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INTRODUCTION
The Forest Service is proposing to continue nationwide application of fire retardant to
fight fires and is conducting an environmental analysis as part of the preparation of an
EIS for the proposed action. The analysis will determine if continued nationwide aerial
application of fire retardant to fight fires would result in any significant environmental
impacts within the meaning of the National Environmental Policy Act (NEPA) of 1969.
Activities associated with the application of fire retardant are subject to the regulations
outlined in Section 106 of the National Historic Preservation Act (NHPA) of 1966, as
amended, and as promulgated by 36 CFR 800, to address effects to cultural resources.
Additional general information about the aerial application of fire retardant can be found
in the environmental impact statement. The following specialist report is an assessment
of the potential for the aerial application of fire retardant to affect the character and
integrity of historic properties.
This report was initially prepared for the environmental assessment in 2007. It has been
amended by the lead author of that report (Reed et al. 2007) to incorporate the
consideration of effects on sacred sites, and revised to update the report with new
information regarding the accumulating numbers of historic properties identified on NFS
lands.
In this assessment it is clear that we are dealing with many unknowns and our
conclusions are based primarily on analogous situations and anecdotal evidence. In the
final assessment we conclude that the use of aerial applications of fire retardant in a fire
fighting effort is, in general, far preferable to the loss of historic properties but that
applications of fire retardant directly on historic properties should only be considered as
a last resort.
It is important to remember that while the effects of the aerial application of fire
retardant may be preferable to the potential damages that may be caused to certain
artifact and site types, there will be those cases where the nature and location of historic
properties or sacred sites, will argue in favor of letting the fire burn over the property.
Because the nature of specific resources is critical to the decision to use aerial
applications of fire retardant, these decisions are necessarily site specific and the
potential effects cannot be generalized across all situations.
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AFFECTED ENVIRONMENT
Cultural resources (including all resources variously referred to as cultural, historical,
archaeological, ethnographic, tribal or traditional, and sacred sites) represent past human
activities or uses and, by their nature, are considered an irreplaceable and nonrenewable
resource if not managed for preservation over the long term. Because they represent
important cultural values, they are of special concern to the public in general, and of
great concern to specific ethic groups. Interest in our heritage and concern over the
destruction of cultural resources has prompted the passage of national, state, and local
levels of legislation designed to promote and protect these examples of our nation's
historical and traditional cultural legacy.
As manager of almost 200 million acres of public land, the National Forest System is
entrusted with the stewardship of a large share of the nation's historical and cultural
heritage. National Forests contain many of the nation's best preserved heritage sites in
some of the least disturbed natural settings with over 380,000 sites currently inventoried
on NFS lands. Conservative estimates of the number of archaeological and historic
properties that may exist on FS holdings range from 1.5 to 2.0 million. The FS currently
has more than 3,300 listings on the National Register of Historic Places (NRHP), at least
19 National Historic Landmarks (NHL), and 1 identified site with potential for listing as
a World Heritage site.
The national forests reflect the history of the United States, and preservation efforts
across the agency benefit all Americans. Cultural resources on the Nation's national
forests represent a diversity of cultures and their uses of landscapes. Virtually all types
of cultural sites are present on NFS lands and represent at least 12,000 years of human
history. Known prehistoric sites include hunting camps, cliff dwellings, pit house
villages, trails, rock art, burial mounds, to name just a few. Historic period sites such as
emigrant trails, homesteads, and railroad grades illustrate the westward movement;· and
conflicts between settlers and the Indians have left evidence in the form of battlegrounds
and forts. Mining-related properties such as charcoal kilns, iron and coke furnaces, ghost
towns, and patterned tailings tell the story of boom and bust mining towns, the search for
gold in the west, and relations between Anglo and Chinese miners. In the east, Civil War
battlefields and Great Lakes lighthouses are among the most frequently visited cultural
sites in the nation. Sites and towns associated with the Underground Railroad tell an
important story, and both ancient and contemporary traditional use areas of many Indian
tribes dot the landscape. Hotels, resorts, and campgrounds document the evolution of the
outdoor recreation movements of the late 19th and early 20th centuries. Depression-era
structures built by the Civilian Conservation Corps, early FS guard stations, and lookout
towers illustrate the Federal land management era of the past century. Military history is
also represented on the NFS lands with sites representing the Civil War, Indian Wars, as
well as the World Wars and the Cold War, including battlefields, coastal guard posts and
plane crashes discovered on the West Coast and in Alaska, and Cold War sites such-as
NIKE bases located on Forests near major cities.
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Prehistoric cultural resources tend to represent cultural and environmental interactions
over time and closely reflect responses, in terms of location and site type, to changing
environmental and climatic conditions. The natural forest conditions that are currently
