
MUD AND FIRE - Tools of the Dugout Canoe Maker 
Text, Photos, and Illustrations By Terry Powell 

Figure 1. Debry engraving showing the felling of the tree, cutting the trunk to length, 
and hollowing out the hull, all with fire. 

The Friends of the Angel Mounds and the Angel Mounds 
staff decided to make a dugout canoe as an ongoing educa-
tional project for the museum. This was a big decision consid-
ering no one at the site had ever made a dugout before. Our 
project goals were twofold: 1) to illustrate to museum visitors 
how fire in conjunction with stone tools, was used to fashion 
a tree trunk into a usable water craft, the dugout canoe, and 
2) to provide a project which would begin to make Angel 
Mounds a "living" and ongoing educational facility for the 
public. This article deals with the first goal, making a usable 
dugout canoe. The project was to be carried out by members 
of "Friends of Angel Mounds", a volunteer support group for 
the museum. 

Angel Mounds State Historical Site is the location of a 
Prehistoric Indian town occupied by the Mississippian people 
between 1300 and 1500 AD. It is situated on the banks of the 
Ohio River in the Southeast corner of Evansville, Indiana. The  

site occupies 103 acres and archaeological investigations 
revealed a plaza temple, approximately 200 houses and a 
wooden stockade around three sides of the site with the Ohio 
River serving as the fourth boundary. Also, within the fortified 
town are ten earth mounds. It is estimated that 1,000 to 3,000 
people inhabited the site. Dugout canoes have not been found 
in the area but the inhabitants of the site undoubtedly used 
many as a means of travel and trade with their neighboring 
communities up and down the Ohio River. 

Terry Powell is a professional archaeologist, museum 
educator and interpreter. While working as a consultant 
to the Angel Mounds State Historical Park in Evansville 
Indiana, he helped found a festival of primitive technol-
ogy. For more information write 2053 Robinson Dr. N, St. 
Petersburg, FL 33710. 
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Figure 2. The Tombigbee dugout found in Alabama, dates to 1345 AD. Top and side views. 

In order for the dugout project to contribute to the 
ongoing educational program at Angel Mounds beyond the 
demonstration of construction techniques, we had to produce 
a dugout that worked - one that would float and carry people! 
We knew that research on dugout construction was critical to 
answering our questions for making a successful dugout. 
However, we had one question that research could never 
answer--could a successful dugout be constructed on the 
first attempt by a group of people who had never made one 
before? With the determination of our group I knew the answer 
to that question was "yes", providing our research produced 
sufficient information. 

One of my roles in the project was to conduct the 
necessary research on how to make a dugout. We had many 
questions for which we needed answers. Among them were: 
What did Mississippian dugout canoes look like in AD 1100-
1200? How large were they? What tools were used? How did 
Mississippian people control the fire? After all controlling fire 
was the secret to using fire as a tool. I knew from past 
research projects that I would not find complete answers to all 
of our questions. As a primitive technologist, I would have to 
rely on my technological ingenuity to provide more complete 
and plausible solutions to questions not answered in the 
literature. 

An excellent single source for written accounts of early 
explorers is John R. Swanton's book Indians of the South-
eastern United States. Swanton's book is a secondary 
source and compiles information on many topics, including 
dugouts, from original early writing (see Swanton 1946: 592-
597). Swanton relates information from early writers, namely 
Beverly, Lawson, Timberlake, Strachey and DuPratz. This 
secondary source was adequate for our project. Another 
excellent source is Harriot's description of dugout canoe 
making in early Virginia, along with DeBry's excellent engrav-
ing. Harriet's description, from the 1500's, is the earliest 
account of dugout manufacture. Another important source of 
information comes from Pericouts description from Biloxi Bay 
Mississippi in 1699 (McWilliams 1953 in Stowe, 1974: 194-
195). 

Archaeological reports of dugouts actually recovered 
from swamps, rivers and lakes in the eastern United States 
were utilized to get a more complete picture of the size and 
shape of dugouts. 

Size and Shape of Dugouts 
Most dugouts were basically a hollowed out log with both 

ends blunt or pointed, tapering upward from the bottom to the  

to edge (Figure 1). The size of dugouts reported by early 
writers may be somewhat exaggerated. 

Dugouts from 30-40' long and up to three feet in diameter 
were reported by several writers. Smaller dugouts are rarely 
mentioned, possibly because they were overshadowed in the 
writer's mind by the larger ones. 

