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Building Without Metal Tools

Solution to the long-puzzling problem of how Mexico’s
prehistoric temples were erected without modern stone-cutting
tools is that the ancients turned nature to their advantage.

By MARJORIE VAN DE WATER

» IT HAS LONG been a source of wonder
to scientists how the ancient peoples of
Middle America could have erected their
monumental, elaborately ornamented tem-
ples without metal stone-cutting tools or
modern means for transporting the huge
stones and putting them in place.

Now an engineer, J. Ogden Outwater Jr.
of the University of Vermont, has made a
study of three such engineering feats, re-
vealing the “versatility and imagination of
the builders.” The ancients took advantage
of the peculiar qualities of the stone with
which they worked. They adapted their
construction methods to these qualities and
applied the forces of nature that were avail-
able.

The three monuments studied by Mr.
Outwater were examples of three contrast-
ing techniques. One was carved out of the
solid rock on the side of a mountain. An-
other was constructed of huge boulders,
carefully finished and fitted and was orna-
mented with carved reliefs in perfect sym-
metry. The stone of this monument was
hard and dense. The third monument was
made of stone mosaic consisting of about
300,000 pieces of thin, flat stone and about
100,000 larger stones.

Natural Stone-Cutting Tool

Water was the natural stone-cutting tool
taken advantage of by the builders of the
monolithic temple of Malinalco, hewn out
of a mountain in the State of Mexico. Mr.
Outwater estimates that more than a thou-
sand metric tons of rock were cut away and
delicately removed to leave the main temple
chamber, decorative statues and staircases
and part of another building.

The debris and smaller stones were used
to build other parts of the monument.

This monument is located well up the
side of the mountain and is accessible only
by one narrow trail. That single trail must
have accommodated all the workers and all
their supplies.

The reason for selecting such a hard-to-
reach location for a temple, Mr. Outwater
believes, lies in the peculiar qualities of the
solid shelf of rock on this mountain and in
the fact that a spring of water was flowing
directly above it.

This rock, which is volcanic ash con-
taining clay, has the property of absorbing
a large quantity of water and of becoming
dramatically soft and easily crumbled when
it is wet. Yet when it dries out it is quite
hard and durable.

Search of the temple site showed the
ancients had dug channnels from the spring

to the various parts of the building, leading
the water where they wanted to work on
the stone and holding the water there until
it could thoroughly permeate the stone.

This stone becomes so soft when soaked
that it is reasonable to suppose the ancients
could have used stone or wood mattocks to
hack out the stone in the first attack on the
construction.

Actually, marks of this type of instrument
can be found in the channels leading from
the spring.

Since the construction had a very beautiful
finish, however, it is obvious that as the
work progressed more refined tools must
have been necessary.

A pile of what may have been the actual
tools used by the builders was found near
the site. They were cylindrical stones that
have been described as about the size of a
rolling pin and sharpened, or tapered, at
one end. Mexican archaeologists call them
“nails” and have guessed they were used like
studs for ornamentation in the finished
plastered walls.

They may have served to ornament the
temple, Mr. Outwater agrees, but he believes
their primary purpose was to finish the stone
in the monument.

About three-fourths of the stones were of
volcanic lava, the sharp edge of which
would readily cut and smooth the soaked

stone. The rest of the stones were of com-
pacted silt composed of clay, lava particles
and sand. The particles of lava protrude
from them and would have made a good
abrasive against the rock.

Ten Years to Build

Using a combination of the rough mat
tocks and lava fine tools, Mr. Outwater
estimates that it would have taken about
one man-hour to remove 750 cubic centi-
meters of stone. Then, assuming a 10-hour
working day and a 300-day working year,
he arrived at an estimate of 400 man-years
to build the monument of Malinalco, not
counting the time needed for painting, tool-
making and other extras.

The maximum number of men who could
have worked on the mountain shelf without
getting in each other’s way was probably
not more than 50.

