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Middle Holocene Age of the Sunnyvale Human Skeleton

Abstract. A morphologically modern human skeleton from Sunnyvale, California,
previously dated by aspartic acid racemization to be approximately 70,000 years old
and by uranium series isotopic ratios to be 8300 and 9000 years old, appears to be
younger when dated by the carbon-14 method. Four carbon-14 determinations made
by both decay and direct counting on three organic fractions of postcranial bone
support a middle Holocene age assignment for the skeleton, probably in the range of
3500 to 5000 carbon-14 years before the present. This dating evidence is consistent
with the geologic, archeological, and anthropometric relationships of the burial as
well as previously determined carbon-14 determinations on associated materials.

Bada and Helfman in 1975 (1) assigned
an age of approximately 70,000 years,
based on aspartic acid racemization mea-
surements, to a morphologically fully
modern, nearly complete female human
skeleton excavated in 1972 from the Sun-
nyvale East Drainage Channel, located
in the southern portion of San Francisco
Bay, California. If correctly dated, the
Sunnyvale hominid would be one of the
oldest directly dated Homo sapiens sapi-
ens skeletons in the world. It would
predate by approximately 30,000 years
the generally accepted age for the earli-
est appearance of anatomically modern
human populations in the Old World (2,
3). Several investigators have accepted
the essential accuracy of the 70,000
years age assignment for the Sunnyvale
skeleton (4—6) and have offered it as
evidence to argue against the view that
the earliest human populations reached
the New World relatively late in the
Pleistocene (7-9).

The validity of the age derived from
aspartic acid racemization dating was
challenged by Gerow, Lajoie, and Peter-
son on geologic, archeological, and an-
thropometric grounds supported by sev-
eral '“C determinations (9, 10). The skel-
eton had been interred in a well-defined
grave pit, 53 cm in diameter, excavated
to a depth of 2.7 m below the present
ground surface [figure 6 in (10)]. The pit
had been excavated into a buried soil of

Table 1. Radiocarbon counting data for cali-
bration samples.

* *
Sample explzcted mezﬁured
ANU sucrose 1.000 1.003
ANU sucrose +.006
New NBS oxalic acidt 1.369 1.395
Tree ring, A.D. 1890  +.010 +.017
Tree ring, 5050 B.C. 0.48% 0.50
Tree ring, A.D. 1890 +.03
Tree ring, 1000 B.C. 0.71% 0.74
Tree ring, A.D. 1890 +.04

*R = the expected and measured ratios of the '“C/
13C values for the indicated materials. tNational
Bureau of Standards reference material RM-
49. $Based on data from Klein et al. 21).

terminal Pleistocene age that contained
Rancholabrean fauna and freshwater
shells which yielded two '“C determina-
tions of 10,110 = 260 (I-8084) and
10,430 = 150 (1-6476) '“C years before
present (B.P.). An artifact fashioned
from antler (possibly elk) was recovered
from a feature (a possible trash pit) that
is 400 m north of the burial locality and
intrudes into sediments similar to those
surrounding the burial pit. Charcoal di-
rectly associated with the antler artifact
yielded an age of 4460 = 95 '“C years
B.P. (I-6977). The antler tool and human
burial exhibit similar aspartic acid race-
mization measurements, and neither
show evidence of heating by fire. Physio-
graphically the location of the burial site
resembles a common late Holocene pre-
historic settlement pattern found along
the shores of the southern portion of the
San Francisco Bay (/7). Finally, the re-
constructed Sunnyvale female is statisti-
cally indistinguishable in 32 standard
measurements and indices from a select-
ed local population of female skeletons
dated by radiocarbon and cultural asso-
ciations to between 400 and 1600 '“C
years ago [table 5 in (/0)]. On the basis of
these lines of evidence, it has been ar-
gued that the age of the Sunnyvale skele-
ton was less than 10,000 years (Holo-
cene) and possibly less than 4500 “C
years (9, 10). Ages of 8300 and 9000
years old were obtained from uranium
series analyses of bone samples from the
Sunnyvale skeleton by Bischoff and Ro-
senbauer (/2). Bada and Finkel (13) sug-
gested that the uranium values should be
considered minimum estimates, but Bis-
choff and Rosenbauer (/4) said that the
validity of the various age estimates
should be tested by comparison with an
independent radiometric technique such
as C.