identified as undisturbed (usually found in the more remote and wilderness portions of
the national forests) are actually the result of the influence of past customs and practices
of the previous populations of Native Americans. Historic cultural resources tend to
represent cultural and economic needs, facilitated by technology and its advances, to
dominate rather than to interface with the environment.
These interactions are represented by the components of cultural resource sites - the
artifacts present, and the spatial arrangement of those artifacts on the land. Artifacts are
often the only visible evidence left behind to indicate past human use of the area.
Artifacts are basically defined as any object manufactured, used or modified by humans.
Common examples include tools, utensils, art, food remains, and other products of
human ac::tivity (USDI National Park Service n.d.). Materials used to make these
artifacts range from stone, bone, clay, plant, animal, metal, glass, ceramics, and wood.
The Forest Service is involved in many stewardship activities, including outstanding
examples of historic building stabilization, rock art conservatton, and adaptive reuse of
historic sites. Still, most of the stewardship efforts remain focused on protecting heritage
sites from project impacts. Here efforts are often frustrated by a time-consuming
compliance process that contributes little to the understanding of the resource.
Meanwhile, many Indian tribes voice strong concerns about the management of
traditional cultural properties and sacred sites on public lands and are demanding a
greater role in decisions affecting cultural resources.
Sacred sites, as defined in EO 13007, may encompass areas of historic and prehistoric
cultural resources. However, sacred sites need not be traditional, or historic - sacred
sites may be identified by tribal representatives because the sites are significant in
religious observances regardless of age or any empirical evidence of religious activity.
When sacred sites are not coincident with historic or prehistoric cultural resources, the
sites may be associated with distinctive topographic or geologic features.
As our society grows more urban and complex, people long for unique and authentic
. opportunitiesJto experience the natural and cultural heritage of special places. Thus,
cultural resources on public lands enrich people's experiences by creating opportunities
to discover their unique past. People are fascinated with the past, whether it is their own
family history, the history of their town, the Civil War, the explorations of Lewis and
Clark, or the lifeways of ancient puebloan peoples. There is a mystery and nostalgia
associated with the past that captivates the imagination as well as the intellect--the desire
to understand how we anived at where we are today. Because of the intrigue of
archaeology and the past, heritage has a ready and willing public constituency. Cultural
resources enhance local communities and build bridges of understanding between the
forest and its neighbors.
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Heritage information contributes to overall forest management by helping understand
past human interaction with forest ecosystems. For thousands of years, the Nation's
Forests and Grasslands have been.home to communities who depended upon their
mountains, rivers, and canyons for food, shelter, and spiritual well-being. This same
basic relationship continues today. Cultural resources and information offer
opportunities to deepen the understanding of both the lands managed and the
communities served by the Nation's forests. Cultural resources offer the Forest Service a
"long view" of ecological continuity and change, and help l}S to comprehend a "sense of
place" that transcends science and public policy.
The demand for or use of any cultural resource will generally fall into one of two
categories: (1) non-consumptive, where the use does not deplete the resource
(preservation or conservation); and (2) consumptive, where the use does deplete the
resource (elimination). The demand has generally been consumptive for cultural
resources, resulting from other land management activities. With most of the forests
marked by steep topography and limited water availability, different populations
typically use the same areas over time. Studies have shown that a diversity of impacts
resulting from the development and use of public lands threaten the cultural resources
located within those lands (Lyneis and others 1980). Cultural resources are basically a
non-economic or non-commodity resource, and special care may be needed to protect
them when other activities in a place or area may have a higher priority than history and
archaeology. These are fragile resources, susceptible to effects from natural causes (such
as erosion) and human causes (fire, vandalism), which results in deterioration, damage
and, ultimately, their elimination. Non-consumptive demands include requests for
traditional cultural.uses and access to National Forest System land, as well as site
protection, adaptive reuse, interpretation, or scientific study.
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ENVIRONMENTAL EFFECTS
Direct and Indirect Effects
A comprehensive array of laws, executive orders, federal regulations, as well as agency
specific policy and direction provide the basis for the protection of cultural resources.
Management activities, including the use of aerial application of fire retardant to fight
fires, may directly affect cultural resources. Cultural resources may also be indirectly or
cumulatively affected. Activities that may affect cultural resources are subject to the
regulations outlined in Section 106 of the National Historic Preservation Act (NHPA) of
1966, as amended, and as promulgated by 36 CFR 800.
Sacred sites, as defined by E013007, may be similarly affected in that the tangible,
salient features of a sacred site may be directly, indirectly, or cumulatively affected.
However, there is no congressional act or agency regulation to guide the consideration of
effects to features of a sacred site.
The following assumptions apply in our assessment of the environmental consequences
of the aerial application of fire retardant:·
•
•

