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Lodestone Compass: Chinese 
Olmec Primac 

Multidisciplinary analysis of an Olmec hemal 
artifact from San Lorenzo, Veracruz, Mexi 

John B. Carl 

In entering upon this subject [magnetic direc- 
tivity and the compass], it may be well to pause 
for a moment to consider the incalculable im- 
portance of the discovery of the magnetic com- 
pass, as the first and oldest representative of all 
those dials and pointer readings which play so 
great a part in modern scientific observation.... 
No apology is needed, therefore, for an attempt 
as thorough as possible to ascertain what was 
the oldest form of compass ... and when its suc- 
cessive developments were introduced. 

This preface to Needham's study (1) of 
the development of the magnetic compass 
in his monumental work Science and Civ- 
ilisation in China expresses the spirit in 
which I undertook the study of the proper- 
ties of a unique and curious Olmec artifact 
in late 1973. 

The artifact, henceforth designated M- 
160 (Michigan sample), was found in situ 
(2) at the Early Formative Olmec site in 
San Lorenzo, Veracruz (see Fig. 1). It was 
excavated by P. Krotser of the Yale Uni- 
versity excavation project headed by ar- 
cheologist M. D. Coe. According to Coe's 
analysis (3) the fill in which M-160 was 
unearthed contained no material later than 
the San Lorenzo A and B Phases, which 
have been well dated by radiocarbon meth- 
ods at 1400 to 1000 B.C. (4, 5); according 
to current correlations this unequivocally 
places the manufacture of M-160 earlier 
than 1000 B.C. (6). In general appearance, 
the artifact (7) 
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cultural basis (8). There is evidence, for ex- 
ample, for a Mesoamerican as well as a 
Chinese penchant for the directional orien- 
tation of the dwellings of the living and the 
interments of the dead. Such comparisons 
shed a revealing light on the interpretation or of Olmec practices and the function of M- 
160. 
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than a century, the origins of the Olmec re- 
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the original heartland of Olmec civilization 
include Veracruz, the Valley of Oaxaca, 
and Guerrero. Olmec culture is now well 
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In 1966 Flannery (14, pp. 79-117) dis- 
covered a "barrio" in which iron ore mir- 
rors were produced in the Early Formative 
deposits at San Jos6 Mogote in the Valley 
of Oaxaca. Ceramics found at the same 
level in this San Jose Phase site have been 
dated between 1400 and 1000 B.C. Nearly 
identical mirrors were discovered by Coe 
(4, pp. 41-78) in Early Formative San 
Lorenzo Phase deposits at San Lorenzo, 
Veracruz. This find led Flannery (14) 
to discuss an exchange of exotic trade 
items between San Lorenzo and the Valley 
of Oaxaca during the Early Formative pe- 
riod, an idea further supported by Wheeler 
Pires-Ferreira's thesis, "Formative Mes- 
oamerican exchange networks" (9). 

Development of the Compass 

Having established the sophistication of 
Olmec lapidaries in working magnetic 
minerals, we now consider what informa- 
tion about the properties of lodestone may 
have been available to the Olmec. A first 

step in the discovery of the compass is ob- 
servation of the attractive properties of 
lodestone. The term lodestone is usually 
applied to an iron ore mineral that attracts 
bits of iron or other lodestones; I will use it 

to mean any iron ore mineral with a geo- 
magnetic remanent magnetization. I have 
tried polishing magnetite and found that 
the dust and fine grains will cling to this 
lodestone. Thus, in polishing iron ore mir- 
rors the Olmec lapidary might well have 
discovered their attractive properties. If 
the Olmec preserved meteoritic iron, they 
could also have observed the lodestone's 
attraction for iron. 

Also probable as first or successive steps 
in the development of the compass are the 
critical discoveries of magnetic polarity 
and the geomagnetically orienting proper- 
ties of lodestone. For example, by suspend- 
ing a lodestone from a filament isolated 
from air currents or by floating it on wood 
in water or directly on liquid mercury, one 
might discover that the lodestone will con- 
sistently orient itself in a particular direc- 
tion. This "zeroth-order compass" could 
be devised to indicate any desired direc- 
tion--for example, an astronomical direc- 
tion, one of the cardinal points. In calling 
the lodestone a zeroth-order compass I re- 
fer to the use of its self-orienting properties 
with no knowledge of its tendency to point 
north-south. In this sense, it is not a true 
compass. 