We have obtained both decay and di-
rect counting '“C determinations on
three organic fractions of postcranial
bone from the Sunnyvale skeleton. To
eliminate the inorganic carbonate frac-
tion, the Sunnyvale bone, after mechani-
cal and ultrasonic cleaning, was ground
to pass through 0.104-mm mesh and
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Fig. 1. Measurements of '“C/
13C ratios in a sample of Sun-

nyvale hominid bone (UCR- 40
1437D/AA-51) and in 5050 b
B.C. wood. Each data point

represents a 480-second col- ©
lection of 3C and *C counts. =
The total period of the experi- 3?

ment was 4 hours. The error T

bars indicate the statistical er-
ror of the individual measure- 51
ments. The dotted lines are

* 5050 B.C. tree ring
x UCR-1437D/AA-51

averages of the measure-
ments.

treated with 0.8 N HCI until the pH was
less than 2. This material was then cen-
trifuged and the soluble fraction evapo-
rated to dryness. Decay counting of this
fraction (UCR-1437A, total acid soluble
organics) could be accomplished by CO,
gas proportional counting with the equiv-
alent of 250 mg of carbon (15). The acid-
insoluble fraction was treated with 0.5
percent carbonate ion-free NaOH for 20
hours at room temperature. This materi-
al was centrifuged and the NaOH-solu-
ble fraction neutralized to pH 7 and
evaporated to dryness (UCR-1437B, to-
tal base-soluble organics). The NaOH-
insoluble fraction was brought to and
maintained at pH 3 while being heated at
90°C for 8 hours with continuous stirring
to convert this fraction to gelatin. It was
then filtered, washed with distilled wa-

ter, and oven dried at 105°C (UCR-
1437D, total insoluble organics after gel-
atin conversion with base soluble frac-
tion removed). Details of the pretreat-
ment of bone samples for '“C analysis
have been reviewed elsewhere (16-18).
The CO, yields from the combustion
of UCR-1437B and UCR-1437D were
insufficient for decay counting at the
UCR laboratory. With the equivalent of
about 2 mg of carbon in both cases, the
14C content of these samples was mea-
sured by tandem accelerator mass spec-
trometry (19). Carbon dioxide from each
of the three chemical fractions was re-
duced to elemental carbon, converted to
Al,C; powder, packed into a sample
holder and mounted in the ion source of
the accelerator. Ions are sputtered from
the target and directed to a magnet which

Table 2. Radiocarbon counting data for samples from Sunnyvale site locality, southern San

Francisco Bay, California.

Lab- . " Radiocarbon age
oratory Sample Cn?gtnt:g:jg Rsu;:;a- (*C years B.P.,
number ty, = 5568 years)

Burial pit
UCR-1437A Sunnyvale hominid bone, Decay 4,390 = 1507
total HCl-soluble organic
fraction, 2.7-m depth
UCR-1437A/  Sunnyvale hominid bone, Direct 1.36 = 0.10 3,600 = 600
AA-50 total HCl-soluble organic
fraction, 2.7-m depth
UCR-1437B/  Sunnyvale hominid bone, Direct 1.16 = 0.05 4,850 = 400
AA-52 total NaOH-soluble
organic fraction, 2.7-m
depth
UCR-1437D/  Sunnyvale hominid bone, Direct 1.19 = 0.05 4,650 = 400
AA-S1 total HCl-insoluble
organics after gelatin
conversion with base
soluble fraction removed,
2.7-m depth
Adjacent to burial pit
1-8084 Dispersed freshwater shell Decay 10,110 = 260
(Physa sp. and Limnea
sp.), 2.5-m depth
1-6476 Dispersed freshwater shell Decay 10,430 + 150
(Physa sp. and Limnea
sp.), 2.5-m depth
Trash pit (?)
1-6977 Charcoal, 2.0-m depth Decay 4,460 = 95

*R = (*C/"C)gumpte/(""C/C)ytangara With 5050 B.C. wood used as the standard.

Measured '*C/'*C ratio

is —25.54 = .02 per mil with reference to Pee Dee belemnite standard (24).
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selects '“C~ ions and CH, molecules
with mass = 14 atomic mass units. We
have seen no evidence for '“N~ ions.
The ions passed by the injection magnet
are accelerated to the terminal of the
tandem accelerator, where they are
stripped of several electrons and then
accelerated back to ground potential.
After leaving the accelerator, they pass
through an electrostatic deflector which
selects a particular kinetic energy and a
charge state +3e. Essentially no mole-
cules survive the stripping process in this
charge state, and molecular fragments
are eliminated by the deflector. Two
magnets at the high-energy end of the
system select ions with a particular value
of momentum/charge and greatly reduce
background. The ions then enter a
AE — E detector, which counts '“C and
discriminates against "N, '3C, and '*C
background counts.

After the '“C rate has been deter-
mined, the injection magnet is switched
to pass M = 13 amu and '3C ions are
integrated in a Faraday cup at the high-
energy end of the accelerator. In prac-
tice, ""C and 'C beams are cycled
through the system about once per min-
ute. Finally, a standard target of known
isotopic content is inserted into the ion
source, '“C and '’C rates are measured,
and the ratio R = (MC/*C)sumpie/("*C/
BC)gtandara is determined. Unknown and
standard targets are cycled several times
per hour. This procedure has been tested
on several samples with known '“C/'3C
ratios (Table 1).