Cultural resources are managed according to existing laws, regulations and
programmatic agreements to protect these resources
Public interest and support for cultural resource management will increase,
including that of American Indian tribes, groups and individuals.

Unlike most other resource values, cultural resources are, by their very nature, nonrenewable resources. Impacts to cultural resources are usually permanent - though some
features may be rehabilitated, repaired, or restored. Effects on some cultural resources,
such as the upgrading of windows in an historical building with non-compatible
materials (wooden windows to aluminum), can be reversed; however, until that happens,
the effect is ongoing and potentially adverse. Overall, such effects usually result in .
compromising the integrity of the resource and may affect its eligibility for inclusion in
the National Register of Historic Places.
When the integrity of a sacred site is compromised by ground disturbing activities, or by
the introduction of any visual or auditory elements that may jeopardize the use of the site
for ceremonial purposes, then that loss of integrity should be considered an adverse
effect. The potential for such effects to be reversed or mitigated is a subject for
discussion with the practitioners who hold the site to be sacred. There is no standard for
the resolution of adverse effects to sacred sites.
The significance of cultural resources, particularly historical and traditional cultural
properties (areas of special religious or spiritual significance where traditional practices
are performed), and sacred sites, often depends on their context in the larger landscape as
much as their immediate physical features. Activities that occur beyond the physical
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boundaries of the cultural resource can affect the cultural resources if they affect the
larger, landscape-level context. In addition, the architectural and landscape features of
buildings, compounds, roads, bridges, dams and other structures can be adversely
affected by alterations.
In the case of sacred sites where visual and auditory considerations may the most
important considerations, activities at some distance may threaten the function of the
sites (air traffic, logging, mining, recreational vehicle use).
As a rule, any activity that causes ground disturbance (disturbance to the soil matrix that
contains the cultural resource) has the potential to adversely affect cultural resources,
both directly and indirectly. Ground disturbance may cause changes to the physical
attributes of the resource that, in turn, compromise the integrity of the cultural resource
and its context. Its context (the spatial relationship between the various artifacts, features
and components of the cultural resource}, is what is scientifically studied and interpreted
and is the basis for the site significance determination. This effect is irreparable and
considered adverse. Even a scientific archaeological excavation has an adverse effect
because it is destroying the integrity and context of the cultural resource by removing its
artifacts, features and components.
Direct effects that can damage cultural resources or their setting can result both from
natural events or processes and human activities. Indirect effects can result from
changed visitor use patterns and improved access that brings more visitors, resulting in
the deterioration or loss of the site. Studies have shown that effects on sites have three
basic characteristics: (1) impacts tend to be multiple (that is, several different impacts to
the same site); (2) impacts are cumulative; and (3) many impacts are the result of land
use activities rather than deliberate vandalism (Marshall and Walt 1984, cited in US
Army Corps of Engineers 1988). There is also the potential for previously unknown
cultural resource sites to be discovered through exposure and/or damaged by land use
activities that involve surface disturbance. Effects from project-specific activities are
easier to identify and manage for through appropriate mitigation measures. Non-projectspecific activities (such as unauthorized off-road vehicle use or wildfires) have the
greatest potential to adversely affect cultural resources, as these activities do not lend
themselves to identification, anticipation or mitigation.
The intensity of impacts on cultural resources can be described as negligible, minor,
moderate or major. Negligible impacts are those that result in barely perceptible changes
in the important properties of a cultural resource or cultural landscape. Minor impacts are
perceptible and noticeable. Moderate impacts are sufficient to cause a noticeable but not
substantial change in the important characteristics of cultural resources. Major impacts
result in substantial and highly noticeable changes in the important characteristics of
cultural resources. Duration plays a key role in the overall effect; impacts of minor
intensity over a long duration may have the same effect on the characteristics of cultural
resources as would impacts of moderate intensity over a short duration.
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Measures that reduce the intensity of the impact are appropriate under the requirements
of NEPA; however, under NHPA, as defined by the implementing regulations for
Section 106, the effects remain adverse. Therefore, measures to address impacts under
NEPA may not be sufficient to address the effects under NHPA. The Secretary of the
Interior has published regulations designed for the preservation, restoration and
rehabilitation of cultural resources. Ultimately, the universal mitigation measure will
always be compliance with the vast array of historic preservation legislation and
mandates. In most cases, compliance can be accomplished by carefully considering the
effects of a proposed action, consulting with interested parties and resolving any adverse
effects through mitigation. Sacred sites are exceptional and effects to such sites may not
be easily resolved or mitigated.
Effects of Wildland Fire Management
Activities associated with fire suppression that cause ground disturbance -- such as fire
lines, helicopter bases and heliports, base/spike camps and drop points -- will directly
affect cultural resources. Other activities that may not cause ground disturbance, such as
the aerial application of fire retardants, can also affect cultural resources.
Fire retardants are substances that, by chemical or physical action, reduce or slow
combustion, thus slowing or retarding the rate of spread of the flame front. Most
retardants are produced by combining water, several chemicals, and a coloring agent.
The main chemical ingredients are largely nitrogen and phosphorus fertilizers. Because
fire retardants are composed largely of nitrogen and phosphorus fertilizers they may have
negative impacts on plant and animals as well as alter archeologists' ability to use soil
phosphate levels as possible indicators of past human activity. It has been suggested that
the threats to many natural and cultural resources from the application of chemical
retardants are in many instances greater than those posed from the fire itself (USDI
National Park Service 2004: 18).
An archaeological site can be affected by long-term retardant in different degrees by the
same application event. The degree of effect will be most often tied to material that the
artifact is made up, and the degree of application. The discussion of the general nature of
the effects follows in the next section.
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CULTURAL MATERIALS AFFECTED BY
AERIAL APPLICATION OF FIRE RETARDANTS
WOOD
There are several potential effects of wildland fire chemical products on wooden artifacts
and structures. The significance of the effect will depend to a large extent on whether the
structure is modern or historic. Metallic items in the area will also be impacted to varying
degrees.
•

Long-term retardants contain fertilizer salts (ammonium phosphate or ammonium
sulfate, not sodium chloride) that can leave a white·residue when they dry. This is
especially visible against a dark surface. These salts also attract water and can
cause the wood that they are in contract with to swell and contract. This is not
necessarily damaging to new structures and sound wood since there are fewer
areas for the salts to lodge in; but it can be very damaging to old, fragile wood.

•

A combination of retardant and foil wrap will provide greater protection for
historic structures, but the wrap will retain moisture and should be removed as
soon as the danger has passed.

•

Retardants containing iron oxide have a high potential for staining raw wood for
successive years. The above effects are most harmful to raw wood that has not
been treated with paint or stain. Historic wood tends to have more checks and
cracks. The rough surfaces allow the retardant and associated salts to penetrate.
Retardants with iron oxides will stain structures a red/orange color. This stain
may affect the color of the structure for more than a year, a serious effect to
consider when dealing with interpretive resources or historic residences.

