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Chapter 2

Practical Mapping

for the Field Archaeologist

David S. Whitley

appingarchaeological sites ranks with taking field

notes, completing excavation level records, and

drawing stratigraphic profiles as an essential,
albeit often tedious, part of data collection. The importance
of this task is emphasized by publications devoted exclu-
sively to the cartography of major archaeological sites: the
Teotihuacan Map (Millon, Drewitt, and Cowgill 1973) and
the Chan Chan Map (Moseley and Mackey 1974). Most
archaeological mapping efforts are, luckily, not as monu-
mental as these examples, yet it can be said that the fieldwork
on any site is never complete until the map has been made.
The purpose of this short article is to provide a few practical
pointers to the archaeologist faced with the job of making the
map. ltisbased on my ownexperience asaclerkinabuilding
supply store selling surveying equipment and as a freelance
cartographer who has done archaeological mapping in Cali-
fornia, the Great Basin, and Mesoamerica.

Archaeologists have too often been poorly equipped, in
the literal and in the figurative sense, to make a quick and
accurate field map. Clearly, projects such as those of Millon
and Moseley require techniques more sophisticated than
those discussed here. However, the vast majority of research
and contract archaeology studies require relatively simple
maps that can be made by the average ambulatory graduate
student ot the advance undergraduate in a few days’ time or
less, and it isto this audience that the suggestions that follow
are addressed. The chief considerations are of accuracy in
mapping, budgetary considerations when buying mapping
equipment, and, finally, shortcuts to planimetric data reduc-
tion.

ACCURACY IN MAPPING

Amap isa generalization of reality. Except in rare cases, it is
an approximation of geographical and cultural features and
is not intended to be an exact rendering of their distribu-
tions. A map, therefore, differs from a blueprint, which is a
much more exact representation ofan object. Consequently,
there is a point at which an obsession with accuracy can

become counterproductive, because of the limitations inher-
ent in the mapping equipment available to the average
archaeologist, the human error that is always present in data
collecting, and the error that is introduced when mapping
data are reduced so as to sufficiently reproduce them as a
page-size illustration. It is important to keep these last three
factors in mind because they will determine the degree of
accuracy that should be attempted in your mapping effort.

1 am reminded of a situation that is perhaps familiar to
many. A particular archaeologist made a series of maps of
several sites that 1 was working at. We were digging 1 x 1 m
pitsand the archaeologist making the map dutifully mapped
in each corner of each unit. Once the map was completed,
the sides of each pit were inked in. The result was a weird
variety of trapezoidal shapes that were anything but the
squares of the original excavation pits; yet, the pits were
drawn exactly according to the mapping data. Why? The
mapper would probably respond by stating that the pits
were not square which, in this case, 1 know to be false.
Rather, the equipment being used had an accuracy that was
only within 1 foot per 100 feet (or, potentially as much as a
30-percent divergence on each corner of a 1 m? pit). At the
distances involved, accurate measurements of points 1 m
apart would have required azimuthal readings taken to the
second, while the transit employed was graduated only to 5-
second readings.

The point here is thata good field mapper recognizes the
limitations of his equipment, his own limitations in accu-
racy, and the ultimate use to which his mapping data are to
be put. On a site of any size (for example, over 30 m in any
direction) that is to be illustrated on an 82 x 1 linch page, no
real detail can be provided for any feature that is only a meter
square in size. A 1 x 1 m pit, for example, need only be
mapped at one point (for example, in its exact middle or at
a specific corner) and rightly should be illustrated as a point
symbol (for example, a rectangle, a small dot, a star, or a
triangle) on the final map. To do otherwise is to imply an
accuracy that probably has not been achieved.



The recognition that a map is a generalization is, of
course, no excuse for sloppy or inaccurate work. However,
bear in mind that the degree of accuracy on a U.S.G.S. 7.5-
minute topographical quadrangle is 20 feet (that is, any
contour or feature on the map is within 20 feet of its actual
location on the ground). If the U.S.G.S. can accept this
degree of accuracy on their maps while using the latest
photogrammetric techniques, the archaeologist should then
accept that generalization is unavoidable in a map. Hence, in
the strictly cartographic ‘sense, the scale of a map is never
stated as “1 = 100,000,” or “one inch equals 100,000.”
Rather, it is “1:100,000,” or “one inch is equivalent to
100,000 inches”—an approximate relationship.

In general, as mapping data are reduced to a size
appropriate for illustration, each item to be placed on the
map will occupy a proportionately larger amount of space,
and the amount of information that can be shown per unit
area decreases in geometrical progression. Cartographers
have worked out mathematical statements expressing the
relationship between map scale and the amount of detail that
can be reasonably portrayed (see Topfer and Pillewizer
1966; Robinson and Sale 1969). These need not concern us
here. However, based on the reduction in detail that can be
expressed on maps as indicated by these equations, it is
obvious that a similar situation exists as regards accuracy of
portrayal. Accuracy in a drafted map is, in a very real sense,
a function of the amount of detail that can be drawn in.
Hence, the average site map, when illustrated on a single
page, is hardly an accurate rendering of the locational
relationships of the objects and features it portrays.

Your mappingneedsand the degree of accuracy required
determine the amount of effort that should be invested. To
map in every single artifact found in an excavation with a
transit and a stadia rod, for example, is getting to be a
common practice in certain archaeological regions. Unfortu-
nately, given the accuracy of most stadia/transit combina-
tions, archaeologists would achieve much greater accuracy
in determining exact provenience using a line level and a
surveyor's tape. Equally important, this greater accuracy
might be obtained in much shorter time, with much less
effort, and at substantially less equipment expense. The use
of a transit and a stadia rod, as noted above, results in a
margin of error in distance determinations that is basically
unacceptable if the interest is in exact provenience. The kind
of equipment to be used in mapping is a major concern, but
one should not, however, be misled by high prices and
sophisticated looking equipment. Cost and complexity are
notanecessary indication of accuracy, nor of applicability to
average archaeological needs.

THE PRACTICAL SIDE OF MAPPING EQUIPMENT
Most archaeologists working out of academic institutions
inherit field equipment from previousarchaeological projects.
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Consequently, they have to make do with someone else’s
choice in mapping tools, which may or may not have been
good. In most situations such as this, two or three times as
much money as necessary is expended on the equipment
purchased. The resulting mapping kit is a Cadillac with
high-speed overdrive, when all the archaeologist needs is a
pickup truck that he never takes out of first gear.

. Relatively accurate maps of most sites can be made with
less than $300 worth of equipment in 1993 dollars, and this
budget can be fit into almost any grant or contract proposal
and afforded by most individuals. The basic mapping kit is
the Brunton compass, a surveyor’s tape, and a book of stadia
reduction tables. With these three items a reasonably accu-
rate contour map can be made that is adequate for most
archaeological purposes. Obviously, more equipment will
be needed if you want'to map a site like Teotihuacan; but, in
such a case, it would be wise to enlist the services of a civil
engineer. Some additional instruments may be desired if you
are doing a substantial amount of mapping or are attempting
to obtain exact provenience.

The Brunton compass is truly a “pocket transit,” and is
without question the most useful piece of mapping equip-
ment an archaeologist can purchase. My own Brunton is one
that my father bought as a geology student in 1935, and 54
years later I am still using it. The advantages of the Brunton
over other compasses is that it has sights for accurate aiming,
alevel to indicate horizontal reading, and a vernier for taking
vertical angle readings (a feature that makes it useful for
making contour maps). Additionally, a lightweight tripod
can be obtained for a Brunton. As of 1993, the cost of one of
these compasses hovers around $170.

The nextitem essential to any mapping kitisasurveyor’s
tape—a steel or fiberglass tape 30 or more meters or yards in
length. Exact measurements (that is, for artifact prove-
niences) can best be obtained using such a tape. Even with
a tape, however, the mapper must consider the degree of
accuracy of the tape as specified by its manufacturer. The
tension at which it is stretched and the temperature of the
tape while the measurement is being made can adversely
affect the accuracy of any given tape. Clearly, exact measure-
ments are relatively hard to obtain, although they are pos-
sible. Usually such attention to accuracy is unnecessary. As
I noted previously, the constraints imposed by reducing a
map to page size and the physical limitations of drafting itself
absorb the error that might result from the differences that
tension or temperature have on the tape. Consequently,
factors that affect the accuracy of the average tape can be
considered inconsequential given the relative degree of
accuracy appropriate for most archaeological projects. If
your interest is in exact provenience, however, it would be
wise to consult with tape manufacturers or suppliers.

Barring the above, what kind of surveyor’s tape should
be purchased? Three basic setups are available: the tape
enclosed in a case; the tape on a reel; and the utility tape, sans
case or reel. The tape enclosed in a case is the most com-
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Figure 2.1: A basic mapping kit, including Brunton compass, Lietz 50-m
utility tape, and book of stadia reduction tables.

monly used on archaeological projects, probably because of
availability. A tape such as this can be purchased at any
hardware store because it is more rightly a carpenter’s tape
than a surveyor’s tape. The tape on the reel is the easiest to
use of the three. It has large handles and cranks for easy
retraction and is usually cheaper than the encased tape. It is,
however, somewhat bulky but will fit into the main compart-
ment of a backpack. The utility tape is exactly that: a tape
withno reel or case; it is coiled around your arm like a rope.
Lietz makes a 100-m version that sells for slightly less than
$35 (versus $45 for a Lufkin 50-m tape on a reel and $55 for
aLufkin 30-m encased tape). Economy and ease of use argue
for the purchase of the utility tape. T have found mine to serve
satisfactorily for a number of years, and it is much easier to
use than any encased tape [ have ever encountered.

The third piece of basic mapping equipment is a book
of stadia reduction tables. With a Brunton compass, a good
tape, and these tables, a relatively accurate contour map can
be made. Stadia reduction tables provide the correction
factor to a horizontal plane for a given ground surface
distance at a given vertical angle, and through their use the
distance on the ground measured with the tape can be
converted to planimetric distance. Books of these tables in
North America are usually in the English system; since
archaeological projects in this country usually key in to the
U.5.G.S. base maps, stadia reduction tables expressed in feet
make sense here. The metric system is more elegant from a
mathematical standpoint, but it is hard to resist the over-
whelming amount of data already available in feet and
inches. Note, also, that the stadia reduction table is essential
for mapping with a transit, discussed below (figs. 2.1, 2.2).

With this basic mapping kit, archaeological, cultural,
and geographical features can be mapped in, and elevation
contours can be determined. For site surveying, preliminary
excavations, and final excavations at many sites, this should

Figure 2.2: A level-transit and stadia rod in use, Ventura County,
California, 1982,

be adequate, although a simple line level and string can be
added to establish precise elevational changes at small sites
(for example, to correlate stratigraphic units among excava-
tion units). Yet, the Brunton is only accurate for vertical and
horizontal readings. This becomes important when the site
tobe mapped is large. In such cases, a transit and a stadia rod
may be used, but it should be remembered that these tools
are more accurate only for measuring the vertical angle of a
slope and the horizontal direction, or azimuth, of a feature
to be mapped. Consequently, a transit is best used in
conjunction with a stadia rod and a tape.

What should be considered in purchasing a transit?
Two things are important here: the accuracy necessary and
the approximate size of the sites to be mapped. These two
factors are interrelated; the larger the site, the more crucial
the differences of a few minutes or seconds become in
accurately measuring directions. But again, once one begins
to draw the map, it will be found that protractors graduated
to less than 0.5 degrees are rare. Regardless of how accurate
you wish to be in the field, you will always be constrained by
the mechanical limitations of final draftsmanship.

