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In an attempt to date stone artifacts of Early Man excavated from several sites at the Valsequillo Reservoir, a few
kilometers south of Puebla, Mexico, Szabo applied the uranium-series method on bone samples known to be either
from the same geologic formation as the sites or in direct association with the artifacts. The geologic context of the
bones was studied by Malde, and the archaeological sites were excavated by Irwin-Williams. A date determined for
bone associated with an artifact (Caulapan sample M-B-6, see below) agrees with a radiocarbon date for fossil mol-
lusks in the same bed and indicates man’s presence more than 20 000 years ago. However, some of these bone dates
exceed 200 000 years. Because such dates for man in North America conflict with all prior archaeological evidence
here and abroad, we are confronted by a dilemma — either to defend the dates against an onslaught of archaeological
thought, or to abandon the uranium method in this application as being so much wasted effort. Faced with these
equally undesirable alternatives, and unable to decide where the onus fairly lies (if a choice must be made), we give
the uranium-series dates as a possible stimulus for further mutual work in isotopic dating of archaeological material.
A sample from the Lindenmeier archaeological site north of Fort Collins and another from a Pleistocene terrace
along the Arkansas River, both in Colorado, were also dated.

Bones of an extinct vertebrate fauna were known
at Valsequillo as early as about 1900 [1], but it was
not until about 1950 that the possible presence of
artifacts was suspected as the result of assiduous col-
lecting by the Mexican prehistorian, Juan Armenta
Camacho [2] . In 1962, Irwin-Williams and Armenta
found and excavated four sites in which artifacts were
clearly associated with the vertebrate fossils. In 1964
and 1966 they excavated additional assemblages of
artifacts and bones [3] . These sites are on the north
shore of the Valsequillo Reservoir in the lower part of

* Publication authorized by the Director, U.S. Geological
Survey.

a dissected alluvial formation about 30 m thick
known as the Valsequillo Gravels (fig. 1). According
to unpublished geologic mapping by Malde, the
Valsequillo Gravels at the reservoir are equivalent to
similar alluvial deposits in tributary barrancas (deep
ravines) to the north where the Valsequillo verte-
brate fauna is also found. Molluscan fossils in the
lowest beds at three of the barranca alluvial sections
are beyond the reliable range of radiocarbon dating
(>35000 years, fig. 1), but higher beds in one
section, Barranca de Caulapan, yield finite dates
(fig. 2). Our choice of bone samples for uranium-
series dating was governed by the radiocarbon dates
and by knowledge about the archaeology. That is, we
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I'ig. 1. Index map of Valsequillo area south of Puebla, Mexico. Inset map shows north part of Tetela peninsula and position of the

archaeological sites of El Horno (2040 m), Tecacaxco (2055 m), and Hueyatlaco (2056 m). Most of the Tetela peninsula consists

of Valsequillo Gravels; the top of the Valsequillo Gravels is at an altitude of 2070 m. The Valsequillo Gravels are also preserved as

terrace remnants north of the reservoir along Barranca de Caulapan, Barranca de Xochiac, Rio Atepitzingo, and the Rio Alseseca.

Molluscan shells in the lowest beds in these tributary deposits, localities R-8, R-5, and R-14, have all been dated as more than

35000 years old (radiocarbon samples W-1899, W-1901, and W-1898, respectively). For other radiocarbon dates on shells at
locality R-14, see fig. 2.
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Fig. 2. Schematic section of Valsequillo Gravels at locality

R-14 in Barranca de Caulapan, showing position of molluscan

fossils (lettered sites) dated by radiocarbon. Uranium-series

dates on bone samples from site E and possibly from a lower
bed are discussed in the text.

tried to test the uranium method against other facts.
Dates by the uranium-series method are derived
from measurements of uranium isotopes and their
long-lived decay products, 230Th and 231Pa. If a
sample to be dated initially had some uranium but no
thorium or protactinium, and if uranium and its decay
products did not demonstrably migrate either in or
out of the sample (thus, a “closed” system), then dates
for samples up to about 180 000 years old, as calcu-
lated from the measured activity ratios (230Th/234U

and 231Pa/235U), are concordant, within limits of
experimental error. The method has been applied
most successfully to dating of corals and shells [4].
Most of the early measurements determined only the
230Th /234U activity ratio, from which the 230Th

closed system date was calculated. However, it was

shown that 230Th and 231Pa dates on some corals
and most shells can be discordant [5]. An “open”
system model, in which uranium is assumed to move
through the sample, has therefore been applied re-
cently for dating shells that deviate from the ideal
closed system requirements [6] . Uranium-series dating
of bones from archaeological sites has been applied
previously by assuming a closed model [7], but the
measurements reported here are the first on bones for
which all the pertinent isotope ratios have been deter-
mined.

