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1	-Cultural	heritage	and	fires:	a	risk	from	wildland	fires?



… may lead to more 
forest fires due to 
warmer and drier 
weather, and possibly 
increases in lightning 
storms (a natural cause 
of fires) …

Redrawn from: Climate change, impacts and vulnerability in Europe 2012: an indicator-based report. 
European Environment Agency Report 

Cultural	heritage	and	fires:	a	risk	from	wildland	fires?
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practices), the direct effects would occur regard-
less of whether or not people were there to observe. 
The term “First-Order Fire Effects” is frequently 
applied to describe the direct effects, particu-
larly in National Wildfire Coordinating Group 
(NWCG) sponsored fire effects training courses 
in the United States, (e.g., Rx-310 and Rx-510).

•	 Indirect	effects are those effects that are de-
rived from or dependant on the fire’s occurrence. 
If the fire had not occurred indirect effects could 
not occur. Indirect effects are of two types: 
biophysical processes acting on the fire-altered 
environment and human responses. Indirect ef-
fects occur when wildland fire or associated fire 
management actions change the context in which 
a cultural resource is found, leaving it vulnerable 
to impacts. Common examples of indirect effects 
include post-fire erosion, carbon contamination in 
archaeological deposits, disturbances from fire-
killed tree-fall (see for example sidebars on tree 
root burnout and retardants in chapter 9), and 
vandalism/looting (Christensen and others 1992).

If fire occurred in the absence of human observation 
or intervention, post fire biophysical processes, such as 
erosion, weathering, succession, and herbivory would 
still take place following the laws that govern such pro-
cesses. These effects are referred to as “Second-Order 
Fire Effects.” Humans are affected by, and respond to, 
fire and the threat of fire in various ways that are as 
complex as the human experience. The impacts of fire 
on the human environment are defined as “Third-Order 
Fire Effects.” Third-Order effects

1
 may be tangible or 

intangible. Tangible effects are the purposeful, inten-
tional, observable, measurable human responses to the 
perceived risks or opportunities presented by fire. 

 
1 

The concept of Third-Order fire effects developed from discus-
sions with Frank K. Lake while Ryan and Lake were on the Rx-510 
Advanced Fire Effects Course cadre at the National Advanced Fire 
and Resource Institute, Tucson, AZ. Lake (2007) discusses Third-
Order effects in the context of traditional ecological knowledge 
(TEK).

Figure 1-3—Fire impacts on cultural resources. Direct, First-Order effects result from biophysical processes 
related to the local combustion environment as it is juxtaposed to cultural resources and the physical properties 
of the resource. Indirect effects derive from biophysical processes following the fire (Second-Order effects) or 
human responses to fire (Third-Order effects) (synthesized from numerous sources). Figure	from	[2]
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http://www.fireriskheritage.net/
case-hystory/castle-
destroyed-by-grass-fire-2/

On 10 March 2012, 
the castle of 
Krasna Horka in 
Slovak Republic 
caught fire, 
allegedly due to 
burning of dry 
grass by two 
children who were 
trying to light 
cigarettes…



Fire Effects on Materials of the Pre-
historic and Historic Period 

The Effects of Fire on Subsurface 
Archaeological Materials  

Effects of Fire on Intangible Cultural 
Resources
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 Immediately after the fire, a Burned Area Emergency Rehabilitation (BAER) team assessed the extent of burn dam-
age. They submitted an emergency treatment plan in September of 1996 and fieldwork began shortly thereafter. Teams 
of archaeologists and hydrologists worked for over three field seasons to assess archaeological sites and establish erosion 
control. They adapted new methods of damage assessment from methods established at Bandelier National Monument 
after the 1996 Dome Fire. Hazard trees were cut down, water-bars constructed and excelsior strips laid over the ground 
to prevent soil erosion and promote vegetation growth. Much of the burned area was also seeded with grass. A 1999 
assessment (USDI 1999) found the project successful. Significant damage to sites had been avoided, 661 sites had been 
assessed and 333 had been treated to prevent damage. 

Figure 5-S1—Direct effects of the 1996 Chapin-5 Fire, Mesa Verde National Park, Colorado on the Battleship Rock petroglyph; 
Panel 3R, before (1989) (a) and after (2006) (b) (compliments of S.J. Cole).