The magnetic polarity of needles or bars 
of magnetic mineral might be discovered 

by noting the response of two stones to 
each other or seeing the magnetic field pat- 
tern in magnetite dust or iron filings. Al- 
most 2000 years ago, the Chinese learned 
that the directive property of lodestone 
could be transferred to a piece of iron. 
Since the Olmec apparently did not pos- 
sess iron, we must concentrate on the uses 
of lodestone. At this level of understand- 
ing, one might be totally unaware of the 
property of magnetic polarity or the fact 
that the earth acts like a large magnet with 
the north and south poles corresponding 
roughly to celestial north and south. The 
geomagnetic field was a much later discov- 
ery in China and the Western World. 

The next step in awareness of the prop- 
erties of lodestone is the discovery of the 
true orientability of the poles in the ap- 
proximate north and south cardinal direc- 
tions of the earth. With this step the lode- 
stone becomes a first-order compass. A 
long magnetized bar or needle has a ten- 
dency to have its magnetic poles at the 
ends, so that it orients itself roughly north- 
south. This tendency is independent of the 
knowledge or purpose of the artisan (for 
instance, whether the sample was pur- 
posely cut from a north-south deposit of 
native mineral). The user of a first-order 
compass would probably calibrate or off- 

Elll///River levee cultivation ? 5 1 
3 kms C Archaeological site 

Forest, usually with swiddens -- Limits of ecological survey 

Fig. 1. Map of the San Lorenzo Tenochtitlan area of southern Veracruz. (Inset) Simplified topographic map of the San Lorenzo archeological site, 
showing the cardinal orientation of the central mound complex and the partially man-made San Lorenzo plateau. The shape of the almost 50-m-high 
plateau has stimulated speculation that the Olmec may have visualized the site as a gigantic animal effigy. (*)Location of the pyramidal mound B2-1 
where M-160 was found. [Large map from Coe (4); inset map from Coe (3)] 
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set it to orient itself to the north-south di- 
rection and would be unaware of the geo- 
magnetic deviation (the fact that a com- 
pass points toward geomagnetic north and 
not true north). At this time also, polarity 
would become apparent to the extent that 
one end of the compass would always point 
in one direction (either north or south). 
This question has been discussed in the 
Chinese context by Needham (1, pp. 236, 
333). 

The development of what I call a sec- 
ond-order compass involves a good under- 
standing of magnetic polarity and aware- 
ness of the geomagnetic deviation and the 
fact that this deviation changes for differ- 
ent places on the earth. This is a very so- 
phisticated discovery and is necessary for 
compass navigation. 

One further step involves the discovery 
that over generations, the magnetic devia- 
tion changes with time as well as place. As 
far as we know, the appreciation of this 
secular variation is a relatively modern dis- 
covery (17th century). Even today, the 
physical causes of the changes in the geo- 
magnetic field, and even its origin, are not 
well understood. 

The discovery of the attractive proper- 
ties of lodestone and the early history of 
the compass in China and the Western 
World are well treated by Needham (1, pp. 
229-334). The properties of the lodestone 
were apparently known to the Greeks; the 
earliest observations were attributed to 
Thales (6th century B.C.) (1, p. 231). A 
comparable antiquity is indicated in 
China, perhaps not as early as Thales, but 
definite references exist for the 3rd century 
B.C. (1, p. 232). According to Needham, 
the approximate north-south orienting 
ability of a bar of lodestone was discovered 
by the Han Dynasty Chinese no later than 
the 1st century A.D. and perhaps as early 
as the 2nd century B.C. (1, p. 333). 

By the late Thang period (+8th or +9th cen- 
tury) the declination, as well as the polarity, of 
the magnet, had been discovered, antedating Eu- 
ropean knowledge of the declination by some six 
centuries. The Chinese were theorizing about 
the declination before Europe knew even of the 
polarity (end of the + 12th century). 

This discovery was developed into what 
was known as the "south-pointing spoon," 
which will be discussed in greater detail 
later. 

Once the orientability of lodestone be- 
came known, what was the compass used 
for? In China it was used first in divination 
and geomancy and only much later for 

navigation (1, p. 239). 

That so fundamental an instrument did in fact 
spread so slowly is not difficult to understand 
once we realize that its original discovery took 
place in connection with the divination process 
of imperial magicians; and that since it devel- 
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oped in an agrarian-terrestrial rather than in a 
primarily maritime civilisation, its use was for 
centuries limited to a specific Chinese pseudo- 
science, namely Taoist geomancy, the minutiae 
of which were carried to a high level of refine- 
ment. The adoption of the compass by Chinese 
sailors was probably long retarded by the fact 
that all through the Middle Ages river and canal 
traffic predominated over ocean voyages. 

