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INTRODUCTION

Yaroslav V Kuzmin
Special section guest editor

Pacific Institute of Geography, Far Eastern Branch of the Russian Academy of Sciences, Radio St. 7, Vladivostok 690041, 
Russia. Email: ykuzmin@tig.dvo.ru

Oh, East is East, and West is West, and never the twain shall meet,
Till Earth and Sky stand presently at God's great Judgment Seat;
But there is neither East nor West, Border, nor Breed, nor Birth,
When two strong men stand face to face,
tho’ they come from the ends of the earth!

—Rudyard Kipling “The Ballad of East and West”

The idea to assemble this special section came to my mind in May 2000, when I was at the NSF-Ari-
zona AMS Facility at the University of Arizona in Tucson, Arizona, USA, and organizing the com-
plete set of Radiocarbon collected by Prof Douglas J Donahue in the laboratory. At the time, I was
a “freshman” on the journal’s editorial board. Before that, I was involved in several projects, dealing
with the peopling of North America, under IREX and Fulbright fellowships. Having seen several
special issues, “Calibration” 1986, 1993, and 1998 issues; “Paleoastrophysics and Paleogeophys-
ics”; “14C Cycling and the Oceans”; “Varves/Comparison”, etc., I thought: “Why has an important
subject, like the 14C evidence of the peopling of the New World, never had the opportunity to be the
focus of a Radiocarbon special issue?” Fortunately, this raw idea was immediately supported by the
journal’s editor, A J T Jull, and was finally approved by the editorial board at a business meeting,
held at the Ma’ale Hachamicha Hotel in the Judean Hills near Jerusalem on 20 June 2000.

After a search for possible contributors (some of were invited, some contacted Radiocarbon after
seeing the announcement on the journal’s webpage), work started on this subject. Two and a half
years later, we have a collection of papers that constitute the special section, “Old and New World
Connections”. Since the Old World is essentially in the East, and the New World in the West, they
did not get along well in post-WWII times, an echo of the Cold War. Nowadays, there is no more
“stand face to face” as is mentioned in the epigraph; we instead cooperate in the study of the com-
plex and intriguing process of the peopling of the New World, and this is a good example of such
joint efforts. It is also reflected in the special section’s logo (see the front cover of this issue), where
two well-known artifact types, the wedge-shaped microcore of the Dyuktai culture of Yakutia and
the lanceolate projectile point from the Mesa site of Alaska, represent two sides of the same story—
human migration from West to East, from the Old World to the New one.

In this special section, the Old World means Asia (Japan, Korea, and the Asiatic part of Russia), and
the New World consists of the Americas and Australia. All papers generally follow the “Out of
Asia” scenario, assuming that Asia was the source of the initial peopling for both the Americas and
Australia. The main focus here is the 14C chronology of the prehistoric occupation, with emphasis
on the earliest evidences of human presence in Asia, North and South America, and Australia,
within the limit of 14C dating, about the last 45,000–50,000 14C years.

S J Fiedel presents a comprehensive critical review of the peopling of the Americas, with extensive
use of the 14C data corpus from Paleoindian complexes and from other early sites. He assumes that
the 14C age of the best-known possible pre-Clovis sites, such as Bluefish Cave 1, Meadowcroft
Rockshelter, Cactus Hill, and Monte Verde, still remains uncertain. Thus, Clovis is the earliest
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firmly documented prehistoric complex in the Americas south of the former continental ice sheets,
and may be dated to approximately 11,600–10,700 14C years ago (BP). The 14C age of the earliest
Alaskan sites, such as Swan Point, Mead, and Broken Mammoth, is approximately 11,800–
11,700 BP. Calibration of 14C dates allows us to estimate the real, astronomical age of the Clovis
complex, corresponding to approximately 13,200 calendar years ago (cal BP); and for the earliest
Alaskan complexes it is approximately 13,800–13,400 cal BP. Considering that the route for the ear-
liest inhabitants of North America was from Alaska southward, Fiedel assumes that the “ice-free”
corridor between the shrinking Laurentide and Cordilleran glaciers was open from approximately
12,500 BP, and this allowed people to move southward. As for the Paleoindian ancestral cultural
complexes in Asia, Fiedel provisionally proposes southern Siberia (and possibly northern China)
based on both genetic evidences and 14C-dated archaeological assemblages.

T G Arnold performs a thorough analysis of the 14C data from the very important part of northern
North America, in terms of the initial peopling, the so-called Ice Free Corridor. He presents 255
carefully selected 14C dates from 164 localities, and they are used to examine when this Corridor
became accessible for human migration from Alaska southward at the end of the Pleistocene. A List
of chosen 14C dates is also provided, and makes this paper a good source of original data. As for tim-
ing when the Ice Free Corridor became open for human migration, Arnold proposes approximately
11,000 BP, unlike Fiedel at approximately 12,500 BP (this issue). This means that it was “too late”
for Clovis ancestors to take this migration route southward, because Clovis is dated no later than
approximately 11,600 BP.

R Gillespie provides a critical overview of the existing chronometric evidences for the peopling of
Greater Australia, which is another important issue in world prehistory. After careful evaluation of
chronometric dates from key sites, produced by 14C, TL, OSL, ESR, AAR, and U/Th methods, the
tentative conclusion is that the earliest human sites in Australia may be dated to approximately
50,000 cal BP, i.e. approximately 48,000 BP. The extinction of several Australian megafaunal spe-
cies corresponds to this time.

K Bae reports on the available 14C dates for Paleolithic sites in Korea. This is the first systematic pre-
sentation of chronological evidences about the initial settling of this part of East Asia, which is cru-
cial for understanding the peopling of the Japanese Islands. The earliest 14C dates, approximately
54,720–50,300 BP, are right on the edge of the radiocarbon method limit, and should be treated with
great caution only as minimal age estimates. The Middle to Upper Paleolithic transition in Korea
could be provisionally placed at around 36,000–30,000 BP. A very important event in northeast
Asian prehistory, the introduction of microblade technology in the form of wedge-shaped micro-
cores and microblades, can now be established in Korea as early as approximately 24,000 BP. These
data create the background for future studies of the Paleolithic geoarchaeology and chronology of
the Korean Peninsula.

A Ono, H Sato, T Tsutsumi, and Y Kudo assemble the most complete list of Paleolithic 14C dates
from the Japanese Islands ever published, which consists of 416 values (plus 13 Incipient Jomon
dates). The previous selection of Japanese Paleolithic 14C dates published in English includes 207
values (Ono et al. 1998:51–7). The list published in this volume thereby doubles the number of
dates! Furthermore, Ono and co-authors provide a careful interpretation of the existing 14C chronol-
ogy of the Japanese Paleolithic. The Middle to Upper Paleolithic transition in Japan can now be
dated to approximately 34,000 BP. Microblade technology, corresponding to the Final Paleolithic,
appeared first in Hokkaido, northernmost Japan, at approximately 20,500 BP, and in central and
southern Japan at approximately 15,500 BP. The Final Paleolithic-Jomon transition, characterized
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by the emergence of pottery vessel manufacture, occurred within the latest phase of the Pleistocene,
at approximately 13,000 BP.

H Takamiya and H Obata discuss the issue of the peopling of the southernmost part of the Japanese
Islands, particularly the Ryukyu Archipelago, along with the Kyushu and Shikoku Islands. This is
one of the most important places in East Asia in terms of the chronology and anthropology of mod-
ern humans. Several well-preserved Homo sapiens sapiens skeletal remains were found on Okinawa
Island, and associated material was dated to approximately 32,000–16,600 BP. If these age determi-
nations are correct, this might also mean that by at least 32,000 BP ancient people were able to use
watercraft to cross the sea straits between Okinawa and either mainland East Asia or Kyushu. Even
though the lowermost ocean water level was about 120–130 m below the present one at the Last Gla-
cial Maximum (ca. 20,000–18,000 BP), Okinawa was not connected to other large islands and the
mainland because of straits up to 1000 m deep (Gorshkov 1976:281).

S A Vasil’ev, Y V Kuzmin, L A Orlova, and V N Dementiev produce a brief review of the Siberian
Paleolithic 14C chronology. They also compile a list of Paleolithic 14C dates for the territory of the
Asiatic part of Russia, Siberia, and the Russian Far East, consisting of 446 values. This is the most
complete database of the Siberian Paleolithic 14C chronology published so far. The issue of the
Pleistocene bone collagen dating is discussed, based on experience obtained in Russian 14C labora-
tories during the last 30 years. The phenomenon of wide variations in the Paleolithic 14C date series
is also discussed, in particular with respect to the dating of mammoth bones and ivory. Early Upper
Paleolithic sites are known from Southern Siberia as early as approximately 40,000 BP. In central
eastern Siberia, or Yakutia, closely related to the issue of the peopling of the New World, the earliest
Dyuktai cultural sites may date to approximately 25,000 BP, and definitely to approximately
18,000 BP. Modern humans at approximately 13,000 BP occupied extreme Northeastern Siberia—
the Arctic Ocean coast, the Kolyma River headwaters, and the Kamchatka Peninsula (using data
published as of mid-2002).

The articles in this special section summarize the existing knowledge of the chronology of human
occupation of significant parts of both the Old and New Worlds, and show directions for future
research. Several 14C date lists comprise a comprehensive supplement to other lists published
recently (Bonnichsen and Turnmire 1999; Dillehay 2000; Holliday 2000). Hopefully, in the follow-
ing or next decade, most of the issues raised in the papers presented here, will be solved.

Finally, I would like to express my deep gratitude to colleagues and friends who helped in the real-
ization of the idea to produce this Radiocarbon special section. I am especially grateful to
A J Timothy Jull for constant support; to Kimberley T Elliott for assembling papers and conceiving
the title, “Old and New World Connections”; to P Jeffrey Brantingham for editorial work in the early
stage of production; and to all reviewers for useful comments and suggestions. In the long run, we
“come from the ends of earth!”

REFERENCES

Bonnichsen R, Turnmire KL, editors. 1999. Ice Age peo-
ple of North America: environments, origins, and ad-
aptations of the first Americans. Corvallis, Oregon:
Oregon State University Press. 672 p.

Dillehay TD. 2000. The settlement of the Americas: a
new prehistory. New York: Basic Books. 384 p.

Gorshkov SG, editor. 1976. World ocean atlas. Volume 1.
Pacific Ocean. Oxford: Pergamon Press. 302 p.

Holliday VT. 2000. The evolution of Paleoindian geo-
chronology and typology on the Great Plains. Geoar-
chaeology 15(3):227–90.

Ono A, Sato H, Sasaki T, Matsumoto S. 1998. Japanese
Islands. In: Kuzmin YV, editor. Radiocarbon chronol-
ogy of the Stone Age of Northeast Asia. Vladivostok:
Pacific Institute of Geography. p 49–57.



RADIOCARBON, Vol 44, Nr 2, 2002, p 407–436  © 2002 by the Arizona Board of Regents on behalf of the University of Arizona

407

INITIAL HUMAN COLONIZATION OF THE AMERICAS: AN OVERVIEW OF THE 
ISSUES AND THE EVIDENCE 

Stuart J Fiedel
The Louis Berger Group, 1819 H Street, NW, Suite 900, Washington, DC 20006 USA. Email: sfiedel@earthlink.net. 

INTRODUCTION

Out of Asia, But When?

Ever since José de Acosta’s prescient speculation, in 1590, that Native Americans were descended
from “savage hunters” who had followed game animals across a land bridge from northeastern Asia
into northwestern America (Acosta 1604), most serious scholars have assumed that this was the
migration route. The main point of dispute has been the date when the ancestral Asians made the
crossing. After many nineteenth-century claims of the discovery of stone tools or bones of “early
man” failed to withstand scientific scrutiny, a conservative reaction set in, embodied by the hyper-
skeptical ���������	
�� of the Smithsonian Institution. ����	
�� dismissed all claims of a human
presence in the Americas prior to about 5000 years ago.

However, in 1926, obviously man-made spearpoints were found embedded within the skeletons of
extinct giant bison, near Folsom, New Mexico. Prominent scholars viewed the finds in-situ in 1927
and 1928, and verified the coexistence of humans (“Paleoindians”) and giant mammals (megafauna)
that died out at the end of the Ice Age, then estimated as about 10,000 years ago.

Within the next decade, similar, but not identical points were found alongside the bones of mam-
moths at Dent, Colorado, and at Blackwater Draw, near Clovis, New Mexico (Cotter 1937). Later
investigations at Blackwater Draw in 1949–1950 demonstrated that these points and the associated
mammoth skeletons occurred in sediments stratified below the level containing Folsom points (Sell-
ards 1952). Soon, Clovis-like fluted points were being found across the whole of North America,
and even in Central America. Junius Bird (1938) excavated points with fishtail-like stems at the
southern tip of South America, in apparent association with bones of extinct horses. Very similar
stemmed points were later found in Ecuador and Central America. These points appeared to be
derivative variants of the Clovis type.

Application of the new radiocarbon dating method in the early 1950s initially yielded problematic
late dates for Folsom, but a date of 10,780 ± 135 BP1 for the Lindenmeier site, published in 1960,
appeared valid. In 1959, the Lehner Clovis site was dated at 11,290 ± 500 and 11,180 ± 140 BP
(Haury et al. 1959; Haynes 1992). Dates for other sites supported this chronology. It should be
noted, however, that Ernst Antevs, based on his climatic-stratigraphic correlations of American
sequences with European late glacial chronology, questioned the accuracy of the 14C dates. He pre-
ferred a date of ~13,000 BP for Clovis (Antevs 1935, 1953, 1959).

By the mid-1960s, a coherent picture of initial human colonization seemed to be emerging, as out-
lined by C Vance Haynes (1964, 1966). Clovis artifacts were made by the first inhabitants of the
continent. Their ancestors, hunting people of the northern Eurasian grasslands, had crossed the
1500-km-wide land-bridge, called Beringia, exposed by lowered sea level during the late Pleis-
tocene. However, eastern Beringia (modern Alaska) was sealed off from North America by two mas-
sive coalescent ice sheets (the Cordilleran to the west, the Laurentide to the east). The glaciers

1Here, “BP” refers to uncalibrated conventional radiocarbon age; “cal BP” connotes corrected dates (Fiedel 1999a).
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receded as climate warmed toward the end of the Pleistocene, and a passage opened between them—
the “ice-free corridor.” Ancestral Paleoindians ventured south through the corridor around
11,500 BP, stumbling upon a hunters’ paradise of naive megaherbivores that had evolved no defen-
sive strategies against human predation. Paul S Martin (1973) seized upon this aspect of the Clovis-
first theory, creating an elegant model that explained both the ubiquitous appearance of fluted spear-
points and the apparently simultaneous demise of numerous species of giant Pleistocene fauna. Mar-
tin theorized that Paleoindians had engaged in a killing spree, a blitzkrieg-like rapid advance that
resulted in overkill and extinction of the megafauna by 10,000 BP.

PRE-CLOVIS SITES?

A persistent faction of “Early Man” enthusiasts has chafed under the temporal constraints of this
Clovis-first model. Claims for ages in excess of 11,500 BP have been advanced for numerous sites,
but they have always foundered when the contexts or the often ambiguous artifacts themselves were
scrutinized closely (e.g. by Haynes 1974; Waters 1985; Lynch 1990). The continuing absence of ver-
ified pre-Clovis sites has been attributed to drastic post-glacial transformation of the landscape, to a
generalized and very simple lithic technology that is difficult to recognize, or to a thin and transient
early population. Pre-Clovis advocates do not explain why similar factors have not prevented dis-
covery of indisputable Lower and Middle Paleolithic sites in Eurasia. Why are stone flakes made by
small-brained early hominins in Ethiopia 2.5 million years ago immediately recognizable as arti-
facts (Semaw 2000), while supposed >15,000-year-old “tools” from the Americas (e.g. the 50,000-
year-old quartzite “choppers” from Pedra Furada in eastern Brazil) are indistinguishable from natu-
rally fractured stones (Meltzer et al. 1994)? 

At several sites, indubitable lithic artifacts have been found, but their contextual and behavioral
associations with early strata or 14C-dated organics of pre-Clovis age are ambiguous. Deeply strati-
fied points and blades, associated with bones of extinct fauna, were reported from four locations at
Valsequillo in Puebla, Mexico (Irwin-Williams 1967, 1978, 1981). However, the finds became
embroiled in controversy when the project geologists, despite the misgivings of the excavator
(Irwin-Williams 1981), maintained that the sites were about 250,000 years old (Steen-McIntyre et
al. 1981; Szabo et al. 1969). This date proved unacceptable even to the most ardent advocates of pre-
Clovis colonization (e.g. Bryan 1978:315). Pichardo (2000) has recently argued for a date of about
15,000 BP, based on faunal and stratigraphic correlation.

At Taima-Taima in Venezuela, Bryan et al. (1978) found the midsection of an El Jobo point lying
(but not actually embedded) within the pubic cavity of a juvenile mastodon. Unworked pebbles were
also present in the cavity, suggesting post-depositional disturbance that could also have brought the
midsection into fortuitous association with the fossil. 14C dates of ca. 12,600 to 14,400 BP were
obtained for samples of soil organics, bone, and twigs interpreted as the stomach contents of a mast-
odon. The presence of coal in the vicinity, and permeation of the deposits by groundwater, raised the
possibility that the early dates reflected contamination with old carbon (Haynes 1974; Dincauze
1984; Waters 1985; Lynch 1990).

In Bluefish Cave 1, in the northern Yukon, a few stone artifacts—wedge-shaped cores, microblades,
and burins—were found in apparent association with remains of mammoth, horse, bison, and other
Pleistocene mammals (Morlan and Cinq-Mars 1982; Cinq-Mars and Morlan 1999). 14C dates on the
bones ranged between 12,210 ± 210 and 25,000 BP. If the dates and association are valid, this would
be the oldest cultural material from eastern Beringia. However, it remains uncertain whether the
lithic artifacts, typical of the somewhat later Paleoarctic tradition (11,700 BP and later) are dis-
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placed. Supposed bone artifacts in the cave can be reasonably attributed to non-human agency, such
as carnivore gnawing (Dixon 1999:61). 

At two sites in southeastern Wisconsin, artifacts have been found in association with mammoth
bones. At the Schaefer site, a few lithic flakes were found in association with bones directly dated
to about 12,300 BP. At the nearby Hebior site, a rather crude biface was found lying within a pile of
mammoth bones dated to about 12,500 BP (Overstreet and Stafford 1997). At first glance, the
reported finds appear to convincingly demonstrate pre-Clovis human activity, but the behavioral
relationship of the artifacts and bones has yet to be clarified and explained. 

A lithic assemblage consisting of small blades, flake knives, and a reworked lanceolate point ascribed
to the “Miller” type, was recovered from Stratum IIA of Meadowcroft Rockshelter in southwestern
Pennsylvania (Adovasio et al. 1990, 1999). Taking the 14C dates at face value, the artifacts from the
lower third of Stratum IIA date between 16,205 ± 975 (SI-2354) and 12,800 ± 870 (SI-2489) BP. The
Miller point, ascribed to middle IIA, is bracketed by the 12,800 ± 870 date and a date of 11,300 ± 700
(SI-2491) on charcoal from a nearby firepit. Despite frequent assertions that the six dates from lower
IIA occur in appropriate stratigraphic order, their actual relative and absolute depths have nowhere
been reported. Although the site apparently was painstakingly excavated, detailed plan views and
profiles of features and artifact distributions have yet to be published more than 20 years later. The
problems here are: 1) the plant remains and the few identifiable animal bones found in Stratum IIA all
belong to species found in Holocene deciduous forests (Guilday and Parmalee 1982), not the boreal
spruce/pine forest with patches of tundra that prevailed in this region just after the glacial maximum,
when the ice sheet lay 80 km to the north (Mead 1980); 2) there is some doubt whether the dated
material from IIA was human-created charcoal; samples may have been contaminated by micro-
scopic coal fragments (Tankersley and Munson 1992), by soluble organics in groundwater (Haynes
1980, 1991a), or by non-cultural charcoal churned up by rodents or by Archaic human pit-diggers
from the lowest layers of the shelter, where naturally created charcoal lenses yielded dates in excess
of 21,000 BP (Kelly 1987); 3) there are no Clovis or early Early Archaic components with diagnostic
artifacts, and the 14C dates jump abruptly from 11,300 in middle IIA to 9115 ± 115 BP (SI-2061) in
the upper third of the stratum—a hiatus of some 3000 calendar years; and 4) the Miller point type, as
reconstructed from the Meadowcroft specimen and others collected at the nearby, undated Krajacic
site, looks like an Agate Basin variant (Boldurian 1985; Adovasio 1993:212). This suggests an age of
about 10,000 BP, not 12,800–11,300 BP as indicated by 14C assays.

At Cactus Hill in southeastern Virginia, Archaic assemblages occur in expected stratigraphic order
within a ridge of stabilized wind-blown sand. Below them lies a Clovis horizon, with a date of
10,920 ± 250 BP. Lying 3–6 inches below the Clovis level is a small assemblage of quartzite blades
and bladelets, and three pentagonal, unfluted points made of a metavolcanic stone (McAvoy and
McAvoy 1997; McAvoy et al. n.d.; Johnson 1997). Dates of 15,070 ± 70 (Beta-81590), 16,670 ± 730
(Beta-97708), and 16,940 ± 50 (Beta-128330/A) (but also an anomalously late date of 9250 ± 60 BP
[Beta-93899]) have been obtained on charcoal particles from this level. The problematic issues at
this site are: 1) If the ~15,000 BP (ca. 17,800 cal BP) date is correct, some 5000 years intervened
between the pre-Clovis and Clovis occupations, while only 3 inches of sand accumulated; 2) down-
ward drifting of cultural material and animal burrowing are acknowledged problems at the site, and
these processes are blamed for the 9250 BP date and several others that seem too recent. The possi-
bility that the dated charcoal represents pre-human, naturally produced material, e.g. from forest
fires, cannot yet be excluded. 
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Monte Verde, in the lake district of southern Chile, was dramatically promoted from troublesome
enigma to putative “paradigm-buster” in 1997 when a small archaeological delegation certified the
validity of pre-Clovis evidence there (Meltzer et al. 1997). The small assemblage of indisputable
artifacts includes a carefully pressure-flaked, narrow lanceolate point, two similar midsection frag-
ments, a slate rod produced by grinding, and a quartzite biface. If their discovery had not been
reported, it is doubtful whether the mélange of organic debris at Monte Verde would have won
acceptance as a human habitation site (Fiedel 1999b). Yet, none of the several incompatible site
maps in the massive final report (Dillehay 1989, 1997) indicates the find-spots of these artifacts.
Three stone scrapers, still mounted in wooden hafts with bitumen, also have been mentioned in var-
ious preliminary publications, but only one is briefly described and depicted, and none are mapped,
in the final report (Dillehay 1997). Apart from the few well-made, curated lithics, hundreds of sup-
posed tools are merely unmodified but ostensibly utilized broken or rounded river cobbles. Recog-
nizable debitage from lithic flaking—a practically universal marker of Stone Age human encamp-
ments—seems, inexplicably, to be absent.

Aside from the lithics, the ostensible evidence of a human presence at Monte Verde consists of a
diverse aggregate of organic materials preserved beneath an anoxic peat layer. Dillehay discerned, in
a jumble of logs and branches, the quadrilateral foundations of 12 connected rectangular rooms.
Tiny fragments of mastodon skin may be remnants of the hut’s roof. A separated ovoid “structure”
of compacted sand and gravel, about 1 m in diameter, Dillehay has interpreted variously as a sha-
man’s residence or a mastodon-butchering station. The preserved plant assemblage is dominated by
club moss (Lycopodium) spores, totora reed (Scirpus) and bulrushes (Carex), but also includes a few
pieces of wild potato skin, various plants that are used medicinally today, and seaweed derived from
the Pacific coast, some 30 km to the west. Some 400 bones, exhibiting minimal modification, repre-
sent remains of six mastodon-like proboscideans (gomphotheres). A scapula from an extinct species
of guanaco was also found.

These remains on the north bank of Chinchihuapi Creek, known as Monte Verde (MV) II, have been
dated to around 12,570 BP, on the basis of associated 14C dates on wood, bone, and ivory “artifact”
samples that range from around 11,700 to 12,800 BP (ca. 13,400–15,300 cal BP). The overlying
peat that sealed and preserved the organic remains immediately after abandonment of the settlement
(Dillehay 1989:236; Tuross and Dillehay 1995) dates between 10,300 and 12,000 BP, with four
dates in the 11,600–11,800 BP range (Dillehay 1997:43). The most likely age of the supposed
human occupation thus appears to be only slightly earlier than the peat, or about 11,800–12,000 BP
(ca. 14,000–13,500 cal BP). 

Dillehay has reported possible evidence of a much earlier human presence at Monte Verde. On the
south side of the creek, in a deeper (by 80 cm) and older layer, two dozen cracked pebbles of basalt
and andesite were found near two ostensible hearths. Carbonized wood from these features dates to
about 33,000 BP (possibly ca. 38,000–40,000 cal BP; see Beck et al. 2001). Judging from published
illustrations (Collins in Dillehay 1997:462–3), at least one of the stones reportedly found at this MV-
I locus was certainly chipped by humans. This tool yielded protein residue that may be derived from
a mastodon (Tuross and Dillehay 1995) (although no bone or skin was preserved in this locus). If its
original position has been accurately reported and post-depositional disturbance can be ruled out,
this artifact would offer strong support to an inference of human occupation of MV-I at 33,000 BP.
However, Dillehay (1997:774–5) has hesitated to affirm the cultural status and ostensible antiquity
of the MV-I material.
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Even setting aside the ambiguous MV-I component, if MV-II is a human encampment, its expedient
lithic assemblage (so amorphous that it cannot be termed accurately either a “pebble tool” or “unifa-
cial” industry) is unique, as is its early date. The problems with samples, contexts, and associations,
that preclude acceptance of pre-11,500 BP 14C dates from other South American sites (e.g. El Abra,
Quirihuac, Muaco, Taima Taima) have been amply discussed by Lynch (1990) (see also Waters 1985). 

A REVISED, PRECISE CHRONOLOGY FOR CLOVIS: WHEN, EXACTLY, DID THEY ARRIVE?

Based on initial 14C results and Pleistocene stratigraphic research, Clovis was usually ascribed an
age of around 12,000–11,000 BP. In the early 1980s, averaging of replicate 14C dates on charcoal
samples from Paleoindian sites such as Lehner and Murray Springs, resulted in a tighter estimate for
the florescence of Clovis culture: 11,200–10,900 BP (Haynes et al. 1984; Haynes 1992). Dates for
Folsom sites sometimes overlapped with Clovis dates, in the range of 10,600–11,000 BP; but since
the Clovis mammoth kills were stratified below Folsom material at Blackwater Draw, it seemed cer-
tain that these cultures were successive, not contemporaneous.

Since the 1970s, archaeologists had realized that fluctuating ratios of 14C and 12C in the past had
affected 14C dates significantly, so that 14C ages were about 1000 years too young around 8000 BP.
Preliminary indications suggested that this difference narrowed in the early Holocene, so Paleoindian
specialists were not too concerned about the possible effects of calibration on their chronology. How-
ever, recent research has shown that late Pleistocene 14C dates are about 2000 years younger than cal-
endrical ages (for a detailed discussion, see Fiedel 1999a). Clovis-associated dates ranging from
11,300 to 10,700 BP correspond to a short period from about 13,200 to 12,800 cal BP (Taylor et al.
1996) (so it turns out that Antevs’s [1953] estimate was correct, after all). The earliest credible Clovis
dates of around 11,550–11,600 BP, obtained from the Aubrey site in northern Texas (Ferring 1995,
2001) and the Anzick burial in Montana (Sellars 1999), probably correspond to around 13,400 cal BP
(or possibly as early as ca. 13,650 [Friedrich et al. 2001:Figure 7]). However, these few early dates
may be misleading outliers. Tom Stafford (personal communication 2002), who ran the Anzick dates,
now regards the 11,550 ± 60 BP date as erratic, and prefers a date of around 10,700 BP. 

For the moment, the limit of precise calibration based on German tree rings (ca. 11,900 cal BP)
(Friedrich et al. 1999) falls just short of the era of Paleoindian migrations. Older, “floating” tree-ring
sequences of Bølling-Allerød age from Switzerland and Germany may soon be tied securely to the
later continuous sequence (Friedrich et al. 2001). Until then, there are several ways to translate 14C
dates of 12,000–10,000 BP into “real” calendrical or sidereal years (Table 1). Paired high-precision
TIMS U-Th and AMS 14C dates on corals (e.g. Burr et al. 1998) have some utility, but uncertainty
about late glacial fluctuations of localized marine reservoir effects limits their reliability. 14C dating
of terrestrial macrofossils (e.g. twigs) incorporated within varved lakebed deposits avoids this prob-
lem, but uncertainties in this method arise from the possibilities of missing or duplicated varves, ver-
tical displacement of dated samples, and also the evidently peculiar carbon contents of some plant
materials (Turney et al. 2000). Furthermore, the varve sequences need to be anchored to some fixed
event(s). The 14C-dated varves from Lake Suigetsu in Japan (Kitigawa and van der Plicht 1998, 2000)
and the varved marine sediments in the Cariaco Basin off Venezuela (Hughen et al. 1998, 2000) both
overlap the German dendrochronological record at the recent end, and can be tied to the latter by wig-
gle-matching the 14C dates. There is, nevertheless, an approximately 100-calendar-year offset
between Cariaco and Suigetsu dates. The Cariaco 14C dates are derived from marine foraminifera
embedded in the sediments, and therefore a correction for reservoir effect must be applied. Although
the assumption of an invariant local reservoir effect of 420 years throughout the late-glacial is defen-
sible (Hughen et al. 1998, 2000), the possibility of intermittent spikes cannot be precluded. 
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Temporal variations in thickness of the Cariaco varves (the “grey scale”) allow correlation with the
apparently synchronous fluctuations of oxygen isotope ratios in Greenland ice sheet cores. The rapid
onset (cooling) and termination (warming) of the Younger Dryas (YD) climatic episode are crucial
marker events for correlation of these records. Both events are clearly recorded as dramatic changes
in snow accumulation, temperature, chemical composition, and dust content, in both the GRIP and
GISP2 cores from the Greenland ice sheet. Based on counts of annual accumulation layers, the dates
for YD termination (the start of the Holocene) are ~11,550 ± 90 cal BP (GRIP) and 11,645 ± 200
(GISP2). Unfortunately, there is an unresolved 200-year discrepancy, centered on the 12,500–
12,800 cal BP span at the start of the Younger Dryas, between the two cores (Southon 2002). The
GISP2 date for YD onset is 12,940 ± 260 cal BP but the GRIP date is ~12,700 ± 100 cal BP. The
Cariaco date of around 12,950 cal BP supports the GISP2 date.   

Lakebed cores in northern Europe and northeastern North America also can be synchronized with
the ice core climate records by wiggle-matching fluctuations in oxygen isotope ratios (Schwander et
al. 2000; Yu and Eicher n.d.). These lakebed records show that both vegetation (as manifest in the
pollen record) and insects responded very rapidly to the Younger Dryas climate changes. In varved
lakebed sediments, once the marker of YD onset is recognized, decadal or annual chronological res-
olution of pollen sequences can be achieved, which renders less precise carbon dating superfluous.
It is important to realize, however, that almost all European analysts use the GRIP date of around
12,700 cal BP for YD onset. This can cause problems when lakebed data are combined with
INTCAL98 dates, which are based mainly upon the Cariaco varves (Stuiver et al. 1998).

The Lake Suigetsu record, and dated cores from several European lakes, indicate a date reversal or
short plateau about 150–200 years before the onset of the Younger Dryas (Goslar et al. 1999:33;
Andresen et al. 2000). This event is probably causally related to the brief (ca. 200-year) cold snap
within the Allerød called the Gerzensee oscillation or Intra-Allerød Cold Period (IACP). The initial
Cariaco Basin report (Hughen et al. 1998) seemed to show the same 14C event at 13,150 cal BP, but
the latest decadal sequence reveals no significant break in the 14C dates of around 11,300 BP for this
time (Hughen et al. 2000). Nevertheless, the date reversal at ~13,200 cal BP (GISP2) also appears in
14C dates from preserved tree stumps of the Bølling-Allerød period at Dättnau, Switzerland. K F
Kaiser (1989) has constructed a floating tree-ring chronology for these stumps. Kaiser suggests that
an 8-year period of thin rings represents the trees’ stunted growth in response to the eruption of the
Laacher See volcano in Germany. Tephra from this eruption (LST) serves as a stratigraphic marker
(carbon-dated to 11,230 ± 40 BP [Hajdas et al. 1995]) within varved lake bed sediments in Central
Europe. The thin rings at Dättnau provide a later date for the LST of 11,070 ± 60 BP, and German

Table 1 Comparison of radiocarbon and calendar year dates for deglacial events

Climate event GRIP GISP2
Cariaco 
(varves)

Cariaco 
(14C)

Central Europe
varves

Central Europe
dendro-

YD end 11,550 11,645 11,565 10,050 11,535 11,570
GS-1
YD onset 12,700 12,940 12,950 11,100 12,693−12,538
GI-1a warming 12,800−12,700 13,100−12,940 13,100−12,950 11,250−11,100
[LST eruption] — — [=13,130] [=11,300] 12,836 or 12,880 13,130

(=11,070 14C)
IACP or GI-1b 13,150−12,850 13,250−13,100 13,300−13,100 11,500−11,250 13,214−12,801
GI-1c
OD or GI-1d 14,050−13,900 14,100−14,000 14,100−14,000 12,300−12,100
GI-1e
Bølling onset 14,700 14,700 14,700 12,550
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poplars buried by the tephra have been dated to 10,986 ± 46 (Baales and Street 1996) and 11,063 ±
12 BP (Friedrich et al. 1999). 14C dates on Dättnau tree-rings from about 50 years before the LST are
in the range of 10,750–10,950 BP (Kaiser n.d.). Varve counts, as well as the Dättnau tree-rings,
show that the LST dates from roughly 190 years before the YD onset (i.e. 13,130 cal BP, using the
GISP2 date for YD of 12,940; or 12,836 cal BP [Schwander et al. 2000, using a GRIP and varve-
based date of 12,693 for YD onset]). For the moment, we are faced with an unexplained discrepancy
of about 250 14C years between the Cariaco varves (where 13,130 cal BP=~11,280 to 11,300 ± 50
BP) and the German trees. One possibility is that the oceanic reservoir effect in the Cariaco basin
changed significantly between 12,000 and 11,000 BP, so that the standard 420-year correction is not
applicable. For comparison, reservoir age in Pacific waters off the coast of British Columbia
increased by more than 50% (from 800 to 1250 years) during the same period (Kovanen and Easter-
brook 2002).

How does all this affect Clovis chronology? The most precisely dated Clovis sites are Lehner and
Murray Springs, both in Arizona. The 14C date for Lehner, averaged from 12 charcoal assays, is
10,930 ± 40 BP. The date for Murray Springs, averaged from eight assays, is 10,900 ± 50 BP
(Haynes 1993:221). The most precise of the Lehner dates are 10,950 ± 90 (SMU-290), 10,940 ± 100
(A-378), 10,950 ± 110 (SMU-194), and 10,710 ± 90 BP (SMU-340). The most precise date from
Murray Springs is 10,840 ± 70 BP (SMU-41). Based on the latest Cariaco data (Hughen et al. 2000),
both sites would fit within a tight calibrated interval ~12,900–12,850 cal BP. This would put them
about 100 years after the Younger Dryas onset. However, the most precise Folsom-associated date
is 10,665 ± 85 BP (SI-3732) from Agate Basin, and the average of six charcoal-derived dates from
the Folsom type-site is 10,890 ± 50 BP. The former date calibrates to about 12,820–12,650 cal BP,
while the latter is indistinguishable from the Murray Springs date. Thus, if the latest Cariaco calibra-
tion (Hughen et al. 2000) is correct for this period, western Clovis would be contemporaneous with
Folsom. This conclusion seems dubious on stylistic and stratigraphic grounds, so, pending further
elucidation of this interval, I prefer a pre-LST age for Clovis, ~13,200 cal BP. 

The cause of the Younger Dryas stadial remains to be determined. A popular theory attributes the
sudden temperature decline to a breakdown of the ocean’s thermohaline circulation system, perhaps
caused by Laurentian ice sheet meltwater pouring into the North Atlantic (Broecker et al. 1988). If
the ocean surface suddenly became colder, thus absorbing less atmospheric carbon, the same pro-
cess might account for the peculiar 14C increase that accompanies the YD onset. This increase of ca.
70 per mil is manifest as a jump in dates from about 11,100 to 10,700 BP in a century or less around
12,900 cal BP. After this steep decline, 14C dates within the Younger Dryas form a long plateau with
several descending steps: samples dating from ~12,750–12,650 cal BP yield dates of ~10,600 BP;
samples dating between ~12,650 and 12,150 cal BP produce 14C dates of ~10,400–10,500 BP; and
14C dates from the 12,150–11,800 cal BP span are ~10,200–10,300 BP. The last section of the pla-
teau extends beyond the YD termination (ca. 11,550 cal BP); 14C dates for samples in the interval
from 11,800 to 11,250 cal BP are ~10,150–10,000 BP (Hughen et al. 2000).

The climatic effects of the Younger Dryas are most evident along the rim of the North Atlantic. As
one moves away from this area, the effects become more subtle and may be obscured by lack of res-
olution and dating problems in pollen cores (Yu 2000; Yu and Wright 2001). It is also likely that
regional effects may have been out of phase because of changes in air circulation patterns. The black
mats recognized by Haynes (1991b etc.) in the Southwest and southern Plains probably mark the
onset of the regional equivalent of the YD (Fiedel 1999a). However, we cannot be sure that they are
exactly synchronous with YD onset in the North Atlantic; calibration using the new Cariaco data
(Hughen et al. 2000) would imply that the black mats date to about 100–200 years after the isotope
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signature of YD onset in the Greenland ice cores. Clovis artifacts and mammoth skeletons occur just
beneath the black mats, but never above them; Folsom points are always within or above the mats.
As these features are attributable to increased spring discharge (Quade et al. 2000), they imply a
higher water table, increased precipitation, and reduced evaporation, i.e., relatively wet and cold
conditions. Globally, however, the YD is characterized as a generally dry period.

Only in the Northeast is there the potential to establish an unambiguous stratigraphic correlation of
the YD, sensu strictu as a North Atlantic rim phenomenon, and Paleoindian occupation. The 14C
dates of ~10,600 BP (~12,750 cal BP) from the Debert site (MacDonald 1968) suggest that it was
occupied just after the YD onset. Recognition of permafrost effects at the site supports this interpre-
tation. However, Bonnichsen and Will (1999) have raised doubts about dates from Debert and other
Paleoindian sites in the Northeast, suggesting that presumed cultural features may actually be tree-
burns that are unrelated to human activities. They contend that the climatic stress and regional arid-
ity of the YD may have rendered trees more susceptible to fire. This argument seems dubious in the
case of Debert, where the clustering of artifacts and charcoal features in “hot spots” (MacDonald
1968) is not easily explained away as fortuitous.

A spectacular cache of giant Clovis points at the East Wenatchee site in Washington State lay
directly upon sediments that contained particles of Glacier Peak tephra (Mehringer and Foit 1990).
Haynes (no date) fancifully speculates that the cache might have been a ritual offering to appease the
spirits responsible for the eruption that the Paleoindians had just witnessed. This tephra is wide-
spread in the Northwest and northern Plains. In several lake beds, dates for Glacier Peak tephra lay-
ers (actually representing three sequential eruptions—G, M, and B—that are chemically indistin-
guishable) cluster around 11,200 BP (Mehringer et al. 1984; Foit et al. 1993). At Indian Creek,
Montana, the tephra date is reported as 11,125 ± 130 BP, and a Clovis occupation stratified above it
was dated to 10,980 ± 150 BP (Davis 2001). It is possible that minute particles of volcanic glass
from the Glacier Peak eruptions were aerially transported to Greenland and deposited in the ice. Par-
ticles traceable to the eruption of Mount Mazama, another volcano in the Cascade Range, have
recently been detected in the annually layered GISP2 core, and allowed precise dating of that event
(7627 ± 150 cal BP) (Zdanowicz et al. 1999). Diagnostic particles from the Laacher See volcano,
virtually contemporaneous with Glacier Peak, might also be identified. Barring that, chemical sig-
natures of these events (sulfate peaks) may be identifiable in the ice. Curiously, so far there are no
reported signatures of eruptions in the GISP2 core dating between 13,553 and 13,084 cal BP (Zie-
linski et al. 1996). Finding ice core records of the Laacher See and Glacier Peak eruptions within this
interval would accomplish a neat correlation of Old World and New World chronologies.

CLOVIS ORIGINS: ASIA, BUT WHERE EXACTLY? 

Wide (probably premature) acceptance of Monte Verde as a valid pre-Clovis site has thrown Pale-
oindian studies into disarray, with many calling for new models and even a new “paradigm” in the
wake of the perceived collapse of the Clovis-first scenario. If Monte Verde was occupied by hunter-
foragers before 12,000 BP (ca. 14,100 to 13,500 cal BP), ancestors of this population previously
must have traversed either the coast or interior of North America (perhaps decades, perhaps millen-
nia earlier) (Meltzer 1997). However, no proven sites of comparable or greater antiquity have been
found in North America, and no similar lithic industry has been identified in any potential Asian
ancestral region. Apart from the well-made bifaces, the extreme simplicity of the Monte Verde
“tools” is only vaguely reminiscent of the simple flake and core industries of Southeast Asia and
Australia. In view of the dissimilarity of Monte Verde and Clovis points, and the absence from the



Human Colonization of the Americas 415

MV-II assemblage of formal endscrapers, sidescrapers, gravers, or blades, it is difficult to envision
a common ancestral tradition that might have spawned such profoundly different cultures. 

For now, I will leave Monte Verde hanging in limbo, due to its unacknowledged or unresolved prob-
lems of documentation (the most serious of which still have not been addressed in the new volume
of errata [Dillehay 2002]). Nevertheless, if one were to take the 14C dates from Cactus Hill and
Meadowcroft at face value, they would indicate that a population with Upper Paleolithic-style biface
and blade technology, but lacking fluted points, was present in eastern North America around
15,000 BP (ca. 18,000 cal BP). Such an industry could be termed “proto-Clovis,” on the assumption
that, with the addition of fluting and a few other distinctive stylistic elements, Clovis could have
developed from it (Carlson 1991; Haynes 1987, Fiedel 1999a, 2000). Even if those early dates are
rejected as aberrant and implausible, the stratigraphy at Cactus Hill suggests that an assemblage of
proto-Clovis aspect may have preceded Clovis by at least a few hundred years. Again, taking dates
and association at face value, the artifacts associated with the Wisconsin mammoths imply a human
presence around 12,400 BP.

If all of these cases are set aside as ambiguous and still unproven, the logical problem remains of
deriving Clovis from some earlier culture. The hypothetical ancestral culture(s?) must be sought in
Northeast Asia, Alaska (i.e. eastern Beringia), or somewhere in North America, south of the former
glacial front (but, as an American proto-Clovis culture could hardly be autochthonous, one would
still be compelled to seek its precursor in the Old World). Recently, Stanford (1998) and Bradley
have revived the old idea (e.g. Greenman 1963) that Clovis was derived from the Solutrean culture
of Iberia. Apart from other implausible aspects of this theory, temporal discontinuity alone pre-
cludes a direct Solutrean-Clovis connection. In western Europe, the Solutrean complex is succeeded
by the Magdalenian ~16,500 BP (19,000 cal BP), some 6000 years before Clovis appears in North
America. The stylistic similarities (e.g. outre-passé flaking) between Paleoindian points and
Solutrean bifaces are more credibly attributed to convergence (Straus 2000). 

Recent genetic analyses (e.g. Underhill et al. 2000; Ingman et al. 2000) indicate that ancestors of
anatomically modern Eurasian Homo sapiens emigrated from Africa about 55,000 years ago and
replaced archaic Homo populations. The appearance of Upper Paleolithic toolkits, dominated by
blades, generally (but not always) marks the arrival of Homo sapiens. Such blade-dominated assem-
blages, along with bone tools and ornaments, abruptly replace Levallois-Mousterian industries in
southwestern Siberia about 43,000–35,000 BP (Goebel 1993; Goebel and Aksenov 1995), although
the Mousterian may have persisted in the Altai mountains to as late as 29,000 BP (Kuzmin and
Orlova 1998). If 43,000 BP (ca. 46,000 cal BP?) is the date of entry of Homo sapiens into Northeast
Asia, it represents the earliest possible baseline for Paleoindian ancestry.

