Reports

Teotihuacan: Completion of Map

of Giant Ancient City in the Vailey of Mexico

Abstract. The detailed archeological map of Teotihuacdn, near Mexico City,
demonstrates what the prehistoric city was like from its densely crowded center
to its more sparsely settled peripheries. The city’s population lived in crowded
one-story apartment compounds, grouped into neighborhoods based at least partly
on occupation. At its height the city had a minimum population of 75,000, a
probable population of 125,000, and a possible population of more than 200,000.
Those involved in craft production and associated activities may have numbered
in the tens of thousands. The scope and intensity of urbanization at Teotihuacdn
is not paralleled in other contemporary New World centers. The growth potential
of the obsidian and other industries, the rise of Teotihuacdn as a market and trade
center, and its attraction as a religious center may have combined in a self-gen-
erating process that led to the creation of Teotihuacdn’s unique urban society.

Teotihuacén, one of the largest pre-
industrial cities in the world, has been
completely mapped in detail. Large-
scale photogrammetric maps of the
ancient Mexican urban center were
used in an intensive field reconnaissance
of an area of more than 30 km2 The
first complete map of the entire city
may be seen in Fig. 1. The scale of Fig.
1 is about 1 : 41,500. The scale of the
field maps and of the final drawings on
which Fig. 1 is based is 1:2000. Fig-
ure 2 covers the same area as Fig. 1
and is a reduction of the 1 : 2000 topo-
graphic field map on which Fig. 1 is
based.

The map’s grid system of 500-m
squares follows the north-south orien-
tation of the ancient city, approximately
- 15°30’ east of astronomic north. The
zero point of the grid system is in the

center of the city, at the southwest

corner of the Ciudadela (Fig. 1, No. 3).

In collecting data for the preparation
of the map, we looked for any evidence
we could find of ancient occupation.
We attempted to recognize separate
structural units, such as room com-
plexes, platforms, temples, open plazas,
walls, thoroughfares, and other archi-
tectural features in the city. We termed
each such unit a “site.” We took into
account mounding, including slight
changes in elevation, and the density of
potsherds and other objects on the sur-
face. By use of these and other criteria,
we defined the limits of a site, made a
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collection of pottery and other objects,
and noted the site limits on the map.
We noted on one-page site records the
most important characteristics of more
than 3000 sites, including such features
as structural remains, ceramics, and
stone tools. Data from such records
have been encoded for computer analy-
ses (I).

Figure 3 illustrates how we used our
1:2000 photogrammetric maps in our
field reconnaissance to help determine
the forms and boundaries of ruined,

buried buildings, the spatial relations

among buildings, and how open space
was used in forming the architectural
complexes. Figure 3B (scale about 1 :
4300) shows the topography in square
N4W1, immediately south and west of
the Moon Pyramid, together with the
data recorded in the course of the
archeological survey. Figure 3A shows
our hypothetical reconstructions of
buildings, which are based partly on
these data and partly on a study of the
surface collections we made from each
building or other numbered unit and on
our written observations and photos re-
lating to these structures. The same
kinds of data were collected for the
entire city. Figure 3 and 150 other
similar pairs of facing drawings for the
entire city will be published at the
1:2000 scale. ;

The area shown in Fig. 3A extends
from the temples and other structures
on the west side of the “Street of the

Dead” westward to an area of resi-
dential room complexes at left, shown
as open rectangles. Each of the build-
ings shown as an open rectangle con-
sisted of rooms, porticos, patios, and
access ways similar to, but less elab-
orate than, the Quetzalpapalotl Palace
in the upper right. The reader should
bear this in mind when examining
Fig. 1.

The reconstructions of hypothetical
buildings are based on a vast body of
information. This information frequent-
ly includes exposed floors, walls, and
other structural features. There are
more than 2600 room complexes, tem-
ples, platforms, and other major stone-
walled structures shown in Fig. 1. Of
these structures, more than 1200 (46
percent) had walls, floors, or other
structural evidence visible in situ. Our
other most reliable indicator of major
construction in the survey has been a
combination of stone cover and crushed
volcanic scoria {(cascajo), the latter
being the preferred major ingredient in
the foundations of floors and in the
outer coverings of walls. The reliability
of the presence of this combination of
building materials on a site was tested
in seven excavations, and in every case
its presence proved reliably to predict
the existence of major construction.
Conversely, in three cases where
cascajo was not present and where we
did not expect to find any major struc-
tures, no major structures were found.