... Of all the forms of divination, geomancy 
was perhaps that which become most deeply 
rooted in Chinese culture throughout the tradi- 
tional period.... The term geomancy has other 
meanings in other civilisations, but for the Chi- 
nese it meant the "art of adapting the residences 
of the living and the tombs of the dead so as to 
cooperate and harmonize with the local currents 
of the cosmic breath." Known as the science of 
"winds and waters" (feng shui) [15, 16] it did 
not mean merely the winds of everyday life, but 
rather the chhi or pneuma of the earth circulat- 
ing through the veins and vessels of the earthly 
macrocosm. The waters, too, were not only the 
visible streams and rivers but also those passing 
to and fro out of sight, removing impurities, de- 
positing minerals, and like the chhi affecting for 
good or evil, the houses and families of the liv- 
ing, as also the descendents of those who lay in 
the tombs. The history of the magnetic compass 

is only understandable in the context of this sys- 
tem of ideas, for this was the matrix in which it 
was generated [17]. 

This discussion of the development and 
use of the compass in China is quite rele- 
vant to a comparative argument for the 

possible use of a first-order compass by the 

Early Formative Olmec. 

Chinese and Olmec Geomancy 

The question of the pre-Columbian 
Mesoamerican development and use of the 
lodestone pointer compass involves an ex- 
amination of the orientation of Olmec (and 
Maya) ceremonial centers and buildings 
from an archeomagnetic point of view. 
Fuson (7, pp. 494-511) has discussed the 
problem of Maya site orientations from a 
geomagnetic as well as an astronomical 
perspective; hence, I shall not consider the 
Maya here. It has, however, been noted 
that the axes of many Olmec ceremonial 
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centers form a family of alignments ap- 
proximately 8? west of true north (14). 
Until the observations are better docu- 
mented, we can only speculate that these 
alignments were not arrived at randomly. 
Several new sites have been discovered, 
some only by aerial photography. The 
study of Olmec site orientations is at best 
preliminary and more information on this 
subject is needed. 

Many of the Olmec earth mound com- 
plexes have alignments approximately 8? 
west of north (14, p. 100). Examples are 
the main complex of La Venta (see Fig. 2) 
(18, p. 34), with the exception of the Stir- 
ling Group; Laguna de los Cerros (18, p. 
47); and the structure at Huitzo, Oaxaca 
(14, p. 87). According to Flannery (14, p. 
100), "The elite and 'ceremonial' archi- 
tecture of the Formative Valley of Oaxaca 
shows some similarity of tradition with the 
Gulf Coast. The use of adobe walls and 
colored clay in the construction of plat- 
forms, and the orienting of those platforms 
8? west of north, are all shared character- 
istics." The orientation of the probably ar- 
tificially shaped San Lorenzo plateau, with 

l\\' ---~ -1L--w~ a 

its unusual ridge groupings and central 
complex of mounds, is, however, roughly 
true north-south (3) (see Fig. 1). This is 
also true of the buried ceremonial caches. 
Coe (19, p. 85) used the orientation to dis- 
cover other buried monuments at San Lo- 
renzo. Again, referring to the rich ceremo- 
nial offerings of jade and serpentine at La 
Venta, Coe says (19, p. 63), "Many of 
these are either placed exactly on the cen- 
ter line running through the site, or in rela- 
tion to it, and the offerings themselves are 
often laid out so that their long axis con- 
forms with this center line orientation." 

This evidence of careful attention to the 
orientation of ceremonial sites, architec- 
tural construction, burials, and offerings 
indicates the existence of geomantic prac- 
tices among ancient Olmec. It is of interest 
to compare the possible geomantic use of 
the lodestone compass in Olmec culture 
with the historical use of the compass in 
Taoist geomancy beginning in Han Dynas- 
ty China (roughly 200 B.C. to A.D. 250). 

Nonrandom geomantic orientations 
may be based on four objective factors: as- 
tronomical, geomagnetic, climatological 

N 

S 

Fig. 3. (a) Diagrammatic reconstruction of the Han period diviner's board (shih) made of bronze or 

painted wood. The square earth-plate showing cardinal directions is surmounted by a rotatable disk 
or heaven-plate (see cross section) with a representation of the constellation of the Big Dipper or 
Great Bear in the center. The tail of the Bear becomes an azimuthal pointer. North is at the top. (b) 
Diagram with plan and elevation of the Han earth-plate and lodestone spoon. The spoon is carved 
and balanced to rotate freely on the polished bronze plate in response to the geomagnetic torque. (c) 
Working model of a south-pointing lodestone spoon and bronze earth-plate of the shih reconstructed 

by Wang Chen-To. This may be the earliest form of Chinese geomantic lodestone compass, referred 
to in writings of Wang Chhung in A.D. 83. [From Needham (1); the drawings and reconstruction are 

by Wang Chen-To] 
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(prevailing winds), or local geological or 
topographical features (such as rivers or 
ridges). It seems clear that if the orienta- 
tions of Olmec sites contain nonrandom 
alignments, the principles of alignment are 
probably astronomical or geomagnetic. 
No conclusive answer can be offered at this 
time. Hatch (20) has presented a highly 
speculative argument that the orientation 
of La Venta 8? west of north is based on 
the setting azimuth of the Big Dipper. In- 
deed, at La Venta (latitude 18?N) for the 
period 1000 to 500 B.C., the Big Dipper 
does set roughly 8? west of north, depend- 
ing on which part of the constellation is re- 
ferred to (21) (see Fig. 2). 