Figure 5-S2—Direct effects of the 1996 Chapin-5 Fire, Mesa Verde National Park, Colorado on the Battleship Rock petroglyph 
Panel 2L, before (1989) (a) and after (2006) (b) (compliments of S.J. Cole).

a b

a b
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Approach, Scope, and Goals
 This chapter suggests that we can and should do 
a better job of considering the full range of cultural 
resources in fire-related management contexts and 
offers some suggestions in this regard. The discussion 
considers communities and landscapes as the sources 
and repositories for values that drive management 
decisions and social systems. Communities and land-
scapes, along with the specific places and associated 
intangible cultural resources from which we derive our 
distinctive and sustaining identities, are the primary 
cultural resources that deserve foremost management 
consideration.
 Cultural resources, the objects, places, and tradi-
tions significant in culture and history, exist in both 
tangible and intangible forms. Tangible cultural re-
sources include sites, structures, districts, artifacts, 
and documents associated with or representative of 
cultures, processes, and events. Tangible cultural 
resources also include plants, animals, and other 
environmental elements as well as physical features, 
such as caves, mountains, springs, forest clearings, 

dance grounds, village sites, and trails—particularly as 
these may be associated with deities, spirits, ancestors, 
or ceremonies. Intangible cultural resources include 
conceptual, oral, and behavioral traditions, most of 
which overlap and are interdependent. Most tangible 
cultural resources are finite and irreplaceable if lost 
or destroyed; intangible cultural resources, although 
often vulnerable, are produced by each generation. 
Intangible cultural resources may be renewed and 
expanded through intergenerational transmission and 
various forms of creative endeavor (http://www.nps.
gov/dsc/d_publications/d_1_gpsd_4_ch4.htm, accessed 
July 21, 2010). Most or all tangible cultural resources 
have intangible components in the form of associations 
and significance; many intangible resources have 
tangible components.
 Implicit in the above definitions, however, is the 
truth that many cultural resources, especially intan-
gibles, cannot be identified, fully documented, or have 
their significance assessed by archaeologists or other 
professionals without engaging representatives of the 
source culture (fig. 8-2).

Figure 8-1—Tangible cultural resource threatened by fire.
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Figure 7-3—LA 118345, Bandelier National 
Monument site LA 115152. Site burned during a 
prescribed fire (Ruscavage-Barz and Oster 1999).

 Subsurface cultural materials and corresponding 
matrices in the sample investigated for the SHE study 
generally exhibited fire effects within the first 10 to 
15 centimeters (3.9 to 5.9 in.) of fill. Root and stump 
burnouts were the exception because they allowed the 
fire to penetrate subsurface deposits and burn deep 
underground. In these cases, the full range of fire ef-
fects were observed, including spalling and sooting of 
rocks, accumulations of ash deposits in root pipes, and 
damage to associated archaeological materials.

Correspondence Between SHE Study Fire 
Effects and Effects Noted in Experimental 
Fires
 The results of the SHE study are consistent with 
other post-fire studies that have determined that fire 
effects are rarely found below the first 10 centimeters 
(3.9 in.) of fill at archaeological sites (Conner and oth-
ers 1989; Hemry 1996; Lent and others 1996; Thoms 
1996; Traylor and others 1990), unless a burned root 
mass or stump is present. As described above, fire 
effects were noted on materials within the first 10 to 
15 centimeters (3.9 to 5.9 in.) of fill.
 One site, LA 115152, proved the exception because 
the root system of an alligator juniper burned into a 
structure during the Dome Fire (fig. 7-3). Fire effects 
on natural and archaeological materials were noted 
throughout the structure, with the burned root sys-
tem and ashy soil continuing well below the limits of 
the excavation. The site (LA 118345) affected by the 
prescribed fire, described in more detail below, also 
provided evidence of deep subsurface penetration by 
fire, again due to the fact that an alligator juniper 
provided a conduit.
 Very few fire-affected artifacts were observed overall, 
with most found on the surface. Most of the burned 
subsurface artifacts from the SHE sites cannot attri-
bute their alteration to the Dome Fire because they 
were recovered from levels too far below the ground 
surface to be impacted by natural or prescribed fires. 
Instead, these artifacts probably attained their burned 
appearance as a result of contact with burned roof 
materials or hearths.

Alteration of Datable Materials
 Four different dating methods were tested for this 
project: archeomagnetism, dendrochronology, radio-
carbon, and obsidian hydration. The results obtained 
from these methods were compared with the ceramic 
data to determine whether the dates obtained from the 
various methods are accurate or have been affected by 
the Dome Fire (or other post-depositional processes).

 The only samples for archeomagnetic dating were 
obtained from a hearth at LA 3840, located approxi-
mately 1.11 meters (3.6 feet) below the ground surface. 
Since the Dome Fire was evident only in the first 5 
centimeters (2 in.) of fill for this site, any anomalies in 
the archeomagnetic dates were not attributable to the 
Dome Fire.
 Wood samples were collected from two sites for den-
drochronology. Two wood samples from one site were 
recovered from deep levels unaffected by the Dome Fire. 
The samples from the other site, located outside the 
Dome Fire perimeter but affected by a low-intensity 
prescribed burn, were recovered from the lower fill of 
the structure and, likewise, were not impacted by the 
prescribed fire.
 Radiocarbon (14C) dates were obtained for four of the 
project sites. The radiocarbon dates from three sites 
were somewhat consistent with the ceramic dates, and 
were thus considered to provide reliable indications of 
the approximate dates that the sites were occupied. 
The remaining site did not yield any ceramics, thus 
the reliability of the radiocarbon dates could not be 

