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Indigenous people used heated rock to cook food in earth ovens, by 

dropping hot rocks into containers, and by using hot rock as a griddle. 

These cooking methods were likely widespread in prehistoric societies 

throughout the world including North America and still take place today. 

Past and present ethnographic sources from northern Wisconsin refer to 

hot rock boiling for cooking and heating drinking water or tea. Granite, 

sandstone, and siltstone rocks were gathered from Sawyer County 

Wisconsin for use in a hot rock boiling experiment. The rocks were 

heated in an elm wood fire and used in three rock boiling sessions.  The 

heating sessions were evaluated to determine that thermally altered rock 

has distinct regional characteristics, how to reduce work and increase 

cooking potential, and to identify the factors that contribute to thermally 

altered rock weight loss. 
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The archaeological record provides evidence of the use of heated rock for 

cooking in numerous works (e.g., Moffat et al. 1991; Thoms 2009; University of 

Texas of Austin College of Liberal Arts 2009; Wendt 1988; Wormington 1956) as 

well as ethnological and other examples (e.g., Densmore 1979; Niethammer 1974; 

Redhawk 1995; Taylor 1976; University of California American Indian Film 

Series 1962; Vennum 1988; Winn 1982).  

The first historic mention of indigenous heated rock cooking methods 

came from ethnographic sources such as missionary and explorer accounts. 

(Thoms 2008) The ingenious use of hot rock cooking takes many forms which 

include earth ovens, hot rock griddles, and hot rock boiling. Thoms thoroughly 

defines and illustrates hot rock cooking examples (2009:Figure 5, Figure 6, Figure 

16).  

The use of hot rock for cooking took place in the preceramic era (e.g., 

Neithammer 1974; Winn 1982) and in societies in historic times (e.g., Redhawk 

1995; Taylor 1976; Vennum 1988). Therefore, it is within reason to suppose that 

hot rock cooking took place in prehistoric societies even after ceramic technology 

was common-place.  

Neithammer and Winn mention preceramic cooking practices. 

Neithammer refers to preceramic groups who cooked with hot rocks where hot 

stones were used in tightly woven baskets and hide receptacles (Neithammer 

1974:xxiv). William W. Winn describes life in the Chattahoochee River Valley 
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before the advance of ceramic containers. The hot rock technique was used to boil 

food in skin lined pits or bowls carved out of sandstone, soapstone, or wood. 

Mussels were placed on hot rocks and cooked or steamed with their own moisture 

(Winn 1992:20-21). 

Redhawk, Taylor, and Vennum mention hot rock cooking practices that 

take place in historic times. Redhawk outlines methods to cook acorn meal with 

hot rock (Redhawk 1995). Taylor describes the use of hot rock to boil down 

maple sap and for cooking acorn meal or corn flour bread. (Taylor 1976) Vennum 

describes the use of heated rock for parching rice. (Vennum 1988) 

Francis Densmore interviewed people in the north west region of 

Wisconsin who described the use of hot rock to boil water in birch bark cooking 

vessels. (Densmore 1979:41) This study is an experiment in hot rock boiling 

where the rock is selected from Sawyer County Wisconsin. One group of rocks is 

specifically chosen to represent the heating of water as a tea or the cooking of an 

individual meal one might prepare when away from home hunting or otherwise 

traveling. (Densmore 1979:47) 

Two other groups of rocks where chosen from the study area to represent 

evidence of fire cracked rock recorded in the north east region of Wisconsin 

where granite and basalt are common at archaeological sites. (Moffat et al. 1991)  
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The rocks were initially heated in an elm wood fire for fifteen minutes. 

The rocks were cycled in and out of about 1 liter of water in Pyrex containers for 

less than an hour to simulate a cooking environment adequate to cook food. 

The heating sessions were evaluated to conclude that regional definitions of 

thermally altered rock are needed as they contain distinct regional properties. The 

possible factors involved in weight loss in thermally altered rock are also 

discussed. The ideal container shape for hot rock cooking is described and 

methods to reduce work load and to increase potential involved in hot rock 

cooking are discussed.  

STUDY AREA 

The rocks used in this hot rock boiling experiment were gathered from 

Sawyer County, Wisconsin. The rocks were collected from the surface along the 

lake shore of Big Lac Courte Oreilles and near the banks of the Chippewa River 

in the southern part of the county. Figure 1 shows the location of Sawyer County 

in the state of Wisconsin and Figure 2 shows the collection sites located with 

stars. This region was included in ethnographic study conducted by Francis 

Densmore which she pursued throughout her life. (Densmore 1979)  
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Figure 1. Sawyer County in Wisconsin adapted from WDNR (2009). 

 
Figure 2. Rock collection sites in Sawyer County adapted from WDNR (2009). 

A description of the glacial history of the study area will give insight into 

the types of surface rocks available for hot rock boiling. Wisconsin Glaciation is 

the designation for an episode of North American glaciation that took place 

90,000 to 10,000 years ago. The Late Wisconsin Glaciation spanned 26,000 to 

10,000 years ago. (Dott and Attig 2004:328) The Laurentide Ice Sheet covered 
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northeastern and north central North America and was named for the Laurentian 

Highlands of northeastern Canada from where it traveled south into Wisconsin 

(Dott and Attig 2004:324). 

Glaciated areas in Wisconsin contain lakes, wetlands, and glacial 

landforms. Glaciers carry rock debris deposited as till as well as melted sediment 

flow together as glacial sediment. (Dott and Attig 2004:24) Figure 3 illustrates the 

extent of the lobes of the Laurentian Ice Sheet where Sawyer County is located at 

the Chippewa Lobe. 

 
Figure 3. Late Wisconsin lobes of the Laurentian Ice Sheet (Dott and Attig 

2004:22). 

Glacial deposits cover much of the bedrock of the Sawyer County region 

which is north of Highway 8 (Dott and Attig 2004:35).  Figure 4 shows the 

characteristics of glacial till deposited in the Sawyer County region. This recently 
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glaciated landscape, 26,000 to 10,000 years ago, still has well preserved glacial 

landforms not yet significantly eroded. Characteristics of this till include reddish 

brown sandy sediment, rocks, clay, and boulders from the Lake Superior basin 

resulting in a hummocky topography.  (Dott and Attig 2004:50-54) 

 
Figure 4. Till deposits in northern Wisconsin (Dott and Attig 2004:51). 
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Hummocky topography, or hilly areas with numerous lakes and wetlands, 

is extensive in northern Wisconsin. Glacial processes and lake action in this 

topography result in fine deposit lake plains with surrounding coarse deposits 

covered by forests. (Dott and Attig 2004:54-55)  

Figure 5 shows the underlying bedrock of northern Wisconsin. 

Occasionally outcrops of bedrock and older deposits are exposed such as 

Cambrian conglomerate, sandstone, and Barron quartzite located south of 

Hayward. (Dott and Attig 2004:104) Basalt bedrock is exposed along the 

northwest shore of Lake Superior and south of Superior which lie north east of the 

study area. (Dott and Attig 2004:83)  

 
Figure 5. Underlying bedrock of northern Wisconsin (Dott and Attig 2004:82). 

Earlier glaciation which may have occurred 100,000 years ago is evident 

south of the study area which may be seen in Figure 4 previous. These deposits 

are limited due to erosion and weathering but are characterized by fossiliferous 
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limestone and grey shale. Contrasting glacial deposits are evident south of the 

study area about 50,000 years ago which may be seen in Figure 4 previous. These 

deposits are characterized by banded iron formations, Keweenaw volcanic rock, 

reddish brown sandstone, glacial deposits, and other rock from the Lake Superior 

area. (Dott and Attig 2004:52) 

Figure 6 shows the dominant weathering processes with variables in 

Fahrenheit and inches developed by (Peltier 1950).  These weathering processes 

are located regionally and are dependent on distinctive mean annual temperature 

and rainfall. Northern Wisconsin has an average annual temperature of 39 degrees 

Fahrenheit with long term mean annual precipitation ranges of 30 to 34 inches. 

