population explosions that coincided ex-
actly with the periods of maximum tem-
perature differences between the two seas.
We do not have sufficient information to
reject this possibility but do not consider it
very likely.
W. G. DEUSER
E. H. Ross
L. S. WATERMAN
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543
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Historical Dates for Neolithic Sites of Southeast Europe

Abstract. Direct comparison of the radiocarbon contents of charcoal samples with
those of bristlecone pine wood samples dated by tree rings shows that a full-fledged Neo-
lithic with pottery and all the domesticated animals, except the horse, was present in
southeast Europe as early as the 65th century B.C. The chronologies for the stratigraphic
sequences of the settlements of Achilleion and Anza, based on a total of 37 La Jolla ra-
diocarbon measurements, cover almost 1000 years.

Neolithic sites have been excavated in
the Aegean area from the beginning of this
century (!), but their chronological context
was not clearly understood for decades.
The steady increase of systematic investi-
gations of stratified mounds and caves (2),
coupled with the advent of radiocarbon
dating, brought on drastic revisions for in-
terpreting the true age of the southeast Eu-

ropean Neolithic (3-5). It is now clear that
a full-fledged Neolithic stage of animal
and crop domestication, including hard-
baked pottery, existed in southeast Europe
as early as the middle part of the seventh
millennium B.C. At this stage, emmer
wheat, barley, peas, and lentils were culti-
vated and all animals were domesticated
except the horse. Obsidian trade was

Table 1. Conventional radiocarbon ages (12) of three samples from Achilleion (Table 2) and of six
tree ring-dated bristlecone pine (BCP) wood samples listed in sequence of measurement. Values in
the last column are given with their 1 ¢ statistical counting error (/2). Abbreviations: LJ, La Jolla;

B.P., before present.

Conventional

Archeological Tree-ring TS
LJ Sample field age radl(;(;aerbon
number number (years B.C) (years B.P.)
3306 BCP wood 6030-6020 7125 + 55
3308 BCP wood 5960-5950 6958 + 100
3325 Charcoal B-5 L-21 7287 + 52
3310 BCP wood 5990-5980 7124 £ 52
3328 Charcoal B-1 L-19 7307 + 52
3311 BCP wood 6000--5990 7194 + 53
3312 BCP wood 6020-6010 7156 + 52
3329 Charcoal B-1 L-26 7368 + 52
3314 BCP wood 6050-6040 7103 + 51
3313 BCP wood 5980-5970 7053 + 51
Average of seven BCP wood samples 5999 7100 + 21
Average of LJ 3325 and 6211 7297 + 36

LJ 3328 (11a2)
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known; fine stone carving and ceramic
techniques attest a high level of devel-
opment, as does the architecture of solidly
built rectangular houses of pisé or mud-
brick walls and plastered floors. This fully
developed agricultural civilization of Eu-
rope was essentially contemporaneous
with those of Anatolia and Mesopotamia.

Of the 20 systematically excavated
mounds in Thessaly and Macedonia, the
settlements of Achilleion and Anza are of
exceptional value for chronological stud-
ies. The mound of Achilleion is located on
the edge of the Karditsa Plain of Thessaly,
Greece. It was excavated in 1973-74 (4).
Anza is located in Ovée Polje, in the River
Vardar basin, in eastern Macedonia, and
was excavated in 1969-71 (5). Both loca-
tions are multiple-strata sites yielding
stratigraphic evidence of millennial dura-
tion, which covers complete sequences of
the Sesklo civilization in Greece (Achil-
leion) and Starc¢evo-Early Vinc¢a in Yugo-
slavia (Anza).

The long-lived bristlecone pine (Pinus
aristata) of California has made it possible
to establish a continuous absolute tree-ring
chronology going back to the sixth millen-
nium B.C. Prior to 4000 B.C. the chronol-
ogy is based on 28 individual wood speci-
mens (6). Cross-dating of these specimens
has now made it possible to continue the
sequence to beyond 6200 B.C. From this
early sequence a limited number of sam-
ples, each comprising ten annual tree rings,
consisted of more than 18 g of wood and
were suitable for carbon-14 determina-
tions.

Recently, European workers have been
able to extend their tree-ring chronology,
essentially from European oaks, to about
300 B.C. (7). Comparisons of samples
from these two tree-ring series showed that
irrespective of their place of origin, sam-
ples of wood grown at the same time have
essentially the same carbon-14 content. Ef-
fects from in situ production of carbon-14
and from the physiology of wood growth
must be negligible (8).