As an aside, I call attention here to a cu- 
rious parallel in the Han Dynasty Chinese 
culture involving the diviner's board, or 
shih, whose "heaven-plate" contained the 
image of the Big Dipper or Great Bear in 
the center (see Fig. 3a). The diviner's board 
was composed of two plates, the lower one 
being square to symbolize the earth and 
cardinal directions (earth-plate); the upper 
one round and free to pivot to symbolize 
the heaven (heaven-plate). The heaven- 
plate always bore a representation of the 
constellation of the Dipper and would imi- 
tate the diurnal circle of the handle of the 
Dipper pointing out the 24 successive 
azimuthal compass points. The theories of 
Wang Chen-To are described and ex- 
panded on by Needham (1, pp. 261-268, 
333) concerning the fascinating problem of 
how the representation of the Dipper on 
the heaven-plate transformed into an ac- 
tual model of the Dipper itself in the form 
of a lodestone spoon pivoted on a polished 
bronze earth-plate (see Fig. 3, b and c). 

In the round heaven-plate of the shih we may 
recognize the lineal ancestor of all compass- 
dials .... 

... [T]he tail of the Great Bear may be un- 
hesitatingly denominated the most ancient of all 
pointer-readings, and in its transference to the 
"heaven-plate" of the diviner's board, we are 
witnessing the first step on the road to all dials 
and self-registering meters.... 

... Among the symbolic models used was one 
representing the Great Bear (the Northern Dip- 
per)-so important in Chinese polar-equatorial 
astronomy--carved into the shape of a spoon. 
This replaced the picture of the Great Bear 
carved on the heaven-plate of the diviner's board 
[the second step].... 

... The model spoon was probably first of 
wood, stone, or pottery, but in the + 1st century 
(and possibly already in the -2nd century), the 
unique properties of magnetite suggested in 
China the use of this substance [the third step]. 
Since polarity would establish itself along the 
main axis of a bar of the mineral, whether or not 
it was removed from the rock in a north-south 
direction (i.e., in the Earth's magnetic field), the 
"south-pointing spoon" was discovered. Some 
examples, of course, must have pointed north, as 
indeed the texts indicate. 

The carved lodestone spoon or dipper, 
has become the manifestation of a celestial 
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archetype replacing the heaven-plate. It is 
balanced and free to pivot in the center of 
the earth-plate with the handle seeking 
geomagnetic south. This "south-con- 
trolling" or "south-pointing" spoon was 
thus probably derived from the appearance 
of the Big Dipper and was the first Chinese 
geomantic compass. In general, I find the 
arguments of Hatch unconvincing, but the 
issue of astronomical orientation of Olmec 
sites is still open to further investigation. 

Wheatley (16) describes the geomanti- 
cally inspired ancient Chinese city as a 
"cosmo-magical symbol." According to 
Chinese geomantic principles of design, the 
city was constructed as a cosmological mi- 
crocosm oriented to the cardinal direc- 
tions. Wheatley discusses the ancient ur- 
banization process at seven "regions of pri- 
mary urban generation" including China 
and Mesoamerica. His thesis, that the ur- 
ban center develops in a three-stage pro- 
cess-central public shrine, ceremonial 
center, and compact city-emphasizes the 
developmental similarities in the geoman- 

tic essence of Chinese and Mesoamerican 
centers. The comparison becomes more 
apt when the Olmec are considered specifi- 
cally. Similarities in the Chinese and 
Olmec land base resulted in apparently 
parallel, though not identical, ideological 
developments, as reflected in the struc- 
tural organization of their ceremonial 
centers. Conceptually, all indications point 
to the Olmec ceremonial center as a 
cosmo-magical symbol. 

Analysis of M-160 

The artifact (see Figs. 4 and 5) is a small, 
carefully shaped, highly polished rectangu- 
lar bar of hematite with a trapezoidal cross 
section. It is a fragment of a larger piece, 
broken off in ancient times. The greater di- 
mensions of M-160 are 34 by 9 by 4 mm, 
with the trapezoidal cross section measur- 
ing approximately 3 by 4 by 8.5 by 9 mm 
(see Fig. 5). I estimate that this fragment is 
about half of the original artifact. Running 

down the approximate central axis of one 
of the large flat faces, and approximately 
but (I think intentionally) not exactly par- 
allel to the edges, is a carefully executed 
hemicylindrical groove of diameter 2 mm. 
The groove is flared slightly at the finished 
end, which suggests that it may have been 
cut and polished with a cord soaked with 
water and polishing compound. Except for 
the broken end, all sides are optically flat 
and highly polished. Great care and pur- 
pose are exhibited in the production of M- 
160. The mineral is hard and brittle and its 
finishing and polishing must have required 
great skill and much time. To my knowl- 
edge, M-160 is unique in morphology 
among all known examples of worked 
Mesoamerican iron ore. 