Figure 1 is the first map of the entire
city, from its center to its outskirts. I
avoid the word “suburbs” because that
term most meaningfully applies to parts
of a city in which, for the most part,
people live but do not work, their place
of work being in the city (2). The sep-
aration of place of work from place of
residence in a city seems largely to be
confined to industrialized societies of
recent times.

The city was divided into quadrants
by its north-south (Street of the Dead)
and east-west axes (East Avenue and
West Avenue) (Fig. 1, Nos. 5, 7, and
8). With some exceptions, buildings in
Teotihuacan are oriented to the north-
south axis which gives the plan of the
city an orderly appearance even in areas
of great crowding. Figure 1 represents
the city as we think it was late in its'
history (about A.D. 600) when it cov-
ered an area of about 20 km2 (8 mi2).
If the reader will note the scale of
the map, he will have some idea of
the great size of the city and of the great
number of its apartment compounds.
Apartment compounds are one-story
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rectangular structures designated in the
legend of Fig. 1 as “excavated” or “un-
excavated” room complexes. There are
more than 2000 such apartment com-
pounds in the city. Note also the im-
mense size of the Ciudadela and the
Great Compound (Fig. 1, Nos. 3 and
6; see also cover photograph). We be-
lieve that these two enclosures in the
geographic center of the city—enclos-
ures that are so similar and yet so dif-
ferent—together formed the city’s re-
ligious, bureaucratic, and commercial
center.

The most sparsely settled section of
the city is the extreme southern exten-
sion of the Street of the Dead, at the
bottom of the map. It forms a contin-
uvous and integral part of the city,
despite its low density (3, pp. 105-
106). The northwest quadrant is by far
the most densely settled and presum-
ably the most populous part of the city.
It is also the area with the greatest con-
centration of occupational specialists.
The preponderance of residential con-
struction in the northwest may be re-
lated to the fact that the southwest
quadrant borders the richest cultivable
land in the Valley of Teotihuacdn and
that most of the eastern perimeter also
borders cultivable land. In contrast, the
northwestern perimeter borders poor
cultivable lands. Another and probably
related reason for the greater density
of settlement in the northwest quadrant
is that it was the most densely settled
area early in the city’s history, around
the time of Christ. This area was Teoti-
huacéan’s “old city,” and it continued to

be the most crowded and densely settled"

section throughout the city’s history
(square N6W3 and the squares sur-
rounding it; see Figs. 1 and 2).
Evidence from surface survey and
from excavation indicates that Teoti-
huacdn was divided into barrios or
neighborhoods. Some groups of build-
ings are so clearly set off from sur-

Fig. 1. Map of the ancient city of Teoti-
huacin at its height (about A.D. 600).
The city covered about 20 km? (8 square
miles). Partially or completely excavated
structures, primarily along the Street of
the Dead (north-south axis), are shown;
also shown are reconstructions based on
the Teotihuacdn Mapping Project survey
of surface remains of unexcavated and
partially excavated structures. An unde-
termined number of structures in various
parts of the city have been buried under
silt or leveled for agriculture in modern
times. Most of the buildings shown were
one-story apartment compounds. Note the
canalization of most streams within the
ancient city.
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rounding structures that they form eas-
ily definable spatial units. Other groups
of buildings are distinguished by what
we find on their surfaces. There are
groups of buildings where the same
craft seems to have been practiced
(obsidian working, pottery making, lap-
idary work), where foreigners from the
same place lived (4) (Fig. 1, No. 17),
where foreign pottery from different
parts of Middle America, principally
from the Gulf Coast, Yucatin, and
Guatemala, is found in quantity, and
where we think merchants may have
lived (Fig. 1, No. 9).