Both mtDNA and Y-chromosome haplotype distributions in extant human populations point to the
region surrounding Lake Baikal as the ancestral homeland of Native Americans (or at least, the last
surviving pocket of a once more widespread ancestral Northeast Asian population, subsequently dis-
placed elsewhere in the region). A minor genetic input from the Lower Amur region can also be
traced (Karafet et al. 1999; Lell et al. 2002). Almost all Native Americans belong to one of four
mtDNA haplogroups (A, B, C, and D), each representing a female descent lineage. A small percent-
age of Native North Americans belong to a fifth haplogroup, X, which is also present in European and
Near Eastern populations and has recently been found in southern Siberian natives (Brown et al.
1998; Derenko et al. 2001). The ubiquitous occurrence of the five haplogroups is probably the result
of a single migration by a group initially containing all these Asian-derived haplotypes (Merriwether
et al. 1994; Kolman et al. 1996; Malhi et al. 2002). Although the four major Amerind haplogroups are
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widespread in East Asia, only in south-central Siberia (Tuva) and Mongolia do they co-occur and
characterize a large percentage of the present population (Derenko et al. 2000; Schurr 2000). Several
recent analyses of Y-chromosome structure (Underhill et al. 1996; Bianchi et al. 1997, 1998; Santos
et al. 1999) have indicated that all the male descent lineages in the Americas similarly converge
toward a single ancestral population. Southern/central Siberia seems to be the area where two ances-
tral gene pools overlap: one that encompasses the female lineages of America, northern China and
Mongolia, and the other, a male lineage that is ultimately related to the ancestors of modern Europe-
ans, and not to East Asian Mongoloids. Perhaps, Paleoindian ancestors emerged as the product of
genetic and cultural exchanges around Lake Baikal between proto-Mongoloid natives (mainly
females?) and proto-Caucasoids (mainly males?) who carried the Russian Upper Paleolithic complex
into the region along with Y haplotype 10 or M45 (Semino et al. 2000) and mtDNA haplotype X.

The ongoing controversy over the racial identity and final disposition of “Kennewick Man,” a skel-
eton from Washington dated to 7900 BP (8900 cal BP) (Chatters 2000), has revived interest in the
small number of North and South American skeletons that date from the early Holocene. Some
physical anthropologists, abetted by a credulous press (e.g. Rensberger 1997), have indulged in
speculation about the supposed relationships of Kennewick Man to Polynesians, and of “Luzia,” a
ca. 10,500 BP Brazilian, to Australians, Melanesians, or Africans (Neves et al. 1998). In fact, despite
all the pre-Clovis hysteria, not much is new. Paleoindians as well as Archaic Indians tended to have
longer and more rugged heads than their descendants (Steele and Powell 1992, 1994), a poorly
explained tendency that is also well-known in Old World populations (Howells 1967:283). Amerind
skulls sometimes display superficial resemblances to other human populations, apart from the clas-
sic or specialized Mongoloids of eastern Asia (Howells 1967:296,307). The skeletal record of the
latter population is actually very sparse. The earliest known modern sapiens specimens in northern
China are still the three individuals from Zhoukoudian. They are probably not much older than
10,000 BP, yet they do not display the typical features of modern Mongoloid peoples (Cunningham
and Wescott 2002). 

They are an odd group. The male skull strongly suggests the Upper Paleolithic men of Europe. One of the
women looks faintly Negroid (‘Melanesian’ Dr. Weidenreich called her). The other woman looks Eskimo-
like…. Now it is characteristic of Indian populations, with their nondescript cranial form, to give such pale
imitations of other racial types…. Actually, this apparently strange assortment in the Upper Cave really
looks like a group of American Indians (Howells 1967:307).

It is only around 7000 BP that Chinese Neolithic skeletons appear indisputably Mongoloid (Brown,
in press 1999; Kamminga and Wright 1988). Since the ancestors of Paleoindians undoubtedly had
left Asia prior to 11,000 BP (13,000 cal BP), we should not expect the earliest people in the Amer-
icas to closely resemble the more recent North Asian Mongoloids (Lahr 1995). Like the group
responsible for the Zhoukoudian burials, the founding Paleoindian band must already have con-
tained a fair amount of both genetic and phenotypic diversity. Geographic and genetic isolation of
far-ranging groups after several generations may have accentuated their pre-existing differences,
resulting in the eight distinctive North American cranial types that were recognized by Neumann
(1952). Isolation and drift after the rapid expansion, at 13,000 cal BP, of speakers of a presumed
ancestral Amerind language (Greenberg 1987; but see Goddard and Campbell 1994) also could have
produced the 7 distinct macrophyla that linguists recognize in North America: Uto-Aztecan, Hokan,
Penutian, Macro-Siouan, Algonquian, Na-Dene (Athapaskan), and Eskimo-Aleut. 

The available genetic data compel us to seek archaeological traces of Paleoindian ancestors in the
Trans-Baikal region. Reliable early dates from Upper Paleolithic sites near Lake Baikal and the
upper Lena River suggest initial occupation around 37,000 BP, and there are numerous dates of
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~23,000–26,000 BP (Kuzmin and Orlova 1998; Kuzmin and Tankersley 1996). The site of Mal’ta,
best known for its carved ivory figures of swans and of humans in parka-like clothing, has yielded
dates of ~20,000 BP on bone samples. About 900 km to the east, in the Aldan River area of Yakutia,
Ust Mil 2 and Ikhine 2 may have been occupied as early as 30,000–35,000 BP, but this dating is sus-
pect (Yi and Clark 1985). A more secure date for initial settlement of this region may be the 18,300
± 180 date on wood from Verkhne-Troitskaya; after this isolated date, the next good dates are 15,200
± 300, on charcoal from Avdeikha, and 14,000 ± 100, also on charcoal, from Dyuktai Cave, level 7b.
Goebel (1998) suggests that at the glacial maximum, around 18,000 BP (22,000 cal BP), Siberia
became so cold that it was virtually uninhabitable, and former residents retreated southward.

Just east of the Aldan sites, the Verkhoyansk Mountains seem to mark an ecological boundary (Hof-
fecker et al. 1993), which apparently was not breached by western Siberian people until the sudden
global warming at 12,500 BP (14,700 cal BP). Only two sites tentatively dated to about 13,000–
11,000 BP are known from this far northeastern section of Siberia (or western Beringia): Berelekh
(Mochanov and Fedoseeva 1996a) and Bolshoi Elgakhchan (Kiryak 1996).

The early Siberian Upper Paleolithic toolkits were dominated by macroblades, but it appears that,
perhaps as early as 24,000 BP (Kuzmin and Orlova 1998) and certainly by ~18,000 BP (Goebel et
al. 1991, 2000), microblade-dominated assemblages of the Dyuktai culture (Mochanov and Fedose-
eva 1996b) were prevalent all over Northeast Asia. Dyuktai assemblages also typically include well-
made bifaces. The latter are credible prototypes for Paleoindian bifaces, although the Asian points
were not fluted. A crudely, probably accidentally fluted point has recently been reported from the
site of Uptar in Siberia, but it is a unique specimen in a context that may not be much older than 8300
BP (King and Slobodin 1996). Another striking difference between Dyuktai and Paleoindian assem-
blages is the absence from the latter of microblades and the small boat- or wedge-shaped cores from
which they were struck. Most archaeologists view this distinction as so significant that it would
appear to preclude Dyuktai as a candidate for Paleoindian ancestry. 

In contrast, the Dyuktai roots of the Paleoarctic tradition or Denali complex of Alaska (eastern Ber-
ingia) are universally acknowledged. Paleoarctic lithic assemblages contain the same kinds of
microblades and cores as Dyuktai. F H West (1981, 1996) has been the foremost proponent of the
view that the Paleoarctic tradition gave rise to Clovis (see also Carlson 1991 and Morlan 1991). He
is compelled to admit that the complete abandonment of microblade technology by Clovis is a prob-
lem, but suggests that a sort of cultural mutation must have occurred, perhaps during the passage
through the ice-free corridor. 

Critics of West’s model have objected that the Paleoarctic tradition is too late to be ancestral to Clo-
vis, because it dates after 10,700 BP in Alaska (Hoffecker et al. 1993:51). They identify the slightly
earlier Nenana complex of central Alaska as a more credible Paleoindian ancestor because 1) it
seems to be marginally earlier than Clovis, and 2) it contains various tools on blades and flakes, not
microblades. However, there is still the small problem of fluted points. Nenana assemblages do
include small triangular and teardrop-shaped (Chindadn) points, but these are a far cry from classic
Clovis fluted points. It is even possible that Nenana is only a contemporaneous functional variant of
Denali, and not a separate culture at all. This possibility is raised by recently reported dates of
~11,680 BP for a Nenana-like component with microblades at Swan Point in the Tanana Valley
(Holmes 1998). Elsewhere, however, stratigraphic and chronological separation of Nenana assem-
blages, lacking microblades, from later Denali assemblages is clear. At Dry Creek, for example, a
Nenana assemblage (dated 11,120 ± 85 BP) is stratified below a Denali component (10,690 ± 250
BP) (Goebel et al. 1991). The earliest occupation level at Broken Mammoth, about 15 km west of
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Swan Point, dates to around 11,770 BP (Holmes 1996), and there are two dates of around 11,600 BP
from the Mead site, about 1 km north of Broken Mammoth (Hamilton and Goebel 1999). These 14C
dates, associated with rather meager and typologically indeterminate lithic assemblages, push the
initial colonization of central Alaska back to around 13,400–13,800 cal BP. Another early Alaskan
culture is represented by unfluted, Agate Basin-like points at the Mesa site. Most dates from this site
are around 10,000 BP, but one hearth (perhaps a remnant of an earlier Paleoarctic occupation) pro-
duced dates of 11,660 ± 80 and 11,190 ± 70 BP on a single split charcoal sample (Kunz and Reanier
1994).

In sharp contrast to Clovis, there is no evidence of mammoth-hunting at any of the early Alaskan
sites. Mammoth ivory artifacts are present, both at Broken Mammoth and Swan Point, but in each
case, 14C dates have shown the ivory to be centuries earlier than the other material at the site. The
inhabitants seem to have been scavenging the tusks of long-dead mammoths as raw material for
tools. They were actually hunting elk, bison, sheep, and smaller game, particularly waterfowl, which
account for about 40% of the meat (Yesner 1998a). If mammoths actually had vanished from eastern
Beringia before Nenana people arrived (but see Lea 1996), it is reasonable to suppose that the inven-
tion of the Clovis point and its related delivery system (bone foreshafts, etc.) resulted from their ini-
tial encounter with living mammoths, south of the ice sheets (Pearson 1997).

If we reject the proposition that Clovis mutated, perhaps by a cultural founder effect, from the Dyuk-
tai-Paleoarctic microblade tradition, can Clovis be credibly derived from some other ancestral lithic
tradition in Asia? Several authors have looked westward to the Russian Upper Paleolithic. Sites of
the Streletskayan complex, dated around 35,000–24,000 BP (Bradley et al. 1995), contain bifacially
thinned triangular points and retouched blades that resemble both Nenana and Clovis tools (Haynes
1982; Pearson 1997; Bradley 1997). However, these sites, north of the Black Sea, are thousands of
kilometers west of Beringia, and some 14,000 or more years earlier than Clovis. The Mal’ta-Afon-
tova sites of the Lake Baikal and Yenisei regions are eastern outliers of this Russian Upper Pale-
olithic tradition; at Mal’ta, it may have lasted beyond 15,000 BP. The Ust’-Kova site in the northern
Angara region of central Siberia, dated to 23,920 ± 310 BP, contains a blade-dominated industry,
with bifaces, that has been compared to Nenana assemblages (Goebel et al. 1991) and also to Clovis
(Tankersley et al. 1996).

In view of the oft-remarked similarities of the Zhoukoudian Upper Cave skulls to Amerinds, perhaps
we should not exclude northern China from consideration as the Paleoindian homeland. Recent
research there has shown that assemblages containing mainly macroblades and leaf-shaped bifaces,
along with some microblades, were present at 12,700 BP, but that the microlithic element became
predominant after 11,600 BP (Elston et al. 1997). Upper Paleolithic emigrants moving north from
China (perhaps spurred by competition from the people who made microliths and the earliest ceram-
ics, dated around 13,000 BP in the Amur basin [Kuzmin and Orlova 2000]) might have traveled
northeast through the Amur River Basin in the Russian Far East and along the western side of the
Sea of Okhotsk before arriving in Kamchatka (this route was the one favored by Chard 1960). 

Some Upper Paleolithic assemblages from the Russian Far East (e.g. Ustinovka 1, ca. 16,000–
10,000 BP [Vasilievsky 1996]) are vaguely similar to Paleoindian toolkits. However, microblades
seem to have become part of the regional lithic tradition as early as 24,000–20,000 BP (Derevianko
1989).

The enigmatic Ushki Lake sites of central Kamchatka may have some bearing on this migration sce-
nario. Layer 7, the lowest occupation level at Ushki I, contained stemmed bifacial points, one leaf-
shaped point, burins, end and side scrapers, and stone beads. Notably absent are microblades and
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wedge-shaped cores, which occur in the overlying Layer 6 (Dikov 1996; Dikov and Titov 1984).
Dates of 14,300–13,600 BP (ca. 17,000–16,000 cal BP) were obtained for Layer 7, as well as an
anomalous date of 9750 BP (Hoffecker et al. 1993). Layer 6, only some 30 cm above Layer 7, has
produced dates of 10,860 to 10,360 BP (12,900–12,000 cal BP). The ostensibly lengthy hiatus
between occupations has raised some doubt about the accuracy of the Layer 7 dates. Indeed, new
dates put Layer 7 at ~11,300 BP (Goebel et al. 2002). Although the Ushki assemblage does not look
much like Clovis, at least it seems to show that non-microlithic cultures were present in Northeast
Asia at the time of Clovis ancestors’ emigration.

Based on the meager extant data from Northeast Asia and Beringia, three different origins can be
hypothesized for Clovis: 1) Clovis developed around 13,400 cal BP (11,600 BP) from Nenana
(Goebel et al. 1991; Yesner 1998b), which in turn had developed from some as yet-unidentified,
Ushki-like macroblade tradition of eastern Beringia; 2) Clovis arose by dramatic transformation of
an offshoot of the Dyuktai/Paleoarctic tradition, with sudden loss of microblade technology (West
1996); and 3) Earliest Clovis was a distinct culture of northern Alaska, ultimately derived from a
Siberian or northern Chinese macroblade/biface tradition, and while perhaps distantly related to
both Nenana and Paleoarctic cultures, did not develop from either. Under hypotheses 1) and 2), the
differentiation of Clovis from the ancestral cultures would most likely have occurred after emigra-
tion southward from Beringia, either during the trek through the ice-free corridor or somewhere in
North America, south of the ice sheets. This scenario has the obvious corollary that pre-Clovis or
proto-Clovis microblade or Nenana-like assemblages will be found in North America—something
like Cactus Hill, perhaps. Under the third hypothesis, earliest Clovis sites would be found in Alaska,
and Clovis would appear full-blown, without local antecedents, south of the glaciers.     

Unfortunately, the small fluted points found in northern Alaska, on the surface or in shallow mixed
contexts, cannot be dated (Clark and Clark 1983; Reanier 1995; Hamilton and Goebel 1999). They
are usually considered to represent a northward reflux of relatively late (ca. 10,500 BP?) Paleoindi-
ans from the northern Plains (Clark 1991; Dixon 1999:181–9). However, the multiple fluting and
inverted-v-shaped basal concavities that characterize the Alaskan points are diagnostic of neither the
Folsom nor Goshen point-making traditions that prevailed in the northern Plains from around 10,900
to 10,000 BP. These attributes occur instead in California and Mid-Atlantic fluted points (Anderson
and Faught 1998) that may be relatively early; multiple flutes also occur on Clovis-like points from
Guatemala and Chile (Lynch 1983:97,104). It is unclear why any late Paleoindian hunters would
have been drawn back to the far north during the Younger Dryas; bison, their preferred prey, did not
migrate north. A southern Paleoindian migration into Alaska would have been difficult at 10,500 BP,
because these immigrants would have confronted expanding Paleoarctic Denali populations. As an
alternative to the dominant view, the geographic segregation of fluted point finds in northern Alaska
from the Nenana sites in central Alaska, might be interpreted as indicating two contemporaneous but
distinct cultures ~11,600 BP (13,400 cal BP). If dubious identifications of mammoth residues on
Alaskan points could be confirmed (Loy and Dixon 1998), the case for a northern Alaskan (or east-
ern Beringian) emergence of basic Clovis lifeways would be strengthened. 

On the assumption that ancestral Paleoindians from Alaska passed through a widening ice-free cor-
ridor ~11,600 BP (ca. 13,400 cal BP), we might expect to find proto-Clovis or earliest Clovis sites
at the southern end of the corridor, in the northern Plains. Although there are many stray fluted point
finds from Alberta (Ives et al. 1993), including a “stubby” type that is a plausible transitional form
from Nenana triangular points, only one point has been found in a datable context in western Can-
ada. This small fluted (or basally thinned) point from Charlie Lake Cave, British Columbia, was in
a level that yielded three dates on bison bone collagen: 10,770 ± 120, 10,450 ± 150, and 10,380 ±



420 S J Fiedel

160 BP (Fladmark et al. 1988). While these dates suggest a probable Younger Dryas age for the
occupation, as they are collagen-derived they might actually be too young. A Clovis-era age is thus
not excluded (recall that some Clovis sites, including the Anzick child burial, have yielded ca.
10,700 BP dates!).

A proto-Clovis assemblage might look like the material from Cactus Hill, with its unfluted points,
small blades, and conical cores (McAvoy and McAvoy 1997). Bladelets also occur in a probably
early Clovis assemblage at the Big Pine Tree site in South Carolina (Goodyear 1997), and in Stratum
IIA at Meadowcroft Rockshelter. Or, Clovis precursors might have produced the artifacts found at
Santa Isabel Iztapan, near Mexico City, in the early 1950s (Aveleyra 1956). Both an unfluted lan-
ceolate point and a bipointed laurel leaf or Lerma-like point were found there among the bones of a
single mammoth. This faunal association strongly suggests a pre-Younger Dryas age, although the
14C date reported in the 1950s was only ~9250 BP (MacNeish 1983). The lanceolate is a plausible
prototype for Clovis (Haynes 1987), while the laurel leaf form, made by the same band of hunters,
could be ancestral to the El Jobo points of South America (Pichardo 2000). 

A few dates from other areas hint at a human presence around 12,000 BP (ca. 13,500–14,000 cal
BP). In Florida, a wooden stake inserted, perhaps by human action, into a tortoise shell in the Little
Salt Spring sinkhole, yielded a date of 12,030 ± 200 BP (but the shell itself is much older, 13,450 ±
190 BP) (Clausen et al. 1979:611). Several dates for Zone D of the Page-Ladson site, which con-
tained an ostensibly incised mastodon tusk, ranged from 13,130 ± 200 to 11,770 ± 90 BP (Faught
1996:162). In the absence of a definitely associated lithic industry, the affiliations of this dimly per-
ceived occupation remain obscure. 

Similarly, the early dates of 11,840 ± 130, 11,700 ± 95, and 11,450 ± 110 BP, reported for the “pre-
Folsom” level at Agate Basin in Wyoming (Haynes et al. 1984) cannot yet be tied to early Clovis or
to any other culture. It should be noted that dates associated with unfluted lanceolate Goshen points
in the northern Plains range from about 10,200 BP (Donohue 1998) as far back as 11,570 ± 170 BP
(Frison 1991, 1993, 1996) or ~13,400 cal BP. If the earlier dates are not erroneous (lignite contami-
nation is suspected at the Mill Iron site) Goshen might be ancestral to Clovis, or else some still ear-
lier common ancestral culture, without fluted points, remains to be found.

Several groups of diverse Beringian ancestry may have undertaken exploratory forays throughout
North and South America after 14,700 cal BP. However, in the period of climatic oscillation after
~13,400 cal BP (11,500 BP), the people who made Clovis points and associated tools perhaps
enjoyed a unique technological/adaptive advantage (as efficient mammoth-killers?) over any poten-
tial competitors, and rapidly expanded their range throughout North America. In Central America,
stylistic drift resulted in emergence of the fishtail point variant (probably derived from southeastern
Clovis) (Morrow and Morrow 1999; Pearson 1998). People who made fishtail points reached Tierra
del Fuego by about 13,000 cal BP. If they encountered a precursor population of the El Jobo complex
in South America (which still seems improbable), they either absorbed or replaced them. Continuing
stylistic drift and isolation, coupled with rapid adaptation to diverse and changing terminal Pleis-
tocene environments, probably resulted in emergence of distinctive regional styles (e.g. Monte
Alegre in Brazil, Paijanense in coastal Peru, Dalton in the southern Midwest, etc.) by ~12,500 cal BP.

MIGRATION ROUTES: COAST OR INTERIOR?

The first successful human colonization of Beringia probably occurred soon after the onset of the
Bølling-Allerød period (14,700 cal BP, ca. 12,500–12,900 BP), when temperatures rose abruptly in
the northern hemisphere. By 12,500 BP, summers in Beringia were as warm as they are today (Elias
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2000). Rising temperatures and increased insolation caused rapid retreat and melting of the great ice
sheets. Although the late Pleistocene geology of western Canada is still somewhat debatable, there
is a consensus that the Laurentide and Cordilleran glaciers had coalesced during the Last Glacial
Maximum (22,000–19,000 cal BP). The Cordilleran glacier already was shrinking along its western
margin at 13,300 BP (ca. 16,000 cal BP) (Cowan and Bornhold 1998). The Laurentide ice sheet suf-
fered catastrophic ablation around 12,500 BP, causing a global meltwater pulse (MWP IA) in the
ocean (Fairbanks et al. 1992; Sowers and Bender 1995). In the southern Pacific, MWP IA is mani-
fest as a rapid 16-meter rise in sea level between 14,600 and 14,300 cal BP (Hanebuth et al. 2000).
As the ice sheets receded, an “ice-free” corridor opened between them, filled with meltwater lakes.
14C dates from these lakes are often unreliable, due to hardwater effects and bulk samples. In any
case, it seems a safe assumption that a corridor was open soon after the documented Laurentide abla-
tion, around 12,500 BP, and revegetation of the barren landscape was probably rapid. A vegetative
cover of herbs, grasses, sedges, mosses, and algae is reconstructed for the southern end of the corri-
dor at 12,000–11,700 BP (Ives et al. 1993). Mammoth, horse, camel, elk, and musk-ox bones occur
in late Pleistocene terraces of the Peace River valley in Alberta, leading Fladmark et al. (1988:382)
to conclude that “the later stages of the ice-free corridor clearly were not inhospitable.”

The ice-free corridor has long been regarded as the most likely route of Paleoindian entry into North
America. Despite recent advocacy of an alternative coastal migration route (Fladmark 1979, 1983;
Gruhn 1988, 1994; Fedje et al. 1996; Josenhans et al. 1997; Mandryk 1998; Dixon 1999, Fedje and
Josenhans 2000) the corridor remains a viable option (Jackson and Duk-Rodkin 1996; Ives et al.
1993; Wilson and Burns 1999).

Advocates of a coastal migration (e.g. Dixon 1999:249) often cite Monte Verde (Dillehay 1997).
However, if it really is a human habitation site (see Fiedel 1999b for a skeptical assessment), Monte
Verde offers no evidence of a marine orientation. It sits beside a creek, some 20 miles from the
Pacific shore. The faunal assemblage includes no fish or marine shellfish (Dillehay 1997:674). Only
the presence of seaweed suggests that the inhabitants ever visited the shore. Not the subsistence pat-
tern, but only the early date of Monte Verde (ca. 12,500–12,000 BP) might imply a coastal route,
because it leaves so little time for a long overland journey from a just-opened and inhospitable cor-
ridor almost to the tip of South America. Furthermore, the absence of any similar sites of compara-
ble antiquity in North America can be conveniently explained by supposing a journey by boat that
left no traces on the land.

Without a pressing need to account for the chronological and cultural anomaly of Monte Verde, the
search for a coastal migration route loses its urgency. Granted, recent research suggests that the coast
of western Canada may have offered migrants a more attractive landscape than the ice-free corridor.
Coastal ice had receded from most areas of British Columbia and Alaska by 14,000 BP (ca. 16,500
cal BP), and these areas were vegetated by 13,000 BP (Josenhans et al. 1997). Drowned Late Pleis-
tocene coastal landscapes have been recognized at a depth of more than 150 m in the waters off the
Queen Charlotte Islands, and a single basalt flake, estimated to date to ca. 10,200 BP, was recently
dredged up from this context (Fedje and Josenhans 2000). Bears were living on Prince of Wales
Island by 12,300 BP (Heaton et al. 1996). If these omnivores could thrive on the coast, so too, per-
haps, could people. But, mere potential for habitation is one thing, archaeological demonstration is
something else entirely. Despite years of contracted and academic survey work, neither the North-
west nor California coast has yet produced a single credible pre-Clovis site. Coastal route advocates
lament that Holocene sea-level rise has drowned the evidence that would prove their case. However,
there are elevated headlands along the Alaska coast that would have been habitable in the late Pleis-
tocene (Yesner 1998a), and on the coast of mainland British Columbia, some near-coastal Pleis-
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tocene areas now sit more than 200 m above the present sea level, because of isostatic postglacial
uplift (Josenhans et al. 1997:74). No early sites have yet been identified in these areas. In any case,
as Meighan (1983) and Dillehay and Meltzer (1991:291) observe, even if the littoral-focused sites of
coastal foragers are now underwater, their subsistence-settlement system probably also had an inte-
rior aspect, which should be archaeologically recoverable. 

The earliest known lithic industries on the North Pacific coast are no older than 9800 BP (about
11,200 cal BP, or 2,000 years later than Clovis). Lithic assemblages in the Alexander Archipelago
in southeast Alaska date to 9500–9000 BP (Ackerman 1992). In Gwaii Haanas, off the British
Columbia coast, the earliest microblades and bifaces date to about 9400 BP (Fedje et al. 1996). On
Prince of Wales Island, the same cave (49-PET-408) that yielded 12,300 BP bear bones contained
human bones, but the latter date only to around 9800 BP (or ca. 9200 BP, corrected for marine res-
ervoir effect [Dixon 1999:118]). At Namu, on the central British Columbia coast, an assemblage of
unifacial pebble tools, leaf-shaped, unstemmed bifaces, scrapers, and gravers, dates from 9720 ±
140 BP (Carlson 1998). In western Oregon, the earliest site near the coast (50 km inland) dates to
barely 9000 BP.   

In California, numerous claims of great antiquity for both alleged stone tools (e.g. Calico Hills) and
for human skeletal remains (e.g. Sunnyvale, Del Mar, Yuha), have been effectively refuted (e.g.
Meighan 1983; Stanford 1983; Taylor et al. 1985; Taylor 1991:90). In fact, there is now no unam-
biguous evidence of pre-Clovis people in coastal (nor interior) California. Although numerous Clo-
vis points have been found on the surface at California interior sites (e.g. Borax Lake), only a few
isolated fluted points have turned up near the coast (Erlandson 1994). Excavations at Daisy Cave on
San Miguel Island (Erlandson and Moss 1996, Erlandson et al. 1996, Erlandson 1998) show that the
Channel Islands off southern California were occupied by 10,400 BP. New 14C dates of ~11,000 BP
have been obtained for Arlington Springs Woman, a partial skeleton excavated in the 1960s on
nearby Santa Rosa Island (Wisner 1999; Stafford et al. 2002). This makes her a possible Clovis con-
temporary, but not a predecessor. Claims of association on Santa Rosa Island of ostensible artifacts
and hearths with bones of pygmy mammoths, dated around 40,000–12,000 BP (Orr 1968), have not
withstood close scrutiny (Stanford 1983:71; Waters 1985:132; Cushing et al. 1986). The first nearly
intact skeleton of a pygmy mammoth was found on the island in 1994. It is a very aged individual,
who seems to have died naturally and was not dismembered or butchered by humans. A 14C date of
about 12,840 BP has been reported (Agenbroad et al. 1995). A renewed effort to date other pygmy
mammoths might yield interesting results, as a test of the coastal hypothesis. Island fauna are gen-
erally hunted to extinction soon after humans arrive (e.g. moas in New Zealand [Holdaway and
Jacomb 2000]). The age of the last pygmy mammoth should tell us when humans first occupied the
coast of southern California (Johnson 1983:513; Meighan 1983:450). A pygmy mammoth vertebra
recently has been dated to ~11,030 BP (Agenbroad 2002).

Two sites found recently in southern Peru, which offer clear evidence of surprisingly early intensive
use of marine resources, have been cited in support of a coastal migration model. At Quebrada
Tacahuay, a hearth dated to around 10,530–10,770 BP (ca. 12,300–12,850 cal BP) was associated
with bones of cormorants, other birds, anchovies, and sea mammals (Keefer et al. 1998; deFrance et
al. 2001). Quebrada Jaguay 280, located 220 km to the north, is of similar antiquity; the lowest level
yielded dates of 11,088 ± 120 and 11,105 ± 260 BP, and the overlying layer dates to ~10,700 BP
(Sandweiss et al. 1998, 2000). The dated levels contained remains of drumfish and clams. At Que-
brada Jaguay 280, obsidian was found, that can be traced to a source in the Andes, 130 km inland.
It was probably acquired there during the interior phase of a seasonal round that included terrestrial
hunting as well as periodic visits to the shore. Comparably early dates of ~11,000 BP have been
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obtained from Fell I or fishtail point occupations in Patagonia and the Pampas of Argentina (Nami
1996, Flegenheimer and Zarate 1997), where hunting of horses and other Pleistocene fauna is
attested. The Peruvian sites probably represent, not waterborne coastal migrants, but an early stage
of coastal adaptation by groups previously committed, like their contemporaries in Patagonia and
Chile (e.g. at Tagua Tagua [Nunez and Santoro 1990]), to terrestrial hunting and gathering. 

THE OVERKILL HYPOTHESIS: DID PALEOINDIAN HUNTING FINISH OFF THE MEGAFAUNA?

More than 30 genera of large-bodied mammals (megafauna) in the Americas became extinct around
11,000 BP (13,000 cal BP). These animals had thrived in the sustained warm climate of the last
interglacial, and had survived many sudden temperature changes (18 warm Dansgaard-Oeschger
interstadials and six cold Heinrich events) during the Wisconsin glaciation, after around 70,000
cal BP. The warm-cold oscillations that marked the final stages of the Pleistocene between around
17,000 and 11,500 cal BP were not markedly more severe than the earlier temperature spikes. The
only obvious difference about this deglacial period was the arrival of humans at 13,500 cal BP. Mar-
tin (1973) theorized that Paleoindian hunters, radiating rapidly through the continent in a sort of
“blitzkrieg” movement, slaughtered the unwitting megafauna in a few centuries. Martin’s critics
have wondered why, of all the species that disappeared, only a few (mammoth, mastodon, possibly
horse, sloth, and camel) are actually represented by skeletal remains at Paleoindian kill or campsites.
On the other hand, Paleoindians clearly did hunt bison and caribou, both of which survived the
extinction episode. Critics of the overkill hypothesis also note that a number of bird species died out,
which would be difficult to attribute directly to human predation (Grayson 1991). Some have sug-
gested that the ostensible suddenness of the extinction was illusory, that the die-off may have
occurred gradually over millennia (Meltzer and Mead 1985). However, recent AMS dates on bone
reaffirm that extinction of all megafauna occurred abruptly between 11,400 and 10,800 BP (13,000
cal BP) (Graham 1998; Graham et al. 2002). These dates equate to the onset of the Younger Dryas
cold episode. In numerous exposed stratigraphic profiles in the Southwest, a thin aquoll or “black
mat” (spring-laid soil) directly overlies the bones of the last mammoths. The black mats appear to
represent a regional pluvial period, with increased spring discharge, at the onset of the Younger
Dryas (Haynes 1998 and undated; Quade et al. 1998). 

Alternative, environmental explanations of the great extinction rely on the sharp contrasts between
late Pleistocene and Holocene conditions, such as reduced patchiness of vegetation zones and more
extreme seasonal variation (e.g. Graham 1998). The obvious problem with such models is that, in
North America, the megafaunal extinction occurred at the onset of the Younger Dryas (13,000 cal
BP), 1500 years before the rapid warming that marked the start of the Holocene (11,570 cal BP). In
southern South America, deglacial warming began about 17,000 cal BP (14,000 BP), and the envi-
ronment seems to have approached essentially modern conditions by 12,500 BP (14,500 cal BP).
Yet, Paleoindian hunters were killing horses in Patagonia around 12,900–12,200 cal BP (Alberdi et
al. 2001; Nami 1996), while ground sloths were still living there (Long and Martin 1974; Long et al.
1998). Thus, it seems that the South American megafauna might have survived regional warming
and environmental change, had they not suffered predation pressure from humans. 

The overkill theory for American extinction has been strengthened by re-analyses of analogous
cases. In Australia, the arrival of humans around 50,000 cal BP was soon followed by the extinction
of giant birds and marsupial megafauna, around 46,000 cal BP (Flannery 1999; Miller et al. 1999;
Turney et al. 2001; Roberts et al. 2001). In New Zealand, in the late 13th century, several species of
moa, with an estimated population of 158,000 birds, appear to have been wiped out by the first
Maori settlers in about 50–160 years (Holdaway and Jacomb 2000).
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However, the overkill theory is confounded by an odd paradox in Beringia. On the one hand, it
seems that mammoth had disappeared from eastern Beringia at least several hundred years before
initial occupation by Nenana foragers. On the other hand, on Wrangel Island, which would have
been in north-central Beringia before the ocean waters rose, dwarf mammoths seem to have per-
sisted until 3700 BP (Vartanyan et al. 1995). While their survival suggests that climate change alone
was not enough to cause extinction, it also raises the question, how could efficient proto-Paleoindian
hunters have missed this pocket of vulnerable megafauna en route to America?

RAPID INITIAL COLONIZATION: WHY AND HOW DID THEY GO SO FAR, SO FAST?

Clovis expansion across the whole of North America was almost incredibly rapid. The earliest rela-
tively precise charcoal-based 14C dates yet obtained for North American Clovis are two dates of
around 11,550 BP (about 13,300–13,400 cal BP) for the Aubrey site in Texas (Ferring 1995, 2001).
The oldest of the amino-acid-based dates for the child buried with a Clovis tool cache at Anzick,
Montana, is 11,550 ± 60 (CAMS-35912) (Sellars 1999). However, dates for most western Clovis
sites cluster around 10,900 BP. New AMS dates from the Clovis stratum at Shawnee-Minisink in
eastern Pennsylvania (10,940 ± 90 [Beta-101935] and 10,900 ± 40 BP [Beta-127162]) (Dent 1999)
show that Eastern Clovis is as old as the classic southwestern sites.

The fishtail (or Fell 1) points found in Central America (Snarskis 1979; Ranere and Cooke 1991;
Ranere 1997; Pearson 1998), Ecuador (Mayer-Oakes 1984), Chile (Núñez and Santoro 1990), Pat-
agonia (Bird 1938, Nami 1996), and the Pampas (Flegenheimer 1986/1987) are clearly derived, with
slight stylistic modification, from North American Clovis (Lynch 1983; Morrow and Morrow 1999).
Fell 1 fishtail points in the Southern Cone have been securely dated at ~10,300–11,100 BP or approx-
imately 12,300–13,000 cal BP (e.g. at Cueva del Medio in Patagonia [Nami 1996] and at Cerro La
China and Cerro El Sombrero in the Pampas [Flegenheimer 1986/1987; Flegenheimer and Zarate
1997]). Several ostensibly older dates of around 13,000–12,000 BP have also been reported for Los
Toldos 3, Level 11 (12,600 ± 600); Cueva del Lago Sofia (11,570 ± 60 and 12,990 ± 241); and Piedra
Museo (ca. 12,700) (Politis 1997), but all these dates seem to be erratic, as associated assemblages are
either clearly Fell I or are probable functional variants that lack the diagnostic points (Nami 1994).
Recently reported AMS dates for these sites imply that all dates older than 11,300 BP are in fact
erratic outliers (Steele et al. 2001). 

Thus, the interval separating the initial inhabitants of the Southern Cone from the earliest Clovis
hunters in Texas is probably only 400 years (13,400–13,000 cal BP). At a reasonable pace of 24 km
per day, it would have taken Clovis ancestors 80 days to walk 1900 km through the ice-free corridor.
To get from the southern end of the corridor to Texas by the most direct route, they would have cov-
ered about 2100 km, perhaps in a matter of months or a few years (Haynes, undated). If the initial
Clovis-descended colonists, setting out from Panama, moved at a comparable rate on an essentially
linear route of around 6400 km along the Andean chain, they would have reached Tierra del Fuego
in much less than 400 years, as required by the chronological evidence.

Such rapid travel across vast distances is clearly feasible, even if the motivation behind it is debat-
able. More difficult to envision and accept is the rate of demographic increase that must be postu-
lated to fill up the American continents in four centuries. At a density characteristic of recent Sub-
arctic hunting peoples, 1 person per 200 km2, the Paleoindian population would have had to reach
about 125,000 to accomplish this. Starting from a pioneering band of 50, this number would have
been attained in about 300 years, assuming exponential growth and 25 years per generation. But, is
such rapid growth (each couple rearing, on average, four children to adulthood) possible while main-
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taining high mobility? Modeling by Surovell (2000) indicates that it is indeed feasible. Beaton
(1991), Anderson (1995), and MacDonald (1998) suggest plausible social mechanisms by which
Paleoindian mating networks could have assured their reproductive success.    

The most obvious, and traditionally assumed, motivation for far-ranging Paleoindian movements is
a commitment to hunting of migrating herds of big game. However, it has become fashionable to
question the supposedly “macho” image that was evoked initially by repeated associations of Clovis
points with mammoth skeletons. A more generalized foraging strategy is now often assumed, punc-
tuated by rare episodes of megafauna-hunting. However, total rejection of the traditional model
seems unwise. Paleoindians, descended from the Upper Paleolithic hunters of northern Eurasia and
Beringia, had a long tradition of primary dependence on meat. Plant foods were simply insufficient
to support human life in Arctic and Sub-Arctic latitudes. Furthermore, a colonizing population could
rely on pre-existing knowledge of the behavior of large, far-ranging mammals, while it would have
taken years to acquire intimate knowledge of the distribution and uses of territorially restricted and
variable plant species. Because of rapidly changing environments, late Pleistocene fauna probably
often shifted their ranges and density. These changes would have prevented Paleoindians from set-
tling in at a particular location and predicting the scheduled movements of their prey. Thus, hunting
of megafauna and frequent movement would have been elements of a successful adaptation for early
Paleoindians (Kelly and Todd 1988).

As the Paleoindians moved southward into temperate deciduous forests, then into equatorial mon-
tane forests and even rainforests, many more potential plant foods would have become accessible,
while the density of megafauna diminished. Consumption of fish and berries is attested at the Shaw-
nee-Minisink site (McNett 1985). Bison and deer are reported from Aubrey, but so is turtle; it is as
yet unclear whether bones of small mammals, fish, and birds in pond sediments represent a cultural
or natural deposit (Ferring 1995, 2001). Whatever the precise balance of large and small game in
Clovis subsistence, the collapse of megafaunal populations at 13,000 cal BP (11,000 BP) compelled
Paleoindians everywhere to adopt more broad-spectrum diets. Evidence has been accumulating in
South America of a rapid change in subsistence after 11,000 BP. Roosevelt et al. (1996) present evi-
dence of intensive consumption of tree fruits, along with fish, birds, mollusks, reptiles, amphibians,
small- and medium-sized mammals, in the Monte Alegre culture in the Brazilian Amazon, by
around 10,600 BP. Basal layers of several central Brazilian rockshelters also indicate broad-spec-
trum use of fruits, roots, and small game starting between ~11,000 and 10,500 BP (Kipnis 1998;
Prous and Fogaça 1999). Some sites in this region have produced even older dates, e.g. Lapa do
Boquete (three dates ca. 12,000 BP, and two ca. 11,440 BP), Santana do Riacho (11,960 ± 250 BP),
and Sitio do Meio (two dates ca. 12,300 BP). It seems likely that these ostensibly pre-Clovis dates
are misleading outliers, like the Southern Cone dates older than 11,300 BP (Steele et al. 2001). The
contemporaneous appearance of a marine adaptation in coastal Peru between 11,000 and 10,700 BP
has already been noted. Hunting peoples can quickly and radically alter their subsistence modes. In
an analogous case, Thule whale-hunters abandoned whaling and became reliant on fishing, sealing,
and caribou-hunting within 200 years after their initial rapid colonization of the Canadian Arctic
(McGhee 1984; Fiedel 1998; Whitridge 2001). Evidence of broad-spectrum economies, even as
early as 11,000 BP, is not incompatible with initial migration a few hundred years earlier.      

The known distribution of fluted points (Anderson and Faught 1998, 2000) shows no obvious rela-
tionship to environmental parameters, as the concentrations encompass several distinct vegetation
zones. Thus, it does not appear that Paleoindians were searching for any particular preferred habitat.
Perhaps, Haynes’s “Clovis drought” (probably corresponding to the warm spike at the end of the
Allerød, ca. 13,100 cal BP) caused fragmentation of mammoth herds into oasis-like refugia around
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remnant lakes. A leap-frogging strategy (Anderson and Faught 1998; Anthony 1990; Fiedel and
Anthony 1979), rapidly covering long distances from one refugium to the next, might have been
most efficient way for Clovis hunters to encounter their preferred prey (G Haynes 1999). There may
be a processual similarity in the island-hopping of the early Polynesian Lapita people, the movement
of Linearbandkeramik people between patches of arable soil in Central Europe, and Clovis migra-
tion between dispersed mammoth refugia, which would explain the seemingly explosive character
of each of these population movements.

WHAT CAN RADIOCARBON DATING CONTRIBUTE TO PALEOINDIAN STUDIES?

Archaeologists, of course, can always use more Paleoindian sites, particularly undisturbed sites with
intact stratigraphy, discrete features and activity areas and datable charcoal. Important recently dis-
covered sites include Aubrey and Gault in Texas, Big Eddy in Missouri (Ray et al. 1998), and Car-
son-Conn-Short (Broster and Norton 1996) in Tennessee. We may hope that more such sites will be
found in Siberia, Alaska, the ice-free corridor, and the west coast. Whatever turns up in the future,
for now, more judicious and rigorous application of 14C and ancillary chronometric techniques to the
existing data base can clarify the chronology and processes of Amerindian migration. 

The development of AMS dating in the 1980s has introduced much greater precision when dealing
with small samples. Its effect is clearly seen in the case of the Shawnee-Minisink site in Pennsylva-
nia. Conventional dates run in the 1970s, with sigmas ranging from 300 to 1000 years, had suggested
an age of about 10,600 BP. Fortunately, some carbonized hawthorn plum seeds from a hearth had
been saved, and recently run AMS dates put the Clovis occupation at about 10,900–10,950 BP,
coeval with classic southwestern Clovis sites such as Lehner and Murray Springs. Unfortunately,
technical innovations do not offer a panacea for problems of degraded, dislocated, or contaminated
samples. All too often, dates from Northeastern Paleoindian sites come out too young to be credible.
Is the seemingly more recent charcoal derived from trees that grew and burned on these sites millen-
nia after human occupation? In other cases (Meadowcroft, Cactus Hill), the dates seem too old to be
accepted without hesitation. 

Tom Stafford’s recent development of protocols for dating purified amino acids from bone allows
direct dating of late Pleistocene faunal and human remains (Stafford 1994), with a precision of
±60 years. Preliminary reports of the faunal dating project undertaken by Stafford, Graham, and
Semken (e.g. Graham 1998; Graham et al. 2002) indicate that terminal Pleistocene extinction was
rapid indeed. Final dates for 17 megafauna species cluster between 11,400 and 10,800 BP. Although
Graham has suggested, based on dates of around 10,800 BP, that the proboscideans were the last to
go, we should recall that dates of 10,800 have also been obtained for Clovis sites that appear to be
of late Allerød age. Furthermore, because of the rapid increase in 14C at the Younger Dryas onset,
dates drop from about 11,200 to 10,800 BP in about a century of real time (Hughen et al. 2000). The
apparent precision of the new bone dates is not always definitive. Consider, for example, the range
of reported dates for the Anzick child burial, which was associated with a spectacular Clovis artifact
cache. Should we put greatest reliance on a date of 10,240 ± 120, 10,710 ± 100, 10,940 ± 90, or
11,550 ± 60 BP? Haynes (personal communication) generally takes the oldest of any series of bone
dates as the most credible. 

Poor survival of charcoal, bone, and other organic materials of terminal Pleistocene age is an insu-
perable problem for 14C dating. Can other methods yield reliable dates using lithics and sediments
as samples? Obsidian hydration dating has produced dates that are sometimes credible, often clearly
erratic (e.g. Bell 1977; Clark 1984; Basgall 1995). A better understanding has been achieved of the
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variables that can affect hydration (Ridings 1996; Jones et al. 1997). It now appears that surface
finds are not suitable samples, which unfortunately excludes most Paleoindian-age finds, such as
Alaskan fluted points. 14C and cation dating of rock varnish on tools and petroglyphs, once touted
as proof of pre-Clovis occupation of western North America (Whitley and Dorn 1993) has been
shown to be completely unreliable (Dorn 1996). In the near future, refinement of methods for ther-
moluminescence (TL) dating of burnt chert and optically stimulated luminescence (OSL) dating of
aeolian sand grains (Feathers 1997) may yield reliable and moderately precise dates for these mate-
rials (see now, e.g. Rich and Stokes 2001; Hilgers et al. 2001). However, in cases where results can
be compared to 14C dates, accuracy has been highly variable, and precision is unimpressive. For
example, Roosevelt et al. (1996) obtained 49 AMS and 7 conventional dates for Pedra Pintada, all
clustering around 10,500–10,000 BP (ca. 12,500-11,300 cal BP). TL dates ranged from 9530 ± 780
to 16,190 ± 930; OSL dates were 12,491 ± 1409, 12,536 ± 4125, and 13,106 ± 1628 bp. TL dating
of Jinmium Rockshelter in Australia produced grossly erroneous dates in excess of 100,000 years
for material that OSL puts at less than 10,000 years old (Roberts et al. 1998). At Cactus Hill, OSL
dates for an Early Archaic level (with Fort Nottoway points) are 9189 ± 1101 and 12,391 ± 1864 bp;
the expected calibrated age was about 10,000 cal BP (McAvoy et al., undated). It seems that when
enough OSL dates are run, the average may correspond pretty closely to the age established by 14C.      

