Reports

New Evidence for the Antiquity of Man in North America

Deduced from Aspartic Acid Racemization

Abstract. Ages of several California Paleo-Indian skeletons have been deduced
from the extent of aspartic acid racemization. These dates suggest that man was
present in North America at least 50,000 years before the present.

The antiquity of man in the New
World is still a subject which is debated
by paleoanthropologists. In general,
most evidence to date is interpreted as
indicating that man has only recently
populated the New World (7, 2). This
expansion is thought to have occurred
within the last ~ 20,000 years, by mi-
gration across the Bering Sea land
bridge at a time during the last Ice
Age when the sea level was lower.
There are opinions, however, that man
may have been present as long ago as
100,000 years B.P. (before the present)
(3) or perhaps even earlier (4). The
evidence for the latter case consists of
artifacts and other indications of the
presence of man, but no actual hominid
fossils that support this proposition
have been found and dated.

One of the difficulties is the scarcity
of well-dated New World hominid fos-
sils (5). Although there have been a
fairly large number of fragmentary
hominid fossils found in North
America, most of these are available
in insufficient amounts for radiocarbon
analysis and therefore have never been
directly dated.

Recent evidence has shown that the
amino acid racemization reaction can
be used, with certain limitations, to
estimate the age of fossil bones (6-8).
Only L-amino acids are usually found

Scoreboard for Reports: In the past few weeks
the editors have received an average of 68 Reports
per week and have accepted 12 (17 percent). We
plan to accept about 12 reports per week for the
next several weeks. In the selection of papers to
be published we must deal with several factors:
the number of good papers submitted, the number
of accepted papers that have not yet been pub-
lished, the balance of subjects, and length of in-
dividual papers.

Authors of Reports published in Science find
that their results receive good attention from an
interdisciplinary audience. Most contributors send
us excellent papers that meet high scientific stan-
dards. We seek to publish papers on a wide range
of subjects, but financial limitations restrict the
number of Reports published to about 15 per
week. Certain fields are overrepresented. In order
to achieve better balance of content, the accept-
ance rate of items dealing with physical science
will be greater than average.

17 MAY 1974

in the proteins of living organisms, but
over long periods of geological time
these L-amino acids undergo slow race-
mization, producing the nonprotein D-
amino acids. The proportion of D- to
L-amino acids in a fossil steadily in-
creases with time. Thus, by determining
the extent of racemization in a fossil
bone, its age can be estimated. Each
amino acid, with the exception of
glycine, undergoes racemization. How-
ever, some amino acids racemize much
faster than others (9). In the age range
of ~5,000 to ~ 100,000 years, the
racemization of aspartic acid is the
most useful reaction (7, 8). Relative to
radiocarbon dating, much smaller quan-
tities are required in the racemization
dating method, and, moreover, the
range of applicability exceeds that of
radiocarbon dating. We report here
ages deduced for several California
hominid fossils by using the aspartic
acid racemization reaction. These ages
suggest that man was present in the
New World earlier than was previously
estimated.

The fossil man samples used in this
study were generously provided by the
San Diego Museum of Man and the
Los Angeles County Museum of Na-
tural History. The Los Angeles sam-
ples were analyzed because they had
already been dated by radiocarbon; in
one case only a minimum age had been
deduced. The site descriptions and
radiocarbon dates for the Los Angeles
samples have been given elsewhere
(10).

The San Diego samples were selected
by one of us (G.F.C.) because of their
potentially great antiquity, estimated
from geomorphological evidence. The
samples were taken from a series of
skeletal remains collected between 1920
and 1935 by M. J. Rogers for the
San Diego Museum of Man; the speci-
mens had been stored at the Museum
since collection. The archeological de-
scriptions of the sites, made when the
samples were excavated, are given in
the field notes of Rogers, which are
now part of the records of the San
Diego Museum of Man.