As of 1993, the average price for a transit is about
$2500, not including tripod and stadia rod. This, obviously,
is a major bite out of any field budget. There are, however,
two alternatives to the $2500 transit. The first of these is the
so-called utility transit, which is essentially a bottom-of-the-
line model offered by many manufacturers. Lietz sells a
utility transit model (No. 1154) for about $1000, Berger
sells one (Model 100N) for around $1200, and there is a
variety of other companies. These utility transits are gener-
ally less accurate than the more highly priced models and lack
some of the luxury features (such as the optical plummet).

Having worked in the field with one of these utility
transits (not named above), I can state that they are adequate
as regards accuracy for almost all archaeological applica-
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tions. My only reservation is their quality: they are unabash-
edly botrom-of-the-line instruments, and T have some doubt
about theirability to withstand the use and abuse they would
suffer during the average field school. On the other hand, the
average transit gets used by its archaeological proprietor
only for a short part of any given season. So with some extra
caution in handling, the wiility transit should sulfice as a
mapping instrument for some time.

The second option is to shift to a lesser instrument, but
purchase a top-of-the-line model. By lesser instrument 1
meanabuilder'slevel, which iscreated for obtaining readings
on a horizontal plane. Lietz, Berger, and David White,
however, sell models that are level-transits, which is to say
that they are supplied with horizontal and vertical verniers,
a magnetic compass, and stadia reticles in the eyepiece.
Consequently, these instruments have all the features of the
utility transits and comparable degrees of accuracy. Because
they are classed as levels rather than transits, per se, they are
substantially cheaper. Additionally, they are somewhat more
rugged and better built than the utility transits, in the sense
that they are top-of-the-line levels. The David White Model
5-8307 can be used at distances of up to 400 [eet and retails
for just under $600; Berger has models costing around $650
(Model 504, with an optical plummet) and $500 (No. 3234);
and Lietz supplies a level-transit {or less than $500 (Model
200). Tuse the David White 5-8307, and I am convinced that
it is the perfect instrument for the archaeologist. Its only
limitation is the distance factor, but Thave found that it israre
that measurements are needed in excess of 100 yards. The
David White level-transit is easy to set up, can be used for
readings 1o 5 minutes, is very rugged and, unlike a transit,
once it is leveled does not have to be releveled after each
reading.

If a transit is to be used, a stadia or leveling rod is also
required. There are many brands and varieties of these
available. Both Mound City and Lietz offer telescoping,
fiberglass rods that are quite an improvement over tradi-
tional wood or aluminum models. Whoever is assigned the
task of holding and catrying the rod will appreciate the
lightness and portability of the fiberglass rods. Additionally,
although they are somewhat more expensive than the cheap-
est rods on the market ($100 versus $80), they are cheaper
than both the metal-faced and aluminum rods, and they will
probably hold up as well.

The basic mapping kit, then, is a Brunton compass, a
good tape, and a bool of stadia reduction tables, for a total
cost of less than $300. For more complicated, sophisticated,
or longer mapping jobs, a transit and stadia rod can be
added. Based on the David White level-transit with a metal
tripod and a fiberglass rod, an additional $800 to $900 can
be spent. This total of about $1200 is half the cost of the
average lransit yet provides a flexible, rugged, and sulffi-
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ciently accurate set of mapping tools for archaeological
purposes. The kit does not have the luxury features of the
$2500 transit but contains everything needed for 99 percent
of all archaeological mapping chores.

MAKING THE MAP

I have mentioned that a Brunton, a stadia reduction table,
and a tape can be used to make a contour map. Here I would
like to briefly illustrate how this is done. This approach
provides areal shorteut to planimetric mapping that is particu-
larly useful, for example, in making maps quickly while
surveying. The use of the stadia reduction table can also be
applied to mapping with a transit, and it will be found that this
method will result in more rapid and accurate map making.

The first procedure in contour mapping with this equip-
ment is to measure the ground surface distance between the
mapper at the datum and the feature or point to be mapped.
Remember that in terms of making a planimetric map of part
ofthe earth's surface (which, of course, is round), the ground
surface distance is the equivalent of the circumference of a
sphere. To make a planimetric map we are only really
interested in the diameter of the sphere, not its circumfer-
ence. Hence, the ground surface distance between the datum
and the point to be mapped must be reduced to the horizon-
raldistance between the two points or their distance apart “as
the crow flies.”

Reduction to a horizontal plane requires two pieces of
information, one of which is the ground surface distance that
has been obtained with the surveyor’s tape. The other piece
ofinformation is the vertical angle off the horizontal plane of
the point being mapped relative to the datum; in other
words, where the point lies relative to being either above or
below the datum/horizontal datum plane. The Brunton can
be employed to measure this vertical angle, using the vertical
vernier and long-level (or vial level). Complete instructions
for taking vertical angles or slope measurements are in-
cluded with Bruntons and will not be repeated here in detail.
Briefly, however, this procedure involves sighting in the
feature, ordirectly above the feature, at aheight equal to your
eye'sheight, moving the vertical vernier with the small crank
on the back of the compass case until the long-level is
horizontal (position the mirror so that you can see when this
occurs), and taking the vertical reading [rom the vernier. Note
that the vertical angle off the horizontal plane is not the same
thing as the slope between two points. Slope is measured in
percent, with 100-percent slope the equivalent of a 45° angle.

For the sake of illustration, suppose that we are inter-
ested in mapping in a feature that we have measured and
found to be 100 feet from the datum. Using the Brunton, we
have determined that its vertical angle is —5°. Both of these
pieces of information took roughly a few minutes to
determine. To place the feature on the map, we must









Chapter 3

A Method for Effectively Screenmg

Some Clay Matrices

David M. Van Hom, jo.hn R. Murray, and J.V. Linscheid

new archaeological field technique was deve-

loped during the excavation of a portion of a

prehistoric quarry site located in the foothills of
the Santa Ana Mountains in California. The site, designated
Ora-507, is characterized in part by a very pure clay matrix
that contains quantities of chipped stone cores and debitage
(Van Horn and Murray, n.d.; Van Horn 1986). The purpose
of thisarticle isto describe the method we used to screen the
clay efficiently in order to recover the flaked stone.

Initial testing at Ora-507 was conducted in 1977 under
the supervision of Roger J. Desautels (Scientific Resource
Surveys, n.d.). Testing was performed by digging a series of
backhoe trenches and excavating 3-cm’ column samples
from the walls of the trenches. Excavation was extremely
difficult in portions of the site because the matrix comprises
avery pure, greasy, black clay. We later learned that this soil
is known to geologists as Bosanko clay. It is described as:

. dark gray (10YR 4/1) clay, black (10YR 2/1)
[when] moist; moderate very coarse prismatic struc-
ture; extremely hard, firm, very sticky and very
plastic . . . mildly alkaline. . . (Wachtell 1978:15).

The clay has such extraordinary adhesive and plastic quali-
ties that conventional screening techniques are rendered
useless. Dry screening was of no avail whatsoever, and
several days were required to hydraulically screen two 30 x
30 cm column samples. It became clear that prohibitive time
and expense would be entailed in attempting to screen a
substantial quantity of the clay using conventional methods.

DEVELOPMENT OF THE METHOD

Possible alternatives to screening were investigated by con-
tacting an individual experienced in clay quarrying. We
were told that mechanical means are normally used for
mining clays but sodium carbonate (Na,CO,) had been used
at times. This led us to contact individuals who had some
familiarity with soil chemistry (K. D. Bergin, personal
communication; R. Schafer, personal communication). Clays

are composed of particles that are less than 5 microns in their
maximum dimension and are frequently almost totally im-
permeable to plain water because the spaces between the
clay particles are hardly larger than a water molecule.
Furthermore, many clays derive their cohesive character
from a delicately balanced network of electrical charges
carried by the clay particles. The particular clay we were
dealing with was probably amontmorillonite that character-
istically consists of thin sheets of silica and aluminum bound
together by calcium ions (Ca*; C. Sterling, personal commu-
nication). To eliminate the cohesive property of the clay, it
is necessary to introduce an ion that will replace the Ca*. It
was thought that sodium carbonate might achieve this end
by introducing a sodium ion (Na**).

There are many other known chemical means for ac-
complishing this result, but these are normally intended for
laboratory use and entail handling hazardous and/or expen-
sive chemicals. All of the individuals with whom we con-
sulted recommended practical experiment with sodium
carbonate and various common household chemicals
(bleaches, detergents, and so forth) to determine which, if
any, might work best.

Consequently, we collected a sample of the clay from
Ora-507 and returned to the laboratory. We had no sodium
carbonate on hand, but Mr. Bergin informed us that sodium
bicarbonate (NaHCO3, household baking soda) would do as
well. At first, we simply immersed one lump of the clay ina
bowl of ordinary tap water and another in a bowl of sodium
bicarbonate solution. Bubbles appeared on the surtace of the
clay immersed in the solution, and within a few minutes the
lump began to disintegrate with no agitation required. The
lump in the plain water remained unchanged. This initial
success led us toattempt to duplicate an actual field situation
on a laboratory scale.

A tank would clearly be required to treat the clay in the
field. We originally planned to use 55-gallon drums cut in
half lengthwise, forming two tanks, estimating that the
capacity of each tank would equal 27.5 gallons (less 2.5
gallons of freeboard each). We calculated that one-half of a
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adequate to drive the sludge from the screens in 2 or 3
minutes, leaving the contents of the screen clean.

One unit was to be placed near a spring, but this area
was inaccessible by water truck. Consequently, next to the
spring we set up a smaller (2.5 hp) centrifugal pump fitted
with a sump. A hole was dug for the sump, providing a
reservoir in which the spring water could collect. The
discharge outlet of the pump was fitted with a garden hose
as described above. At first, we tried spraying plain water on
the soil in a standard shaker screen, but this system failed
due to the adhesiveness of the wet soil. Therefore, a series of
bicarbonate tanks was set up, which afforded an excellent
degree of recovery.

Although it may sound somewhat elaborate, all this
equipment was portable and easy to use; in fact, it was

packed up and removed many miles from the siteeach night. -

DRAWBACKS TO THE

BICARBONATE SCREENING METHOD

The bicarbonate solution screening method does neverthe-
less suffer from some disadvantages. First, the system leaves
the excavator without dirt for backfilling. The problem can
be solved by obtaining fill elsewhere and transporting it to
the site in a small pickup truck.

Second, the process apparently removes the calcium
from the soil. The residual sludge is also quite fine-grained
and dries in hard sheets, which may account for the fact that
plants do not grow well in soils that have undergone the
screening process. Careful selection of the screeninglocation
in advance of the actual work may obviate this problem.

The effectsof the process upon potential carbonsamples
are unknown. This matter was discussed with Mr. P. Stota of
the Radiocarbon Laboratory of the University of California,
Riverside (personal communication). He suggested that the
solution would probably not adversely affect organic carbon
compounds characteristic of such materials aswood, charcoal,
and bone. The carbonic acid in the solution would alfect
inorganic carbonates such as are found in marine shell.
However, there is some question as to whether even this
chemical action would adversely affect the sample, given
that such carbonates are normally removed from the sample
before C-14 analysis. Clearly, some practical experiment is
required to resolve the question.

Finally, and most important, it is not known whether
the solution will work effectively on all types of clay soil. Our
experiments have been restricted to coastal southern Cali-
fornia clays, and we have no basis for judging how effective
the bicarbonate solution would be in treating clays else-
where. To resolve this question, an investigator need only
obtain asample of the soil from the prospective site and place
it in a bowl of water with baking soda.