Archaeological reports provided information on smaller 
dugouts, more in line with the size of our log. Nearly 100 
preserved dugouts have been found in Florida, a world record 
for the number of prehistoric and early historic dugouts found 
in any one locality (Newsome and Purdy 1990: 164). The 
earliest dugouts are nothing more than hollowed out logs with 
blunt ends. 

Outer surfaces and ends were largely unmodified with 
bow and stern indistinguishable. They averaged 15 feet long 
and 16 inches wide. Sometimes branches were not com-
pletely removed (Barbara A. Purdy personal communication, 
1982). 

Another style of canoe which replaces the older style is 
more refined inside and out with both ends somewhat shaped 
by beveling the ends upwards. These average 18 feet long 
and 16 inches wide. They range in length from 11 to 30 feet. 

A dugout from Ohio, dating to 3550 +- 70 BP by radio 
carbon test had blunt ends that tapered upward from the 
bottom to the top. Small platforms were on both ends, created 
in part by the upward tapering of the bottom. 

The most pertinent dugout to our study was one found in 
Alabama in the Tombigbee River. Both ends taper from the 
bottom to form the platforms that form overhangs on both 
ends. The platform measures 1.0 feet by 1.2 - 1.3 feet wide. 
The dugout is 20 feet long, 1.7 feet wide with 1.25 feet interior 
width and 8 inches deep (Figure 1). This dugout was dated by 
the C14 method to 605 BP (1345 AD) which indicates the 
dugout was made during the late Mississippian period, the 
same period during which Angel Mounds was inhabited. We 
ultimately modeled our dugout after this one. 

Types of Wood Used To Make Dugouts 
Dugouts were made from a variety of woods. The type of 

wood utilized depended largely upon what type of trees were 
available to the dugout makers. Swanton states that early 
writers and explorers observed dugouts made from cypress, 
pine, poplar and black walnut in the Southeastern United 
States and the lower Mississippi River Valley. Cypress was 
apparently the most common reported type of tree used for 
dugouts, when it was available. The largest dugouts used on 
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Next, we needed a tool with which to remove the char 
from the hull once it was loosened by the adzes. Scoops were 
fashioned from the bark of a dead pecan tree (Figure 4). 
Water containers were fashioned from large gourds. Water 
would be needed mainly to mix with the clay to form the proper 
consistency. However, I did not believe that water would be 
needed to extinguish the burning coals. They could be scooped 
out while still hot. A gourd dipper was also fashioned for 
pouring water on out-of-control hop spots (Figure 4). A celt 
was also on hand for any unexpected situations (Figure 3). A 

large "hoe", typical of those used by Mississippian people in 
the Midwest, was made to dig clay. These hoes were used by 
the prehistoric Mississippian people to dig storage pits and 
house wall trenches, as well as for cultivation (Figure 3). 
Handles were very short, 18-20 inches long, and the tool was 
used like a hand pick for digging. The length of the handle is 
illustrated by a Mississippian figurine which shows a women 
on her knees using a short handled hoe (Emerson 1982:6-7). 

Construction Begins 
As the tools were being constructed the log 

for our future dugout was allowed to dry for a 
few months. We believed drying would facili-
tate burning. We noticed minor checking .or 
cracking all over the log but hoped this would 
not cause later problems. Drying the log was 
the biggest mistake that we made, as we shall 
see later. 

Our research indicated that the hollowing 
process started with a fire on top of the 
rounded surface of the unaltered log. I had 
figured that the entire process would take 
more time than our volunteers, and public 
were willing to contribute to the project. Thus, 
to speed up the process we cut away the top 
half of the log before our program started. 
This would cut down on the amount of time to 
complete the project and would in no way 
affect our main purpose which was to demon-
strate the use of fire as a tool. Besides, this 
method made the whole process look less 
intimidating for our first dugout project. 

Our log was placed adjacent to a little 
stream on the wooded edge of the Angel 

Figure 4. Tools used in dugout construction - Bark scoops, fans, 
water bottle, water dipper and wedge or glut. 