In December 1973, I received M-160 on 
request from the University of Michigan, 
where it was part of the collection of San 
Lorenzo iron ore artifacts awaiting 
Mossbauer spectral analysis. I performed 
several experiments in which M-160 was 
floated both on liquid mercury and on a 

Fig. 4. Photographs of M-160. The scale is marked in centimeters. 
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Fig. 5 (left). Top face and cross section of M-160 (dimensions in millimeters) and diagrammatic representation of the floater experiment showing the 
observed orientation 35.5? west of magnetic north. Fig. 6 (right). Total magnetic moment vector M and components of M-160. The direction of M 
is that of the north-seeking pole, y-z is the floating plane of M-160, and the z-axis is parallel to the incised groove. The artifact is not drawn to scale or 
exact proportion. 
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cork mat in water. In both cases a covered 
petri dish (9 cm in diameter) was used to 
minimize disturbances from air currents in 
the outdoors. With M-160 floating groove 
side up, alignments were made by looking 
down the groove and sighting a stadia rod 
held more than 30 m away. Bearings and 
reverse bearings were taken many times at 
three separate locations; the orientations 
were checked against measurements with a 
magnetic sighting compass. The fragment 
M-160 could be used consistently to align 
the stadia rod to within half a degree, and 
the average orientation was found to be 
35.50 west of magnetic north, as shown in 
Fig. 5. The consistency of the orientations 
indicated that the internal magnetic field 
was strong enough and the magnetic mo- 
ment vector was close enough to the 
"floating plane" (22) to respond quickly to 
the geomagnetic field even with vibrations 
and disturbances of the support on a windy 
day. (The experiment could also have been 
performed inside an iron-free building.) 

It is apparent that the longer the original 
artifact (of which M-160 is a fragment), 
the better pointer it would be. From the 
maximum size for finds of polished iron 
ores and the extreme brittleness of the 
mineral, I estimate that the original bar 
was probably no longer than 10 cm. Also, 
the hemicylindrical groove is incised at a 
slight but noticeable angle-about 2?-to 
the axis of the bar. There seems to me no 
doubt that this was done with purpose. The 
care with which the bar was fashioned 
would indicate that a parallel groove was 
certainly possible if desired. Could this 
groove have been incised at a slight angle, 
as the final calibration step, to obtain a de- 
sired orientation? 

I used liquid mercury to float M-160 for 
several reasons. Mercury is easily manu- 
factured by heating the common orange 
mineral cinnabar (HgS) under the proper 
conditions (7). Liquid mercury has a den- 
sity 13.6 times that of water, so virtually 
anything will float on it. A pool of liquid 
mercury would be a fascinating mirror, 
perhaps inducing an Olmec priest to float 
one of his polished iron ore mirrors. Final- 
ly, the Maya possessed liquid mercury. Ac- 
cording to Fuson (7) substantial quantities 
of liquid mercury have been found at Co- 
pan (23), Quirigua (24), Paraiso (25), and 
Kaminaljuyd (26). The Olmec may also 
have discovered liquid mercury and one 
might speculate that it played a role in the 
discovery and use of a floated lodestone 
compass. 

The artifact and several iron ore mirrors 
were examined under a microscope with a 
magnification up to x 400. The high de- 
gree of polish and optical flatness is quite 
amazing. The techniques used to shape and 
polish the artifact are unknown. Flannery 
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(14, p. 85) mentions the discovery of quartz 
and iron ore polishers and traces of hema- 
tite rouges or ochre at San Jose Mogote; 
they were probably used in the manufac- 
ture and polishing of the mirrors produced 
at that site. The only scratches or possible 
work marks found on M-160 or any of the 
mirrors examined were randomly oriented 
straight grooves. No curved work marks 
and no traces of adhesive, inlay, or paint 
were found. I have tried to polish magnet- 
ite with no outstanding success; obviously, 
great skill and patience were involved in 
the manufacturing process. Having exam- 
ined the external morphology of M-160, I 
proceeded to investigate its internal prop- 
erties. 