•

Retardants with "fugitive colors" tend to fade to more of an organic color of light
brown, but even these leave a white residue. The salts will also have a corrosive
effect on metal building components and metal artifacts, contributing to erosion.
To minimize these adverse effects, the retardant should be washed off as soon as
possible, using a soft soap and a brush. Power washers were used on both adobe
and wooden structures after retardant drop at Mesa Verde. The power washer
worked better on the wooden structures, but did not work on the adobe structures.
Power washers, because of the force applied, is less desirable than hand washing
with a brush.

•

Retardant applications may have very different effects on painted surfaces.
Prescribed fire that went out of prescription threatened Hornet Lookout on the
Flathead National Forest. Retardant was dropped on the lookout. One month
later, crews returned to wash the retardant off with brushes and detergent. The
retardant was successfully removed. At the Apgar Lookout in Glacier National
Park, retardant was dropped on a painted surface structure. They were unable to
wash off the retardant and the lookout had to be repainted. A year later, there
was still retardant staining around the window frames.
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•

In considering aerial fire retardant applications, it may be important to consider
the direct impact of the retardant as a weight being dropped on a fragile historic
structure. On the Commissary Ridge Fire (2003) in Wyoming, a historic cabin
was located in thick forested area with no access in the path of a fast moving fire.
They dropped retardant around the building to create a fire line and then came in
with helicopter water drops. Given the more fragile nature of the cabin, they
thought that the water would have less impact on the structure itself than the
retardant. This strategy helped to protect the site. This may be even more
important to consider in protecting ancient aboriginal structures (wickiups,
conical pole lodges, and game drive lines or traps).

•

Several of the long-term retardants contained a corrosion inhibitor that can impart
a blue or black color to surfaces that it comes into contact with. This is especially
true of metallic surfaces such as old nails, wire fencing, or mining equipment.
This retardant has been pulled from use as it was determined to be harmful to
aquatics.

•

Foams are detergents and surfactants (wetting agents) can hasten rusting of metal
surfaces by removing natural protective coatings. They will penetrate cellulosic
(woody) materials better than plain water and again can cause swelling and
contracting to the extent that wood flakes or exfoliates after drying.

While the use of any retardants may be better than losing our heritage assets, these
concerns should be considered when determining which methods to use to protect them
from fire-related damage.

A rather ubiquitous material used for various structures and components of structures, or
for stone tools, "stone" forms a large and very basic category of cultural materials. At
various times, for an incredible variety of purposes, people have used igneous,
metamorphic, and sedimentary rocks to make cutting, scraping, piercing, and grinding
tools, and to build hearths, cairns, foundations, walls and roofs, and to alter their
environment with dams, terraces, and roads.
The potential effects of aerial application of fire retardant are dependant on the rate of
application, ambient temperature and moisture, and the stone materials. Depending on
the stone, retardant may be absorbed and colored or simply run off. Depending on
temperatures, the retardant drop may cause a thermal shock and consequent spalling of
the stone; and the shock effect may be greater in granite than in basalt. The variables are
numerous and the interrelationships are complex.
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Physical alteration:
Color - application of retardant containing colorant (ferric oxide) will predictably cause
a staining of rock surfaces. Rates of application and total amounts will affect the
duration of the effect.
•

The stain will fade with exposure to sun, wind, and precipitation. The stain can
be removed; but the only effective means for removal, without damage to the
underlying historic fabric, are labor intensive. Until the stain fades or is
purposely removed, the affected area may be less attractive and may be
unsuitable for previous uses - particularly. where the visual quality of the stone is.
an integral part of the resource value as in the case of cliff dwellings or rock art
panels, and many sacred sites.

•

Materials are a critical consideration - sandstone will absorb the retardant and the
ferric oxide will bond to the stone making removal very difficult. Less porous
materials, such as slate, may be more easily cleaned. ·

•

Applied decoration - any applied decoration, pigment or other applications such
as ironwork, plaster, or ... will be similarly affected. In the case of rock art,
especially pictographs, applied pigment designs may be irreversibly altered.

Structural degradation:
1) Thermal shock - rapid temperature changes caused by application of retardant to
hot rocks may cause spalling of stone used in construction of building walls, and
degradation of mortar. Effects will differ according to type of stone and thermal
gradients (ambient temperature vs. stone temperature at time of application)
2) Flammable components - application of retardant will slow or halt the
destruction of flammable structural components but will stain the historic fabric.
3) Biological - the retardant may encourage growth of vegetation on and adjacent to
stone structures.
Tool stone:
1) Flaked Stone Tools:
The consequences of aerial application of fire retardant, on flaked stone debris
and finished tools, are most likely limited to difficulties in cleaning and
subsequent recognition of micromorphological, and microtopographic features
important to the analysis of reduction sequences, attrition, and function.
It is not known whether the retardant might have corrosive effects on various
artifact surfaces depending on the nature of the lithic material - basalt may be
unaffected while cryptocrystalline silica or volcanic glasses suffer from
accelerated hydration.

In the course of post-fire, post-application inventory work the presence of
retardant may affect the ability of surveyors to recognize artifacts - when all the
ground is colored by retardant it is more difficult to recognize and document the
artifacts. This possibility is confirmed by field workers.
, 2) Ground Stone Tools:
Aerial retardant applications may present particular problems for the analysis of
protein residues on ground stone surfaces. These tools were used for food
preparation and many times still bear the residues of that use. In the case of
concave surfaces, as found in mortars and metates, that may collect retardant, it is
likely that the chemical co.nstituents of the retardant will affect the residue, and
may affect the ability of researchers to recover samples from the contaminated
surfaces. This is an area where experimental application of retardant to residue
bearing surfaces would provide better answers. Until we have better answers it
would be best to avoid retardant drops in areas where such artifacts are exposed
on the ground surface. Of course it is likely that the retardant would be less
detrimental to the residues than would exposure to open flame.