(MRCC 2000-2009) Wisconsin falls within the moderate chemical weathering 

with frost action processes. These dominant weathering processes act upon the 

rock surface in a region.  
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Figure 6. Dominant regional weathering processes (Peltier 1950). 

RELATED STUDIES 

Some experiments compare the use of rock species for stone boiling. The best 

rock species is determined by the least occurrence of fracture due to the thermal 

shock from drastic temperature change between fire and water. Other studies seek 

to recreate cooking environments, investigate heat capacity, fracture tendency, 

and internal properties. 

Storm (2008). Storm (2008) conducts a hot rock boiling experiment which 

can be found on NatureSkills.com. Storm used granite, quartzite, and basalt. A 

coal burned Western Red Cedar container was used to hold the water. The rocks 

were heated in a fire and subjected to five immersions. (Storm 2008) Storm 

concludes that basalt rocks perform best at hot rock boiling.  
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Results of the experiment were recorded as a percentage of the total rock 

type that shattered. Close to 100 percent of the granite rocks cracked due to the 

large grain-size characteristics of granite. Close to 50 percent of the quartzite 

rocks cracked. Only about 5 percent of the basalt rocks used for stone boiling 

cracked from use. (Storm 2008) 

Wendt (1988).Wendt (1988) used 20 basalt and 20 granite rocks in a hot 

rock boiling experiment. Rocks were heated for 30 minutes. The weight of each 

rock was near 200 grams. Each heated rock was immersed in water five times or 

until it cracked. The water container was a 5 gallon pail. (Wendt 1988:8) Wendt 

concluded that granite performed better than basalt. 

Wendt recorded intact rock remaining after each immersion. Over 50 

percent of the basalt rock broke after only one immersion. The granite rock 

withstood five immersions until 50 percent of the rocks were broken. Wendt’s 

experiment also noted the permanent reddening of rocks at 200-250 degrees 

Celsius. Some rocks were heated to glowing red to at least 600 degrees Celsius. 

(Wendt 1988:8) 

UTACLA (2009). In Central Texas archaeological earth ovens are heated 

mostly by limestone rock. Limestone fractures less often than granite when 

reheated for use in earth ovens. Granite is also used in an area in Texas where the 

bedrock is exposed in pegmatite or thin horizontal seams. Studies pertaining to 

the performance of these rock species in earth ovens reveals that, “Granite takes 
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and holds heat well but breaks apart after one or two uses. Limestone, in contrast 

can sometimes be reheated five or more times before breaking.” (University of 

Texas at Austin College of Liberal Arts 2009)  

Brink and Dawe (2003). Brink and Dawe (2003) experimented with 

sandstone, limestone, and quartzite in one cow hide boiling pit and two plastic 

lined boiling pits. This experiment took place in Alberta, Edmonton. The quartzite 

and limestone rocks were river worn and the sandstone rocks were chunks and 

slabs of the local bedrock. The temperature of the rocks was measured in the fire 

and the temperature of the water in the pits was measured at the surface and at the 

base. The rocks were cycled from fire to water ten times. (Brink and Dawe 

2003:92) 

Brink and Dawe concluded that sandstone left more grit in the boiling pits, 

fractured during re-heating, absorbed water from the pits, and transferred water 

into the pits.  Brink and Dawe also concluded that quartzite and limestone 

performed best at pit boiling and fractured during transfer into water. (Brink and 

Dawe 2003:93)  

Lawless (1990). County Mayo in northwestern Ireland contains extensive 

Bronze Age ancient cooking sites that utilized high groundwater levels to fill 

below ground wooden troughs. The troughs had a capacity to hold between 100 to 

200 gallons of water. Food was placed in the troughs along with hot rocks where 

the preferred rock was sandstone although the area provided granite, gneiss, 
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schist, and quartz. It was determined that limestone was unsuitable as it extended 

heat turned it to lime and colored the water. (Lawless 1990:1-7) 

Buckley (1990). Buckley (1990) experimented by heating basalt, 

limestone, sandstone, and gabbro rock samples from Ireland in a fire for fifteen 

minutes at which time the rocks were placed into 1.9 by .9 by .9 m wooden trough 

of water until their fragments were less than 5 centimeters in size. The rocks were 

selected from the surface throughout Ireland. The igneous rock species of basalt 

and gabbro sustained greater than 25 cycles of thermal shock while the micaceous 

sandstone and limestone were unusable after being cycled 5 and 6 times. (Buckley 

1990:170-172) 

Buckley concludes that sedimentary rock was preferred for heating, that 

people used surficial drift materials, and that a variety of these drift types were 

used as well as natural bedrock materials. Buckley also acknowledges that 

regional use of heated rock use may present characteristic differences in 

archaeological features relating to heated rock.  (Buckley 1990:170-172) 

METHODOLOGY 

This study involved background research of concepts found in 

archaeology, chemistry, geology, mineralogy, and petrology. A literature review 

uncovered related studies and differing methodologies to examine thermally 

altered rock. The methodology for this study also considered rock species 

selection, a regional study area, past and present-day ethnographic accounts, fire 
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wood performance, a safe cooking environment, container selection, and 

rock/temperature/water measurements. 

Rock Species Selection  

Recent surveys of archaeological sites in the north east region of 

Wisconsin were obtained to determine the rock species that were likely used for 

hot rock cooking. Table 1 is a summary of the site reviews that mentioned the fire 

cracked rock species found at sites in north eastern Wisconsin. 

Table 1. Fire cracked rock species in north eastern Wisconsin. (Moffat et al. 
1991:Appendix G, 53-258) 

 
Site Number Rock Species Site Type Component 
47On-24 Igneous 

Metamorphic 
Campsite Late Archaic 

47On-173 Basalt 
Granite 
Quartzite 

Campsite Late Woodland 

47On-177 Basalt 
Granite 
Quartzite 

Campsite Prehistoric 
 

47On-178 Andesite 
Basalt 
Granite 

Campsite? Prehistoric 
 

47On-179 Basalt Basalt Late Archaic 
Middle-Late Woodland 

47On-233 Igneous Unknown Prehistoric 
47On-36 Andesite 

Basalt 
Campsite? Late Paleo-Indian 

Late Archaic 
Middle-Late Woodland 

47On-37 Andesite 
Basalt 
Granite 

Campsite Middle-Late Woodland 

47On-168 Basalt Habitation Late Middle Woodland 
47On-232 Granie 

Quartzite 
Schist 
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This information led to the decision to collect granite and basalt rocks for 

the experiment. The rocks were collected with a general knowledge of rock type 

and no requirement for positive identification. Five rocks each were then chosen 

out of those collected that best resembled granite and basalt with similar 

dimensions. 

The Assorted rock group was provided by Robert John Sander, a tribal 

member of the Lac Courte Oreilles Ojibwe Band of Lake Superior natives near 

Hayward, Wisconsin. Robert Sander has used heated rock and witnessed other 

tribal members use rocks for cooking. Due to these experiences he has identified 

preferred characteristics of rocks for use in hot rock cooking. Rocks are chosen by 

size and shape for the amount of food being cooked as well as for finer grain size 

which may fracture less due to thermal shock. The Assorted rock group was 

chosen to represent the cooking of an individual meal or a tea. (Personal 

communication 2009) 

Rock Measurements 

Digital calipers with a range from 0-150 mm were used to measure the 

greatest axis of the rock specimens in a general two dimensional plane of length 

and width.  These measurements were taken for future comparison between 

overall rock size used in hot rock cooking, to observe a possible relationship 

between rock dimensions and heat capacity, and the potential for fracture. 
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The weight of the rocks used in the experiment was recorded with an 

Ohaus 700 Series Triple Beam Balance with gradients to the tenth of a gram. The 

weight was measured before and after the experiment in order to observe 

differences after being heated in the wood fire and shocked in the water for a 

number of cycles. The rocks were air dried for close to a week before the weight 

measurements were taken. 