STORM	Summer	School	–	11-13th	Sept	2017		-	Principles to face risks for Cultural Heritage – wildland urban interface fires–	Dr.	Eng.	Stefano	Marsella	-	CNVVF



megafires are increasing in 
number and frequency

• larger parts of territory are involved 
• firefighting resources aren’t adequate

Mega-fires	manage	to	thwart	all	efforts	to	control	
them	until	firefighters	get	a	favorable	change	in	
weather	or	until	they	burn	all	available	fuel
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Cultural	heritage	and	fires:	a	risk	from	wildland	fires?



STORM	Summer	School	–	11-13th	Sept	2017		-	Principles to face risks for Cultural Heritage – wildland urban interface fires–	Dr.	Eng.	Stefano	Marsella	-	CNVVF

2	-	Spreading	mechanism	of	forest	fires



STORM	Summer	School	–	11-13th	Sept	2017		-	Principles to face risks for Cultural Heritage – wildland urban interface fires–	Dr.	Eng.	Stefano	Marsella	-	CNVVF

Spreading	mechanism	of	forest	fires
• pre-heating	
• flaming	combustion	
• smouldering	
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Combustion
 Combustion is a physical process involving the rapid 
oxidation of fuels releasing carbon dioxide, water, 
mineral ash (e.g., Ca, Mg, K) and numerous other 
compounds, the chemistry of which varies with the 
type of fuel burning and the efficiency of combustion. 
The rapid oxidation of fuels also produces detectable 
heat and light. 
 Combustion is divided into four phases: preheat-
ing (or preignition), flaming, smoldering, and glow-
ing (DiNenno and others 1995; Grishin 1997; Pyne 
and others 1996; Williams 1982). The fire’s phase 
is dependent on the nature and condition of the fuel 
and oxygen availability. Wildland vegetation burns 
by turbulent diffusion flames in successive interac-
tions between combustion gases and unburned fuel. 
Energy released by combustion of gases is absorbed 
by solid fuel particles in the preheating or first phase 
of  combustion. 
 Preheating is an endothermic or energy absorbing 
phase. As the flame front approaches a fuel particle 
its temperature increases, gradually at first, then 
more rapidly. At about 100 °C (212 °F), free water 
begins to rapidly boil leaving an outer shell of dry fuel 
(table 2-1). The amount of energy needed to vaporize 
water contained in the fuel increases with the moisture 
content of the fuel. In the case of live, actively growing 
fuels the moisture content may be quite high (100 to 
200 percent on an oven dry basis). As the particle con-
tinues to absorb heat, bound water and low molecular 
weight volatile compounds (such as waxes, terpenes, 
and resins) vaporize, and decomposition (pyrolysis) of 
solid fuel (principally composed of cellulose) begins. 

If the decomposition rate is fast enough to form a 
combustible mixture of vapors (carbonaceous gases), 
flaming combustion results. 
 Flaming combustion, the second phase where 
nearly all destructive fires occur (DeHaan 1997; 
Williams 1982), is an exothermic process. Flaming 
involves the combustion of gases (gas-phase) evolved 
from the preheating of the solid fuel. This energy is 
critical to the preheating of adjacent fuel particles and 
sustaining the chain reaction. In wildland fuels where 
oxygen is not usually limiting, fuel particles burst into 
flame at around 325 °C to 350 °C (617 °F to 662 °F) 
(ignition temperature) with a rapid rise in the local 
temperature. During the flaming phase, luminescent 
flames are produced as a flame envelope develops above 
the solid fuel. Theoretically, temperatures are much 
higher, 1800 °C to 2200 °C (3272 °F to 3992°F) where 
chemical bonds are being broken and flames can’t exist 
below around 1300 °C (2372 °F) (Satio 2001). However, 
as the flame envelope includes many products of 
incomplete combustion, noncombustible particles, and 
cooler air entrained into the combustion zone from 
the surrounding area, measured flame temperatures 
are usually between 500 °C and 1000 °C (932 °F and 
1832 °F) (Butler and others 2004; DeBano and others 
1998; Pyne and others 1996; Sullivan and others 2003). 
Solid fuels burn at high temperatures, distilling vola-
tile substances while creating charcoal. To continue 
to burn, fuels must continue to produce energy faster 
than it is lost to the surrounding environment. When 
the energy release rate drops before all volatiles have 
been liberated, flames become discontinuous and the 
fire transitions into the smoldering phase (Bertschi 
and others 2003). 

Table 2-1—Temperatures associated with phases of combustion.