BONE
Bone, a carbon based material, consists of two major components, an organic component
(largely of collagen proteins), and an inorganic component (largely of minerals)
(Buenger 2003: 17). It is a porous material whose degree of porosity is dependent on a
variety of factors. Bone tends to retain a harder surface than other organic materials but
is affected by thermal or chemical influences. Soil pH is essentially one of the largest
influences on the loss of bone artifacts with the organic component deteriorating in an
alkaline environment while the inorganic component deteriorates in an acidic
environment (Society of Historical Archaeology n.d.a).
Bone artifacts range from burials, both human and animal, tools such as scrapers, awls,
harpoon points, and fish hooks, ornamental such as pendants and hair combs, and
ceremonial pieces such as beads. Some artifacts have been incised or painted.
Physical Alterations
Color - application of retardant containing colorant (ferric oxide) will predictably cause a
staining of exposed bone surfaces. The stain will fade with exposure to sun; wind, and
precipitation. The stain can be removed; but the only effective means for removal,
without damage to the underlying historic fabric, are labor intensive.
Applied decoration - any applied decoration, pigment or other applications (scoring,
etching) will be similarly affected. Some long-term retardants contain a corrosive
inhibitor that can impart a blue or black color to the surface that it comes in contact with
(mainly metal) (U.S. Forest Service 2002).
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Bone is anisotropic and hygroscopic, which means that moisture changes exert stress that
can lead to cracking and splitting of the bone material (Society of Historical Archaeology
n.d.a). Long-term retardants contain fertilizer salts (ammonium phosphate or ammonium
sulfate) that can leave a residue when dry; These salts can attract water and can cause
the surface that they are in contact with, to swell and contract. Soluble salts crystallize as
water evaporates, causing a great increase in volume. When crystallization occurs within
a porous material like bone, shell or some ceramics, it can cause physical damage such as
the spalling of the object's surface, losing any detail present (Society for Historic
Archaeology n.d.b).
In the course of post-fire, post-application inventory work the presence of retardant may
affect the ability of surveyors to recognize bone artifacts. With the ground is colored by
retardant, it is more difficult to recognize bone artifacts apart from non-artifactual
material to document the artifacts.

To minimize the above effects, it is important that the retardant is removed from the
artifacts. There are many websites that provide the proper way to remove foreign
substances.from bone artifacts (Hamilton 1999; Society for Historic Archaeology n.d.a.;
n.d.b.; USDI National Park Service 1998).
Chemical Alteration
Aerial retardant applications may present particular problems for the analysis of protein
residues on bone tool surfaces. While the analysis of protein residue on organic
materials is usually restricted to subsurface samples, the potential for chemical alteration
of the residue on surface artifacts is a possible effect. Bone, being organic in nature, is
used to help date archaeological deposits through radiocarbon dating. However, the
presence of salts, associated with the fertilizer additives) after water evaporation, will not
affect the ability of the artifact to provide radiometric dating (Darden Hood, personal
communication 2006).
Long-term retardants are slightly acidic (5.0-6.5 pH) and may result in turning the soil
surrounding the bone artifact more acidic, which could result in the chemical
deterioration of the non-organic component of the bone artifact. Also, soil which is
slightly acidic potentially promotes the weathering of the bone by the organic and
carbonic acids formed by the microbial decomposition of the collagen present (White
and Hannus 1983).

SHELL
Shell is the hard exterior covering of mollusks, and is built up on layers, composed
primarily of calcium carbonate and a protein similar to collagen called conchiolin. It is
a porous material whose degree of porosity is dependent on a variety of factors. Shell
also tends to retain a harder surface than other organic materials but is affected by
thermal or chemical influences. Shell survives fairly well in alkaline environments but
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becomes friable and powdery in an acidic environment as the calcium carbonate
dissolves (Society of Historical Archaeology n.d.a.).
Shell artifacts range from money such as beads, tools such as scrapers, woodworking
tools, harpoon points, and fish hooks, ornamental such as pendants and beads, and
ceremonial pieces such as beads. Some artifacts have been incised or painted. Certain
shell artifacts (beads and other ornaments) are sensitive temporal markers and their
presence can provide chronologically diagnostic information about archaeological sites.
Other forms can provide dating information through chemical analytical tests such as
radiocarbon.
Physical Alterations
Color - application of retardant containing colorant (ferric oxide) will predictably cause a
staining of exposed shell surfaces. The stain will fade with exposure to sun, wind, and
precipitation. The stain can be removed; but the only effective means for removal,
without damage to the underlying historic fabric, are labor intensive.
Applied decoration - any applied decoration, pigment or other applications (scoring,
etching) will be similarly affected. Some long-term retardants contain a corrosive
inhibitor that can impart a blue or black color to the surface that it comes in contact with
(mainly metal) (U.S. Forest Service 2002).
Long-term retardants contain fertilizer salts (ammonium phosphate or ammonium
sulfate) that can leave a residue when dry. These salts can attract water and can cause
the surface that they are in contact with, to swell and contract. Soluble salts crystallize as
water evaporates, causing a great increase in volume. When crystallization occurs within
a porous material like bone, shell or some ceramics, it can cause physical damage such as
the spalling of the object's surface, losing any detail present (Society for Historic
Archaeology n.d.b ).
In the course of post-fire, post-application inventory work the presence of retardant may
affect the ability of surveyors to recognize shell artifacts. With the ground is colored by
retardant, it is more difficult to recognize shell artifacts apart from non-artifactual
material to document the artifacts.