COSTS

The cost of using the bicarbonate solution screening process
is low once the basic equipment has been built. Steel drums
can be easily purchased from local salvage yards for a
marginal cost (approx. $5 per drum). The raw materials for
constructing the screens cost less than $10 per screen,
although construction may take several hours per frame and
a minimum of four would be required to excavate a single
1 x 1 m unit. Sodium bicarbonate is available in 50-pound
bags from industrial chemical supply outlets. A bag costs
approximately $30 and should supply sufficient solution to
processabout 1 m? of clay. Ifa water source is available, these
items, as well as a %:-inch garden hose and a spray nozzle, are
all that are needed.

If water is not available, the process becomes somewhat
more expensive because a water truck of the type described
above must be rented and the operator must supply his own
water. A centrifugal pump costs about $500 to $600, though
once purchased it will be available for future use. Gasoline
and pipe fittings also add to the cost.

Use of the bicarbonate solution on appropriate clays
permits 100 percent recovery of all solid objects of any size,
depending on the screen mesh size. The solution is nontoxic
and presents no hazard to the safety of the excavation staff.
The process is relatively inexpensive and can be performed
by anyone with readily available materials. It is so effective
that, in one instance, it enabled us to find cultural material
in a clay matrix where none was visible and where it is
unlikely that any would have been found using conventional
screening techniques.

ADDENDUM
Innovations in salvage excavation methods have included
development of techniques for conducting controlled
machine excavations (Van Horn 1988). In the spring of
1988, we salvage excavated a portion of LAn-420 near
Los Angeles by machine. This generated a great deal of
clayey loam soil that contained prehistoric cultural material.
Although the soil was not as difficult to screen as the
montmorillonite clays described above, it contained a suffi-
cient admixture of clay to render dry screening impracti-
cable and wet screening without bicarbonate cumbersome.
We built equipment that could presoak the backdirt in
a mild bicarbonate solution before screening. Almost 30 m?
of clayey soil were successfully processed usinga large drum
supported by an A-frame-shaped stand placed at either
end (fig. 3.5). The system, which requires two operators
and a small tractor fitted with a loader bucket, works as
follows:

1. Place about 30 gallons of water and a 5-pound coffee






Chapter 4

Laboratory Automation

Computer-Linked Measurement Devices and Videomicroscopy

L. Mark Raab

ontemporary archaeology encompasses widespread

application of microcomputers and other elec-

tronic data-gathering devices in the office, lab, and
field. Although these applications signal archaeologists’ re-
ceptivity to technological advances, the resulting benefits are
not automatic. As Dibble and McPherron (1988) point out,
productive application of microcomputers and other tech-
nologies requires careful planning, thoughtful integration of
technology and research activities, and appropriate tailoring
of technological applications to research objectives. These
authors identify three areas that require attention:

.. the various research components of an archaeologi-
cal project are divided into the three major functions
ofacquisition, data storage and integration, and graphic
display for analysis. Acquisition is the process of
making certain observations about the materials and
entering them into the computer. Given that the
choice of variables is being dictated by the research
design, the role of the computer in data acquisition
should be focused on speed, ease of use, and accuracy.
The second function concerns integration of those
data. This is probably the single most important role
that a computer can play in an archaeological project,
although successful integration demands careful orga-
nization of the data according to clearly-defined stan-
dards of data formats and program operations. The
third function is analysis, which includes statistical
and graphic treatment...(Dibble and McPherron 1988:
432).

This overview offers valuable insights, but consideration of
the data acquisition phase of project automation can profit-
ably consider two additional points. First, emphasis on data
integration as “probably the single most important role that
a computer can play in an archaeological project” may be
misleading. Integration of information into usable forms
clearly isan essential component of project automation. This
objective should not, however, obscure the fact that inad-
equate data acquisition techniques limit the potential vari-

ety, quantity, and accuracy of data available to researchers.
These limitations remain, regardless of how well integrated
the data may be.

Second, off-the-rack software and hardware products
can provide for many of the archaeologist's needs (O'Neil
1984), but there is also a role for development of automation
systems that employ products not readily visible in the
technology market place or that require development by
archaeologists themselves. This discussion considers the
importance of data acquisition, along with performance
criteria for data acquisition systems. Examples of such
systems are discussed.

IMPORTANCE OF DATA ACQUISITION

As Dibble and McPherron note, the term “data acquisition”
simply means observing and recording the attributes of
artifacts or other materials of archaeological interest. Mea-
suring the dimensions of a projectile point, weighing a
sample of marine shell, or identifying the species of a fish
vertebra are all forms of data acquisition. The simplicity of
these activities can be deceptive in relation to their costs and
consequences for a research project. When such tasks must
be repeated hundreds or thousands of times, the researcher
faces a considerable challenge. Although attention often
tends to be focused on the ways that data can be manipulated
(the integration and analytic phases ofautomation), the costs
of data acquisition are often equal to or greater than that of
data manipulation. It is worth emphasizing again that the
limits and cost-effectiveness of research are conditioned by
this reality in a world of finite research resources:

 Regardlessofthe degree of diligence employed, repeti-
tive manual data acquisition leads to errors. Each time
data must be copied manually, more time is lost and
more errors are produced.

¢ Technological advances should ease the burden of
repetitive, boring work. Researchers perform their
jobsmore productively if they are relieved of fatiguing,
mindless work.
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» All things being equal, as the cost of research increases
(time, effort, money) the less research will be done.
Some kinds of data collection may be too difficult to
attempt with inefficient data acquisition techniques,
despite the fact that important research questions
might be addressed with more adequate information.
These limitations impose intellectual costs.

+ Technologically advanced equipment is expensive.
But what are the real costs of information? Inefficient
data-gathering may impose labor costs that are actu-
ally greater than investing in more advanced tech-
nigues.

The automation systems described below alleviate these
problems (Raab and Edmondson 1989). It should be em-
phasized that the author has no commercial or proprietary
interest in these systems. The Lab Assistant computer pro-
gram described below and various digital measuring devices
are currently in use in several universities, museums, and
private agencies. Other products may serve as well, but the
author has made no systematic efforts to identify or evaluate
them. All products protected by copyrights or registered
trade names are listed in an end note.

During the last four years, the Center for Public Archae-
ology, California State University, Northridge has been
engaged in excavations of prehistoric sites on San Clemente
Island, California (Raab and Yatsko 1990). This research
involves analysis of shell middens. Many classes of artifacts,
including small debitage, stone tools, faunal elements, and
shell beads, must be cataloged and identified as a prelude to
statistical and graphic analyses. A variety of information
must be recorded, including artifact types, material types,
provenience designations, mesh sizes of recovery screens,
identity of faunal elements, weight, and dimensions. Three
automation techniques have proved useful. One technique
is computerized cataloging of artifacts. A second technique
allows one to “paste” datainto documents created by popular
software programs. A third technique allows information to
be collected with high-resolution videomicroscopy.

AUTOMATED CATALOGING
Generating a catalog of artifacts is a central task of the
archaeological lab. The computer and related peripheral
devices are ideal for handling many of the routine, repetitive
tasks involved in cataloging. A good deal of error and
inefficiency is avoided with a system that allows the com-
puter to capture both metrical and character-string (text-
based) data directly. These capabilities are consonant with
the advantages of automated data acquisition identified by
Dibble and McPherron (1988:432).

First, direct entry at the time the observations are made
obviously eliminates a separate data entry phase. Depending

Practical Archaeology

on the complexity of the observations, direct entry can result
in asignificant savings of time and effort. Second, automated
data entry is often faster because computers can keep track
of certain information and can add it automatically. Third,
the data entry programs can incorporate menus or other
rapid means of substituting one keystroke for an entire
value. Yet another major advantage has to do with checking
errors. There is no doubt that virtually all errors that occur
during data entry are human ones. There are two ways to
minimize this problem. One is to reduce the human role: to
let the computer perform as many tasks as possible by itself,
calling for human input as little as possible. The second way
is to verify incoming data to ensure that they conform to
predefined standards.

These advantages are useful performance criteria for
designing a data acquisition system. Electronic measure-
ment devices, linked directly to the computer and combined
with appropriate software, can play an important part in
such a system. A wide variety of electronic measurement
instruments, such as weighing balances and sliding calipers,
can communicate directly with microcomputers. This “direct”
communication requires, however, appropriate software
(and sometimes additional hardware) for the computer to
“understand” the information sent from the instruments. On
this account, progress has been less encouraging for users of
small computer systems. Some manufacturers of digital
measuring instruments can provide software for connecting
their wares to the computer, but these programs are expen-
sive and designed typically for automating a complex indus-
trial lab.

For the author, the answer to this problem was collabo-
ration with a computer programmer-archaeologist (Raab
and Edmondson 1988) to develop a system of hardware and
software for automating the lab, including connection of
digital instruments to the computer. This program was
written for IBM-compatible (MS DOS) computers because
equipment of this type was already available and also be-
cause of the relative ease of configuring the hardware of this
machine type. The heart of this system is a computer
program dubbed the Lab Assistant. This program presents a
series of user-defined data fields on the computer screen (for
example, excavation unit designation, excavation level, arti-
fact type). The program supports as many as three work
“windows,” each of which is a separate work environment.

Each active window produces a sequential database file
that is written either to a .DIF (Data Interchange Format) or
ASCIL (American Standard Code for Information Inter-
change) comma-delimited file format, as the user selects.
Data fields can be set up to accept input from digital
measuring devices connected to the computer. Digital read-
out, Digimatic Series 500-215 sliding calipers (fig. 4.1),
manufactured by the MTI (Mitutoyo) Corporation were
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2), one parallel port (LPT 1), and one disk drive will run the
Lab Assistant program. A hard disk is highly recommended,
however, to make efficient use of the program’s [eatures.

Experiments comparing entry of dara from handwritten
forms to the computer via the keyboard with data entered by
the Lab Assistant show the latter to be 7 to 21 times [aster
than the former. The program’s effectiveness was
demonstrated during three summer archaeological field
schools on San Clemente Island, California, between 1988
and 1990. A field lab containing two computers, each of
which was connected to two sliding calipers and a precision
balance, formed the nexus of lab operations. Excavation
crews [ollowed a schedule that brought them into the lab
each third or fourth day, at which time they cataloged the
artifacts that they had recently excavated.

This system was particularly helpful in measuring the
weight and dimensions of all excavated debitage (waste
flakes from stone tool manufacture), one of the most abun-
dant types of artifacts. Working with an electronic balance
and sliding calipers linked to the computer, weight and
dimensions of a piece of debitage could be entered in well
under 1 minute. Completed project catalogs contained total
entries of between 20,000 and 40,000 specimens. Statistical
analysis was initiated on some classes of artifacts before the
end of each season. The problem of taking uncataloged
artifacts from the field was also avoided. When this occurs,
proper cataloging and analysis are frequently long delayed or
may never happen at all.

Persons with little or no previous computer experience
were able to begin data entry with less than 1 hour of
instruction, working under the supervision of someone with
abasic working knowledge of the Lab Assistant program and
related hardware. Supervisors with general microcomputing
experience were trained to operate the cataloging system
with one to two days of hands-on instruction. Assuming
access to a suitable computer and printer, a system incorpo-
rating two sliding calipers, multiplexer for the calipers,
precision balance, and Lab Assistant software can be pur-
chased for between $2000 and $3000, depending on the
cost of the electronic balance selected for the system.