The samples we analyzed came from
two sites located near La Jolla. The
first site, San Diego Museum (SDM)
site W-2, was located at La Jolla
Shores, approximately three-fourths of
a mile (about 1.2 km) south of Scripps.
In 1926 a steam shovel working on a
development project unearthed several
human remains. Rogers, who worked at
the site periodically over a series of
months, described the site (/1) as “a
large thin-bedded shell midden capping
an estuary sand.” Sample SDM 18402
was found 1.5 feet (about 0.46 m)
below ground level in a red packed
sand directly underlying the midden; it
consisted of a partial skeleton in what

Table 1. California Paleo-Indian samples (SDM, San Diego Museum).

p/L Collagen-based
Sample Description and location aspartic carbon-14 age
acid (years)
Laguna skull Skull and long bones found at 25 17,150 = 1,470
Laguna Beach in 1933 (10) (UCLA 1233A)
Los Angeles Man Skull fragment found north of 35 > 23,600
Baldwin Hills in 1936 (10) (UCLA 1430)
SDM 18402 Long bones from burial at base of .16 5,000 to 7,500 *
shell midden at SDM site W-2
SDM 16755 Human rib and miscellaneous frag- 36
ments found in excavated fill at
site W-2 in 1926. Olivella beads
cemented to ribs
SDM 16742 Human frontal found in white .50
sands at site W-2 in 1926
SDM 16704 Human skull and lower mandible, 53

long bones, and scapula frag-
ments found in lower midden at
SDM site W-34-A in 1929

* Carbon-14 age range for similar shell middens in southern California and Baja California (12).
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appeared to be a flexed burial position.
Radiocarbon dates determined on shell
from similar middens in southern Cali-
fornia and Baja California have given
ages ranging from ~ 5000 to 7500
years (/2). Sample SDM 16742 was
recovered from 5 to 6 feet below ground
level at the base of a white sand stratum
underlying the red sand; it consisted of
a human frontal. Sample SDM 16755,
consisting of several human ribs and
other miscellaneous fragments, was
found in a gray-white sand and was not
found in situ but, rather, was recov-
ered from the lagoon fill excavated
from the midden by the steam shovel.
An olivella shell bead was cemented to
one of the ribs, and the remains ap-
‘peared to be part of a burial (J1).
Both SDM 16742 and SDM 16755
were recovered from stratigraphically
older horizons than was SDM 18402;
Rogers (71) suggested that these sam-
ples could be of great antiquity.

The second site, SDM W-34, was
located between the towns of Del Mar
and Solana Beach, at the northwest
point of the San Dieguito river slough.
The site consisted of an upper (W-34)
and lower (W-34-A) midden; the latter
had been largely destroyed by erosion
and tidal action. The upper midden
was thought to be similar to the other
southern Califérnia middens which
date between 5000 and 7500 years.
Rogers suggested (//) that the lower
midden might represent an occupation
comparable in age to the remains found
in the white sands (that is, SDM
16742) at SDM W-2. Sample SDM
16704 consisted of a skull, mandible,
and ribs which were found eroding out
of the sea cliff at the base of the lower
midden; the remaining parts of the
skeleton were thought to have fallen
into the sea. The physical character-
istics of this partial skeleton have been
published elsewhere (/3).

The bones were carefully cleaned
and then analyzed, with the use of the
procedures described previously (7).
The sample descriptions and locations,
measured D/L aspartic acid ratios, and
radiocarbon ages, when available, are
summarized in Table 1.

Contamination of the samples with
modern amino acids seems to be negli-
gible. Analysis of the Los Angeles Man
and SDM 16742 samples indicated
that the extent of racemization of amino
acids follows the pattern aspartic acid
> alanine > isoleucine, which is the
sequence predicted for bones which
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Table 2. Ages of California Paleo-Indians de-
duced by aspartic acid racemization. The La-
guna skull was used to “calibrate” aspartic acid
racemization reaction: k,,, = 1.08 X 10-* yr .

Aspartic

Sample acid age
(years)

Los Angeles Man 26,000%

SDM 18402 ~6,000
SDM 16755 28,000
SDM 16742 44,000
SDM 16704 48,000

* Carbon-14 age > 23,600 years (UCLA 1430).
1 Dated with the corrected kasp value of 1.5 X 10-5
yr-1. Middens similar to that in which this
sample was found range in age from 5,000
to 7,500 years (/2).

have not been contaminated with mod-
ern amino acids (9).