Displaced volume measurements were obtained using room temperature 

water and were estimated from sight using an 1150 cc plastic container with 

gradients of 25 cc. These measurements were taken with the intention of 

obtaining general density measurements for rock species. The density 

measurements allow for comparison between rock species, temperature achieved 

in fire, temperature achieved due to size, temperature maintained for water, and 

breakage due to thermal shock. 

Extech High Temperature InfraRed Thermometer Model 42540A 

The thermometer has a range of -50 to 760 degrees Celsius and was used 

to measure the surface temperature of the rocks, water, ambient air, and the elm 

wood fire. The instrument performs by sensing the amount of emitted, reflected, 

and transmitted infrared energy from a surface. The material of an object and its 

surface condition determine emissivity. The emissivity of most surfaces factor at 

0.95 and below so the thermometer was set at this value for the experiment. A 
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highly reflective object with a dark smooth finish may have an emissivity of 1.0 

(Extech Instruments Corporation 2006). 

The rocks and water were measured with the infrared thermometer at a 

close distance. The thermometer has a field of view or distance to surface ratio of 

16:1. This means that at a distance from the target of 16 inches the thermometer is 

able to sense a target of 1 inch in diameter. The object measured should always be 

larger than the target. Measurements are taken as close to the surface as possible 

in order to reduce other sources of light. Steam and smoke may also distort 

measurements (Extech Instruments Corporation 2006). 

Cooking Environment 

One goal of this experiment was to create a typical hot rock cooking 

session of the past. Since it is not possible to fully understand a typical hot rock 

cooking environment of the distant past some assumptions had to be made. One 

assumption was that the goal of hot rock boiling is to cook food adequately for 

consumption. Another assumption was to focus on safety rather than heating the 

rocks to a red hot stage. 

Based on the assumption that food items should be adequately cooked in 

under an hour, the water was subjected to heated rock for at least 35 minutes. Hot 

rocks from the Assorted group were placed in water for 35 minutes. Hot rocks 

from the Granite and Basalt groups were placed in water for 40 minutes each. The 
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rocks remained in the water after 35 and 40 minutes until it was evident that the 

rocks were cooled and no longer heating the water. 

Pyrex 

Pyrex was chosen as the preferred container as it is well known for its lack 

of transfer during cooking, durability, and it was easily obtained. Kowalchik and 

Hylton (1987:279) summarize the effects of containers for cooking tea in which 

aluminum, iron, tin, and other metals will leach into the tea while copper and 

stainless steel containers would be better and a clean glass, ceramic, pottery, or 

un-chipped enameled container would be recommended. 

The Pyrex container for the Basalt group of rocks had the capacity to hold 

1.5 quarts. The Pyrex container for the Assorted group of rocks had the capacity 

to hold 1.5 quarts. The Pyrex container for the group of granite rocks had the 

capacity to hold 2 quarts. Thus, the amount of water heated in this experiment for 

each rock group amounted to approximately less than 1 liter per group.  

Fire wood and Sand 

Dry elm wood was obtained for the camp fire. Sand was placed in a 

canvas bag where it was cradled around the Pyrex container. This was done in an 

attempt to reduce heat transfer away from the cooking container as the ambient air 

temperature was around -20 degrees Celsius. 

RESULTS 
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Rock Measurements. Appendix A contains before and after photographs of 

rocks used in the experiment. These photographs show that the color of each rock 

was altered by the wood fire. Appendix A also contains photographs of the fire 

showing its size, the intense fracturing of rocks in the Basalt group, and the 

heating of rocks in the Granite group. Appendix B contains measurements of 

rocks before and after use in the experiment including density, longest axis, 

displaced volume, and weight. Appendix B also contains temperature of rock and 

water and fracture condition of each rock in the experiment. 

Rock Identification. The rocks were identified after the experiment took 

place by Robert G. Wingate, Ph. D. Emeritus Professor of Geography/Earth 

Science at the University of Wisconsin La Crosse. The rocks were classified into 

general categories as 5 granite in the Granite group, 5 sandstone in the Basalt 

group, and 5 sandstone and 1 siltstone in the Assorted group. 

Discussion 

Elm Wood Fire 

The temperature of the elm wood fire exceeded the range of the Extech 

InfraRed thermometer in each hot rock boiling session. This means that the 

temperature of the elm wood fire exceeded 760 degrees Celsius.  

William W. Winn (1992) stresses that wood selection for a fire depended 

on the purpose of the fire. Fire wood selection is dependent on the characteristics 

of certain tree species. Pine is used for quick ignition, brief intense heat, and 
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sustained burning in the rain. Pine will also impart an unpleasant flavor to food as 

it will tar meat and cooking containers.  (Winn 1992:71-72)  

A hardwood fire would be a better choice for cooking as it is prized for its 

flavorful coals, long lasting burn, and performance in smoking meat and fish. 

Hardwoods include hickory, oak, serviceberry, maple, plum, witch hazel, 

dogwood, birch, and ash.  Elm, poplar, basswood, box elder, and cottonwood 

hardwoods produce less heat but perform well as long as they are not green. 

(Winn 1992:71-72)  

Temperature 

The temperatures recorded in this study were a condition of the surfaces of 

rock, water, and flame. It is important to keep in mind that surface temperature 

readings do not record internal temperatures of rock and water and may be 

significantly different.  

Lori Douglas constructed a camp fire to heat limestone and analyzed the 

temperature of the rock and the surrounding matrix. The temperature of the oak 

fire reached 900 degrees Celsius while thermal demagnetization suggested the 

interior of the rock ranged around 300 degrees Celsius. (Gose 2000:Figure 6) This 

experiment demonstrates that the temperature of a wood fire is generally hotter 

than that achieved in rock and the temperature of the rock surface is hotter than 

that achieved in the interior rock. 
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Temperatures achieved in camp fires fall within magma temperature 

ranges which alter rock. Temperatures in the earth’s interior may reach 2200 to 

4426 degrees Celsius. Masses of hot molten material or magma beneath the 

earth’s surface may reach 482 to 1372 degrees Celsius. Magma which contains 

greater than 50 percent silica is acid while less than 50 percent silica content is 

basic. Water in the form of steam along with other gases may compose 11 percent 

of magma. (Crowns 1976:15-16) 

Cooking Container 

It appears the most practical container for use in hot rock boiling may be a 

vessel with the smallest dimension at the bottom widening to the greatest 

dimension at the top. A wide opening at the top would allow room to maneuver 

hot rocks in and out of the container. This tapered shape would allow for hot 

rocks to be completely submerged in liquid and efficiently grouped together at the 

bottom of the container. Figure 7 is a representation of an ideal container shape 

for hot rock boiling.  
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Figure 7. Ideal container shape for hot rock boiling. 

This arrangement would minimize heat loss between the rocks, the 

container, and the ground as the container surface area is reduced toward the 

bottom. The minimal container surface area, the composition of the container, and 

the composition of the ground would also encourage heat transfer toward the area 

of least resistance being the food item containing water. The rapid motion of 

heated molecules in water would encourage heat transfer throughout the food 

item.  

Hot Rock Simmering  

The value in analyzing how rock species are used to heat water lies in 

interpreting what a hot rock boiling session may have been like in the past and 

determining how work load might be reduced. Helpful questions include: Did 

people use more than one rock species at a time? Which rock species heated the 
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water better? What is the best heat? Did this hot rock boiling experiment perform 

well enough to cook food? 

Boiling Point. Before these questions are answered, it should be kept in 

mind that this experiment used tap water. The boiling point of a liquid is the point 

at which the pressure of the liquid exceeds atmospheric pressure where the water 

may steam and boil. The temperature at which this occurs is dependent on the 

atmospheric pressure as well as the condition of the liquid. In a hot rock boiling 

session of the past, the liquid would consist of dissolved food particles which 

would lower the vapor pressure. This would mean that a higher temperature 

would have to be achieved to reach boiling point. (Medved 1986:39) 

Rock Group Temperatures. Figures 8, 9, and 10 illustrate how each rock 

group performed to sustain water temperature. In the hot rock boiling sessions the 

goal was to maintain a water temperature adequate to cook food. This goal 

unconsciously guided the amount of times each rock was cycled from fire to 

water. This resulted in a very similar water temperature maintained for each rock 

group. 
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Figure 8. Water temperature sustained by the Assorted rock group. 