So that the building of the great Malin-
alco monument must have taken a period
of about ten years.

Once the cutting of the stone was com-
pleted, it would have been necessary to
divert the water so that the stone could
harden before the elaborate carving was
ruined. This was done. Small dams, which
are still in place, were installed to make
the water flow around the cliff edge and
fall into the valley well clear of the work.

All this complicated technique of using
water softening as a means for cutting a
temple out of a mountain side and then
carrying the water away again was devel-
oped for only one single use. In no other
place in Mexico has this peculiar type of
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ANCIENT INGENUITY—The beautiful mosaic on this ancient temple at
Mitla, Mexico, consists of about 300,000 thin, flat stones, although the stone
used does not lend itself to splitting as slate does. An American engineer
believes the ancients may bave softened the rock by soaking it in some un-
known chemical until it could be split. This photograph of Mitla is the
property of Dr. G. F. Ekbolm of the American Museum of Natural History.
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rock been found adjacent to a spring. In
no other place did Mr. Outwater see such a
monumental temple cut from the live rock
of a mountainside.

The prehistoric people seem to have de-
veloped the technique in order to take ad-
vantage of the unique conditions.

An entirely different technique was used
to build the Temple of Xochicalco. The
stone of this pyramid is very hard and
dense.

The outstanding feature of the pyramid
is the symmetry not only of the building
but of the carvings on it. It seemed reason-
able to suppose that the stones for all four
corners and sides were all cut and carved
to exactly the same size and shape.

A careful survey of the blocks around the
base of the pyramid indicated, however, that
this was definitely not the case. Not only
was there very little correspondence in size
between similarly situated blocks, but the
number of stones along each side was differ-
ent.

Mr. Outwater believes that the pyramid
must have been constructed starting at one
corner and mating each new stone with the
last one already in place.

He estimates that the temple originally
must have consisted of about 1,200 carefully
finished and fitted stones.

What technique was used for finishing
this hard, resistant stone? After experiment-
ing with various methods possible without
the use of modern tools, Mr. Outwater be-
lieves he has discovered the technique ac-
tually used in the prehistoric construction.
He found that when two of these stones
are rubbed and tapped together dry, the
surfaces break off and leave a pock-marked
surface similar to that found on the pyra-
mid. This surface can then be pounded
undl it is flat and smooth.

This was, of course, a time-consuming
process. It would have taken a crew of 200
men five years just to finish the stone.

The intricate carving would have been
exceedingly tedious but might have been
accomplished by the same sort of method.

Third Construction Method

The third temple studied, at Mitla in
Oaxaca, was of a completely different con-
struction from the other two. The Mitla
temple is ornamented with a beautiful
mosaic made of about 300,000 thin, flat
pieces of stone, like tiles. In addition there
were about 100,000 larger stones in the
building, some of which were tremendous
boulders in the form of pillars or lintels.

The stone used is a trachyte which stands
weather well. It can be easily chipped with
flint tools, but does not lend itself to being
split like slate.

The secret of how the ancients made this
stone into the thin pieces for the mosaic
may have been solved by Mr. Outwater.

What he feels is probably an important
clue is a big stone cauldron more than four
feet in diameter carved out of a boulder and
completely immovable. The cauldron was
found located near a quarry which must
have been a major source of the Mitla stone.

Mr. Outwater reasons that the ancients
must have dipped their stone into a soften-
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ing agent, let it soak there until it was soft
and then cut it to size, using a nearby stream
to carry off the waste.

He has as yet no idea what softening
agent they used although he has experi-
mented with such common chemicals as
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vinegar, potash and urine. He is continuing
the search for a suitable chemical available
to the ancient Mexicans.
The investigation is reported in American
Antiquity.
Science News Letter, September 14, 1957
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eyes follow words in FREE sample lesson. Almost at once
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where at this exclusive bargain price. Our Price $22.50
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