The standard samples used for the
Sunnyvale measurements were made
from wood of 5050 B.C. tree rings (20),
and values of '“C/'3C obtained from a
series of measurements on UCR-1437D/
AA-51 and on the standard were plotted
(Fig. 1). The measurements indicate that
this fraction of the Sunnyvale bone sam-
ple is slightly younger than the 5050 B.C.
wood. From the data illustrated in Fig. 1,
we obtain a value of R [(UCR-1437D/
AA-51)/(5050 B.C. tree ring)] = 1.19 =
0.05. The error quoted on this ratio is the
standard deviation of the average of the
14 measurements of the ratio. It is ap-
proximately equal to the statistical un-
certainty in the measurement. The errors
quoted for all accelerator measurements
in Table 2 were deduced in the same
manner. According to Klein et al. (21),
the radiocarbon age of 5050 B.C. wood is
6050 years B.P. Using this age, together
with the measured value of R and the
Libby half-life of '*C, 1, = 5568 years,
we calculate an age for UCR-1437D/AA-
51 of 4650 = 400 '“C years B.P. Results
of accelerator measurements on samples
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prepared from CO, from the three chem-
ical fractions of the Sunnyvale bone sam-
ple are listed in Table 2. Preliminary
values for C determinations obtained
by direct counting were previously re-
ported (22) and were expressed with
respect to 5050 B.C. wood. The values
cited here represent a large number of
subsequent measurements and have
been expressed in '*C years B.P.

The oldest radiocarbon value of ap-
proximately 5000 '*C years B.P. is ex-
hibited on the total NaOH-soluble organ-
ic fraction (UCR-1437B/AA-52). We
would suggest that the most probable age
of the Sunnyvale skeleton is between
3500 and 5000 '“C years B.P. However,
we recognize that the organic separation
and purification techniques employed
are not necessarily completely effective
for all bone samples (23). Nevertheless,
we are not aware of any instance where
undetected contamination in carefully
prepared, known-age bone samples has
documented anomalies of the magnitude
required to bring the indicated "C ages
of the organic fractions of the Sunnyvale
bone into agreement with its racemiza-
tion-deduced age.

The '"C values obtained on the Sunny-
vale skeleton clearly assign it to the
middle Holocene. This age assignment is
fully consistent with the geologic, arche-
ological, and anthropometric evidence
and with associated '“C determinations.
The age of the Sunnyvale hominid de-
duced from its aspartic acid D/L ratio
differs by more than an order of magni-
tude from that indicated by the '“C val-
ues. The uranium series—derived age es-
timate also appears to be somewhat dis-
cordant when compared with the '“C
determinations, although there is cer-
tainly a possibility that modern carbon
contamination in the bone was not total-
ly excluded by the purification tech-
niques employed in the '*C analysis.
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Winteraceous Pollen in the Lower Cretaceous of Israel:

Early Evidence of a Magnolialean Angiosperm Family

Abstract. Pollen of the primitive angiosperm family Winteraceae has been
discovered in the Aptian-Albian of Israel, extending the fossil record of this
phylogenetically important family of flowering plants from the uppermost Upper
Cretaceous back some 40 million years to the upper Lower Cretaceous. This appears
to represent the earliest known record of a magnolialean angiosperm family and is
convincing evidence for the existence in the Early Cretaceous of an extant family of

angiosperms.

The early fossil record of the angio-
sperms or flowering plants consists al-
most entirely of isolated parts of various
organs that only rarely can be related to
the same plant. The paleobotany of early
angiosperms has therefore mostly been
concerned with the separate study of
diverse kinds of angiosperm megafossils
(leaves, wood, flowers, fruits, and seeds)
and microfossils (pollen grains, cuticle,
and wood fragments). This fact, coupled
with the strong bias of most early paleo-
botanical investigations toward the study
of angiosperm leaves, helped contribute
to a situation that puzzied botanists for
many years—namely the apparent rapid-
ity with which the angiosperms seemed
to appear approximately 115 million
years ago late in the Early Cretaceous. It
has become clear that the seeming sud-
den appearance of angiosperms in the
fossil record was an erroneous impres-
sion resulting from the misidentification

of early fossil angiosperm leaves as the
leaves of relatively advanced living an-
giosperms (/).

Although spectacular finds of early
fossil angiosperm floral parts occasional-
ly occur (2), most of the new insight into
the early history of the flowering plants
has been gained from study of early
fossil angiosperm pollen grains along
with the critical reexamination of early
fossil angiosperm leaves (/). Although
some Early Cretaceous leaves show sys-
tematic affinities with extant angio-
sperms, and in particular with the order
Magnoliales, which is widely considered
to be the most primitive group of living
flowering plants,(3), none apparently is
referable to any'extant angiosperm fam-
ily (4). This is not the case with the fossil
angiosperm pollen from the Early Creta-
ceous that we describe.

In his review of the fossil pollen rec-
ords of extant angiosperms, Muller (5)
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