The bone samples for this study were cleaned by
scraping and by thorough ultrasonic scrubbing. The
samples were then crushed to a fine powder and
homogenized in a mechanical shaker. The abundances
of uranium and thorium were determined on a solid-
source mass spectrometer by isotope dilution tech-
niques, using enriched 235U and 230Th spikes. Thori-
um 230 and the 234U/238U activity ratio were meas-
ured by alpha-counting of electroplated thin sources
after chemical separation by a combined method of
anion exchange, coprecipitation, and solvent extrac-
tion [6, 8] . Protactinium 231 was determined by
thermal neutron activation. Using a total flux of
from 2 to 3 X 1019 neutrons/cm?, the 231Pa was
partly transformed to 232U, and the 232U/235U
activity ratio was then measured by alpha spectrome-
try after the separated uranium isotopes were elec-
troplated on a platinum disc [9]. X-ray diffraction
analysis indicated that the bones are apatite with
minor calcite as open-space filling.

The abundances of uranium and thorium are given
in table 1, together with the sample data. All the
samples have a high content of uranium. The meas-
ured isotopic activity ratios and the calculated dates
are listed in table 2. The 230Th/ 232Th activity ratio
was greater than 30 in all samples — high enough to
indicate that no significant amount of thorium from
the environment has been added. Of the seven sam-
ples, M-B-6, M-B-5, and L-B-1 give results consistent
with the closed model. M-B-3 and M-B-8, which give
230Th dates older than 165000 years, have 231Pa/
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Table 1
Uranium and thorium in fossil bones from Valsequillo (Puebla, Mexico), from Lindenmeier Site (Colorado),
and from Fremont County (Colorado).
IS\;:)r?ple ;‘Sd Material Location (lljapm) ;I;lpm)
M-B-6 (a) 66-R-14, Proboscidean Middle part of 77.3£0.8 0.085 £0.008
86(E) vertebra Caulapan (E in fig. 2)
M-B-5 (a) 64-R-14, Proboscidean Lower part of 78.6 £0.8 0.057 £0.006
5-25 tusk Caulapan
M-B-3 (a) 66-1, 5-5, Camel pelvis Hueyatlaco site, 86.5 £0.9 0.060 = 0.006
10 Tetela (unit C in fig. 3)
M-B-8 (a) 62-3-B3/A Mastodon cheek El Horno site, 150 1.5 0.024 £ 0.002
tooth Tetela
M-B-4 (a) 64-R-8, 6-11 Horse metapodial Atepitzingo 58.6 £0.6 0.23 *0.01
L-B-1 (b) 93 Bison astragalus Lindenmeier site, 46.2 0.5 0.20 *0.01
Colorado
C-B-9 (¢) D-720 Giant bison, Arkansas River terrace, 91.2%*0.9 0.061 +0.006

skull and horn
pieces

Fremont County,
Colorado
(Sec. 26, T. 18 S.,
R.70W.)

(a) Collected by associates of C.E.Ray, U.S. National Museum, from Valsequillo area.

(b) Collected by IF.H.H.Roberts, Jr., and submitted by E.N.Wilmsen, U.S. National Museum.

(c) Donated to the U.S.Geological Survey by the Canon City Municipal Museum, Colorado, and identified by G.E.Lewis,
U.S. Geological Survey, as Bison (Gigantobison) latifrons (Harlen).

235U activity ratios of unity (within experimental
error), which circumstance indicates that these two
samples each formed a closed system during at least
the last 165 000 years. The remaining samples, M-B-4
and C-B-9, give finite 230Th dates but have 231py/
235U activity ratios larger than unity (thus not con-
forming with a closed system), and these two samples
are therefore dated by the open model [6] .

Bone sample M-B-6 from Barranca de Caulapan
was directly associated with fossil mollusks and with
a solitary artifact (flake scraper, see fig. 3). The
230Th, 231Pa, and 14C dates agree remarkably well.
Sample M-B-5, which dates by 230Th and 231Pa about
the same as M-B-6, was assigned to lower beds at
Caulapan where three nearby collections of fossil
mollusks are dated by 14C as 30 000 years or older
(fig. 2). The apparent disagreement between the bone
and shell dates may stem from an uncertainty about
the provenience of the bone; it was picked from the
“surface” and does not represent an excavated
specimen. Sample M-B-3 was one of many articulated
skeletons recovered during controlled excavation of

the upper part of Hueyatlaco, the youngest known
Early Man site at the Valsequillo Reservoir (fig. 3),
and there is no doubt whatever about its association
with artifacts. Sample M-B-8 was a tooth fragment
from a butchered mastodon at El Horno, the oldest
known site, and was therefore itself an artifact. Sam-
ple M-B-4 was obtained with a large and diverse col-
lection representative of the Valsequillo fauna in a
single bed along the Rio Atepitzingo. Fossil mollusks
older than the range of 14C dating (> 35 000 years,
W-1899) were simultaneously picked with the bones
from screens on which this collection was washed.
The open system date for M-B-4 is about the same as
the closed system date for M-B-3 at Hueyatlaco.
Samples L-B-1 and C-B-9 are from two different
sedimentary environments in Colorado. By detailed
study of Roberts’ field notes for the Lindenmeier site,
Wilmsen refers sample L-B-1 to the “Folsom horizon”,
which is dated by 14C at 10780 + 375 years [10].
Although we do not yet understand why the radio-
carbon and uranium-series dates differ by more than
5000 years, such a discrepancy is perhaps a measure



Table 2
Isotopic activity ratios and radiometric ages of fossil bones.