Ages deduced from the extent of
racemization of aspartic acid are cal-
culated from the equation [see (7) for
derivation]

m {3 L o.14
Age (years) = — .__(_ESE%;.,,)_,
asp (1)

where D/L is the aspartic acid enantio-
meric ratio in the bone and k,, is the
first-order rate constant for intercon-
version of the L and D enantiomers of
aspartic acid. In order to use Eq. 1, it
is necessary to evaluate k,,, at the
average temperature to which the bones
have been exposed since their deposi-
tion. Recent results (7, 8) have demon-
strated that this can be accomplished
by determining the extent of aspartic
acid racemization in a collagen-based
radiocarbon dated bone and then cal-
culating the in situ k,,, value. Once
this “calibration” has been carried out
for a region, the reaction can then be
used to estimate the age of other bones
from the same general area. Bones
with ages in the region of ~ 15,000 to
~20,000 years are the best calibration
samples and can be used to date bones
which are thought to be much older
(8). Ages deduced with this calibration
technique have been shown to be in
good agreement with radiocarbon dates
determined on the same samples (8).
The Laguna skull was used as a
“calibration” sample for the southern
California coastal region. Since the
present-day climates of all the sites are
nearly identical (I4), this calibration
should be applicable to the other sam-
ples shown in Table 1, with the excep-
tion of SDM 18402, Using the Laguna
“calibration” to date SDM 18402 gives

an age of ~8500 years, which indi-
cates that this sample has been exposed
to only postglacial temperatures. The
Laguna calibration sample, on the other
hand, has had a nearly equal exposure
to both glacial and postglacial condi-
tions. Schroeder and Bada (/5) have
shown that for the Mediterranean island
of Mallorca,

kasp (samples with ages <C 10,000 years)
k.sp (samples with ages > 15,000 years)

=14
Assuming that this equation is also
valid for southern California, it gives
a k,,, value, applicable for dating SDM
18402, of 1.5 X 10—5 yr—1. The ages
estimated for all the samples are sum-
marized in Table 2.

The main factor which could cause
the ages in Table 2 to be in error
would be that the Laguna calibration
is incorrect (/6, 17). However, this
seems unlikely, since the age of Los
Angeles Man deduced by aspartic acid
racemization is consistent with the ra-
diocarbon analysis of this sample, Also,
the general age of SDM 18402 is com-
patible with the expected age, although
this correlation should be considered
less reliable. A value of k,,=1.08X
10—5 yr—1 is consistent with other cali-
bration k,,, values (8) determined in
other locations which have a mean
average temperature similar to that of
the southern California coastal area
(that is, Mallorca, Spain, and Sarab,
Iran).

As a further check on the Laguna
calibration we analyzed a piece of a
dwarf mammoth bone from Santa Rosa
Island. The mammoth skeleton con-
sisted of numerous large charred and
uncharred bones. Radiocarbon analysis
(18) of some of the charred bones
yielded an age of 29,700 = 3,000 years
(L-290R). We obtained a small piece
(~ 5 g) of one of the large uncharred
bones (/6) which had been recently
dated at 30,400 = 2,500 years (UCLA
1898), with the collagen-based radio-
carbon technique. Analysis of this
sample yielded D/ L aspartic acid = 0.28.

Unfortunately, the Laguna calibra-
tion is not directly applicable to Santa
Rosa Island, since the average tempera-
tures on the southern California Chan-
nel Islands are somewhat lower than
those of the coastal environments; we
will assume a similar situation existed
in the past. Thus, the Laguna calibra-
tion had to be corrected to take into
account this temperature difference.
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The average mean annual temperature
on San Miguel Island (located ~ 15 km
northwest of Santa Rosa) is 13.7°C,
compared with 16.1°C at the general
location (Newport Beach) where the
Laguna skull was found (19). With an
Arrhenius activation energy (E,) of
33.4 kcal mole—1 (9), the calculated
value for k., at 13.7°C is 6.6 X 10—$
yr—1. Substituting this value and the
measured D/L aspartic acid ratio into
Eq. 1 gives an age of 33,000 years,
which is in good agreement with the
radiocarbon ages deduced for the mam-
moth skeleton. We feel that this cor-
relation provides additional strong evi-
dence that the ages deduced for the
California Paleo-Indian samples are ac-
curate.