Tool Performance 
One of the most interesting aspects discovered during 

our project is the few tools which are needed to make a 
dugout. The accounts by early writers on dugout canoe 
manufacture mentioned few tools used in the construction. 
Specifically, stone tools were rarely mentioned which, 
based on the results of our project, was no omission by the 
writer. From felling the tree to completed dugout only three 
tools are essential - fire, mud, and a tool such as a stick or 
shell, to loosen the char from the dugout. Other tools are 
useful, such as a scoop to remove the char from the hull after 
it is loosened, and a tool to dig clay. The char scraped away 
very easily and a long stick sharpened to a chisel edge would 
have worked just as well as our stone adzes. Although our 
stone adzes were not necessary, they performed well and 
were low maintenance. Those with more of an acute angle, 
were excellent for the scraping action utilized 

The bark scoops were very useful tools. After the char 
was scraped loose with adzes, the char was scooped up from 

the bottom of the hull and removed. The handles on the 
scoops are noticeably a European solution to a situation. 
Probably a more appropriate form would have been a long 
rectangular piece of bark held in two hands. However, the 
handles were useful in performing a very hot and uncom-
fortable task. The bark scoops also served as fans for 
encouraging the fire to burn. As the hull became deeper 
from burning the air flow was restricted more and more. 
With restricted air flow the fire did not burn well until the 
fire was well established and created its own draft. The 
beginning fire was often fanned for lengthy periods to 
hasten the fire to a mature state where burning efficiency 
was optimum 

The hoe proved to be a very effective tool. With a short 
handle of 18-20 inches in length it was swung like a pick to 
excavate chunks of clay from the stream bank. The hoe was 
also used in a "hoeing" motion to perform a preliminary 
mixing of clay and water before it was mixed with hands. 
A digging stick would have also worked for digging clay 
but would not have been so efficient. 
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beneath. The heat from the burning charcoal instantly told us 
that the handles on some of the adzes were too short! From 
this time on the long handled adzes were definitely preferred. 
A pulling or scraping action was all that was needed to loosen 
the char. The bark scoops were then used to remove all of the 
loose char and ashes. The cracked and partially dried clay 
ridge surrounding the burned area was also removed and new 
moist clay was added. We were afraid that another burning 
would dry the clay too much and allow burning to start beneath 
the clay and through the cracks. The fire in the half still burning 
was then moved to the recently scraped portion while the 
unscraped portion was cleaned out. (Figure 6). By cleaning 
out only one half at a time there was no down time in restarting 
a fire. The only potential problem in not cleaning out the entire 
area all at once was that irregular burning may occur where 
the two fires met in the center of the canoe. However, by 
slightly overlapping the burning, this problem was overcome. 
This process was repeated until the intended depth of the hull 
was reached. 

As the depth of the hull increased from the burning, extra 
care had to be taken to protect the sides from the rising heat. 
Mud was plastered along the entire exposed sides down to the 
juncture desired with the floor to prevent additional burning. 
This method worked perfectly. The thickness of the sides was 
attained at the juncture of the floor with the sides. The 3-4 
inches within this zone is where maximum control over 
burning of the sides is accomplished. As soon as the desired 
thickness was reached it was plastered with mud. The mud 
protected the sides from excessive heat as well as actual 
burning. Excessive heat could cause the sides to crack and 
split. Thickness of the sides was estimated by eye and was 
monitored continually. Once the burning came within about 2-
3 inches of thickness at the bottom we had to be very cautious. 
The actual thickness of the bottom is difficult to determine by 
the eye because both the inside and outside cannot be seen 
at the same time. Also the dugout was too large around to 
wrap your arms around it and judge the thickness by feel. Thus 
we left the bottom thicker than we needed. The floor of the hull 
had burned smooth and level through every burning to within 
a couple of inches of the desired thickness of the bottom. With 
another couple of burning cycles one of our fears was real-
ized. The burning had reached the cracks which were created 
during the drying period. On the outside surface the cracks 
were rather long but very narrow, from 1/16 to over 1/8 inch 
wide. They were assumed to be very shallow also. However, 
the fire burned down into them which enlarged the cracks to 
some extent. Additional burning would make them larger. 
Since we wanted to actually use the dugout we did not want 
to continue burning and render the dugout completely use-
less. We decided to terminate burning on the interior and 
complete the dugout and deal with the cracks later. Hopefully 
they would swell shut once the dugout was in the water. 