The Mossbauer spectral technique is 
uniquely suited to study the archeological 
question of the origin of the Olmec iron 
ore mirrors. Direct examination of the 
Mossbauer spectra of an iron ore sample 
can give information on the mineral com- 
position and structure of the sample. By a 
backscattering technique, the spectra can 
be taken without injuring the sample. The 
mineral can be identified as magnetite 
(Fe304), ilmenite (TiFeO3), or hematite 
(Fe203), and one can determine the per- 
centages of these minerals or crystalline 
variants in mixtures and their remanent 
magnetization. In many cases, visual ex- 
amination of the Mossbauer spectra of 
similar geological specimens reveals 
unique characteristics which make it pos- 
sible to determine the original ore deposits 
from which they were taken. This specific 
information is most apparent for magnet- 
ite and ilmenite samples. 

In collaboration with Evans, Wheeler 
Pires-Ferreira presented an analysis and 
comparison of the 57Fe Mossbauer spectra 
of iron ore samples from 25 geological and 
31 archeological sources, largely from the 
Valley of Oaxaca and surrounding regions 
of Olmec influence (10). The geological 
samples obtained in the fieldwork of 
Wheeler Pires-Ferreira and analyzed by 
Evans were divided up into five general 
iron oxide groups: I, samples composed 
mainly of magnetite; II, relatively pure 
hematite; III, ilmenite; IV, mixture of 
magnetite and ilmenite; and V, mixture of 
magnetite and hematite. Whenever pos- 
sible, the archeological samples were later 
subdivided into groups according to the 
probable geological source of origin. At 
the time of this analysis, it was hypothe- 
sized that Coe's iron ore mirrors from San 
Lorenzo (4, pp. 41-78) originated in the 
Valley of Oaxaca, probably at San Jose 
Mogote or nearby sites (14, pp. 79-117). 
At that time, however, the San Lorenzo 
samples had not been analyzed by 
Mossbauer techniques. These unpublished 
results are now available from Evans for 

eight San Lorenzo artifacts including M- 
160. The results only partially support the 
Valley of Oaxaca as the source--San Lo- 
renzo's exchange network seems more ex- 
tensive than was previously surmised. 

The next step in the analysis was to ob- 
tain a Mossbauer spectrum of M-160 to 
determine the composition and structure 
of the mineral, its remanent magneti- 
zation, and perhaps its provenance. Two 
Mossbauer spectra were taken by the 
backscattering technique, using gamma-ir- 
radiation perpendicular to the long edge 
and back (opposite the grooved side) of 
M-160 (27). The instrument used has a 
20-millicurie 57Co gamma-ray source 
mounted on a constant acceleration elec- 
tromechanical transducer with proportion- 
al counter and synchronized 512 channel 
multichannel analyzer. In the backscatter- 
ing mode, 4 to 8 hours of integration time 
were required for acquisition of each spec- 
trum. With this technique, the artifact was 
sampled to a maximum depth of 50 micro- 
meters-deep enough to determine the 
characteristics of the bulk sample and not 
just surface effects. Results were consistent 
for both spectra. The artifact is essentially 
pure hematite (Fe203), not magnetite, and 
probably of the structural variety called 
gamma-hematite or maghemite. Hematite 
can possess a relatively strong and quite 
stable parasitic ferromagnetism. Analysis 
of the two spectra taken on perpendicular 
planes indicated that the magnetization 
vector was largely in the floating plane 
of M-160 and a figure of 36? west of mag- 
netic north was obtained for the compo- 
nent of that vector lying in the plane- 
consistent with the results of the flotation 
experiment. 

Finally, the spectra of M-160 were com- 
pared with the other seven spectra of San 
Lorenzo iron ore artifacts. Using Wheeler 
Pires-Ferreira's classification (9), two 
small flat mirrors were of group 4-B ilme- 
nite-magnetite probably from the Valley of 
Oaxaca; two small flat mirrors and one 
small concave mirror were of group 3-A il- 
menite from the same unknown place of 
origin as several La Venta mirrors; and 
two thick flat mirrors were of group 2-A 
hematite. These latter two artifacts and M- 
160 may be interpreted consistently as 
probably coming from the same geological 
deposit. The geological sample whose spec- 
trum compares best with that of M-160 
and the two thick flat mirrors was collected 
by Wheeler Pires-Ferreira in Cerro Prieto, 
Niltepec, Tehuantepec (9, pp. 160, 172). 
Such a provenance for the three San Lo- 
renzo artifacts is entirely possible but has 
not been established. Unfortunately, the 
Mossbauer spectra of nearly pure hematite 
from different geological sources are not as 
easily differentiable as.those of magnetite 
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or ilmenite samples. Therefore, the Cerro 
Prieto, Niltepec, provenance for M-160 is 
indicated but not proven. 