The experimental errors encountered
when the carbon-14 contents of two wood
samples are compared arise not only from
statistical counting errors, but also from
uncertainties in the counter calibrations.
These calibration errors are practically
avoided if measurements of the two sam-
ples are carried out in the same laboratory,
preferably at the same time. In this way
the most accurate single radiocarbon dates
are obtained. In principle, it is possible to
obtain results of even greater accuracy if
series of samples from so-called floating
tree-ring sequences are available. Age de-
terminations of this type have been carried
out for Neolithic settlements of Swiss lake
dwellers (9). Unfortunately, floating tree-
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ring sequences of prehistoric significance
are rarely available.

We have measured the radiocarbon con-
tents of three charcoal samples from the
mound of Achilleion, alternating them
with samples of bristlecone pine wood
dated by tree rings as from the 61st and
60th centuries B.C. (Table 1). This direct
comparison ascertains the exact century of
the respective horizons and allows a reli-
able extrapolation to other archeological
phases for which radiocarbon dates have
been determined. The measurements were
carried out by counting the samples as
acetylene gas in two independent sets of in-
struments (“M & B” and “Tim”) for 2
days each.

The age range of the bristlecone pine
samples was too small to recognize any
changes in the radiocarbon level of the
atmospheric carbon dioxide during the
period in question. Comparison with bris-
tlecone pine wood measured previously
in the 5400 B.C. time range shows that
during the first half of the sixth millennium

B.C. AYC rose by approximately 1 per-
cent. The measurements on bristlecone
pine wood so far carried out do not allow
one to recognize any “wiggles” during that
period of time. If the assumption is made
that there was no change in the carbon-14
content of the atmospheric carbon dioxide
during the period under consideration,
then the average conventional radiocarbon
age of all the bristlecone pine samples
measured corresponds to an average true
age of the bristlecone pine samples as de-
termined from tree rings. Likewise, with
this assumption, the statjstical standard er-
ror of the average age can be calculated
from the errors of the individual measure-
ments. The averages of the values are given
in Table 1. Also given in Table 1 is the av-
erage of the results for two archeological
samples that, according to their strati-
graphic position, belong to the same arche-
ological horizon.

The La Jolla laboratory used two differ-
ent pairs of counters, one (M & B) for
samples for which sufficient material was

available, and the second (Tim) for cases
where relatively small samples were at our
disposal. With very few exceptions, all
samples, including those measured by the
two other laboratories [at the University of
California at Los Angeles (UCLA) and the
University of Pennsylvania], are in agree-
ment within the expected accuracy of the
measurements. It should be noted that
comparison of results, as listed in Table 1,
does not improve the values for the abso-
lute dates because of the slight uncer-
tainties in background and standard val-
ues.

Investigators at Achilleion have identi-
fied four periods of Sesklo development
with 12 clearly defined subphases, begin-
ning with an early ceramic phase and cul-
minating in the final Sesklo stages. Table 2
lists the results of radiocarbon measure-
ments for charcoal samples from these 12
stages in sequence of their stratigraphic
position.

With the assumption made above, that
the "C content of atmospheric carbon

Table 2. Conventional radiocarbon ages (12) and l¢ statistical counting errors (12) of charcoal samples from Achilleion, Greece, and their most
probable historical ages derived by direct comparison with dendrochronologically dated bristlecone pine wood with a similar radiocarbon content (Table

).

Conventional radiocarbon age (years B.P.) Most
Labora- probable
ggl;;:lo- Field tory La Jolla | historical
b num UCLA Pennsy - date
stratum number ber M& B Tim 10) vania Average (years
counters counters B.C.)
IVb D-4 L-2 1882A 6930 + 155
IVa C-4 L-9 3202 6986 + 100
D-2 L-7 2130 7084 + 91 7035 + 80
IIc B-4 L-10 2941 6950 + 51
B-4 L-13 2125 6964 + 87
A-1 L-10 2943 6963 + 80
D-2 L-11 3200 7014 + 80 6981 + 50 5900
I1Ib A-1 L-13 1896B 7180 £ 155
A-2 L-14 2124 7086 + 85
A-3 L-14 1896E 7280 + 100
A-3 L-14 2123 7454 +£ 78
111a2 A-2,3 L-15,16 2942 7180 + 51
B-2 L-16 2122 7107 + 86
B-2 L-17 2121 7181 £ 85 7160 + 50
Ilal B-4 L-15-18 2940 6588 + 80
B-4 L-18 2944 7018 + 50
C-1 L-21 3182 6922 4+ 52
A-1 L-18 2120 7342 + 68
A-4 L-21 3327 7120 + 60 7066 -+ 40 6000
IIb D-2 L-18 1896C 7330 + 100
D-2 L-19 3201 7212 + 80
A-2 L-22 3326 7286 + 80 7270 + S0
11a2 D-2 L-22 3181 7246 + 53
B-1 L-19 3328 7307 £ 50
B-5 L-21 3325 7287 + 50 7280 + 30 6200
Ilal A-1 L-26 2117 7273 £ 76
Ic B-5 L-24 3186 7296 + 50
Ib B-1 L-31 1882B 7260 + 155
B-2 L-27 3184 7322 + 53
B-1 L-26 3328 7368 + 52 7345 + 40 6300
Ia B-2 L-26 2118 7471 £ 77
T-7 L-11,12 1896A 7460 + 175 7470 + 70 6450

19 MARCH 1976
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Table 3. Conventional radiocarbon ages, with 1 ¢ statistical counting errors (/2) and most probable
historical ages of charcoal samples from Anza, Yugoslavia, derived in the same manner as for the

samples listed in Table 2.