The map of Teotihuacdn demon-
strates that a great deal of planning
must have gone into the building of the
city. The length of the Street of the
Dead shown in Fig. 1 (it extends to the
very bottom of the map) was apparently
decided on early in the city’s history,
perhaps in the second century A.D.,
before there were many permanent
buildings at Teotihuacin other than
pyramids and temples. The decision to
extend the Street of the Dead over a
distance of 5 km was an audacious one.
In staking out a claim for the future
growth -of the city, the early Teotihua-
canos were cutting off the narrow waist
of the Teotihuacin valley and effective-
ly blocking from open access the most
convenient route for trade and travel
between the Valley of Mexico and, to
the east, the Valley of Puebla and coast-
al Veracruz (5).

The fact of planning is evident, but
what is not clear is its nature, its extent,
and its sequence. Was there ever some
kind of master plan which was slowly
fulfilled and modified with the passage
of time? Or was the building up of the
city the result of a series of piecemeal
additions to a basic cruciform plan
which, when we see it completed, gives
us an impression that it was the product
of an overall “master plan” although it
may not have been so at all (6). The
argument that there was no planning
outside the city’s central core (3, p.
172) is contradicted by the map on the
south, the west, and the east.

Population estimates based solely on
archeological evidence are difficult to
make. Nevertheless, such estimates can
now be made with greater accuracy
than at any time since the fall of the
city, for we have a reasonably good
minimum estimate for the entire city of
the number of major buildings and their
nature and disposition. Only the build-
ings that we have reason to believe
were occupied at the same time are
shown in Fig. 1. Population estimates

are based only on these buildings. We
believe that our surface survey tech-
niques make it possible for us to dis-
tinguish buildings composed of com-
plexes of rooms from other buildings,
such as temples or platforms. We also
believe that most, if not all, room com-
plexes were residential, even though
most were almost certainly the locus
of other activities as well. People who
worked in the city seem to have tended
to work where they lived. Exceptions
or partial exceptions would have been
construction workers, marketplace trad-
ers, merchants, and some temple
workers.

I arrived at the population estimates
that follow by examining apartment
compounds that have been excavated in
various parts of the city (Fig. 1). We
know that these buildings were lived in,
because our own excavations have es-
tablished unequivocally that there were
kitchens in these compounds. [We stress
this fact because it has been raised as a
false issue (7).] We have postulated that
corporate groups of some kind lived
in apartment compounds, principally
because the prominence within them of
one or more temples suggests that com-
pound inhabitants engaged in common
ritual activities (8). Inhabitants of com-
pounds may have been linked by ties of
kinship, may have engaged in common
occupations, or more likely both. But
we do not know the size or social com-
position of the domestic or other groups
living in these compounds. For this rea-
son, estimates of populations of apart-
ment compounds must be based on
other grounds. Also, it seems probable
for several reasons that larger buildings
did not necessarily house proportionally
larger numbers of people.

What I have tried to do is to deter-
mine how many potential sleeping
rooms there are in excavated apartment.
compounds. I have defined a potential
sleeping room as one that is completely
enclosed—that is, it has four walls and
one or more doorways. Excluded from
this count were enclosed rooms that
appear to have been used for other pur-
poses (rooms on temple platforms) or
that seem otherwise exceptional and
therefore possibly intended primarily
for other uses (for example, since mural
paintings are exceptional in interior

. rooms, rooms with murals were ex-

cluded).

Apartment compounds vary exten-
sively in the sizes of their rooms and in
the way open space is used (principally
patios, porticos, and access ways). The
most crowded seem to have one en-
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closed sleeping room (as defined here)
for every 40 to 50 m2. The most spa-
cious, of which there are few examples,
seem to have one enclosed sleeping
room for every 150 to 200 m2. If we
take 120 m?2 per sleeping room as a
basis for calculation (a conservative
estimate), we arrive at a total of 30
such rooms in an apartment complex
of 3600 m2 With the further con-
servative assumption that such rooms
would have provided sleeping space for
1 to 3 people, we arrive at a very con-
servative figure of 60 persons per apart-
ment compound of about 3600 m2
(Nos. 47, 49, and 50 in Fig. 1 are
slightly smaller than 3600 m2). I also
made estimates for two apartment com-
pounds of successively smaller size, for
which I used slightly higher population

densities. For an apartment compound
of about 1600 m? (No. 11 in Fig. 1 is
slightly smaller), I estimated a popula-
tion of 30. For a compound about 25
by 25 m, I estimated a population of
12. I believe that these are conservative,
minimum figures, which more than
compensate for rooms included in the
count that may not have been used for
sleeping. More probable population fig-
ures for each of these compound sizes
are 100, 50, and 20.