The next phase of the analysis was deter- 
mining the total magnetic moment vector 
of the sample and assessing the variation 
of internal magnetic structure. This was 
done with the Princeton Applied Research 
SM2 spinner magnetometer (28). With the 
artifact clamped into a 4.3-cm-square plas- 
tic cube and spun in various orientations in 
the spinner magnetometer, the three or- 
thogonal components of the total mag- 
netization vector can be directly read 
digitally in emu units. 

The averaged results for 12 trials gave 
vector components of mx = .139, my = 
-.637, and mz = .887 emu for M-160 in the 
coordinate system shown in Fig. 6. The to- 
tal magnitude of the vector is 1.1 emu and 
lies close to the floating plane of the arti- 
fact. Arc tangent (my/mz) gives a geomag- 
netic azimuth of-35.7o, entirely consistent 
with the previously obtained values deter- 
mined by Mossbauer analysis and from 
flotation on mercury. Arc tangent (m,/ 
mz) gives an angle of only 8.90 below the 
y-z plane of flotation. Thus, M-160 should 
perform well as a magnetic pointer. 

Hematite is a brittle crystalline mineral. 
During the analysis M-160 was fractured 
along a flat crystal plane approximately 1 
cm from the flat finished end of the bar 
(29). The two fragments were spun sepa- 
rately for six trials each (in the same 
coordinate system shown in Fig. 6) and 
then reassembled and spun again. The 
small fragment had magnetic moment vec- 
tor components of m. = .094, m = --.375, 
and mz = .196 emu with arc tangent (my/ 
m,) = -62.4? and arc tangent (m,/m,) = 
25.60. The large fragment possessed com- 
ponents mx = .046, mny = -.272, and mz = 
.678 emu with arc tangent (my/m) = 
-21.9? and arc tangent (m,/mz) = 3.9?. 
Analysis of the separate fragments re- 
vealed a very substantial internal variation 
in the orientation of the magnetic moment 
vector in M-160. When the two fragments 
were reassembled, the original total vector 
orientation was recovered. All indications 
are that the present magnetic structure of 
M-160 is the original (that is, that of the 
mineral specimen from which it was manu- 
factured). Only heating above the inversion 
point (at least 275?C) could effectively al- 
ter the internal magnetic field (30-32). 

Two factors are now apparent. The 
missing fragment of M-160, when joined 
with the present sample, could have sub- 
stantially altered the total magnetic mo- 
ment vector. The larger the missing frag- 
ment, the greater the potential effect. Sec- 
ond, as a bar is made longer or thinner, 
there is a tendency for the body of the bar 
to conduct the magnetic field lines along 
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the long axis. This property would tend to 
make any long magnetic "needle" more 
polarized and cause it to align itself to 
magnetic north-south. If the original bar 
was approximately twice as long (6 or 7 
cm) as M-160 or longer, there is a strong 
likelihood that it would have aligned itself 
close to magnetic north-south. If I assume 
that the groove was intended to angle sym- 
metrically across the face of the bar for 
some reason, I obtain a length for the orig- 
inal of approximately 7 cm. This highly 
speculative estimate suggests that the 
present artifact M-160 represents about 
half the original object and that the origi- 
nal might well have oriented itself to 
roughly geomagnetic north-south. 

Although there is no concrete evidence 
for geomagnetic orientation of Olmec 
sites, I would like to suggest the possibility 
for future examination. To begin to specu- 
late quantitatively on geomagnetic orienta- 
tions, one must know the local geomagnet- 
ic declination at the time of the construc- 
tion of the site. Such information is not 
now available for Mesoamerica in the first 
millenium B.C., although it will probably 
become available in a preliminary form 
within a few years. Du Bois (33) has now 
established the archeomagnetic history of 
the geomagnetic inclination and declina- 
tion for the southwestern United States 
from A.D. 200 to the present. These curves 
are based on archeomagnetic data from 
archeological sites in the Southwest, which 
have been independently dated from tree 
rings, by carbon-14, and by comparisons of 
pottery. The data show large fluctuations 
in geomagnetic declination over periods of 
a few hundred years. Indeed, the declina- 
tion could change by 30? in less than 400 
years. Furthermore, although Fourier 
analysis of the data is consistent with the 
superposition of two sinusoidal fluctua- 
tions with periods of 240 and 630 years, the 
data could still represent a random walk 
phenomenon that is, the curve of geo- 
magnetic declination versus time cannot be 
extrapolated forward or backward in time. 
DuBois now has many archeomagnetic 
samples from Mexico and Guatemala, in- 
cluding 19 groups of samples earlier than 
600 B.C. which are in a very preliminary 
stage of analysis. Any quantitative dis- 
cussion of geomagnetic alignments of 
Formative sites must await the results of 
this analysis. 