In the not so distant future, I am confident that we will know, perhaps with decadal precision, exactly
when Paleoindians arrived in America, how long it took them to people the continent, and how they
affected the native fauna. Establishment of a precise chronology is critical for modeling and under-
standing the colonization process. Once this has been achieved, there will be profound theoretical
repercussions in ethnology, genetics, historical linguistics, demography, and ecology. 
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RADIOCARBON DATES FROM THE ICE-FREE CORRIDOR

Thomas G Arnold
Department of Archaeology, Simon Fraser University, Burnaby, BC, Canada V5A-1S6. Email: tarnold@sympatico.ca.

ABSTRACT. The Ice-Free Corridor has been hypothesized as the main migration route into the Americas since the 1930s.
Radiocarbon dates have been used by archaeology, geology, and palynology to date the corridor. A total of 564 14C dates rang-
ing between 20,000 and 8000 BP from the corridor area were gleaned from the published literature. After assessing these
dates for suitability, 255 were plotted over four time periods. The results indicate that the corridor was not feasible as an early
human migration route until after 11,000 BP, or after the appearance of Clovis south of the continental glaciers.

INTRODUCTION

The hypothesized Ice-Free Corridor has provided archaeology with a convenient explanation to
account for the initial colonization of the Americas south of the Late Wisconsin ice sheets.  Defined
as an unglaciated area along the eastern slopes of the Rocky Mountains between the westward
advancing Laurentide ice sheet and the eastward flowing Cordilleran and mountain glaciers
(Figure 1), it was first proposed by Johnson (1933:22) to account for the then recently discovered
Folsom points.  

Debate over whether it was a deglaciation or a glacial maximum corridor has continued over the
decades with an entire issue of Quaternary International (Volume 32; Mandryk and Rutter 1996)
dedicated to this discussion (the following list of publications provides an introduction to the litera-
ture on the Ice-Free Corridor and should not be considered exhaustive: Antevs 1934; Bryan 1969;
Reeves 1973; Fladmark 1979; Rutter 1980; Holloway et al. 1981; Hickman et al. 1983; Jackson
1983; White and Mathewes 1986; Schweger and Hickman 1989; Bobrowsky and Rutter 1992;
Mandyrk 1992; Meltzer 1993; Beaudoin et al. 1996; Burns 1996; Catto et al. 1996; Levson and Rut-
ter 1996; Mandryk 1996; Wilson 1996; Driver 1998; Schwegar 1989b). Mandryk (1992:20–53) pro-
vides a chronology of the debate. To summarize briefly, prior to the advent of radiocarbon dating,
the last glacial maximum was estimated to have occurred about 25,000 years ago (Johnson 1933:24;
Antevs 1935:304,306,307) with the formation of the corridor occurring sometime between 20,000
and 15,000 years ago. Despite the lack of archaeological evidence at this time for Clovis or Folsom
age sites in Alaska or northeast Asia, the corridor was seen as the route of entry for Palaeoindian cul-
tures south of the glacial ice. 14C dating revised these interpretations by showing that Clovis, Fol-
som, and the Late Wisconsin glaciation were more recent than previously assumed. According to
Mandryk (1992:31–2), because archaeology was unwilling to accept a Mid-Wisconsin human entry
into the New World, archaeologists redefined Johnson’s deglaciation corridor as a glacial maximum
corridor. Mandryk (1992:38) characterizes post-1960s corridor research as continuing to focus on
the physical existence and timing of the corridor, with less debate on its environment.

This paper re-evaluates the 14C dates from the corridor, what they suggest about the timing of its
appearance and the potential role of the corridor in the settlement of the Americas.

METHOD

The study area is shown in Figure 2 with its western limits defined by the Rocky Mountain Trench
extending north from the Canada/United States border along the Columbia, Fraser, and Kenchika
river valleys in British Columbia. This western limit is extended in the Yukon Territory along the
Liard, Frances, and Pelley river valleys and follows the Yukon River to the Alaska/Yukon border
where it proceeds north along the border to the Beaufort Sea. The northern limit is the northern coast
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Canada (and immediate offshore islands) east from the Alaska/Yukon border to its intersection with
the eastern limit in Queen Maude Gulf. The eastern limit begins with the political boundary between
the Canadian provinces of Manitoba and Saskatchewan and extends north from the 60th parallel to
Queen Maude Gulf. The southern limit of the study area runs along the Canada/United States border.
This study area covers the eastern slopes of the Rocky Mountains, the potential northern staging area
in the present-day Yukon and the southern outlet area in southern Alberta, Canada. 14C dates from
within this study area and bracketed between 20,000 and 8000 BP were collected from a variety of
published sources including journals, books, dissertations, theses, and databases. A total of 574 14C
dates from 343 separate sites were gleamed from the published literature. 

Assessing these 14C dates follows Nelson (1998). These dates were assessed based on the 14C event
of the sample dated, the samples relationship to its stratigraphic provenance, and whether it con-
formed to a standard 14C date as defined by Stuiver and Polach (1977:356).  This process reduced the
original 574 dates to 255 dates from 164 locations. Figures 3A and 3B display the distributions of

Figure 1 Traditional view of the Ice-Free Corridor (after Reeves 1973)
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dated locations before and after assessment. The reasons for rejected dated samples being eliminated
from the study were:

1. The 14C event could not be identified or was known to provide unreliable dates (e.g., freshwater
shell, plants or lake sediment samples are known to be affected by hard water in the study area).

2. The dated sample is not closely related to its stratigraphic provenance. The sample was from
the surface, was redeposited, or the sample came from wide stratigraphic context.

3. Dated sample were not pretreated properly or did not correspond to other dates from the same
stratigraphic context.

Figure 4 notes physiographic features mentioned in the text and Figures 5–9 illustrate the distribu-
tion of these dated locations through time. Table 1 (see Appendix) lists the name, date, 1 standard
deviation, and reference for each site location.

Prelude to Late Wisconsin Maximum

Prior to the last glacial maximum the study area was devoid of ice as evident by dated plant and ani-
mal remains (Vincent 1989:112–3; Hughes et al. 1981:338; Burns1996:108; Burns and Young 1994:
394; Young et al. 1992:1576, 1994:685). As the Mid-Wisconsin drew to a close the Laurentide con-
tinental glacier advanced. In the north the glacier advanced west of the Mackenzie River and was

Figure 2 Location of study area
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Figure 3 Radiocarbon dated site locations before (A) and after (B) assessment
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blocked by the Richardson and Mackenzie Mountains (see Figure 4 for place names) (Vincent 1989:
129–30; Hughes et al. 1981:329–65). In some instances ice lobes reached 40 km up some river val-
leys in the Mackenzie Mountains but it was only during the retreat of the Laurentide ice that some
mountain glaciers appear to have coalesced with continental ice (Vincent 1989:130). In the Laird
River valley, in southeast Yukon, a date of 23,900 ± 1140 BP (GSC-2811) from the upper zone of a
silt unit was overlain by till indicating that Cordilleran and mountain glaciers advanced through the
Laird Plain after this time (Klassen 1987:8; Klassen 1978:1884). No evidence for coalescence
between the Laurentide and Montane or Cordilleran glaciers exists on the eastern slopes of the
mountains.

Further south in the northern Rocky Mountains of northeastern British Columbia, the sedimentary
successions indicate that Late Wisconsin Laurentide ice reached no higher then 950 m asl in the
mountains or foothills in the Peace River district and that it occurred after 22,000 BP (Catto et al.
1996:24–6; Liverman et al. 1989:266–74). Montane glaciers did not reach the eastern slopes of the
Rocky Mountains until after the Laurentide began to recede. This was evident by the presence of 14C
dates west of the Finlay River of 18,750 ± 120 (TO-709) and 15,180 ± 100 (TO-708) (Catto et al.
1996:23–29; Bobrowsky and Rutter 1992:16–19).

Recent geological research south of the Athabasca River indicated that coalesced glaciers, at the
height of the Late Wisconsin, blocked southwestern and central Alberta. Subtill and paleontological
studies by Young et al. (1994:683–6, 1999:1567–81) indicated that only Late Wisconsin ice
advanced from the north and east and flowed south and west across Alberta up to 1400 m asl. Levson
and Rutter (1996:33–51), citing lithologic, stratigraphic, and morphologic evidence, concluded that

Figure 4 Geographical features of the study areas (after Driver 1998)
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the advancing Laurentide ice coalesced with combined valley and Cordilleran glaciers flowing east
out of the Athabasca, Brazeau, and North Saskatchewan river valleys and flowed to the southeast.
Since the natural flow out of these valleys was to the northeast, downhill, only the advancing Lau-
rentide ice sheet could have provided the diversion necessary to deflect the east flowing glaciers up-
slope (Levson and Rutter 1996:44–46, 48) to the south.

Period I: 20,000–17,001 BP

This time period is represented by only four dates from three sites ranging from 19,650 BP to
17,880 BP (Figure 5). The sites are at opposite ends of the study area and confirm that the height of
the glaciation occurred during this time period. The environment was either too severe or the land-
scape was covered by glaciers to permit plants or animals to survive. The three dates from the two
Bluefish Cave sites confirm that eastern Beringia remained unglaciated at the height of glaciation.
The lone date from the Rocky Mountain Trench in the south suggests that Cordilleran glaciers
reached their maximum extent sometime after 18,500 BP since the sample came from a sand and silt
unit that underlay two separate tills (Berry and Dimmie 1982:70). 

Period II: 17,000–14,001 BP

There is an increase in the number of sites during this post-glacial maximum period (Figure 6).
Their distribution suggests that deglaciation was occurring simultaneously at either end of the corri-
dor. In the south one dated sample, on badly weathered bone (AECV-681C), appears to be from

Figure 5 Period 1 site locations, 20,000–17,001 BP
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lacustrine sediments overlying bedrock and may represent the earliest glacial lake sediments in the
region (Evens 2000:940). Other bone sample dates that have been identified as mammoth (GCS-
1199) and the genus Equus (S-1305) came from possible lacustrine or riverine sands or gravels
(Lowdon et al 1975:16; Rutherford et al. 1979:54). The wood sample from the base of the Cart-
wright Lake core indicates that trees or shrubs were again present in the foothills of the Rocky
Mountains. In the north, dated samples indicated the environment supported mammoth (GSC-1893
and GSC-3053) and muskox (RIDDL-557). The latter sample was from a lower loess layer from
Bluefish Cave 3 (Cinq-Mars in Morlan 2001) and indicated a dry wind blown environment. Dated
wood samples from Old Crow River (GSC-730-2) and the Upper Porcupine River (GSC-2431) indi-
cate trees or shrubs were also present at this time.

Period III: 14,000–11,001 BP

Fifty-three dated site locations occurred in this time period (Figure 7). As with Period II, the dated
site locations occurred in two groups at opposite ends of the study area but the extent of the site dis-
tribution has increased. In the north three sub-groups or clusters were indicated along the coast, the
Mackenzie River and eastern Beringia (Yukon). The dated samples from the Coastal and Northeast-
ern cluster were all conducted on plant material (wood, grass, moss) except for two marine shell
dates from along the eastern coast. With the exception of the marine shells, which came from fine-

Figure 6 Period 2 site locations, 17,000–14,001 BP
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grained marine sediments, the remaining Coastal Cluster dates derive from a variety of geological
context including outwash plain, glaciofluvial gravels, and peat deposits. The Northeastern Cluster
sample material came mainly from deltaic deposits along the Mackenzie River associated with Gla-
cial Lake Mackenzie (Smith 1992; 1994; Lemmen et al. 1995). The lone exception, Andy Lake (TO-
2295) (Szeicz et al. 1995), came from a small lake in the Mackenzie Mountains to the west indicat-
ing this had become ice-free by this time. The Northwest Cluster sample material included a wider
range of material including faunal remains. The latter included horse, mammoth, caribou, moose,
mountain sheep, saiga antelope, owl, and bison, which suggested a rich diverse environment in this
area. Identified floral samples included willow and possible birch. 

Figure 7 Period 3 site locations, 14,000–11,001 BP
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In the south, the large cluster south of the North Saskatchewan River has grown and sites were
present throughout Alberta and Saskatchewan. Dated faunal remains included mammoth, bison, and
horse while willow was the only identified floral remain dated. To the northwest of this cluster was
the small (3 dated site locations) Peace River Cluster. These two southern clusters appear separated
by an area containing no dated site locations. This suggests a second area able to support plants and
animals was developing independently of the older and more southern North Saskatchewan Cluster.

Figure 8 Period 4 northern group site locations, 11,000–8000 BP

Figure 9 Period 4 southern group site locations, 11,000–8000 BP
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Period 4: 11,000–8000 BP

One hundred and eighty-seven dated samples from 165 separate site locations were included in this
period (Figures 8 and 9). These included 51 archaeological dates (from 16 sites), 115 geological
dates (from 102 sites), and 18 palynological dates (from 11 sites). It was during this period that the
distribution of dated sites came closest to encompassing the entire length of the ice-free corridor,
from the northern coast and Beringian Refugia to the Canada/United States border. Several gaps
appeared in this distribution that may reflect a sporadic or patchy colonization process of recently
deglaciated landscape. These gaps exist between the Peace Cluster and the Athabasca Cluster and
between the Athabasca Cluster and the Northeastern Cluster. The area in between these clusters may
not necessarily have been devoid of all plants and animals but were substantially more barren to the
point that the preservation of datable material was more unlikely.

DISCUSSION

I have interpreted these distributions as representing evidence of areas able to support plant and ani-
mal life while those areas devoid of dated samples could not.  Such an interpretation has been pro-
posed by other researchers (e.g. Burns 1996:107–12; Wilson 1996:97–105). An alternative interpre-
tation could involve a lack of research in areas devoid of dated samples, a lack of exposure of
appropriate sediment layers, or a lack of preservation.

Figure 3A should dispel the notion that a lack of research has greatly influenced the distributions. It
shows that dated samples have been recovered from throughout the study area. In addition, date lists
(e.g. Clague 1980; Jackson and Pawson 1984; Bobrowsky and Rutter 1992:16–17; Lemmen et al.
1995; Liverman et al. 1989; Burns and Young 1994; Burns 1996; Young et al. 1999; Young et al.
1994) that include dates both younger and older than the dates included in this study provide addi-
tional evidence that a lack of research is not an acceptable explanation. Similarly, the presence of
dated samples from geological contexts older than 20,000 BP indicates that a lack of exposure of
appropriate geological sections cannot explain the distribution. Finally, I would argue that the lack of
preservation supports the interpretation presented above because the areas lacking dated samples
were barren only in the sense that they could not support sufficient plant or animal populations to
leave evidence in the geological record, not that they were necessarily devoid of all life (Wilson 1996:
97–105). 

Palynology provides support for such an interpretation. In palynology, pollen grains are counted
within a specified volume of sediment. For these counts to be statistically meaningful, a minimum
number of grains must be counted per volume analyzed (Berglund and Ralska-Jasiewiczowa 1986:
462). This means that layers of sediment that do not reach these minimum counts can be considered
barren. I would argue, by rough analogy, that the same is true for geological layers in areas that have
not as yet provided dated samples.

I would further argue that if the environment were not productive enough to leave evidence in the
geological record than it could not support human populations. Although future research may add
new dated sample locations, the most parsimonious explanation of the present evidence indicates
that the corridor could not have been used as an early human migration route until after 11,000 BP.
This is too late to account for Clovis, which first appears about 11,500 BP (Taylor et al. 1996). Thus,
alternative migration routes or time periods must be considered to explain the appearance of Clovis
and Folsom at the end of the Pleistocene.
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DATING THE FIRST AUSTRALIANS

Richard Gillespie
Dizzy Heights, Ripps Road, Stokers Siding NSW 2484, Australia. Email: dizzy@better.net.au.

ABSTRACT. The dating of selected archaeological and megafaunal sites from the Australian region is reviewed, with
emphasis on recent work at some of the oldest sites. Improved chemical procedures with decreased analytical background for
14C analysis, combined with new luminescence dating methods, has confirmed many of the results processed decades ago and
significantly increased the maximum age for some others. The oldest occupation horizons in four different regions reliably
dated by defendable multi-method results are in the range 42–48,000 calendar years ago, overlapping with the age range for
similarly well-dated undisturbed sites containing the youngest extinct megafauna. There is less secure evidence suggesting
some archaeology may be earlier and some megafauna may have survived later than this period.

INTRODUCTION 

Estimates of the time since humans first occupied the extended Late Pleistocene continent Sahul
(sometimes called Greater Australia or Meganesia) have steadily increased since systematic archae-
ological excavation and radiocarbon dating became established in the 1960s. Jones (1968) consid-
ered 30,000 BP a reasonable estimate for the earliest arrivals, based on the available evidence show-
ing 3 or 4 sites with 14C dates of more than 20,000 BP. In the second edition of The Prehistory of
Australia (Mulvaney 1975) an appended date list documented four sites in Australia and one in New
Guinea with 14C results older than 25,000 BP. The current edition (Mulvaney and Kamminga 1999)
provides an overview of the hundreds of dates now accumulated for Late Pleistocene archaeological
sites in Sahul. Some of the robust debate about claims for earliest occupation of the region is pre-
sented in Murray (1998).

Traditional 14C dating using radiometric counting has become less important in Sahul, as elsewhere,
since accelerator mass spectrometry (AMS) laboratories began to take on large workloads from the
mid 1980s. In many situations this new measurement technology also allowed better pretreatment
chemistry to be applied in the isolation and decontamination of specific sample components. At
about the same time newer thermoluminescence (TL), optically stimulated luminescence (OSL),
electron spin resonance (ESR), amino acid racemization (AAR), and uranium-thorium series (U/Th)
dating methods began to make significant contributions to archaeology and the earth sciences. These
and other techniques operate under different rules and on different materials to 14C. An “archaeolog-
ical event” such as a fire may sensibly be 14C dated using charcoal, whereas luminescence methods
on quartz sand are likely to be dating an “environmental event” such as exposure to sunlight, not nec-
essarily directly associated with the target archaeological event. However, since everyone should
eventually get the same answer to questions like “when did humans first colonize Australia” or
“when did the megafauna become extinct” there are some instructive examples of cross-dating with
different numerical methods.

Projects such as dating the first Australians or Americans have always been clouded by the bias
brought to the debate by specialists from different academic fields. The physicists and chemists in
dating laboratories argue about their measurements and what is being measured; archaeologists and
geologists argue about associations between artifacts of human occupation and the sediments in
which they are found. Dating specialists have a qualitatively different attitude to (and confidence in)
their measurements compared with fieldworkers and theoreticians in other specialties. In a context of
peopling the New Worlds, these related debates are all directed toward the establishment of an agreed
time scale for human movements around the planet. The records we accumulate from excavations
and numerical dating are necessarily discontinuous and incomplete, but there is now such a large
dataset built in to the literature that deviations from established wisdom require stringent scrutiny. 
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A useful guide to the Australian debate is the concept of an “event horizon” (Chappell 1991), which
places a maximum possible age limit on 14C dates based on available technology and promotes cal-
ibration of the reported conventional 14C ages. This idea is further developed to reconcile dating
results over the 30 years since the “event horizon” for Australian archaeology was reported as
>37,800 BP, revealing strong similarities with archaeology and megafauna debates in Europe and
the Americas.

Geographical Background

Getting to Australia has always involved sea crossings, because on timescales relevant to human
evolution Sahul has always been an island continent. Assuming an African origin for modern Homo
sapiens, the only human species known in the archaeological record of Sahul (Groves 1996), likely
routes would have been eastward through what are now the islands of Indonesia in South East Asia.

Figure 1 Map of the Australian region showing the location of sites discussed, with extended Sahul landmass at
LGM (20–24 ka) and 14 ka (as proxy for Marine Isotope Stage 3), modified after Smith (1998).
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Throughout much of the Pleistocene, including the Last Glacial Maximum (LGM), the currently
large islands of Australia, Tasmania, and New Guinea were linked by lowland plains. Reconstruc-
tions based on Huon Peninsula raised coral terraces and on marine cores from several regions show
that during LGM sea level was about 120 meters below present (Chappell et al. 1996b; Shackleton
2000). Much attention has been given to the LGM period (20–25 ka) in relation to the peopling of
Australia, because crossing from Southeast Asia (Sundaland) then would not have required as many
(or as lengthy) sea voyages. Unlike the Americas, where first occupation appears to be a post-LGM
event, it has been known for decades that the peopling of Australia began well before LGM. 

It now seems probable that an extended Sahul continent existed not only at LGM but also throughout
most of Marine Isotope Stage 3 (MIS3, 30–70 ka). Sea level fluctuated during MIS3 with decreasing
amplitude in a range of about 60 ± 20 meters below present (Chappell et al. 1996b). Following
LGM, sea level rose rapidly to reach a range similar to that in MIS3 by about 14 ka, shortly before
Tasmania and New Guinea became isolated from Australia. The degree of difficulty for intrepid sea-
farers traveling from Asia to colonize Sahul would not have been significantly greater during MIS3
than at LGM, and there were no continental ice sheet barriers in Sahul to thwart enterprising explor-
ers. These first arrivals in the eastern New World, making landfall possibly in northwestern New
Guinea, would have been able to walk from the equator almost halfway to the south pole. Approxi-
mate coastlines for Sahul at LGM and at 14 ka (as proxy for MIS3) are shown in Figure 1 (modified
after Smith 1998), with the present geography and location of sites discussed here.

14C Results from Selected Archaeological Sites

Only a few of the oldest well-documented archaeological sites in Sahul are considered, where recent
work has begun to systematically refine the chronology of human occupation and the related topic of
Late Pleistocene megafaunal extinction. The Holocene is mostly ignored to concentrate on Late
Pleistocene sites with the traditional boundary at 10,000 BP. This more or less rules out calibration of
14C results with the published tree ring records, so all 14C dates have been recalculated from the orig-
inal Conventional Radiocarbon Age data using a second order polynomial. The equation is Cali-
brated Age = 1.40(CRA) – 6.83 × 10−6(CRA)2 – 1969, described in Gillespie (1998) as a compromise
between coral and magnetic data. This calibration adds a maximum adjustment of 4000 years at
30,000 BP, decreasing to 3000 years at 40,000 BP and 1000 years at 50,000 BP. Calibration becomes
increasingly uncertain with age but this curve is compatible with the comprehensive data in
Yokoyama et al (2000). Calibrated 14C dates provide the best available numbers for direct compari-
son with “absolute” dates from other methods expressed in calendar years (where 1000 years = 1 ka).

Figure 2 shows histograms of 14C dates from selected archaeological sites or regions to give an idea
of the continental spread of Pleistocene 14C dates. This diagram simply records the number of finite
calibrated 14C dates in each 1000 year interval, giving all results equal value and ignoring the error
terms. The dashed line at 40 ka approximates the 14C “event horizon” for Australian laboratories
around 1970, and the shaded region represents LGM.

1. Tasmania. A compilation of dates from three sites, Fraser Cave (Kiernan et al. 1983), Bluff
Cave, and ORS7 (Cosgrove 1989) are shown; all samples were charcoal given standard acid/
alkali/acid pretreatment. The 14C record shows occupation back to 34 ka, the youngest starting
date for any of the regions considered here. 

2. New Ireland. Again three sites are combined: Matenkupkum, Balof 2, and Panakiwuk (Allen et
al. 1988; Allen 1989). The group of 5 oldest dates are on marine shell from one midden layer
in the Matenkupkum cave site, where a steeply sloping shelf and tectonic processes have left
the site 15 meters above present sea level. Other dates are on shell, bone or charcoal and all shell
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dates have been corrected for a marine reservoir effect of 400 years. New Ireland was separated
from Sahul by deep water throughout the Late Pleistocene, apparently no barrier to occupation
by 36 ± 2 ka. This is only slightly younger than about 40 ka for archaeology on the Huon Pen-
insula, New Guinea, suggested by U/Th dating of coral terraces and TL dating of a tephra
sequence, (Groube et al. 1986).

3. Ngarrabullgan. A cave site about 100 km west of Cairns in north Queensland, situated on a
table-top mountain 200-400 meters above surrounding plains and hills. This dry site has few
mammals to disturb the deposits, with good preservation of charcoal and organic residues on
stone tools. Results from AMS dating of 18 separate fragments of charcoal from a single occu-
pation layer show a Gaussian distribution about 36 ± 2 ka, confirmed by OSL dates of 35 ka
from the base of the same layer (David et al. 1997; Bird et al. 1999). An undated unit with
sparse artifacts immediately underlying this charcoal-rich layer may represent leakage from
above, not necessarily older occupation.

4. Kimberley. This region of northwestern Australia has been considered one of the likely entry
points for early settlers in Sahul, via the present island of Timor. Excavations in a limestone
shelter at Carpenter’s Gap (O’Connor 1995; McConnell and O’Connor 1997) revealed about 1
meter of occupation sediments containing well-preserved macro plant remains: seeds, glumes

Figure 2 Calibrated 14C dates from selected Sahul archaeological sites, displayed as the number of results in each
1000-year interval (references in text).
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and stem fragments of grasses, and seeds of edible fruit. Similarly, test excavations in a lime-
stone cave site at Riwi (Balme 2000) yielded cultural deposits with well-preserved organic
remains. The fairly consistent sequence of 14C dates from both sites using radiometric and AMS
methods has a maximum age of 44 ka. Shell dates approximately 35 ka have recently been
obtained (O’Connor et al. 2002) from the Lene Hara archaeological site on Timor.

5. Devil’s Lair. This cave site in southwestern Australia was first excavated in the 1970s, yielding
a stratified sequence more than 4 meters deep with 14C dates on charcoal extending to 38 ka
(Dortch and Merrilees 1973; Dortch 1979; Dortch and Dortch 1996). Subsequent resampling
for 14C, OSL and ESR dating has extended occupation of the cave to around 48 ka (Layer 30,
Turney et al. 2001). Sparse artifacts in Layers 32–38 are slightly older, with good agreement
between 14C and OSL in Layer 39 below the archaeology at 50 ka. ESR measurements (early
uptake model) on teeth from an extant marsupial are in agreement with this sequence to 44 ka,
but yield older dates than other methods on samples from Layer 39.

6. Willandra Lakes. Mungo is one of the icons of Australian archaeology; Lake Mungo is one of
a series of large lakes formerly part of the Murray-Darling river system that drains a large frac-
tion of eastern Australia. These Willandra lakes are now permanently dry, but during the Late
Pleistocene they contained large quantities of fresh water which attracted some of the earliest
residents. A National Park and World Heritage Area is centred on Lake Mungo, reflecting the
wealth of archaeology and environmental history.
Large-scale archaeological excavations were carried out in the early 1970s near the south end
of the Mungo lunette, penetrating more than 2 meters to sterile sands (Mulvaney 1974;
Shawcross and Kaye 1980; Shawcross 1998). 14C and TL dating results from the Willandra
lakes have been recently reviewed (Bowler 1998; Bowler and Price 1998; Gillespie 1998). TL
dating of heated sediments from under, and heat retainers within, hearths in the Mungo lunette
overlap with calibrated 14C dates on charcoal from the same fireplaces in the range 34 ± 3 ka
(Barbetti and Polach 1973; Huxtable and Aitken 1977; Bell 1991). This period of human occu-
pation coincides with deposition of Arumpo Unit sediments although the hearths are dug into
older units. The oldest 14C dates on charcoal, emu eggshell, lacustrine shell, and fish otolith at
40 ± 3 ka are from locations close to a transition zone in the lunettes, where clay-rich sediments
derived from the lake floor during times of lower, fluctuating water levels (Upper Mungo Unit)
overly quartz dominant sediments from a high lake level phase (Lower Mungo Unit). TL dates
on unheated sediments are widely scattered and not consistent with the 14C record (Oyston
1996; Bowler and Price 1998). Ongoing new work suggests that the Upper Mungo occupation
horizons are close to 44 ka (Spooner et al. forthcoming).

Dating the Human Bones

Although human skeletal remains have been found in many other Sahul locations, only material
recovered from the Willandra Lakes region is considered. The first of more than 100 separate burials
was found by Jim Bowler during geomorphic fieldwork at Lake Mungo in 1968. It is somewhat
ironic that Mungo is one of the least suitable lakes for detailed reconstruction of this rich prehistory.
A large fraction of the archaeological sites, mostly hearths or other fireplaces and shell middens, are
found in the lunettes developed by aeolian processes on the eastern margins of the lakes. The Mungo
lunette is most strongly eroded, possibly because this lake was only filled by fluctuating overflow
from Lake Leaghur to the immediate north. Whatever the mechanism, large areas of the Mungo
lunette have lost several meters of sediment, exposing the human bones but also rendering much of
the stratigraphy horizontal. The “Walls of China” mobile white dune downwind of the Mungo
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lunette was present before European settlement and sheep grazing has accelerated erosion over the
past 150 years. 

Burial Mungo 1 (or WLH-1), yielded dates of 28 ka on an acid insoluble residue and 22 ka on “apa-
tite” (Bowler et al. 1972). Later work showed that >90% of the carbon in this burnt bone was alkali-
soluble humic acids dated at 29 ka, with an A/B/A insoluble residue at 20 ka. Burnt bone burials
near Lake Garnpung (WLH-23, 24 and 122) also yielded abundant humic acids several millennia
older than the A/B/A insoluble residues dated at 13–14 ka (Gillespie 1997). The established Willan-
dra chronology was questioned by a recent study on unburnt bone from the Mungo 3 skeleton (a.k.a.
WLH-3 or LM3), with U/Th and ESR dates in the range 50–78 ka and a combined estimate of
62 ± 6 ka (Simpson and Grün 1998; Thorne et al. 1999). OSL dates at 61 ± 2 ka were obtained from
sediments underlying the burial horizon, supporting the younger end of the U/Th/ESR range (these
sands must be older than the burial). These results have been criticized on stratigraphic and technical
grounds (Bowler and Magee 2000; Gillespie and Roberts 2000). No 14C dates have been reported for
the Mungo 3 skeleton, nor on any archaeological material associated with the burial, and the
response of Grün et al. (2000) has not resolved all the issues.

As an added complication, previously unpublished results on several more human bones are pre-
sented in Tables 1 and 2 (Keith Fifield and Tie-Mei Chen, personal communication). AMS 14C mea-
surements and alpha spectrometry U/Th measurements were made on samples of post-cranial bone
fragments in 1988-90, using procedures described in Fifield et al. (1992) or Chen and Yuan (1988).
Samples from burials WLH-15 and WLH-55 were chosen because only those 2 from 56 unburnt skel-
etons analyzed contained >0.2% nitrogen (Webb 1989). These proved to have well-preserved col-
lagen, from which a total amino acids fraction was prepared by standard methods (Gillespie et al.
1986), yielding post-bomb Modern and Late Holocene dates. Burnt bone from burial WLH-28 was
given standard room temperature A/B/A pretreatment chemistry to produce both humic acids (12 ka)
and insoluble residue (14 ka) dates. Direct comparison between 14C and U/Th methods on WLH-55

Table 1 14C measurements on Willandra Lakes human bone samplesa

aAMS 14C age estimates (Keith Fifield personal communication 1990) determined on
post-cranial fragments of human bone burials from the Willandra Lakes, described in
Webb (1989).

Burial Lab nr Fraction dated 14C age BP

WLH-55 ANUA-36 Collagen amino acids 4000 ± 1000
WLH-15 ANUA-35 Collagen amino acids 117 ± 5.0 %M
WLH-28 ANUA-33 A/B/A residue 12,000 ± 1000

ANUA-34 Humic acids 9000 ± 1000

Table 2 U/Th series measurements on Willandra Lakes human bonesa

aAlpha spectrometry U/Th age estimates (Tie-Mei Chen personal communication 1989) determined on post-cra-
nial fragments of human bone burials from the Willandra Lakes, described in Webb (1989).

Burial Lab nr U (ppm) 234U/238U 230Th/234U 230Th age (ka)

WLH-55 BKY 88034 2.62 ± 0.14 1.30 ± 0.09 0.055 ± 0.013 6.2 ± 0.2
1.39 ± 0.17 0.225 ± 0.062 28.4 ± 9.2

WLH-18 BKY 88032 4.5 ± 0.2 1.12 ± 0.06 0.171 ± 0.014 20.3 ± 1.8
WLH-52 BKY 88033 3.65 ± 0.22 1.36 ± 0.10 0.714 ± 0.048 125 ± 15

3.65 ± 0.22 1.35 ± 0.10 0.690 ± 0.048 118 ± 14
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produced equivocal results, with very different U/Th age estimates from two separate fragments. A
Holocene age was expected because of the unusually well-preserved collagen, which is supported by
the younger U/Th date; the older age of 28 ka may be explained by recent leaching of uranium from
the bone. A 20 ka date for WLH-18 is unexceptional, but the U/Th estimate of 125 ka for burial
WLH-52 is at least twice the age of any archaeological site in Sahul. 

Additional Sites Where New OSL Methods Have Been Important

Development of new techniques in optically stimulated luminescence dating has given additional
information on some sites where 14C or TL dating is equivocal: sediments with no suitable carbon-
aceous material and/or the true age is beyond the practical 14C range, and unheated sediments where
TL fails to yield stratigraphically consistent results.

1. Jinmium. The sandstone rock shelter site of Jinmium in northwestern Australia came to notori-
ety with TL dates suggesting pecked cupules on buried rocks were older than 58 ka, ochre at
75–116 ka, with stone artifacts and first occupation at 116–176 ka (Fullagar et al. 1996). These
results were widely disbelieved, with criticism on dating and sedimentological grounds (e.g.
Roberts 1997; Spooner 1998). Subsequent resampling for OSL and AMS 14C dating has radi-
cally reduced the maximum age for the deposits. Small samples of charcoal from the cultural
layers treated with either A/B/A or strong oxidation chemistry yielded 14C dates in the range
80–3870 BP; OSL dates agree with the 14C where direct comparisons were made and suggest
that the all the cultural deposits are Holocene (Roberts et al. 1998a; 1999). AMS 14C dating of
oxalate carbon from rock varnish also suggests that the pecked cupule artwork is most probably
of Holocene age (Watchman et al. 2000). In this example the TL dating of unheated sediments
has been shown to yield incorrect age estimates, whereas OSL methods are likely to be correct
because they measure a signal that is known to be rapidly reset by exposure to sunlight. 

2. Nullabor Plains. Koonalda Cave is part of a large underground karst system developed in
Eocene limestone, with water-deposited sediments on the cave floor containing hearths 14C
dated in the range 16–27 ka (Wright 1971). Subsequent resampling has confirmed dates for the
deepest charcoal, but OSL results are considered unacceptable because a surface sample
yielded an age estimate of 9.2 ± 1.1 ka (Roberts et al. 1996). The presence of significant dise-
quilibrium in the radionuclide decay chains suggests that leaching (which may not have been
constant) has taken place; geomorphic, 137Cs, and 210Pb excess data support an age of less than
100 years for the surface deposits. These analyses demonstrate that luminescence methods are
unsuitable for deep cave sites where episodic storage and transport in darkness result in over-
estimation of the time since last exposure to sunlight.
Allen’s Cave is a small rock shelter in a shallow collapsed sinkhole developed in Miocene lime-
stone, with hearth charcoal dated to a maximum of 20 ka (Martin 1973). Subsequent resampling
yielded a near modern OSL age at the surface, good agreement between 14C, TL, and OSL dates
at 10–11 ka and extended the occupation sequence to about 40 ka (Roberts et al. 1996). The first
application of single-aliquot and single-grain OSL measurements to archaeological sediments
in Australia (Murray and Roberts 1997), demonstrated that single-aliquot estimates were con-
sistent with traditional multiple-aliquot TL and OSL results, and that single-grain OSL mea-
surements allow further refinement in sediments where the TL/OSL signal was incompletely
reset during deposition.

3. Puritjarra. The sandstone rock shelter at Puritjarra, in the Cleland Hills west of Alic Springs,
provided the first evidence that people lived in the arid central Australian region during the Late
Pleistocene (Smith 1987). First occupation was estimated at about 35 ka from TL dating, but
there was an offset between the 14C and TL chronologies (Smith et al. 1997). This anomaly has



462 R Gillespie

now been resolved using ABOX pretreatment chemistry on charcoal samples (Smith et al.
2001).

4. Malakunanja II and Nauwalabila I. These two sites in the wet tropical “Top End” of northern
Australia were first excavated as part of an archaeological survey (Kamminga and Allen 1973)
instrumental in the 1979 establishment of Kakadu National Park. 14C dates on charcoal from
these rock shelter sites extended to approximately 23 ka; subsequent resampling has confirmed
dates for these cultural deposits with TL/OSL results similar to 14C dates in the 15–30 ka range.
Below these occupation layers charcoal is very scarce to absent, but consistent TL and OSL dates
suggest that artifacts in levels dated to 50–60 ka represent earlier occupation (Roberts et al.
1990a, 1994, 1998b). There has been strong archaeological criticism of this luminescence chro-
nology (Allen 1989; Bowdler 1990; Hiscock 1990; Allen 1994; Allen and Holdaway 1995;
O’Connell and Allen 1998); some of the unresolved issues are addressed in the discussion below.

People and Megafauna

Several Australian sites have been promoted as demonstrating a significant overlap of human occu-
pation with extinct megafauna, usually on the basis of 14C dates on bones or charcoal from sedi-
ments in which they are found. These results are by no means universally accepted and many dates
have been rejected (Baynes 1995) on criteria proposed by Meltzer and Mead (1985), the two sites
discussed illustrate some of the difficulties in dating and interpretation.

1. Lancefield Swamp. In Figure 3, the upper panel shows 14C and other dates from Lancefield
Swamp, a spring site in southeastern Australia with abundant megafauna and sparse archaeol-
ogy. The megafaunal remains occur in a discrete bone bed 1.5–1.7 m below present surface,
underlain by a channel fill from which charcoal was dated to about 30 ka (Gillespie et al. 1978).
Bones and teeth are very poorly preserved, with extensive mineral replacement (sometimes
retaining the fibrous texture of dentine or collagen) but containing little or no residual protein;
14C dates on bone fractions are widely scattered and unreliable. This poor bone preservation is
in sharp contrast with other organic materials within the site: there is some charcoal, well-pre-
served unburnt macro plant debris and pollen throughout the sequence, plant roots below the
bone bed were post-bomb modern. Recent studies using AAR and ESR methods on extinct mar-
supial teeth from Lancefield Swamp yielded age estimates in the range 38–60 ka (van Huet et al.
1998), significantly older than the original charcoal dates would suggest for the archaeology. 

2. Cuddie Springs. The lower panel of Figure 3 shows 14C charcoal dates from Cuddie Springs,
an ephemeral lake/swamp site with megafauna and archaeology (Dodson et al. 1993; Furby et
al. 1993; Fullagar and Field 1997; Field and Boles 1998). Megafaunal remains are found
throughout a >13 m sequence, including near-surface locations also containing modern cow
bones. Of most interest are Stratigraphic Units 6a and 6b at 1.0–1.7 m below present surface,
containing extant and extinct fauna, charcoal and stone artifacts in fine-grained sediments. 14C
results on charcoal show a random age/depth distribution with a range of about 32–37 ka, sup-
ported by an OSL date of around 35 ka in the same deposits (Field and Dodson 1999). There
are also well-preserved organic residues on stone tools, pollen, unburnt macro plant debris, and
fragments of freshwater shell, but no dates on these materials have been reported. Bones and
teeth are extensively degraded with no residual protein, and in common with Lancefield Swamp
the extinct megafauna skeletal remains are not articulated.
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DISCUSSION

Archaeological criticism of 14C and luminescence chronologies for the first occupation of Australia
(e.g. Allen and Holdaway 1995; O’Connell and Allen 1998) appears to be based on concern that: the
14C chronology extends only to about 40,000 BP, some TL/OSL dates are older than any 14C results,
U/Th/ESR dates for the Mungo 3 skeleton at >60 ka are older still, and Sahul dates >50 ka are earlier
than 14C dates from Europe and therefore a major revision of world prehistory is required to accom-
modate them.

Figure 4A shows histograms of calibrated 14C dates >35 ka from Australia (n=82, this work) and
from Europe (n=131 modern and n=76 Neanderthal, Bocquet-Appel and Demars 2000). Under the
Allen and coworkers interpretation, this would imply that modern humans arrived in Australia at the
same time as both modern humans and extinct Neanderthal arrived in Europe, possibly about 50 ka.
Similarly, the distributions in Figure 4B would imply that modern Australians, who were certainly
eating the extant fish, shellfish, and emu, could also have been eating the extinct Genyornis (n=22,
Miller et al. 1999) over this time range. 

These are clearly not realistic interpretations because we know, for example, that the representative
extinct megafauna were present in Europe and Australia much earlier than 50 ka. Chappell et al.
(1996a) pointed out that such distributions are simply reflecting the limitations of 14C dating, includ-
ing contributions from chemical decontamination, analytical background and calibration. The fact
that older 14C dates exist for geological samples is irrelevant because sufficient carbon in uncontam-
inated form is rare in the oldest archaeological sites. Over the three decades of 14C dating results
from Europe and Australia shown in Figure 4A, chemistry has improved and analytical background
reduced from about 1% to 0.1%, resulting in a change of the applicable “event horizon” from about
40 ka to 50 ka. Similar technological advances have also been made in other dating methods, but
incorrect dates have not been removed from the distributions.

Figure 3 14C and other dates from selected megafauna sites. Lancefield Swamp data from Gillespie et al. (1978)
and van Huet et al. (1998); Cuddie Springs data from Field and Dodson (1999), Fifield et al. (2001), and Roberts
et al. (2001).
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(A) Filtering the 14C Dataset

Many black samples labeled “charcoal” from Australian archaeological sites turn out to contain
almost no real charcoal; all fractions have similar carbon content and might more descriptively be
labeled unburnt detritus or “compost” (Gillespie 1998). Shell middens in the Willandra Lakes are
usually found in black, compost-rich sediments with alkali-soluble fractions frequently older than
A/B/A residues, but it is not clear from what source this carbon is derived. Wet oxidation pretreat-
ment methods can remove compost without destroying real charcoal (Gillespie 1990, 1997; Bird and
Grocke 1997; Bird et al. 1999; Turney et al. 2001; Fifield et al. 2001). With these observations in
mind, 14C measurements on Australian black samples may be loosely divided into 3 phases:

Phase 1—minimal chemistry with a 14C “event horizon” near 38–40,000 BP (e.g. Polach et al. 1970;
Gillespie and Temple 1973).

Phase 2—improved A/B/A chemistry with a 14C “event horizon” of 42–44,000 BP (most post-1980 work).

Phase 3—ABOX-SC chemistry with a 14C “event horizon” of 48–50,000 BP (Bird et al. 1999; Fifield et al.
2001; Turney et al. 2001).

In the most recent Phase 3 work, ABOX-SC refers to acid/base/dichromate oxidation followed by a
3-temperature stepped combustion, which adds reassurance that the chemistry has been successful
because unburnt organics will combust at a lower temperature than charcoal. Some idea of the mag-
nitude of contamination and/or analytical background limitations for charcoal samples from the
Devil’s Lair site is shown in Table 3. For samples near the lowest occupation horizon (Layers 27–28)

Figure 4 A: Distribution of calibrated 14C dates from Australian and European archaeology. Australian data
from Figure 2 (references in text); European data from Bocquet-Appel and Demars (2000). B: Distribution
of calibrated 14C dates on different sample materials. Data from Figure 2 and Miller et al. (1999).
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the Phase 1 dates are about 15,000 years younger than overlapping Phase 3, OSL and ESR dates
around 44 ka, with Phase 2 dates close to the Phase 3 results. Below all the archaeology (Layer 39),
Phase 1 and 2 dates are 8–10,000 years younger than Phase 3 and OSL dates of approximately 50 ka
from the same layer, but the ESR dates are 13–24,000 years older. 

Similar comparisons using ABOX-SC procedures in the Kimberley sites (Carpenter’s Gap and
Riwi) and in the Willandra Lakes suggest the oldest occupation horizons are 43-44 ka (Fifield et al.
2001; Spooner et al. forthcoming). The numerous Willandra Lakes 14C carbonate dates on shells,
emu eggshells and fish otoliths with Phase 1 or 2 results near 36,000 BP (40 ka) would now also
appear to be 3000–4000 years too young on the same criteria. Support for this interpretation comes
from paired 14C and TIMS U/Th results with extended leaching experiments on Huon Peninsula
coral carbonate (Yokoyama et al. 2000), suggesting that carbonate contamination may account for
3000–4000 years of the age differences found.

Thus both charcoal and carbonate samples are subject to contamination and often give incorrect
results in the >30,000 BP period, even when the dates are clearly resolved from the “event horizon”.
Removing the dubious organics, shell, otolith and eggshell dates from the Australian dataset in Fig-
ures 2 and 4A leaves the charcoal results shown in Figure 4B as the most reliable 14C evidence for
human occupation. These 44 “good” charcoals are all finite age estimates younger than 50 ka and
well supported by some combination of TL, OSL, U/Th, and ESR dating.