To minimize the above effects, it is important that the retardant is removed from the
artifacts. There are many websites that provide the proper way to remove foreign
substances from shell artifacts (Hamilton 1999; Society for Historic Archaeology n.d.a.;
n.d.b.; USDI National Park Service 1998).
Chemical Alteration
Aerial retardant applications may present particular problems for the analysis of protein
residues on shell tool surfaces. While the analysis of protein residue is usually restricted
to subsurface samples, the potential for chemical alteration of the residue on surface
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artifacts is a possible affect. Shell, being organic in nature, is used to help date
archaeological deposits through radiocarbon dating. However, the presence of salts,
associated with the fertilizer additives) after water evaporation, will not affect the ability
of the artifact to provide radiometric dating (Darden Hood, personal communication
2006).
Long-term retardants are slightly acidic (5.0-6.5 pH) and may result in turning the soil
surrounding the shell artifact more acidic, which could result in the chemical
deterioration of the calcium carbonate component of the shell artifact resulting in the
shell becoming more friable and powdery.

-

-

CERAMICS

Ceramics are made of fired clay and range from porous to vitreous. Ceramics are found
both in native American sites and in sites associated with the historic period. The clay
can contain minerals such as quartz, feldspars, calcite, and iron compounds. Fillers such
as straw, shell, and similar material are used to help with binding of the clay, and control
the hardening of ceramic. Ceramics can be air-dried or fired in a controlled heated
environment (the higher the firing temperature, the harder the ceramic). The surface of
the ceramic can be treated with a glaze during firing !to provide impermeability to liquids,
and to provide the basis of decorative design. Ceramics can be decorated through
painting, gilding, scoring, decals or tissue (transfer), stamped, sponged, etc.
Ceramic artifacts range utilitarian artifacts such as food vessels and containers, and food
service items to ornamental such as pendants and beads, and ceremonial pieces such as
effigies and artwork. Some ceramic artifacts have been incised or painted. Certain
ceramic artifacts (food service ware, vessels, etc.) are sensitive temporal markers and
their presence can provide chronologically diagnostic information about archaeological
sites. Other forms can provide dating information through chemical analytical tests such
as radiocarbon.
Physical Alterations
Color - application ofretardant containing colorant (ferric oxide) will predictably cause a
staining of exposed ceramic surfaces. Porous ceramics are most likely to be affected by
staining. The stain will fade with exposure to sun, wind, and precipitation. The stain
can be removed; but the only effective means for removal, without damage to the
underlying historic fabric, are labor intensive.
Applied decoration - any applied decoration, pigment or other applications (scoring,
etching) will be similarly affected. Some long-term retardants contain a corrosive
inhibitor that can impaii a blue or black color to the surface that it comes in contact with
(mainly metal) (U.S. Forest Service 2002). The decorations can be used as a temporalsensitive marker and the obscuration of it will result in a loss of data.
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Long-term retardants contain fertilizer salts (ammonium phosphate or ammonium
sulfate) that can leave a residue when dry. Soluble salts have the greatest potential for
damaging ceramics with porous earthenwares at the greatest risk and harder ceramics
like porcelain at a lesser risk (Society of Historical Archaeology n.d.a). These salts can
attract water and can cause the surface that they are in contact with, to swell and contract.
Soluble salts crystallize as water evaporates, causing a great increase in volume. When
crystallization occurs within a porous material like bone, shell or some ceramics, it can
cause physical damage such as the spalling of the object's surface, losing any detail
present (Society for Historic Archaeology n.d.b.).
In the course of post-fire, post-application inventory work the presence of retardant may
affect the ability of surveyors to recognize ceramic artifacts. With the ground is colored
by retardant, it is more difficult to recognize ceramic artifacts apart from non-artifactual
material to document the artifacts.
To minimize the above effects, it is important that the retardant is removed from the
artifacts. Ceramic artifacts can be cleaned with soft-bristled brushes and deionized
water. There are many websites that provide the proper way to remove foreign
substances from ceramic artifacts (Deck 2006; Hamilton 1999; Society for Historic
Archaeology n.d.a; n.d.b.; USDI National Park Service 1998).
Chemical Alteration
Aerial retardant applications may present particular problems for the analysis of protein
residues on ceramic artifact surfaces. While the analysis of protein residue is usually
restricted to subsurface samples, the potential for chemical alteration of the residue on
surface artifacts is a possible effect. Ceramics, having an organic component depending
on filler material and firing technique, can be used to help date archaeological deposits
through radiocarbon dating. However, the presence of salts, associated with the
fertilizer additives) after water evaporation, will not affect the ability of the artifact to
provide radiometric dating (Darden Hood, personal communication 2006). Information
was not found to determine whether these salts have an effect on other testing, such as xray diffraction or scanning electron microscopy that may be useful in determining the
source material of the ceramic, which could be useful in determining settlement or trade
patterns.
Long-term retardants are slightly acidic (5.0-6.5 pH) and may result in turning the soil
surrounding the ceramic artifact more acidic, but the firing of the ceramic should prevent
any noticeable effect of the slightly acidic soil.

