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Abstract

This state-of-knowledge review provides a synthesis of the effects of fire on cultural resources, which can be used
by fire managers, cultural resource (CR) specialists, and archaeologists to more effectively manage wildland vegeta-
tion, fuels, and fire. The goal of the volume is twofold: (1) to provide cultural resource/archaeological professionals
and policy makers with a primer on fuels, fire behavior, and fire effects to enable them to work more effectively with
the fire management community to protect resources during fuels treatment and restoration projects and wildfire
suppression activities; and (2) to provide fire and land management professionals and policy makers with a greater
understanding of the value of cultural resource protection and the methods available to evaluate and mitigate risks
to CR. The synthesis provides a conceptual fire effects framework for planning, managing, and modeling fire effects
(chapterl) and a primer on fire and fuel processes and fire effects prediction modeling (chapter 2). A synthesis of the
effects of fire on various cultural resource materials is provided for ceramics (chapter 3), lithics (chapter 4), rock art
(chapter 5), historic-period artifacts/materials (chapter 6), and below-ground features (chapter 7). Chapter 8 discusses
the importance of cultural landscapes to indigenous peoples and emphasizes the need to actively involve native
people in the development of collaborative management plans. The use and practical implications of this synthesis
are the subject of the final chapter (chapter 9).
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knowledge (TKE), cultural landscapes
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Summary

Cultural resources refer to the physical evidence of human occupations that
cultural resource specialists and archaeologists use to reconstruct the past. This
includes the objects, locations, and landscapes that play a significant role in the
history or cultural traditions of a group of people. Cultural resources include artifacts
of historical significance left by prehistoric aboriginal peoples . Archaeological con-
stituents, the basic units of archaeological analysis, consist of artifacts and features.
Artifacts include carved objects, pottery and ceramics, flaked and ground stones,
faunal and floral remains, glass, and metal. Features include earthen works, rock
art(e.g., petroglyphs and pictographs), midden soils, and structures (e.g., buildings,
monuments, etc.). Cultural resources are at risk of being damaged by wildfires as
well as active natural resource management. In Canada and the United States,
managers have legal requirements to protect cultural resources during fuels treat-
ments, restoration activities, wildfire suppression, and post-fire rehabilitation. The
successfulimplementation of prescribed burning and wildfire suppressionin cultural
resources sensitive areas requires integration of cultural resources and wildland
fire science. Knowledge of the local archaeology, artifact materials, site types, and
context is essential to minimizing the negative impacts of all management activities.
Likewise, understanding fuels, fire behavior, and heat transfer mechanisms is key
to predicting, managing, and monitoring the effects of fire on cultural resources.
This volume of the “Rainbow Series” synthesizes the relationships between fire and
cultural resources. It presents the reader with the context of contemporary fire use
and how these fire management tactics may affect prehistoric and historic cultural
resources. It synthesizes the impacts of fire and fire management on various types
of cultural resources and identifies management strategies to minimize negative
impacts on cultural resources.

Chapter 1 provides basic definitions of wildland fire, the categories of cultural
resources (including basic operational definitions), and the legal framework for both
the United States and Canada for resource protection. It provides a framework
for classifying fire effects by direct versus indirect effects into First-Order (fire-
caused changes), Second-Order (post-fire biophysical changes), and Third-Order
(human actions/reactions). Chapter 2 provides an overview of the various spatial
and temporal scales of fire analysis and their relationship to the effects on cultural
resources. It includes a primer on the biophysical processes that couples fuels and
fire behavior to the observable effects on cultural resource types, and identifies a