(B) The Bone Dates

The direct 14C dating of bone has had a troubled history, in most cases because the samples fail to
meet one of the original assumptions for the method: “the possibility of obtaining unaltered sam-
ples” (Arnold and Libby 1949). Poor organic preservation in most Willandra human bones is similar
to bones from other semi-arid open sites in Australia or elsewhere. Well-documented methods for
reliable 14C measurements on single amino acids from bone collagen (e.g. Stafford et al. 1991) have
not been applicable because almost no protein has been found. Phase 1 or 2 chemistry has so far pro-
duced no results older than about 28 ka for the Mungo 1 cremation, with a younger group of burials
at 13–14 ka near Lake Garnpung (WLH-23, 24 and 122; Gillespie 1997).

Table 3 Magnitude of contamination and background limitations at Devil’s Laira

aOSL, ESR, and 14C data from Gillespie and Temple (1973), Dortch (1979), and Turney et al. (2001). Layers 27–
28 are close to the lowest occupation levels, Layer 39 is below the deepest artifacts.

Method Layers 27–28 Layer 39

Phase 1 24,600 ± 800 BP (SUA-31)
27,700 ± 700 BP (SUA-539)

37,750 ± 2500 BP (SUA-698)

Phase 2 38,800 ± 1750 BP (OZD-327)
40,500 ± 1750 BP (OZD-330)
41,500 ± 2000 BP (OZD-329)

40,400 ± 1900 BP (OZD-331)

Phase 3 41,460 ± 1300 BP (ANUA-11709)
(44.3 ± 2.6 ka)

48,130 ± 2300 BP (ANUA-11511)
(49.6 ± 4.6 ka)

OSL 43.4 ± 2.2 ka (DL8)
44.4 ± 2.1 ka (DL7)

51.1 ± 2.6 ka (DL17)

ESR (EU) 42 ± 3 ka (#1437B)
44 ± 3 ka (#1437A)

64 ± 7 ka (#1448B)
75 ± 7 ka (#1448A)
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There are additional problems for U/Th/ESR methods because the mineral components as well as
the organics have been altered by diagenesis. The movement of isotopes into and out of bones and
sediments is complicated by changing hydrology and the commonly applied Early or Linear Uptake
models do not necessarily cover all possibilities (e.g. Hedges and Millard, 1995; Millard and Pike
1999). For the WLH-50 burial around 14 ka, TIMS and gamma spectrometry U/Th dates overlap
convincingly (Simpson and Grün 1998), but there is just as much variability in the individual U/Th/
ESR results on the Mungo 3 skeleton (Thorne et al. 1999) as in the Upper Mungo occupation 14C
results. It is worth repeating that these human burials were originally dug into sediments older than
the occupation surface of the day, which may also have been deflated prior to burial. Samples for
OSL dating of sediments underlying the Mungo 3 skeleton were taken several hundred meters from
the burial site and may not be relevant to the skeleton’s precise position (Bowler and Magee 2000;
Grün et al. 2000). While there is no doubt that some Lower Mungo sediments deeper than the burial
are 60 ka, this is a maximum possible age and places no limit on how much later the burial pit was
actually dug into the lunette. Similar remarks apply to the U/Th results on WLH-52 in Table 3,
where there is no environmental information available and the apparent age corresponds to deposits
underlying the Lower Mungo: the Golgol Unit (96–126 ka) in which no cultural material has been
found (Bowler 1998; Bowler and Price 1998). The considerable uncertainty about the true age of all
the Willandra skeletons suggest that none of the dates should be accepted at face value. 

Some of the conclusions drawn from a DNA study (Adcock et al. 2001) of Mungo 3 and several
other Willandra Lakes and Kow Swamp human burials depend on their true age. Table 1 includes
14C dates for WLH-15 (modern) and WLH-55 (late Holocene) for which DNA extraction has been
reported. A reanalysis of the genetic data suggests that Mungo 3 and the other skeletons all fit within
modern human variability (Cooper et al. 2001), so judgement should probably be withheld until both
the dating and the DNA analysis have been replicated. Whether the Mungo 3 remains turn out to be
40, 50, or 60 ka does not seem to matter for the human origins debate, with modern people living in
Africa >100 ka there is plenty of time to reach Europe or Australia by any of those dates.

(C) The Luminescence Results

In the Arnhem Land sites Malakunanja II and Nauwalabila I, there is compost but very little charcoal
throughout the sequences studied so 14C has limited value. The main point of divergence between
commentators concerns the luminescence results suggesting that there was human occupation 50–
60 ka. Applying the same kind of analysis to the Malakunanja II data, there is reasonable agreement
between Phase 2 14C and multiple-aliquot TL dates near modern at the surface of a Holocene shell
midden, and between Phase 2 or 3 14C and TL dates of 15–25 ka in occupation deposits approxi-
mately 1.5–2.2 m below surface. Very consistent multiple-aliquot TL, single-aliquot OSL and sin-
gle-grain OSL dates around 44 ka overly a pit containing artifacts, with sediments at the lowest arti-
fact level about 2.5 m deep dated by TL/OSL at approximately 60 ka, but single-grain OSL dates
group near 55 ka (Roberts et al. 1998b). Similarly, at Nauwalabila I there is an OSL date near mod-
ern at the surface and reasonable agreement between Phase 2 14C, TL, and OSL dates in cultural lev-
els 1.1–1.8 m below surface at 13–30 ka. Deeper sediments have little or no charcoal, with artifacts
in sediments at 2.3–3.0 m bracketed by 53–60 ka OSL dates (Roberts et al.1994). The TL/OSL
methods applied to these sites are the same as those showing such good cross-dating results at, for
example, Devil’s Lair (Turney et al. 2001).

(D) The Megafauna

An alternative presentation of the AMS data from Lancefield Swamp is given at the top of Figure 3,
showing the change in carbonate δ13C and 14C age with increasing acetic acid extraction time on
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megafaunal teeth, reaching a plateau for “apatite carbonate” with δ13C = –14‰ after about 90 hours.
The cluster of results near 30 ka is the same age as charcoal from channel fill underlying the bone
bed. A fitted logarithmic curve suggests recent “exogenous carbonate” diffusing into the teeth,
trending toward an equilibrium isotopic composition between modern and fossil carbonate. This
interpretation supports the idea that high-energy fluvial transport deposited gravels containing the
bones and charcoal at that time (van Huet et al. 1998), and also reset the carbon isotopes in mega-
faunal teeth. Extrapolating the diffusion curve implies a true age for the megafauna older than that
represented by the charcoal, perhaps similar to (or greater than) the ESR and AAR estimates. 

Direct AAR dating was also attempted on marsupial teeth from Cuddie Springs, but few amino acids
were found and D/L ratios widely scattered (Clarke 1999). The 14C and OSL ages imply that both
charcoal and sand were deposited at the same time, but neither is necessarily dating the megafauna
or the stone tools. No hearth structures have been reported, suggesting that the charcoal came from
somewhere else, and the nearest source of stone is 4 km from the site. David (2001) points out that
seed grinding tools from Cuddie Springs are assigned the same 35 ka age as the charcoal and sand,
whereas examples from most other Sahul sites are of Holocene age, and suggests that European
well-digging and other operations may be partly responsible for some disturbance of the deposits.
Single-grain OSL measurements (Roberts et al. 2001) also suggest that there has been disturbance
at the site because sediments throughout the sequence contain quartz grains with different optical
ages, with the maximum age in Stratigraphic Unit 6 identical to the multi-aliquot OSL result. 

Roberts et al. (2001) studied 28 megafaunal sites using OSL dating of quartz in sediments contain-
ing the bones (or attached to bones in museum specimens), and TIMS U/Th dating of flowstones in
cave deposits bracketing the most recent occurrence of megafauna. Only sites with articulated skel-
etal remains in undisturbed deposits were used to estimate an extinction time of 46 ka (95% confi-
dence interval 39.8–51.2 ka) for the flightless bird Genyornis and several genera of large marsupials
and reptiles. This accords well with the estimate of 50 ± 5 ka for extinction of Genyornis determined
using TIMS U/Th on eggshell and OSL on sediments containing eggshell reported by Miller et al.
(1999). These results all predate human occupation at Cuddie Springs and do not support the con-
tention that extinct megafauna survived until Last Glacial Maximum (Field and Boles 1998). In
terms of organic preservation, bone taphonomy and stone tool distribution, both Lancefield Swamp
and Cuddie Springs might be described as “disharmonious assemblages” containing components
with different true ages. 

(E) Do the Outliers Fit?

Removing some of the dross from all distributions yields the dataset shown in Figure 5, where 14C
dates are arranged in decreasing order and dates from other methods in increasing order. This dia-
gram illustrates the right tail of a distribution of good archaeological charcoal dates >40 ka from
Devil’s Lair, Carpenter’s Gap, Riwi, and Mungo, but the left tails of distributions for archaeological
TL/OSL and U/Th/ESR dates (Devil’s Lair, Malakunanja, Nauwalabila, and Mungo), and non-
archaeological TL/OSL and U/Th dates on megafauna from diverse sites throughout the continent.
Convergence of these overlapping distributions can be seen at 44–46 ka, with a divergence near
60 ka represented only by TL/OSL dates from Malakunanja and Nauwalabila plus the combined U/
Th/ESR date on Mungo 3.

The isotopic and other measurements made on skeletal remains and sediments are not the issue here,
debate is about whether or not the outliers are compatible with other work in the region. For the bone
dates there is not enough supporting geochemical evidence, and even with high resolution measure-
ments the problems are not necessarily resolvable for degraded material from disturbed locations.
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The stratigraphic situation at several of these sites is similar in the sense that artifacts are found
below (but not too far below) definite cultural horizons, so it is not possible to rule out leakage from
younger deposits. Artifacts in sediments deeper than 44 ka occupation at Devil’s Lair are still
<50 ka, artifacts at Malakunanja are within reach of 44 ka occupation, artifacts in Mungo sediments
deeper than probable 44 ka occupation are undated, and the Mungo 3 burial could have been inserted
from 44 ka cultural levels. Nauwalabila is then the only survivor with artifacts possibly >50 ka.
Good scientific evidence confirming occupation of Sahul older than this may still eventuate from
one of these sites (and more sites will surely be found) but age estimates and stratigraphic associa-
tions in this period require more than standard analysis.

These issues have a certain resonance with the establishment of pre-Clovis occupation and with Late
Pleistocene megafaunal extinction in the Americas (e.g. Haynes 1969; Martin 1986; Meltzer et al.
1997). In the American debates a shift of only about 1000 years near 14 ka is involved, which should
be well within reliable dating range for most numerical methods, but environmental circumstances
often thwart both the best of intentions and available technology. The Australian debates are even

Figure 5 Distribution of Australian archaeology and extinct megafauna results. Black ovals are calibrated 14C dates
from archaeological sites at Devil’s Lair, Carpenter’s Gap, Riwi, and Mungo; gray squares are archaeological TL/OSL
and U/Th/ESR dates from Devil’s Lair, Malakunanja II, Nauwalabila I, and Mungo; white ovals are TL/OSL dates
from diverse megafauna sites and U/Th dates on Genyornis eggshell. Data from Miller et al. (1999), Thorne et al.
(1999), Fifield et al. (2000), Roberts et al. (1994, 1998b, 2001), Turney et al. (2001), and Spooner et al. (forthcoming).
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less tractable, because the total number of reliable dates in the 40–70 ka range is small and standard
errors too large to resolve some of the questions. There is very little reliable evidence for any of the
extinct Australian megafauna surviving later than 46 ± 4 ka, overlapping the earliest multi-dated
human cultural deposits at 45 ± 3 ka, which could be interpreted as supporting the global “blitzkrieg
hypothesis” for megafaunal extinction proposed by Martin (1984).

CONCLUSIONS

Dating the first Australians has become an issue for which 14C may no longer be the final word,
because we are near a reliable age limit for the method. The “event horizon” with best available tech-
nology is about 50 ka, with realistically large error ranges reflecting uncertainty in both measure-
ment and calibration of 14C dates. Other dating methods such as OSL, ESR, AAR, and U/Th extend
the available age range, sometimes by an order of magnitude, and there is increasingly good agree-
ment between methods within the 14C limits. Direct bone dating remains a difficult problem
throughout the Late Pleistocene, and significant technical developments have been required in all
dating techniques to push back the time of first human occupation from the very uncertain
>37,800 BP of thirty years ago.

There are currently four widely separated regions of Australia with human occupation layers dated
at 45 ± 3 ka by some combination of overlapping 14C, TL, OSL, and ESR results: Devil’s Lair in the
southwest, Carpenter’s Gap and Riwi in the northwest, Malakunanja in the north, and Mungo in the
southeast. According to the most recent TL, OSL, and U/Th results, many species of megafauna
from all climatic zones became extinct at about the same time as people spread across the continent.
Age resolution is not yet good enough in this period to precisely define when the first boat people
arrived or the last big animal died, and the possible existence of older archaeology or younger mega-
fauna will require further archaeological and stratigraphic confirmation.
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RADIOCARBON DATES FROM PALEOLITHIC SITES IN KOREA
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ABSTRACT. Fewer than 20 radiocarbon dates have been obtained from Paleolithic sites on the Korean Peninsula. It is still
unknown how and when Korean Middle Paleolithic stone industries developed, despite the handful of dates older than
40,000 BP obtained from some sites. A lower boundary for the Korean Upper Paleolithic of approximately 30,000 BP can be
inferred from the few dates associated with stone blade industries. 14C dates associated with microlithic industries of
24,000 BP are considered too old in light of evidence from other areas of East Asia. Most such assemblages are post-Last Gla-
cial Maximum in age. Improved understanding of the Korean Paleolithic sequence will depend ultimately on the further accu-
mulation of 14C dates, as well as the application of alternative dating techniques and attention to the reconstruction of site
formation process.

INTRODUCTION

The past 40 years of research have identified more than 150 Paleolithic sites on the Korean Penin-
sula and, at the current pace of study, this number is expected to increase dramatically in the near
future. More than of these 30 sites have been excavated and several are designated as national his-
toric monuments. Following Western archaeological practices, the Korean Paleolithic is divided into
three sub-stages, the Lower, Middle, and Upper Paleolithic. These designations carry chronological
and evolutionary implications. They should be treated with caution, however, as there is yet no firm
consensus among Korean archaeologists on the chronological boundaries for each stage. Moreover,
there are few clear changes in stone industries between so-called Early and Middle Paleolithic
industries, bringing into question the utility of these designations.

The construction of a reliable chronology for stone industries on the Peninsula remains a critical
issue within Korean Paleolithic archaeology. Radiocarbon dating plays a very important role in this
endeavor and, at present, two new AMS 14C labs are operating in southern Korea, one at Seoul
National University (SNU) and the other at the National Research Institute of Cultural Properties
(KCP). These labs have recently produced several hundred dates for late prehistoric and historic
archaeological sites, but only two dates so far for Paleolithic sites. The predominance of acidic soils
on the Peninsula and consequent poor organic preservation at most open-air archaeological sites is
partly responsible for the slow accumulation of Paleolithic-age 14C dates.

Korean Paleolithic Sites and Radiocarbon Dates

Seventeen 14C dates have been obtained for 8 Paleolithic sites on the Korean Peninsula. Dates
obtained from the Sokchangni site in the early 1970s by the Korean Research Institute of Atomic
Energy (AERIK) (Sohn 1973) were crucial for demonstrating the presence of Paleolithic stone
industries on the Korean Peninsula. However, most of the 14C dates pertaining to the Korean Pale-
olithic are the result of very recent work. Most of the newly available dates represent the Upper Pale-
olithic or Microlithic, but some may also represent the late Middle Paleolithic. The oldest date yet
obtained is an age greater than from Noeundong. Most of the dates were obtained from charcoal, but
some from peat or concentrated organics (see Table 1). 

Sokchangni

Sokchagni was the first site in Korea to yield 14C dates and it remains a very important benchmark
for regional Paleolithic sequence. The site, situated on the first terrace of the Kumkang river near
Kongju city, was found in 1962 and excavated in 1964. A 12-m sequence of alluvial and colluvial
deposits contained 12 cultural horizons. Two 14C dates were obtained from charcoal samples col-



Table 1 List of 14C dates from Paleolithic Sites in Korea

# Site name
Coordinates
lat., long. Sample position Date (BP) Lab code Material Culture Reference

1 Janghungri 38.11, 127.17 Layer 2 24,200 ± 600 SNU00-380 Charcoal Microlithic Choi et al. 2001

2 Janghungri 38.11, 127.17 Layer 2 24,400 ± 600 SNU00-381 Charcoal Microlithic Choi et al. 2001

3 Bongmyoungdong 36.38, 127.23 Cultural layer II 12,260 ± 40 GX-25513 Charcoal Microlithic Lee 2000

4 Bongmyoungdong 36.38, 127.23 Cultural layer I 49,860 ± 2710 GX-25897 Charcoal Middle Paleo. ? Lee 2000

5 Bongmyoungdong 36.38, 127.23 Cultural layer I 48,450 ± 1370 GX-25515 Charcoal Middle Paleo. ? Lee 2000

6 Sokchangni 36.26.35, 127.11.30 Cultural layer 11 30,690 ± 3000 AERIK-5 Charcoal Upper Paleolithic Sohn 1973

7 Sokchangni 36.26.35, 127.11.30 Cultural layer 12 20,830 ± 1880 AERIK-8 Charcoal Microlithic? Sohn 1973

8 Sokchangni 36.26.35, 127.11.30 Cultural layer 8 50,270 Beta-60807 Charcoal Middle Paleolithic? Sohn 1993

9 Suyanggae 36.57, 128.20 18,630 UCR-2078 Charcoal Upper Paleolithic Yun 1996

10 Suyanggae 36.57, 128.20 16,400 Charcoal Microlithic? Yun 1996

11 Noeundong 36.22, 127.18 Layer 3a 22,870 ± 110 Charcoal Upper Paleolithic Han 2000

12 Noeundong 36.22, 127.18 >54,720 Charcoal Middle Paleolithic Han 2000

13 Chommal 37.12, 128.14 Depth 78–94 cm 13,700 ± 700 AERIK Charcoal Upper Paleolithic? Lee 1977

14 Sorori 36.41, 127.25 30.8 msla

amsl = meters above sea level.

13,010 ± 190 GX-24334 Peat Microlithic Lee et al. 1999

15 Sorori 36.41, 127.25 30.8 msl 14,820 ± 250 GX-25494 Peat Microlithic Lee et al. 2000
16 Sorori 36.41, 127.25 30.8 msl 17,310 ± 310 GX-25495 Peat Microlithic? Lee et al. 2000

17 Sorori 36.41, 127.25 ~36.5 msl >36,350 Organic Middle Paleolithic Lee 2000

18 Sorori 36.41, 127.25 ~36.5 msl >36,210 Organic Middle Paleolithic Lee 2000

19 Sorori 36.41, 127.25 32.6–32.13 msl 12,930 ± 400 SNU01-286 Peat Microlithic?/Neolithic? Lee &Woo 2001

20 Sorori 36.41, 127.25 32.6–32.13 msl 12,500 ± 200 SNU01-293 Peat Microlithic?/Neolithic Lee &Woo 2001

21 Sorori 36.41, 127.25 32.6–32.13 msl 12,780 ± 170 GX-28416 Peat Microlithic?/Neolithic Lee &Woo 2001

22 Sorori 36.41, 127.25 32.17–32.10 msl 13,270 ± 180 GX-28417 Peat Microlithic?/Neolithic Lee &Woo 2001

23 Sorori 36.41, 127.25 31.76–31.36 msl 13,420 ± 180 GX-28418 Peat Microlithic?/Neolithic Lee &Woo 2001

24 Sorori 36.41, 127.25 31.43–31.36 msl 14,020 ± 190 GX-28419 Peat Microlithic?/Neolithic Lee &Woo 2001

25 Sorori 36.41, 127.25 31.76–31.69 msl 14,000 ± 190 GX-28420 Peat Microlithic?/Neolithic Lee &Woo 2001

26 Sorori 36.41, 127.25 31.43–31.36 msl 13,920 ± 200 SNU01-291 Peat Microlithic?/Neolithic Lee &Woo 2001

27 Sorori 36.41, 127.25 31.43–31.36 msl 14,800 ± 210 GX-28421 Peat Microlithic?/Neolithic Lee &Woo 2001

28 Sorori 36.41, 127.25 ~29.0 msl 17,310 ± 310 GX Peat Microlithic?/Neolithic Lee &Woo 2001

29 Yonghodong 36.23, 127.24 ~39.7 msl 38,500 ± 1000 Charcoal Upper Paleolithic Han et al. 2000
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lected from upper most horizons during the early excavations. The first sample, from the 12th cul-
tural layers, was collected from a hearth in a supposed dwelling structure associated with microcores
and dated to 20,830 ± 1880 BP. The second charcoal sample, from the 11th cultural layer (associated
with blade technology), was dated 30,690 ± 3000 BP. This second date is believed to indicate the
lower boundary of the Upper Paleolithic in Korea (Sohn 1973). A third date of greater than
50,270 BP on charcoal collected from the colluvial deposit is thought to provide a limiting age for
the 8th cultural layer (Sohn 1993). 

Bongmyoung-dong

Paleolithic artifacts were found in 1999 on a hill slope near Bongmyoung-dong in Chongju city as
part of salvage excavations. In one area, artifacts were found on a sloping surface mixed with angu-
lar and rounded cobbles and are interpreted as having been redeposited from higher geological lay-
ers no longer in evidence at this site. On the lower part of this same slope, colluvial deposits of up
to 3 m were exposed in test pits. Two cultural layers were identified, a micro-core stone industry in
the upper layer and a Middle Paleolithic industry in the lower. Three 14C dates were obtained from
charcoal samples collected from the two cultural layers. Charcoal from the upper cultural layer
dated to 12,260 ± 40 BP, while two samples from the lower cultural layer yielded ages of 49,860 ±
2710 BP and 48,450 ± 1370 BP (Lee 2000). The latter two dates probably represent minimum ages
for the Middle Paleolithic stone industry. 

Sorori

Situated on the flat agricultural plain between the Miho-chon river and low mountain range, the
Sorori site was found in 1994 and excavated in 1997. Three localities were excavated, one at an ele-
vation approximately 4–5 m below the other two. Three distinct cultural layers were identified
within a clay overlying peat deposits. The uppermost cultural layer, represented by a pseudo-micro-
core industry, was found at all the three localities. Despite the fact that there are no clear differences
in the lithic technologies, the lower two cultural layers are thought to represent separate Middle and
Upper Paleolithic industries (Lee 2000). These layers were identified only at the two higher eleva-
tion localities. Three 14C dates were obtained from the peat deposits at the low elevation locality,
13,010 ± 190 BP, 14,820 ± 250 BP, and 17,310 ± 310 BP, and are stratigraphically consistent. These
dates may provide a maximum age for the pseudo-microlithic industry at the site. Maximum ages for
the two lower cultural layers may be provided by 14C dates from peat deposits exposed at each of the
higher localities, 36,350 BP and 36,210 BP (Lee et al. 2000). No standard deviations are reported for
these dates.

Changhungni

This site was found in the early 1980s, but was excavated in 1999 for road construction. Stone arti-
facts were found in fluvial deposits lying on a basalt plateau. Two 14C dates, 24,200 ± 600 BP and
24,400 ± 600 BP, were obtained at the AMS lab at Seoul National University from charcoal col-
lected from upper most clay layer containing a microlithic industry (Choi 2001). If accurate, they
represent the oldest microlithic industry on the Korean Peninsula. 

Noeundong

This site was found during the construction of a football stadium for the 2002 World Cup football
games in Taejon. Charcoal collected from a paleosol identified by vertical soil cracks dated to
22,870 ± 110 BP (Han 2000). Microlithic tools were found directly above this paleosol. A second



476 K Bae

radiocarbon date of 54,720 BP was recently announced for a much lower layer, and presumably rep-
resents the Middle Paleolithic (Choi 2001). 

Suyanggae

At Suyanggae, fluvial terrace deposits of the Namhan River have yielded tens of thousands of stone
artifacts. Remains of a stone knapping area were exposed and many artifacts from within this feature
were successfully conjoined. While a formal report has not yet been published, preliminary infor-
mation indicates the presence of three cultural stages, represented from the top of the sequence by
microlithic, Upper Paleolithic, and Middle Paleolithic stone industries. It should be noted that a
tanged point, technologically similar to knife-type tools in western Japan, was found for the first
time in Korea at this site. Two 14C dates, 18,630 BP and 16,400 BP, were obtained from charcoal col-
lected at the site (Lee and Yun 1994). Unfortunately, the provenance of these samples is unclear.

In addition to the sites mentioned above, Chommal Cave and the recently excavated Yonghodong
site have produced several new radiocarbon dates. These results are not yet published. 

DISCUSSION AND CONCLUSION

In spite of the large number of known sites of apparent Paleolithic age in Korea, few have been sys-
tematically dated using the 14C technique. The exceptions generally are associated only with single
dates, which presents some problems for evaluating the reliability of the age determinations. Ages
obtained for so-called Middle Paleolithic assemblages, some of which approach 50,000 BP, are still
highly questionable. These dates likely represent only minimum ages. In contrast, the small sample
of dates presently available points to a maximum age for the Upper Paleolithic on the Korean Pen-
insula of approximately 30,000 BP. 14C age estimates for the earliest appearance of microlithic tech-
nologies are not substantially younger at approximately 24,000 BP. The majority of 14C dates asso-
ciated with Korean microlithic industries are terminal Pleistocene in age, however, which is
consistent with the accepted age range for these technologies in greater Northeast Asia. 

To resolve these outstanding questions, there is an immediate necessity for intensive dating pro-
grams focused on Paleolithic stone industries. In this regard, the recent dramatic increase in the 
number of 14C-dated Paleolithic sites in Korea is encouraging. It is important to recognize, how-
ever, that 14C dating offers a partial solution to the problems at hand because of the widespread dis-
tribution of acidic soils on the Korean Peninsula and the consequent poor organic preservation at 
most Paleolithic sites. It will be necessary therefore to employ alternative dating tools, including 
relative chronological methods and strict attention to site formation processes, to provide a com-
plete chronological picture of the Paleolithic sequence. To date, little attention has focused on the 

geochronology of Korean Paleolithic sites. 
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RADIOCARON DATES AND ARCHAEOLOGY OF THE LATE PLEISTOCENE IN THE 
JAPANESE ISLANDS 

Akira Ono1,2 • Hiroyuki Sato3 • Takashi Tsutsumi4 • Yuichiro Kudo1

ABSTRACT. We discuss the radiocarbon chronology of Late Pleistocene archaeology in the Japanese islands. In sum, 429
samples from more than 100 archaeological sites were compiled and then divided into three periods and four stages. The Early
Upper Paleolithic, characterized by Trapezoid industries, lasted during approximately 34–26 ka. The Late Upper Paleolithic
period includes both the backed-blade stage and point-tool stage, the latter appearing chronologically later than the former.
This stage covers ~25–15 ka. The Final Upper Paleolithic and Incipient Jomon are distinguished by the appearance of micro-
blade industries and the emergence of pottery at the end of this period. This period covers approximately 14–12 ka. The
microblade tradition, in the broadest sense, is strongly connected to the background of peopling of the New World. New data
on the transitional stage from the Middle to the Upper Paleolithic are also discussed in regards to three archaeological sites.
Issues on the application of the 14C calibration to the whole Japanese Upper Paleolithic are critically evaluated.

INTRODUCTION

The intent of this paper is to clarify the background of the peopling of the New World in relation to
the archaeological records, with particular emphasis on radiocarbon dates from the Japanese islands.
Chronometric foundations of the Japanese Upper Paleolithic have been developed during the last
three decades. Compilation of 14C dates, together with the stratigraphic sequence of lithic industries,
illustrates the board-spectrum of the background of the topic (Kuzmin et al. 1998).

Some framework should be noted. First, we discuss the Japanese Upper Paleolithic in as simplified
a way as possible in an attempt to summarize and focus on the relevant subjects. Second, we limit
the geographical area within the Japanese islands. Although this area reflects only the boundaries of
the present nation state, we have kept this framework because most of the Japanese Paleolithic
research has been carried out in this field since 1949. Third, the time range of this paper covers the
final phase of the Middle Paleolithic to the entire Upper Paleolithic and Incipient Jomon, i.e., the lat-
ter half of OIS3 to the end of OIS2. The criterion for the subdivision of the Japanese Paleolithic are
controversial in regards to whether they should be divided into three or two periods (Sato 2001). The
term used here, “final phase of the Middle Paleolithic” indicates in any case a phase before the emer-
gence of the blade technique. Fourth, the 14C results cited in this paper are uncalibrated dates despite
the conventional or accelerator mass spectrometry (AMS) determinations. Prior to the advent of
AMS, conventional 14C dates for the Upper Paleolithic in Japanese islands were of variable quality.

THE PRESENT STATE OF RADIOCARBON DATING

The number of Pleistocene sites in the Japanese islands has been estimated at 4500. Each year, more
than 100 additional sites are excavated. However, not many of these sites have been dated by the 14C
method (see Table 1 in Appendix).

Almost all Japanese Late-Pleistocene archaeological sites belong to the Upper Paleolithic with the
exception of some Middle Paleolithic sites (Ono et al. 1992; Japan Association for Quaternary
Research 1987). The reasons why there are few examples of 14C dating in the Late Pleistocene of the
Japanese islands are as follows.
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2Corresponding author. Email: ono@bcomp.metro-u.ac.jp.
3Department of Archaeology, University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo, Japan
4Archaeological Heritage Section, Miyota Board of Education, Miyota-machi 2663-2, Kitasaku, Nagano Prefecture, Japan
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First, the establishment of the local chronology within the Japanese islands has to be mentioned.
Many Upper Paleolithic sites have been excavated since the first Paleolithic excavation was carried
out at the Iwajuku site in Gunma Prefecture in 1949. The massive volcanic eruptions in the Pleis-
tocene are traceable in many archaeological layers. Extensive studies of the tephrochronology have
clarified the distinctive cultural layers in thick loam with many marker-tephra (Machida and Arai
1992). Widely distributed key tephra covered almost all the Japanese islands and they functioned as
the time-marker. Archaeological artifacts from different areas have been combined and given exact
chronological positions (Machida et al. 2000). At the same time, the archaeological chronology of
each area has been completed by the progression of techno-typological studies of lithic artifacts.

Second, the persistent condition of carbonized materials for 14C dating in the Japanese Late Pleis-
tocene under the periglacial environment provides fewer advantages for preservation. Cultural layers
consist of acid soils that originated from volcanic ash, and no organic materials such as wood or bone
are preserved at all. In the early period of 14C dating, results often conflicted with the archaeological
chronology. At that time, the effectiveness of 14C dating was questioned by many archaeologists
because of the inconsistency of sampling bias and preservation issues before the 1970s.

Third, Japanese Paleolithic research began in pursuit of the regional chronology, and comparative
studies between neighboring Asian countries were not active before the 1980s. Over the past two
decades, research developments in China, Korea, and the Russian Far East have forwarded the devel-
opment of intercontinental chronological comparison both by morpho-typological and 14C dating.

KEY RADIOCARBON DATES OF THE UPPER PALAEOLITHIC

Chronology of the Upper Paleolithic in the Japanese Islands

Upper Paleolithic chronological studies have been advanced in most areas that have well-stratified
thick loam layers made up of volcanic ash, aeolian dust/or loess from China, and fine sand blown in
from river terraces near the studied area. In the central part of the Japanese islands, and in the Tokyo
area in particular, detailed chronologies have been established both on a stratigraphic and a morpho-
typological basis. The widely distributed key marker tephra provides excellent chronological syn-
chronicity among separated areas. The basic chronological sequence of the Upper Paleolithic fol-
lows four stages: 1) in the early phase, trapezoid industries covered whole Japanese islands; 2)
backed-blade industries became common and stable during the early-to-later phase of the Upper
Paleolithic; 3) point-tool industries have developed particularly in Central Japan; and 4) microblade
industries have successfully spread over the Japanese islands until the emergence of incipient Jomon
cultural elements.

The distinction between the Early and Late Upper Paleolithic is characterized as the formation of
local varieties of lithic assemblage and social change, reflecting settlement patterns, and this
occurred in the middle phase of the backed-blade sequence. 

The huge volcanic eruption occurred from the Aira caldera, south Kyushu, in the following
sequence. The eruption spread volcanic ash over most of the Japanese islands as well as the Korean
peninsula, a part of east China, and southern Primorye in the Russian Far East. This key tephra is
called Aira-Tn tephra (AT), which is critically important for the Upper Palelithic chronology. Recent
AMS determination of the AT-tephra was found to be 25–24 ka (Japan Association for Quaternary
Research 2000). This time range coincides well with the transition from OIS3 to OIS2, which
includes LGM period. Key 14C dates are compiled in Table 1. The table lists 429 samples from more
than 100 archaeological sites. Figure 1 shows the chronology of Upper Paleolithic development of
lithic assemblage.
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Figure 1 Chronology and 14C dates of the Upper Paleolithic and Incipient Jomon in the Japanese islands. Left: climatic
change shown by the δ18O record of the GISP2 ice core (after Stuiver and Grootes 2000). Note that the 14C dates of
archaeological sites are uncalibrated AMS measurements.
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Early Upper Paleolithic: ~34–26 ka

The earliest period of the Upper Paleolithic is distinguished by trapezoidian lithic industries of in
which trapezoids and edge-round stone tools were used (Sato 1992). One of the representative sites
from the Kyushu, the Ishinomoto site (Figure 1:16), is AMS dated to 31,460 ± 270 ~ 33,720 ± 430 BP
(Ikeda 1999). Sixty edge-ground stone tools (axes) and many trapezoids have also been excavated
from the early Upper Paleolithic site Hinatabayashi B (Figure 1:17) in north-central Japan. Its AMS
determination was 27,940 ± 200 ~ 31,420 ± 280 BP (Tsuchiya and Tani 2000). These 14C dates sug-
gest that the beginning of the Japanese Upper Paleolithic is older than 30 ka.

In the later phase of the early period of the Upper Paleolithic, Hatsunegahara, a unique open-air site,
explicitly showed that 56 trap-pits with almost 1.5-m depths have been unearthed beneath the AT
tephra horizon. These provide key evidence for re-evaluating the site function as well as the hunting
system in the Upper Paleolithic. 14C dates detected from the bottom of one of these pits show
27,200 BP and 29,750 ± 210 BP (Suzuki and Maejima 1999). The foundation of these trap-pits can
therefore be suggested between 27 ka and 25 ka.

In the western part of the Japanese islands, an industry from the lower cultural horizon of the Itai-
Teragatani site is a representative one that belongs to the later phase of early Upper Paleolithic. 14C
dates from this site were 24,700 ± 250 BP and 26,000 ± 350 BP (Yamaguchi and Kishimoto 1991).
Though the edge-ground stone tools (axes) and backed-blades have been excavated from this site, a
specific “Setouchi technique,” characterized by an oblong blade-detaching or a side-blow flaking
technique, in western Japan in particular, had already emerged in its germinal stage. 

The foundation of the “Setouchi technique” could threfore suggest that it can be set back to 26–
25 ka. Contrary to the “Setouchi side-blow technique”, the blade technique was developed in the lat-
ter half of the early Upper Paleolithic in eastern Japan.

Late Upper Paleolithic: ~25–15 ka

After the huge AT ash fall, i.e., in the latter half of the Upper Paleolithic, the upper cultural layer of
the Itai-Teragatani site contains backed blades and many denticulated points (Kakusuijo-sekki). 14C
measurement of the peat layer, which is included these lithic industries, indicates 22,700 ± 330 BP
and 20,400 ± 260 BP. The Tomizawa site in northern Japan also belongs to the latter Upper Pale-
olithic. A buried forest was discovered at this site with backed-blades and a fireplace. This is a
unique hunting site that has great potential for reconstructing the paleoenvironment and human
activities in the Upper Paleolithic (Ota 1992). 14C dates from the site are 23,870 ± 860 BP and
19,430 ± 400 BP, and these fall in the LGM period. In the same horizon around Tomizawa, the sub-
arctic coniferous buried forest of Picea has been excavated. There, droppings of Shika deer (Cervus
nippon) and the fossils of insects that lived in the aquatic environment have been found.

After backed-blades diminished in the later Upper Paleolithic, point-tool industries came about
mainly in central Japan. These bifacially retouched leaf shape points are usually about 10 cm long.
Two dwelling structures were recently excavated at the Kogure-Higashi-Arayama site in Gunma
Prefecture and at the Tana-Mukaihara site in Kanagawa Prefecture. The two dwelling sites belong to
the point-tool industry and AMS determination indicates that the former is 17,950 ± 60 BP (Hosono
1999), and the latter are 17,650 ± 60 and 17,630 ± 50 BP (Tsuji 2000). As a result of these measure-
ments, point-tool industries can be dated back to about 18–17 ka.
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Final Upper Paleolithic and the Incipient Jomon: ~14–12 ka

The microblade industry represents the final period of the Upper Paleolithic in the Japanese islands.
The sites of Yasumiba 14,300 ± 700 BP (Sugihara and Ono 1965), Araya (Figure 1:5) 13,200 ± 350
BP (Serizawa 1959), and Tsukimino-Kamino 13,570 ± 410 BP (Aida 1986) offer key 14C dates for
this period. Contrary to these dates, recent AMS determination at the Kashiwadai site (Figure 1:9)
in Hokkaido reveals 20,790 ± 160 ~ 19,840 BP. These results imply that the microblade industry in
Hokkaido, at the northern extreme of the Japanese islands, begins with about 21–20 ka, and this
means a few thousand years earlier than Honshu area (Fukui and Koshida 1999). In Chaen at the
extreme southern tip of the Kyushu (Figure 1:4), an early microblade industry dated to 15,450 ±
190 BP (Kawamichi and Araki 1998).

The duration of microblade industries in Kyushu covers approximately 15–12 ka, and in the latter
phase of this period nail-patterned incipient Jomon pottery had already been associated with the
microblade technique at the Fukui cave site Layer II (Figure 1:1). A 14C date at Fukui cave is 12,400
± 350 BP (Kamaki and Serizawa 1965).

New AMS dates have recently become available for the terminal Upper Paleolithic and/or the incip-
ient phase of Jomon. The earliest undecorated pottery and the Mikoshiba-type axe, with its humped
cross-section and points, have been excavated at the Odai-Yamamoto site in the northern extreme of
the Japanese main island Honshu. Carbon adhesions on pottery fragments were dated by AMS and
the results are shown as 13,780 ± 170 ~ 12,680 ± 140 BP (Taniguchi 1999). Furthermore, carbon
adhesions on linear-relief pottery from the Seiko-Sanso site in central-northern Japan have also been
tested by AMS, and the results are 12,340 ± 50 ~ 12,000 ± 40 (Tsuchiya and Nakajima 2000). Direct
AMS dating of carbon adhesions on the earliest potsherds shows that the emergence of pottery in the
Japanese islands dates from ~13,000 BP.

It should be emphasized that the Upper Paleolithic of the Japanese islands began before ~30 ka and
developed for over 20,000 years before diminishing in the transition to the Jomon age at about 13 ka.

DISCUSSION         

The Origin of Blade and Microblade Technology in Hokkaido: Kashiwadai 1 Site

Hokkaido is located at the northern tip of the Japanese islands. The soil formation there was not well
developed in the later Pleistocene. Lithic artifacts from different periods, therefore, were sometimes
unearthed from the same layer. Recently, however, the result of good carbonized materials of AMS
determination from fireplaces allows one to re-examine the chronology of the microblade industry
that had been established mostly by typological classification of cores and reduction technology.

In the case of the Kashiwadai 1 site, Chitose City in Hokkaido, the carbonized materials of 13 sam-
ples were found in fireplaces associated with lithic concentrations and Rankoshi-type microblade
cores. AMS results are 20,790 ± 160 to 19,840 ± 70 BP. The mean value is ~20,500 BP (Hokkaido
Center for Archaeological Operations 1999). This indicates the Rankoshi-type microblade core is
older than the Shirataki type. 

The detaching face of the Rankoshi type is set on the long axis, but the Shirataki type is set on the
minor axis. This change so far seemed to be caused by gradual evolution of the effective utilization
of raw materials. Furthermore, the blade technique is evident in the initial flaking stage of the Ran-
koshi micro core production in Kashiwadai 1 Site. Therefore, the emergence of the blade technique
in Hokkaido suggested that it was older than 20 ka. The first appearance of microblade industry in
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Hokkaido, in this context, seems to show no large time discrepancy compared to East Siberia, and
inflow of microblade industries to Hokkaido was comparatively earlier than in other parts of the Jap-
anese islands. Hokkaido microblade industries might have shared the same cultural traditions of
East Siberia. These cultural traditions, in the broadest sense, are strongly connected to the theme of
peopling the New World crossover to the Beringia. 

New Data on the Transitional Stage from Middle to Upper Paleolithic

The Lake Nojiri Site Group

Lake Nojiri in central north Japan lies in the flat highland of the northern Fossa Magna at 654 m
above sea level. The Nojiriko Formation is divided into three members: the Lower, Middle, and
Upper, with marked inconformities. Furthermore, each member is subdivided into three or four
parts. The chronometric framework of the Nojiri-ko Formation can be attributed as follows by AMS
determination: the Lower Member covers ~50,000–42,000 BP, the Middle Member covers ~42,000–
35,000 BP, and the Upper Member covers ~35,000–12,000 BP (Sawada et al. 1992). The Tategahana
site on the shore of Lake Nojiri is, in particular, is unique with well-preserved organic materials.

Most of the mammal fossils are made up of two species. Bones of Naumann’s elephant (Palaeolox-
odon naumanni) represent 91.9%, and Yabe’s giant deer (Sinomegaceros yabei) form 7.9% of the
total mammal fossils. This faunal assemblage suggests that the selective big game hunting by Pale-
olithic hunters reflected the composition of the faunal remains. Lithic tools and flakes such as scrap-
ers and drills have been excavated with bone materials in the same layer. In the Middle Nojiri-ko,
Member I in particular, a bone cleaver and refitted bone flake with retouched base, and refitted bone
chips were also found at same concentration. All bone tools were made by direct flaking, but the so-
called “groove and splinter technique” had not yet appeared (Ono 2001). These pieces of evidence
suggest that the site functioned as a killing and butchering place on a lake shore in the final stage of
Middle Paleolithic (Nojiri-ko Excavation Research Group 1984, 1994; Ono and the Nojiri-ko Exca-
vation Research Group 1991).

Ishinomoto Site

A recent investigation of South Kyushu reveals new aspects of the early Upper Paleolithic. More
than 3000 lithic artifacts have been unearthed at the Ishinomoto site in Kumamoto Prefecture. This
industry includes many trapezoids that have distinguishing features of the early Upper Paleolithic
viewed from the techno-typology (Sato 1992). AMS dates (33,720 ± 430 and 31,460 ± 270 BP) are
reported (Ikeda 1999), and these are good examples of the beginning of the Upper Paleolithic.

Trapezoid industries are possible to evaluate as an index of the early Upper Paleolithic from Kyushu
to Hokkaido. At the same time, some characteristic industries were discovered from Kyushu as
shown below.

Yokomine C, Tachikiri, and Ushiromuta Sites

At Tanegashima island, in the ocean to the south of Kyushu, three pebble clusters, some pounding
stones, and pebble tools were excavated from the early Upper Paleolithic cultural layer I (Dogome
1998). AMS dates for carbonized materials from the pebble clusters are 31,280 ± 690 and 29,670 ±
540 BP. Another AMS determination from cultural layer II is 30,490 ± 590. The stratigraphic level
of this horizon is just above the Tane IV volcanic ash, and found three pebble clusters and anvil
stones, pounding stones, grinding stones, and flakes (Sakaguchi and Dogome 2000).
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The same chronological layer to the culture layer I of Yokomine C site, a pebble cluster, two pits, 14
fire places, and about 50 stone tools were excavated from Tachikiri site. An AMS date for this site
is 30,480 ± 210 BP.

The Ushiromuta site also has many grinding and pounding stones from culture layer III, and four
AMS dates are available from 30,290 ± 200 to 28,900 ± 150 BP (Sato 1999). These industries are
very different from other parts of Japan (Tachibana 1999) and they suggest that the early Upper Pale-
olithic people had adapted to the plant resource acquisition strategy. This should be a key to discuss
the possibilities of a southern route of peopling modern humans to the Japanese islands.