14C date
(years)

Open system date

(years)

231pa date
(years)

230Th date
(years)

Sample

231pa/235U

230Th/232Th

230Tp /234y

234yy/238y

21850% 850 (a)

1500 22000 £2000

20000 £
19000
245000 40000 >180000

>280000

+0.02

0.38
0.31
1.03
1.02
1.11

610
870
4990
24500

1.30+0.02 0.172 £0.008
1.30£0.02 0.161 £0.006
1.22+0.02 0.939 £0.038

M-B-6
M-B-5
M-B-3
M-B-8
M-B-4
L-B-1

C-B-9

30600 £ 1000 (a, b)

18000 1500

1500

£0.02

245000 £ 40000

>>280000

£0.05

>165000

£0.05

10.05

1.03
1.04

1.26 £0.02
1.40£0.02

260000 £ 60000 >35000 (a)

340000 £100000 >180000

+0.06
0.076 £0.008

1120

+0.04

1.18 £0.02 0.040 £0.002
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10780 375 (c)

500 4000% 500

4500
190000+ 50000 >180000

33
8070

160000 £ 60000

+0.06

1.09

+0.09

1.95+0.03 0.92

(a) Radiocarbon dates on molluscan fossils associated with vertebrates from Valsequillo determined by M.Rubin, U.S. Geological Survey.

(b) Association of shell and bone is not clear.

(c) Date of “Folsom horizon” at Lindenmeier site, Colorado.

of the error to be expected near the limit of resolu-
tion of the uranium method. Sample C-B-9 was found
near the base of Slocum Alluvium, considered to be of
Illinoian or Sangamon age [{G.R.Scott, U.S. Geological
Survey, oral communication] . The calculated open
system date is consistent with the geologic age.

Geologically, according to Malde, the uranium-series
dates for the Valsequillo samples are difficult to evalu-
ate from field relations because not enough strati-
graphic markers have yet been identified to correlate
the various sample localities. Work in progress by
Virginia Steen-M.cIntyre on volcanic ash chronology
and by Clayton E.Ray on vertebrate fossils in the
Valsequillo deposits is expected to provide useful
clues for a geological appraisal of these dates.

Archaeologically, according to Irwin-Williams, at
least two of the uranium-series dates (M-B-3 at Hueyat-
laco and M-B-8 at El Horno) cannot be correct. The
sample from Hueyatlaco was from the same layer that
yielded sophisticated stone tools such as bifacially-
worked knives, scrapers, burins, and tanged projectile
points (unit C in fig. 3). These tools surely were not
in use at Valsequillo more than 200000 years before
the date generally accepted for development of ana-
logous tools in the Old World, nor indeed more than
150000 years before the appearance of Homo Sapiens.
The same argument applies to artifacts around the
butchered mastodon at El Horno; though somewhat
less sophisticated than artifacts in the upper part of
Hueyatlaco, these are nonetheless technologically
excellent. To accept dates for these tools in excess of
200000 years would require some sign of early
hominoid development in the New World, but evi-
dence for such beings here is entirely lacking in the
record of fossil primates. In the light of present knowl-
edge, therefore, a sudden New World development of
sophisticated stone tools by biologically primitive
beings, completely without parallel in the Old World,
can only be regarded as highly improbable.

We realize that uranium-series dating of terrestrial
samples, especially bone, is still experimental. We
have not yet established firmly the time required to
incorporate uranium in bones after an animal dies. If
the uranijum is assimilated slowly, then the dates
determined by uranium decay are too young, even
though requirements of the closed system are satis-
fied. For molluscan shells, it has been shown that the
uranium is assimilated shortly after death [11].
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Recent work using the fission-track technique indi-
cates that uranium is dispersed throughout both fossil
shells and bones (the bone samples of this paper) in
similar ways and that the distribution of uranium is
unrelated to the measured date of the sample [12].
This suggests that the uranium assimilation is analo-
gous in bones and shells or that uranium-series dates
on bones are not misleadingly too young. However,
the dilemma posed by the dates given here is not that
they may be too young; rather, that some of them

may be too old, according to archaeological arguments.

Two processes could cause a sample to yield an in-
correctly old date. First, unsupported 230Th and
231, might be assimilated by the sample from the
environment. This process is unlikely because both
thorium and protactinium are virtually insoluble.
Furthermore, it is unreasonable that 230Th could be
added to bone without also the common thorium
isotope (232Th) and, in fact, the 230Th/232Th ratio

is unusually high in these samples. Second, crystallo-
graphic alteration might remove most of the uranium
but leave all the long-lived decay products — the
230Th and 23!Pa isotopes. The X-ray analysis, how-
ever, gives no evidence of recognizable crystallographic
change. In short, we cannot explain why some of these
dates are much older than expected from archaeologi-
cal evidence. Perplexed by this conflict, we present

the dates in the belief that the results of one day will
advance our understanding in the next, if only by
provoking fruitful effort.

The field work at Valsequillo was supported by the
National Science Foundation and the American Philo-
sophical Society.
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