Temperature °C Effect
 0-100 Preheating of fuel: free water is evaporated
 100-200 Preheating of fuel: bound water and low molecular weight compounds 

volatilized, decomposition of cellulose (pyrolysis) begins, solid fuel is 
converted into gaseous vapors

 200-300 Preheating of fuel: thermal degradation continues more rapidly
 300-325 Ignition temperature in well aerated wildland fuels: transition to flaming 
 325-400 Flaming phase: rapid increase in decomposition of solid fuel
 400-500 Flaming phase: gas production rate peaks around 400 °C and declines 

between 450 °C and 500 °C as all residual volatile compounds are 
released. 

 500-1000 Flaming phase:  Maximum flame temperatures within flames may approach 
1600 °C in deep flame envelops but temperatures of 500 °C to 1000 °C 
are more typical.

 500-800 Glowing phase: residual carbonaceous fuel (charcoal) burns by glowing 
combustion. The  combustion of charcoal is associated with the 
liberation of CO and CO2
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Figure 2-2—Stylized flame zone characteristics (a), combustion phases, and dominant 
heat transfer mechanism (b) (adapted from Rothermel 1972; Pyne and others 1996; Cochrane 
and Ryan 2009). 

Figure 2-3—The parts of a moving fire (from Cheney 
and Sullivan 2008). 

(a)

(b)

Figure	from	[2]
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Figure 2-2—Stylized flame zone characteristics (a), combustion phases, and dominant 
heat transfer mechanism (b) (adapted from Rothermel 1972; Pyne and others 1996; Cochrane 
and Ryan 2009). 

Figure 2-3—The parts of a moving fire (from Cheney 
and Sullivan 2008). 
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Spreading	mechanism	of	forest	fires

factor	affecting	spread	of	forest	fires:	
- weather	

wind	
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drought	

- terrain	
slope	
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Figure 2-4—Fuel elements by stratum (a) (from Sandberg and others 2001) aggregate to make a fuel bed 
(b) (from Barrows 1951).

(a)

(b)

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

fires burn these densely compacted organic soil horizons 
primarily by smoldering combustion (fig. 2-7). Such 
fires typically burn for hours to weeks, exhibit forward 
rates of spread in the range of a few decimeters to a few 
meters (feet to yards) per day, and exhibit temperatures 
at a point in excess of 300 °C (572 °F) for several hours 
(Agee 1993; Frandsen and Ryan 1986; Grishin and 
others 2009; Hartford and Frandsen 1992; Ryan and 
Frandsen 1991) (e.g., fig. 2-8). Burning rates and in-
tensities of organic soils vary somewhat with moisture 
content and availability of air. Frandsen (1991a) found 
the rate of spread in laboratory analysis of duff fuels 
to be on the order of 3 cm (1.2 in) per hour. The condi-
tions necessary for ground fires are organic soil depth 
greater than about 4 to 6 centimeters (1.6 to 2.4 in.) 
and extended drying (Hawkes 1993; Miyanishi 2001; 
Miyanishi and Johnson 2002; Palmer 1957; Reinhardt 
and others 1997). Duff thinner than this can actually 

buffer mineral soil (Bradstock and Auld 1995; Valette 
and others 1994) and artifacts from significant heat-
ing associated with the passage of the flaming front. 
This is because the energy lost from the duff surface 
exceeds that produced by burning duff and the fire self 
extinguishes after the passage of the flaming front.
 The occurrence of ground fires is strongly dependent 
on the moisture content of the organic horizon (Brown 
and others 1985; Frandsen 1987, 1997; Grishin and 
others 2009; Hawkes 1993; Hungerford and others 
1995; Lawson and others 1997a,b; Miyanishi 2001; 
Miyanishi and Johnson 2002; Reardon and others 
2007, 2009; Rein 2009; Reinhardt and others 1991; 
Sandberg 1980; Van Wagner 1972). In particular, peat 
and organic muck soils fuels, which require extended 
drought or disruption of ground water flow, reach mois-
ture contents low enough to burn (Grishin and others 
2009; Hungerford and others 1995; Reardon and others 

(a)

(b)

Figure 2-6—Fire environment, behavior, and effects (from Ryan 2002).