CONCLUSION

We discussed mainly the determination of the chrono-stratigraphic sequence of the Upper Pale-
olithic of the Japanese islands by 14C dating. Recent progress and the increasing number of AMS
dates bring about a new horizon in 14C dating for a whole range of the Upper Paleolithic. High-pre-
cision 14C dates and their calibration lead us to new critical issues with particular reference not only
to the framework of the Pleistocene/Holocene transition, but the Paleolithic/Jomon transition. In this
paper, 14C dates have been discussed with uncalibrated ones. When the calibration applied to the ear-
liest pottery such as the Odai-Yamamoto I site, the dates calculate between 16,500 and 16,000 cal
BP. This suggests that the earliest potteries in East Asia are preceded by the Oldest Dryas period in
terms of northwest Europe. 14C dating is widely applicable among different disciplines. Correlations
between high-precision dating, calibration, exact sampling from the sound archaeological context
and their interpretations are, therefore, more critically evaluated.
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Table 1 Radiocarbon dates for the Upper Paleolithic and Incipient Jomon. Dates are uncalibrated.
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ABSTRACT. The discovery of the Iwajuku site in Japan is the beginning of the study of the first Paleolithic cultures in the
region. In this paper we examine the timing of the earliest colonization of southern Japan, especially focusing on the areas of
Kyushu, Shikoku, and the Ryukyu archipelago. Osteological studies have proposed the ultimate origin of these western Jap-
anese Paleolithic populations in Southeast Asia. If this hypothesis is correct, Native Americans may be remotely related to the
populations of this region. Greater attention to data from areas such as Japan is necessary to understand the timing and nature
of New World colonization. 

INTRODOUCTION

Homo sapiens sapiens did not evolve in the region now known as Japan. They, and possibly archaic
hominids at some point in time, migrated from the nearby continent to the Japanese islands. It was
not until 1949 that Pleistocene human occupation of Japan was recognized, most notably at the Iwa-
juku site (Aizawa 1969). Before this discovery, most archaeologists believed that the Japanese
islands were colonized at the beginning of the Jomon period (Early Neolithic), arguing that the
region was inhospitable during the Pleistocene due to active volcanism. The discovery of the Iwa-
juku site not only proved the presence of the Paleolithic cultures in this region, but also suggested
the next question: When did earliest human colonization occur?

The examination of the timing of human colonization to Japan is extremely important not only for
the prehistory of the region, but also that of the New World. Data from Japan may provide clues as
to the possibility and nature of early archaeological sites in the New World. Here, we examine the
timing of colonization of western Japan, focusing especially on Kyushu, Shikoku, and the Ryukyu
archipelago. This geographic focus is significant because the peopling of Japan may have taken
place through Korea to Kyushu, and/or from farther south through the Ryukyu archipelago to
Kyushu. Radiocarbon dates from Paleolithic period sites were collected to assess the timing of col-
onization of these areas. However, the ages of most Paleolithic sites in the region have been estab-
lished by relative dating (i.e. tephra stratigraphy) and morphological characteristics of lithic arti-
facts. Only and handful of sites have been directly 14C dated. Consequently, we provide both a brief
introduction to these alternative dating methods and a discussion of the available 14C-dated sites. We
then examine possible routes through which the Japanese archipelago was colonized, and attempt to
relate these observations to the study of the peopling of the New World.

BRIEF BACKGROUND AND RADIOCARBON DATES

Kyushu Region

The search for the presence of Paleolithic sites in Kyushu began with the excavation of the Fukui
Cave site in 1960 (Serizawa 1976, 1979). By 1965, 42 sites were reported as Paleolithic in age
(Kamaki and Makabe 1965). According to Obata and Miyata (1999:55), at least 800 Paleolithic sites
are now known from this island alone. Of these, 530 belong to the late Upper Paleolithic and the
transition between the Paleolithic and Jomon periods. Most of the Paleolithic sites on Kyushu have
been dated stratigraphically in relation to volcanic tephras of known age. Here we describe briefly
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the five tephras used as key age markers for establishing an Upper Paleolithic chronology in Kyushu
(Tachibana 2000; Fujimoto 2000). The Aera Caldera, the most important tephra, is dated to between
24,000 and 25,000 BP. The Black Band tephra is estimated to date to approximately 28,000 BP.
These two ash layers are widely distributed not only on Kyushu, but also most areas of Japan. The
next three ash layers are found only in restricted areas on Kyushu, but are significant in establishing
local chronology. The Tane IV tephra is distributed in southern Kyushu and on Tane Island, and
dates to 30,000 BP. The distribution of the Kirishima Iwaokoshi (Kr-lw) tephra is limited to South-
ern and eastern Kyushu, dating also to 30,000 BP. The Kokonoe-Daiichi- Karuishi So (Kjp-1)
tephra, dating to 40,000 BP, is found in eastern Kyushu. Finally, the Aso 4 ash layer (Aso-4), dating
to 80,000–90,000 BP, is an important tephra for establishing Middle Paleolithic chronology
(Tachibana 2000:1–3; Fujimoto 2000:12).

Did archaic hominids colonize Kyushu during the Lower or Middle Paleolithic periods? Tachibana
(2000) believes that such sites are present but undiscovered because thick ash layers cover the sedi-
mentary deposits of appropriate ages to contain Lower or Middle Paleolithic occurrences (see also
Shimaoka 2000). Several sites have been purported to belong to the Middle Paleolithic, such as
Tsujita, Yokota, Matsuo, Ushiromuta, and Kamishimoda (Tachibana 2000:3; Shimaoka 2000:9). The
first four sites, while yielding lithic assemblages that clearly differ from the Upper Paleolithic, are not
associated with tephras of known age and have not yielded chronometric dates. The last site is also
said to have produced a Middle Paleolithic-like lithic assemblage. Although the Aso-4 tephra
(80,000–90,000 BP) is reported at the site, stratigraphic association between the tephra and archaeo-
logical materials is not yet clear. Regarding the early colonization of Kyushu, Obata and Miyata
(1999:59) conclude that “the lithic assemblages which are said to date prior to the Upper Paleolithic
were collected in isolation or obtained through site excavation, but detailed reports have not been pub-
lished. In short, they cannot be readily accepted as the Middle and/or Lower Paleolithic sites.”

Only one possible Middle Paleolithic assemblage, from Layer 15 at Fukui Cave, is associated with
a 14C date. The wood charcoal sample yielded and age of 31,900 BP (Serizawa 1976, 1979; Kawa-
michi 2000:17; Nakamura et al. 2000). Serizawa first announced that Layer 15 belonged to the
Lower Paleolithic, but later suggested that it is Middle Paleolithic (Serizawa 1999 cited from Kawa-
michi 2000:17).

While the status of the Lower and Middle Paleolithic cultures on Kyushu is still debated, it is clear
that initial Upper Paleolithic human populations were present in the region by 30,000 BP. Several
sites have yielded radiocarbon dates from this time period. On Kyushu, the Ishinomoto site in
Kumamoto prefecture yielded four radiocarbon dates ranging from 33,720 ± 430 BP to 31,460 ±
270 BP (Kumamoto Prefecture Board of Education 1999a). The Ushiromuta site in Miyazaki pre-
fecture has been dated to 29,520 ± 180 BP and 29,470 ± 150 BP (Shimaoka 2000). Finally, the
Kawahara No.14 site in Kumamoto prefecture have yielded 14C dates of 29,370 ± 360 BP and
28,790 ± 350 BP (Kumamoto University 2000). 

Three sites belonging to the early Upper Paleolithic period have been 14C dated. The Chouchi site
locating in Kagoshima prefecture has yielded three 14C dates of 22,390 ± 1200 BP, 24,690 ± 130 BP,
and 25,110 ± 210 BP. The Nihongi site, also located in Kagoshima prefecture, has 14C dated to be
25,330 ± 880 BP. A date of 24,400 ± 230 BP has been obtained from the Hyakkadai site in Nagasaki
prefecture. 

There are only three sites 14C dated to the late part of the Upper Paleolithic sites. The Kiriki and
Mimitori sites are both from Kagoshima prefecture. The former has yielded four 14C dates ranging
from 24,270 ± 180 BP to 22,960 ± 170 BP (Nagano 2000). Only one sample has been 14C dated from
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the latter, resulted in an age estimate of 24,030 ± 110 BP (Nagano 2000). The Mimikiri site, located
in Kumamoto prefecture, also has a date of 23,200 ± 220 BP (Kumamoto Prefecture Board of Edu-
cation 1999b).

Only two terminal Paleolithic sites have been 14C dated at the present time. The Chaen site in
Nagasaki prefecture produced a date of 15,450 ± 190 BP (Kishiku Town Board of Education 1998).
The Fukui Cave site, also in Nagasaki prefecture, contained five terminal Paleolithic cultural layers,
with dates ranging from 14,000 ± 400 BP to 10,700 ± 300 BP. It should be mentioned that Fukui
Cave contains the oldest remains of pottery in the world, found in association with microblade cores.
Radiocarbon dates place the appearance of ceramic technology at 12,400 ± 350 BP and 12,700 ±
500 (Nakamura et. al 2000). 

Shikoku Region 

Fujino (personal communication 2001) estimates that there are 200–300 known Paleolithic sites in
Shikoku. This number will certainly grow given that Paleolithic research in the region is in its
infancy (Kimura 1994:1). According to Fujino, no Middle Paleolithic or earlier sites are yet known
on Shikoku. Rather, the earliest known sites date to the later part of the Upper Paleolithic. Fujino
believes, based on his summary of Paleolithic sites in western Japan, that the beginning of the Upper
Paleolithic in Shikoku is two or three thousand years later than on Chugoku and Kyushu (Fujino
1999). To best of our knowledge, the only 14C dated site on Shikoku is Kamikuroiwa Rock Shelter
in Ehime Prefecture. This site is one of the most important in all of Japan because it covers the tran-
sitional period between the Paleolithic and Jomon. The lower layer (Layer IX) yielded tanged points
and no pottery. The upper layer (Layer V) produced one of the earliest known assemblages of pot-
tery, associated with arrow points but without tanged points. Importantly, it appears that the transi-
tion from the Paleolithic to the Jomon at Kamikuroiwa Rock Shelter occurred later than at Fukui
Cave: Layer IX (terminal Paleolithic) at Kamikuroiwa has been 14C dated to 12,165 ± 650 BP and
Layer V (Jomon) to 10,085 ± 320 BP (Nakamura et al. 2000). 

Ryukyu Archipelagos

The islands linearly distributed between Kyushu and Taiwan are collectively known as the Ryukyu
archipelago. The archipelago can be divided into three regions in terms of geological and cultural
characteristics: the Northern, Central, and Southern Ryukyus (e.g. Kokubu 1972). Northern Ryukyu
consists of Yaku, Tane, and their satellite islands. Central Ryukyu consists of Amami, Okinawa, and
their satellite islands. Southern Ryukyu consists of Miyako, Ishigaki and their satellite islands

The presence of Pleistocene human populations in the Ryukyu archipelago was first suggested by
Tokunaga as early as 1936. He recognized that modified deer bones recovered from Gadabaru cave
site, in Central Ryukyu, were potentially human artifacts. In the 1960s and 1970s, several additional
sites yielded modified deer bones, and were believed to be bone “artifacts” based on Tokunaga’s
original observation. By 1977, having analyzed these bone “artifacts”, Kato (1977) reached conclu-
sion that the modifications were made by deer chewing and not by humans. Most scholars today sup-
port Kato’s conclusion. This leaves open the question of when humans first colonized Ryukyu. 

Central Ryukyu provides earliest evidence for presence of Homo sapiens sapiens during the Late
Pleistocene. In 1968, the Yamashita-cho No.1 cave site yielded fragmentary remains of a human
child estimated to have been 6 years old at time of death. Unfortunately, the remains of this imma-
ture individual provide only limited information on the physical characteristics of the resident
human population (Takamiya 1994:327). However, wood charcoal associated with the fossil aston-
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ished the academic community: At 32,000 ± 650 BP the Yamashita-cho No.1 fossil is the earliest
remains of Homo sapiens sapiens in East Asia (Baba and Narasaki 1991; Matsu’ura and Kondo
2000; Takamiya 1983). At about same time, the Minatogawa site yielded human remains represent-
ing at least 5 or 6 adult male and female individuals. The analysis of these remains have contributed
greatly to our understanding of the origins of the Japanese (Hanihara 1991). The site has been 14C
dated to 18,000 ± 650 BP and 16,600 ± 300 BP (Suzuki 1975). In addition, 6 other sites in Central
Ryukyu have yielded human skeletal remains (Matsu’ura and Kondo 2000). While the precise ages
of these later sites are not known, the radiometric dates from Yamashita-cho No.1 and Minatogawa
demonstrate the presence of Homo sapiens sapiens in the region during the late Pleistocene.

In Southern Ryukyu, the only known Pleistocene site is the Pinzaabu site, which produced fossil
human remains but no lithic technology. The site has been 14C dated to 25,800 ± 900 BP and 26,800
± 1,300 BP (Hamada 1985).

Until recently, very little was known about the Paleolithic in the region North of Okinawa, namely
Northern Ryukyu through the Amami archipelago. In 1986, the stone artifacts of clear human man-
ufacture were reported for the first time from the Tsuchihama Yaya site on Amami Island. The site
was radiocarbon dated to >21,400 BP (Kagoshima Prefecture Board of Education 1986). Two years
later, the Kishikawa site yielded Paleolithic artifacts with a finite radiocarbon age of 25,250 ±
790 BP (Tamura and Ikeda 1995). In 1992, the presence of Pliestocene human populations in North-
ern Ryukyu was demonstrated at the Yokomine C site, on the Tane island. The site was first exca-
vated by the Minami Tane Town Board of Education in 1992, resulting in a collection of Paleolithic
artifacts and three wood charcoal dates of >30,260 BP, >31,080 BP, and >28,110 BP (Minami Tane
Town Board of Education 1993). The site was re-excavated in 1995 and 1996 and this time produced
four finite 14C ages of 31,280 ± 690 BP, 29,670 ± 540 BP, 30,490 ± 590 BP, and 29,300 ± 520 BP
(Minami Tane Town Board of Education 2000). At the Tachikiri site, also on Tane Island, Paleolithic
artifacts have been 14C dated to 30,480 ± 210 BP (Dogome 2000). These lines of evidence demon-
strate that Homo sapiens sapiens occupied the Northern Ryukyu archipelago at least as early as the
main island of Kyushu.

DISCUSSION

We conclude that there is as yet no unequivocal Middle (or Lower) Paleolithic site known in Kyushu,
Shikoku, or the Ryukyu archipelago. The one possible exception is Layer 15 at Fukui Cave. By
approximately 30,000 years ago, however, Homo sapiens sapiens were present on both Kyushu and
the Ryukyu archipelago. Shikoku may have been settled from Kyushu or western Chugoku area sev-
eral thousand years later.

From which region (or regions) were Kyushu and the Ryukyu archipelago colonized? Unfortunately,
no human remains dating to the Paleolithic Period have been found on Kyushu. Archaeological data
provide the only available information on the origin of Paleolithic Kyushu populations. According
to Oda (1999), the early Upper Paleolithic in the region is characterized by “knife type” lithic arti-
facts. This artifact category seems to be closely related to finds on the Korean Peninsula (Obata and
Miyata 2000). Thus, the Korean Peninsula would seem to be the most likely region from where
Homo sapiens sapiens spread into Kyushu. 

On the other hand, the Ryukyu archipelago, especially Central and Southern Ryukyu, have produced
relatively abundant human skeletal remains belonging to the Paleolithic Period. Only 3 sites on
mainland Japan have yielded unquestionable Paleolithic human remains, whereas 9 sites in Central
and Southern Ryukyu have produced fossilized skeletal remains (Matsu’ura and Kondo 2000).
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While skeletal remains recovered from mainland Japan are all fragmentary, the Minatogawa site in
Okinawa has yielded well preserved human remains. Consequently, the Minatogawa remains have
been the subject of intensive study and comparisons with other Homo sapiens sapiens fossils from
East Asia. The results demonstrate that the Minatogawa populations are morphologically closer to
the “Liujin Man” remains from in South China than the Zhoukoudian Upper Cave skeletal remains
recovered from Northern China (Hanihara 1991). Accordingly, it has been suggested the Southern
and Central Ryukyu regions were populated from the South (Hanihara 1991).

As mentioned above, lithic artifacts belonging to the Paleolithic period have been recovered recently
from the Northern and Central Ryukyu regions. Kato (1996) believes that the lithic complex from
Northern Ryukyu is affiliated with that found on Kyushu, and the complex from Central Ryukyu
with that from Taiwan or further South. Oda (1999) seems to agree with Kato (1996). Okamura
(1998) suggests further that the lithic complex represented in Central Ryukyu may have ultimately
expanded to Northern Ryukyu. If their analysis is correct, the origin of these Ryukyu Paleolithic
populations may be sought in southern areas including Southeast Asia. However, more detailed
study of the lithic complexes is necessary to accept this hypothesis (Obata and Miyata 2000).

Archaeological data from Kyushu and Shikoku indicate that once these regions were colonized,
about 30,000 years ago, both were continuously occupied into the Holocene (Serizawa 1976). For
example, the Fukui Cave site in Kyushu contains an archaeological sequence beginning around
31,900 BP (layer 15) and continuing through the appearance of the earliest pottery in the world at
approximately 12,000 BP. These early pottery sherds were associated with formal microblades,
which are diagnostic implements of the later part of the Upper Paleolithic period in Japan. The layer
below contained only stone artifacts, and the layer above other pottery types and microcores
(Serizawa 1976). The Kamikuroiwa Rock Shelter site documents a similar late Upper Paleolithic-
Jomon transition on Shikoku. Together, these sites indicate that Kyushu and Shikoku, once settled,
were continuously occupied through to the Jomon period (Serizawa 1976). In contrast, human pop-
ulations seem to have had a hard time maintaining occupations on the Ryukyu archipelago. There
are no sites known from Southern Ryukyu after Pinzaabu until approximately 3000 years ago. In
Central Ryukyu, detailed studies of paleogeography and paleodemography have revealed that the
Minatogawa and other Paleolithic populations moved out, or died out by the end of the Pleistocene
(e.g., Takamiya 1996). Similar phenomena seem to characterize Northern Ryukyu, although further
detailed research is needed.

The most important questions issuing from the above presentations are the following: Where did the
Paleolithic Japanese populations ultimately originate from? Can anything be said about the peopling
of the Americas from this study? As we have discussed, the initial Kyushu Paleolithic populations
seem to have originated on the Korean Peninsula, while the contemporaneous Ryukyu populations
originated from the South. In an intensive study of Asian populations, Turner (1987) recognized two
dental morphology types; a more generalized tooth morphology he terms sundadont, and a more
specialized tooth morphology he terms sinodont. The former type is distributed mainly in Southeast
Asia and Oceania and the latter in Northeast Asia. He believes that the generalized sundadont mor-
phology is ancestral to contemporary Asian populations. More specifically, as sundadont popula-
tions moved north, the more specialized sinodont type emerged (Turner 1987). According to this
hypothesis, the ancestors of both Kyushu and Ryukyu Paleolithic populations ultimately originated
in Southeast Asia. One group moved from Southeast Asia to the Ryukyu archipelago directly, while
the other group first migrated from Southeast to Northeast Asia and then entered Kyushu via the
Korean Peninsula. Turner (1987) believes that these Asian populations eventually colonized the
New World, implying Southeast Asia is the ultimate point of origin of native Americans. 
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Omoto (1999) opposes Turner’s hypothesis, disagreeing with the fundamental assumption that
things (in this case tooth morphology) necessarily evolve from simple to complex. Omoto (1999)
further argues that Turner’s conclusion are not supported by genetic data. Omoto and Saitou (1997)
have analyzed 26 human groups on the basis of 20 genetic markers. Their results indicate that there
is much more diversity among Asians, Pacific Islanders, and Native Americans than previously
thought. Like Turner, they suggest the East Asian population can be placed genetically into two
groups: Southeast and Northeast Asians. However, Omoto (1999) speculates that these two groups
existed in East Asia independently: The former migrated into Southeast Asia through a corridor
South of the Himalayas and the latter through a corridor North of the Tibetan massif. Both popula-
tions originated in West Asia. Surprisingly enough, the Ainu, who are thought to be the descendants
of the Southeast Asian Paleolithic populations by Turner (1987) and Hanihara (1991), belong genet-
ically to Northeast Asian populations (Omoto and Saitou 1997). Thus, the Paleolithic Ryukyu pop-
ulation may have originated in Southeast Asia, while the contemporaneous Kyushu population may
have an colonized from independent Northeast Asian population. In this case, Southeast Asians may
have nothing to do directly with the origins of native Americans. It would suggest that the focus
should be on Northeast Asians to understand the peopling of the New World.

SUMMARY AND CONCLUSION

This paper has dealt with the peopling of western Japan, more specifically Kyushu, Shikoku, and the
Ryukyu archipelago. While several hundred Paleolithic sites have been identified in Kyushu and
Shikoku, only a handful of these sites have been 14C dated. Although some sites on Kyushu are
claimed to be Middle Paleolithic period occupations, a consensus has not been obtained. By 30,000
years ago, however, Kyushu and Ryukyu were both settled by Homo sapiens sapiens. Archaeologi-
cal data indicate that Shikoku was first occupied by human population several thousand years later.
In terms of artifact complexes, Kyushu, Northern Ryukyu, and Shikoku seem to belong to the same
culture tradition. In contrast, Central Ryukyuand possibly Southern Ryukyu, though no artifacts
has yet been recoveredformed different cultural tradition. The evidence suggests that this cultural
tradition is related to regions farther south.

Human skeletal remains belonging to the Paleolithic period are known in detail only from the Central
and Southern Ryukyu regions. One of the sites, the Minatogawa site dating to 18,000 years ago, has
produced fossil remains very important to understanding the origins of the Japanese (Hanihara 1991;
Matsu’ura and Kondo 2000). These remains have been analyzed intensively, resulting in the sugges-
tion that the population represented originated in the South. This result supports suggestions made by
some archaeologists including Oda (1999), Kato (1996), and Okamura (1998). While no skeletal
remains are known from Kyushu or Shikoku (and Northern Ryukyu according to Obata and Miyata
[2000]), lithic assemblages suggest these people may have migrated from the Korean Peninsula. 

Osteological studies have proposed the ultimate origin of these western Japanese Paleolithic popu-
lation in Southeast Asia. If this hypothesis is correct, Native Americans may be remotely related to
the populations of this region. Geneticists such as Omoto (1999) reject this hypothesis, however, and
suggest a dual structure to East Asian populations, both of which originated in West Asia. The pro-
cess by which these two groups formed hinges on the separate routes they followed on their way to
East Asia. If this hypothesis is correct, the ancestors of native Americans should be genetically more
related to Northeast than to Southeast Asians.

While the peopling of the New World has been an important theme in anthropology, investigation of
the processes by which colonization occurred has suffered from a lack comparisons across the
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Pacific. Additional data from areas such as Japan is necessary to understand the timing and nature
of New World colonization. The fact that much of the 14C data presented in this paper was obtained
in recent years indicates that Japanese archaeologists are now more aware and more interested in
radiocarbon dating. With increased chronological resolution made possible by continued radiocar-
bon dating we may soon be able to provide more detailed conclusions about the relationships
between the peopling of the Japanese archipelago and the peopling of the New World.
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RADIOCARBON-BASED CHRONOLOGY OF THE PALEOLITHIC IN SIBERIA AND 
ITS RELEVANCE TO THE PEOPLING OF THE NEW WORLD 

Sergey A Vasil’ev1 • Yaroslav V Kuzmin2 • Lyubov A Orlova3 • Vyacheslav N Dementiev4

ABSTRACT. The territory of Siberia is of crucial importance for the study of early human dispersal and the peopling of the
New World. A Siberian Paleolithic Radiocarbon Database has been compiled. The Database allows us to compile a chronolgi-
cal framework for human colonization of Northern Asia. There are 446 14C dates for 13 Middle and 111 Upper Paleolithic
sites older than around 12,000 BP. Seventeen percent of the dates were obtained by the accelerator mass spectrometry (AMS)
technique, and the remaining 83% are conventional. From the viewpoint of the spatial distribution of the 14C-dated sites, the
majority of these are located at the Yenisey River Basin, Transbaikal, and the Altai Mountains. The general outline of the
Upper Paleolithic colonization of Siberia is given here. The earliest traces of modern human occupation are dated to around
43,000–39,000 BP in the southern part of Siberia. It seems that by around 13,000 BP, almost all of northern Asia, including
the extreme northeastern Siberia had been colonized by modern humans. We discuss some controversial problems that have
provoked heated debates in current Russian archaeology. Notable among these are the surprisingly early AMS dates for the
Early Upper Paleolithic, the age of the Dyuktai culture of Yakutia, the problem of human presence in Siberia at the time of
the Last Glacial Maximum (20,000–18,000 BP), and the timing of the initial settling of the Chukchi Peninsula and northeast-
ern Siberia. 

INTRODUCTION

The territory of Siberia (or northern Asia; Figure 1) has attracted the attention of students of prehis-
tory for many years. This area is of crucial importance to questions regarding the first entry of peo-
ple to the New World, human–land relationship in periglacial environments, and prehistoric culture
contacts in the northern Pacific. In light of new data, we discuss here the peopling of Siberia and the
timing of the initial human entry into the Americas. We also discuss the controversial subject of the
age of the Dyuktai culture of Yakutia.

The establishment of a firm chronological framework for the Paleolithic in Siberia is of direct rele-
vance to the complicated issue of the initial peopling of the New World. In this work, we use radio-
carbon (14C) dates obtained mostly on the Upper Paleolithic sites (and few Middle Paleolithic ones)
in Siberia since 1960. Several summaries of Siberian prehistoric 14C dates have been published in
English (see, e.g., Henry 1984; Kuzmin 1994; Kuzmin and Tankersley 1996; Kuzmin and Orlova
1998). The recent Russian monograph on the 14C chronology of the Paleolithic of Russia includes
423 dates from Siberia (Lisitsyn and Svezhentsev 1997). Because the New World in general, and
Alaska in particular, was already colonized at minimum around 12,000 BP (cf., West 1996), we
excluded Siberian Paleolithic and Initial Neolithic 14C dates younger than around 12,000 BP com-
pared with previously published summaries (Lisitsyn and Svezhentsev 1997; Kuzmin and Orlova
1998; Orlova et al. 2000b, Kuzmin 2000). 

In this paper, we present the updated 14C Database of the Siberian Paleolithic with values earlier than
around 12,000 BP (Table 1). One should bear in mind that in a number of cases the assemblages
included in our roster (the Elenev Cave, Layer 18 and underlying deposits; Novoselovo 6, Maynin-
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Figure 1 Radiocarbon-dated Paleolithic occurrences in Siberia
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skaya, Layers A1-A3; Bolshoi Yakor 1, Layers 5 and 6; Ust’-Kyakhta 17; Studenoe 1; Malye Kuruk-
tachi; Berelekh; Ushki; Siberdik, Layer 3), also produced dates younger than 12,000 BP, some of
which are not included to the Table 1 (see appendix). Data presented are as of May 2001. In the col-
umns “Latitude” and “Longitude”, the geographic coordinates are given as decimal values (i.e.,
70.50 means 70°30′) for using the Geographic Information System software, such as ARC/VIEW
and ARC/INFO.

14C DATABASE OF THE SIBERIAN PALEOLITHIC

Discussion of Siberian Paleolithic chronology in this paper is based on the 14C dates directly associ-
ated with the Paleolithic assemblages. Thus, we omitted dates from paleontological localities with-
out clear evidence of human presence, and dates from geological cross-sections located near the
Paleolithic sites. For example, for the site of Berelekh in northeastern Siberia only 14C dates from
the cultural layer of the habitation site are included in the list (Table 1). The same is true for dates
from archaeological occurrences run on samples lacking direct association with artifacts, for
instance Filimoshki (Kuzmin 1996:138). At the same time, some dates included in the list (Afontova
2, GIN-117; Kashtanka 1, GrN-24482 and GrN-24481; Kunaley, GIN-6124; Gorbatka 3, SOAN-
1922; and Ust’-Mil 2, LE-955) were run on samples lying below the artifact-bearing strata, thus pro-
viding only lower temporal limit for the assemblages. Some dubious Pleistocene-age 14C dates of
the apparently Holocene (Neolithic and Bronze Age) cultural strata, mostly from the Transbaikal
(cf., Konstantinov 1994), are excluded. The 14C dates, mentioned in the literature without indication
of laboratory numbers and/or standard deviation, are also omitted. Finally, there are a lot of disap-
pointing inaccuracies in individual data presentation in literature. Thus, we use the 14C dates as these
appeared in first publications.

As a result of careful dates selection, we roster 13 Middle and 111 Upper Paleolithic localities,
which produced 446 dates (Table 1). Slightly more than 17% of the dates were obtained using accel-
erator mass spectrometry (AMS) technique; others are conventional. Largest 14C datasets are known
from the Shestakovo (21 values); Malta (19); Mayninskaya and Bolshoi Yakor 1 (15 for each one);
Ust’-Karakol 1, and Ikhine 2, and Afontova Gora 2 (13 for each one); Geographical Society Cave
(11); Kara-Bom and Kamenka 1 (10 for each one) sites. From the geographical viewpoint, the dis-
tribution of sites is no less uneven (Figure 1). The majority of the 14C-dated sites locate in the Yeni-
sey River drainage area and adjacent regions (33%) (Figure 2), Altai Mountains and the Kuznetsky
Basin (19%), Transbaikal (14%), and areas around the Lake Baikal (9%) (Figure 3). At the same
time, some areas extremely rich in prehistoric remains, such as the Angara and Upper Lena River
valleys, yielded insufficient data compared to the number of sites (only 11% of total dates). Vast ter-
ritories of the southern part of Northeastern Siberia (6%), the Russian Far East (less than 6%) and
the West Siberian Plain (3%) produced only a few dates.

14C DATING OF BONE COLLAGEN FROM SIBERIAN PALEOLITHIC SITES

The reliability of 14C dates, made on animal and human bones, has been a complicated problem for
decades (cf., Taylor 1997:87–91). There is a clear skepticism from some sources about the accuracy
of bone 14C dates made in Russian laboratories (cf., Goebel 1993:139–40). However, we are quite
confident that the technique of collagen extraction developed in Russia (Arlsanov 1987:137–43;
Sulerzhitsky 1997) is very reliable. The general idea is that slow dissolution of the mineral part of
whole pieces of bones in diluted hydrochloric acid allows one to extract non-contaminated collagen,
and to see the degree of preservation of initial fiber-like internal collagen structure after demineral-
ization. This is different from widely accepted Longin’s (1971) technique of collagen extraction,
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Figure 2 Radiocarbon-dated Paleolithic occurrences near the Yenisey River

Figure 3 Radiocarbon-dated Paleolithic occurrences near Lake Baikal
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where bone material is powdered before demineralization. The reliability of the slow dissolution
technique for collagen extraction is supported by parallel dating of the same pieces of bone in Mos-
cow (Geological Institute, Russian Academy of Sciences), and in the NSF-Arizona AMS Facility at
the University of Arizona (Tucson, Arizona, USA) (Vasil’chuk et al. 2000) and Beta Analytic, Inc.
(Miami, Florida, USA) (MacPhee et al. 2002).

The following technique of collagen extracted has been used at the Novosibirsk 14C laboratory (lab
code SOAN) since 1985. The pieces of bones 10–20 cm long, once cleaned of any surface com-
pounds, are demineralized by 5% HCl solution (the proportion is 7–8 L of solution for 1 kg of
bones) under a temperature of 2–3 °C, usually in a refrigerator. As the surface layer becames soft,
once every few days it was scraped with a knife, and the demineralization continued until the min-
eral part of bone was completely dissolved; sometimes this may take 1–2 weeks. Finally, the
extracted gelatin-like collagen is thoroughly washed by distilled water. To remove the humic acids,
the collagen is treated by a 0.1 N solution of NaOH for several hours. The remaining collagen is
again washed by distilled water, dried, and carbonized by heating on 800 °C in oxygen-free environ-
ment. To remove the phosphorous compounds, carbonized collagen is treated with a mixture of
HNO3 and HCl (“aqua regia”). Finally, the cleaned collagen is washed by distilled water, dried, and
used for benzene preparation.

In some laboratories (such as Geological Institute, Moscow, lab code GIN) centrifuging is used for
separation of humic acids from collagen (acceleration of 2500–3000 g). As for any bacterial con-
tamination remaining after collagen extraction, repeated washing by distilled water ensures the
removal of all possible bacteria (L D Sulerzhitsky, personal communication 2000).

Thus, the extracted collagen and the 14C dates run on it seem to be very reliable, and there have been
no serious arguments so far against the accuracy of the extraction technique. The key issue is that if
collagen is already degraded before sampling, there is no way to obtain reliable material for dating,
even if separate amino acids are being used as a source of 14C (cf., Stafford et al. 1991). As one can
observe after bone demineralization by cold HCl, well-preserved collagen keeps the fiber-like struc-
ture but the degraded collagen usually has “amorphic” appearance.

Several examples of the reliability of such collagen extraction may be found in Sulerzhitsky (1997:
186–8). One of the best cases is dating of several woolly mammoth bones from Taymyr Peninsula
(extreme northern Siberia), collected on the surface and partly covered with moss. After mechanical
removal of moss and collagen extraction as described above, the Late Glacial 14C ages (around
12,000 BP) were obtained. This clearly shows that well-preserved collagen is very resistant to any
kind of contamination.

EVALUATION OF 14C DATES IN SIBERIAN PALEOLITHIC GEOARCHAEOLOGY

The critical evaluation of a large series of 14C dates has put forward the concept of “practicable accu-
racy” of 14C dating of archaeological assemblages (Krenke and Sulerzhitsky 1992; see for details
Kuzmin and Orlova 1998:24–5). The limit in accuracy of 14C dating of the Paleolithic sites, being a
part of the “practicable accuracy” concept, has been empirically estimated as 3000–4000 14C years
(Krenke and Sulerzhitsky 1992). However, some archaeologists and geoarchaeologists are still dis-
appointed by relatively large difference in 14C date series from the same (and supposedly uniform)
cultural layer. Recent examples for Siberia may be found in Goebel et al. (2000:572), and Goebel
and Waters (2000).
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We argue that the age difference of several hundreds or even thousands of 14C years should be
expected a priori in the series of 14C dates from Paleolithic sites due to the complex taphonomic
nature of organic material (charcoal, uncarbonized wood, bones, etc.) to be dated. This essentially
means that a large (up to 3000–4000 14C years) difference in the date series from single cultural
layer of a Paleolithic site should not confuse archaeologists, because it was observed on many well-
dated sites with non-disturbed stratigraphy.

It seems that Paleolithic humans collected and brought to habitation sites wood (including fossil
one), bones, antlers, tusks, and teeth of different (from the view of 14C dating) ages. The dates found
on mammoth bones and/or tusk should be considered with extreme caution, taking into account the
possibility that the prehistoric inhabitants of a site collected these pieces from natural bone accumu-
lations (deathsites or so-called “mammoth cemeteries”). The best controversial example is the date
of around 43,000 BP obtained for the site of Druzhinikha at the Yenisey River basin of apparently
Final Pleistocene age based on geological data. It should be added that some other dates included in
our roster (Sabanikha, Shlenka, Pervomaiskoe 1, and Ulug-Bil’) were also run on bones collected
from the surface, thus these dates are controversial. In other cases, the faunal assemblages from the
cave sites seem to be produced mostly by natural agencies, and the degree of human involvement is
dubious (Proskuriakov Rockshelter and the Geographical Society Cave).

The site of Shestakovo in western Siberia (Zenin et al. 2000b, 2000d; Derevianko et al. 2000b)
yielded evidence on scavenging of mammoth bones and teeth from the natural accumulation, and as
a result 14C mammoth dates show wide variation within one cultural layer, from 20,480 ± 180 BP to
22,340 ± 180 BP. Multiple human occupations of the site resulted in a wide range of 14C ages of
charcoal, from 20,800 ± 450 BP to 23,250 ± 110 BP. Another example of large variation in 14C date
series was obtained from the upper component of the Kostenki 1 site in central Russia, where 16
dates from the same dwelling unit vary from 20,800 ± 300 BP to 24,100 ± 500 BP (Praslov and Sul-
erzhitsky 1997).

Thus, we should expect that in the Paleolithic 14C date series the range of dates might be quite wide,
and it is almost impossible to judge which date is more reliable. This applies especially to sites
where only woolly mammoth bones have been 14C-dated. The general approach is that charcoal 14C
dates taken from hearth-like features could give us the age values most closely corresponding to the
time of human occupation. However, such examples from Siberia are rare. Unfortunately, Pale-
olithic cultural layers could not be regarded as “snapshots” in terms of the age of organics recovered
during the excavations and later 14C-dated. Careful evaluation of 14C data should be given when sci-
entists are trying to find out the timing of human occupation of the Paleolithic sites.

CONTROVERSIES IN 14C CHRONOLOGY OF THE UPPER PALEOLITHIC IN SIBERIA

It is far beyond our scope here to discuss the chronology of the Upper Paleolithic in Siberia in full
detail (see e.g. Larichev et al. 1988, 1990, 1992; Vasil’ev 1993; West 1996; Derevianko 1997;
Kuzmin and Orlova 1998; Kuzmin et al. 1998a, 1998b; Goebel and Slobodin 1999; Orlova et al.
2000b; Kuzmin 2000). Here we wish only to mention some controversial problems connected with
the problem of 14C chronology of the Dyuktai culture of Yakutia, which provokes hot debates in cur-
rent Russian Paleolithic archaeology.

The timing of the Dyuktai culture has been discussed several times (e.g., Abramova 1979c; Yi and
Clark 1985). This issue is important because the Dyuktai culture is considered to be directly related
to the initial peopling of the New World (e.g. West 1996). Mochanov (1977) proposed the age of the
earliest Dyuktai sites, Ust’-Mil 2, Ezhantsy, and Ikhine 2, to be as old as around 35,000 BP
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(Table 1). Several scholars disagree with such an early age of typical microblade industry in remote
northeast Siberian territory (Abramova 1979c; Kashin 1983; Yi and Clark 1985; Kuzmin and Orlova
1998). To re-evaluate the 14C chronology of the earliest Dyuktai sites, we use both 14C and palyno-
logical records from archaeological sites and geological Late Pleistocene sections in eastern and
northeastern Siberia.

Through all the Late Pleistocene sections in northern part of Siberia, the distinct feature is the pre-
dominance of arboreal (tree) pollen in deposits dated to around 30,000–25,000 BP, and predomi-
nance of non-arboreal pollen (grasses) and spores in deposits dated to around 33,000–30,000 BP and
around 22,000–18,000 BP (cf. Kind 1974). The most complete record of climatic fluctuations in the
second part of Late Pleistocene in northern Siberia was obtained from the Molotkovsky Kamen sec-
tion in the lower stream of the Kolyma River (latitude 68°00′N, longitude 163°00′E), based on
palynological and 14C data (Kaplina and Lozhkin 1982; Kaplina and Giterman 1983; Giterman
1985). In total, about 15 14C dates and about 70–80 pollen spectra were obtained for the Molotk-
ovsky Kamen section. Two warm climatic episodes with a predominance of arboreal pollen (up to
40–60% of the total amount of pollen and spores) were 14C-dated to around 43,000–34,500 BP and
around 28,000–24,500 BP. Vegetation during those times was represented by birch-larch forests.
Two cold episodes with an increase in non-arboreal pollen and spore content (up to 80% of the total
amount) were 14C-dated to around 34,000–28,000 BP and around 24,000–18,000 BP. Vegetation
was presented by tundra, with small admixture of larch (sparse forest-tundra associations). The
same features in the pollen spectra were recognized in the records from Chuiskoye and Vilyi cross-
sections in Central Yakutia (Shofman et al. 1977; Alekseev et al. 1986).

Several early Dyuktai sites, such as Ust’-Mil 2, Ikhine 2, and Ezhantsy, also produced pollen records
(Savvinova et al. 1996). At Ust’-Mil 2, in the lower (i.e. pre-cultural) part of the section at a depth
of 4.00 m, 14C-dated to 35,600 ± 900 BP (LE-965), the amount of arboreal pollen is about 11–39%.
In the upper part of section with the Dyuktai culture artifacts at a depth of 1.75–2.50 m, 14C-dated
to around 23,500–30,000 BP, the amount of arboreal pollen decreases dramatically, and does not
exceed 5–10% of total pollen and spores content. This fact could be interpreted as a reflection of the
climatic deterioration. The next increase in arboreal pollen content on the Ust’-Mil 2 pollen diagram
(up to 70% of total pollen and spores) is 14C-dated to 12,200 ± 170 BP (LE-953).

Thus, in the Ust’-Mil 2 pollen records the time interval between around 33,000 BP and around
23,500 BP corresponds to a cold climatic event. However, in the Molotkovsky Kamen sequence this
time is characterized by dominance of arboreal pollen, which reflects climatic amelioration. Only in
the upper part of the Molotkovsky Kamen section, 14C-dated between around 24,500 BP and around
10,000 BP, the dominance of non-arboreal pollen is noted. It should be stressed that similar features
of very low arboreal pollen content are observed on the pollen diagrams of Ezhantsy, Ikhine 1, and
Ikhine 2 (Savvinova et al. 1996). 14C dates for those sites are more than around 16,600 BP
(Ikhine 1), around 17,200 BP (Ezhantsy), and around 31,200 BP to 24,300 BP (Ikhine 2).

On the basis of pollen and 14C records obtained from the Late Pleistocene sections in northern Sibe-
ria, along with critical re-examination of the Dyuktai culture records, we can assume that the portion
of Ust’-Mil 2 section with low content of arboreal pollen corresponds to the final Karginsky Inter-
glacial, 14C-dated to around 30,000–24,000 BP (see details in Kuzmin and Orlova 1998: 35-39). The
use of driftwood from older deposits by the earliest Dyuktai culture bearers could result in distortion
of the 14C age determinations of human occupation (sic!) (cf. Kuzmin and Orlova 1998).

In this case, bone material might be more reliable in the age estimation of the Dyuktai culture rather
than driftwood, which can be re-deposited from older sediments of the Aldan River. The most suit-
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able 14C value from the Ikhine 2 site seems to be 26,030 ± 200 BP (IM-239) (Figure 4). However,
the wood sample from the same depth yielded very close 14C date, 26,500 ± 540 BP (IM-202). Nev-
ertheless, the older 14C values from the depth of 0.90–1.20 m between around 31,200 BP and around
27,400 BP could be considered as less reliable. The youngest wood 14C date, 24,500 ± 480 BP (IM-
203), might be more reliable.

MODERN HUMAN DISPERSAL IN NORTHERN ASIA: AN OUTLINE

The earliest known Upper Paleolithic occurrences in Siberia are dated to around 43,000–38,500 BP
(Table 1). These are concentrated mostly at two areas in southern Siberia, at the Altai Mountains
(Kara-Bom, Kara-Tenesh, Ust’-Karakol 1, etc.) and the Transbaikal (Tolbaga, Kamenka 1, etc.). At
the same time, some occurrences at the Yenisey, Angara, and Upper Lena River basins witness the
occupation of the whole southern Siberia. It seems to be premature to analyze the problem of the
Upper Paleolithic genesis, associated with early Homo sapiens sapiens migration on the basis of the
scanty data at hand. The earliest Upper Paleolithic traditions of Siberia share a lot of features in
common with preceding Mousterian, thus demonstrating an apparent continuity between the Middle
and Upper Paleolithic (Goebel et al. 1993). At the same time, these traditions evidenced the appear-
ance of such typical Upper Paleolithic culture manifestations as mobile art objects, sophisticated
bone technology, and personal ornaments. The southwestern way for early Homo sapiens sapiens
migration seems to be plausible, and the Early Upper Paleolithic sites dated to the second part of the
Karginsky Interglacial, around 40,000–25,000 BP, are identified at Altai Mountains, Angara River
basin, and Transbaikal.

The data at hand indicate the sparse traces of humans during the final phase of the Karginsky Inter-
glacial, around 30,000–25,000 BP. This scarcity of data could be explained by the large-scale ero-
sion and cryoturbation of deposits during the advent of the Sartan Glaciation at around 25,000–
22,000 BP. Meanwhile, we could argue about the permanent colonization of south Siberian moun-
tainous areas, from the Altai to the Transbaikal, during the Early Upper Paleolithic.

The accidental discovery of the Upper Paleolithic artifacts in such a remote area as the northern part
of the Chukchi Peninsula (Laukhin et al. 1989) led to speculation about human settlement in extreme
northeastern Siberia during the warm phases of the Karginsky Interglacial. However, the age esti-
mates and stratigraphic situation for the Kymyneikei site in the northern Chukchi Peninsula remains
unclear (Goebel and Slobodin 1999:125; Orlova et al. 2000b:407–8). More data have been obtained
for the Yakutia. Taking into consideration the age estimates for the Dyuktai culture, we can assume
that modern people settled at this territory at least at around 18,000 BP (Verkhne-Troitskaya), and
perhaps earlier, about around 25,000 BP (Ikhine 2).

The data referring to the Early Sartan Glaciation, around 25,000–22,000 BP, are more numerous.
Unfortunately, all these data seem to be insufficient for a reconstruction of human dispersal in
details. The idea of depopulation of Siberia under the harsh climatic conditions of the peak of Sartan
Glaciation at around 19,000–16,000 BP was first put forward by Tseitlin (1979), and later by Goebel
(1999). In spite of inevitable decrease of an area inhabited and population movements southwards,
we could argue that even during the Late Glacial Maximum, around 20,000–18,000 BP, the occupa-
tion of southern Siberia and the Russian Far East was not interrupted. Stratigraphic columns of such
sites as Shlenka, Ui 1, Krasny Yar 1, Varvarina Gora, etc. provide evidence. Also, at least 14 well-
studied Upper Paleolithic sites in northern Asia have 14C dates within time interval of around
20,000–18,000 BP (Table 1).
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The Final Pleistocene provides evidence of dense population at all main drainage basins in southern
Siberia. Beyond more familiar areas of the Altai Mountains—Yenisey, Angara, and Upper Lena
River basins, and Transbaikal—the Late Sartan time span saw human dispersal in the southern por-
tion of the West Siberian Plain, and along the Yenisey River valley downstream from modern Kras-
noyarsk. Certainly, the most important event was human dispersal in northeastern Asia along the
main rivers of Yakutia. Even such remote areas as the Indigirka River basin were inhabited in the
Final Pleistocene (Berelekh site). This important movement resulted in peopling of Beringia at
around 12,000 BP (see below), thus continuing the general trend of human movement in northern
Eurasia from southwest to northeast.