 
Figure 9. Water temperature sustained by the Granite rock group. 



Sander  
 

25 

 

 
 

 
Figure 10. Water temperature sustained by the Basalt rock group. 

Best Rock Species? In this circumstance, there is no significant rock 

species characteristic which may be interpreted to heat water better. It may be 

concluded however, that work load is reduced by available rock weight in a hot 

rock boiling session. This may be seen in Table 2 where the Granite group 

weighing the most at 1461 g was cycled only 15 times compared to 18 or 23 times 

in the other rock groups. 

Table 2. Summary of water temperature sustained by the rock groups. 
 

Group Rocks Weight Cycles Minutes Temperature 
Assorted 6   405.3g 23 35  48-70°C 
Granite 5 1461.4g 15 35  45-83°C 
Basalt 3 1234.4g 18 35  44-93°C 

 

Work Reduction. Table 2 previous lists the number of cycles, or times 

rocks were transported from fire to water. Six rocks were used in the Assorted 

group: 1 siltstone and 5 sandstone. These 6 rocks were immersed in the water 23 
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times in total. This involves walking back and forth to the fire 23 times. The 

Assorted rock group was selected to represent heating an individual meal or a tea. 

Locating the fire and the container close together would have been ideal in the 

case of cooking a meal or heating drinking water. This would be the ideal 

arrangement for an individual with smaller sized cooking containers using smaller 

sized rocks such as those in the Assorted group.  

Five granite rocks were used in the Granite group. (Figure 9) These 5 

rocks were immersed in the water 15 times in total. This is an average of 3 

immersions per rock over a period of less than an hour. The Basalt rock group 

was quite similar involving 3 sandstone rocks immersed in water 18 times in total. 

This is an average of 6 immersions per rock over a period of less than an hour. In 

each case this work load would be reduced by increasing the total amount of rocks 

in the group. This would also allow for the availability of rocks in case they 

fractured which was the case in the Basalt group. 

Food Temperature. Table 2 previous summarizes the range of 

temperatures sustained for the rock groups used in the hot rock boiling 

experiment. Each hot rock boiling session showed the potential to adequately 

cook food items. This potential would be heightened with a more experienced 

cook, more rocks, and a more appropriate container.  
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Food cooked in a hot rock boiling session may include a soup with meat or 

fish, seasonings, and plants. Wandsnider (1997) describes the temperatures which 

are adequate to cook meats with moist heat.  

Lean meat or muscle protein is sufficiently cooked quickly at temperatures 

between 40 to 60 degrees Celsius. Lean meat cooked at higher temperatures is 

perceived as tough. (Wandsnider 1997:9) Most wild animal species contain 

increased amounts of connective tissue. This collagen rich meat is best cooked 

slowly at temperatures greater than 65 degrees Celsius as it is perceived as tender 

in this condition. (Wandsnider 1997:10)  

Fish meat is tender and contains little connective tissue. Fish requires little 

heat and may be simmered for 5 to 10 minutes for adequate cooking. (Medved 

1986:262-263) Teas are best simmered at 3 to 5 minutes to extract flavor below 

boiling point at 85-99 degrees Celsius. (Medved 1986:341) 

Wild rice is an aquatic grass which absorbs about twice its volume of 

water during cooking. Adequate cooking time for rice may span 20 to 40 minutes. 

(Medved 1986:69) Vegetables vary in composition as they may be defined to 

include plant parts including bulb, flower, seed, fruit, root, and stems. Vegetables 

are best cooked briefly in a small amount of water. (Medved 1986:159)  

Simmering. This study in hot rock boiling showed that a more appropriate 

term would be hot rock simmering as temperatures achieved in this experiment 

did not reach boiling temperature. It might be said that the goal of most cooking 
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sessions would be to slowly cook food rather than to aggressively boil it. This 

statement may be supported by examining modern cooking preferences. Medved 

defines the temperatures used in various cooking environments. Stewing refers to 

meat cooked in a small amount of water with vegetables. (Medved 1986:254) 

Scalding takes place at 65 degrees Celsius, lukewarm is defined at 40 degrees 

Celsius, and simmering occurs just below the boiling point at 85-99 degrees 

Celsius. (Medved 1986:39) 

Rock Species Preference. People who used hot rocks to boil food would be 

familiar with how different rock species performed. People might choose rocks 

that would be less likely to fracture violently, less likely to contribute residue into 

food, and those of a size and shape easy to handle and appropriate for the 

container size. If people used more than one rock species at a time for hot rock 

boiling this may be evident in the archaeological record.  

Rock Characteristics 

Surface Condition. The surface condition of the rocks was photographed 

before and after the experiment. Dominant weathering processes work on the 

surface of rocks and are dependent on temperature and rainfall characteristics that 

vary regionally. Insolation may contribute to the condition of surface rock by 

introducing minute strain, lessening cohesion of minerals, and initiating fracture 

which introduces moisture leading to weathering from expansion and chemical 

change. (Blackwelder 1933:111) 
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 Locality. In addition, mechanical properties of rock specimens vary 

within localities in the same geological origin (Domanksi et al.1994:193).  This 

study neglected to microscopically examine the rock surfaces for evidence of 

fracture. The pre-existing surface condition of rocks involved in hot rock 

experimentation may be a factor in rock performance. This may be supported by 

conflicting results in hot rock boiling experiments summarized in Table 3 where 

surface condition may be a factor in comparable species performance.  

Table 3. Summary of some experiments in heated rock performance. 
 

Study Best Performer Surface Condition Region 
Storm (2008) 
Wendt (1988) 
UTACLA (2009) 
Brink and Dawe (2003) 
Buckley (1990) Lawless (1990) 

Basalt 
Granite 
Limestone 
Quartzite/Limestone 
Igneous 

Rounded 
Rounded 
? 
Rounded 
Rounded  

Washington 
Minnesota 
Texas 
Edmonton 
Ireland 

 
Availability. The dominant surface rocks available for hot rock boiling in 

the region of Sawyer County Wisconsin include reddish brown sandy sediment, 

rocks, clay, and boulders from the Lake Superior basin. (Dott and Attig 2004:50-

54) The bedrock in the study area is largely covered by these glacial deposits. 

This deposition may include basalt as glaciers traveled southwest across the Pre-

Keweenaw bedrock, although basalt is not likely a dominant surface rock.  

Identification. Dark sandstone was mistaken for basalt when rocks were 

selected for this study. It is possible that basalt may be incorrectly identified as 

thermally altered rock in the archaeological record. Lithological classification of 

rock may encompass a variety of rock types (Domanski et al. 1994:197). 
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Domanski et al. (1994) point out that geologists and archaeologists may differ in 

their classification of rock species. “It should be noted that geologists often regard 

flint (silicified nodules in limestone) as a type of chert. Very fine-grained volcanic 

rocks, lacking any obvious igneous features in hand specimen, are often classified 

as chert by archaeologists.” (Domanski et al. 1994:193)  

Thus, thermally altered archaeological rock may be characteristic to 

geologic locality as well as regional weathering and depositional history. 

Regional definitions of thermally altered rock may be useful. For instance, the 

Sawyer County region in the north western part of the state and the Driftless 

region in south western Wisconsin may have significant differences in thermally 

altered rock characteristics as well as species selection.  

Characteristics of Thermally Altered Rock 

Natural Rock. Rapp et al. (1999) point out that natural rock found in the 

archaeological record may often be mistakenly identified as fire cracked rock. 

Therefore an in depth definition of thermally altered rock as well as the listing of 

possible ways thermally altered rock may have been used archaeologically may 

be useful in identifying and interpreting thermally altered rock at an 

archaeological site.  

Table 4 lists the possible characteristics and uses of thermally altered rock. 