Figures	from	[2]
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Manzello, S. L., Maranghides, A., & Mell, W. E. 
(2007). Firebrand generation from burning 
vegetation. International Journal of Wildland Fire, 

Manselli L.  - Un metodo per valutare la plausibilità di un evento e applicazione alla propagazione di particelle 
ardenti - Ingegneria antincendio, pianificazione dell’emergenza negli incendi boschivi e di interfaccia nel sistema 
integrato di videosorveglianza e telerilevamento degli incendi boschivi nelle regioni Puglia e Calabria - 
Dipartimento dei Vigili del Fuoco, del Soccorso Pubblico e della Difesa Civile - Marzo 2014 Roma 

Spreading	mechanism	from	forest	to	structural	fire
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Spreading	mechanism	from	forest	to	structural	fire
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burning	debris	spread	can	reach	
	kilometres	buildings
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Manselli L.  - Un metodo per valutare la plausibilità di un evento e applicazione alla propagazione di particelle ardenti - Ingegneria antincendio, 
pianificazione dell’emergenza negli incendi boschivi e di interfaccia nel sistema integrato di videosorveglianza e telerilevamento degli incendi boschivi 
nelle regioni Puglia e Calabria - Dipartimento dei Vigili del Fuoco, del Soccorso Pubblico e della Difesa Civile - Marzo 2014 Roma 

Spreading	mechanism	from	forest	to	structural	fire
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NFPA 914: Code for Fire Protection of Historic 
Structures 

9.5.3.8.1 This scenario shall be an outside 
exposure fire. 

9.5.3.8.2 This scenario shall address a fire 
that starts remotely from the area of concern 
and either spreads into the area, blocks 
escape from the area, or develops 
untenable conditions within the area. 

Spreading	mechanism	from	forest	to	structural	fire
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4	-	Effects	of	fire	on	structures	(vd	Nassi)	
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Figure S1.1. Spalling of rock art fol-
lowing the 2003 Hammond Fire, Manti 
LaSal NF, Utah (Johnson 2004). Pic-
tograph damaged by heat from forest 
fire (photo Clay Johnson, Ashley NF).

Figure S1.2. Convective and radiant 
heat from fires are a major source 
of damage to above ground cultural 
resources such as rock art.

Figure S1.3. Radiant heat flux 
received by a rock surface or a 
log cabin wall decreases with 
distance from the flame enve-
lope and increases with the size 
of the flame envelope. The more 
intense the fire, as exhibited by 
the larger the flame, the greater 
the distance that damage can 
occur.
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Fire Regime ____________________
 In current fire management, the highest spatial and 
temporal fire scale of interest is described by the fire 
regime (fig. 2-1). Scott (2000) refers to the paleo-fire 
triangle—an even higher scale represented by atmo-
sphere, vegetation, and climate—which recognizes that 
terrain and atmospheric chemistry are variable over 
geologic time frames. This longer term perspective 
may not seem too relevant to fire managers; however, 
in the study of climate-vegetation-fire relationships 
that affected ancient cultures, it is germane to many 
reconstructions of archaeological information. Under-
standing climate-vegetation-fire interactions is likely 
to become of greater importance in formulating future 
fuels treatment and restoration policies under climate 
change scenarios (Lovejoy and Hannah 2005). 
 Fire regime concepts emerged in the fire ecology 
literature with the early work of Heinselman (1978, 
1981) and Kilgore (1981). In recent years there has 
been considerable refinement in fire regime concepts as 
ecologists have investigated more ecosystems and have 
developed a greater appreciation for how fire regimes 
vary over time. At the same time, ecological theory 
has matured to recognize the importance of periodic 
disturbance to the maintenance of ecological integrity 
(Agee 1993; Hardy and others 2001; Morgan and others 
2001; Sugihara and others 2006). In the United States, 

Figure 2-21—Maximum soil temperatures predicted by the soil heating model in the 
First Order Fire Effects Model ( FOFEM) (Reinhardt and others 2005) for varying 
loadings of coarse woody debris (CWD (from Brown and others 2003). Solid lines 
depicting 1, 3, 5, and 9 cm below the soil starting from top to bottom.

the use of fire regime concepts has increasingly been 
used in the fire ecology and management communi-
ties, particularly in the context of the Coarse-Scale 
Assessment of Fire Regime Condition Class (FRCC) 
(Schmidt and others 2002) (table 2-4) and because its 
use is mandated under the Healthy Forests Restora-
tion Act of 2003 (H.R. 1904). Fire regime refers to the 
general nature of the type of fire that most commonly 
occurred over long time periods (Agee 1993; Brown 
2000; Hardy and others 1998; Sugihara and others 2006). 

Table 2-4—Historical natural fire regimes from Coarse-Scale 
Assessment of Fire Regime Condition Class 
(Schmidt and others 2001).

Code Description
 I 0-35 year frequencya, low severityb

 II 0-35 year frequency, stand replacement severity

 III 35-100+ year frequency, mixed severity

 IV 35-100+ year frequency, stand replacement severity

 V 200+ year frequency, stand replacement severity 
a Fire frequency is the average number of years between fires. 
b Severity is the effect of the fire on the dominant overstory vegetation.
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Table 4-1—Some reported thermal effects on chert. 