BERINGIA AND THE PEOPLING OF AMERICA

In spite of numerous efforts to search for direct ancestors of Paleoindians in northeastern Asia car-
ried out from radically different viewpoints (cf., Mochanov 1984; Dikov 1985; Yi and Clark 1985),
there is a lot to be desired in the problem of timing and tracing of the first human entry to the New
World. Before discussing the archaeological evidence on Pleistocene occupation of Beringia, let us
look at paleoenvironmental data relevant to the Final Sartan, i.e. the time span that is thought to wit-
ness the peopling of the New World (Kozhevnikov and Zheleznov-Chukotskii 1995). It seems that
the glaciation of Chukotka was restricted by mountainous areas and glaciers could not hamper fau-
nal and human migrations. The Bering Land Bridge existed during the entire Final Pleistocene.
From 13,000 to 12,000 BP the land bridge was a vast smooth plain, whereas from 11,000 BP its area
began to decrease. First, the Anadyr Strait between Chukotka and St Lawrence Island was formed;
later the Bering Strait appeared. It seems that around 10,500 BP the waters of the Pacific and Arctic
Oceans joined (Elias et al. 1997). Meanwhile, even after the submerging of the land bridge, the Ber-
ing Strait could not be considered as an important barrier hampering human contacts, which were
possible by boats as well as on ice during winters.

The territory of Alaska was not covered by ice. Cordilleran glaciation touched parts of the Aleutian
and Alaska Ranges to the south (Glaciation Park McKinley) and the modern Aleutian Islands as well
as a dry shelf. The glacial lobes were oriented mostly in a southern direction, but occasional moun-
tain glaciers penetrated the upper parts of the Yukon tributaries valleys, including the Nenana River.

The favorable conditions for animal and human dispersal existed from 11,800 to 10,500 BP during
the intermediary period between glacial advances McKinley III and IV (or Riley Creek III and IV,
according to the old schemes). This time span was even labeled the “Critical Millennium” of the
Pleistocene. It is followed by the Park McKinley IV Phase, correlated with Younger Dryas, but per-
sisted as late as 9500 BP.

The northern part of the area demonstrates more restricted glaciation, mostly touched the central
portion of the Brooks Range (Itkillik II Phase). The last glacial advance in this region is dated
around 12,800 BP, later glaciers only retreated and the time span around 11,500 BP saw significant
decrease of glaciated areas. Small glaciers existed in the mountains of the southern part of the
Seward Peninsular, Kuskokwim Mountains, and Yukon-Tanana Highlands. Thus the central interior
Alaska, the area with intense loess deposition at Final Pleistocene, rested open for animal and
human migrations (Péwé 1975; Ten Brink 1984; Bigelow 1991).

Most scholars tend to argue that cold dry steppes with sagebrush—grasses and isolated willow
stands—dominated the Bering Land Bridge, while woodland refuge (willow, birch) could survive
along rivers. Numerous discoveries of Pleistocene fauna (horse, bison, reindeer, wild sheep, elk,
etc.) indicate that Beringia provided a favorable place for large herds of ungulates, especially during
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the so-called “Birch Zone”, which evidenced a climate amelioration from 14,000 to 10,000 BP. This
time span seems to correspond to the presumed human entry to the New World. The dwarf birch area
gradually widened from 14,300 to 13,500 BP, across the Alaskan territory. Starting in the western
portion of the Peninsular, birch distributed along the Yukon from 12,500–12,000 BP. The mountains
were woodland-free with patches of herbaceous tundra. From around 11,000 BP (the late phase of
the “Birch Zone”) the territory saw the gradual decrease of glaciated areas and expansion of forest—
poplar along river valleys, and aspen on south-facing mountain slopes. Meanwhile, herbaceous tun-
dra still dominated the landscape. A short-term cold spell corresponding to the Younger Dryas,
between 10,500 and 10,200 BP, is marked by the appearance of grass tundra in the place of bush tun-
dra in central Alaska (Elias 2001).

As seen above, pieces of archaeological evidence relevant to prehistoric human occupation of west-
ern Beringia (the extreme northeastern Asia) are far from numerous. It has been demonstrated that
central Yakutia (the Lena and Aldan valleys) were inhabited from around 24,500 to 18,000 BP. What
is known is the fact that the dispersal of the Dyuktai-type culture in the central (and probably also
northern) portion of Yakutia, while Berelekh evidenced human movement northwards, to the Arctic
Ocean coastline around 13,000–12,000 BP. 

It is more difficult to argue about the settlement of Kolyma, Kamchatka, and Chukotka, due to scar-
city. The sites attributed to the Dyuktai Complex, but located beyond the core area of the culture, at
the Okhotsk Sea coastal zone or the Kolyma River basin (Maiorych and Kukhtui III) are dubious.
The last site is even referred to as Neolithic. In other cases, the unambiguous dates are lacking and
it is difficult to judge if the sites could be referred to the Final Pleistocene or Early Holocene as in
the case of the lower component of Kheta. Some sites are claimed as Paleolithic (Druchak-Vetrenyi
and Uptar) received the Early Holocene 14C dates. The age of the unique presumable Pleistocene site
at the Kamchatka Peninsular–Ushki, remains enigmatic. There  are  many  disappointing inaccura-
cies in numerous writings by Dikov on the enumeration of cultural horizons, provenance of samples
for 14C determinations, etc. (for latest versions see Dikov 1996a, 1996b). It seems hardly possible to
make a judgement about the so-called “Ushki culture/s” that share no element in common with Sibe-
ria, as well as with North American Pleistocene assemblages. One should bear in mind that several
sites (Bolshoi Elgakhchan I and II at the Omolon River, surface scatters at the Chukotka Peninsular)
were referred to the Paleolithic exclusively based on the morphological similarity of the lithics
found to Ushki. The age and character of the occurrences with the so-called “Pebble-tool” industries
at Kamchatka and Chukotka (Orlovka II, Lopatka IV, etc.) remain far from clear. Frankly speaking,
in spite of long-term research activity in the area, we have no direct evidence of the Late Pleistocene
human colonization of the vast areas adjacent to the submerged portions of the Bering Land Bridge,
i.e. at the Chukotka Peninsular, in the Kolyma, Omolon, and Anadyr River valleys (see the recent
review in Slobodin 1999). Even now we have no assemblages comparable to the Alaskan ones from
the chronological viewpoint.

So far, we have one more site in extreme northeastern Siberia—Siberdik in the Kolyma River head-
waters (Dikov 1977:213–21; 1979:90–100) (Figure 1, Nr 117). There are several age estimates for
the lowermost cultural layer 3, range from around 13,200 BP to around 7900 BP (Kuzmin and Tank-
ersley 1996:580; Kuzmin and Orlova 1998:17; Kuzmin 2000:123), and this fact is well known in
spite of skepticism expressed by Goebel and Slobodin (1999:155). Unfortunately, no details about
the degree of association between 14C-dated charcoal and artifacts from layer 3 were given by Dikov
(personal communication to Kuzmin, September 1994). But we cannot simply reject the earliest 14C
value of the layer 3 on Siberdik, 13,225 ± 230 BP (MAG-916) (Lozhkin and Trumpe 1990:178), as
was done by Goebel and Slobodin (1999:114) without any discussion. Until there are new site exca-
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vations and dating, this age of the Siberdik still should be taken into account as the tentative evi-
dence of human occupation of the Kolyma headwaters around 13,000 BP. Thus, we can conclude
that at least at around 13,000 BP humans already settled the extreme northeastern Siberia, the “fore-
post” of the peopling of the New World, and the Berelekh, Siberdik, and Ushki might represent the
earliest Paleolithic sites there.

Leaving aside faunal occurrences with more or less dubious evidence of human involvement (Old
Crow, Trail Creek, and the Lime Hills 1 Caves) and sites with artifactual material but ambiguous
stratigraphic resolution (unit B at the Bluefish Caves nos. 1 and 2), it could be said with confidence
that the earliest human traces in Alaska are associated with the Nenana and Denali Complex sites,
located in the Central Interior Alaska (West 1996). The oldest Nenana assemblages (Components 1
at Owl Ridge, Walker Road, and Dry Creek, Cultural Zones 4 and 3 at Broken Mammoth, Layer 1
at Moose Creek) are dated by 14C from around 11,800–11,100 to 9000 BP. The age of the oldest
Denali assemblages is generally slightly younger, around 10,700–9000 BP (Components 2 at Dry
Creek and Moose Creek). Recent discoveries revealed more the complex character of the culture
development in Beringia with early appearance of microblade industry as evidenced by the lower-
most horizons at Swan Point, dated around 11,600 BP.

Assuming Nenana and Denali were separate culture traditions, the Alaskan sites could therefore be
regarded as a reflection of two different migration waves from Asia. The oldest seems to be repre-
sented by the Nenana assemblages dated from around 12,000–11,000 BP. The second, presumably
reflecting the spread of the Dyuktai populations in north-eastward direction, are represented by
Denali and dated between 11,000 and 10,000 BP (West 1996).

Apart from these traditions, the northern Paleoindian is represented by the sites with projectile
points located in northern and western portions of Alaska. The earliest dates are between around
11,700 and 9700 BP for Mesa, around 10,500 BP for Bedwell, 10,300 BP for Hilltop, and around
11,000 BP for Tuluaq (Bever 2000; Rasic and Gal 2000). 

The revision of old data and a search for new data are needed. The achievements along these lines
could be only possible through the development of cooperation between Russian and American
scholars. There is little doubt that the frozen ground lands of northeastern Asia should contain the
traces of the ancestors of the first Americans. The current surge in joint research allows us to see the
future of our studies in favorable perspective.

CONCLUSION

More close collaborative efforts of archaeologists and scientists specializing in 14C dating,
Quaternary geology, and geomorphology are necessary for the solution of the problems mentioned
above. There is a lot of discordance in publication of 14C dates, especially in terms of laboratory
numbers, cultural layer identifications and contexts, and the development of a standard general
database is called for. Recently, the Siberian Paleolithic Radiocarbon Database has been compiled
(see the website of the Institute of Geology, the Siberian Branch of the Russian Academy of
Sciences [www.giscenter.ru]). This paper should be cited as a primary source of the 14C dates for the
Paleolithic of Siberia included in the Database.
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APPENDIX

Table 1 Results from the updated 14C Database of the Siberian Paleolithic
Site 
nr

Lat. 
N

Long. 
E

Site name, 
sample position Material Lab code 14C date BP Reference

Mousterian assemblages
1 51.40 84.67 Denisova Cave, Layer 21 Humic acids SOAN-2499 39,390±1310 Derevianko et al. 1998

Denisova Cave, Layer 21 Charcoal GX-17599 35,140±670* Kuzmin & Orlova 1998
Denisova Cave, Layer 21 Humic acids SOAN-2488 >34,700 Derevianko et al. 1998
Denisova Cave, 
Entrance, Layer 9

Charcoal GX-17602 46,000±2,300* Kuzmin & Orlova 1998

2 51.67 84.33 Okladnikov Cave,
Layer 3

Bone RIDDL-722 43,300±
1,300/−1,500*

Derevianko et al. 1998

Okladnikov Cave,
Layer 3

Bone RIDDL-720 40,700± 
1,100*

Derevianko et al. 1998

Okladnikov Cave, 
Layer 3

Bone RIDDL-721 32,400±500* Derevianko et al. 1998

Okladnikov Cave,
Layer 2

Bone RIDDL-719 37,750±750* Derevianko et al. 1998

Okladnikov Cave,
Layer 1

Bone RIDDL-718 33,500±700* Derevianko et al. 1998

Okladnikov Cave,
Layer 3

Bone SOAN-2459 28,470±1,250 Derevianko et al. 1998

Okladnikov Cave, 
Layer 3

Bone SOAN-2458 >16,210 Derevianko et al. 1998

3 51.17 83.02 Strashnaya Cave, depth 4 
to 3 m (Layer 3/3)

Bone SOAN-785 >25,000 Orlova 1995

Strashnaya Cave Bone SOAN-3219 31,510±2,615 Kuzmin & Orlova 1998
4 51.17 86.20 Biika 1, Layer 5 Bone Bln-4981 37,000±1,000 Nokhrina et al. 2000

Biika 1, Layer 5 Bone Bln-4980 23,480±300 Nokhrina et al. 2000
5 50.72 85.57 Kara-Bom, Stratum M1 Bone AA-8894 >44,000* Derevianko et al. 1998

Kara-Bom, Stratum M1 Bone AA-8873 >42,000* Derevianko et al. 1998
6 54.58 86.37 Mokhovo 2 Bone SOAN-2861 30,330±445 Orlova 1995
7 56.82 86.23 Aryshevskoe 1, Stratum 2 Humic acids SOAN-4178 >40,000 Zenin et al. 2000a

Aryshevskoe 1, Stratum 2 Humic acids SOAN-4179 >40,000 Zenin et al. 2000a
Aryshevskoe 1, Stratum 6 Charcoal SOAN-4180 33,630±995 Zenin et al. 2000a

8 56.87 86.17 Voronino-Yaya, above 
cultural layer

Bone SOAN-3837 28,450±850 Zenin et al. 2000a

9 54.13 90.95 Dvuglazka Cave, Layer 7 Bone LE-4811 27,200±800 Lisitsyn & Svezhentsev 
1997

10 54.45 89.47 Proskuriakov Rockshel-
ter

Bone SOAN-1519 40,770±1,075 Ovodov et al. 1992

Proskuriakov Rockshel-
ter

Bone SOAN-1517 40,690±1,150 Ovodov et al. 1992

Proskuriakov Rockshel-
ter

Bone SOAN-1518 40,595±875 Ovodov et al. 1992

Proskuriakov Rockshel-
ter

Bone SOAN-848 >40,000 Ovodov 1975

11 55.17 91.58 Kurtak 4, Stratum 17 Bone LE-3638 32,280±280 Svezhentsev et al. 1992
Kurtak 4, Stratum 17 Charcoal LE-3352 31,650±520 Svezhentsev et al. 1992

12 55.22 91.65 Ust’-Izhul’ Bone SOAN-3334 >45,000 Ovodov & Tomilova 
1998

Ust’-Izhul’ Charcoal AECV-
2034C

>42,190 Drozdov et al. 1999

Ust’-Izhul’ Bone AECV-
1939C

>42,100 Drozdov et al. 1999

Ust’-Izhul’ Charcoal AECV-
2032C

>41,810 Drozdov et al. 1999

Ust’-Izhul’ Charcoal AECV-
2033C

>40,050 Drozdov et al. 1999

13 51.25 112.25 Arta 2, up from Layer 5 Charcoal LE-2967 37,360±2,000 Kirillov & Kasparov 
1990

Upper Paleolithic Assemblages

Western Siberia and Altai Mountanis
14 56.32 66.37 Shikaevka Bone SOAN-2211 18,050±95 This paper

*AMS dates are shown by asterisks; other dates are conventional
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Site 
nr

Lat. 
N

Long. 
E

Site name, 
sample position Material Lab code 14C date BP Reference

15 55.50 73.43 Chernoozierye 2, 
Layers 3 to 2

Charcoal GIN-122 14,500±50 Gening & Petrin 1985

16 54.65 80.25 Volchiya Griva Bone SOAN-111 14,450±110 Firsov et al. 1985
Volchiya Griva Bone SOAN-78 14,200±520 Okladnikov et al. 1971
Volchiya Griva Bone SOAN-111 13,600±230 Lisitsyn & Svezhentsev 

1997
Volchiya Griva Bone SOAN-

111A
13,600±230 Orlova 1979

Volchiya Griva Bone SOAN-4292 14,280±285 Orlova et al. 2000a
Volchiya Griva Bone SOAN-4293 12,520±150 Orlova et al. 2000a

17 56.48 85.00 Tomsk Charcoal GIN-2100 18,300±1,000 Tseitlin 1983
18 57.73 83.55 Mogochino 1, 

cultural layer
Bone SOAN-1513 20,150±240 Petrin 1986

Denisova Cave, Layer 11 Bone SOAN-2504 >37,235 Derevianko et al. 1998
19 51.38 84.68 Ust'-Karakol 1, Layer 10 Charcoal SOAN-3259 35,100±2,850 Derevianko et al. 1998

Ust'-Karakol 1, Layer 9v Charcoal SOAN-3257 33,400±1,285 Derevianko et al. 1998
Ust'-Karakol 1, Layer 9v Charcoal SOAN-3358 29,860±355 Derevianko et al. 1998
Ust'-Karakol 1, Layer 9v Charcoal SOAN-3359 29,720±360 Derevianko et al. 1998
Ust'-Karakol 1, Layer 5 Charcoal SOAN-3326 30,460±2,035 Kuzmin & Orlova 1998
Ust'-Karakol 1, Layer 5 Charcoal SOAN-3356 27,020±435 Derevianko et al. 1998
Ust'-Karakol 1, Layer 5 Charcoal SOAN-3357 26,920±310 Derevianko et al. 1998
Ust'-Karakol 1, Layer 5 Charcoal SOAN-3261 26,305±280 Derevianko et al. 1998
Ust'-Karakol 1, Layer 4 Humic acids SOAN-3356 26,920±310 Kuzmin & Orlova 1998
Ust’-Karakol 1, 
Excavation 1, Layer 3 

Charcoal SOAN-2515 31,410±1,160 Derevianko et al. 1998

Ust’-Karakol 1, 
Excavation 1, Layer 3 

Charcoal SOAN-2869 31,345±1,275 Derevianko et al. 1998

Ust’-Karakol 1, 
Excavation 1, Layer 3 

Charcoal IGAN-837 29,900±2,070 Derevianko et al. 1998

Ust’-Karakol 1, 
Excavation 1, Layer 2 

Bone SOAN-2614 28,700±850 Derevianko et al. 1998

19a 51.38 84.68 Ust'-Karakol 2, Layer 3 Bone IGAN-1077 31,430±1,180 Derevianko et al. 1998
20 51.39 84.66 Anyi 2, Layer 12 Charcoal IGAN-1425 27,930±1,590 Derevianko et al. 1998

Anyi 2, Layer 12 Charcoal SOAN-3005 26,810±290 Derevianko et al. 1998
Anyi 2, Layer 9 Charcoal SOAN-2868 27,125±580 Derevianko et al. 1998
Anyi 2, Layer 8 Charcoal SOAN-3006 24,205±420 Derevianko et al. 1998
Anyi 2, Layer 8 Charcoal SOAN-2862 22,610±140 Derevianko et al. 1998
Anyi 2, Layer 8 Charcoal SOAN-2863 20,350±290 Derevianko et al. 1998
Anyi 2, Layer 6 Charcoal IGAN-1430 23,431±1,550 Derevianko et al. 1998
Anyi 2, Layer 4 Charcoal IGAN-1431 21,502±580 Derevianko et al. 1998
Anyi 2, Layer 3 Charcoal SOAN-3007 21,280±440 Derevianko et al. 1998

21 51.28 84.47 Kaminnaya Cave, 
Layer 14b

Bone SOAN-3923 15,350±240 Derevianko et al. 2000a

Kaminnaya Cave, 
Layer 14a

Bone SOAN-3922 14,550±230 Derevianko et al. 2000a

Kaminnaya Cave, 
Layer 13

Bone SOAN-3921 14,120±95 Derevianko et al. 2000a

Kaminnaya Cave, 
Layer 12

Bone SOAN-3920 13,870±390 Derevianko et al. 2000a

Kaminnaya Cave, 
Layer 11g

Bone SOAN-3919 13,550±140 Derevianko et al. 2000a

Kaminnaya Cave,
Layer 11v

Bone SOAN-3918 12,160±225 Derevianko et al. 2000a

22 51.20 86.07 Tyitkesken’ 3, Layer 6 Charcoal SOAN-2989 12,850±205 Derevianko et al. 1998
23 52.45 86.92 Dmitrievka, Strata 4 to 3 Charcoal SOAN-4233 14,750±250 Sulerzhitskiy et al. 1987
5 Kara-Bom, Layer 6 Charcoal GX-17597 43,200±1,500* Derevianko et al. 1998

Kara-Bom, Layer 5 Charcoal GX-17596 43,300±1,600* Derevianko et al. 1998
Kara-Bom, Layer 4 Charcoal GX-17595 34,180±640* Derevianko et al. 1998
Kara-Bom, Layer 4 Charcoal GX-17594 33,780±570* Derevianko et al. 1998
Kara-Bom, Layer 3 Charcoal GX-17593 30,990±460* Derevianko et al. 1998
Kara-Bom, up from 
Layer 3

Charcoal GX-17592 38,080±910* Derevianko et al. 1998

Kara-Bom Charcoal GIN-5935 33,800±600 Derevianko et al. 1998

Table 1 Results from the updated 14C Database of the Siberian Paleolithic
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Kara-Bom, Layers 4 to 3 Bone GIN-5934 32,200±600 Derevianko et al. 1998

Site 
nr

Lat. 
N

Long. 
E

Site name, 
sample position Material Lab code 14C date BP Reference

24 51.05 86.30 Kara-Tenesh Charcoal SOAN-2485 42,165±4,170 Derevianko et al. 1998
Kara-Tenesh Bone SOAN-2135 34,760±1,240 Derevianko et al. 1998
Kara-Tenesh Bone SOAN-2486 31,400±410 Derevianko et al. 1998
Kara-Tenesh Bone SOAN-2134 26,875±625 Derevianko et al. 1998
Kara-Tenesh Charcoal SOAN-3646 25,630±430 Derevianko et al. 1998

25 50.42 86.52 Malyi Yaloman Cave, 
Layer 3

Charcoal SOAN-2500 33,350±1,145 Derevianko et al. 1998

26 55.90 87.95 Shestakovo, Layer 24 Bone GrA-13238 25,660±200* Zenin et al. 2000c
Shestakovo, Layer 24 Bone GrA-13239 24,590±110* Zenin et al. 2000c
Shestakovo, Layer 22 Bone GrA-13235 23,330±110* Zenin et al. 2000c
Shestakovo, Layer 22 Bone SOAN-4177 22,500±280 Zenin et al. 2000c
Shestakovo, Layer 22 Bone SOAN-3612 22,240±185 Zenin et al. 2000c
Shestakovo, Layer 21 Bone SOAN-3611 21,300±420 Zenin et al. 2000c
Shestakovo, Layer 19 Bone GrA-10935 24,360±150* Zenin et al. 2000c
Shestakovo, Layer 19 Charcoal GrA-13233 23,250±110* Zenin et al. 2000c
Shestakovo, Layer 19 Charcoal AA-35322 23,290±200* Zenin et al. 2000c
Shestakovo, Layer 19 Bone GrA-13240 22,340±180/

170*
Zenin et al. 2000c

Shestakovo, Layer 19 Charcoal SOAN-3606 20,800±450 Zenin et al. 2000c
Shestakovo, Layer 19 Bone SOAN-3218 20,770±560 Zenin et al. 2000c
Shestakovo, Layer 19 Bone SOAN-3607 20,480±180 Zenin et al. 2000c
Shestakovo, Layer 19 Bone SOAN-3608 20,360±210 Zenin et al. 2000c
Shestakovo, Layer 17 Bone GrA-13234 21,560±100* Zenin et al. 2000c
Shestakovo, Layer 17 Bone SOAN-3609 19,190±310 Zenin et al. 2000c
Shestakovo, Layer 17 Bone SOAN-3610 18,040±175 Zenin et al. 2000c
Shestakovo Bone SOAN-1386 22,990±170 Lisitsyn & Svezhentsev 

1997
Shestakovo Bone SOAN-1380 22,980±125 Lisitsyn 2000
Shestakovo Bone LU-104 22,410±200 Lisitsyn & Svezhentsev 

1997
Shestakovo Charcoal SOAN-1684 20,490±150 Derevianko & Zenin 

1995a

The Yenisey River basin and adjacent areas
27 54.42 89.45 Malaya Syia Bone SOAN-1286 34,500±500 Muratov et al. 1982

Malaya Syia Bone SOAN-1287 34,420±360 Muratov et al. 1982
Malaya Syia Bone AA-8876 29,450±420* Kuzmin & Orlova 1998
Malaya Syia Bone LE-4918 25,250±1,200 Lisitsyn 2000
Malaya Syia Charcoal SOAN-1124 20,300±350 Derevianko et al. 1992

28 55.85 89.57 Berezovyi Ruchei I Bone LE-4895 15,310±560 Lisitsyn 2000
29 56.80 93.52 Druzhinikha, a surface 

finding
Bone LE-4894 43,580±8,800 Lisitsyn 2000

30 56.00 92.85 Afontova Gora 2, lower 
humified lenses

Charcoal GIN-117 20,900±300 Tseitlin 1979

Afontova Gora 2, below 
Layer 5

Charcoal GrA-5554 14,180±60* Drozdov & Artem’ev 
1997

Afontova Gora 2, below 
Layer 5

Charcoal GrA-5555 12,400±60* Drozdov & Artem’ev 
1997

Afontova Gora 2, Layer 5 Bone SOAN-3251 15,130±795 Kuzmin & Orlova 1998
Afontova Gora 2, Layer 4 Charcoal SOAN-3075 14,070±110 Drozdov & Artem’ev 

1997
Afontova Gora 2, Layer 4 Charcoal GIN-7541 13,930±80 Drozdov & Artem’ev 

1997
Afontova Gora 2, Layer 4 Charcoal GIN-7540 13,650±70 Drozdov & Artem’ev 

1997
Afontova Gora 2, up from 
Layer 4

Charcoal GrN-22275 13,390±260* Drozdov & Artem’ev 
1997

Afontova Gora 2, 
Layer 3b

Charcoal SOAN-3077 14,330±95 Drozdov & Artem’ev 
1997

Afontova Gora 2, 
Layer 3b

Charcoal GrN-22274 13,990±110* Drozdov & Artem’ev 
1997

Afontova Gora 2, Layer 3 Charcoal GIN-7539 13,350±60 Drozdov & Artem’ev 
1997
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Afontova Gora 2, Layer 2 Charcoal GrA-5556 14,200±60* Drozdov & Artem’ev 
1997

Afontova Gora 2, Layer 2 Charcoal GIN-7542 13,330±140 Drozdov & Artem’ev 
1997

31 55.95 92.40 Listvenka, Layer 19 Charcoal SOAN-3734 16,640±350 Akimova et al. 2000a
Listvenka, Layer 19 Bone GIN-6093 16,300±600 Drozdov 1992
Listvenka, Layer 12 Charcoal Beta-58391 19,000±60* Akimova 1998
Listvenka, Layer 12 Charcoal GIN-6965 13,100±410 Drozdov 1992
Listvenka, Layer 9 Charcoal GIN-6967 14,170±80 Drozdov 1992
Listvenka, Layer 8 Charcoal IGAN-1078 12,750±140 Drozdov 1992
Listvenka, Layer 7 Charcoal GIN-6092 14,750±250 Drozdov 1992
Listvenka, Layer 6 Charcoal SOAN-3463 13,850±485 Kuzmin & Orlova 1998
Listvenka, Layer 6 Charcoal IGAN-1079 13,580±350 Drozdov 1992

32 55.95 92.53 Bolshaya Slizneva, 
Layer 8

Charcoal SOAN-3315 13,540±500 Kuzmin & Orlova 1998

Bolshaya Slizneva, 
Layer 7

Bone SOAN-3009 12,930±60 Kuzmin & Orlova 1998

33a 55.87 92.20 Biruisa 1, Layer 4 Bone LE-4962 14,700±270 Kuz’mina & Sinitsyna 
1995

Biruisa 1, Layer 4 Bone LE-4910 14,680±400 Kuz’mina & Sinitsyna 
1995

Biruisa 1, Layer 4 Bone GIN-8077 14,200±70 Lisitsyn & Svezhentsev 
1997

Biruisa 1, Layer 4 Bone GIN-8075 13,840±90 Lisitsyn & Svezhentsev 
1997

Biruisa 1, Layer 3a Bone LE-3777 14,480±400 Kuz’mina & Sinitsyna 
1995

33b 55.97 92.48 Eleneva Cave, 
Section no. 1

Bone SOAN-3333 13,665±90 Kuzmin & Orlova 1998

Eleneva Cave, 
Section no. 2

Charcoal SOAN-3307 12,050±325 Kuzmin & Orlova 1998

Eleneva Cave, 
Section no. 2

Charcoal SOAN-3308 12,040±160 Kuzmin & Orlova 1998

Eleneva Cave, 
Section no. 2

Charcoal SOAN-3309 12,085±105 Kuzmin & Orlova 1998

Eleneva Cave, Layer 18 Bone SOAN-3252 12,040±150 Orlova et al. 2000b
9 Dvuglazka Rockshelter, 

Layer 4
Bone LE-4808 26,580±520 Lisitsyn 2000

Dvuglazka Rockshelter Bone LE-1433 22,500±600 Arslanov et al. 1981
Dvuglazka Rockshelter Bone LE-1433 20,190±140 Arslanov et al. 1981
Dvuglazka Rockshelter Bone LE-1433 19,880±200 Arslanov et al. 1981

34 55.32 92.50 Derbina 5 Charcoal SOAN-4201 32,430±1,540 Akimova et al. 2000b
Derbina 5 Charcoal SOAN-4200 29,230±940 Akimova et al. 2000b

35 54.58 91.07 Sabanikha, a surface 
finding

Antler LE-3747 25,950±500 Lisitsyn 2000

Sabanikha Charcoal LE-4796 25,440±450 Lisitsyn 2000
Sabanikha Charcoal LE-3611 22,930±350 Svezhentsev et al. 1992
Sabanikha Charcoal LE-4701 22,900±480 Svezhentsev et al. 1992

11 Kurtak 4, Strata 12 to 11 Charcoal LE-2833 27,470±200 Svezhentsev et al. 1992
Kurtak 4, Stratum 11 Bone LE-3357 24,890±670 Svezhentsev et al. 1992
Kurtak 4, Stratum 11 Charcoal GIN-5350 24,800±400 Svezhentsev et al. 1992
Kurtak 4, Stratum 11 Charcoal LE-3351 24,170±230 Svezhentsev et al. 1992
Kurtak 4, Stratum 11 Bone LE-4156 24,000±2,950 Svezhentsev et al. 1992
Kurtak 4, Stratum 11 Charcoal LE-4155 23,800±900 Svezhentsev et al. 1992
Kurtak 4, Stratum 11 Charcoal LE-2833 23,470±200 Svezhentsev et al. 1992

36 54.97 90.95 Novoselovo 13, Layer 3 Charcoal LE-3739 22,000±700 Svezhentsev et al. 1992
Novoselovo 13, Layer 1 Bone LE-4896 15,030±620 Lisitsyn 2000
Novoselovo 13, Layer 1 Bone LE-4805 13,630±200 Lisitsyn 2000

37 55.15 91.55 Kashtanka 1, buried soils 
(below cultural layer)

Charcoal GrN-24482 36,130±510* Drozdov et al. 2000

Kashtanka 1, buried soils 
(below cultural layer)

Charcoal GrN-24481 28,320±190* Drozdov et al. 2000

Kashtanka 1, below the 
main layer

Charcoal GIN-6999 29,400±400 Derevianko et al. 1992
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Kashtanka 1, below the 
main layer

Charcoal IGAN-1048 24,400±1,500 Derevianko et al. 1992

Kashtanka 1, below the 
main layer

Charcoal IGAN-1050 23,830±850 Derevianko et al. 1992

Kashtanka 1, Main Layer Charcoal SOAN-2853 24,805±425 Derevianko et al. 1992
Kashtanka 1, Main Layer Charcoal IGAN-1049 21,800±200 Derevianko et al. 1992
Kashtanka 1, Main Layer Charcoal GIN-6968 20,800±600 Derevianko et al. 1992

38 55.22 91.95 Shlenka, a surface 
finding

Tusk GIN-2863 20,100±100 Astakhov et al. 1993

Shlenka, a surface find-
ing

Tusk GIN-2862 18,600±2,000 Astakhov et al. 1993

39 55.05 91.05 Tarachikha, Loc. 1, 
a surface finding

Bone LE-3821 19,850±180 Lisitsyn 2000

Tarachikha, Loc. 1, 
a surface finding

Bone LE-3834 18,930±320 Lisitsyn 2000

40 54.93 90.93 Kokorevo 4A, Layers 5 to 
3

Charcoal LE-469 14,320±330 Abramova 1979a

41 54.94 90.93 Kokorevo 2 Charcoal GIN-90 13,300±100 Abramova 1979a
Kokorevo 2 Bone LE-4812 12,090±100 Lisitsyn 2000

42 55.16 91.57 Kurtak 3 Charcoal GIN-2102 16,900±700 Abramova et al. 1991
Kurtak 3 Charcoal GIN-2101 14,600±200 Abramova et al. 1991
Kurtak 3 Charcoal LE-1456 14,390±100 Abramova et al. 1991
Kurtak 3 Charcoal LE-1457 14,300±100 Abramova et al. 1991

43 55.03 91.00 Divnyi 1 Bone LE-4806 13,220±150 Lisitsyn 2000
44 54.60 91.02 Tashtyk 1, Layer 1 Bone LE-4980 12,880±130 Lisitsyn 2000

Tashtyk 1, Layer 1 Charcoal LE-771 12,180±120 Abramova 1979a
45 54.61 91.01 Tashtyk 2, Layer 2 Bone LE-4801 13,550±320 Lisitsyn 2000
46 54.58 91.00 Tashtyk 4 Charcoal GIN-262 14,700±150 Abramova 1979a
47 54.93 90.94 Kokorevo 3 Charcoal LE-629 12,690±140 Abramova 1979a
48 54.93 90.92 Kokorevo 1, Layer 3 Charcoal IGAN-104 15,900±250 Abramova 1979b

Kokorevo 1, Layer 3 Charcoal LE-628 14,450±150 Abramova 1979b
Kokorevo 1, Layer 3 Charcoal GIN-91 13,300±50 Abramova 1979b
Kokorevo 1, Layer 3 Bone IGAN-102 13,000±50 Abramova 1979b
Kokorevo 1, Layer 2 Charcoal IGAN-105 15,200±200 Abramova 1979b
Kokorevo 1, Layer 2 Bone IGAN-103 13,100±500 Abramova 1979b
Kokorevo 1, Layer 2 Charcoal LE-526 12,940±270 Abramova 1979b

49 54.95 90.93 Kokorevo 4B, the lower 
layer 

Bone LE-540 15,460±320 Abramova 1979a

50 55.03 90.97 Novoselovo 6 Bone LE-4807 18,090±940 Lisitsyn 2000
Novoselovo 6 Bone LE-5045 13,570±140 Lisitsyn 2000

51 55.03 90.98 Novoselovo 7 Bone LE-4802 15,950±120 Lisitsyn 2000
Novoselovo 7 Charcoal GIN-402 15,000±300 Abramova 1979b
Novoselovo 7 Bone LE-4803 14,220±170 Lisitsyn 2000

52 54.63 90.90 Pervomaiskoe 1, a sur-
face finding

Bone LE-4893 12,870±140 Lisitsyn 2000

53 53.95 91.83 Pritubinsk, Layer 3 Charcoal SOAN-2854 15,600±495 Orlova 1995
54 53.22 90.80 Ulug-Bil’, a surface 

finding
Bone LE-1404 15,020±150 Lisitsyn 2000

55 52.97 91.43 Ui 1, Layer 2 Charcoal LE-4189 22,830±530 Vasil’ev 1996
Ui 1, Layer 2 Bone LE-4257 19,280±200 Vasil’ev 1996
Ui 1, Layer 2 Bone LE-3359 17,520±130 Vasil’ev 1996
Ui 1, Layer 2 Bone LE-3358 16,760±120 Vasil’ev 1996

56 52.08 92.35 Nizhny Idzhir 1 Charcoal LE-1984 17,200±140 Astakhov 1986
57 53.08 91.42 Oznachennoye 1 Bone LE-1404 15,020±150 Astakhov 1986

Oznachennoye 1 Bone LE-1404 14,100±150 Svezhentsev et al. 1992
58 52.97 91.45 Mayiniskaya, Layer 5 Bone LE-2135 16,540±170 Vasil’ev 1996

Mayiniskaya, Layer 5 Bone LE-2135 16,176±180 Vasil’ev 1996
Mayiniskaya, Layer 4 Bone LE-4251 13,690±390 Vasil’ev 1996
Mayniskaya, Layer 4 Bone LE-2133 12,910±100 Vasil’ev 1996
Mayiniskaya, Layer 3 Bone LE-2149 14,070±150 Vasil’ev 1996
Mayiniskaya, Layer 3 Bone LE-2149 13,900±150 Vasil’ev 1996
Mayiniskaya, Layer 3 Bone LE-2149 12,330±150 Vasil’ev 1996
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Mayiniskaya, Layer 3 Bone LE-4252 12,120±650 Vasil’ev 1996
Mayiniskaya, Layer 2-2 Charcoal LE-2378 10,800±200 Vasil’ev 1996
Mayiniskaya, Layer 2-1 Bone LE-2300 12,280±150 Vasil’ev 1996
Mayiniskaya, Layer 2-1 Bone LE-2300 12,120±120 Vasil’ev 1996
Mayiniskaya, Layer 1 Bone LE-2299 15,500±150 Vasil’ev 1996
Mayiniskaya, Layer B Charcoal LE-2383 15,200±150 Vasil’ev 1996
Mayiniskaya, Layers A3 
to A1

Bone LE-3019 11,700±100 Vasil’ev 1996

Mayiniskaya, Layer A1 Bone LE-4255 12,110±220 Vasil’ev 1996
59 52.97 91.44 Ui 2, Layer 6 Charcoal LE-3717 14,310±3,600 Lisitsyn 2000
60 52.98 91.52 Golubaya 1, Layer 3 Charcoal LE-1101d 13,650±180 Astakhov 1986

Golubaya 1, Layer 3 Charcoal LE-1101a 13,050±90 Astakhov 1986
Golubaya 1, Layer 3 Bone LE-1101b 12,900±150 Astakhov 1986
Golubaya 1, Layer 3 Bone LE-1101c 12,980±140 Astakhov 1986

61 56.03 95.88 Brazhnoe Bone GIN-8481 >31,000 Vorob’eva et al. 1998
62 56.18 95.92 Strizhovaya Gora, Layer 

18
Bone GIN-5326 14,000±1,500 Generalov 2000

Strizhovaya Gora, Layer 
16 to 14

Bone GIN-5820 12,250±150 Generalov 2000

Strizhovaya Gora, Layer 
16 to 14

Bone GIN-5822 12,090±120 Generalov 2000

Strizhovaya Gora, Layer 
16 to 14

Bone GIN-5821 12,000±150 Generalov 2000

The Angara River basin and the Lena River headwaters
63 58.30 100.33 Ust’-Kova, Lower

Component
Charcoal GIN-5929 34,300±900 Drozdov et al. 1990

Ust’-Kova, Lower
Component

Charcoal SOAN-1690 >32,850 Drozdov et al. 1990

Ust’-Kova, Lower
Component

Charcoal GIN-1741 30,100±150 Drozdov et al. 1990

Ust’-Kova, Lower 
Component

Charcoal SOAN-1875 28,050±670 Drozdov et al. 1990

Ust’-Kova, Lower 
Component

Charcoal SOAN-1900 19,540±90 Drozdov et al. 1990

Ust’-Kova, Middle 
Component

Charcoal KRIL-381 23,920±310 Drozdov et al. 1990

Ust’-Kova, Middle 
Component

Bone LE-3820 13,860±680 Lisitsyn 2000

Ust’-Kova, Upper
Component

Charcoal LE-1372 14,220±110 Drozdov et al. 1990

Ust’-Kova, depth 1.5 m Charcoal KRIL-621 18,035±180 Starikov et al. 1991
64 52.30 104.17 Mamony 2, Layer 4 Bone GIN-8480 31,400±150 Vorob’eva et al. 1998
65 52.30 104.32 Voenny Hospital Bone GIN-4410 29,700±500 Medvedev et al. 1990
66 53.58 103.42 Igeteisky Log I, 

Stratum 6
Bone GIN-4327 24,400±100 Medvedev et al. 1990

Igeteisky Log I, 
Stratum 4

Charcoal IM-405 23,760±1,100 Medvedev et al. 1990

Igeteisky Log I, 
Stratum 4

Charcoal LE-1592 23,508±250 Medvedev et al. 1990

Igeteisky Log I, 
Stratum 4

Charcoal LE-1590 21,260±240 Medvedev et al. 1990

67 52.83 103.53 Malta, Stratum 6 Bone OxA-6189 43,100±2,400* Medvedev et al. 1996
Malta, gravel Bone GIN-7707 41,100±1,500 Medvedev et al. 1996
Malta, contact between 
Strata 7 and 3

Bone OxA-6190 25,760±260* Medvedev et al. 1996

Malta, Stratum 8 Bone OxA-6191 21,700±160* Medvedev et al. 1996
Malta, Stratum 8 Bone GIN-7708 21,600±200 Medvedev et al. 1996
Malta, Stratum 8 Bone GIN-8475 21,600±170 Medvedev et al. 1996
Malta, Stratum 8 Bone OxA-6193 21,340±340* Medvedev et al. 1996
Malta, Stratum 8 Bone GIN-7704 21,300±300 Medvedev et al. 1996
Malta, Stratum 8 Bone GIN-7702 21,300±110 Medvedev et al. 1996
Malta, Stratum 8 Bone GIN-7703 21,100±150 Medvedev et al. 1996
Malta, Stratum 8 Bone GIN-7706 21,000±140 Medvedev et al. 1996
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Malta, Stratum 8 Bone GIN-7710 20,800±140 Medvedev et al. 1996
Malta, Stratum 8 Bone OxA-6192 20,340±320* Medvedev et al. 1996
Malta, Stratum 8 Bone GIN-7705 19,900±800 Medvedev et al. 1996
Malta, washed sediments Bone GIN-7709 20,700±150 Medvedev et al. 1996
Malta, Stratum 9 Tusk GIN-8476 14,720±190 Medvedev et al. 1996
Malta, main cultural 
layer

Bone GIN-4367 20,900±200 Medvedev et al. 1996

Malta, main cultural 
layer

Bone GIN-4367 20,800±200 Medvedev et al. 1996

Malta Bone GIN-87 14,750±120 Tseitlin 1979
68 53.00 103.50 Buret’ Bone SOAN-1680 21,190±100 Abramova 1989
69 53.67 103.43 Krasny Yar 1, Layer 6 Bone GIN-5330 19,100±100 Medvedev et al. 1991
70 52.87 103.43 Sosnovy Bor, Layer 3b Bone GIN-5328 12,060±120 Vorob’eva 1991

Sosnovy Bor, Layer 4 Bone AA-38038 12,090±110* This paper
71 52.37 104.28 Verkholenskaya Gora 1, 

Layer 3d
Charcoal Mo-441 12,570±180 Medvedev et al. 1990

72 54.00 105.82 Makarovo 4, Layer 3a Bone AA-8800 >39,000* Goebel & Aksenov 1995
Makarovo 4, Layer 3a Bone AA-8878 >38,000* Goebel & Aksenov 1995
Makarovo 4, Layer 3a Bone AA-8879 >38,000* Goebel & Aksenov 1995

73 54.02 105.80 Makarovo 3 Bone GIN-7067b 31,200±500 Aksenov 1993
74 54.02 105.67 Shishkino 8 Bone AA-8882 21,190±175* Aksenov 1993
75 54.03 105.82 Makarovo 2, Layer 4 Charcoal GIN-481 11,950±50 Medvedev et al. 1990
76 54.03 105.78 Shishkino 2, Layer 3 Charcoal GIN-5634 13,900±200 Aksenov 1996
77 57.48 107.77 Balyshevo 3, Layer 2 Bone LE-3950 25,100±940 Lisitsyn & Svezhentsev 

1997
78 57.83 108.37 Alexeevsk 1 Charcoal LE-3931 22,415±480 Zadonin 1996
79 55.65 109.35 Kurla 3, Layer 2 Charcoal SOAN-1397 24,060±5,700 Shmygun & Filippov 

1982
Kurla 3, Layer 1 Bone SOAN-1396 15,200±1,250 Shmygun & Filippov 

1982
Kurla 3, Layer 1 Bone SOAN-1396 13,160±350 Ineshin 1993
Kurla 6 Charcoal SOAN-1398 14,150±960 Shmygun & Filippov 

1982
80 57.83 114.00 Bolshoi Yakor 1, Layer 9 Charcoal GIN-8470 12,700±400 Belousov et al. 1997