This information was gathered from the literature reviewed for this study and 
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especially from Rapp et al. (1999), Gose (2000), Thoms (2009), and McParland 

(1976). 

Table 4. Characteristics and human use of thermally altered rock. 
 

Use Surface Characteristics Internal Properties 
Griddle 
Earth Oven 
Parching 
Pottery Support 
Grit Production 
Tool Production 
Fire Containment 
Container Boiling 

Spalls 
Crumbling 
Surface Fracture 
Irregular Fracture 
Patterned Fracture 
Charcoal Staining 
Surface Color 
Deepening 
 

Luminescence 
Magnetic Susceptibility 
 
Patterns 
Size Range 
Spatial Patterning 
Preferential Species 
Selection 

 
Internal Properties. Certain categories of analysis may be useful when the 

archaeological record is limited and interpretation is vital. Luminescence is the 

light emitted by minerals. Rocks are formed through heat and pressure developing 

a thermoluminescence at the date of their creation. Luminescence analysis may be 

used to date re-heated minerals in rock. The re-heating of rock alters the 

luminescence of the minerals like setting a clock back to zero. Optically simulated 

luminescence is fast and affordable. (Rapp et al. 1999:72) 

An inherent magnetism is also developed at the time of rock creation and 

is parallel to the magnetic field on the earth at that moment. Burned rocks 

normally have an induced magnetism in addition to their inherent magnetism 

contained in their magnetic minerals. Thus burned rock has a higher magnetic 

susceptibility than normal rocks. Susceptibility is the total magnetic mineral 

content of a sample. (Gose 2000)  
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Color. Color is physical property of minerals of which rocks are 

composed. Color is a useful property to identify certain minerals that maintain a 

characteristic color. Many minerals do not maintain a characteristic color. The 

surface of minerals with constant color properties may be altered so it is important 

to examine a fresh surface when noting color. (Hurlburt 1965:162-163)  

The color of a rock may also indicate characteristic mineral content. 

(Hurlburt 1965:513) The color of a rock in this sense is related to silica content as 

a rock with more silica is generally lighter than a rock with less silica content. 

Color may be described with hue or color tone, value or light to darkness, and 

chroma or departure from grey.  

A limited number of studies (Gunn 1977; Lintz 1989; Pagoulatos 1992) 

have attempted to ascertain whether thermally altered color is a useful 

investigative tool for archaeology. Methods used to investigate color change in 

thermally altered rock have included the use of the Munsell soil codes (Lintz 

1989; Pagoulatos 1992), a Japanese version of the Soil Color Chart (Lintz 1989), 

and the Geological Society of America Rock-Color Chart (Gunn 1977). 

Gunn (1977) conducted an experiment which involved the pre-heating of 

limestone and dolomite in an oak fire for 35 minutes. The rocks were cycled from 

fire to water in two groups 1 and 2 times. Limestone and dolomite produced 

notable changes in color from the oxidation of iron in the firing atmosphere where 

the interior of the rock is less altered in color. (Gunn 1977:205-208) 
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Lintz (1989) conducted an experiment on chemical sedimentary rock from 

New Mexico. Lintz concluded that discoloration was variable due to the 

differences in chemical composition of rock chosen from the study area, value 

changes likely were a reflection of carbon reduction, and chroma changes may be 

masked by other changes but tend toward less intensity. (Lintz 1989:329-332) 

White and Hannus (1983) found that color differences in thermally altered 

rock were “…less than the difference between individual specimens in the glacial 

drift. Thus, color is of little value in identifying fire-treated igneous rock in the 

field.” (White and Hannus 1983:56)  

The use of color as a tool to identify or interpret thermally altered rock is 

not reliable as the color of minerals is not consistent, mineral color may be altered 

by impurities, rock surface color may be altered by weathering, and the various 

possible compositions of rock are extensive. Regardless, the examination of 

surface color of a rock in relationship to its interior color may be a valuable clue 

to begin identifying a thermally altered rock. Figures 11 and 12 illustrate an 

example of color change in thermally altered rock. 

 
Figure 11. Rock A1-Siltstone before the experiment. 
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Figure 12. Rock A1-Siltstone after the experiment. 

Fracture. Characteristic fracture in thermally altered rock may include 

crumbling, surface fractures, irregular fractures, or patterned fractures in layers or 

spalls. Blackwelder (1927) explained how fire works on a rock mass to produce 

spalls, as shown in Figure 13, and other fractures.  

The characteristic effect of fire upon a rock mass is to expand the outer 
parts so suddenly that the tensile strength of the rock is exceeded radially 
and fractures are formed more or less parallel to the surface…cracks 
are…influenced by various lines of weakness, such as stratification, “blind 
joints,” rift, veins, and schistosity…the process may yield fragments of 
many shapes and sizes. [Blackwelder 1927:135-136] 

 
Figure 13. Spalls evident in dark colored sandstone. 

The rocks in this study were igneous granite and sedimentary sandstone 

and siltstone. The granite rocks consisted of a coarse granular even texture. The 

sandstone rocks were of a fine granular even texture in colors of light black to 
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light red/brown. The sedimentary siltstone was dark red and consisted of a very 

fine even texture. 

Rocks are not solely minerals but contain minerals with general structure 

characteristics. Igneous rocks contain interlocking crystalline particles with a 

wide variation in possible chemical composition and texture or size of grain due 

to variation in formation. Metamorphic rocks have a layered parallel arrangement 

of minerals. Sedimentary rocks are granular due to it non-interlocking grains. 

(Hurlburt 1965:514-515) Sandstone is generally composed mainly of quartz while 

the sedimentary siltstone may be composed of finer grained quartz and clay 

materials. (Hurlburt 1965:525) 

The color of a sedimentary rock depends largely on the cementing 

material. When sandstone breaks it is usually the cement which fractures leaving 

a rough granular surface. A cementing agent composed of an iron oxide such as 

hematite may present with a red color, Figure 11 is an example. Light-colored 

sedimentary rocks likely have silica or calcite as the cementing agent. (Hurlburt 

1965:524) 

The condition of rocks in this study led to general conclusions supported 

only by this limited observation. Figure 14 illustrates that granite tends to crumble 

dependent on surface weakness in pre-existing rock condition (see also Appendix 

A: G5 and G2). Figures 15 and 16 illustrate that rocks in general tend to fracture 

at structurally weak areas or in patterned layers (see Appendix A: A4, A6, B2, B4, 
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and B5) corresponding to rock formation, although this is not always the case (see 

Appendix A: A3,B1, B3). Figure 17 is an example of irregular fracture condition 

evident in dark colored sandstone. 

 
Figure 14. Crumbled edge in red colored granite. 

 

 
Figure 15. Fracture in a structurally weak location in light colored granite. 

 

 
Figure 16. Patterned fracture in dark colored sandstone. 

 

 
Figure 17. Irregular fracture in dark colored sandstone. 
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Weight Loss 

Each rock used in the experiment showed a weight loss with the exception 

of the spherical sandstone rock A4 in the Assorted group. Rocks A4 and A3 

weighed the least of all the rock groups initially at 39.7 g each. Rock A3 fractured 

in two pieces with a loss of 0.2 grams. The fact that rock A4 failed to show a loss 

may be due to its small weight, the limitations of the balance, operator error, or a 

threshold temperature for weight loss. Rocks A3 and A4 are shown in Figure 18 

and Figure 19 below. 

 
Figure 18. Rock A4 spherical sandstone in the Assorted group. 

 

 
Figure 19. Rock A3 darker sandstone from the Assorted group. 

 Table 5 lists the condition, percent weight loss, and range of temperatures 

spanned for each rock as it was cycled from fire to water a number of times. All 
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intact rock species consistently lost weight at less than 1 percent. Rock A4 did not 

lose weight. Rock A4 reached the lowest temperature at 307 degrees Celsius.  

Table 5. Percentage of weight loss with associated temperatures. 