number of fire behavior and effects models useful for fire planning and prescription
development. Chapter 3 summarizes fire effects on prehistoric ceramics—which
in North America are primarily earthenware, a porous ceramic, fired at a relatively
low temperature—including the direct effects of heating and sooting on the visual
and physical characteristics that affect archaeological dating and sourcing as well
as the indirect effects on the depositional environment and its impact on interpre-
tation. Chapter 4 describes common lithic artifacts, including flaked and ground
stone objects, and the effects of fire on archaeological interpretation including
obsidian hydration, thermoluminesence, and archaeo-magnetic dating. Chapter 5
describes the effects of fire and fire management on petroglyphs and pictographs
(rock art) and the significance of these resources in understanding the history and
culture of the site. Chapter 6 describes historical sites and artifacts in the context
of their material makeup, their susceptibility to fire, and the types of fire damage. It
also stresses the need to move beyond describing historic resources solely on the
basis of their material properties and physical boundaries, but to asses them in the
context of the landscape in which they occur. Chapter 7 focuses on the effects of
fire on subsurface archeological deposits: the matrix containing post-depositional
fill, artifacts, ecofactual data, dating samples, and other cultural and non-cultural
materials. In order to provide a context for understanding these data, this chapter
provides a summary of previous research about the potential effects of fire on
subsurface cultural materials. Chapter 8 describes the significance of wildland fire
and fire management to contemporary communities and provides a clear distinc-
tion between the definitions of tangible and intangible resource components. It also
challenges us to go beyond the tangible materials science and regulatory compli-
ance measures of cultural resources and begin to integrate the formal, historical,
and relational aspects of landscapes into planning and management of cultural
resources. It emphasizes the need to develop and implement programs that are
integral to the landscape through consultation with affected communities. Finally,
chapter 9 presents a framework for integrating cultural resource and wildland fire
management, provides practical applications for situations mentioned throughout
the text, and clearly defines management roles in fire situations. It also elaborates
on the process of identification, evaluation (documentation), and mitigation in both
planned (prescribed) and unplanned (wildland) fire situations.
— The Editors
July 2007
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Chapter 1.

Effects of Fire on Cultural
Resources—Introduction

The world’s diverse cultures have their varying
creation stories (Moyers and Campbell 1988; UGA
2000). Many of these stories contain physical fea-
tures: the mountains, hills, plains, and rivers of their
native lands that are integral components of cultural
traditions (Berkes and others 2000; Goetcheus
2002; King 2003; Martin 2002; Parker 1993; Parker
and King 1990; Smythe and York 2009; Stoffle and
others 1997). Fire figures prominently in the tradi-
tions of most cultures, both in their beliefs and their
practices (Lewis and Ferguson 1988; Stewart 2002;
Williams 2001, http://www.wildlandfire.com/docs/
biblio_indianfire.htm). Before modern civilizations
developed, early civilizations existed for millennia
sometimes in urban settings, sometimes in pastoral
or agrarian settings, and sometimes in hunter-
gather settings, but always in close association with
fire as a fuel for light, warmth, cooking/food preserva-
tion, security, and industry (Arnold 1961; Brown and
others 2009; de Lumley 2006; Gowlett 2006, 2010;
James 1989; Webb and Domanski 2009). Indeed, it
is argued that before there were hunter-gatherers
there were gatherers. Human physiology and anatomy
suggest that mastery of fire must have predated
specialized hunting (Sussman and Hart 2008). To
early cultures, control and use of fire increased their
survival through manipulation of habitats to promote
desired foods, materials, and medicines. For millennia,

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 3. 2012

bands ofhunter-gatherersroamed theland following the
rhythms of the seasons—ripening of plant resources
and animal migrations. The advent of agriculture
roughly 8,000 years ago is widely understood to have
caused major changes in land use (c.f., Diamond 1997,
2005; Thomas 1956). In recent years there has been
considerable debate as to therole of aboriginal peoplein
altering the landscape (c.f., Boyd 1999; Denevan 1992;
Stewart 2002; Vale 2002). It is, however, increasingly
understood that those who came before us—whether
hunter-gatherer or agricultural-urban dweller—have
been major agents ofland change through their burning
practices (Abrams and Nowacki 2008; Fesenmeyer and
Christensen 2010; Nowacki and Abrams 2008; Scharf
2010a,b; Springer and others 2010; Thomas 1956). It
is becoming increasingly apparent that the combined
effects of agriculture and fire have affected not only the
vegetation but also atmosphere and climate (Carcaillet
and others 2002; Ruddiman 2003, 2007). Thus, fire
and culture are inexorably intertwined, all part of the
human experience. We are a fire people and this is a
fire planet (Pyne 1982, 1995, 2001, 2004).