Bolshoi Yakor 1, Layer 8 Charcoal GIN-6468 12,630±230 Belousov et al. 1997
Bolshoi Yakor 1, Layer 7 Bone GIN-6467 12,380±250 Belousov et al. 1997
Bolshoi Yakor 1, Layer 7 Charcoal GIN-6466 12,330±250 Belousov et al. 1997
Bolshoi Yakor 1, Layer 6 Charcoal GIN-7712 15,900±270 Belousov et al. 1997
Bolshoi Yakor 1, Layer 6 Charcoal LE-4172 12,400±150 Belousov et al. 1997
Bolshoi Yakor 1, Layer 6 Bone GIN-6425 12,380±200 Belousov et al. 1997
Bolshoi Yakor 1, Layer 5 Charcoal GIN-7711 17,840±290 Belousov et al. 1997
Bolshoi Yakor 1, Layer 5 Charcoal GIN-8470 12,700±140 Belousov et al. 1997
Bolshoi Yakor 1, Layer 5 Charcoal GIN-8473 12,700±90 Belousov et al. 1997
Bolshoi Yakor 1, Layer 5 Charcoal GIN-7713 12,530±90 Belousov et al. 1997
Bolshoi Yakor 1, Layer 5 Charcoal GIN-8471 12,200±80 Belousov et al. 1997
Bolshoi Yakor 1, Layer 5 Charcoal GIN-8472 12,050±120 Belousov et al. 1997
Bolshoi Yakor 1, 
Layer 3v

Charcoal GIN-6460A 12,080±220 Belousov et al. 1997

Bolshoi Yakor 1,
Layer 3v

Charcoal GIN-6460 12,000±250 Belousov et al. 1997

81 57.83 114.09 Avdeikha, depth 0.8 to 
1.2 m

Charcoal IM-236 15,200±300 Kostiukevich et al. 1977

Avdeikha, depth 0.8 to 
1.2 m

Charcoal GIN-1022 12,900±300 Kind et al. 1976

82 55.63 115.87 Nizhniaya Dzhilinda 1, 
Layer 7

Charcoal GIN-6466 12,330±250 Kuzmin & Tankersley 
1996

83 54.47 116.52 Ust'-Karenga 12, Layer 8 Bone GIN-8668 16,430±240 Vetrov 1995
Ust'-Karenga 12, Layer 8 Bone GIN-8070 13,560±1,950 Vetrov 1995
Ust'-Karenga 12, Layer 8 Bone GIN-6469 12,880±130 Vetrov 1995
Ust'-Karenga 12, Layer 8 Bone GIN-8069 12,710±380 Vetrov 1995

The Transbaikal
84 50.53 106.30 Ust'-Kyakhta 4, Layer 2 Bone SOAN-1553 12,595±150 Okladnikov 1981
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85 50.53 106.32 Ust'-Kyakhta 17, Layer 5 Bone GIN-8493b 12,230±100 Tashak 1996
Ust'-Kyakhta 17, Layer 5 Bone GIN-8493a 12,100±80 Tashak 1996

86 51.63 108.17 Varvarina Gora Bone AA-8893 >35,300* Goebel & Aksenov 1995
Varvarina Gora Bone AA-8875 >34,050* Goebel & Aksenov 1995
Varvarina Gora Bone SOAN-1524 34,900±780 Bazarov et al. 1982
Varvarina Gora Bone SOAN-850 30,600±500 Bazarov et al. 1982
Varvarina Gora, Layer 2 Bone SOAN-3054 29,895±1,790 Lbova 1996a
Varvarina Gora, Layer 1 Bone SOAN-3053 17,035±400 Lbova 1996a

87 51.77 108.33 Kamenka 1, 
Component A

Bone AA-26743 40,500±3,800* Buerachnyi & Lbova 
2000

Kamenka 1, 
Component A

Charcoal SOAN-3133 31,060±530 Lbova 1996b

Kamenka 1, 
Component A

Bone SOAN-3354 30,460±430 Lbova 1996b

Kamenka 1, 
Component A

Bone SOAN-2903 28,060±475 Lbova 1996b

Kamenka 1, 
Component A

Bone SOAN-3353 26,760±265 Lbova 1996b

Kamenka 1, 
Component A

Bone SOAN-3355 25,540±300 Kuzmin & Orlova 1998

Kamenka 1, 
Component A

Bone SOAN-3031 24,625±190 Lbova 1996b

Kamenka 1, 
Component C

Bone SOAN-3052 30,220±270 Lbova 1996b

Kamenka 1, 
Component B

Bone SOAN-2904 35,845±695 Lbova 1996b

Kamenka 1, 
Component B

Bone SOAN-3032 28,815±150 Lbova 1996b

88 51.22 109.33 Tolbaga, Stratum 4 Bone SOAN-1522 34,860±2,100 Bazarov et al. 1982
Tolbaga, Stratum 4 Bone SOAN-1523 27,210±300 Bazarov et al. 1982
Tolbaga, Stratum 4 Bone AA-8874 25,200±260* Goebel & Waters 2000
Tolbaga, Stratum 4 Bone AA-26740 29,200±1,000* Goebel & Waters 2000
Tolbaga, Stratum 4 Bone SOAN-3078 26,900±225 Sinitsyn & Praslov 1997
Tolbaga, Stratum 3 Bone SOAN-840 15,100±520 Bazarov et al. 1982

89 51.78 108.80 Mukhor-Tala 7 Charcoal SOAN-3468 11,630±300 Lbova et al. 1997
90 50.62 107.80 Kunalei, below Layer 3 Humic acids GIN-6124 21,100±300 Konstantinov 1994
91 50.93 108.60 Kandabaevo Bone SOAN-1625 38,460±1,100 Orlova 1995
92 50.43 110.00 Masterov Kliych, Layer 4 Bone AA-8888 24,360±270* Meshcherin 1996
93 50.18 108.55 Priiskovaya Bone AA-8891 25,825±290* Kuzmin & Orlova 1998
94 50.27 107.23 Podzvonkaya Bone AA-26741 38,900±3,300* Klement’ev 2000

Podzvonkaya Bone AA-26742 >36,800* Klement’ev 2000
Podzvonkaya Bone SOAN-3404 26,000±1,000 Tashak 1996
Podzvonkaya Bone SOAN-3350 22,675±265 Kuzmin & Orlova 1998

95 52.28 109.83 Khotyk 3, Layer 2 Charcoal AA-32669 26,220±550* This paper
96 50.17 108.50 Studenoe 1, Layer 19/1 Charcoal GIN-6139 12,330±60 Konstantinov 1994

Studenoe 1, Layer 18/2 Charcoal GIN-2947 12,800±400 Konstantinov 1994
Studenoe 1, Layer 18/1 Charcoal LE-2061 13,430±150 Konstantinov 1994
Studenoe 1, Layer 18/1 Charcoal GIN-2935 12,110±150 Konstantinov 1994
Studenoe 1, Layer 17 Charcoal GIN-2934 12,140±150 Konstantinov 1994
Studenoe 1, Layer 17 Charcoal GIN-2934a 12,130±150 Konstantinov 1994
Studenoe 1, Layer 15 Charcoal GIN-2931 14,900±2,000 Konstantinov 1994
Studenoe 1, Layer 15 Charcoal LE-2062 12,290±130 Konstantinov 1994
Studenoe 1, Layer 14 Charcoal GIN-2925 12,300±700 Konstantinov 1994

97 50.17 108.49 Studenoe 2, Layer 5 Charcoal AA-23657 17,165±115* Goebel et al. 2000
Studenoe 2, Layer 4/5 Bone AA-26739 18,830±300* Goebel et al. 2000
Studenoe 2, Layer 4/5, 
hearth 1

Charcoal AA-23653 17,885±120* Goebel et al. 2000

Studenoe 2, Layer 4/5, 
hearth 2

Charcoal AA-23655 17,225±115* Goebel et al. 2000

98 Ust'-Menza 2, Layer 21 Charcoal GIN-5464 17,600±250 Konstantinov 1994
Ust'-Menza 2, Layer 21 Charcoal GIN-5464A 17,190±120 Konstantinov 1994
Ust'-Menza 2, Layer 20 Charcoal GIN-5465 16,980±150 Konstantinov 1994

Table 1 Results from the updated 14C Database of the Siberian Paleolithic
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Site 
nr

Lat. 
N

Long. 
E

Site name, 
sample position Material Lab code 14C date BP Reference

Ust'-Menza 2, Layer 17 Charcoal GIN-6117 16,900±500 Konstantinov 1994
Ust'-Menza 2, Layer 17 Charcoal GIN-5478 15,400±400 Konstantinov 1994
Ust'-Menza 2, Layer 11 Charcoal GIN-6116 14,830±390 Konstantinov 1994

99 50.21 108.62 Ust'-Menza 1, Layer 14 Charcoal GIN-7161 11,820±120 Konstantinov 1994
100 50.13 108.82 Kosaya Shivera 1,

Layer 14
Charcoal GIN-6123 12,070±300 Konstantinov 1994

13 Arta 2, Layer 3 Charcoal LE-2966 23,200±2,000 Kirillov & Kasparov 
1990

101 52.02 113.43 Sokhatino 4, Layer 8 Bone LE-3653 16,970±720 Lisitsyn & Svezhentsev 
1997

Sokhatino 4, Layer 7 Bone LE-3647 16,820±390 Kirillov & Cherensh-
chikov 1996

Sokhatino 4, Layer 6 Bone LE-3652 15,820±300 Lisitsyn & Svezhentsev 
1997

Sokhatino 4 Charcoal SOAN-1138 26,110±150 Okladnikov & Kirillov 
1980

The Russian Far East
102 50.30 130.32 Malye Kuruktachi Charcoal SOAN-3287 14,200± 130 Kuzmin et al. 1998a

Malye Kuruktachi Charcoal AA-13399 13,815± 150* Kuzmin et al. 1998a
Malye Kuruktachi Charcoal AA-13398 13,310 ±105* Kuzmin et al. 1998a
Malye Kuruktachi Charcoal AA-17212 12,485± 80* Kuzmin et al. 1998a
Malye Kuruktachi Charcoal AA-23128 12,010± 75* Kuzmin et al. 1998a

103 51.92 129.30 Ust’-Ulma 1, Layer 2 Charcoal SOAN-2619 19,360±65 Derevianko & Zenin 
1995b

104 42.92 133.05 Geographical Society 
Cave

Bone AA-37070 >40,000* This paper

Geographical Society 
Cave

Bone AA-37068 >39,000* This paper

Geographical Society 
Cave

Bone AA-37071 >38,000* This paper

Geographical Society 
Cave

Bone AA-34074 >38,000* This paper

Geographical Society 
Cave

Bone AA-37072 >37,000* This paper

Geographical Society 
Cave

Bone AA-37073 >36,000* This paper

Geographical Society 
Cave

Bone AA-37069 35,100±1,900* This paper

Geographical Society 
Cave

Bone AA-38230 34,510±1,800* This paper

Geographical Society 
Cave

Bone AA-37183 34,400±1,800* This paper

Geographical Society 
Cave

Bone AA-38229 34,300±1,700* This paper

Geographical Society 
Cave

Bone IGAN-341 32,570±1,510 Kuz’min 1994

105 44.27 135.30 Suvorovo 4 Charcoal AA-9463 15,105±100* Krupianko & Tabarev 
2001

Suvorovo 4 Charcoal Ki-3502 15,300±140 Krupianko & Tabarev 
2001

Suvorovo 4 Charcoal AA-36625 15,340±90* Krupianko & Tabarev 
2001

Suvorovo 4 Charcoal AA-36626 15,900±120* Krupianko & Tabarev 
2001

106 43.95 132.40 Gorbatka 3 (below cul-
tural layer)

Organics SOAN-1922 13,500±200 Kuznetsov 1992

Ogonki 5, Layer 2b Charcoal AA-20864 19,320±145* Kuzmin et al. 1998b
Ogonki 5, Layer 2b Charcoal AA-25434 18,920±150* Kuzmin et al. 1998b

107 46.78 142.43 Ogonki 5, Layer 2b Charcoal AA-23137 17,860±120* Kuzmin et al. 1998b

The Yakutia and Northeastern Siberia
108 59.99 117.35 Khaergas Cave, Layer 6 Bone IM-887 16,000±300 Cherosov 1988
109 60.52 135.13 Ezhantsy, Layer 3 (depth 

0.6 to 1.0 m)
Bone IM-459 17,150±345 Kostiukevich et al. 1980

110 59.65 133.12 Ust'-Mil 2, Stratum 5 
(below cultural layer)

Wood LE-955 35,600±900 Mochanov 1977

Table 1 Results from the updated 14C Database of the Siberian Paleolithic
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Site 
nr

Lat. 
N

Long. 
E

Site name, 
sample position Material Lab code 14C date BP Reference

Ust'-Mil 2, Stratum 4, 
middle part

Wood LE-954 35,400±600 Mochanov 1977

Ust'-Mil 2, Stratum 4, 
middle part

Wood LE-1000 33,333±500 Mochanov 1977

Ust'-Mil 2, Stratum 4, 
middle part

Wood LE-1101 30,000±500 Mochanov 1977

Ust'-Mil 2, Stratum 4, 
upper part

Wood LE-999 23,500±500 Mochanov 1977

Ust'-Mil 2, Stratum 3 Wood LE-953 12,200±170 Mochanov 1977
111 63.12 133.60 Ikhine 1, Layer 2 Bone IM-452 16,660±270 Kuzmin & Orlova 1998
112 63.12 133.62 Ikhine 2, Layer 2g Wood IM-206 27,800±500 Mochanov 1977

Ikhine 2, Layer 2v Wood GIN-1020 31,200±500 Mochanov 1977
Ikhine 2, Layer 2v Wood IM-201 26,600±900 Mochanov 1977
Ikhine 2, Layer 2v Wood IM-201 26,500±900 Mochanov 1977
Ikhine 2, Layer 2v Bone IM-239 26,030±200 Mochanov 1977
Ikhine 2, Layer 2b Wood GIN-1019 30,200±300 Mochanov 1977
Ikhine 2, Layer 2b Wood IM-205 27,400±800 Mochanov 1977
Ikhine 2, Layer 2b Wood IM-155 24,600±380 Mochanov 1977
Ikhine 2, Layer 2b Wood IM-203 24,500±480 Mochanov 1977
Ikhine 2, Layer 2b Wood LE-1131 24,330±200 Mochanov 1977
Ikhine 2, layer unknown Bone SOAN-3185 20,080±150 Kuzmin & Orlova 1998 
Ikhine 2, layer unknown Bone SOAN-3186 19,695±100 Kuzmin & Orlova 1998
Ikhine 2, layer unknown Bone SOAN-3187 15,780±70 Orlova et al. 2000b

113 60.35 134.45 Verkhne-Troitskaya, 
Layer 6

Wood LE-905 18,300±180 Mochanov 1977

Verkhne-Troitskaya, 
Layer 6 (above artifacts)

Wood LE-906 17,680±250 Mochanov 1977

Verkhne-Troitskaya, 
Layer 6 (above artifacts)

Charcoal GIN-626 15,950±250 Mochanov 1977

Verkhne-Troitskaya, 
Layer 6 (above artifacts)

Wood LE-864 14,530±160 Mochanov 1977

114 59.30 132.60 Dyuktai Cave, 
Depth 2.7 m

Bone IM-462 12,520±259 Kostiukevich et al. 1984

Dyuktai Cave, Layer 7v Wood LE-908 13,110±90 Mochanov 1977
Dyuktai Cave, Layer 7b Charcoal GIN-404 14,000±100 Mochanov 1977
Dyuktai Cave, Layer 7b Charcoal LE-784 13,070±90 Mochanov 1977
Dyuktai Cave, Layer 7b Charcoal LE-860 12,960±120 Mochanov 1977
Dyuktai Cave, Layer 7a Charcoal GIN-405 13,200±250 Mochanov 1977
Dyuktai Cave, Layer 7a Wood IM-462 12,520±260 Mochanov 1977
Dyuktai Cave, Layer 7a Wood LE-907 12,100±120 Mochanov 1977

115 70.43 143.95 Berelekh Wood IM-152 13,420±200 Mochanov 1977
Berelekh Wood GIN-1021 12,930±80 Mochanov 1977

116 56.17 159.97 Ushki 1, Layer 7 Charcoal GIN-167 14,300±200 Dikov 1996a
Ushki 1, Layer 7 Charcoal GIN-167 13,600±250 Dikov 1977
Ushki 1, Layer 6a Charcoal LE-4185 13,800±600 Lisitsyn & Svezhentsev 

1997
117 61.63 149.52 Siberdik, Layer 3 Charcoal MAG-916 13,225±230 Lozhkin & Trumpe 1990

Table 1 Results from the updated 14C Database of the Siberian Paleolithic
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ABSTRACT. This paper addresses the absolute chronology of the earlier Yunatsite and Ezero cultures in Upper Thrace
(South Bulgaria), from Early Bronze I and the beginning of Early Bronze II. The two newly obtained radiocarbon dates from
Early Bronze Dubene-Sarovka (the Upper Stryama Valley) are published and discussed in a detailed stratigraphic and com-
parative Early Bronze I–Early Bronze II context. Date Bln-5233 (3490–3120 cal BC) is the first 14C date from the Upper Mar-
itsa valley from Early Bronze I with well-defined stratigraphic context and values earlier than 3100 BC. This date adds new
arguments to the discussion of the 14C dates from Yunatsite 15 and Plovdiv–Nebet Tepe, and addresses the question of the
comparative chronology of Yunatsite I and Ezero I cultures from the late fourth millennium BC.

The sample of the date Bln-5231 (2870–2620 cal BC) comes from a level on the border between Early Bronze I and Early
Bronze II. On one hand, its values preceded the values of the earlier-obtained 14C dates from IIB layer and confirmed the
stratigraphic sequence at Dubene-Sarovka tell. On the other hand, the calibrated values seem to be later than the vast com-
parative chronology of the end of the Dubene IIA—the beginning of Dubene IIB (ca. 3000 BC). Similar problems occur with
dates from Yunatsite and Ezero. The published new dates from Dubene-Sarovka are part of the project on complex elaborating
of the Early Bronze absolute chronology in the Balkans, and especially on contextual analysis of the 14C dates.

INTRODUCTION

Our objective here is to provide two new radiocarbon dates with their stratigraphic context from the
newly investigated tell in the Upper Stryama valley–Dubene-Sarovka, to consider their interrela-
tions, and to put them together in the newly considered EB I-II comparative chronology of Upper
Thrace.

The Middle and Upper Maritsa (Upper Thrace, central south and southeast Bulgaria) and its tribu-
taries (e.g. the Stryama) are a key region for the elaboration of the Early Bronze (EB) 14C chronol-
ogy of the Balkans. The archaeological sites from this region have provided a solid record founda-
tion—long stratigraphic sequences, numerous 14C dates, and contact data with close and distant
cultures (Nikolova and Görsdorf 1998; Nikolova 1999a). Nevertheless, recent interpretations of the
14C dates from the eastern and western parts of Upper Thrace have resulted in contradictory hypoth-
eses about the absolute chronology of the Early Bronze cultures in the region (Ezero and Yunatsite
cultures, respectively). The main reason is the difference in the 14C dates from both key sites—Ezero
and Yunatsite tells. Then, it has become apparent that we need to complete the EB absolute chronol-
ogy of the different micro-regions in the Maritsa valley, to include them in the comparative charac-
teristics of the mentioned popular sites in order to compile a detailed EB absolute chronology of
Upper Thrace cultures. 

Dubene-Sarovka: Stratigraphy and Relative Chronology

Dubene-Sarovka is a low tell in northwest Thrace at 315 m above sea level. It is situated on the left
side of the valley of the Upper Stryama, one of the biggest tributaries of the Maritsa River (Figure 1),
in the Karlovo Hollow, which is divided from the Maritsa basin by the middle ranges of the Sredna
Gora Mountains. Passes of the western Sredna Gora Mountains connect the Karlovo Hollow with
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Sofia Field in southwest Bulgaria and farther with the Morava valley in eastern Serbia, while to the
east there are small interrelated hollows connecting the upper Stryama valley with the vast Upper
Toudzha valley. 

The systematic excavations of the Dubene-Sarovka tell began in 19921. During eight seasons, the
site was recovered over more than 4000 m2 at a depth of 0.50–1.00 m below the surface, while con-
trol trenches reached the subsoil at about −2.00 m from the datum. As a result, thick cultural layers
from Late Copper (Karanovo VI culture) and Early Bronze I-II (Yunatsite culture I-II) have been
documented (Nikolova 1999b). The stratigraphic data were supplemented by a bountiful ceramic
record and by archaeomagnetic (Kovacheva et al. 1995; also excavation campaign 1999) and 14C
samples (Nikolova and Görsdorf 1998). The complex results from these sites contributed consider-
ably to the modern Early Bronze chronology of the Balkans (Nikolova 1999a, 1999b). 

The Early Bronze levels at Dubene-Sarovka have been divided into two main stages, IIA and IIB,
respectively. The surface data and some pits documented a third stage (IIC), from Early Bronze III,
characterized by pointed-bottom cups and plain pottery. The levels of that stage had been destroyed
during the agricultural activity over the tell area.

Figure 1 Map of the Balkans showing the main sites studied here. Inset: chart of the sum-probability
of Dubene-Sarovka IIA-B 14C dates (n=4).

1Since 1992, the excavations at Dubene-Sarovka have been directed by Dr Lolita Nikolova. In 1993 and 1994 Dr Alexander
Bonev was the first director who continued to participate in the following campaigns as a supervisor of the excavations. The
investigations in 1999–2000 were executed thanks to the volunteer assistance of undergraduate students from the Depart-
ment of Archaeology at Veliko Turnovo University (Bulgaria).
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Dubene-Sarovka IIB (EB II) is, for now, the best-excavated layer on the tell. House structures with
a horizontal and vertical stratigraphic correlation have been excavated. The IIB layer is about 1 m
thick and comprises three to six house levels preserved in different sectors of the tell. Characteristic
of the IIB levels is the encrusted pottery that defines the ceramic style of most of the Early Bronze
II Balkan cultures. The superimposed house levels along with ceramic data infer three phases:
Dubene-Sarovka IIB1-3, which corresponds to Yunatsite 14-9, Ezero 10-4, Pernik II, �������� II-III,
Sitagroi Va, Kostolac, and �	
����2, etc., dated from the Early Bronze II (Nikolova 1999b: 62-70).
There are two 14C dates from Dubene-Sarovka IIB (Nikolova and Görsdorf 1998):

Bln-4903 4003 ± 36 BP, 2570–2470 cal BC (68.2% confidence), 2630–2450 cal BC (95.4% confidence)3 (Layer IIB1)
Bln-4900 3993 ± 36 BP, 2565–2465 cal BC (68.2% confidence), 2620–2400 cal BC (95.4% confidence) (Layer IIB2)

In general, the values of the dates confirm the contemporaneous occupation of Dubene-Sarovka
IIB1 and Yuntasite 14-13, and Dubene-Sarovka IIB2–Yunatsite 12-11 within the first half of the
third millennium BC (see the discussion in Nikolova 1999b:64–5), although we need additional
samples for a precise chronology of the levels to which they belonged.

The Dubene-Sarovka IIA layer is comprised of pottery typical of Early Bronze I in the Balkans—
mostly plain burnished with emblematic channels and initiated encrusted ceramics. For the time
being, the thickest sector cultural layer is about 1 m and consists of four house levels. 

The Early Bronze I layer has been initially documented by a house on the southern steep periphery
of the tell, as well as by a pit near that house (P15-93). The pottery from that stage has parallels at
Yunatsite 17-15, Ezero 13-11, Baden, Cernavoda, Sitagroi IV, etc., dated from Early Bronze I. In
1999, the control trench (H18-4) in the northern central part of the tell (Nikolova 1999b:43–5, Fig-
ure 1.1) documented several levels that stratigraphically and ceramically corresponded to the IIA
phase, as well as to the transition from IIA to the IIB phase. The last is represented by a hearth floor
structure at a depth of 1.44 m from the date over which a burnt level has been documented with frag-
ments of saucer; below there was another level with a published zigzag encrusted bowl (Nikolova
1999b: Figure 2.3). One 14C sample was obtained from the level at a depth of –1.44 m (Bln-5231).
The ceramics have analogies at Yunatsite 15-14, but the stratigraphic situation infers that the levels
belonged to the end of Early Bronze I, and was contemporaneous with Yunatsite 15, respectively
with the end of Pernik I, Baden, �������� I, Ezero 11, and Sitagroi IV, as well as with earlier Cer-
navoda II and Pit Grave Culture in the Balkans. However, calibrated values of the 14C date point to
later chronology (see below).

In the sector under discussion, three more levels, characterized by plain and channel pottery have
been recovered in depth, below being a layer with mixed and sparsely distributed Karanovo VI and
Yunatsite I sherds. The second new 14C sample from Dubene-Sarovka (Bln-5233) was obtained
from the last layer. Hence, the sample has very clear stratigraphic characteristics—below the lowest
floor from Early Bronze I in the excavated area. The absence of 14C dates from Yunatsite 16-17, as
well as the calibrated values of that 14C date (see below) considerably increases the recent results
from Dubene-Sarovka excavations.

2See the radiocarbon dates for these cultures in Nikolova 1999a: Table A, ���� D et al. 1987; ���� D et al. 1989.
3Cp. the calibrated values with 3.0 version of Oxcal in Nikolova 1999b: Table A (2850-2450 cal BC). In the context of the
comparative chronology, the end of IIB1 phase at Dubene-Sarovka to which the sample belongs, is ca. 2850–2800 cal BC.
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The New Radiocarbon Dates

Chemical pretreatment of the samples was completed through AAA treatment (Mook and Streur-
man 1983). The dating was performed with gas proportional counters of the Houtermans-Oeschger
type using methane at 133.3 kPa pressure as filling gas. Measurement control and data processing
was executed using computers (Görsdorf 1990). Modern electronics have been used in such a way
that the preamplifier, pulse amplifier, comparator, pulse shape and anti-coincidence units were
located in a box (19 cm × 10 cm × 5 cm) directly connected to the counter. To reach measurement
accuracy, detection of the variations of environmental radiation and the inspection of the long-term
stability of the electronics was necessary (Görsdorf 2000). 

The δ13C determinations have been studied at the Leibniz-Labor at the University of Kiel, Germany
and reported in permil relative to PDB-standard. Using the measured δ13C values, the datings are cor-
rect for isotopic fractionation, while the 14C ages are calibrated by the OxCal program, version 3.5
(Ramsey 1995, 1998, 2000) and employing the decadal calibration curve (Stuiver et al. 1998) as a
first approximation for all samples. The calibration intervals are represented with a confidence of
68.2% and are rounded off to 10 years. Table 1 shows the dating results together with locations. The
relatively large calibration intervals of both dates are due to the wiggle shape of the calibration curve.

DISCUSSION AND CONCLUSIONS

The long stratigraphy of Dubene-Sarovka, the numerous contact data in the context of rich and well-
stratified archaeological material, the vast excavated area, and the interacted method of recording
including archaeological and natural sciences all contribute to the elaboration of an accurate and
complete chronology of the region. This gives reason for the 14C dates to have a high recording value
even though for the time being there is sole such evidence from the different levels. 

Conclusions based on new stratigraphic and 14C data from Dubene-Sarovka concern two periods in
the Balkans—Early Bronze I, as well as the beginning of Early Bronze II. For these periods in Upper
Thrace, there are 14C dates from Dubene-Sarovka, Yunatsite, Plovdiv-Nebet Tepe, and possibly
Manole (Yunatsite culture), and from Rupkite-Kaleto, Ezero, and Dyadovo tell (Ezero culture)

Table 1 Radiocarbon dates from Dubene-Sarovka (Upper Thrace) and their calibrated individual dis-
tribution (68.2% probability)
Lab nr 
Sample

Dubene-Sarovka site
(Stratigraphic data)

δ13C
(PDB ‰) 14C age

Calibrated age ranges
(68.2% probability)

Calibrated age ranges
(95.4% probability)

Bln-5233
Charcoal

H18-4
Depth: −1.90–2.46 m
(+313.10/312.54 m)

−26.8‰ 4571 ± 32 BP 3490 BC ( 1.4%) 3470 BC
3370 BC (35.0%) 3330 BC
3220 BC (14.2%) 3180 BC
3160 BC (17.5%) 3120 BC

3500 BC ( 8.0%) 3460 BC
3380 BC (40.7%) 3300 BC
3240 BC (46.7%) 3100 BC

Bln-5231
Charcoal

Sq. H18-4
Depth: −1.44 m
(+313.56 m)

−26.2‰ 4145 ± 29 BP 2870 BC (13.4%) 2830 BC
2820 BC ( 4.5%) 2800 BC
2780 BC ( 1.0%) 2770 BC
2760 BC (39.8%) 2660 BC
2650 BC ( 9.5%) 2620 BC

2880 BC (93.7%) 2620 BC
2610 BC ( 1.7%) 2590 BC

Bln-4903
Charcoal

Sq. K12
Depth: −1.39
(+313.61)

−24.95‰ 4003 ± 36 BP 2570 BC (44.0%) 2515 BC
2500 BC (24.2%) 2470 BC

2630 BC (95.4%) 2450 BC

Bln-4900
Grain

Sq. F16
Depth: −1.10 m
(+313.90 m)

−24.52‰ 3993 ± 36 BP 2565 BC (40.8%) 2520 BC
2500 BC (27.4%) 2465 BC

2620 BC (94.0%) 2450 BC
2420 BC (1.4%) 2400 BC
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Table 2 Radiocarbon dates from Early Bronze I and earlier Early Bronze II in Upper Thracea

Site Lab nr
Sample 
type

14C age 
(BP)

Comments (see calibrated val-
ues in Figure 2)

Yunatsite Culture (Western Upper Thrace)

Dubene-Sarovka IIA          Bln-5233 Charcoal 4571 ± 32 EB I. From a cultural level 
with a few EB I and Late Cop-
per (Karanovo VI culture) 
sherds.

Dubene-Sarovka IIA/B Bln-5231 Charcoal 4145 ± 29 End of EB I, or beginning of 
EB II according to the cali-
brated values. Hearth.

Yunatsite 15 Bln-3675 Grain & seed 4280 ± 60 End of EB I. The only date 
from the level that corre-
sponds to the comparative 
chronology.

Yunatsite 15 Bln-3677 Grain & seed 4080 ± 70 End of EB I. The calibrated 
values correspond to EB II.

Yunatsite 15 Bln-3678 Grain & seed 4050 ± 50
Yunatsite 15 Bln-3676 Grain & seed 4030 ± 70

Plovdiv-Nebet Tepe “10” Bln-4353 Charcoal 4610 ± 80 The steep character of the ter-
rain might have resulted in im-
precise stratigraphy; the 
pottery from the site (unpub-
lished) comprises typical EB I 
shapes and ornamentation.

 Plovdiv-Nebet Tepe 11 Bln-4355 Charcoal 4280 ± 55 The date corresponds to the 
end of EB I – EB II. But see 
the next note.

 Plovdiv-Nebet Tepe 11 Bln-4330 Charcoal 4070 ± 40 Later EB II, cp. above and the 
note on the stratigraphic prob-
lems of the site. 

Manole-Razkopanitsa 4 Bln-813 Grain & seed 4350 ± 100 According to the diagnostic 
published pottery, the tell is 
from EB III and later periods; 
the published stratigraphy is 
not precise and the material is 
not completely published; 
among the published finds is a 
figurine that can be dated from 
EB I.

Ezero Culture (Eastern Upper Thrace)

Rupkite-Kaleto Bln-3429 Charcoal 4790 ± 60 Both dates are from ditches; 
among the preliminary pub-
lished material there is typical 
of EB I pottery.

Rupkite-Kaleto Bln-3773 Charcoal 4250 ± 150
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(Nikolova 1999a4; Sekime and Kamuro 2000). The comments in Table 2 reflect the complexity of
the problems that face the stratigraphic analyses of the 14C dates. Figure 2 shows the calibrated val-
ues of their individual distribution (n=36) and the sum-probability that covers the very long period
from approximately 3400 to 2550 BC (by 68.2% probability).

As Figure 2 shows, Bln-5233 preceded all the values from Early Bronze at Yunatsite 15, however, it
is close to one date without a clear stratigraphy from Plovdiv-Nebet Tepe, the main site from the
Yunatsite culture in the recent Plovdiv region. The Dubene-Sarovka sample indirectly confirms that
the Plovdiv-Nebet Tepe 14C date originated from Early Bronze I level. In comparison to the Ezero

Site Lab nr
Sample 
type

14C age 
(BP)

Comments (see calibrated val-
ues in Figure 2)

Ezero 13 Bln-1840 Charcoal 4590 ± 100 EB I. All the samples are from 
a depth of 3.20–3.45 m from 
the date. Some of the dates 
with low values originate from 
similar context with one of the 
dates that have the highest val-
ues. But for instance, Bln-905 
and Bln-1838 from a depth of 
3.20 m may indicate longer 
occupation of the level and 
just partially overlapping of 
the different houses. Never-
theless, even this interpreta-
tion cannot accept the values 
after 3100 BC which is the lat-
est possible dating of the end 
of Ezero 13.

Ezero 13 Bln-1920B Charcoal 4500 ± 50
Ezero 13 Bln-1786 Charcoal 4450 ± 85
Ezero 13 Bln-1843 Charcoal 4430 ± 50
Ezero 13 Bln-1841 Charcoal 4420 ± 50
Ezero 13 Bln-1837 Charcoal 4415 ± 40
Ezero 13 Bln-1920 Charcoal 4390 ± 50
Ezero 13 Bln-1158 Charcoal 4363 ± 100
Ezero 13 Bln-1838 Charcoal, 

grain & seed
4305 ± 65

Ezero 13 Bln-1256 Charcoal 4300 ± 80
Ezero 13 Bln-904 Charcoal 4143 ± 100
Ezero 13 Bln-905 Charcoal 4113 ± 100
Ezero 13 Bln-1159 Charcoal 4099 ± 100

Ezero 12 Bln-1836 Charcoal 4160 ± 55 EB I. The calibrated values are 
later than the comparative 
chronology of the level.

Ezero 12 Bln-903 Charcoal 3935 ± 100
Ezero 11 Bln-902 Charcoal 4360 ± 100 End of EB I.
Ezero 10 Bln-727 Grain & seed 4315 ± 100 Beginning of EB II.
Ezero 10 Bln-726 Grain & seed 4285 ± 100
Ezero 10 Bln-1835 Grain & seed 4260 ± 45
Ezero 10 Bln-725 Grain & seed 4120 ± 100

Dyadovo 10 Gak-20464 Charcoal 4510 ± 60 EB I. Unpublished ceramics 
from that level excavated by 
the Bulgarian team; the date 
corresponds to EB I, and to 
Ezero 13 in particular.

 Dyadovo 10 Floor A Gak-20465 Charcoal 4340 ± 60 EB I. The published pottery by 
the Japanese team has analogy 
at Ezero 13. But some typical 
of the last level ornamentation 
motifs are missing in light of 
recent limited evidence.

 Dyadovo 10 Floor B Gak-20466 Charcoal 4490 ± 60
 Dyadovo 10 Pithos 1 Gak-20467 Charcoal 4530 ± 120

aComments: All dates are calibrated with Oxcal 3.5 by Bronk Ramsey (2000). Reference to the original publications of the
dates see in Nikolova 1999. References: Nikolova (1999a); Sekime and Kamuro (2000: tables 6 & 7).

4See in the cited monograph the reference to the original publications of the 14C dates compiled in Table 2. 

Table 2 Radiocarbon dates from Early Bronze I and earlier Early Bronze II in Upper Thracea (Cont’d.)
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culture, Bln-5233 is close to some dates from Ezero 13 (Nikolova 1999a: Table A), as well as from
earlier dates from EB Dyadovo (Sekine and Kamuro 2000). In this group of dates, Bln-5233 is note-
worthy as it is considered that the genesis of the Yunatsite culture was before 3300 BC (based on
comparative stratigraphy and chronology) and possibly confirms the legacy of the disputed dates
such as the one from Plovdiv-Nebet Tepe. Of special importance is the fact that the values of the
radiocarbon date completely verify the contemporaneous process of genesis of the Early Bronze I
cultures in Upper Thrace. It is an objective of further investigation to determine more precise com-
parative characteristics of the beginning of the different Early Bronze I sites in Upper Thrace. At this
time, it can be assumed that the beginning of Dubene-Sarovka IIA had preceded Yunatsite 17 (the
earliest Early Bronze documented horizon on the tell).

Figure 2A Individual distribution and sum probability of the calibrated 14C dates from Upper
Thrace. Early Bronze I to the beginning of Early Bronze II (n = 36). Data from Table 2.

Atmospheric data from Stuiver et al.  (1998); OxCal v3.5 Bronk Ramsey (2000); cub r:4 sd:12 prob usp[chron]

5000CalBC 4000CalBC 3000CalBC 2000CalBC

Calibrated date

Sum Sum EB I - EB II (beginning)

Upper Thrace 

Dub-Sar IIA Bln-5233  4571±32BP

Dub-Sar IIA/IIB Bln-5233  4145±29BP

Yu-15 Bln-3675  4280±60BP

Yu-15 Bln-3677  4080±70BP

Yu-15 Bln-3678  4050±50BP

Yu-15 Bln-3676  4030±70BP

PlNB Bln-4353  4610±80BP

PlNB Bln-4355  4280±55BP

PlNB Bln-4330  4070±40BP

ManRaz Bln-813  4350±100BP

RupKal Bln-3429  4790±60BP

RupKal Bln-3773  4250±150BP

Ez 13 Bln-1840  4590±100BP

Ez 13 Bln-1920B  4500±50BP

Ez 13 Bln-1786  4450±85BP

Ez 13 Bln-1843  4430±50BP

Ez 13 Bln-1841  4420±50BP

Ez 13 Bln-1837  4415±40BP
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The next point concerns the interrelation between the duration of the Early Bronze I sites and the
thickness of the cultural layers. The thickness of the stratigraphic levels from Dubene-Sarovka IIA
does not exceed 1 m, according to the recent investigation, and is similar to that of Ezero 13-11. In
addition, a clear development of the ceramic style is documented at Dubene-Sarovka, which makes it
difficult to believe there was an existence of sensitive temporary hiatus during that stage. The accu-
mulation of Early Bronze I on Yunatsite 17-15 is about 1.50 m. It is thicker than Dubene-Sarovka IIA
in trench H18-4. The problem requires continued discussion, but for now, the suggestion is that there
is a complex interrelation between the different accumulated strata of the prehistoric tells (respec-
tively multilevel settlement); the thickness of those strata cannot be used for any straightforward

Figure 2B See Figure 2A

Atmospheric data from Stuiver et al. (1998); OxCal v3.5 Bronk Ramsey (2000); cub r:4 sd:12 prob usp[chron]

5000CalBC 4000CalBC 3000CalBC 2000CalBC

Calibrated date

Sum Upper Thrace 

Ez 13 Bln-1920  4390±50BP

Ez 13 Bln-1158  4363±100BP

Ez 13 Bln-1838  4305±65BP

Ez 13 Bln-1256  4300±80BP

Ez 13 Bln-904  4143±100BP

Ez 13 Bln-905  4113±100BP

Ez 13 Bln-1159  4099±100BP

Ez 12 Bln-1836  4160±55BP

Ez 12 Bln-903  3935±100BP

Ez 11 Bln-902  4360±100BP

Ez 10 Bln-727  4315±100BP

Ez 10 Bln-726  4285±100BP

Ez 10 Bln-1835  4260±45BP

Ez 10 Bln-725  4120±100BP

Dyad 10 Gak-20464  4510±60BP

Dyad Gak-20465  4340±60BP

Dyad Gak-20466  4490±60BP

Dyad Gak-20467  4530±120BP

Sum Sum EB I - EB II (beginning) 

Sum Sum EB I - EB II (beginning)
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chronological conclusions. The multilevel settlements combine many characteristics not only of the
vertical but also of the horizontal stratigraphy and a variety of accumulation processes.

Furthermore, Bln-5231 concerns the beginning of Early Bronze II in Thrace and in the Balkans.
Based on recent complex data, it is dated from around 3000 BC (Nikolova 1999a). The calibrated val-
ues of Bln-5231 correspond to such chronology that they date the end of level about 2800–2870 BC
(as the earliest possible), but stratigraphically and ceramically, level 1 in H18-4 is closer to the end of
EB I. Similar problems have posed the other 14C dates from Dubene-Sarovka IIB and especially those
from Yunatsite 13 and 11, as well as some of the dates from early Ezero, in particular Ezero 12. Fur-
ther 14C dates from Upper Thrace will probably better explain the reason for this controversy. 

As far as earlier the Early Bronze age in Upper Thrace is concerned, with 68.2% confidence, the val-
ues of the 14C dates in Figure 2 are distributed in the period between 3400 and 2550 BC, hence, it
covers EB I and the whole EB II (see Nikolova 1999a). That statistical situation corresponds to the
peculiarities of many of the individual dates, which have relatively low values. With 95.4% confi-
dence, the earliest possible chronological border of the beginning of EB I is even 3700 BC. But the
radiocarbon dates from Early Bronze I are again still not enough for more detailed considerations.

In conclusion, the Dubene-Sarovka excavations have been accomplished as an integrative project for
excavation of the prehistoric site, the goal of which has been employing the different opportunities
of the archaeological and natural sciences with interrelated and coordinated tasks and levels of
investigations. After the terrain achievement of documenting precise stratigraphy and obtaining dif-
ferent kinds of samples from one and the same levels, the results of the integration at the theoretical
level of research confirms that the absolute chronology requires complex interactive research. 
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ABSTRACT. This paper reports on the first chronological assessment of the Jewish Catacombs of the ancient Rome per-
formed by accelerator mass spectrometry (AMS) dating of small-size charcoal fragments scattered in the mortar used for seal-
ing off the graves in the Villa Torlonia Catacomb complex. The significance of the obtained 14C readings has been carefully
evaluated by taking into consideration the known technologies of quicklime production during Roman and recent times. The
new data are of great concern for providing evidence that the Jewish catacombs were used for burial since the first century AD,
thus some two centuries prior to the period traditionally believed to be the starting point of burial in the Jewish catacombs of
ancient Rome. Such a significant aging of the Jewish catacombs could result in a deep re-examination of the current under-
standing of the beginning and the evolution of the custom of catacomb burial in both Jewish and early Christian communities
in Rome.

INTRODUCTION

The dating of the Jewish catacombs of ancient Rome has been a controversial issue for 400 years
(Rutgers 1995) and even today has not yet been accomplished satisfactorily due to several intercon-
nected constraints. Difficulties arise because neither materials suitable for isotope dating nor archae-
ological findings with impressed age (e.g. coins and/or dated inscriptions) were so far uncovered in
the Jewish catacombs. Archaeological analysis has shown that the 255 identified and dated brick and
tile stamps represent reused artifacts. Therefore, they can only provide us with a terminus post quem
(Rutgers 1998).

So far, any attempt of dating the Jewish catacombs of Rome relied on the standard archaeological
method of relative chronology, viz., typological comparison of the findings from the catacombs with
those from other archaeological contexts, that is the same approach also applied in studying the anal-
ogous Christian underground monuments in Rome (Deckers 1992; Guyon 1994). The results of such
a relative dating, however, are highly problematic inasmuch as they depend on the tentative assump-
tion that evolution patterns and stylistic traits did develop coherently and continuously through a
sequence of well recognizable steps (Borbein 2000). The above mentioned assumption, however,
has to be rejected, particularly in the case of late antique wall paintings (Fèvrier 1989). 

A reliable dating of the Jewish catacombs is also severely hampered because the archaeological
findings are not uncovered in significant, well-sealed stratigraphic sequences (Rutgers 2000). As a
rule, the considered archaeological features are located in subterranean galleries, subjected to con-
tinuous frequentation over some centuries and frequently, as indicated by damaged graves, pillaged
by robbers for both valuables and building materials. Later on, late antique and early medieval lime
burners in search of raw materials conceivably joined the ranks of the previous grave robbers (Codex
Theodosianus 9.17.2 of 349 AD), as did subsequent visitors (Lanciani 1967; Osborne 1985). In
more recent times, the dilapidation of the catacombs resulting from neglect and crude research
methods by pre-modern scholars destroyed or at least overshadowed the original archaeological
context of many archaeological and epigraphic features.

In an attempt to break the deadlock resulting from earlier studies and research methodologies and to
circumvent the constraints posed by subsequent disturbances of the archaeological record, a survey
was carried out in the Villa Torlonia catacomb complex in 1997 in the framework of a dedicated
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project. The monument was selected for representing an ideal case study suitable to afford insight
into the intriguing matter of dating the Jewish catacombs of Rome. It is the largest still surviving
Jewish catacomb in Rome and since its discovery in 1919 has been the subject of various investiga-
tions, including a thorough archaeological campaign in the years 1973–1974 (Fasola 1976). Previ-
ous accounts on the catacomb complex, used by Jews exclusively, provided evidence that it consists
of two catacombs lying at different depth, interconnected subsequently, possibly because of a col-
lapse in area C1/E1 (Figure 1). Despite all this previous research, however, the important task of dat-
ing the catacombs was not accomplished adequately. Scholars just assigned the Jewish Villa Torlo-
nia complex to the third/fourth centuries AD, thus roughly contemporary to the Christian catacombs
of Rome. However, such a chronological assignment was not based on sound evidence. 