The next step was to shape both ends. We were 
attempting to produce a platform on both ends like on the 
model (Figure 2). Thus we had to create a short steep slant 
towards the end and then level off. After completing what we 
thought was the most difficult portion of the dugout, burning 
out the hull, shaping the ends, we thought , would be an easy 
and quick task. We built a fire beneath the end to burn it into 
shape, which seemed to be the easiest, fastest and most 
logical approach. However, problems quickly arose. After a 
couple of burnings it was apparent that burning progressed 
too quickly. This method created too much heat, producing 
deep cracks in the ends. Another method had to be used. The 
dugout was turned over, bottom up, and the fire built on top of 
the area to be shaped (Figure 7). Burning was much much 
slower but more controlled, and the cracking ceased. 

Keeping the fire from rocking off of the slopes and slightly 
rounded ends proved to be quite a challenge. As a result 
shaping of the ends took much longer than we anticipated. 
Our "platforms" were crude compared to those on the 
Tombigbee dugout. 

After shaping of the interior and exterior was completed 
residual char was removed from the interior of the dugout to 
provide a much cleaner interior for passengers. Sand was 
added to the interior and scrubbed around with a sandstone 
block. After a considerable amount of char was removed the 

   

   

   

   

   

   

Figure 6. Fire was moved to one end of the dugout 
(front) while the char was scraped out and new clay 

applied in the other half. 

         



To Scrape or Not to Scrape 
As the burning progressed through each cycle, the big 

question was "when is it time to scrape out the char? 
Changes in characteristics indicate when it is time for 
removal. First, small cracks appear in the char. As the 
dugout burns the cracks become larger and rough squares 
and rectangles of charred wood form between the cracks. 
Finally, as the burning progresses the squares and rect-
angles become well defined and the edges and surfaces 
become rounded and the cracks wider. At this point 
burning efficiency is low and monitoring becomes dif-
ficult because of the deep char and ashes. It is at this 
stage the fire should be moved and the char scraped out. 

The char must be removed to promote efficient burn-
ing. Charred wood which adheres to unburned wood 
provides insulation from the fire. The thicker the charred 
wood is, the slower the wood burns. Char adheres more 
tightly to some types of wood than others. 

leaked. The dugout was test launched into a shallow beaver 
pond on the Angel Mounds property (Figure 8). Naturally the 
dugout filled with a couple inches of water. We decided to 
leave the dugout in the pond for a couple of days and many of 
the cracks closed from the swelling wood. Some cracks, 
however, still leaked. Safety was of primary concern and a 
leaky canoe was not wanted for the river launch. Regrettably, 
a modern solution was used to caulkthe cracks. Unfortunately 
a native method of repairing the cracks had to wait until after 
the launch. 

The Launch 
Finally the long awaited launch on the Ohio River came 

(Cover). Two experienced canoeist, myself and another 
person were the "test pilots". Not knowing anything about the 
stability and performance of a dugout we approached all of our 
moves very cautiously. Boarding the canoe happened without 
an embarrassing capsize. I was amazed at the stability. I 
instantly realized we were no longer dealing with a log but a 
watercraft. After we were on the open water for a while I 
continued to be amazed at the stability. With two canoeist and 
a combined body weight under 300 pounds, the dug-out had 
about eight inches of freeboard which was adequate protec-
tion against the small to moderate waves on the river. Some 
of our body weight was below the waterline which helped 
stabilize the craft. In essence, we were sitting in the water, not 
on it. It easily survived waves from a passing motorboat 
without capsizing. 

A portion of the squared off and flattened ends were 
submerged below the waterline. I believe the flattened 
underside of both ends helped stabilize the canoe by lessen-
ing the tendency to roll. The ends of the Tombigbee River 
dugout were flattened more severely than ours, were much 
thinner, and the undersurfaces were more parallel to the water 
surface. If the purpose of the flattened ends was to help 
stabilize the craft, then the Tombigbee craft would have been 

more stable than ours. The dugout also maneuvered surpris-
ingly well. Turns were negotiated rather quickly. Paddling was 
not as sluggish as was anticipated based on the weight and 
bluntness of the craft. 