With these two sets of figures, I made
population estimates for the entire city,
after measuring the sizes of the recon-
structed apartment compounds in each
of the squares shown in Fig. 1. The
three building sizes and their estimated
populations served as a guide in esti-
mating proportionally the populations

of buildings of other sizes. These calcu-
lations yielded a minimum population
of 75,000 and a probable population of
125,000 for the city at its height. Since
the assumptions about the number of
persons who lived in apartment com-
pounds of various sizes may be too con-
servative, it is possible that the city’s
population was significantly larger, per-
haps exceeding 200,000.

The population of Teotihuacan is im-
pressively large for an early city. Not
only was its population large, but it was
also relatively highly differentiated, with
a significant proportion of the popula-
tion engaged in craft activities. Al-
though most of the city’s population
probably cultivated land, more than 500
craft workshops have been found in our
archeological survey of the ancient city.
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Fig. 2. Reduced mosaic of the topographic map sheets used in the field to produce the map shown in Fig. 1. The grid system of
500-m squares is oriented to the north-south axis of the ancient city (about 15° 30" east of north).
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The vast majority are obsidian work-
shops, most of which were in use when
the population of the city was at its
peak (9). There are also well over a
hundred other workshops—ceramic,
stone, figurine, lapidary, basalt, and
slate. To this total must be added an
unknown number of workshops where
the craftsmen worked in materials and
with tools that left no traces or that we
have not been able to recognize. In
addition, there must have been sizable
numbers of craftsmen connected with
the building of the city’s many struc-
tures—masons, plasterers, and carpen-
ters, and perhaps others as well.

A significant proportion of the popu-
lation of Teotihuacdn must have been
involved in craft production and craft
activities. Perhaps it was 25 percent or
more, which would mean tens of thou-
sands of people. In addition, an unspe-
cified number of people were engaged
in marketplace and long-distance trade.
These persons may have been some of
the craftsmen themselves or specialized
traders or, perhaps more likely, some

combination of the two. Did the eco-.

nomic potential represented by the
growing obsidian and other industries
and the presumed growth of Teotihua-
cdn as a market and trade -center,
together with the religious attraction
that Teotihuacdn must have had very
early in its history, combine in a self-
generating process that led to the cre-
ation of Teotihuacin’s unique urban

Fig. 3. Detailed drawings of N4WI1, the
500-m square southwest of the Moon
Pyramid (see Fig. 1). This pair of draw-
ings is one of 150 such pairs covering
the entire ancient city. (A) Drawing show-
ing buildings as we think they would have
looked anciently, based on the data shown
at right and on written descriptive data
and surface collections for each num-
bered site and subsite shown at right.
Buildings shown as open rectangles were
apartment  compounds—complexes  of
rooms, patios, access ways, and small
temples—similar to but less elaborate than
the complex of excavated rooms shown
in the northeast part of the drawing. (B)
Topographic map with 1-m contours, to-
gether with data from the Teotihuacin
Mapping Project archeological survey of
this square, showing site boundaries and
numbers, exposed floors (F) and walls (W),
and wholly or partially excavated struc-
tures along the Street of the Dead. Con-
tours were drawn photogrammetrically in
1962 from a flight made in that year. The
road that runs north-south in the western
part of the drawing is the new road
around the archeological zone (“Perifé-
rico”) (see cover). It was built in 1964
after the contours had been drawn and
is therefore shown “overriding” them.
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society (10)? This appears to be the
most promising line of investigation in
the present state of our knowledge.