Rock Initial (g) % Loss Condition Cycles Range(°C) 
Al- Red Siltstone 
A2-Dk Sandstone 
A3-Dk Sandstone 
A4-Lt Sandstone 
A5-Lt Sandstone 
A6-Lt Sandstone 

113.8 
52.8 
39.7 
39.7 
70.0 
89.3 

0.88 
0.19 
0.50 
0.00 
0.29 
0.22 

intact 
intact 
2 pieces 
intact 
cracked 
2 pieces 

6 
5 
2 
4 
5 
1 

45.1 - 578 
50.7 - 597 
63.0 - 514 
52.3 - 307 
52.2 - 505 
          513 

B1-Dk Sandstone 
B3-Dk Sandstone 
B5-Dk Sandstone 

480.6 
418.1 
335.7 

1.10 
0.19 
3.40 

2 pieces 
3 pieces 
3+ pieces 

7 
6 
5 

46.0 - 320 
47.3 - 376 
46.0 - 366 

G1-Lt Granite 
G2-Red Granite 
G3-Lt Granite 
G4-Lt Granite 
G5-Lt Granite 

288.9 
309.4 
171.4 
392.1 
299.6 

0.52 
8.63 
0.53 
0.79 
0.73 

intact 
crumbled 
intact 
intact 
2 pieces 

4 
3 
3 
3 
2 

71.0 - 504 
71.0 - 584 
64.2 - 565 
64-9 - 584 
72.3 - 630 

 

Is there a threshold temperature for weight loss in intact rock subjected to 

thermal shock? Tarr (1915) noted that heating of Missouri granites at less than 

250 degrees Celsius shows no loss of strength which may indicate no fracture 

takes place. (Tarr 1915:350-387) What factors may contribute to weight loss in 

thermally altered rock? Figure 20 lists possible factors that may contribute to 

weight loss in rock. 
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Figure 20. The possible factors influencing weight loss in heated rock. 

Water. The process of extracting a metal from its ore by reaction with 

water is called hydrometallurgy. An acid, base, or salt solution is used if the 

compound is not water soluble. One form of hydrometallurgy is leaching in which 

the mineral is dissolved through its reaction with water. (Brown et al. 2003:925) 

 Water and Heat. The super heating of mineral rich fluids within a 

crystalline magma can alter rocks or minerals. This process is called hydrothermal 

alteration. This same process can also cause replacement which adds or removes 

minerals or metamorphism which changes the structure or composition of rock or 

mineral deposits. (Chesterman and Lowe 1979:790)  

Heat. The use of heat to reduce a mineral to its metal form is called 

pyrometallurgy. Most minerals that have chemically reacted with hydrogen will 

lose water at temperatures between 100 and 300 degrees Celsius as water 

becomes a vapor at 100 degrees Celsius. (Brown et al. 2003:922)  

Minerals have a distinct crystalline structure or arrangement in space of 

ions (atoms) and ionic groups (groups of atoms) as well as the type of bonding or 

electrical forces that hold them together. (Hurlburt 1965:7)  
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The attractive force between the oppositely charged ions in a crystal 

structure is an ionic bond. A covalent bond is the attractive force between the 

nuclei of atoms who share electrons. In general covalent bonds do not break down 

in boiling water but are likely to breakdown in the temperature of a wood fire. 

(Ketchum 1984:23-24) 

The physical and chemical properties of minerals are related to the 

strength of bonding or crystalline structure. Many crystals contain more than one 

bond type thus variable physical and chemical properties. A strong bond will 

result in a hard crystal with a high melting point and a small coefficient of thermal 

expansion. The application of heat energy results in a separation of bonds or 

atoms which occurs at melting point. (Hurlburt 1965:184-185) Table 6 shows 

examples of properties, melting point and density,  related to crystalline structure. 

Table 6. Elements with density and melting point compiled from Tables: 7.1, 7.4, 
7.6, 7.7, 23.2 and 23.5 in Brown et al. (2003). 

 
Element Melting Point ° C Density (g/cm3) 
Calcium 
Copper 
Iron 
Potassium 
Magnesium 
Manganese 
Zinc 

842 
1084 
1537 
63 
650 
1244 
420 

1.54 
8.9 
7.9 
0.86 
1.74 
7.2 
7.1 

  
Petrology studies resulted in the production of phase diagrams for 

minerals which examine phase changes dependent on composition, temperature, 

and pressure. This data is available in volumes produced by the United States 
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Geological Survey or the American Ceramic Society for instance. (Ehlers and 

Blatt 1980:47)  

 Thermal Expansion. A change in temperature in a substance may result in 

expansion or contraction. The coefficient of thermal expansion is specific to 

substances. Generally expansion occurs with an increase in energy while 

contraction occurs with a decrease in thermal energy. Thermal energy is stored in 

atomic bonds. A Van der Waals bond exists between infinite atoms and ions in all 

solids. This is considered a weak bond compared to ionic, covalent, and metallic 

bonds. This bond exists between non-spherical molecules while internal ionic or 

covalent forces bind individual molecules. (Tennissen 1974:14) 

Heated quartz crystals in granite may crack upon heating and the fluidal 

inclusions in cavities of may be lost. These cavity inclusions may contain water, 

carbon dioxide, or other gases and liquids. Minerals expand at different rates upon 

heating in a linear form along different axes. Tarr noted a permanent expansion of 

heated Missouri granite at 500 degrees Celsius with a reduction in expansion rate 

at higher temperatures. (Tarr 1915:350-387) 

Heating of rock causes expansion of minerals in granite whereas the 

differing expansion of mineral types breaks bonds between crystals and in the 

crystals themselves. Sudden heating of rock to a confined area results in a rise in 

shear stress and a lower temperature requirement for fracture or spalling to occur. 

In most rocks spalling occurs when heated to temperatures greater than 250 or 
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300 degrees Celsius. The majority of rocks will withstand fracture with sudden 

heating to 200 to 300 degrees Celsius. (Blackwelder 1933:102-107)  

Recrystallization. Recrystallization of rock may occur due to pressure or 

proximity to magma at 482 to 1372 degrees Celsius. These rocks soften and 

recrystallize with heat and pressure and cool in a new form. (Crowns 1976:18) 

Recrystallization is a change in texture or mineral makeup where material is lost 

or changed by solution or addition. Existing large crystals in rock usually enlarge 

while smaller crystals disappear. (Tennissen 1974:319) 

Gose (2000) uses magnetic analysis to interpret the archaeological record 

relating to heated rock and rock used for boiling food. Samples from quartzite 

rocks used for boiling were analyzed for characteristics of magnetization due to 

hot rock boiling use. Burned rocks will develop an induced magnetization 

proportional to the magnetic susceptibility which will be much larger than rocks 

that are not burned. (Gose 2000:409) Gose suggests that heated sandstone and 

limestone contain higher concentrations of magnetic minerals created during the 

heating process. (Gose 2000:418) This may be an example of thermal expansion. 

Domanski and Webb (1992) tested samples of chemical sedimentary and 

metamorphic rock for mechanical properties after subjecting them to slow heating 

and slow cooling. The samples included extremely fine grained flint, chert, jasper, 

chalcedony, agate, and macro crystalline silicrete, quartzite, and quartz. 

(Domanski and Webb 1992:603)  
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Domanski and Webb concluded that comparison of heated siliceous lithic 

tools to similar samples of unheated lithics will show reduced fracture toughness, 

an increased greasy luster, and a more pronounced re-crystallization in heated 

samples. Thermal treatment results in additional heat induced crystallization 

where structure becomes more equigranular, crystal size becomes reduced, and 

lithics are easily fractured. (Domanski and Webb 1992:601-612)  

In macro or micro crystalline quartz, fractures will occur along crystal 

boundaries where bonding is weaker than at inter atomic silicon oxygen bonds 

that occur within the crystalline structure. Thus, heat induced fractures propagate 

around the crystals rather than through them. In coarser grain sized lithics and 

rocks formed at higher temperatures, re-heating may result in less intense re-

crystallization and smaller changes in mechanical properties or less sensitivity to 

applied heating and cooling. (Domanski and Webb 1992:611-612) 

 
Water Movement. Igneous and metamorphic rocks are formed at greater 

temperatures than the earth’s surface where the environment contains less water. 