GLASS
Glass is an isotropic, amorphous material made from fusing silica with an alkali. The
most common glass type is soda-lime glass though historic artifacts also have other types
of additives including lead glass. Glass can be colored through the addition of metal ions
such as cobalt, copper, manganese and iron (Society of Historical Archaeology n.d.a.).
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Glass artifacts are almost exclusively associated with the historical era of archaeology.
Glass artifacts range from utilitarian artifacts such as food and liquid vessels and
containers, and food service or table items, and window and mirror glass to ornamental
such as button and beads, to ceremonial pieces such as artwork. Some glass artifacts
have been incised or painted. Certain glass artifacts (food service ware, vessels, etc.) are
sensitive temporal markers and their presence can provide chronologically diagnostic
information about archaeological sites.
Physical Alterations
Morphology - the aerial application of retardant can cause damage structures which may
result in the collapse of the structure and the breakage of structural components such as
glass windows.
Color - application of retardant containing colorant (ferric oxide) will predictably cause a
staining of exposed glass surfaces. The stain will fade with exposure to sun, wind, and
precipitation. The stain can be removed; but the only effective means for removal,
without damage to the underlying historic fabric, are relatively non-labor intensive.
Applied decoration - any applied decoration, pigment or other applications (scoring,
etching) will be similarly affected. Some long-term retardants contain a corrosive
inhibitor that can impart a blue or black color to the surface that it comes in contact with
(mainly metal) (U.S. Forest Service 2002). The decorations can be used as a temporalsensitive marker and the obscuration of it will result in a loss of data. Some glass bottles
may have paper or foil labels which may be damaged to the point that no information can
be retrieved as to contents or manufacturer.
Long-term retardants contain fertilizer salts (ammonium phosphate or ammonium
sulfate) that can leave a residue when dry. These salts can attractwater and water is the
main cause of environmental decay. This decay can cause iridescence where the glass
decays from the outer layers inward resulting in onion-like layers which are opaque
and/or different color than the original glass. This can cause physical damage such as the
spalling of the surface of the glass, losing any detail present (Society for Historic
Archaeology n.d.a.).
In the course of post-fire, post-application inventory work the presence of retardant may
affect the ability of ·surveyors to recognize glass artifacts. With the ground is colored by
retardant, it is more difficult to recognize glass artifacts apart from non-artifactual
material to document the artifacts.
To minimize the above effects, it is important that the retardant is removed from the
artifacts. Glass artifacts can be cleaned with soft-bristled brushes and deionized water
and the use of mild detergents or diluted ammonia. There are many websites that
provide the proper way to remove foreign substances from glass artifacts (Deck 2006;
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Hamilton 1999; Society for Historic Archaeology n.d.a.; n.d.b.; USDI National Park
Service 1998).
· Chemical Alteration
Long-term retardants are slightly acidic (5.0-6.5 pH) and may result in turning the soil
surrounding the glass artifact more acidic. There should be a negligible short-term effect
but glass can also be permanently damaged by lengthy exposure to acidic or alkaline
conditions. Glass that has been buried in the soil for long periods of time can develop a
matte, scaly and "iridescent surface" (Deck 2006) so the increase of acidity may
accelerate this process. Highly acidic or highly alkaline environments will cause the
glass to decay (Society of Historical Archaeology n.d.a.).
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Pl,ANTS OF TRADITIO:~AL, CULTUJlAI,, OR ECJ>~OMIC IMPQRT,Al\{G~
Historically, many cultural groups have always looked to the national forests for plants
and materials that were important to their traditional lifeways. American Indian people
have used the land of the national forests for thousands of years, collecting forest
products for their subsistence, fuel, medicine, trade, tools and ceremonies. The use of
the national forests during the historic period centered on forest products, such as water,
foliage for grazing, building materials, and economic material like gold and silver.
Federally recognized and non-recognized Indian tribes as well as other Native American
groups and individuals continue to use the resources of the national forests for traditional
and contemporary uses. The Native American community has expressed concern over
the use of pesticides (including herbicides) along with the off-site movement of
chemicals that can result in the contamination of basket plants or other plants of
traditional or cultural concern, and potential exposure to basket weavers. It is reasonable
to assume the introduction of non-natural material like fertilizers, coloring agent, and
clay thickener to plants of concern may result in similar concerns. The issue of concern
to the Native Americans is one of poisons being present, regardless of levels, within the
environment with which they interact and rely on for materials and practices important to
their concept of being.
Historic plants of interest center more on vegetation (such as historic orchards and
groves) that may carry symbolic or emotional interest of local communities as
representative remnants of the early stages of that community.
Plants and vegetation of interest to the Native American community include but are not
limited to food plants like sages, oaks, yucca/agave, berries, grasses, ceremonial plants
such as sages, tobacco; and materials used for tools (bows, arrow shafts, canoes),
structures, and fuel sources. Plants and vegetation of interest to other communities could
be historic orchards, ornamental landscaping, premier examples of species based on size
or age, and plants associated with historic events or individuals.
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Physical Alterations
Morphology - the aerial application of retardant can cause damage to vegetation
resulting in breakage or trampling of plant limbs and stalks and the possible removal of
leaves.
Color - application of retardant containing colorant (ferric oxide) will predictably cause a
staining of vegetation that the retardant comes into contact with. The stain will fade
with exposure to sun, wind, and precipitation. Leaf bum may occur since the retardant
contains levels of fertilizer that is often sold at garden stores. The vegetation will appear
dead after contact but should recover and grow back within one to two months.
Chemical Alteration
Long-term retardants are slightly acidic (5.0-6.5 pH) and may result in turning the soil
the vegetation is in more acidic (if the soils are more alkaline), which may affect the
plants that are adapted to a more alkaline soil, and may lead to temporary increases in the
nitrate concentration of the soil. Some plants, such as root vegetables, are known to
concentrate nitrates which, if ingested at elevated levels, can post a risk on conversion to
nitrates (Labat-Anderson, Inc. 2003).
Direct Contact
The dermal exposure of individuals involved with the harvesting or gathering of vegetal
and plant materials from areas that have been treated with retardant is expected to present
a negligible risk. Individuals are advised against consuming vegetation that has evidence
ofretardant application or the resulting residue (Labat-Anderson, Inc. 2003:22-23).
To minimize the above effects, it is important to advise those communities that utilize
the forest for the gathering of vegetation and plants for personal and commercial use of
locations where retardant was applied. It is equally important to provide a time frame
within which the effects from the presence of retardant would be reduced to an
acceptable level. However, any avoidance of areas may result in the temporary
restricting or altering traditional lifeways or practices that are associated with the
national forests and indigenous cultures or contemporary communities using the forests.
These consequences should be discussed with the affected communities before, and
during the fire event.
SUMMARY OF EFFECTS IDENTIFIED
The following table is condensed from "Cultural Resource Protocols for Fire and Fire
Management Activities, Southeast Region" (USDI National Park Service 2004). to show
only those elements at risk from Chemical Retardant Application:
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Surface Site: Bone/Shell High
Artifacts/
Artifacts/
Materials
Cultural
Remains occur
within 4 inches
of ground
surface