Temperature (°C) Temperature (°F) Effect a

 150 302 Impurities may result in fractures

 121 - 400 249.8 - 752 Change in interior luster

 240 - 800 464 - 1472 Change in color on external surface

 350 - 400 662 - 752 Becomes distorted, brittle, or explosive

 350 - 550 662 - 1022 Fractures

 600 - 800 1112 - 1472 Optical dulling of external surface

a Note: Cherts from different sources react differently to heat. Some effects can occur at lower tempera-
tures if duration of heat is long enough. Not all cherts change color or luster when heated. Temperatures 
for other effects summarized in text are unknown, or variable from Luedtke (1992).

with no bulbs of percussion, or more distinctively, 
in “pot lid” fractures, which are small, circular, 
convex fragments that have popped off flat surfaces 
(table 4-1).
 Other data associated with chert artifacts can be 
extracted using laboratory techniques such as protein 
residue analysis, sourcing through macroscopic fossil 
content and trace element analysis, and dating via ther-
moluminescence (TL) or electron spin resonance (ESR) 
spectroscopy (Julig 1994; Luedtke 1992;  Newman 
1994). Fire impacts some artifacts to the point where 
these laboratory techniques cannot be used, or the 
data gathered using these techniques is suspect. TL 
and ESR spectroscopy have been used to determine 
if chert has been previously heated  (Luedtke 1992; 
Melcher and Zimmerman 1977; Robins and others 
1978). Unfortunately, we do not yet know at what tem-
perature the ability to use these analytic techniques 
on chert from different sources are lost.

Obsidian
 Obsidian from distinct volcanic flows has unique 
chemical compositions, allowing researchers to de-
termine the source of obsidian tools and debris left 
on sites in prehistoric contexts (Bowman and others 
1973). Few studies analyzed whether fires affect the 
sourcing potential of obsidian, but several studies 
used X-ray fluorescence and were successful in obtain-
ing source information from surface samples subject 
to intense fires (Davis and others 1992b; Keefe and 
others 1998; Skinner and others 1995, 1997; Steffen 
2002; Tremaine and Jackson 1995). However, Shackley 
and Dillian (2002) reported potential problems with 
sourcing thermally altered obsidian artifacts, noting 
that bonding of melted sand to the obsidian surface 
could create sourcing errors. Steffen (2002) observed a 
slight increase in trace elemental values with heating, 
although none to the extent that sourcing was affected. 
Skinner and others (1997) noted problems using  X-ray 
fluorescence on fire-affected obsidians that had a dark 
patina believed to be a silica-based encrustation. 

Anderson and Origer (1997) reported the exterior 
surface of some obsidian was altered enough to make 
sourcing via macroscopic attributes difficult one year 
after a wildland fire. 
 The temperatures and duration of heating reported 
to affect obsidian varies widely. It has been sug-
gested that some component of the fire environment 
(such as wood ash, soil chemistries, or soil moistures) 
may be contributing to observed changes (Deal 2002; 
 Nakazawa 2002; Steffen 2002; Trembour 1979). Varia-
tion in heating within respective fires (chapter 2) may 
explain some of the differences in reported effects. Dif-
ferences in water content in obsidian might be causing 
divergent heat effects (Steffen 2002). Some apparent 
inconsistencies may be due to observer technique, or the 
result of various source materials reacting differently 
to thermal environments because of unique chemical 
compositions (although Steffen 2002 documented 
variations in heat effects on obsidian from the same 
source).
 Obsidian is thermally affected at varying tempera-
tures and at differing lengths of exposure to heat. 
In field and lab fire experiments, obsidian has been 
reported to fracture, crack, craze, potlid, exfoliate, 
shatter, oxidize, pit, bubble, bloat, melt, become 
smudged, discolored, covered with residue, or rendered 
essentially unrecognizable (see fig. 4-2) (Anderson 
and Origer 1997; Bayer 1979; Buenger 2003; Davis 
and others 1992b; Deal 2002; Eisler and others 
1978; Gaunt and Lentz 1996; Hull 1991; Johnson and 
 Lippincott 1989; Kelly and Mayberry 1979; Lentz and 
others1996; Likins, personal communication, 1999; 
Lissoway and Propper 1988; Nakazawa 1999, 2002; 
Origer 1996; Pilles 1984; Rogers and Francis 1988; 
Skinner and others 1997; Steffen 1999, 2002; Steffen 
and others 1997; Stevenson and others 1985; Traylor 
and others 1983; Trembour 1979). Buenger (2003) 
found that some of these effects could be produced 
when temperatures peaked between 500 and 600 
°C (932 and 1112 °F) within 40 to 50 seconds, and 
when the temperatures were sustained within 100 °C 
(212 °F) for as little as 5 to 32 seconds. Steffen (2002) 

…. Since even shallow soils offer some protection to 
artifacts, one can conclude that subsurface materials will 
generally retain the most data potential following wildfires. 
However, the surface of a site at any given point in time 
can change as a result of numerous agents, including 
deflation, erosion, deposition, windthrown trees, animal 
burrowing and human activities. 