DATA ACQUISITION WITHIN COMMERCIAL
SOFTWARE PROGRAMS

Metrical data from computer-linked instruments can also be
captured within a wide range of commercially available
software programs. For example, one might find it useful to
enter weight or dimensional data directly into a database,
statistical analysis, or word processing program. ComlLink
(see author’s note) is a computer program that meets this
need using the same digital instruments used by the Lab
Assistant program. Data can be “pasted” into documents
created by virtually any existing software program. This is
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done by placing the cursor at the location in a document
where the data are to be entered; for example, in a cell within
a spreadsheet program, a field within a database record, or
inadocument created with aword processing program. Data
sent from calipers or an electronic balance are entered
directly at that location. The ComLink program causes the
computer to read these data as if they were being entered
from the keyboard. Once again, direct data capture is
efficient and accurate.

VIDEOMICROSCOPY

Up to this point, a single type of data capture has been
considered; that is, alphanumeric characters. These data do
notexhaust the range of information of interest to archaeolo-
gists, however. Time-consuming tasks in the lab may involve
qualitative or graphic data. Visual identification of artifact
attributes produces some of archaeology’s most interesting
data. Dibble and McPherron (1988:434) present an example
of this approach, discussing computer capture of images of
relatively large artifacts from a videocamera. What about
smaller classes of artifacts where identification and description
are more important than capture of imagery?

For objects that must be examined under a microscope,
one encounters the problems involved in manually measur-
ing or weighing artifacts; that is, tedious, time-consuming
manipulation of the equipment and specimens under inves-
tigation. These problems are a routine aspect of faunal
analyses involving small (3-mm diameter or less) fish bones
in the author's lab. Some of these analyses are part of basic
research, while others are performed under contract to other
investigators. In the past, archaeologists frequently obtained
faunal specimens by screening midden matrix with mesh
sizes of 5 mm (% inch) or larger. More recent work (Johnson
1982), however, has shown that screens smaller than 5 mm
must be used to avoid collection bias against species such as
anchovies, sardines, and other small fishes. Most researchers
in the region have corrected this sampling bias, with the
result that skeletal elements of less than 5 mm, such as
spines, skull parts, and vertebrae, now account for asubstan-
tial proportion of assemblages requiring analysis. Accurate
identification of these elements is accomplished by examin-
ing them under a stereosccpic dissecting-type microscope,
typically between about 30X to 70X. Even with appropriate
sampling of these assemblages, this task is demanding.
Those who have performed this type of work know how
fatiguing these efforts can be, particularly with regard to eye
strain.

This task can be eased considerably by means of
videomicroscopy. Compact, high-resolution videocameras
have been designed specifically for attachment to micro-
scopes. Anything that can be viewed by the human eye
through the microscope is “seen” by the videocamera and
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Island. There could be no finer testing ground for archaeo-
logical data-gathering systems. Also, [thank Coreen Chiswell,
lab director, and the many field school students on the island
who all worked so hard in the laboratory. Their suggestions
for improving the lab’s systems were invaluable. Dana Bleitz
and Roy Salls also made great contributions to the evolution
of the lab system. Any errors of fact or interpretation are,
however, mine alone.

Products and equipment. The following products are
protected by copyrights or registered trade names. The Lab
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Assistantand ComLink computer programs are protected by
copyrights. For information about these programs, contact
their author, Scott Edmondson of Archaeomation computer
systems and consulting, P.O. Box 1091, Goleta, CA 93116.
Digimatic sliding calipers (Catalog No. 500-321), multi-
plexer Mux-10 (Catalog No. 264-001), and precision elec-
tronic balance Series 982 (Catalog 982-502) are products of
the MTI (Mitutoyo) Corporation, Paramus, New Jersey 07652.
Videocamera WV-D5100 is a product of Panasonic Industrial
Company, Division of Matsushita Electric Corporation of
America, Two Panasonic Way, Secaucus, New Jersey 07094,



Chapter 5

X Rays in Archaeological Analysis

Louis |. Tartaglia

relatively accessible and inexpensive technique that

can be adapted to archaeological laboratory analy-

sis involves the examination of both artifacts and
osteological materials with X rays. Physical anthropologists
have long appreciated the information value of X rays and X-
ray photography, and Old World archaeologists have also
used the technique to great advantage. In this chapter, 1
relate the practical application of X rays in two separate
archaeological contexts from the New World; the results in
both cases were the discovery of cultural and/or physical
anomalies that would not be visible to the unaided vision.
One study reconstructs South American (Moche and Chimu)
ceramic technology, while the other examines social strati-
fication at the Medea Creelc cemetery in California as sug-
gested by radiopaque transverse (or Harris) lines.

X RAYS AND PREHISTORIC CERAMIC
TECHNOLOGY
The production of Moche ceramics utilizes four basic tech-
niques: coiling, molding, modeling, and stamping; however,
most vessels are not made by a single method but in fact
represent the end products of combinations of at least two or
more. Manufacturing clues obvious from sherds are ob-
scured on complete vessels, for in many cases, since “all
traces of fabrication were removed in the finishing process”
(Donnan 1965:118), it is very difficult to determine which
construction processes were used for particular vessels.
Manufacturing marks often remain on vessel interiors and
are easily identified from sherds or partially broken vessels,
but closed and complete vessel forms provide little opportu-
nity to study production techniques; therefore, conclusions
about their methods of manufacture are often speculative.
Donnan’s experimental analysis has suggested a set of
sequential steps in the production of stirrup spout vessels;
these are outlined in figure 5.1. While most students of
prehistoric ceramic technology accept Donnan’s
reconstruction, all would agree that additional evidence ofa
material nature would reinforce his thesis. X-ray photo-
graphic analysis has provided new evidence in support of

Donnan’s reconstruction through a practical and accessible
laboratory technique.

Both Chimu and Moche ceramic vessels were experi-
mentally subjected to radiographic analysis in an attempt to
resolve specific questions about manufacturing processes.
The results produced evidence for the fabrication procedure
originally advanced by Donnan (1965) as the means by
which Moche stirrup spout vessels were created. The analy-
sis also identified certain characteristics that have not been
previously recorded and that may represent distinguishable
evidence for different and identifiable ceramic workshops.

METHODS
X-ray photographic analysis was conducted on twao stirrup
spout vessels to determine the capabilities, limitations, and
future applicability of radiographs in reconstructing
prehistoric ceramic technology. The archaeologist should be
present when the technician x-rays ceramic vessels. If
necessary, mercury can be siphoned into a stirrup spout
vessel soastoenhance the visibility of manufacturing details.
Ansco cronex 6 medical film was used in association
with a 300-mA small focal spot Westinghouse rotating
anode machine. The exposures were taken at Y0 of a second
for top views and for /30 of a second for cross sections. The
focal distance forall radiographs was 183 cm; the line voltage
and filament power were maintained at 120 kV. Al films
were developed by an automatic Pako processor in 90
seconds.

MOCHE CERAMIC RECONSTRUCTION

The manufacturing technique involved in Moche stirrup
vessels is as follows (Donnan 1965:122-124): the main
chamber of the vessel is partly formed in a two-piece mold
(fig. 5.1a—c); an opening is left at the top of the chamber so
the potter can smooth the interior surface.

When the clay in the mold is dry and firm, the chamber
is removed from the mold. After the lower part of the
chamber is dry, the upper portion is finished by a coiling
technique (fig. 5.1d). It is noted that coiling is used in
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G2)

Figure 5.1 (this page and opposite): a—i, steps in the construction of a stirrup spout vessel. a—f, the body is formed with the use of a two-part mold. g—i,
the spout is shaped over jigs in sections. j-r, final steps in the construction of a stirrup spout vessel. j-I , completion of the spout. m-n, joining the spout
to the body. o, small slit is made in shoulder of spout. p, a swab is used to ream out spout. g, r, spout pressed back to original shape. Reprinted from
Donnan 1965: Plates I and Ill. Courtesy of the Institute of Andean Studies.
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Economic considerations involve the investment of
time as well as funds, and the wrong field vehicle can
hamstring a project through unnecessary transportation
delaysjust as easily as it can bankrupt it through unexpected
expense. Driving the wrong vehicle may use up to three
weeks of research time in reaching the project location,
whereas driving a suitable one may take only a week on the
road. Two weeks' field research time can be lost spending
time searching through used car lots or reading the want ads.
When the archaeologist spends more time attending to ailing
vehicles during a field project than he does on archaeology,
he can limit his research effectiveness and may end up
ruining his project. The wrong vehicle can require constant
repair and need daily attention if it was not designed for
travel over terrain characteristic of the project location.
Many an archaeologist has found to his or her horror that
more than half of the fieldwork budget (which could have
been used either to prolong or to intensify the project) has
been spent on vehicle rental, repair, or on a fuel bill greatly
in excess of what it might have been had a different vehicle
been chosen.

If a vehicle is selected that is too small to adequately
transport the project crew and its equipment, a second
vehicle may have to be rented or purchased, necessitating a
100 percent increase in monetary outlay. The mechanically
naive archaeologist who decides that the only vehicle fitting
his field requirements is the one costing $15,000 new may
also be unpleasantly surprised when his grant proposal or
contract bid is rejected because the transportation budget is
too high. The same archaeologist will be chagrined to see a
competing project purchase and modify four used vehicles
for the same $15,000 and obtain four times the mobility,
logistical independence, or time effectiveness that he or she
could have had.

Field vehicles play stellar roles in many an anecdote told
around archaeological camp fires, and most researchers with
more thanayear of experience in the field abroad or in desert
or tropical rain forest environments can usually cite in-
stances in which a dependable vehicle “saved” the field
project from disaster. Unfortunately, many more stories
feature vehicular villains: perhaps the conveyance broke
down constantly, or it used up every available dollar, or it
had to be abandoned and the project forced to terminate
early.

Like many field archaeologists, T have spent hundreds of
hours working on both good and bad field vehicles, patching
them back together with wire and pot metal fragments found
by the side of the road. [ have also reconnoitered many a
salvage emporiumin search of spare parts or made the wrong
part fit like “a true knight of the junkyard,” as one leading
archaeologist so aptly describes the common persona. Be-
cause of this, T am still surprised at the general level of
vehicular ignorance manifested by most archaeology stu-
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dents; perhaps this is why certain vehicular oversights occur
again and again in archaeological field situations. This is not
to say that I have not committed my share of vehicular faux
pas, forThave. Indeed, I know of no other archaeologist who
has ever had the engine of his borrowed vehicle break loose
from its mountings and come to rest in the road only 1 km
over an international boundary. Although a parts outlet was
within easy reach in the country I had just left, the vehicle
was registered on my passport and I could not use that outlet
because customs and immigration requirements forced me
to improvise with what was locally available (in this case,
nothing) within my new host country.

Several years ago while returning from a field season in
Costa Rica, my pickup truck’s pressure plate began to fail in
Guaymas. By the time Hermosillo was reached the clutch
pedal had flopped to the floor and the transmission could
not be shifted while the motor was running. I took on 50
gallons of gas outside Hermosillo, put the truck in fourth
gear (high), and, with eight obliging Pemex employees
pushing, got the vehicle started and drove the final 1,000
miles back to Los Angeles jammed in gear. Despite small-
town traffic and even funeral processions, only one stop had
to be made, at U.S. customs in Nogales, where customs
agents had to push-start me again.