.. scholars have wasted (in my view) too much time
and effort on a science versus traditional knowledge
debate; we should reframe it instead as a science and
traditional knowledge dialog and partnership. (Fikret
Berkes 2009)



Aboriginal people adapted their tools and fire use
to meet the needs of their environment. The details of
fire use by various Native people are beyond the scope
of this volume. Readers are directed to the archaeo-
logical libraries for exploration of those relationships.
However, cultural resource management in fire prone
environments requires knowledge both of the people
who inhabited those lands, historic fire regimes, and
current fire activity (fig. 1-1).

Knowledge about the role of fire in the earth’s
vegetation-climate system and of people’s use of fire
for a variety of cultural purposes has grown tremen-
dously in the past two decades. Much of this new knowl-
edge stems from the innate desire to understand our
origins and more recently from the quest for greater
understanding of climate change science and feedback
mechanisms within the climate system, including the
role humans have played in affecting vegetation and
climate (Brown and others 2009; Carcaillet and oth-
ers 2002; Ruddiman 2003, 2007). The recognition of
fire’s integral role in the maintenance of many “fire
dependent” plant communities (Brown and Smith
2002) and the development of healthy landscapes
has also fueled recent research, and led to greater un-
derstanding. The preponderance of evidence suggests
that the role and use of fire in the United States and
Canada have changed markedly since Pre-Columbian
times (Abrams and Nowacki 2008; Fesenmeyer and
Christensen 2010; Nowacki and Abrams 2008; Scharf
2010a,b; Springer and others 2010; chapter 2; and
many others). The 20" century—the era of wide spread
cessation of aboriginal burning practices, landscape
fragmentation and fire suppression—is the most
recent human influence on fire as a natural process
in the development of vegetation. The area burned
declined for decades in the 20" century (Agee 1993;
Leenhouts 1998) but has been increasing since about
1970 (Agee 1993; Westerling and others 2006) (fig. 1-2).
With this increase in area burned comes an increased
risk of damage to cultural resources. Further, public
concern for the impacts of increasingly large (fig. 1-2),
damaging, and costly fires has led to greater emphasis
on fire management programs, particularly fire use.
Wildfires, as well as suppression efforts, hazardous
fuels treatments, and post-fire restoration projects all
differentially pose arisk to cultural resources (mechani-
cally, chemically, functionally, and aesthetically).

Cultural Resources

What are cultural resources and why should we be
concerned about protecting them during fire manage-
ment activities? Cultural resources are material and
non-material items that represent physical and spiri-
tual presence and practices of society throughout

its development. Cultural resources are important
resources that bind those of us living today with our
ancestors, traditions, and histories. They are generally
viewed as non-renewable resources. They are often
fragile tangible objects susceptible to thermal damage
during wildland fires (wildfires and prescribed fires),
and physical damage from management-related dis-
turbances. Others, in particular indigenous peoples,
view cultural resources as encompassing all the ele-
ments of the environment that sustain culture. From
this perspective, living organisms (plants, animals,
fungi, etc.) and the condition of sites or areas are con-
sidered as potential cultural resources. Ethics argue
that cultural resources should be protected for their
value to this and future generations, and they are
protected by numerous laws. Discussion of the many
laws is beyond the scope of this review. A primer on
the important laws for the United States and Canada
may be found at http:/www.nps.gov/history/laws.htm
and http://www.pc.gc.ca/eng/docs/r/pfa-fap/index.aspx,
respectively. Specific laws will be mentioned as needed
by the chapter authors.