Chemical changes in rock exposed on the earth’s surface, chemical sedimentary 

rock, result in a greater composition of water, oxygen, carbon dioxide, and 

organic matter. 

Gunn (1977) concluded that minor weight loss in limestone and dolomite 

was attributed to fragmentation upon firing and the majority of weight loss was 
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due to moisture release. (Gunn 1977:206) Water movement occurs during heat 

treatment where heating may induce water loss and cooling may result in water 

gain. (Domanski and Webb 1992:607-612)  

Six flint performs were heated separately for 24 hours in an electric oven 

at peak temperatures from 150 to 400 degrees Celsius. The performs were taken 

from the oven as they cooled to 150 degrees Celsius. When the preforms reached 

room temperature they were weighed. The average percentage of weight loss was 

plotted against peak temperatures. The weight loss was attributed to water loss 

suggesting that loosely bound molecular water is lost below 100 degrees Celsius 

and structural water is lost at 300 degrees and greater. Weight loss at 600 degrees 

and greater is attributed to the release of carbon dioxide. (Griffiths et al. 1983:43-

51) 

Conclusions 

Dark sandstone was easily mistaken for basalt in this study. This supports the 

suggestion that natural rock and rock otherwise classified as fire cracked rock in 

the archaeological record may be incorrectly identified. 

Characteristics of thermally altered rock include irregular fracture, patterned 

fracture, rock surface fracture, spalling, crumbling, color change, and altered 

internal properties.  
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Regional definitions of thermally altered rock are useful as dominant regional 

weathering processes and geologic history may contribute to rock availability and 

locality properties in rock species. 

The ideal container for hot rock boiling has a wide opening with a small area 

at the bottom to group hot rocks. The wide opening at the top allows for 

maneuvering hot rock in and out of the container. The small area at the bottom 

contains rock below water level, and minimizes heat transfer. 

Smaller sized hot rocks used in smaller sized containers located close to the 

fire source would be an ideal arrangement for an individual cooking session 

involving the preparation of drinking water or a single meal. 

Hot rock boiling is more suitably labeled hot rock simmering as temperatures 

in this study were sustained below boiling point and stewing slowly in water may 

be preferable to aggressive boiling. 

The reduction of work and the increase in potential of the hot rock boiling 

process may involve an adequate supply of rock weight, proximity to the fire, an 

appropriate container, and an experienced hot rock cook. 

Some factors that may contribute to weight loss in thermally altered rock may 

include water, heat, water and heat, thermal expansion, and water movement.  
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APPENDIX A: PHOTOGRAPHS 
Rock A1 from the Assorted group before the experiment. 

 
 
 

Rock A2 from the Assorted group before the experiment 
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Rock A3 from the Assorted group before the experiment. 

 
 
 

Rock A4 from the Assorted group before the experiment. 
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Rock A5 from the assorted group before the experiment. 

 
 

Rock A6 from the assorted group before the experiment. 
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Rock B1 from the basalt type rock group before the experiment. 

 
 
 

Rock B2 from the basalt type rock group before the experiment. 
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Rock B3 from the basalt type rock group before the experiment. 

  
 
 

Rock B4 from the basalt type rock group before the experiment. 
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Rock B5 from the basalt type rock group before the experiment. 

 
 
 

Rock G1 from the granite group before the experiment. 
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Rock G2 from the granite group before the experiment. 

 
 

Rock G3 from the granite group before the experiment. 
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Rock G4 from the granite group before the experiment. 

 
 
 

Rock G5 from the granite group before the experiment. 
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Rock A1after the experiment. 

 
 
 

Rock A2after the experiment. 
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Rock A3 after the experiment. 

 
 

Rock A4 after the experiment. 
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Rock A5 after the experiment. 

 
 

Rock A6 after the experiment. 
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Photograph of the condition of the five basalt type rocks after heating in the fire for fifteen minutes. 

 
 
 

Rock B1 after the experiment. 
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Rock B2 after the experiment. 

 
 
 

Rock B3 after the experiment. 

 
 

Photograph two of rock B3 after the experiment. 
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Rock B4 after the experiment (blue pieces of tape). 

 
 

Rock B5 after the experiment. 
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Photograph showing granite rocks heating in the fire for fifteen minutes. 

 
 

Rock G1 after the experiment. 
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Rock G2 after the experiment. 

 
 

Rock G3 after the experiment. 
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Rock G4 after the experiment. 

 
 

Rock G5 after the experiment. 

 



R E SANDER APPENDIX B: ASSORTED 1

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A1 FROM FIRE ˚C -23.2 578.0 248.0 233.0
A1 OUT OF WATER 45.1 54.3
SHATTER TIME

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

A1 FROM FIRE 217.8 204.0
A1 OUT OF WATER 62.7 61.5 65.0
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

A1 FROM FIRE 302.0
A1 OUT OF WATER
SHATTER

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A2 FROM FIRE -23.2 597.0 316.0
A2 OUT OF WATER 50.7 54.3
SHATTER

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

A2 FROM FIRE 305.0 314.0 287.0
A2 OUT OF WATER 61.5 67.0
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

A2 FROM FIRE
A2 OUT OF WATER
SHATTER



R E SANDER APPENDIX B: ASSORTED 2

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A3 FROM FIRE -23.2 514.0 315.0
A3 OUT OF WATER 63.0
SHATTER YES

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

A3 FROM FIRE
A3 OUT OF WATER
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

A3 FROM FIRE
A3 IN WATER
SHATTER

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A4 FROM FIRE -23.2 428.0 307.0
A4 OUT OF WATER 54.5 52.3
SHATTER

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
A4 FROM FIRE 305.0
A4OUT OF WATER 61.2
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
A4 FROM FIRE 153.5
A4 OUT OF WATER
SHATTER



R E SANDER APPENDIX B: ASSORTED 3

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A5 FROM FIRE -23.2 505.0 227.0
A5 OUT OF WATER 52.2 54.0
SHATTER
MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
A5 FROM FIRE 231.0 257.0 202.0
A5 OUT OF WATER 56.2 67.0
SHATTER
MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
A5 FROM FIRE
A5OUT OF WATER
SHATTER

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A6 FROM FIRE -23.2 513.0
A6 IN WATER
SHATTER YES
MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
A6 FROM FIRE
A6 OUT OF WATER
SHATTER
MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
A6 FROM FIRE
A6 OUT OF WATER
SHATTER



R E SANDER APPENDIX B: BASALT 1

 TIME 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B1 FROM FIRE ˚C -9.5 320.0 156.0 90.0
B1  OUT OF WATER 53.0 46.0
SHATTER

 TIME 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

B1 FROM FIRE 169.0 212.0
B1  OUT OF WATER 74.1 86.3
SHATTER

 TIME 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

B1 FROM FIRE 227.0 214.0
B1  OUT OF WATER 91.0
SHATTER

 TIME 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B2 FROM FIRE -9.5
B2  OUT OF WATER
SHATTER YES

 TIME 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

B2 FROM FIRE
B2  OUT OF WATER
SHATTER

 TIME 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

B2 FROM FIRE
B2  OUT OF WATER
SHATTER



R E SANDER APPENDIX B: BASALT 2

 TIME 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B3 FROM FIRE -9.5 376.0 331.0
B3  OUT OF WATER 47.3
SHATTER

 TIME 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

B3 FROM FIRE 269.0 290.0
B3  OUT OF WATER 67.0 80.8 79.5
SHATTER

 TIME 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

B3 FROM FIRE 282.0 115.0
B3 IN WATER 84.0
SHATTER YES

 TIME 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B4 FROM FIRE -9.5
B4  OUT OF WATER
SHATTER YES

 TIME 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

B4 FROM FIRE
B4  OUT OF WATER
SHATTER

 TIME 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

B4 FROM FIRE
B4  OUT OF WATER
SHATTER



R E SANDER APPENDIX B: BASALT 3

 TIME 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B5 FROM FIRE -9.5 366.0 350.0
B5  OUT OF WATER 46.0
SHATTER