During another recent field season in Central America,
in which approximately 8,000 miles were put onour 23-year
old field vehicle in two months, the following mishaps
occurred: our pickup was driven at high speed into a 30-m
long pile of asphalt, just slightly higher than the bumper and
invisible in the darkness of a rainy night in the Isthmus of
Tehuantepec. The vehicle became high-centered, and the
impact knocked the air cleaner off the carburetor and into
the fan, while soft asphalt filled the entire engine compart-
ment and entered the carburetor. We dug out the engine, 1
rebuilt the carburetor on the tailgate by flashlight, and we
were back on the road an hour after daylight.

Next, while stuck in traffic in Tapachula, the clutch
linkage fell into the street in front of a traffic cop, who
obligingly directed other vehicles around us while T put
everything back together. Once over the Guatemalan bor-
der, a front wheel bearing wore out at high speed and the
front brake drum cracked, incapacitating the entire vehicle;
this led to a tour of wrecking yards on the south coast of
Guatemala, the purchase of a used drum and bearings, but
the loss of only a single day. Next, a rubber front brake line
broke due to fatigue; to keep the vehicle from losing all its
brake fluid 1 plugged the offending line and was able to
continue driving. With only “three wheel brakes” every time
pressure was applied to the pedal, the truck veered danger-
ously to the left (that is, into oncoming traffic), but this
temporary correction was enough to get us to Guatemala
City, where a new brake line could be purchased. Next,
during a mad rush down the volcano in search of a hospital

































Dillon * The Archaeological Field Vehicle

Figure 7.6: The problem: truck is high-centered at front on large
boulder and can get no traction at rear in silty streambed. Revving
motor in gear digs rear wheels deeper into soft mud.

surface is composed of sand, dust, mud, snow, or gravel, is
that the vehicle gets stuck. Once stuck, nothing that can be
done inside the vehicle will get it unstuck. Road work,
jacking, or tire-deflation are the only means of solving the
problem. Soft surfaces can normally be negotiated if the
vehicle is kept rolling steadily in low gear without any rapid
changes in acceleration or in braking, as these make the tires
cut through any hard crust that may exist and trap the wheels
in the softer material that lies below.

The best way to avoid getting stuck is to “read” the
terrain before driving over a problem area. Usually this
involves nothing more complicated than getting out and
walking for a few hundred meters to test the ground surface.
It is much easier to get a leg unstuck which has dipped into
mud over the kneecap than it is to pull a three-ton vehicle
mired up to its bumpers. In desert areas, dry lakebeds often
look firm and hard and seem to provide welcome relief from
the constant jarring of travel over a rocky “desert pavement.”
Such surfaces, however, are often silty or sandy and will trap
a heavy vehicle. It is a better idea to select a gravelly or stony
passage. The same rule applies to fording streams; only a
sleepwalker will drive into a stream without knowing the
depth of the water in it, and, more importantly, the consti-
tution of the stream bottom. Six inches of water over a silty
or muddy bottom is much more dangerous than 2 feet over
a hard gravel surface, but the distinction cannot usually be
made without getting out of the vehicle and wading with a
depth stick before driving across. If the stream cannot be
forded at the first location, there are two options: either drive
the vehicle to a different location where fording is possible
or modify the water level or streambed. The latter can often
be accomplished by building a small dam to lower the water
level at the ford (fig. 7.6), by laying an underwater path of
stones to be driven over, or by anchoring planks underwater
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The solution: water level is lowered by building a small check dam
upstream, traction is increased by dumping buckets of gravel around
the rear wheels, and inertia is overcome by means of an ox team which,
by pulling as motor is revved, can inch the front bumper over the
obstacle impeding forward progress. North of Comayagua Valley,
Honduras, 1983.

so that the vehicle does not become mired. In some cases,
bridges will have to be built. It should be obvious that it is
much less work to back up and find another ford location,
even if a delay of a day or two is involved.

At the other end of the spectrum, in extremely dry,
brushy areas one should always find a clearing in which to
patk before stopping. A dry creosote bush or tall grass
jammed against the header pipe or exhaust manifold can
easily come alight and torch the gas line, and the entire
vehicle can be lost. Other common road problems are snags
or rocks in the road which can puncture tires or damage
running gear (and even occasionally flip the vehicle over),
and steep hills. Stalling a heavy vehicle halfway up a very
steep hill is an unpleasant experience, especially when the
trail is covered with loose sand or gravel and assorted large
rock and tree-stumps. In such situations, attempting to turn
the vehicle around so that it can be “nosed down” the hill
sometimes results in {lipping it over on its side; conse-
quently, it must be backed down under constant braking in
itsown tire ruts. Thisis difficult to do without assistance. The
easiest method is to have all the passengers get out and help
guide the driver back a bit at a time.

Some hills that seem insurmountable can actually be
climbed by putting the vehicle in reverse gear; this will work
if reverse gear is lower than the lowest forward gear, or if the
carburetor float valve cuts off earlier with the vehicle facing
uphill rather than facing down. Few hills that look like they
can be negotiated are actually too steep to drive up; what
defeats the vehicle is the combination of extreme slope and
lack of traction. Once gravity begins to work against the
forward power of the engine and any momentum that was
built during the approach is lost, a stall or a slide often
results. Here, as with the unfordable stream, the only option
is to back up and try another way around.
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Table 7.5. Metric to English conversion.
Kilometers Miles Liters Gallons

1 0.621 1 0.264

2 1.242 2 0.528

3 1.864 3 - 0.792

4 2.485 4 1.056

5 3.107 5 - 1.320

10 6.214 10 2.640

15 9.321 15 3.960

20 12.248 20 5.280

25 15.535 25 6.600

30 - 18.642 30 7.920

40 24.856 40 10.560

50 31.070 50 13.200

60 37.284 60 15.840

70 43,498 70 18.480

80 49,712 80 21.120

90 55.926 90 23.760
100 62.140 100 26.400

An important part of driver training that is often ne-
glected deals with automotive terminology. This becomes
crucial when the archaeologist is piloting a vehicle in a
foreign country for the first time. Besides being able to
convert English distance and volumetric measurements to
the metric system so as to avoid being overcharged for tuel
or ticketed for speeding (see table 7.5 for conversions), the
driver should be familiar with the nomenclature for parts
and tools in the language of the country he is driving
through. Fortunately, most non-Western languages use loan
words from English, French, or German for most automotive
patts, but if the driver is not conversant with, for example,
Spanish, yet desires to drive to the Darien, some additional
preparation should be made. Mechanical dictionaries do
exist in most European languages (see Saiz 1968); failing
this, the archaeologist can compile his own checklist of
commonly used terms.

MAINTENANCE ,

Any vehicle, if not maintained, can rapidly be converted to
an expensive pile of junk. Maintenance is a bother, but
nothing is as important in protecting the financial invest-
ment made in a field vehicle as changing its oil regularly and
checking the air, water, and brake fluid levels. Two basic
items of maintenance equipment are literary rather than
mechanical: the vehicle’s bench or owner’s manual and the
driver's maintenance record (fig. 7.7). Most newer vehicles
(1963-1994) have very detailed manuals available, either
from the manufacturer or from an “aftermarket” publisher.
Two such manuals covering a good span of model years
would be Chilton’s (1980) Repair and Tune-Up Guide: Ford
Pickups, 1965-1980, and Clymer's (1980) Chevy & GMC
Pickups, 1967-1980: Shop Manual. For older vehicles, ency-
clopedia-type reference volumes covering many different

DAILY VEHICLE LOG
Project: Date:

Starting point:

Beginning mileage:

(recorded by):

Driver: (from AM/PM TO AM/PM)
Driver: (from AM/PM TO AM/PM)
Driver: {from AM/PM TO AM/PM)
Driver: (from AMIPM TO AMIPM)
Fuel: (liters__igallons__ )@ _______total cost, paidby __(recelpt)
Fuel: . (liters__/galions__) @ total cost, paldby _____ (recelpt)
Fuel: (liters__/galions__) @ total cost, pald by ______(recelpt)
Fuel: (Ii}:ers_/ga\lons_) @ total cost, pald by (recelpt)
Oil: ______(liters__/gallons__) @ _____ total cost, paid by (receipt)
Other parts or supplies (include cost and receipt #):
Maintenance: Oil level checked by: @ (Am/rm)
Water level checked by: @ (An/PM)
Tires checked by: @ (AmM/pt)

Lights, horn, mirrors, wipers, gauges, etc,

Potential problems noted for correction:

Ending point:

Ending mileage: (recorded by):

Total day's expense:

Total day's mileage: Total road hours:

Figure 7.7: Maintenance record in the form of a “daily vehicle log.”
Copies of this form should be lept in a binder and filled out in any field
situation where there is more than one driver per vehicle, or on long
trips. Besides keeping track of upkeep activities, the form organizes the
record of financial outlay, which simplifies accounting after the project’s
conclusion.

makes may be the only listing available with tune-up data,
wiring diagrams, etc. Such manuals provide the
manufacturer’s specifications for the vehicle in question, and
usually have very useful keys to troubleshooting or diagnos-
tic information that can be used to detect problems before
they become major. These manuals should be used in
conjunction with a maintenance record for the vehicle that
keeps track of when and what kind of service was supplied.
In any situation in which more than one individual will be
driving the vehicle, such a service record is essential. It also
has the happy facility of keeping track of who paid for gas,
oil, etc., on what day with what funds and greatly simplifies
accounting for grants or for reimbursements, Needless to
say,-both the maintenance record sheets and the shop

manual should be kept in the vehicle at all times.

Ifatall possible, only one person should be responsible
for maintaining the field vehicle; this eliminates the ‘possi-
bilities for confusion which occur when a series of different
drivers all presume that someone else has been putting the
necessary oil in the engine. Service should be at regular
intervals as specified in the owner’s manual, butif the vehicle
is more than ten years old, service should be done at least
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one-third more frequently than suggested. On very pro-
longed trips or those over very rough country, problems that
would be minor under casual use can develop into fatal
ailments very rapidly, so it is a very good idea to check the
vehicle every 24 hours or 500 miles, whichever comes first.

The oil filter should be changed at least annually; where
excessive running in low gear or operation with inferior oils
in unavoidable, it should be changed every 2,000 to 4,000
miles. Aftermarket options for converting a single oil filter to
a dual system do not excuse the vehicle from this schedule
of changingfilters. Oil changes every few thousand miles will
prolongan older engine’slife almost indefinitely, and special
additives can help as well. STP and various Bardahl products
actually increase the lubrication properties of oil, but it
should be remembered that oil has a very specific function
(to lubricate), and it should be recognized that some addi-
tives (such as detergents) actually impair this function. If the
oilhasnotbeen changed for some time, orif the engineisold,
or if a poor-quality oil has been used, the oil change should
be preceded by flushing the motor out with a clearing agent.
The engine should notbe run longer than a few minutes with
the “motor flush” in it, for this can severely damage it.
Flushing breaks down sludge and varnish and clears clogged
oil passages; this produces a cleaner engine in which to
introduce the new oil . Cranking the engine with the coil lead
disconnected and the oil plug and oil filter removed will
completely drain dirty oil from the system and malke the oil
change more complete.

Two basically different types of oil are on the market:
nondetergent single-viscosity oil and multiviscosity deter-
gentoil. Inareas with great seasonal extremes of temperature
multiviscosity oil is supposed to thin out at cold tempera-
tures to aid starting and to thicken up at hot temperatures to
properly lubricate engines. The detergent that is added is
supposed to aid in keeping oil journals and lines free of
sludge and to break down varnish. Single-weight oils, on the
other hand, do not change consistency greatly as a result of
weather, but can become thicker or thinner depending on
the operating temperature of the engine. The standard single
weight for the temperate zones is SAE 30; constant running
atvery hot temperatures (or for use in worn engines) would
require 40 weight oil, while running in very cold climates
would require SAE 20 weight oil.