Surface artifacts generally suffer the most damage 
in fires, although many will often retain data potentials, 
even on sites burned numerous times in the past, or that 
have recently been subjected to wildfires or prescribed 
burns. Some lithic and ground stone scatters, as well as 
other types of archaeological sites, are strictly limited 
to surface contexts, due to shallow soils or depositional 
history.
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Fire’s impact on pottery decoration is of 
concern to archaeologists who use decorative 
design as a criterion for identifying potsherds. 
This impact of fire can vary according to the 
way in which clay vessels have been decorated. 

Vessel- forming techniques could be combined in a 
number of ways. For example, a vessel’s base 
could be molded while its walls were formed with 
coils. The way in which pottery was made may 
affect how it is altered by fire. 

Fire Effects on Pottery Fire Effects on Flaked Stone, 
Ground Stone, and Other Stone 
Artifacts 
Reported fire effects on stone artifacts include 
breakage, spalling, crenulating, crazing, potlidding, 
microfracturing, pitting, bubbling, bloating, 
smudging, discoloration, adhesions, altered 
hydration, altered protein residue, and weight and 
density loss. Surface artifacts tend to be altered 
more than those located in subsurface contexts, 
with protection often afforded by even a few 
centimeters of soil. 

Basalt 

Lentz (1996a) noted sooting, potlidding, oxidation, 
reduction, crazing, luster changes, and adhesions 
on lithic material, including basalt that had been in 
a wildfire. Eisler and others (1978) found basalt to 
be covered with a shiny, smooth, tar-like, brittle 
residue, with basalt boulders fractured into angular 
chunks, possibly due to rapid cooling. Tremaine 
and Jackson (1995) reported thermal fractures on 
basalt bifaces. 

Ground Stone
ob- jects manufactured of different materials will react differently to heating 
and cooling. For instance, Pilles (1984) reported sandstone manos that were 
severely cracked in wildfires, where basalt manos were only blackened. Lentz 
(1996) indicated that all five metates in a wildfire were affected by sooting, 
spalling, dis- coloration and/or adhesions, but the single mano was not altered. 

Based on field observations and experiments, Blackwelder (1927) concluded 
that in many forested areas of the western United States, fire was the primary 
agent of fracturing, spalling, and weathering in boulders and rock outcrops, 
rather than diurnal changes in tempera- ture.

Implications for Cultural Resource 
Protection and Fire Planning 

The key factors that seem to affect the nature and extent of fire damage to 
archaeological resources, including lithic artifacts, are fire intensity, duration of heat, 
and penetration of heat into soil (Traylor and others 1983). Research shows that as 
temperatures increase, so do effects, and that effects increase as the length of time 
exposed to heat increases; if exposure time is long enough, effects can occur to stone 
tools even at reduced temperatures. Buenger’s fire simula- tions show that the two most 
important components of the fire environment resulting in thermal effects to surface 
artifacts are fuel loads and wind velocity (2003) 
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exposure to smoke, soot, ash, smudging, and tars as 
combustion products (Loyd and others 2002). The 
energy may result from either radiation or convec-
tion but higher temperatures are associated with the 
former (chapter 2). Common results are discoloration, 
exfoliation or spalling, and heat absorption (fig. 5-5). 
Smudging occurs when combustion products precipi-
tate on or adhere to exposed rock surfaces. Chemical 
and physical changes are probably caused by heat 
penetration and charring of organic pigment binder 
materials of painted elements. Spalled or ‘pot-lidded’ 
surfaces or the forming of minute cracks in fine grained 
rock types occur when normally absorbed moisture 
becomes heated, causing rock grains and moisture 
molecules to expand and lose normal adhesion.

 Illegal campfires in spaces such as rock shelters or 
caves 30.5 meters (100 feet) or less from images can also 
produce extensive spalling, sooting, or other damage 
to natural rock surfaces, but restoration is possible in 
some cases (fig. 5-6). Prevention of such illegal camping 
should be a management and enforcement priority.
 Wildland and prescribed burn suppression activi-
ties including use of heavy equipment has resulted in 
severe damage to ground level ‘rock art’ made upon 
exposed bedrock formations (fig. 5-7, 5-8, 5-9). Foam, 
fire retardant, or water applied during mop up opera-
tions to still hot rock surfaces can also cause spalling. 
Organic materials in some retardant gels remain on 
image surfaces or fertilize micro or macro-plant growth. 

Figure 5-5—Spalling and exfoliation caused 
by fires. Top: Spalling of rock art following 
the 2003 Hammond Fire, Manti LaSal NF, 
Utah (Johnson 2004). Pictograph damaged 
by heat from forest fire (photo Clay Johnson, 
Ashley NF). Bottom: Typical exfoliation of 
granitic rock where fuels are nearby and 
burning very hot. No cultural features were 
affected.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 3. 2012  19 

Figure S1.1. Spalling of rock art fol-
lowing the 2003 Hammond Fire, Manti 
LaSal NF, Utah (Johnson 2004). Pic-
tograph damaged by heat from forest 
fire (photo Clay Johnson, Ashley NF).