The ages given in Table 2 are the
oldest direct dates determined so far
for any New World hominids. They
suggest that man had populated the
New World substantially earlier than
~ 15,000 to ~25,000 years B.P., the
last time the Bering Sea land bridge
existed (20, 21). Sea level was lower at
earlier times (20, 21), with a level low
enough for the land bridge formation
to occur perhaps ~ 70,000 years B.P.
(21). It would appear, based on the
limited number of dates we have ob-
tained, that man might have migrated
to the New World during this time.

JEFFREY L. BADA

Scripps Institution of Oceanography
and Institute of Marine Resources,
University of California, San Diego,
La Jolla 92037

Roy A. SCHROEDER
Scripps Institution of Oceanography

GEORGE F. CARTER
Department of Geography,
Texas A&M University,
College Station 77843

References and Notes

1. R. F. Flint, Glacial and Quaternary Geology
(Wiley, New York, 1971), pp. 784-787 and
references therein.

2. P, S. Martin, Science 179, 969 (1973).

=+ L. S. B. Leakey, R. De E. Simpson, T.
Clements, ibid. 160, 1022 (1968); G. F.
Carter, Pleistocene Man at San Diego (Johns
Hopkins Press, Baltimore, 1957). ’

4. V. Steen-MclIntyre, R. Fryxell, H. E. Malde,
Geol, Soc. Am. Abstr., 5 (No. 7), 820 (1973).

5. For example, see figure 1 in C. V. Haynes,

Science 166, 709 (1969).

J. L. Bada, Earth Planet. Sci. Lett. 15, 223

(1972).

and R. Protsch, Proc.

Sci. U.S.A. 70, 1331 (1973).

. J. L. Bada, R. A. Schroeder, R. Protsch, R.

Berger, ibid., in press.

J. L. Bada, Adv. Chem. Ser. No. 106 (1971),

p. 309; J. Am. Chem. Soc. 95, 1371 (1972);

» K. A. Kvenvolden, E. Peterson, Nature
(Lond.) 245, 308 (1973).

10. R. Berger et al.; Contributions of the Archaeo-
logical Research Facility, No. 12 (Univ. of
California, Berkeley, 1971), pp. 43-44 and 47.

11. Taken from the field notes of M. J. Rogers.

17 MAY 1974

Natl. Acad.

Copies of these notes were generously pro-
vided by S. L. Rogers, scientific director of
the San Diego Museum of Man.

12. C. L. Hubbs, G. S. Bren, H. E. Suess,
Am. J. Sci. Radiocarbon Suppl. 2, 197 (1960);
G. Shumway, C. L, Hubbs, J. R. Moriarty,
Ann. N.Y. Acad. Sci. 93, 37 (1961).

13. S. L. Rogers, San Diego Mus. Pap., No. 4
(1963).

14, E. L. Felton, California’s Many Climates
(Pacific Books, Palo Alto, Calif., 1965), pp.
62-69 and 74.

15. R. A. Schroeder and J. L. Bada, Science
182, 479 (1973).

16. Cremation or burning could be another factor
which would affect the degree of racemization
in the samples. However, burnt or heated
bones have been found to possess a distinc-
tive amino acid pattern (17). All the samples
analyzed here have a normal amino acid pat-
tern corresponding to an unheated bone.

17. J. L. Bada, in preparation. For burnt,
partially burnt, and cooked bones, the
amino acids serine and threonine have been
found to be nearly destroyed, while the other
amino acids are generally preserved.

18. W. S. Broecker and J. L. Kulp, Science 126,
1324 (1957).

19. See (14), pp. 57 and 66.

20. J. D. Milliman and K. O. Emery, Science
162, 1121 (1968); J. R. Curry, in The Qua-
ternary of the United States, H. E. Wright
and D. G. Frey, Eds. (Princeton Univ. Press,
Princeton, N.J., 1965), p. 723; also, see figure
2 in H. Miiller-Beck, in The Bering Sea
Land Bridge, D. M. Hopkins, Ed. (Stanford
Univ. Press, Stanford, Calif., 1967), pp.
373-408.