Minimize
Use
Chemical
Chemical
Contamination Retardant
s as Last
Resort

Avoid
Use of
Chemical
Retardant
s if
possible

Document and
assess post.:fire
condition of
ceramic and
glass materials.
Implement
cleanup
measures as
needed.

Minimize
Avoid
Chemical
Use of
Contamination Chemical
Retardant
s

Document and
assess post-fire
condition.
Develop
protocol for
restoration or
removal.

Ceramic Moderate Minimize
and Glass
Chemical
Contamination
Artifacts/
Materials

Cemetery I
Burial I
Human
Remains

Exposed
(Above
Ground)
Human
Remains

Severe

Document and
assess post-fire
condition of
shell I bone
materials.
Implement
cleanup
measures as
needed.

Perennials I Moderate Prevent
Heirloom
Annuals
chemical
Plants I
contamination
Traditional
to medicinal/
N.A. Plants
edible/useable
(Desired Plant
parts of
Species)
traditionally
used (Native
American)
plants
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Avoid use
of
chemical
retardants
if
possible.

Document and
assess post-fire
condition.
Notify possible
users of areas.
of retardant
application.

Orchards
Minor
and food
trees,
Landscape
features,
prerm er
examples of
plants, and
vegetation
with historic
associations

Prevent
chemical
contamination
to
edible/medicin
al/useable
parts food
plants.
Prevent
damage or
destruction of
other
examples.

Avoid use Document and
of
assess post-fire
chemical condition.
retardants Develop a plan
if
to restore
possible vegetation to
on known an acceptable
vegetatio condition.
n of
cultural
concern.

Cumulative Effects
While it is not clear that the historic or continued use of aerial fire retardant application
in the management of wildland fire is an activity that is cumulatively adverse, it is clear
that many cultural resources have been and will be protected through the use of fire
retardants
More than one hundred years of land management activities, visitor use, and natural
events have affected the cultural resources that remain on forest lands. Many of the
activities that are affecting cultural resources are activities that were initiated prior to the
implementation of the National Historic Preservation Act of 1966 - the use of fire
retardants is only one such activity.
·
The preservation of cultural resources on the forests means the protection and
preservation of information important to the understanding of the past, and protection of
interpretive opportunities and a considerable reduction in the incremental loss of our
cultural resource base.
The increasing pace of urbanization, and the consequent demand for recreational and
education opp01tunities in our public lands, is matched by the ongoing loss of cultural
resources. The combined effects are putting greater pressure on the remaining cultural
resources located on the forests and grasslands. The continued use of fire retardants in
airborne fire fighting efforts is much more likely to benefit the preservation of cultural
resources than to have a cumulatively adverse effect.
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The cultural resources on National Forest System lands are afforded a higher level of
protection than those resources on private lands; thus, the public looks to the forest
cultural resources as a valued resource. At the same time, given the changing cultural
demographics, some forest users may not see the relevance of forest cultural resource
protection to their cultural norms and values, which impedes the effort to protect cultural
resource sites.
Monitoring
It is recommended that a program of documentation and monitoring be initiated to
address several questions about the effects of aerial application of fire retardants.
Monitoring of cultural resources subjected to aerial fire retardant applications, both
purposeful an inadvertent, should be designed to assess the effects - direct, indirect, and
cumulative - on settings, structures, artifacts and residues. It will be especially important
to monitor effects on sacred sites with the assistance of native practitioners.
Conclusion
The aerial application of fire retardants may affect historic properties and sacred sites.
The effects will vary according to the nature and age of the properties. In general the
effects of aerial applications of fire retardants will be less damaging to cultural resources
than might be caused by other defensive measures or by the fire event itself. In some
cases, particularly those involving wooden structures, masonry, adobe, sandstone, and
especially where rock art panels are known to exist; the potentially adverse effects of the
aerial application of fire retardant should be carefully weighed against the potential
damages that might result if fire retardant were not applied to the sites. Monitoring, both
short and long-term, and experimental applications may help determine responsive
guidelines for the appropriate use of retardant on cultural resources, or to identify the
special cases where retardant should not be used even when it means a resource will be
burned over.
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