 TIME 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
B5 FROM FIRE 243.0 218.0
B5  OUT OF WATER 73.4 74.0
SHATTER
 TIME 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
B5 FROM FIRE 243.0
B5 OUT OF WATER 85.0
SHATTER



R E SANDER APPENDIX B: GRANITE 1

 MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

G1 FROM FIRE˚C -20.0 504.0
G1  OUT OF WATER 76.3
SHATTER

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

G1 FROM FIRE 460.0 306.0
G1  OUT OF WATER 78.6
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

G1 FROM FIRE 306.0
G1  OUT OF WATER 71.0
SHATTER

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

G2 FROM FIRE -20.0 584.0
G2  OUT OF WATER
SHATTER YES

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

G2 FROM FIRE 250.0 150.8
G2  OUT OF WATER 71.0 79.3
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

G2 FROM FIRE
G2  OUT OF WATER 73.4
SHATTER



R E SANDER APPENDIX B: GRANITE 2

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

G3 FROM FIRE -20.0 565.0
G3  OUT OF WATER
SHATTER

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

G3 FROM FIRE 339.0
G3  OUT OF WATER 64.2 70.0
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

G3 FROM FIRE 368.0
G3  OUT OF WATER
SHATTER

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

G4 FROM FIRE -20.0 584.0
G4  OUT OF WATER
SHATTER

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

G4 FROM FIRE 251.0
G4  OUT OF WATER 68.0 64.9
SHATTER

MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

G4 FROM FIRE 301.0
G4  OUT OF WATER
SHATTER



R E SANDER APPENDIX B: GRANITE 3

MINUTE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

G5 FROM FIRE -20.0 630.0 615.0
G5  OUT OF WATER 72.3
SHATTER

MINUTE 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
G5 FROM FIRE
G5  OUT OF WATER
SHATTER YES
MINUTE 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
G5 FROM FIRE
G5 OUT OF WATER
SHATTER



R E SANDER APPENDIX B: ROCK MEASUREMENTS 1
G1 INITIAL END
LONGEST AXIS (cm) L86.94 W68
MASS (gm) 288.9 287.4
DISPLACED VOLUME (c 115 115
DENSITY (g/mL³) 2.51 2.50

G2 INITIAL END
LONGEST AXIS (cm) L87.97 W62.25
MASS (gm) 309.4 282.7
DISPLACED VOLUME (c 125 n/a
DENSITY (g/mL³) 2.48 n/a

G3 INITIAL END
LONGEST AXIS (cm) L65.35 W49.22
MASS (gm) 171.4 170.5
DISPLACED VOLUME (c 70 70
DENSITY (g/mL³) 2.45 2.44

G4 INITIAL END
LONGEST AXIS (cm) L80.7 W71.43
MASS (gm) 392.1 389.0
DISPLACED VOLUME (c 150 155
DENSITY (g/mL³) 2.61 2.51

G5 INITIAL END
LONGEST AXIS (cm) L82.85 W68.78
MASS (gm) 299.6 297.4
DISPLACED VOLUME (c 125 n/a
DENSITY (g/mL³) 2.40 n/a



R E SANDER APPENDIX B: ROCK MEASUREMENTS 2
B1 INITIAL END
LONGEST AXIS (cm) L116.92 W69.08
MASS (gm) 480.6 475.3
DISPLACED VOLUME (c 200 n/a
DENSITY (g/mL³) 2.40 n/a

B2 INITIAL END
LONGEST AXIS (cm) L103.18 W68.14
MASS (gm) 333.5 286.1
DISPLACED VOLUME (c 130 n/a
DENSITY (g/mL³) 2.57 n/a

B3 INITIAL END
LONGEST AXIS (cm) L107.53 W53.4
MASS (gm) 418.1 417.3
DISPLACED VOLUME (c 170 170
DENSITY (g/mL³) 2.46 2.45

B4 INITIAL END
LONGEST AXIS (cm) L98.56 W80
MASS (gm) 436.1 346.5
DISPLACED VOLUME (c 170 n/a
DENSITY (g/mL³) 2.57 n/a

B5 INITIAL END
LONGEST AXIS (cm) L93.9 W60.26
MASS (gm) 335.7 324.3
DISPLACED VOLUME (c 135 n/a
DENSITY (g/mL³) 2.49 n/a



R E SANDER APPENDIX B: ROCK MEASUREMENTS 3
A1 INITIAL END
LONGEST AXIS (cm) 93.31 W51.43
MASS (gm) 113.8 112.8
DISPLACED VOLUME (c 45 45
DENSITY (g/mL³) 2.53 2.51

A2 INITIAL END
LONGEST AXIS (cm) L89.83 W46.66
MASS (gm) 52.8 52.7
DISPLACED VOLUME (c 25 25
DENSITY (g/mL³) 2.11 2.11

A3 INITIAL END
LONGEST AXIS (cm) L50.7 W45.68
MASS (gm) 39.7 39.5
DISPLACED VOLUME (c 15 15
DENSITY (g/mL³) 2.65 2.63

A4 INITIAL END
LONGEST AXIS (cm) L32.35 n/a
MASS (gm) 39.7 39.7
DISPLACED VOLUME (c 15 15
DENSITY (g/mL³) 2.65 2.65

A5 INITIAL END
LONGEST AXIS (cm) L38.83 n/a
MASS (gm) 70 69.8
DISPLACED VOLUME (c 25 30
DENSITY (g/mL³) 2.80 2.33

A6 INITIAL END
LONGEST AXIS (cm) L43.2 n/a
MASS (gm) 89.3 89.1
DISPLACED VOLUME (c 35 40
DENSITY (g/mL³) 2.55 2.23



R E SANDER APPENDIX B: WATER MEASUREMENTS 1

GRANITE WATER MINUTE 1 2 3 4 5 6 7 8 9 10
GRANITE WATER ˚C 6.0 45.5 56.7 70.2 68.1
AIR TEMP -15.0˚C
GRANITE TIME 11 12 13 14 15 16 17 18 19 20
GRANITE WATER TEMP 71.6 69.3 85.0 85.0 83.8 92.0

GRANITE TIME 21 22 23 24 25 26 27 28 29 30
GRANITE WATER TEMP 87.1 88.2 78.0 81.8 83.6 73.8

GRANITE TIME 31 32 33 34 35 36 37 38 39 40
GRANITE WATER TEMP 75.1 71.0 78.7 73.2 83.8

BASALT MINUTE 1 2 3 4 5 6 7 8 9 10
BASALT WATER TEMP 4.1 26.2 48.7 63.8 49.8 48.8
AIR TEMP -24.0˚C
BASALT TIME 11 12 13 14 15 16 17 18 19 20
BASALT WATER TEMP 44.5 60.0 74.8 79.3 68.7 80.2

BASALT TIME 21 22 23 24 25 26 27 28 29 30
BASALT WATER TEMP 79.5 85.8 74.5 78.1 78.1 93.7 87.0

BASALT TIME 31 32 33 34 35 36 37 38 39 40
BASALT WATER TEMP 89.1 87.0 93.0 82.6 91.8 88.6 83.8



R E SANDER APPENDIX B: WATER MEASUREMENTS 2

ASSORTED MINUTE 1 2 3 4 5 6 7 8 9 10
ASSORTED WATER TEMP 19.5 48.0 53.1 59.9 61.8 56.6
AIR TEMP -25.2˚C
ASSORTED TIME 11 12 13 14 15 16 17 18 19 20
ASSORTED WATER TEMP 60.0 57.5 55.8 60.0 60.8 59.7 60.8

ASSORTED TIME 21 22 23 24 25 26 27 28 29 30
ASSORTED WATER TEMP 70.5 63.7 69.3 69.6 66.9 64.5

ASSORTED TIME 31 32 33 34 35 36 37 38 39 40
ASSORTED WATER TEMP 70.5 64.8 60.1
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