Trail was significantly
impacted by erosion associated with May 2011
precipitation (fig. 8) (Friends of Little Bighorn Battlefield
2011). As of June 2011, significant erosion continues at
Deep Ravine. Additional landslides and erosion issues
are also impacting steep slopes throughout the park,
particularly within the Reno-Benteen unit and along the
river bluffs of the Custer Battlefield unit (Melana
Stichman, resource manager, Little Bighorn Battlefield
National Monument, written communication, June 27,
2011).

Energy Development

Montana is rich in fossil fuels, and coal-fired power
plants dominate Montana’s electricity market (Energy
Information Administration 2010). There are five plants
currently operating in Montana, all of which are
relatively near Little Bighorn Battlefield National
Monument. Approximately 21 km (13 mi) from the
national monument, Hardin Generator Project is the
closest plant and has a 116-meagwatt capacity.
Approximately 108 km (67 mi) from Little Bighorn
Battlefield National Monument, the Colstrip plant has
the greatest capacity at 2,094 megawatts (PPL
Corporation 2010a). The J. E. Corette plant near Billings,
97 km (60 mi) from the national monument, has a 154-
megawatt capacity (PPL Corporation 2010b). Two
stations for the Montana-Dakota Utilities also produce
coal-generated energy within the state: Lewis and Clark
(57 megawatts) in Colstrip, and Glendive Generating (84
megawatts) in Glendive, approximately 331 km (206 mi)
from the national monument.

The primary concern with energy development for Little
Bighorn Battlefield National Monument is the protection
of resources (soils, vegetation, and water) (National
Parks Conservation Association 2003). Emissions from
coal-fired power plants are principally an issue for air
quality. The National Park Service addresses the effect of
pollutants on vegetation in the invasive plant
management plan for Little Bighorn Battlefield National
Monument (in draft form as of June 2011; Melana
Stichman, resource manager, Little Bighorn Battlefield
National Monument, written communication, June 27,
2011) . Moreover, the U.S. Geological Survey monitors
air-quality conditions at Little Bighorn Battlefield
National Monument as part of the National Atmospheric
Deposition Program (NADP).

However, the use of coal for energy is also a geologic
issue with respect to sources of coal and locations of
mines. The primary source of the coal used in Montana’s
coal-fired power plants is the Paleocene (65.5 million to
55.8 million years ago) Fort Union Formation of the
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Powder River Basin. This formation crops out
approximately 24 km (15 mi) east of Little Bighorn
Battlefield National Monument. The beds of Parkman
Sandstone (Kjp), Bearpaw Formation (Kb), and Lance
Formation (Kl), shown on the digital geologic map and
known to be coal-bearing formations elsewhere, do not
host coal in the vicinity of the national monument.

Land Use and Development

The primary concern for development within and
adjacent to Little Bighorn Battlefield National
Monument is that contemporary structures and
roadways threaten the battlefield’s historic character and
viewshed. Although many of the primary views retain
near-historic authenticity, modern transportation
development—road grading, parking lots, and vehicular
movement across the site—disrupts the historic scene
(Timmons and Wheeler 2010).

In addition, land-use changes and development can
disrupt geologic features and processes. Construction
and associated ground-disturbing activities can result in
increased erosion, runoff, and sedimentation into fluvial
systems; exacerbated eolian processes (e.g., dust storms);
soil compaction; and the formation of ruts. Resistance to
compaction in the soils at Little Bighorn Battlefield is low
(i.e., the soils have one or more features that favor the
formation of a compacted layer), and the susceptibility to
rut formation is severe (i.e., ruts form readily) (National
Park Service 2006; Natural Resources Conservation
Service 2008). Soil compaction reduces vegetation and
increases runoff, potentially changing species
characterization. Soil ruts restrict the movement of
water, robbing the surrounding areas of moisture they
would otherwise receive. Additionally, construction in
floodplains (e.g., buildings and bridges) can impact
fluvial processes (see “Little Bighorn River”). Also,
improved road access can increase the threat to (and loss
of) resources such as fossils (see “Paleontological
Resources”) as a result of erosion and theft.

Notable development within Little Bighorn Battlefield
National Monument includes road construction, which
created a major cut slope near Weir Point in 1938-1940
(fig. 9), and leveling a portion of Reno Hill for a parking
lot. According to Timmons and Wheeler (2010)—the
national monument’s cultural landscapes inventory—a
rather heavy-handed approach to road building was seen
frequently during an era not yet enlightened to sensitive
treatment of historic landscapes. Development at this
time degraded several primary landforms/landscape
features, including the original contours of Last Stand
Hill, the demolition of several smaller hillocks along
Battle Ridge, the re-alignment of Medicine Tail Ford
from its 1876 channel, a major road cut at Weir Point,
and the flattening of significant landforms near the
Reno-Benteen Memorial (Timmons and Wheeler 2010)
(fig. 9).

Despite an incre