In the United States, cultural resources generally
fall into three types:

1. Prehistoric—As defined in the 1979 Archaeologi-
cal Resources Protection Act (ARPA), the term
“archaeological resources” means “Any material
remains of past human life or activities which are
of archaeological interest...” and include human
remains; burial sites; weapons, tools, vessels
(baskets, ceramics, etc.); lithic scatters; milling
and quarry sites; refuse or debris piles; middens;
rock shelters; temporary camp sites; house, vil-
lage, ceremonial sites; and sacred places.

2. Historic—As defined in the 1976 National
Historic Preservation Act, “historic” includes
buildings (cabins, houses, barns, businesses,
churches); settlements; improvements (corrals,
water works), sites of important events (e.g.,
battlegrounds, treaties); passageways (canals,
trails, roads, railroads, tunnels); refuse piles;
cemeteries; distinct districts or communities; and
unique landscaping, architecture or construction.

3. Contemporary—National Register of Historic
Places has guidelines and procedures for deter-
mining places that qualify for inclusion. These
include traditional cultural properties (Parker
and King 1993); locations of important events;
traditional resource collection locations; religious
or spiritual sites; sacred places; sites with valued
vistas; recreation sites; and cemeteries.

Similar criteria apply in the Canadian Provinces with
local variations.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 3. 2012
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Figure 1-2—Observed and reconstructed area-burned comparison. Time series of observed total wildfire area burned for 11
western U.S. States for the period 1916—-2009 (bars, adjusted for area reporting bias) (from Littell and others 2009).
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The term “cultural resource” is used throughout this
volume because it is the common vernacular used by
Federal or State/Provincial land management agencies
in the United States or Canada, respectively. Other
organizations, governmental bodies, and individuals
alsousethe terms “heritage resources” or “archaeologi-
cal resources.” The three terms—cultural resources,
heritageresources, and archaeological resources —may
have some uniquelegal implications but from a fire and
materials effect perspective they areindistinguishable
and are synonymous herein unless specifically noted
by an author.

From an ecological perspective, fire is a process
necessary for the maintenance of viable populations
of many species because of its direct effects, as well
as the creation of landscape mosaic of essential habi-
tat conditions (Brown and Smith 2002; Smith 2000).
Although fire is a vital ecological process, the histori-
cal archaeological record of many tribes’ cultural and
social achievements is increasingly threatened by
recent increases in fire intensity, frequency, size, and
subsequent management activities.

Pre-historically, landscapes typically experienced
systematicfire returnintervals and fires were routinely
setbyindigenous people worldwide for various reasons
(Denevan 1992; Kay and Simmons 2002; chapter 2).
Research has documented the wide ranging use of fire
by Native Americans to manipulate the landscape,
prepare open areas to plant crops, and increase forage
for roaming megafauna, such as buffalo, elk, and deer
(Stewart 2002; Williams 2000). In both written and
oral histories of many tribes, fire is spoken of as an
instrument in bringing in animals and new growth,
thus helpingtoincrease food availability and economic
security.

Indigenous people’s detailed traditional knowledge
about fire, although supertficially referenced in various
writings, has not for the most part been analyzed in
detail or simulated by resource managers, wildlife
biologists, and ecologists...Instead, scientists have
developed the principles and theories of fire ecology,
fire behavior and effects models, and concepts of
conservation, wildlife management, and ecosystem
management largely independent of native examples.
(in Stewart 2002:4)

Studying ancient cultures and their practices may
help to identify fire use tactics and recognize pres-
ervation techniques of both tangible and intangible
resources that have stood the test of time. Only by
looking to the past, can we truly prepare for the future
by ensuring that history does not repeat itself through
catastrophic events that could be prevented. Thus, the
study oftraditional cultural knowledge and its integra-
tionintoland and resource managementisincreasingly
recognized as a valuable contribution (Berkes 2009;
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Berkes and others 2000; Kimmerer and Lake 2001,
2007). Current research has also shown a close link
between the frequency and intensity of anthropogenic
and lightning caused fires and the amount of woody
fuel accumulation. For example, in long-needled
coniferous forest, particularlyin the southeastern and
western United States, these frequently recurring fires
thinned out the trees, pruned the survivors, and kept
fuel load low, leading to open grasslands and park-like
tree stands (Brown and Smith 2002).