Conventional radiocarbon age (years B.P.)

Arche Most
e aho- La Jolla probable
Olé:lgl" Field ;igﬁy Tim historical
stra- number number M&B counters UCLA Average (32;?9
tum counters orone BC )
counter o
IV VIII 55 2411 6070 + 190
XX 190 2329 6210 + 60 6200 + 60 5200
I ve62 2185 6510 + 110
L19 1705B 6540 + 120
VII 191 2345 6540 + 120
L 20 1705C 6700 + 80 6600 + 50 5500
11 VII 117 2344 7000 + 270
VII 121 2343 7000 + 280
VII 177 2338 6800 + 140
VII 122 2337 7080 + 60
VII 213,215 2405 6940 + 80
VII 124 2351 7040 + 90
VII 156 2409 6850 + 50 6900 + 35
Ib VII 251 2342 7100 + 80
VII 240 2339 7110 + 80
VII 253 2333 6840 + 120
VII 188 2341 7230 + 170
VII 256 2332 7110 £ 120 7100 £40 6000
Ia V 90-110 3183 7150 £ 50
V 76-86 3186 7140 £ 70
V 103-120 3032 7210 + 50
VII 257 233011 7170 + 60
Vil 2181 7270 + 140 7190 +£30 6100
dioxide did not change noticeably between 1llal, [IIa2, IlIb, and Illc almost cer-

6400 and 5800 B.C., the absolute historical
dates listed in the last column in Table 2
are obtained. It appears that the earliest
stratum (Ia) dates from the 65th century
B.C. Unfortunately, no datable material
from this stratum was available for mea-
surements at La Jolla, but the four de-
terminations [two from the Pennsylvania
(10) and two from the UCLA (/) labora-
tories] indicate that it is close to 200 years
older than the next stage (Ib), which is
dated by direct comparison with bristle-
cone pine wood.

The next younger stages follow in un-
usually rapid succession, differing in age by
hardly more than the counting errors. This
could be due to rapid development, or to a
drop in A™C during this period. Such a
drop would let the older samples appear
too young by up to 200 years relative to the
younger ones. Therefore, the possibility
cannot be entirely excluded that the earli-
est stages of Achilleion could date from the
66th or even 67th century B.C. Nothing fi-
nal, however, can be said as long as no
wood from this period that has been dated
by tree rings is available for “C determi-
nations.

The upper strata of the archeological se-
quence of Achilleion have ages close to
those of the bristlecone pine samples, and
therefore A!'C changes cannot affect the
results. The four stages of period three,
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tainly belong to the 61st and 60th centuries
B.C.

The earliest dates from the Anza settle-
ment (Table 3) are synchronous with the
end of Achilleion II or the beginning of
Achilleion I11. As the cultural and physical
characteristics of Anza are closely related
to those of Achilleion, it can be deduced
that a lapse of about 300 years took place
as the Thessalian culture spread northward
into the central Balkans. The 12 radio-
carbon dates from Anza position its four
major periods within a chronology of al-
most 1000 years. In this way, stratigraphic
data combined with radiocarbon dates
provide an indispensable yardstick for de-

termining the chronology of the inland
portion of the Balkan Peninsula—the for-
mation and duration of the Staréevo and
Early Vin¢a cultures.
C. WESLEY FERGUSON
Laboratory for Tree-Ring Research,
University of Arizona, Tucson 85721
MARDA GIMBUTAS
Institute for Archaeology,
University of California,
Los Angeles 90024
HaNs E. Sugss
Department of Chemistry,
University of California, San Diego,
LaJolla 92093
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X-ray Micrescopy of Biological Objects with Carbon K«

and with Synchrotron Radiation

Abstract. X-ray micrographs of biological objects have been obtained with a resolution
better than 1000 angstroms by using poly(methyl methacrylate) x-ray resist and carbon
Ka or synchrotron radiation. Synchrotron radiation allows short exposure times; storage
rings especially designed as radiation sources and improved x-ray resists would make ex-

posure times under | second possible.

The last few years have seen consid-
erable effort in lithography to fabricate de-
vices of smaller and smaller dimensions.
Scanning electron beam systems (/) can

generate patterns with line widths of less
than 0.1 pm. X-ray lithography (2-4)
promises a cheap replication technique for
such high-resolution patterns. The well-
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