Conclusions 

Considering the unique morphology 
(purposefully shaped polished bar with a 
groove) and composition (magnetic min- 
eral with magnetic moment vector in the 
floating plane) of M-160, and acknowledg- 

ing that the Olmec were a sophisticated 
people who possessed advanced knowledge 
and skill in working iron ore minerals, I 
would suggest for consideration that the 
Early Formative artifact M-160 was prob- 
ably manufactured and used as what I have 
called a zeroth-order compass, if not a 
first-order compass. The data I have 
presented in this article support this hy- 
pothesis, although they are not sufficient to 
prove it. That M-160 could be used today 
as a geomagnetically directed pointer is 
undeniable. The original whole bar may in- 
deed have pointed close to magnetic north- 
south. The groove functions well as a sight- 
ing mark, and the slight angle it makes 
with the axis of the bar appears to be the 
result of calibration rather than accident. 
A negative supporting argument is that M- 
160 looks utilitarian rather than decora- 
tive, and no function for the object other 
than that of a compass pointer has been 
suggested by anyone who has examined it 
critically. Whether such a pointer would 
have been used to point to something as- 
tronomical (zeroth-order compass) or to 
geomagnetic north-south (first-order com- 
pass) is entirely open to speculation. 

The observation of the family of Olmec 
site alignments 8? west of north is a curios- 
ity in its own right, and the possibility that 
these alignments have an astronomical or 
geomagnetic origin should be explored. 

I also believe that it is constructive to 
compare the first millennium Chinese, who 
used the lodestone compass for geomancy, 
with the Gulf Coast Olmec since both were 
agrarian-terrestrial societies. The Olmec's 
apparent concern with orientation and 
skillful use of magnetic minerals also stim- 
ulates one to draw cross-cultural parallels. 

The evidence and analysis offered in this 
article provide a basis for hypotheses of 
parallel cultural developments in China 
and the Olmec New World. If the Olmec 
did discover the geomagnetic orienting 
properties of lodestone, as did the Han 
Chinese, it is most reasonable to speculate 
that they would have used their compass 
for comparable geomantic purposes. It 
should, however, be recognized that the 
Olmec claim, if documented, predates the 
Chinese discovery of the geomagnetic 
lodestone compass by more than a mil- 
lennium. 

At present, M-160 is a unique artifact 
and San Lorenzo a unique site: "The first 
civilized center of Mesoamerica and prob- 
ably of the New World" (19, p. 89). Fur- 
ther documentation of the Olmec claim 
must await the discovery of similar arti- 
facts in museums, private collections, or as 
yet undiscovered Olmec sites. 

I would' welcome communications from 
anyone possessing information relating to 
such artifacts. Regardless of shape, pur- 
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posefully grooved and highly polished 
specimens of magnetic minerals are of par- 
ticular interest. It would also be useful for 
the archeologist excavating Olmec burials 
and offerings to carefully note their align- 
ments and consider them in a geomantic 
context. 

In addition to the discovery of support- 
ing artifacts, establishment of Olmec pri- 
macy of the lodestone compass depends on 
the acquisition of the archeomagnetic data 
for the Early Formative period. I appeal to 
archeologists who find good archeomag- 
netic samples (burned hearths and post- 
holes) from the Formative periods to 
convey this information to R. DuBois of 
the University of Oklahoma. In a few 
years, the archeomagnetic data should be 
available for the last three millennia and 
the possibilities are very exciting. 
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This article presents a model for the evo- 
lution of biological regulation and the ori- 
gin of hormone-mediated intercellular 
communication. Because of certain sim- 
ilarities with the processes of genetic cod- 
ing, the present hypothesis is termed the 
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"metabolic code." The formulations are 
almost entirely speculative and should 
therefore be regarded, at least for the mo- 
ment, primarily as a pedagogical device for 
organizing a number of facts about cellular 
control. However, since analogies are 
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drawn between regulation in unicellular 
prokaryotes and in multicellular eu- 
karyotes, the ideas put forward might also 
prove useful for suggesting new experimen- 
tal approaches to understanding sophis- 
ticated control mechanisms in complicated 
higher organisms. 

Because of the ubiquity of cyclic adeno- 
sine monophosphate (cyclic AMP) in bio- 
logical regulation, considerable attention is 
directed toward its function and possible 
evolution. Nevertheless, as treated in the 
present context it may represent only a 
model for other as yet undiscovered intra- 
cellular effectors which also operate ac- 
cording to the principles outlined below. 

Cyclic AMP, originally discovered dur- 
ing studies on the mechanism of epineph- 
rine action (1), has subsequently been 
shown to mediate the intracellular actions 
of almost all those hormones that interact 
with the cell membrane (2). Cyclic AMP 
also controls the "catabolite repression" 
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