Since authenticity of canoe paddles was not a subject of 
interest for the project, we decided to use modern wooden 
canoe paddles. The log from which our dugout was made had 
a slight bend to the port side. I thought a slight curve in the hull 
might hinder the dugout from maintaining a straight course. 
After canoeing for several minutes, I did not detect any pull to 
the port side. As an additional test I ceased to use the "J" 
stroke, a canoeing stroke which keeps a canoe traveling in a 
straight line, and used a straight stroke. I adjusted my stroke 
so both of us were exerting the same amount of force. Still the 
canoe kept a straight course. The slight curve in the hull did 
not affect the navigation of the canoe. After canoeing for 
approximately a half mile we turned around and went back to 
the launch site. We considered our dugout a success and 
were ready for a long trip. 
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and char was washed out with water. This process was 
repeated 2-3 times when most of the char was removed. Now 
the dugout was completed and almost ready to be launched. 
The last step was to determine if the crack in the sides and 
bottom, enlarged by the burning, could be repaired. The 
dugout was placed in a pool of water for a couple of days. 
many of the cracks swelled shut, like I thought they would, but 
some did not. Too much water collected in the bottom and the 
cracks had to be filled. 

Figure 7. Shaping the bottom ends with fire. 

We had limited time to repair the cracks before the 
launch date. With what did Native Americans patch leaky 
dugouts, or did they? A little research revealed that the 
Maskwake and Menomini Indians used cattail root as a 
natural caulking for canoes (Smith 1928:269, Smith, 1923:77). 
The sources did not state what type of canoes they were used 
on nor did they give any details as to exactly how the roots 
were used. With our public launch date coming up soon I did 
not have much time for experimentation. I had time for one 
chance to use my ingenuity to figure out how the roots were 
used. I dried the roots to the point where they were dry but 
pliable and leathery. I figured that the partially dried roots 
would absorb water, swell and seal the cracks. The roots were 
tapped into the cracks with a wooden wedge and mallet. This 
worked well for the few larger cracks, over 1/8 inch wide but 
the roots were difficult if not impossible to tap into finer cracks. 
We decided to test the canoe in water to see how badly it 

Fire as a Tool 
From my previous study of burned prehistoric Missis-

sippian Indian houses (Powell 1980), I gained a good 
understanding of the burning process and the critical 
elements involved in making a fire burn. Now I just had 
to apply these concepts to regulate a fire so it could be 
used as a constructive force instead of a destructive force. 
Many of the basic principles are presented in a brief and 
condensed manner by Kochanski (1991:19-22 and Powell 
1980:46-64). 

We soon learned there are three major aspects of fire 
which are crucial in controlling fire as a tool. The critical 
elements are 1) size of the fire, 2) size of the fuel, and 3) 
the arrangement of fuel. A large fire is difficult to control. 
The heat is so intense that one cannot get close enough to 
monitor the burning and intense heat dries the wood, 
allowing it to crack before it can burn. Thus the fire can 
readily get out of control and you will be forever correct-
ing mistakes, if they are correctable. The best intensity of 
burning, we found, is one with glowing coals and little 
flame similar to glowing charcoal in a barbecue grill. A 
glowing fire produces more than enough heat and all 
burning surfaces are visible and can be monitored prop-
erly. 

Just like a charcoal barbecue fire the color of burning 
material indicates what is happening in a fire. The white 
ash indicates that past combustion was efficient. The red 
glow of coals indicated that those areas are burning 
efficiently now and the black areas are burning ineffi-
ciently. Black areas occur whenever airflow is restricted 
which produces a lack of oxygen. This usually occurs 
when two pieces of fuel meet, or where fuel and dugout 
touch. Black areas burn more slowly than the rest of the 
canoe and therefore may produce high areas on the floor 
or sides of the dugouts. The fire must be kept burning 
efficiently in all areas to produce even surfaces through-
out the dugout. The arrangement of fuel was the single 
most important element in achieving a smooth floor. If 
fuel as spaced too closely together then air flow would be 
slowed down, or stopped, and burning would not occur, 
producing the tell tale "black areas". If fuel was arranged 
too far apart then there would not be enough heat transfer 
from one piece of wood to another, and the fire would go 
out. Thus, the burning was constantly monitored and fuel 
arranging was a constant duty. A crib structure is nothing 
more than a criss-cross stacking of fuel. This structure of 
fuel is the ideal fuel arrangement for maximum burning 
efficiency. We sometimes used this arrangement but 
usually a modified crib or just parallel pieces of wood 
evenly spaced across the bottom of the hull was suffi-
cient. Arranging the fuel properly for maximum burning 
efficiency is a simple concept but the "proper way" 
changed as the fire burned down and new fuel was added. 
The diameter of fuel was also found to be important in the 
evenness of burning. Large diameter logs produced 
larger black areas than smaller pieces. The ideal diameter 
branches were approximately three inches in diameter 
for our narrow dugout. Large logs covered too much 
floor area and restricted air flow too much. 
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