Figure S1.2. Convective and radiant 
heat from fires are a major source 
of damage to above ground cultural 
resources such as rock art.

Figure S1.3. Radiant heat flux 
received by a rock surface or a 
log cabin wall decreases with 
distance from the flame enve-
lope and increases with the size 
of the flame envelope. The more 
intense the fire, as exhibited by 
the larger the flame, the greater 
the distance that damage can 
occur.
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Fire Effects on Rock Images and 
Similar Cultural Resources  

Rock shelters, overhangs, and vertical rock faces 
containing rock image panels may suffer two types 
of damage from wildland fires: thermal effects from 
energy (heat) absorbed and depositional damage 
from exposure to smoke, soot, ash, smudging, and 
tars as combustion products. The energy may result 
from either radiation or convection but higher 
temperatures are associated with the former. 
Common results are discoloration, exfoliation or 
spalling, and heat absorption 

Common results are discoloration, exfoliation or 
spalling, and heat absorption (fig. 5-5). Smudging 
occurs when combustion products precipitate on 
or adhere to exposed rock surfaces. Chemical and 
physical changes are probably caused by heat 
penetration and charring of organic pigment 
binder materials of painted elements 

Susceptibility to Fire: Low-fired, relatively porous 
firebrick, which is typical of non-commercial, locally 
made brick used at many historical sites, can weaken and 
crumble if the fire is hot enough. Lime-based mortar can 
be affected by fire. It can calcinate and crumble under 
sufficient heat, thereby loosening the firebrick and, if not 
replaced, causing the brick wall to eventually collapse. 
Cinder block and masonry surfaces may spall, which 
appears as distinct lines of striation and loss of surface 
material resulting in cracking, breaking, chipping, and 
formation of craters on the surface. 

Fire Effects on historic building 
materials
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Miscellaneous Artifacts 
• Leather is a material that is sometimes found on the surface of historic sites. Such objects as shoes, belts and horse tack 
become dry and brittle over time. Leather will char in a grass fire, and will be completely consumed at hotter temperatures. 

• Rubber and rubberized objects are present on many historic sites, some dating to the Civil War period and even earlier. 
Rubber can be ignited and completely consumed at low temperatures such as those reached by grass fires. 

• Plastics can appear on historic sites that date to the early 20th century, but is most common after circa 1950. Plastics 
have been used to manufacture a wide variety of objects such as toys, buttons, tool handles, and containers. Various 
plastics have varying melting points but most plastic objects would be affected to some degree by a low temperature 
fire. 

• Of course, artifacts made of wood are quite common on historic sites, and can include everything from buckboards 
and Model T car seat frames, to ox yokes and axe handles. When present on a site and in the open they usually have 
some rot, increasing their susceptibility to destruction by fire. 

• Bone, especially if dry and porous, will char in a grass fire, and will be completely consumed in a high temperature 
fire. 

• Shell buttons will become discolored, flake and split laterally along the laminations, and eventually turn to powder if 
subjected to a high temperature fire. This will also occur at lower temperatures if the buttons are very small and thin.  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5	-	Effects	of	fire	on	intangible	cultural	heritage
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6	-	Damage	caused	by	fire	suppression	and	rehabilitation
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It is generally concluded that fire suppression activities 
during wildland fires and post-fire site rehabilitation 
treatments present the most consistent adverse impacts 
and pose the greatest risk to cultural properties. 

Cultural resources may be affected directly by 
suppression activities (hand and mechanical fire line 
construction, retardant use) and rehabilitation 
activities. 

The indirect effects of fire include exposure of surface cultural properties to erosion and to increased visibility. The 
removal of vegetation and surface litter can expose cultural properties formerly not readily visible to the eye, therefore 
making them more vulnerable to looting. Post-fire erosion on steep slopes of severely burned areas can occur after 
intense wildland fires have destroyed most of the pre-fire vegetative canopy, causing the horizontal displacement of 
surface cultural materials. A fire can leave standing vegetation that becomes vulnerable to blow down and can impact 
both surface and subsurface cultural properties.
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7	-	Conclusions

• the	increasing	risk	of	forest/vegetation	fires	pose	a	greater	risk	to	CR;	
• the	risk	is	posed	by	fire,	by	fire	suppression	activities	and	by	rehabilitation;	
• the	increased	visibility	of	CR	after	a	fire	poses	a	problem	of	possible	looting;	
• literature	shows	that	response	to	mitigate	the	effects	of	vegetation	fire	to	CR	
is	a	complex	strategy	composed	by	training,	adoption	of	protection	measures	
and	organisation.
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