Occupational specialization, prolifer-
ating craft industries, high urban den-
sity, and a large population are differing
manifestations of the same intense proc-
ess of urbanization. Taken in conjunc-
tion with the scope of Teotihuacin’s
exports and imports, they argue that
Teotihuacén society was more complex
than recent estimates have suggested.
The intensity of the urbanization proc-
ess appears to set Teotihuacin apart
from other contemporary centers in
Middle America. At the same time, it
makes it more similar to Tenochtitlan,
the capital of the Aztecs, which rose
40 km from Teotihuacin on the site of
modern Mexico City over 500 years
after Teotihuacdn’s fall. Until equiv-
alent comparative data from other parts
of the New World are available, com-
parisons with early Old World centers
may be more useful in trying to under-
stand pre-Hispanic urbanization in the
Valley of Mexico.

Teotihuacén stands for the present as
the most highly urbanized center of its
time in the New World (/7). The ex-
traordinary extent and pervasiveness of
its influence through so much of Middle
America in the early centuries of the
Christian era are now more understand-

able.
RENE MiLLON

University of Rochester,
Rochester, New York 14627
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Sulfur Isotope Distribution in Solfataras,

Yellowstone National Park

Abstract. Sulfur isotope data on hydrogen sulfide, native sulfur, and sulfates
from acid hot-spring areas at Yellowstone National Park suggest that hydrogen
sulfide oxidizes to sulfur abiologically, whereas sulfur undergoes biological oxi-
dation to sulfuric acid. An exception occurs at Mammoth Hot Springs where
hydrogen sulfide apparently undergoes biochemical oxidation to sulfur.

Fumarolic hydrogen sulfide, dis-
charged in sulfurous hot-spring areas
known as solfataras, oxidizes to form
large quantities of sulfuric acid. Pre-
vious studies suggest that bacteria may
produce virtually all this sulfuric acid
by catalyzing the oxidation of geo-
thermal hydrogen sulfide, These studies
dealt with the distribution of sulfur-
oxidizing bacteria in solfataras (/) and
the quantities of sulfuric acid produced
in solfataras as compared with the
quantities produced by bacteria in the
laboratory (2). The relative importance
of a biochemical versus an inorganic
oxidation mechanism, however, has
been difficult to determine. The success
achieved with the use of sulfur iso-
tope ratios to confirm bacterial pro-
cesses of sulfate reduction led naturally
to their use in studies of the oxidation
of sulfides in nature (3, 4). Results thus
far, however, have been only sugges-
tive of biochemical involvement.

Because the masses of the S32 and
S3¢ nuclei are different, these isotopes
react at different rates in chemical re-
actions. If, during the formation of
sulfur compounds, the reaction does
not go to completion, the ratio of the
isotopes in the products will be differ-
ent from that in the remaining re-
actants. It is this enrichment or deple-
tion of one of the isotopes that can
sometimes be used to infer the genesis
of a sulfur compound. Oxidation-re-
duction reactions in which organisms

participate usually show diagnostic
shifts in the ratios of isotopes of the
reacting elements (5). In order to see
if the ratios of sulfur isotopes would
show shifts that we could interpret as
diagnostic of biochemical, as con-
trasted with inorganic, oxidation, we
collected samples of sulfide, suifur,
and sulfate from various hot-spring
localities within Yellowstone National
Park (6).

Table 1 lists the results of our sulfur
isotope analyses in terms of 8S3* values
[difference (in parts per thousand) be-
tween the S3%/S$32 ratio in the sample
and that in the Cafion Diablo meteorite
standard]. Table 1 shows that the §S34
values of hydrogen sulfide from locali-
ties 1 through 5 range from 4 0.7 to
+ 2.6 per mil. This small range of
8S34 values indicates a well-homoge-
nized source and is in agreement with
values generally considered to be those
of deep-seated sulfur (7). Most of the
hydrogen sulfide rising to the surface
in these areas may come from either
a body of degassing magma beneath
the park or igneous rocks containing
unfractionated sulfur.

The hydrogen sulfide values from
localities 6, 7, and 8, however, range
from — 3.0 to — 5.5 883 per mil. A
thick sequence of sedimentary rocks
underlies locality 6, Mammoth Hot
Springs (8). Sulfide minerals in sedi-
mentary rocks usually show depletions
of S3¢ because of the biologic reduc-

SCIENCE, VOL. 170



	Cit r71_c92: 
	Cit r71_c89: 