In 1905, the United States Congress created the
United States Forest Service (USFS). Several large
fires early in the century put fire suppression in the
forefront of Forest Service fire management. Following
severe fires in Idaho and Montana, the Chief of the
Forest Service established in 1935, a “10 a.m.” policy
(http://www.fs.fed.us/fire/people/aboutus.html). The
goal of the 10 a.m. policy was to plan and manage each
fire so as to control the fire by 10 a.m. of the next day
(Pyne 1982). The 10 a.m. policy became the dominant
strategy during much of the rest of the 20™ century.
Although somewhat less aggressively due to limited
resources, other State and Federal agencies also at-
tempted to implement this strategy. In a parallel way,
Canadian managers sought to limit fire in much of
Canada. This effort across North America effectively
lengthened the fire return interval and fostered the
accumulation of fuels for many forests, woodlands,
shrublands, and grasslands. The results of this fire
exclusion policy unwittingly led to hazardous fuel
levels, fires of ever increasing size and severity, and
a general decline in ecosystem health (Kaufmann and
others 2004; Keane and others 2002).

Although the attempted exclusion of fire was debated
throughout the 1940s and 1950s, particularly in the
academic literature, it was the dominant philosophy.
In 1963, the Leopold Committee issued its report to
the U.S. National Park Service regarding wildfire
management issues (Leopold Report, http:/www.
nps.gov/history/history/online_books/leopold/leopold.
htm). This report identified the importance of fire in
restoring and maintaining habitat for several species.
Throughout the 1970s and 1980s, research continued
to define the importance of fire in ecosystems and the
Congress passed several environmental and cultural
resource protection laws.

The 1960s and 1970s began a period of transition
in fire policy. Sequoia-Kings Canyon National Park
in California created the first prescribed natural fire
program in 1968 (Stephens and Ruth 2005). In
1977, the Forest Service changed their fire policy to
emphasize a balanced fire control program, provide
for natural and planned prescribed fires, and to in-
corporate fire planning into the land management
planning process (Nelson 1979). Forest managers, on
the other hand, were fighting a battle against fire



and major fuel accumulation from over half-a-century
of suppression efforts on Federal, tribal, and private
lands (Nelson 1979; Stephens and Ruth 2005). [t wasn’t
until years later after several catastrophic fire events
that the Federal Wildland Fire Management Policy
was adopted in 1995 (amended in 2001). The Policy,
its 2001 revision, the 2003 Healthy Forests Restora-
tion Act, and the sequence of costly fire seasons that
spurred these developments made it clear that fuels
reduction would remain the driving issue in forest
management in the United States for the foreseeable
future (Franklin and Agee 2003). Finally, fire man-
agement included more agencies than just the Forest
Service; the National Park Service, Bureau of Indian
Affairs, Bureau of Land Management, United States
Fish and Wildlife Service, and the National Biologi-
cal Service all became active participants under the
Federal Wildland Fire Management Policy. Addition-
ally, non-governmental organizations (NGOs)(e.g. The
Nature Conservancy) developed national, regional, and
local programs to address the need for increased fire
use for protection of lives, property, and to promote
resource benefits (fire@tnc.org).

Under this new policy, managers are expected to
reintroduce fire on millions of acres per year to reduce
hazardous levels of fuel throughout the landscape and
create healthy ecosystems with fire-adapted species.
The central message embedded in this policy shift
is that the foregoing century of fire suppression and
other management practices have disrupted the bal-
ance between land and resource use and have also
changed people’s sense of place and their reliance on
public and tribal lands for their livelihood (see Karjala
and Dewhurst 2003; Moseley and Toth 2004). It is
ironic that, in many cases, frequent past burning may
have helped preserve artifacts in the cultural context,
while today’s wildland fires and prescribed burns are
impacting and destroying the artifacts and evidence
of their cultural significance.