Field vehicles running under strain should not use
multiviscosity oils. Because these oils contain detergent,
they actually have less pure oil per quart than single-weight
nondetergent oils do, and they wear out faster and lubricate
less. Detergents are only needed if the vehicle’s owner never
changes the oil or does not use motor flush periodically. 1f
the vehicleis left sitting for a period of months or years, the
acids that can form from detergent multiviscosity can eat
through the soft metal of bearings and prematurely shorten
the life of the engine. Enough cans of oil for at least one
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change should always be carried in the vehicle; this is not so

‘much for use during the oil change as for when the oil pan

is accidently punctured and you need something to refill it
with after it has been repaired.

In some countries, gasoline is of such poor quality that,
unless special precautions are taken, continued running will
severely limit the efficiency of the vehicle. This is especially
true in places where underground storage tanks are not
cleaned regularly and much sediment, rust, scale, and grit
accidently become mixed with the gasoline or diesel fuel. In
some areas, profiteers “water” the gasoline, with frustrating
results to the unsuspecting archaeological driver. In-line
gasoline filters can eliminate much of the danger to the
carburetor and engine caused by impurities in the fuel, and
several spares should be kept for regular replacement. Some
filters are made with a removable element that can be cleaned
out and reused; the best of either type will have clear glass or
plastic casings so that you can determine visually whether
the fuel is reaching your carburetor if your engine stalls, Fuel
filters should be mounted just before the carburetor or the
fuel pump (or in both places); sand or grit passing through
the fuel pump canruin it, so a dual-filter system may be more
economical than keeping a spare fuel pump on hand:

Some vehicles feature cooling systems that are “closed”
or sealed and are therefore not ever supposed to require
maintenance. This is a myth, and vehicles operating under
hard usage or in desert areas should have their radiators
inspected frequently and water or coolant added as neces-
sary. Water should only be added to a hot engine while it is
idling; this ensures that the thermostat is open, that water is
circulating through the system, and that the level seen in the
radiator is the actual level throughout the entire cooling
system. The cooling system should be flushed at least once
a year, and, for normal operation, no less than one-half the
total fluid volume should be a commercial coolant. Radiators
that spring leaks can often be repaired simply by pouring a
commercial brand of “stop-leak” compound into them, but it
should be remembered that this is only a temporary measure
that can have deleterious effects on other components of the
cooling system. It isalwaysbest to mechanically repair any leak
in the cooling system rather than trusting to a chemical “patch”
that can dissolve at the worst possible moment or detach
itself and circulate through the system jamming either the
water pump or the thermostat. At least a gallon of pure water
should be carried in the vehicle for emergency use. Freeze
plugs often become corroded and spring leaks, especially in
older engines. These can often be temporarily patched by
cutting a rubber plug from an inner tube the diameter of the
freeze plug’s interior, and then by screwing the patch over
the plug with a sheet-metal screw; putting stop-leak in the
system will complete the patch from the inside. Under no
circumstances should radiator water ever be used for drink-
ing, cooking, etc., even in the direst emergency.
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Air filters are often neglected, and an extremely dirty
one can cut the engine’s “breathing” down remarkably. If the
vehicle can be started, a dirty filter can cut fuel efficiency
down to 75 percent of what it should be; this is because the
carburetor, set to'mix approximately 14 parts air to 1 part
fuel, is having its air supply reduced to 12, 11, or even 10
parts, and the engine is burning excessively rich. If the air
filter is of the “throwaway” element type, several spares
should be on hand. Oil-bath filters are the best option in
extremely dusty or sandy areas; these have fallen out of favor
recently because they are so messy, but they are extremely
reliable. If a new replacement filter cannot be found for the
cartridge type, the old element can sometimes be reused alter
it has been banged and blown clean with compressed air.
Other custom filters are made of foam rubber encased in wire
mesh; these elements can be removed, soaked in kerosene or
gasoline, cleaned, and reused.

When a vehicle runs poorly because of a clogged filter,
itis tempting to run it with the air intake on the carburetor
unguarded. This should be avoided, [orall it takes to ruin an
engine forever is running it for 10 seconds through a sand
storm or 10 minutes through heavy blowing dust, and no
driver can predict when either will occur. An emergency
filter can be made by punching holes in the old, clogged one
and then covering the new apertures with mesh or cheese-
cloth. When replacing an element, always bring the old filter
into the parts store to effect a visual match; do not trust the
numbers in the catalog or the blandishments of the salesman
who has never been under the hood of your project’s vehicle.

Periodic checks of the battery should be made, espe-
cially if you are driving under a load or in very hot weather.
The electrolyte level should be visually inspected every few
weeks, and distilled (or at least boiled and strained) water
should be added as needed. An inexpensive, pocket-sized
hydrometer can predict when a battery is going bad, and is
a wise investment. Maintenance-free batteries have become
increasingly popular in recent years, but can cost up to 50
percent more than the old type. Other electrical system
maintenance includes rotating fuses in their sockets every
year or so, to keep them from becoming cemented in place,
and cleaning dirty or oxidized terminals or connections.

Archaeological field vehicles tend to have very poor tire
life spans. This is not usually due to excessive wear as much
as it is to traumatic injury and punctures. Tire rotation can
extend the overall life span of a set of four tires under normal
operating conditions, but is not of much use in off-pavement
driving because the rear tires will often wear out much
sooner than the steering tires in {ront (unless there is a major
alignment problem). Also, when the front and rear tires are
different in size or in tread pattern, it is a mistake to rotate
themn. l

Two different kinds of tires are suitable for the field
vehicle: radials or high-traction nonradials. Radial tires are
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stiffer, generally have a fairly small tread pattern, and take
higher inflation pressures than normal bias tires or belt-ply
tires. Radials have great advantages over conventional tires
for long-distance travel, because they provide less resistance
to the ground or pavement and more “roll,” which results in
lowered gas consumption. Because they have less “give” than
regular tires, however, they are not particularly well-suited
to off-pavement travel, and in fact tend to bog down more
frequently than bias-ply tires with knobby treads. Radials do
tend to have amuch longer tread life than bias-ply tires, and
are not really more expensive than the more radical “high-
traction,” off-road, bias-ply offerings. High-traction tires,
because of their knobby tread pattern, are able to “grip”
unstable or loose surfaces better than radials, but since less
rubber is on the ground within any given tread area, they
tend to wear out rapidly. High-traction tires are wasted if
used for normal transit on paved surfaces; thus, the ideal
field vehicle might have two complete sets of four tires which
can be changed as the need arises. This solution s, of course,
economically unfeasible for most projects, and the usual
compromise is to have high-traction tires on the driving
wheels and radials on the steering wheels. Two mounted
spares will then be of the type most suitable to the demands
of the project, and will contribute to the creation of a
complete set of either radials or high-traction tires. Itisillegal
in some areas to mix radials and bias-ply tires on the same
vehicle for pavement use, but such restrictions do not
usually apply to off-road travel.

Onlong trips or while driving over tortuous terrain, tire
pressure should be checked daily. Either a sliding pocket
gauge or a dial gauge should be used, not the standard “big-
toe” method. Depending upon the load, the average speed of
driving, and whether the tires are bias or radial ply, tubeless,
orhave tubes, inflation pressures may vary between the front
and rear pairs. Pressure should be identical, however, within
each pair. Tire pressure should be taken only after running
the vehicle so as to allow the tire and the air inside to heat up;
tire pressure “hot” will always be greater than tire pressure
“cold” despite the fact that no air has been added. Running
at high speed for extended periods of time tends to increase
tire pressures, especially if tubes have been introduced to
normally “tubeless” tites. A tire that was runningat 50 pston
day one through the low desert may cool down overnight so
that it reads only 35 psi on the morning of day two; filling it
up to 50 psi while cold and then running over a ground
surface that heats up to 120°F will drive the internal pressure
up to a point at which a blowout may occur, so periodic
checks are necessary if much driving is done between
radically different climatic zones. The effects of altitude can
also possibly influence blowouts; filling tires to the maxi-
mumn at sea level in Veracruz, for example, can lead to
disastrous problems three or four hours later when one
drives over the pass of Cortez into the Basin of Mexico at
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around 9000 feet elevation. Any good owner’s manual will
specily inflation pressures appropriate for the vehicle and
type of tire in use; charts will also show how to recognize
abnormal wear patterns.

SPARES AND REPAIRS ‘

Many archaeologists proclaim mechanical helplessness, but
agood rule for the field archaeologist to follow is “if you drive
it orride init, you should be able to fixit.” Any archaeologist
who plans to explore or excavate in Central Africa,
tropical South America, or eastern Alaska must be able to
anticipate situations in which, for example, the vehicle
stops with three flat tires, a punctured radiator, blown
head gasket, dead battery, and too much water in the gas
tank simultaneously. Mental preparation for such events
is provided by a number of texts (Sclar 1976). Auto
mechanics engage in the practical application of the
scientific method every day by attempting to prove that
individual components within a system are defective until
they are known to function correctly, and then doing the
same with entire systems until all problems have been
isolated and solutions applied. The archaeologist, because of
his or her training in systematics and basic interest in
technology, should have little trouble thinking like a compe-
tent mechanic when a vehicular problem arises.

The field vehicle must get the archaeologist to the
project location as well as serve for weeks, months, or years
as transport for personnel and equipment, as a prime mover
for towing or pushing other vehicles or objects, and as an
ambulatory workshop, tool shed, and safety deposit box. In
light of these demands, the least the archacologist can do is
keep the vehicle running. Preventive maintenance and im-
mediate corrections of problems are singularly important.
It is a truism that, when the vehicle stops dead in its tracks,
it is a rainy, moonless night and the nearest mechanic is
several hundred miles away, but the closest thief or vandal
isjust around the corner. Vehicles never seem to break down
on nice dry, level surfaces, but most frequently in axle-deep
mud, the day or night is either so cold that metal tools stick
to your hand, or so hot that the afflicted part of the vehicle
cannot be touched without burning your fingers. Being able
to fixabroken truck when everything is going right therefore
becomes somewhat of a minor achievement for the archae-
ologist; the real acid test is being able to fix it when every-
thing is going wrong.

The only way to make certain that this goal can be
accomplished is for the archaeologist to be absolutely self-
sufficient in mechanical knowledge and experience in prob-
lem solving specific to the vehicle in question; in having the
necessary owner’s and/or bench manual and specifications
for correct tuning and repair of the vehicle; in having a tool
kit adequate for all diagnostic functions and also equal to the
demands of most repair jobs; and in having a selection of
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basic spares for those parts most likely to need replacement
under heavy and protracted use or those that can immobilize
the vehicle if brolken, lost, or stolen.

The most basic rule in vehicular repair is to stop and
investigate the minute something seems to be malfunction-
ing. The archaeologist in a foreign country with a vehicle
registered on his passport cannot afford to ignove the warn-
ing signals from the conveyance, for, in most cases, one
cannot leave the country without the vehicle. The driver and
all passengers must learn the audible “vocabulary” of normal
and abnormal noises so that problems can be identified.
Alert driving involves all the senses; an unfamiliar smell may
be the harbinger of wiring about to burst into flames, a new
vibration could presage one of the front wheels losing its lug
nuts, and a whining sound may indicate a water pump about
to freeze up. The point is that even if one cannot immediately
repair a broken or breaking item, he or she should be able to
diagnose the problem so that the trouble is not compounded
through ignorance. If it is too dark, windy, or cold to effect
repairs, it is best to wait until daybreak or a lull in the storm.
If you have to leave the vehicle to get a part welded or to visit
a repair shop, be certain that someone stays with the vehicle
to protect it from vandals and part-strippers. If this cannot
be done, hire alocal person to keep an eye on it and promise
him or her a bonus if everything is untouched upon your
return.