=+ N. J. Shackleton and N. D. Opdyke, Quat.
Res. (N.Y.) 3, 39 (1973).

22. The samples from San Diego were provided
by S. Rogers and J. Moriarty, those from Los
Angeles by C. Rozaire and R. Berger, and
the Santa Rosa Island mammoth bone was
provided by R. Berger and P. Orr; we express
our gratitude to these individuals for pro-
viding the samples. We thank Linda and
J.C.W. for encouragement. This work was
supported by NSF grant GA-40804. R.A.S. is
a Scripps Industrial Associates predoctoral
fellow,

10 December 1973; revised 1 February 1974 n

Radioreceptor Assay of Human Chorionic Gonadotropin:

Detection of Early Pregnancy

Abstract. 4 rapid, sensitive, and specific radioreceptor assay for the determina-
tion of human chorionic gonadotropin and luteinizing hormone in plasma is
described. Plasma membranes of bovine corpora lutea of early pregnancy, which
bind biologically active labeled human chorionic gonadotropin, have been used
as receptor. Pregnancy could be detected by assaying the gonadotropin in plasma
samples obtained from day 6 to 8 after conception.

It is well established that the target
tissue receptors bind biologically active
molecules and that hormone-receptor
interaction is of high affinity and
specificity (7). The specific receptors

in target tissues have permitted the

measurements of hormones in biologi-
cal fluids in radioreceptor assays in
vitro based on the principle of corpeti-
tive protein binding methods (2). The
plasma membranes of bovine corpus
luteum exhibit a specific binding ability
for bovine LH (3, 4), human LH and
hCG (5). The receptor is specific for
hCG and LH without apparent species
specificity; FSH, TSH, hGH, and PRL
(3) do not bind to the hCG-LH re-
ceptor. We now report a radioreceptor
assay for quantitative determination of
hCG and LH in plasma, with the use
of the plasma membrane of bovine
corpus luteum of pregnancy as recep-
tor. The assay procedure can be used
in the detection of pregnancy in hu-
mans as early as 6 days after concep-
tion. )

Fresh bovine corpora lutea were
homogenized in chilled 0.01M tris-HC1
buffer, pH 7.8, containing 1 mM MgCl,
and 1mM dithiothreitol and centri-
fuged at 480g for 10 minutes (Sorvall
refrigerated centrifuge). The superna-
tant was again centrifuged at 10,000g,

and the pellet was purified by zonal
centrifugation in sucrose density gradi-
ent (6) (Beckman ultracentrifuge,
model L3-50) to obtain plasma mem-
branes in high yield. Highly purified
hCG, containing 12,000 international
units per milligram (7), was labeled
with 125 (Cambridge Nuclear, Cam-
bridge, Mass.), as follows (8). A solu-
tion of 2 mc of 1251 in 20 ul of 0.1M
sodium acetate buffer, pH 6.0, was
mixed with 25 pg of hCG. Lactoperox-
idase (Sigma RZ = 0.78) (50 ng in 20
pl of buffer) and 200 ng of H,0, in
10 ul of water were added. Then
three 100-ng portions of H,O. were
added at S5S-minute intervals. At the
end of 20 minutes the reaction was
stopped by the addition of 0.5 ml of
0.15M NaCl containing 1 percent
bovine serum albumin (BSA), pH 7.0.
The labeled hormone was then sep-
arated from free iodine by gel filtra-
tion on a column (1 by 30 cm) of
Sephadex G-100 equilibrated with
0.15M NacCl containing 1 percent BSA,
pH 7.0. The labeled hCG in the un-
retarded fraction showed specific activ-
ity in the range of 40 to 50 uc/pg and
a biological activity of 8923 L.U./mg
(95 percent confidence limits of 5,826
to 12,250 L.U.) (5).

Our subjects were individuals who
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