Legal Protection

The Federal/Provincial, tribal/First Nations, and
local governments in the United States and Canada
have played a major role in determining the legal pro-
tections given to the many different classes of cultural
resources. Cultural resource specialists, with the help
of local communities, can interpret and apply these
legal protections using standards recognized in both
the United States and Canada. Tribal governments’
primary role in the creation of legal protection for
cultural resources is to be consulted by government
officials for establishing proper means of protection,
conservation or mitigation (for the United States see
E.0.13175: Consultation and Coordination with Indian
Tribal Governments). The United States Congress

passed the National Historic Preservation Act (NHPA)
in 1966. Although not the first Federal historic pres-
ervation law in the United States, the NHPA, unlike
earlier legislation, such as the Antiquities Act (1906),
Historic Sites Act (1935), and Reservoir Salvage Act
(1960), very specifically defined what forms cultural
resources can take and criteria by which their signifi-
cance is measured (King 2008; National Park Service
2006).

Section 101 of the NHPA authorized creation of a
National Register of Historic Places (NRHP), the official
list of significant cultural resourcesin the United States
worthy of preservation. The NRHP includes criteria to
evaluate properties for the National Register (http:/
www.achp.gov/nrcriteria.html). These consist of the
following:

The quality of significance in American history,
architecture, archaeology, engineering, and culture
is present in districts, sites, buildings, structures,
and objects that possess integrity of location, de-
sign, setting, materials, workmanship, feeling, and
association and

(a) that are associated with events that have
made a significant contribution to the broad
patterns of our history; or

(b) that are associated with the lives of persons
significant in our past; or

(c) that embody distinctive characteristics of a
type, period, or method of construction, or that
represent the work of a master, or that possess
high artisticvalues, or that represent a significant
and distinguishable entity whose components
may lack individual distinction; or

(d) that have yielded, or may be likely to yield,
information important in prehistory or history.

Tobecome a historic property, a cultural resource must
satisfy several requirements:

e (lassifiable as a site, building, structure, object,
or district (aggregates of one or more of these
categories) (table 1-1);

e Except under unique circumstances, achieved
significance 50 or more years ago;

e Assigned definitive geographic boundaries;

e Meet one or more of four NRHP criteria for
evaluation;

¢ Possess and exhibit integrity of location, design,
setting, materials, workmanship, feeling, and
association.

Section 106 of the NHPA requires U.S. federal
agencies to take into account the effects of their
management actions on historic properties. Simply
put, without a historic property designation, a po-
tential cultural resource is not provided assurances
by Federal policy as an important cultural resource,

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 3. 2012



Sidebar 1-1—La Mesa Fire Study

La Mesa Fire, Bandelier National Monument, New Mexico, June 16—22, 1977
References: Traylor and others (1990)

General Information

e Elevation: 1,981.2 to 2,743.2 m (6,500 to 9,600 ft)

e Vegetation: 75% ponderosa pine or spruce fir and aspen forest; 25% pinyon-juniper
e Topography: canyons, drainages and mesas

e Type of study: post-fire qualitative analysis of surface materials

Fire Description

e Temperature range: temperature not recorded but may have reached a maximum of 800
°C (1472 °F). Estimated temperature of top 2 inches (5.1 em) of soil: well below 100 °C
(212 °F) with maximum temperature. Fire sustained for 10 to 15 minutes.

e Duration: 7 days

¢ Relative humidity: 8 to 25%

e Fuel: variable

e Type of fire: wildland

¢ Energy release component (ERC): 74 to 80

¢ Burning index (BI): 60 to 104

The La Mesa Fire study in Bandelier National Monument was the first major post-fire
investigation of fire effects on heritage resources. The La Mesa Fire started June 16, 1977,
and burned uncontrolled for 7 days. This was a high intensity wildfire, burning more than
60 km?2 (15,000 acres) of forest and pinyon-juniper woodland. It was the first burn in which
archaeologists were enlisted to help firefighters avoid damage to archaeological sites.

After the fire, archaeologists surveyed handlines and bulldozer lines to record site dis-
turbances caus