Figure 7.8 lists the most important tools, spare parts,
and compounds necessary for corrective surgery on vehicles
in isolated or foreign contexts. It should be noted that some
of the major spares (such as the water pump) need not be
new; in fact, violating the first rule of mechanics (“if it works,
don’t fix it”) has some advantages in this situation. Installing
anew water pump and keeping the old one as a spare results
in the knowledge that both work, instead of the common
situation in which the brand new spare is found to be
incorrect many miles or months after it has been purchased.
Most repairs in the field take the form of disassembly and
refabrication rather than direct replacement, so the archae-
ologist should have some familiarity with this process.
Common sense is required in most regards; for example,
since most chassis partsexist in bilaterally symmetrical pairs,
the patterns for a damaged wishbone, spring shackle, etc.,
can usually be obtained from the surviving unit on the other
side of the vehicle. Any time an unfamiliar unit or system is
disassembled, diagrams should be drawn of the sequence
and positional relationship of all parts so that they can be put
back together in the correct way. When replacing parts at a
junkyard or store, always try to carry in the broken part so
that a correct match can be obtained. If modifications are
necessary, such as tapping new holes or grinding projections
off, this should be done before the part is brought back to the
vehicle. If the original part cannot be detached from the
vehicle, a careful drawing of it should be made (with accurate
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Diagnostic tools 52, Crowbar
I Shop manual 53. Wheel chocks/fack blocks
2. Timing light 54. Shovel
3. Tach/dwell meter 55, Bucket
4. Compression tester 56. Rip saw
5. Tire pressure gauge 57. Machete
6. Hydrometer 58 Axe
7. Circuit tester 59. Length of carpet
8. Feeler gauges 60.  Towing chain
9. Spark plug gauge 6. Towing rope
Corrective tools Spare parts
10. Combination wrench set 62, All hoses
Il 10 or 12 in. Crescent wrench 63, All belts
12. 6 in. Crescent wrench 64. Al gaskets
I3. Torque wrench 65, All fuses
14. Socket wrench set (*/« or '/2) 66, Allfitters (x 2 or more)
I5. Socket extensions 67. 2 sets spark plugs
16, Socket U-joint 68. 2 sets points, rotor,
I7. Socket wrench step down/up condenser
I8. Breaker bar for socket wrench 69. Distributor cap
19. Spark plug socket for wrench 70, Plug wires
20. Impact wrench drive 71. 2 mounted tires
21, Hex wrench set 72, Inner tubes
22. Oil filter wrench 73, Water pump
23. Adjustable pliers 74. Oil pump
24. Vise-grip pliers 75, Gas pump
25. Needle-nose pliers 76. Carb rebuild kit
26. Wire/sheet metal cutter 77. Timing chain
27. Large (12 in.) Phillips screwdriver 78. U-joints
28. Large (12 in.) slot screwdriver
29. Small to medium slot screwdriver Expendable supplies
30. Small to med. Phillips screwdriver 79, Ol {(enough for a change)
31. Metal chisel 80. Rear-end trans. oil
32. Metal punch 81. Wheel bearing grease
33, Ball-peen hammer 82. Engine oil flush
34. Putty knife 83. WD-40 or liquid wrench spray
35. Flat, round, triangular files 84. 3-in-1 oll
36, Sandpaper 85. Carburetor cleaner spray
37. Easy-out {extracter) set 86. Quick-start spray
38, Metal drills/drill 87. | quart brake fluid
39. Gear puller 88. Radiator flush
40. Valve spring depresser 89. Radiator stop-leak
41, Hacksaw 90.  Gasket paper
42. Siphon tube/brake bleed tube 91, Gasket sealer
43. Qil filler spout 92, Heavy duty (ignition) wire
44, White paint (Liquid Paper) 93, Light duty (accessories) wire
94.  Assorted electrical connectors
Emergency tools (clip, spade, bolt-on, etc.)
45, Flashlight 95, Electrician’s tape
46. Flares 96. Tube patch kit
47. Extinguishers 97.  Assorted nuts, bolts, screws,
48. Lug (x-bar) wrench washers, cotter pins, etc.
49. Hydraulic jack 98. Epoxy or super glue
50. Sheepherder’s jack 99. Duct tape
51, Tire pump 100. Hand cleaner/rags

Figure 7.8: Checklist for tools, spare parts, and supplies that should be
carried in the archaeological field vehicle during extended trips or in

isolated areas.

measurements) for correct identification at the source of
supply; aseries of Polaroid photographs here will save many
headaches and needless extra trips.

Tools are generally either analytical or corrective and
can be further divided into general or special purpose. A
valve-spring depressor designed for your particularengine is
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a special-purpose corrective tool because it performs only
one corrective function; a tach/dwell meter is a general
purpose analytical tool because it can perform several differ-
entanalytical tasks. Itiseasy to overstock the tool kit, but this
is preferable to taking too little. In rural areas in some
countries it is conceivable that the archaeologist’s well-
stocked tool kit is the most complete in the town or even in
the province. Because of this, a sturdy tool box with a lock
is a must. Some people, especially unscrupulous mechanics
in rural areas, will stop at nothing ro obtain a good set of
tools, so these should never be left out overnight or even
exposed much to public view. A special, preferably locking,
cabinet should be installed in the vehicle carrying the tool
box. This will provide additional security, while making the
tools accessible in an emergency.

Bulky or extremely heavy tools should be eschewed. A
portable welder, for example, may come in handy once or
twice, but the low potential demand for it coupled with the
availability of such units for hire legislate against either
buying or transporting one for the field vehicle. By the same
token, the archaeological field vehicle should have other
tools that are neither analytical nor corrective in the sense
that they can facilitate repair; these are essential for simply
getting the vehicle unstuck once it bogs down in deep mud
orsand or finds its way blocked by a fallen tree or rock slide.
This tool category would include a shovel, a bucket (for
either draining mud holes or for carrying gravel with which
to fill them in), alength of carpet (to provide traction in sand
or mud), an axe, a machete, and a saw, at the very least.

The rule of thumb for selecting spare parts is similar to
that for tools: spare cylinder heads, for example, are not
necessary, but spare head gaskets certainly are. Spare parts
should be packed carefully so that they are not damaged
through unnecessary impact, rusting, and so forth; when the
old part is removed, it should be kept for customs purposes
and for possible remanufacture if the new spare just installed
also goes bad. A list of spares carried in the vehicle should be
typed up and kept with the bench manual. This greatly
facilitates customs inspections and lets any person who did
not actually buy the parts know what is immediately avail-
able at hand. This latter bit of planning avoids the common
duplication of effort any time more than one driver or
mechanic is involved in a repair job. A list of all tune-up
settings and useful information, such as plug type, idle
speed, and the like, should be typed up and pasted inside the
door of the glove compartment for ready reference. Point
and plug gaps, timing BTDC, and so forth should be painted
in white or fluorescent paint on the inside of the hood or on
the firewall as well, so that simple corrections can be made
without recourse to the manual when one is under the hood
in the rainy dark.
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One of us can attest that the horrors of mule travel during the
Guatemalan rainy season had changed not a whit by 1975
and will likely continue to be as unpleasant for some time to
come. The alternative to mule travel, in this case, of course,
is simply staying at home.

Besides their ability to go where most pedestrians would
fear to tread, mules have the wonderful quality of being able
to subsist on very poor feed or go without for long stretches
of time. Christian Barthelmess, a German-born U.S. Army
musician turned part-time ethnographic photographer on
the Great Plains and in the Southwest, commented after a
450-mile mule ride to the Grand Canyon in 1887, “Most of
my readers no doubt are acquainted with the common,
everyday mule, Mulus communis, as he is found roaming
throughout the Western states, and know how, in case of
totalabsence ofhisregular diet, he can subsist on fence posts,
barbed wire, old tin cans, newspapers, and theater tickets”
(Frink and Barthelmess 1965:64-65).

Besides being able to work day after day with a pittance
of feed that would prove deadly to a horse, mules can
withstand high levels of abuse and occasionally work under
very adverse conditions (qualities the field archaeologist
sometimes feels are his own exclusive preserve). The mule’s
ability to endure hard work and privation made him alogical
choice as a Christian examplar of good conduct in the
popular Lessons from the Animal World a century-and-a-half
ago: “At Paraguay, [Jack] asses are treated with great cruelty.
No food nor shelteris found for them, and young persons are
allowed tomaim and ill-treat them asa matter of amusement.
A favorite trick of these barbarians is to cut and split open the
ears of the poor animals, so that it is very rare to meet with
an ass having both ears perfect” (Tomlinson and Tomlinson
1845 [1859]:197). Paraguay was not unique among nations
for this kind of abuse, and many a mule has found itself more
easily handled by an archaeologist than ever before or after
in its life.

Amule can get by with less and go farther than a horse,
and an additional advantage is its innate sense of caution,
patience, and muscular control. A horse, if panicked, will
easily damage itself (and coincidentally, its rider as well), but
mules almost never stampede over cliffs or eviscerate them-
selves on tree trunks. The commonly applied adjective
“surefooted” would seem to best characterize mules in this
light, but perhaps more apropos would be “cold and calcu-
lating.” While mules may be surefooted, they are also intel-
ligent enough to know when sacrificing their rider or cargo
will provide them an advantage of comfort or safety, and they
usually do not hesitate to do either. Robert Wauchope
(1974:7-9) provides a wonderful account of his introduc-
tion to both Maya archaeology with the Carnegie Institute
over 50 years ago and to the American tropical rain forest:

The first day we were in the saddle ten hours, not

one minute of which could be called relaxed riding.
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... All day long we tore through unbushed side
trails, wallowed in mud up to the mule’s bellies,
were lashed by vines and ripped by thorns. Even

the mules, in which I had placed an unwarranted

confidence, lost their footing, stumbled, or fell

sprawling and kicking in apparent panic. We fre-
quently held our booted legs out of the stirrups,
high on the mule’s neck, in order to leap clear if the
animal fell or to avoid being crushed against the
spiny tree trunks along the side of the trail. Time
and again we had to cut the floundering mules clear

of vines and lift them bodily from mudholes.

Things have changed but little in the Maya area, and often
times crafty or mean Petén mules will still select a spiny
escoba palm trunk just off the trail to jam its unsuspecting
rider’s leg against or will wait for a sense of somnolence on
the part of the rider and for the deepest puddle before
flipping him off head first into the mud. Any mule in its right
mind will try to rid itself of an unbalanced or overweight
pack, and favorite tricks are rubbing it against low branches
or ramming it against rocks at a full run; perhaps the most
effective routine is to roll over and over until the pack and all
of its contents are pulverized. The archaeologist inbound
with a mule-mounted transit or outbound with pottery
vessels or osteological materials consequently must control
his mule with as much attention as he would devote to a
bottle of nitroglycerine, or else disaster is certain to occur.
The mule can usually be persuaded to cooperate through the
judicious administration of edible bribes or coerced through
the application of a switch.

Ifthe incipientarchaeological exploreris convinced that
mules are a necessity in many places south of the border, in
the United States few places remain that cannot be reached
by some form of motorized transport. We are left with the
question, why use a mule to conduct an archaeological
survey in the United States? The answer is fairly obvious:
while you may use a dirt bike, jeep, or other off-road vehicle
to get to the region to be reconnoitered, you would hardly
drive transects a few meters apart in search of surface
scatters, lithic accumulations, and so forth, because more
attention needs to be devoted to running the vehicle than to
looking for artifacts. Site survey from muleback, however,
produces none of these disadvantages, and most people
would certainly rather ride than walk if the archaeological
reconnaissance incorporates hundreds or thousands of acres
of land.

In many cases the ability to visually locate artifacts
improves with the archaeologist’s mounted state. If the
investigator has average vision, his horizontal range of
ground visibility is greater in the saddle than it is on foot,
simply because the eye has been elevated several additional
feet. An archaeologist in the saddle can locate flakes, beads,
and other small objects reasonably well from this distance
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Table 8.1 Mule-borne archaeological surveys.
Date Location Sites located Total acres Acres/day
1979 (six months only)*
July** TJulian 15 (+ 2 isolates) 2,600 260
Aug, Thousand Oaks 2 1,500 375
Sept. Riverside 2 600 300
Sept. Jacumba (reliability test: 15) 90 90
Sept. Santa Ysabel 2 650 217
Oct, Thousand Oaks 13 5,400 270
Nov. Desert Hot Springs 0 540 270
Nov. Riverside 21 1,485 187
Dec. . Walnut 3 540 180
Dec. Thousand Palms 0 200 200
Dec. Tehachapi 4 (+ 1 isolate) 1,900 380
Dec. Gustine 5 (+ 2 isolates) 1,840 230
1980
Jan. Otay Valley 4 250 250
Feb. Riverside 1 300 300
Feb. Santee 0 100 100
Feb. San Diego 1 75 75
Feb. Live Oak Canyon 0 200 200
March Valley Center 1 50 50
April Valley Center 0 80 80
June Poway 0 40 40
June Escondido 0 40 40
July Temecula 0 1,000 500
Aug, Sun City 1 600 300
Sept. Rancho 3 800 270
Oct. Sun City 6 1,800 600
Qct. Jacumba 3 180 180
Oct. Qakzanita 3 110 110
Nov. Jacumba 7 585 260
1981
Feb. Murrieta 6 2,000 300
Feb. Tehachapi 27 5,990 400
March San Pascual 3 900 300
April Diamond Bar 2 360 360
May Temecula 1 700 180
June Lake Elsinore 1 600 200
*All surveys conducted by T. J. Banks.
**Tirst survey conducted.

(approximately 6 to 8 feet) and can always dismount and
engage in a closer inspection if presented with an equivocal
situation. To avoid constant mounting and dismounting, the
mule-borne archaeologist may find it helpful to keep a pair of
low-power binoculars with him to scan a likely area
immediately below.

One rider with the aid of one mule can survey approxi-
mately 200 acres of brushy hillside per day, riding transect
intervals of 20 m or so. A leather breast guard can be fastened
to a mule that is going to plow through very dense brush
“icebreaker fashion,” to protect it from possible injury and
give it greatér confidence. In less difficult terrain, such as flat,
clear ground, a single rider can easily reconnoiter 400 to 500
acres per day. Thirty-meter transects can be ridden in open
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country due to increased visibility from the saddle, enabling
the surveyor to cover more ground.

Mishaps can occur during such surveys, usually when
least expected. One of us was doing a reconnaissance of a
stretch of desert one day when a piece of jumping cholla
became imbedded in the mule’s underside. Unknowingly,
the action of the stirrup drove the cholla spines deeper into
the mount, and the mule’s reaction was to take off ata gallop
which was only terminated by the unfortunate appearance
of a rabbit burrow. The mule tripped, and threw both itself
and its rider into the middle of the largest cholla located
during the entire survey; it took a veterinarian and two
assistants the remainder of the day to extract the resulting
spines with tweezers, and the vet’s fee obviated any profit
from the enterprise.

A selection of nearly 35 survey projects covering ap-
proximately 43,797 acres completed by one of us (Banks)
on muleback is listed in table 8.1; these data demonstrate
the costefficiency of mule surveys. It improves dramatically
as the acreage involved increases. Some archaeologists,
however, are skeptical about the success or even suitability
of muleback surveys; questions range from “Can you really
see the ground from up there?” to “Won’t the mule eat rare
plants?” In areas overpopulated by free-lance archaeolo-
gists, such as Southern California, some individuals have
cautioned that the increased efficiency of mule surveys will
put other fieldworkers on the unemployment line. Most of
the archaeological resistance to the idea of riding a mule to
the project location or using mules to locate archaeological
sites has little to do with theoretical concerns about effi-
ciency or cost effectiveness. The real reason for the mulish
attitude is a fear of the animals themselves or a lack of
equestrian experience—either of which fosters insecurity
feelings once in the saddle.

Despite the sometimes gruesome accounts of nine-
teenth century mule travel (and those particular to the rain
forest), archaeologists have nothing to fear from properly
broken mules. Once the relationship has been established
and the rider convinces the mule that he can expect
affectionand good treatment, the animal willusuallybecome
more of a friend and partner. No vehicle, for example, could
ever be told to walk straight lines all day while its driver
takes notes, reads maps, takes photographs, and generally
does everything except use his hands to control the direc-
tion of travel; yet, any well-trained mule will go exactly
where his rider wants him to go.

Critics of muleback surveys wha cite lack of efficiency
in comparison with foot surveys should do well to study the
results of an experiment carried out on September 22,1979
(table 8.2) in which one of us was pitted on muleback
against an on-foot survey crew of four, both charged with
surveying the same 90-acre parcel. The mule and rider took

























































84

cal Radiography and Photography 43:34-44.
Hanson, Dirk
1982  The New Alchemists. Little, Brown, Boston.
Harris, H.A.

1931 Lines of arrested growth in the long bones in
childhood: The correlation of histological and ra-
diographic appearances in clinical and experimen-
tal conditions. The British Journal of Radiology
55(47):561-589, and 4(48):622-641.

Hendrickson, Ray, and Dave Bofill

1982 Inside outboards: Water pumps impell consider-

ation. Small Boat Journal 26 (September):82-84.
Howard, Robert West

1965  The Horse in America. Follett Publishing Company,

Chicago.
Hudson, D. Travis

1981 To sea or not to sea: Further notes on the “ocean-
going” dugouts of north coastal California. Journal
of California and Great Basin Anthropology 3(2):269—
282. Banning, California.

Johnson, John

1982  Analysis of Fish Remains from the Late Period
Chumash Village of Talepop (LAn-229).In Ar-
chaeological Investigations of Telepop (LAn-229). Vol.
111, edited by Chester D,King, 12-1-12-29. Report
submitted to Office of Public Archaeology, Social
Process Research Institute, University of Califor-
nia, Santa Barbara.

King, Chester D., William W. Bloomer, Eric Clinden, Bob E.
Edberg, Lynn H. Gamble, Julia E. Hammett, John
R. Johnson, Truus H. Kemperman, Christopher D,
Pierce, and Eric Wohlgemuth

N.d.  Archaeological Investigations at Talepop. Report sub-
mitted to the Office of Public Archaeology, Social
Process Institute, University of California, Santa
Barbara, 1982.

King, Linda

1969 The Medea Creek Cemetery (1.An-243): An inves-
tigation of social organization from mortuary prac-
tices. Archaeological Survey Annual Report 11:23—
68. University of California, Los Angeles.

Kroeber, Alfred L.

1925 Handbook of the Indians of California. Bureau of
American Ethnology, Bulletin 78. Smithsonian In-
stitution, Washington, D.C.

Macleod, Murdo J.

1973 Spanish Central America: A Socioeconomic History,
1520-1720. University of California Press, Berke-
ley.

McHenry, Henry

1968 Transverse lines in long bones of prehistoric Cali-

fornia Indians. American Journal of Physical Anthro-

Bibliography

pology 29:1-17.
Meggers, B.J., and C. Evans
1957  Archaeological Investigations at the Mouth of the Ama-
zon. Bureau of American Ethnology, Bulletin 167,
Smithsonian Institution, Washington, D.C.
Millon, R., B. Drewitt, and G. Cowgill
1973 The Teotihuacan Map: 2 Volumes. University of Texas
Press, Austin.
Mosley, M., and C. Mackey
1974 Twenty-four Architectural Plans of Chan Chan, Peru.
Peabody Museum of American Archaeology and
Ethnology, Harvard University, Cambridge, Mas-
sachusetts.
Nichols, Jacqueline, and June Evans
1979  The aggressive field lab. American Antiquity 44, 3:
324-326.
Norton, Peter
1986 Inside the IBM PC. Prentice-Hall, Englewood Cliffs,
New Jersey.
Office of the Chief Signal Officer
1911 Drill Regulations for Field Companies of the Signal
Corps. Washington, D.C., Government Printing
Office.
Olin Products
1980 Boating Safety, the Law, and You. Olin Safety Prod-
ucts Operation, East Alton, Illinois.
O'Neil, Dennis H.
1984  Archaeological uses of microcomputers with off
the rack software. American Antiquity 49: 809-814.
Raab, L. Mark, and Scott Edmondsen
1989 Middensto megabytes: Computerizing the archaeo-
logical laboratory. In Practical Archaeology, revised
edition, edited by B. D. Dillon, 32-43. Institute of
Archaeology, University of California, Los Angeles.
Raab, L. Mark, and Andrew Yatsko
1990 Prehistoric human ecology of Quinquina, A re-
search design for archaeological studies on San
Clemente 1sland, Southern California. Pacific Coast
Archaeological Society Quarterly 26, Nos. 2 and 3:
10-37.
Richey, David
1979  The Small-Boat Handbook. Thomas Y. Crowell, New
York.
Robinson, Arthur E., and Randall D. Sale
1969  Elements of Cartography. J. Wiley, New York.
Rouse, Donald, and David Rouse
1965  You Can Build Your Own Sailboat. Harper and Row,
New York.
Saiz, M.
1968 Diccionario de Mecdanica: Inglés-Espanol. Minerva
Books, Ltd., New York.
Scharff, Robert









	Cover
	Half Title
	Contributors
	Title
	Copyright
	Table of Contents
	Introduction
	Chapter 1: Transit-Controlled Surface Collecting
	Artifact Location and Flagging
	Collection Procedure

	Chapter 2: Practical Mapping for the Field Archaeologist
	Accuracy in Mapping
	Making the Map 

	Chapter 3: A Method for Effectively Screening Some Clay Matrices
	Development of the Method
	Initial Field Application
	Subsequent Field Applications
	Drawbacks to the Bicarbonate Screening Method

	Chapter 4: Laboratory Automation: Computer-Linked Measurement Devices and Videomicroscopy
	Importance of Data Acquisition
	Automated Cataloging
	Data Acquisition Within Commercial Software Programs

	Chapter 5: X Rays in Archaeological Analysis
	X Rays and Prehistoric Ceramic Technology 
	Methods
	Discussion
	Results

	Chapter 6: Measuring Systems, Techniques, and Equipment for Taphonomic Studies
	Measuring Equipment and Techniques

	Chapter 7: The Archaeological Field Vehicle
	Chapter 8: Archaeological Survey Via Muleback
	Chapter 9: Small Boats in Archaeological Exploration
	Conclusion
	References