We aim here to establish the age of the Jewish catacombs in Rome by means of AMS 14C dating of
small charred vegetal remnants isolated from the mortar used to seal the graves. Although charcoal
enclosed in mortar has been successfully used to run 14C dating of Medieval buildings in Ireland
(Berger 1992), so far the method was neither applied to Jewish nor Christian catacombs. 

METHOD AND DESCRIPTIVE BACKGROUND

Most of the graves in the Villa Torlonia catacombs are of the loculus type, that is simple, rectangu-
larly shaped, aligned along both walls of the subterranean galleries, averaging 180 and 50 cm in
length and depth, respectively and ranging between 40 and 60 cm in height. The graves were sealed
according to the following three distinct techniques, by using: 1) stone plaques, 2) (reused) tiles
placed contiguously and vertically, and 3) small walls made up of bricks and rubble covered by a
smooth layer of whitish, fine mortar suitable for painting the observed red colored funerary inscrip-
tions (Figure 2). A careful inspection revealed some rare small bits of charcoal encased into the mor-
tar plastered onto the latter variety of grave closure. For being scarce and randomly distributed only
in a limited number of graves, it appears that these charcoal occurrences are merely occasional
rather than resulting from systematic additions in the course of mortar preparation. It is likely that
the charcoal bits derive from the firing of the limekiln and, far subordinately, while slackening the
quicklime and mixing it up with the mineral aggregate needed to prepare the mortar. 

From the mortar on the surface of five distinct graves distributed in both catacombs of the complex,
single charcoal fragments were collected and submitted to 14C dating. Their identifiers (Table 1) pro-
vide the location on the catacombs map (Figure 1): as an example the charcoal labeled “B4-E7-1”
comes from gallery B4, seventh row of graves along the Eastern gallery wall, first loculus from the
bottom. 

The graphite targets, analyzed at the Utrecht AMS facility (van der Borg et al. 1997), were prepared
with the CO2 obtained by burning the charcoal samples previously submitted to the acid-alkali-acid
chemical pretreatment. The carbon weight yielded by the samples was some 2 mg with the exception
of sample C2-S1-III, which lower carbon content (0.7 mg) resulted in a relatively higher analytical
uncertainty.

RESULTS AND DISCUSSION

Table 1 lists the results of radiocarbon dating for the five analyzed samples. The reported calibrated
ages (±1 σ) were calculated with the computer program Calib 4.3 (Stuiver and Reimer 1993). Four
out of five ages range from 1983 to 1735 BP, thus bracketing the calibrated time span BC 40–AD
340. By contrast, the age of sample UtC-6719 (2144 ± 46 BP, which calibrates to BC 349–94) is
obviously too old to be consistent with the framework of the studied archaeological site and it can
be accounted for only by invoking a serious “old wood” effect. 



D
ating the Jew

ish C
atacom

bs of R
om

e
543

Figure 1 Plan of the Villa Torlonia Catacomb. Gallery complexes A, B, and C represent the upper catacomb; gallery complexes D and E the lower catacomb. 
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The results of the present investigation are of great concern in that the obtained consistent set of 14C
dates urges us to reconsider the current chronological assignment of the Villa Torlonia Jewish cata-
combs and, consequently, some notable historical assumptions. However, prior to drawing any
archaeological/historical conclusion we need to evaluate the reliability of the new dates by discuss-
ing to what extent the two events we associate—viz., the origin of the dated charcoal samples and
the sealing of the graves—could have been actually coeval. 

It has been previously noted that the inclusions of charcoal bits in the mortar were rare, randomly
distributed, and that they occurred only accidentally. Most likely, they derive from the process of fir-
ing the carbonate rocks to prepare quicklime. In ancient Rome the huge need for quicklime and its
hydrated lime derivative (Lanciani 1975, Lega 1999) was mostly satisfied by professional lime burn-
ers with dedicated, technologically evolved plants (limekilns) comparable, for example, to those
reported from the sites of Iversheim (Sölter 1970), Vuippens (Spycher et al. 1981), Weekley (Jack-
son 1973), and Sagalassos (Poblome 2000). However, quicklime in subordinate amounts was also
occasionally obtained on-site with the less sophisticated “mixed layers pit” technique (Michalowski

Figure 2 Loculus closure in the Villa Torlonia Catacomb, consisting of a tuff blocks kept in place
with mortar. Its exposed surface, plastered by a thin, smooth, whitish layer of fine mortar, shows
remnants of a red colored funerary inscription.

Table 1 Data from catacomb charcoal fragments

Sample identifier
δ13C
(‰)

Age
(BP)

Lab code 
(UtC-) 1σ-calendar agea (yr)

B4-E7-1 −24.6 1753 ± 33 6718 cal AD 241−263, 274−339
C2-S1-III −25.2 2144 ± 46 6719 cal BC 349−318, 228−221, 206−94
Entrance-E1-ceiling −25.4 1983 ± 33 6720 cal BC 37−32, 20−12, 0−34 cal AD, 36−60
D10-N1-II −25.2 1831 ± 30 6721 cal AD 133−163, 168−204, 204−223
D14-E11-II −25.2 1915 ± 29 6722 cal AD 66−94, 96−127

aCalibrated with the program Calib, version 4.3 (Stuiver and Reimer 1993).
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1962; Dix 1982; Uscatescu and Martín-Bueno 1997; Lavergne and Suméra 2000)—a simple, inex-
pensive method to prepare home-made quicklime was still popular at the beginning of the last cen-
tury throughout most of the Italian countryside. According to the demographic evidence for the
studied Jewish catacombs (Rutgers, forthcoming) less than two dozen graves per year were sealed,
only in part with mortar: therefore such mortar could have been easily provided by a quick, small-
scale preparation on-site. Still, it cannot be ruled out that the mortar was made with professionally
fired and slacked quicklime, since a community of the Roman Jews was named after its economic
activity, “Calcarenses,” which is the Latin term for the people dealing with mortar, its ingredients,
preparation, etc. (Noy 1995, nos. 69, 98, 165, 558, and 584; Lega 1999).

By accepting that, independently from the firing technique, the dated bits of charcoal strictly record
the quicklime production, a proper evaluation of the 14C readings compels us to consider the char-
acteristics of the wood used as a fuel. According to the first account in the Historia Plantarum
(5.9.4) of Theophrastus (372–287 BC), limekilns were customarily fired with brushwood, since this
allows one to attain the high temperature required for calcination faster than does large size wood.
Archaeological data support such a practice: as an example only charred twigs and branches less
than 4 cm in diameter were uncovered in the limekilns excavated at Weekley (Jackson 1973). Fur-
ther, even today, traditionally operated limekilns are fired with short-lived vegetal matter. Being
unsuitable for long storage, such matter is collected shortly before of firing. The most common fuels
are thistles and weeds (Canaan 1932; Dalman 1942), and pine cones and olive kernels (Adam 1994),
along with a variety of vegetal trimmings (DeLaine 1997).

Based on the above evidence concerning the production of quicklime and assuming that four out of
five dated charcoal fragments from the Villa Torlonia catacombs originated from short-lived vegeta-
tion, we can argue that the measured 14C dates are reasonably unaffected by “old wood” biases and
therefore are a clue for establishing the sealing time of the graves. 

In this respect let us stress that the 14C readings are of great concern in that they point out that the
Villa Torlonia Catacomb complex was in use since the first century AD instead of the so far popu-
larly supposed third/fourth centuries AD. At first glance, the difference in the aging of the Jewish
catacomb complex (some two centuries) could appear quite striking. However, the found shift in age
can be reasonably accounted for by the fact that all previous chronological inferences relied on
methods plagued by several constraints. In addition, it should be pointed out that the new dating
herein proposed is in fair agreement with the overall historical framework, as according to ancient
literary sources a permanent Jewish settlement in Rome appeared in the course of the first century
BC (Solin 1983). Given that the only Jewish graves known in Rome are those in the Jewish cata-
combs—that is burial sites traditionally dated to the end of the second and early third century AD at
the earliest—scholars have long wondered where the Jews buried their dead prior to the usage of
such catacombs. The results of 14C dating herein reported are valuable for solving the above puz-
zling question in that they point out that the Jews in ancient Rome neither had burial places other
than catacombs (Noy 1998) nor their graves disappeared: they were just buried in the catacombs
starting in the first century AD.

CONCLUSION

AMS dating of charcoal fragments enclosed in mortar revealed a powerful tool for achieving a
sound chronological assessment of the Jewish Catacombs in Rome. The new data herein reported
strongly suggest that the traditional dating of the Jewish catacombs at Villa Torlonia needs a careful
and comprehensive re-evaluation. If the new 14C chronology of the Villa Torlonia Jewish catacombs
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will be confirmed by further investigations, it will exert a dramatic impact on our overall knowledge
on the relationship between Jewish and Christian catacombs, particularly concerning Jewish influ-
ence on early Christian burial customs in Rome. In addition, as a valuable by-product, the new data
are a further warning on the limited effectiveness of relative chronology based on tools such as
typology of artifacts and/or paleographic features of inscriptions when applied to particular archae-
ological contexts.
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RADIOCARBON AND STABLE ISOTOPE ANALYSES ON THE EARLIEST JOMON 
SKELETONS FROM THE TOCHIBARA ROCKSHELTER, NAGANO, JAPAN

Minoru Yoneda1,2 • Masashi Hirota3 • Masao Uchida4 • Atsushi Tanaka1 • Yasuyuki Shibata1 • 
Masatoshi Morita1 • Takeru Akazawa5

ABSTRACT. This study presents the results of carbon and nitrogen isotopic analyses of six human skeletons excavated from
the Tochibara rockshelter (Nagano, Japan). The human skeletons were reported to be accompanied by “Oshigata-mon” type
pottery dating to the Earliest Jomon period (8900 BP ~ 6600 BP). A radiocarbon determination from charcoal associated with
the human remains was reported to be 8650 ± 180 BP (GaK-1056). However, the depositional context of human skeletons was
uncertain because they were recovered by excavations that were dug by prescribed levels. Our results indicated that these skel-
etons date to the Earliest Jomon period; the 14C determinations place these remains between 8260 ± 100 BP (TERRA-
b030799ab38) and 8580 ± 100 BP (TERRA-b011300a35). This coincides with the archaeological evidence that these speci-
mens are some of the oldest Jomon skeletal materials. Furthermore, δ13C and δ15N values provide evidence for the first recon-
struction of the diet of an inland Earliest Jomon population. Although the distribution of data indicated a possibility that they
had exploited small amounts of seafood, the isotopic data point to this group having relied heavily on a terrestrial ecosystem
based on C3 plants.

INTRODUCTION

In the present study, we re-evaluated the skeletal specimens recovered from the Tochibara rockshel-
ter by measuring the carbon and nitrogen isotopes in six human remains. Radiocarbon (14C) dating
and dietary reconstruction based on stable carbon and nitrogen isotopes were done.

This skeletal collection from the Tochibara site is representative of an inland population dating to the
Earliest Jomon period. From this site, 12 skeletons including two infants and two children were
recovered (Kohara et al. 1971; Nishizawa 1978). Two children are suspected to have been killed by
a rock fall accident since they were found beneath a fallen rock in the position for running. It is
thought to be the oldest evidence of a fatal accident in Japan (Kohara et al. 1971). In the case of the
inland Japan, well-preserved human skeletons are very rare because of the soil acidity. Hence, the
human skeletons from the Tochibara rockshelter are important for the investigation of morphologi-
cal characteristics of the Earliest Jomon people residing in the inland region.

However, the depositional context of human remains was not fully defined during the excavation.
The site consists of superimposed layers from the Earliest Jomon through Yayoi periods. Strati-
graphic data on each individual remain have not been certified since excavations were conducted by
the arbitrary level method digging in steps of 10 cm deep, not by following the natural layers of
deposit. Previous studies have reported three 14C ages of charcoals at different levels (Nishizawa
1982); 7920 ± 80 BP (GaK-1054), 8650 ± 180 BP (GaK-1056), and 8870 ± 220 BP (GaK-3773).
Re-excavations showed that stratigraphic structure of this site was very complex (Oomi 1984), and
it has become more important to evaluate the original period of human specimens exactly. Hence, it
was aimed in the present study to determine the 14C ages on human remains directly by using the
accelerator mass spectrometry (AMS). The chronological placement of this skeletal collection is
essential when investigating its anthropological traits, and studying it in terms of regional and tem-
poral variations among the Jomon.

1Environmental Chemistry Division, National Institute for Environmental Studies, Onogawa 16-2, Tsukuba, Ibaraki 305-
8506, Japan

2Corresponding author. Email: myoneda@nies.go.jp.
3Institute of Accelerator Analysis, Ltd. Ichiridan 6-270, Shirasaka, Shirakawa, Fukushima 961-0835, Japan
4Japan Marine Science and Technology Center, Natsushima-cho 2-15, Yokosuka, Kanagawa 237-0061, Japan
5International Research Center for Japanese Studies, Oeyama-cho 3-2, Goryo, Nishikyo-ku, Kyoto 610-1192, Japan
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At the same time, stable isotopes of carbon and nitrogen in preserved protein, collagen, can reveal
aspects of their dietary habits. Based on isotopic analyses and other archaeological evidence, it has
been revealed that the Jomon people were hunter-gatherer-fishers adapting themselves to regional
circumstances (Minagawa and Akazawa 1992). However, almost all data for discussion so far have
been obtained from coastal populations found in Jomon shell middens. This study presents the first
quantitative evaluation on the dietary habits of the inland Earliest Jomon people.

MATERIALS AND METHODS

The Tochibara rockshelter is located in Kita-Aiki village, Minami-Sakuma county, Nagano prefec-
ture (Figure 1). The rockshelter lies on a palisade facing the Aiki river. In 1965, the first skeleton
(KA-1) was found and excavations were then conducted 15 times by Professor M Suzuki of the
Department of Medicine, Shinshu University, and his colleagues until 1978 (Oomi 1984). Excava-
tions revealed human skeletons of eight adults, two children, and two infants. As mentioned above,
the two children (KA-11 and KA-12) are thought to have been killed by a rockfall (Kohara et al.
1971). The morphological characteristics of the eight adults were reported (Nishizawa 1978). Fur-
thermore, a large amount of artifacts was recovered from deposits believed to date between the Ear-
liest Jomon through the Yayoi period. Most layers yielded the Earliest Jomon pottery. The human
remains were accompanied by the “Oshigata-mon” type pottery of the Earliest Jomon period. The
typical 14C age for this cultural period is between 8900 BP and 6600 BP in Nagano (Kawasaki 1997).

In this study, six individuals were analyzed for 14C age, δ13C, and δ15N values. KA-1 individual is one
of the oldest Jomon people that has a complete facial cranium. KA-1, KA-2, KA-4, and KA-7 were
buried closely in the center of the terrace, which were found in the arbitrary level between −150 cm

Figure 1 Location of the Tochibara rockshelter, Nagano prefecture, Japan
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and −200 cm from the surface (see Table 1). For this level, 14C dating of charcoal fragments exca-
vated at a depth of −150 cm to −182 cm gave a date of 8650 ± 180 BP (GaK-1056), but this date has
not been corrected for isotopic fractionation (Kunihiko Kigoshi, personal communication). On the
other hand, KA-8 was not found in the same area as the four burials, but at the eastern edge of the ter-
race, and its stratigraphic level and depth were also different, −211 cm. KA-10 was found at the next
rockshelter to the east of the main shelter. Even if the burial deposit was primary without any post-
depositional disturbance, the correspondence between charcoal ages and skeleton ones has not been
confirmed, especially in the cases of KA-8 and KA-10.

For 14C dating, AMS measurement requires a smaller amount of sample (ca. 1 mg of carbon) than
the conventional β counting method, since it counts the exact number of 14C atoms. Because of this
technical development, it has become possible to measure the 14C age of human bone material with-
out seriously damaging the fossil hominid specimen. Typically, bone pieces of 0.5~1.0 g were taken
from a rib bone or other useless bone element. Then the inorganic part was removed by 1 N hydro-
chloric acid. From the remaining organic matter, the collagen was extracted and purified by the gela-
tinization method improved from Longin’s (1971). The detailed procedure was described elsewhere
(Yoneda et al. 1996).

The extracted collagen was analyzed for carbon and nitrogen contents in order to investigate con-
tamination of the extracted collagen. An elemental analyzer (EA; Calro Erba NA 1500, CE Elan-
tech, Inc, Lakewood, New Jersey, USA) was employed, which is combined to an isotope ratio mass
spectrometry (IRMS; MAT252, Thermo Finnigan MAT GmbH, Bremen, Germany), for both the
elemental analyses and the preparation for isotope analyses. Typically, 0.25 mg of collagen was
combusted in the EA and the resulting CO2 and N2 were introduced to the IRMS for measuring 13C/
12C and 15N/14N. The isotope ratios were usually shown in the δ values in comparison with standard
materials, PDB for carbon and AIR for nitrogen. The uncertainty with this system was estimated
around 0.25‰ for δ15N and 0.10‰ for δ13C.

Then, 2.5 mg of collagen was converted to graphite with iron catalysis for the 14C analysis (Kita-
gawa et al. 1993). Pretreatment of samples, graphitization and 14C measurements were conducted at
NIES-TERRA (Tanaka et al. 2000). At least two kinds of standard materials were loaded with
unknown samples contemporaneously to calibrate the measured 14C/12C. The new oxalic acid (NBS
RM-4990C), IAEA standard materials, such as C6 (ANU sucrose) and C7 were employed. For each
14C determination, measurements were taken for 10 minutes and repeated three times.

RESULTS

Table 2 shows the results on stable isotopic and elemental analyses. The C/N ratio is employed to
certify the purity of extracted gelatin. If a C/N ratio did not show a value between 2.9 and 3.6, the

Table 1 List of the Tochibara rockshelter specimens analyzed in this study

Sample nr Sex Age
Excavated 

level 
Excavation 

year

KA-1 Male Adult −155 cm 1965
KA-2 Male Adult −201 cm 1965
KA-4 Female Adult −173 cm 1965
KA-7 Female Adult No data 1966
KA-8 Female Adult −211 cm 1966
KA-10 Female Adult No data 1967
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gelatin might be contaminated with foreign organic matter (DeNiro 1985). However, in all the
Tochibara samples, the C/N showed reasonable values as pure collagen. Based on this datum, we
concluded that the extracted materials principally consist of collagen and that the results of δ13C,
δ15N values, and 14C ages are reliable as the biogenic signals and their original ages without diage-
netic effects.

Their protein sources were estimated by comparing the isotopic values of nutritional groups and the
estimated values of dietary protein. Figure 2 shows the isotopic values of typical native foodstuff
collected in the Japanese archipelago and the North Pacific (Shimojo 1988; Welch and Parsons
1993; Minami 1995) and reconstructed values of muscle from archaeological mammals (Yoneda
unpublished data). As shown in the figure, the source data can be divided into six groups. In general,
bone collagen is enriched +4.5‰ for δ13C and +3.5‰ for δ15N in comparison with average of
absorbed protein, respectively (Ambrose 1993). In Figure 3, the results of human protein sources
were plotted in the region of C3 plants and its consumer. It is clear that they lived on terrestrial foods
as main protein sources and it is reasonable that the inland Jomon hunter-gatherer adapted to the ter-
restrial circumstance. 

Table 2 Stable isotopic ratios, carbon and nitrogen concentrations, and C/N 
ratios in collagen extracted from human remains from the Tochibara rockshelter

Sample nr δ13C (‰) δ15N (‰) C (%) N (%) C/N ratio

KA-1 −19.7 7.7 43.1 15.1 3.34
KA-2 −20.4 6.0 44.9 16.2 3.23
KA-4 −19.7 7.6 45.1 15.8 3.33
KA-7 −19.8 7.1 46.2 16.2 3.33
KA-8 −19.8 6.9 46.0 16.7 3.21
KA-10 −19.8 7.4 45.3 16.5 3.21

Figure 2 Typical isotopic values of Japanese native foodstuff. For details, see the text.
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However, a clear correlation (r = 0.936) observed between δ13C and δ15N in human collagen suggests
that they exploited two kinds of protein sources dominantly (see Figure 3), and these end-points of
the regression line should suggest these two sources theoretically (Schwarcz 1991). In the case of the
Tochibara site, it is possible that C3 plants and terrestrial herbivore are suggested on one end, and
marine fish and marine mammals on the other. It is likely that they have exploited some amount of
seafood in their daily diet, because faunal remains include chum salmon (Oncorhynchus keta) and/or
cherry salmon (Oncorhynchus masou) and other marine organisms, but the amount of seafood should
have been very limited. Furthermore, it is difficult to discriminate the results between plants and her-
bivore, because the mixture of C3 plants and seafood yielded the same isotopic features apparently as
the terrestrial mammal from the isotopic point of view. That is why we did not try quantitative recon-
struction of the prehistoric diet in the present study. Nevertheless, it is possible to say that the recon-
structed human diet relied mainly on the protein originating from the terrestrial ecosystem.

Table 3 shows the result of 14C determinations on human bones excavated form the Tochibara rock-
shelter. The 1 σ error is cited. They were buried between 8300 BP to 8600 BP, which coincides with
the archaeological materials and the previous 14C determination. However, the burials were not con-
temporary with one another. Even in the case of KA-1, KA-2, and KA-4, which are associated with
each other, the three 14C determinations span over 200 14C yr. However, it seems reasonable amongst
the three skeletons, that KA-1 (8370 ± 70 BP), with the highest elevation is slightly younger than
KA-2 (8580 ± 100 BP) and KA-4 (8530 ± 80 BP), which are from deeper levels (see Table 1).
Although KA-8 was found from the deeper level (−211 cm), its 14C age (8300 ± 80 BP) was similar
to KA-1 and younger than KA-2 and KA-4. This discrepancy suggests that the stratigraphic layers

Figure 3 Carbon and nitrogen isotope ratios of the exploited protein by the
Tochibara people. Significant correlation is observed between δ13C and δ15N
values.
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declined towards the shelter’s opening, and that the elevations at the different positions did not cor-
respond to each other. On the other hand, KA-10 who was found from the different shelter yielded
a similar result as others, suggesting that this individual also dates to the Earliest Jomon period and
might belong to the same population.

DISCUSSION

In a previous paper, three 14C ages of charcoal samples were reported; 7920 ± 80 BP, 8650 ± 180 BP,
and 8870 ± 220 BP at −95 ~ −127 cm, −150 ~ −182 cm, and −534 ~ −535 cm, respectively (Nish-
izawa 1982). Generally speaking, our results on human ages agree with those of the charcoals,
although these previous data have not been corrected for fractionation. Furthermore, this study
showed that human individuals were buried within a shorter time frame between 8260 ± 100 BP and
8580 ± 100 BP. In the case of human remains, the 14C reservoir effect should be considered, because
they might have exploited organisms derived from a 14C-depleted carbon source, such as seafood
(Arneborg et al. 1999; Yoneda et al. 2000, 2001). In the case of coastal Jomon, the marine reservoir
effect clearly altered the 14C ages of human remains (Yoneda et al. 2002). However, this effect is
negligible for the Tochibara samples since the stable isotopic analyses showed their collagen was
originated primarily from terrestrial foods. 

Calibration ages in this paper were calculated using the INTCAL98 calibration curve (Stuiver et al.
1998) with the OxCal ver. 3.0 calibration program (Bronk Ramsey 1995). Table 3 shows the cali-
brated ages of each sample. The calibrated determinations place the skeletons between 9100 cal BP
to 9690 cal BP. Some of them show larger uncertainties because the calibration curve turned hori-
zontal at the ranges.

Then, Bayesian methodology was employed for analyzing the series of 14C dates (Bronk Ramsey
1995; Buck et al. 1996). If the six 14C determinations were derived from one phase of human occu-
pation as mentioned in the results, we can calculate the beginning and ending periods of the phase.
It is estimated that the series of burials was initiated between 9610 and 9450 cal BP and terminated
between 9460 and 9240 cal BP. If more detailed information on their sequence was available, then
the calibrated age of each sample could be confined more precisely by using Bayesian methods.

Table 3 Conventional and calibrated 14C ages of the Tochibara specimens

Sample nr Code nr
Conventional 14C

age (BP ± 1σ)
Calibrated age

(cal BP) Probability

KA-1 TERRA-b030799ab17 8370 ± 70 9490 − 9280 68.2%

KA-2 TERRA-b011300a35 8580 ± 100 9690 − 9470 68.2%

KA-4 TERRA-b030799ab26 8530 ± 80 9560
9450

−
−

9470
9440

65.4%
2.8%

KA-7 TERRA-b030799ab27 8430 ± 70 9530
9410
9340

−
−
−

9420
9400
9330

62.7%
2.3%
3.2%

KA-8 TERRA-b030799ab28 8300 ± 80 9470
9430
9180

−
−
−

9450
9250
9130

3.2%
55.8%

9.1%

KA-10 TERRA-b030799ab38 8260 ± 100 9420
9330
9110

−
−
−

9340
9120
9090

16.2%
49.6%

2.4%
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Regarding the subsistence of the Tochibara people, the isotopic reconstruction seems to be consis-
tent with archaeological evidence. Faunal remains contained many kinds of mammals, birds, finfish,
and shellfish (Nishizawa 1982). Most frequent mammal species reported were Japanese deer (Cer-
vus nippon) and Japanese wild boar (Sus leucomystax). Fish remains contained marine, brackish,
and freshwater species including northern salmon, pacific abalone (Nordotis discus discus), fresh-
water pearly mussel (Margaritifera laevis), and estuary clam (Corbicula japonica). Our results
showed that a small amount of seafood might be exploited but was almost negligible. It means that
the seasonal migration to coastal area and/or the trading of foodstuffs with coastal populations was
not common for the Tochibara Jomon people.

In Nagano, carbon isotope data showed that this dietary pattern of depending on terrestrial protein
continued to the later Yayoi, Kofun, and Medieval periods (Yoneda et al. 1996). The Middle Jomon
population from the Kitamura site (ca. 4500 BP) showed similar isotopic results, while the recent
Edo (AD 16C) people exploited some amount of seafood (Figure 4). Kitamura Middle Jomon did
not show correlation between two isotopic values, but a wider distribution of δ13C values. On the
other hand, some archaeologists have suggested that the large settlements in the Middle Jomon
period were sustained by the C4 millet agriculture (Fujimoto 1970). It might be possible to interpret
that the wider δ13C variation in the Kitamura was influenced by C4 plants as a new nutritional
resource. However, the differences in δ13C values were not clear between the Tochibara and Kita-
mura sites, and do not support the hypothesis that C4 millets were cultivated as a staple food item.

Figure 4 Comparison of dietary habits in Nagano between the Earliest Jomon
(Tochibara), the Middle Jomon (Kitamura), and Edo (Hodokubo and Tsuchiya).
Tochibara, Kitamura, and Edo people are shown as open circles, cross symbols,
and triangles, respectively.
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CONCLUSIONS

Six human skeletons excavated from the Tochibara rockshelter were measured for 14C dating and
stable isotope analyses. 14C dating indicated that these human skeletons date to the Earliest Jomon
period and they are provided as one of rare examples of the oldest skeletal specimens from the inland
of Japan. Bayesian statistics suggest that they were buried within shorter time period than suggested
by a previous study. This skeletal collection should be re-evaluated from the morphological point of
view to understand the structure of the Jomon people and the origin of modern Japanese.

At the same time, the isotopic results indicated that they might have exploited a small amount of sea-
food, but most of protein in their bodies was derived from the terrestrial ecosystem based on C3

plants. This is different from the dietary habit of coastal Jomon people who exploited both terrestrial
and marine foodstuff substantially (Minagawa and Akazawa 1992). When their morphological char-
acters are to be discussed, this discordance in dietary habits may explain the morphology of inland
Japanese.
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14C LEVEL AT MT CHIAK AND MT KYERYONG IN KOREA

J H Park1,2 • J C Kim1 • M K Cheoun1 • I C Kim1 • M Youn1 • Y H Liu1 • E S Kim3

ABSTRACT. We have observed ∆14C concentrations in the northern hemisphere temperate region in the bomb pulse period,
using cross-dated tree ring samples. The tree-ring samples were taken from one 70-year-old and two 50-year-old red pines
(Pinus densiflora) on Mt Chiak, Korea and from a 50-year-old red pine (Pinus densiflora) on Mt Kyeryong, Korea. Twenty-
two tree-ring samples from four red pines ranging from 1950 to 2000 AD were pretreated to obtain holo-cellulose, combusted
to CO2 by an element analyzer (EA) and converted to graphite for ∆14C measurement using the accelerator mass spectrometry
(AMS) facility at Seoul National University. Our results for ∆14C showed good agreement with those measured by other
researchers at similar latitudes. The observed steady decrease of ∆14C from 1965 to 2000 AD is described by a single expo-
nential function with a lifetime τ = 15.99 ± 0.43 yr. This lifetime is similar to that of the high-latitude region in Europe.

INTRODUCTION

Since 1945, nuclear weapons tests have led to an increase in atmospheric ∆14C. The atmospheric
∆14C concentration in the northern hemisphere has approached a peak value of about twice the nat-
ural atmospheric ∆14C concentration. Since then, the excess atmospheric 14C has diffused into other
reservoirs (mainly to the oceans) and, following the Limited Test Ban Treaty of 1963, the excess
atmospheric 14C has decreased exponentially (Povinec et al. 1986; Leung et al. 1995). However, the
peak value, the time of peak value, and the speed of exponential decay for ∆14C show differing
trends in different latitudes.

Such studies had not been performed in Korea, therefore we obtained ∆14C data in fresh air regions
(Mt Chiak and Mt Kyeryong, Korea) and compared the characteristics of the ∆14C value, namely the
bomb peak value, the time of bomb peak value, and the speed of exponential decay for ∆14C value
with respect to other research results. 

We assumed that Mt Chiak and Mt Kyeryong were in a fresh air region and selected tree-ring sam-
ples of red pine from those mountains. These tree-ring samples were used to obtain ∆14C data for
Korea for the period 1950–2000 AD.

SAMPLE DESCRIPTION AND DENDROCHRONOLOGY

Tree-Ring Samples from Mt Chiak

Mt Chiak (1288 m asl) is in the eastern part of Korea, 100 km from Seoul. It has a population of
about 10 million. We collected red pine tree samples from Guryong temple and Bugok in Mt Chiak.
Guryong temple (37°23′N, 128°3′E, 400 m asl) in Mt Chiak, 5 km from the Youngdong expressway,
which, having been constructed after 1971 AD, did not influence the tree-ring samples in the the
period 1950–1970 AD. However, the sample from 1975 AD (CH75, Table 1) was influenced by the
expressway (Figure 1). The Bugok area (37°20′N, 128°4′E, 650 m asl) surrounded by Mt Chiak is
13 km from the Youngdong expressway and 9 km from the Chung-ang expressway still under con-
struction. Moreover, both places are blocked by Mt Chiak, so that Wonju city, whose population is
about 260,000, does not affect their tree-ring samples (Figure 1). Therefore, all of the samples
except for CH75 (Guryong, Table 1) are safely assumed to be isolated from possible dead carbon
sources nearby.

1Department of Physics, Seoul National University, Kwanak-ku, Seoul 151-742, Korea
2Corresponding author. Email: pjhun77@phya.snu.ac.kr.
3Department of Forest Resources, Kookmin University, Seoul 136-702, Korea
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Tree-Ring Samples in Mt Kyeryong

Mt Kyeryong (845 m asl) is located in the southern part of Korea at a distance of 140 km from Seoul.
We collected red pine tree samples at Baekamdong (36°20′N, 127°13′E, 200 m asl) in Mt Kyeryong.
Baekamdong is at a distance of 18 km from Daejeon city, whose population is about 1.5 million, and
very near the Honam expressway, but it was also constructed after 1970 AD, so it did not influence
the tree-ring samples in the period 1963–1964 AD. Therefore, the tree-ring samples used in this
report were reasonably assumed to be collected in fresh air region in Korea. 

Dendrochronology

The tree-ring samples were taken using an increment borer. The tree-ring samples showed clear
annual ring structures. Each ring width was measured to a resolution of 0.01 mm using a microscope
and a sliding linear table interfaced to a personal computer. The width data are presented in Figure 2.
In these figures (A, B, and C), we grouped the width data by region. Group A contains the width data
of Guryong temple’s tree-ring samples, group B contains the width data of Bugok’s tree-ring samples,
and group C contains the width data of Baekamdong’s tree-ring samples. In each group, Chiak-a1 and
Chiak-a2, Chiak-d1 and Chiak-d2, and Kyerong-2-1 and Kyerong-2-2’s tree rings are taken from the
same red pine tree. 

At first, we compared the widths of two tree-ring sets from the same red pine tree in each group. Both
samples in each group from the same red pine tree show a strong correlation in Figure 2. To study the
correlation in detail, we compared both two red pine tree ring sets with another red pine tree ring set.
Chiak-c from a different red pine tree at Guryong temple shows a strong correlation with Chaik-a1
and Chaik-a2 in 1998, 1978, 1973, 1968, 1958, 1956, 1954, and 1949 (Figure 2[A]). Chiak-f from a
different red pine tree at Bugok also shows a strong correlation with Chaik-d1 and Chaik-d2 in 1998,

Figure 1 Map of the vicinity of Mt Chaik: (1) Guryong temple, (2) Bugok



14C Level at Two Korean Mountains 561

1987, 1985, 1983, 1981, and 1972 (Figure 2[B]). Finally, Kyerong-1 from a different red pine tree at
Baekamdong shows a strong correlation with Kyerong-2-1 and Kyerong-2-2 in 1999, 1995, 1992,
1983, 1981, 1973, 1971, 1969, and 1967 (Figure 2[C]). Therefore, our cross-dated tree-ring series
show strong cross-correlations and are accurately identified in terms of their year. 

For the study in this report, a 70-year-old red pine (Chiak-a2) from Mt Chiak was used for CH50, 55,
60, 62, 63, 64, 65, 66, 70, and 75 (Table 1), a 50-year-old red pine (Chiak-d1) from Mt Chiak for
CH75-r, 79, 80, 81, 85, 90, 95, 99-r, and 00 (Table 1), a 50-year-old red pine (Chiak-d2) from Mt
Chiak for CH00-r and a 50-year-old red pine (Kyeryong-2-1) from Mt Kyeryong for KR63 and 64
(Table 1), respectively.

Figure 2 (A) tree-ring’s width of Guryong temple area, Mt Chiak; (B) tree-ring’s width of
Bugok area, Mt Chiak; (C) tree-ring’s width of Baekamdong area, Mt Kyeryong
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SAMPLE PREPARATION AND AMS 14C ANALYSIS

Twenty-two tree rings were prepared for AMS analysis. Owing to the existence of very different lev-
els of ∆14C between consecutive tree rings, we removed the boundary region (~0.2 mm) of the tree
ring. Each tree ring was carefully split and sliced to ~1 mm. Approximately 20 mg of each sample
was used to extract cellulose. Cellulose was obtained for each sample by this process. The samples
were heated to 80–85 °C in 0.5M HCl for 30 min and washed to neutral pH. The residues were
heated again to 80–85 °C in 0.1M NaOH for 1 hr and washed to neutral pH. They were heated once
more to 55–60 °C in a 4% solution of H2O2 at pH 11 for 1 hr and washed to neutral pH. Finally, they
were heated to 80–85 °C in 0.5M HCl for 30 min (Sjören et al. 1981). 

The obtained material was combusted to CO2 using the element analyzer (EA). This CO2 was
reduced to graphite using H2 and Fe catalyst (Lee et al. 2000; Vogel et al. 1987). The mass of the
graphite was about 1 mg.

AMS ∆14C measurements were performed using the AMS facility in Seoul National University
(SNU) (Kim et al. 2000). The 14C/12C ratio of each sample was measured relative to the NIST stan-
dard of Oxalic Acid II. The ∆14C of each sample was calculated after correcting for 1) the instru-
ment’s background, 2) isotopic fraction using δ13C, and 3) radioactive decay of both tree ring and
standard sample (Hua et al. 1999). 

Table 1 ∆14C value from red pine in Mt Chiak and Mt Kyeryong

Ring
formation
(year)

Sample
code Site

δ13C
(‰ PDB)

∆14C
(‰)

1950 CH50 Chiak (Guryong) −19.5 −24.6 ± 10.5
1955 CH55 Chiak (Guryong) −20.8 22.4 ± 11.3
1960 CH60 Chiak (Guryong) −21.7 225.1 ± 11.7
1962 CH62 Chaik (Guryong) −22.3 381.0 ± 12.7
1963 CH63 Chiak (Guryong) −21.3 665.9 ± 21.0
1964 CH64 Chiak (Guryong) −20.9 819.6 ± 14.7
1965 CH65 Chiak (Guryong) −34.0 679.7 ± 29.1
1966 CH66 Chiak (Guryong) −22.6 641.1 ± 13.9
1970 CH70 Chiak (Guryong) −25.8 526.1 ± 14.5
1975 CH75 Chiak (Guryong) −20.8 320.4 ± 13.4
1979 CH79 Chiak (Bugok) −26.4 259.4 ± 13.3
1980 CH80 Chiak (Bugok) −21.2 279.7 ± 14.9
1981 CH81 Chiak (Bugok) −23.6 240.6 ± 14.8
1985 CH85 Chiak (Bugok) −24.3 198.1 ± 10.6
1990 CH90 Chiak (Bugok) −23.0 155.9 ± 10.5
1995 CH95 Chiak (Bugok) −21.0 114.1 ± 13.9
2000 CH00 Chiak (Bugok) −26.3 57.2 ± 9.9
1975(r) CH75-r Chiak (Bugok) −23.5 393.0 ± 27.5
1999(r) CH99-r Chiak (Bugok) −24.7 91.4 ± 19.9
2000(r) CH00-r Chiak (Bugok) −28.5 50.0 ± 23.6
1963 KR63 Kyeryong (Baekamdong) −24.0 751.7 ± 21.6
1964 KR64 Kyeryong (Baekamdong) −25.4 841.9 ± 24.4
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RESULTS AND DISCUSSION

The ∆14C data for 1950–2000 AD are tabulated in Table 1 and illustrated in Figure 3. The growing
season for red pine in Korea is from April to September, so the ∆14C values for the tree rings are plot-
ted as the points in the middle of the growing period. 

For easy comparison, the atmospheric ∆14C data from four regions—the arctic zone, northern hemi-
sphere temperate region, tropical zone, and southern hemisphere temperate region—are plotted in
Figure 3. They are the data for Nordkapp, Norway (71°06′N; 1962–1993 AD; Nydal et al. 1996a),
Vermunt, Austria (47°N; 1959–1983 AD; Levin et al. 1985), Debre Zeit, Ethiopia (8°40′N; 1963–
1969 AD; Nydal et al. 1996a), and Wellington, New Zealand (41°18′S; 1954–1993 AD; Manning et
al. 1994).

Because the sample CH75 was taken in the vicinity of the Youngdong expressway, which was con-
structed in 1971 AD, the 14C value appeared lower than the other regions, but there is general agree-
ment between the 14C tree-ring data in Korea and the atmospheric ∆14C data in Vermunt and Nord-
kapp. The bomb peak in the ∆14C tree-ring data in Korea appears in 1964 AD, whereas the
atmospheric data in Vermunt and Nordkapp show the peak in 1963 AD. However, one should not
regard this difference as a real delay between the 14C tree-ring data in Korea and the atmospheric 14C
data in Vermunt and Nordkapp, as they are in good agreement on both the leading edge and the trailing
edge sides of the bomb pulse. The apparent one-year difference is because although a dramatic
increase in 14C is peaked during 1963 for the atmosphere, the average over the growing season is
lower in 1963 than in 1964. Thus, single whole growth ring for 1964 should (and does) have the higher
14C value (Grootes et al. 1989). 

Figure 3 The observation of ∆14C (‰) of atmospheric CO2 and tree rings in the arctic zone, northern hemisphere
temperate region, tropical zone
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Figure 3 also shows the data for Hinoki in Gifu, Japan (35.6°N; 1945–1983 AD; Nakamura et al.
1987), three-leaf pine in Doi Inthanon National Park, Thailand (18°33′N; 1952–1975 AD; Hua et al.
2000), and Huon pine in Tasmania, Australia (41°41′S; 1951–1975 AD; Hua et al. 2000).

The 14C data from tree-ring samples in Mt Chiak and Gifu, which are in the northern hemisphere
temperate region, show a similar tendency. The tree ring’s bomb peaks in the northern hemisphere
temperate region (Mt Chiak and Gifu) appear in the middle of 1964, while that in the tropical zone
(Doi Inthanon National Park) is in the middle of 1965. There is a time delay of one year from the
northern hemisphere temperate region to the tropical zone (Hua et al. 2000).

Figure 4 shows the exponential decay fitting of five data sets for ∆14C data. They are respectively
data for Mt Chiak, for Nordkapp (71°06′N; 1963–1993 AD; Nydal et al. 1996a), Vermunt (47°N;
1959–1983 AD; Levin et al. 1985), Gifu (35.6°N; 1945–1983 AD; Nakamura et al. 1987), and Doi
Inthanon National Park (18°33′N; 1952–1975 AD; Hua et al. 2000). Because tree-ring sample CH75
is contaminated by dead carbon, the data of tree-ring sample CH75-r is used for fitting. The tree-ring
sample CH00, CH00-r has similar 14C value, so we chose CH00-r for fitting. 

For comparison, the fitting interval for each data in Table 2 is chosen to start from 1965, and we used
all available data points to calculate the decay lifetime. The plots are drawn from 1965 to last year
by fitting, and from last year to 2000 by extrapolation. The fitting results are tabulated in Table 2. 

Figure 4 Chiak tree-ring data, Korea (1950–1970 [Guryong], 1979–1995 [Bugok], 1975, 1999, 2000 [Bugok, sec-
ond measurement])
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In fact, the decrease rate of the bomb peak is faster in the first years after 1965 than later on, since
the ocean surface reservoir is gradually filled up with 14C from the atmosphere. Our data and Nord-
kapp and Vermunt’s data gives τ = ~13.5 yr, which is a little faster than the value in Table 2, when
fitted using data at the interval 1964–1970 AD. The lifetime (τ = 18.2 yr) obtained by Nydal et al.
(1996b) for Nordkapp’s data at the interval 1973–1992 AD also conforms to this trend.

From the Table 2, we can say that the lifetime of low-latitude region (Doi Inthanon, Thailand) is
long, while the lifetime of high-latitude regions (Nordkapp, Norway and Vermunt, Austria) are
short. Although Mt Chiak, Korea and Gifu, Japan are located at the similar latitude, the lifetime of
Mt Chiak, Korea is similar to that of high latitude region, while the lifetime of Gifu, Japan is similar
to that of low latitude region. These trends of Mt Chiak, Korea and Gifu, Japan should be studied in
more detail.

CONCLUSION

We have obtained bomb ∆14C data for the northern hemisphere temperate region from red pines on
Mt Chiak and Mt Kyeryong, Korea. These ∆14C data show results consistent with other observations
at the similar latitudes and, as a result, can be used for the study of the global carbon cycle, atmo-
spheric transport and interaction between air and oceans. The lifetime of the ∆14C data’s exponential
decay from 1965 to 2000 at Mt Chiak, Korea was obtained as 15.99 ± 0.43 yr. 
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RADIOCARBON DATING OF DEEP-SEA CORALS

Jess F Adkins1 • Shelia Griffin2 • Michaele Kashgarian3 • Hai Cheng4 • E R M Druffel2 • 
E A Boyle5 • R Lawrence Edwards4 • Chuan-Chou Shen4

ABSTRACT. Deep-sea corals are a promising new archive of paleoclimate. Coupled radiocarbon and U-series dates allow
14C to be used as a tracer of ocean circulation rate in the same manner as it is used in the modern ocean. Diagenetic alteration
of coral skeletons on the seafloor requires a thorough cleaning of contaminating phases of carbon. In addition, 10% of the
coral must be chemically leached prior to dissolution to remove adsorbed modern CO2. A survey of modern samples from the
full ∆14C gradient in the deep ocean demonstrates that the coralline CaCO3 records the radiocarbon value of the dissolved
inorganic carbon. 

INTRODUCTION

The radiocarbon content of dissolved inorganic carbon (DIC) in seawater is an important tool for
constraining the rate of deep-water circulation. GEOSECS observations constrain the mean over-
turning time of the ocean to be about 800 years (Stuiver et al. 1983). At any one site in the ocean,
considerations of both mixing and in-situ aging are important in determining the seawater ∆14C. In
the modern western Atlantic for instance, there is a 100‰ range in ∆14C, but only about 150 years
worth of aging (equivalent to about 20‰) since the water last was at the surface (Broecker and Peng
1982). In addition to mixing, ∆14C ventilation age calculations from radiocarbon are complicated by
the addition of nuclear bomb produced 14C during the era of atmospheric testing. Some early mea-
surements of surface waters help constrain the pre-bomb values (Bien et al. 1960; Broecker 1963;
Fonselius and Ostlund 1959), but there are virtually no measurements from the deep where bomb
radiocarbon can be seen today. A variety of tracer based methods have been used to “unmix” this
bomb influence in newly formed deep waters (Broecker 1979; Broecker et al. 1985), but direct
reconstructions are not available. Similar to the way surface corals and mollusks constrain pre-bomb
surface water values to be uniformly –50‰ between 40°N and 40°S (Bard 1988; Druffel and Linick
1978), deep-sea corals could provide a map of natural radiocarbon before the bomb contamination.

Studies of fossil corals (Bard et al. 1993; Edwards et al. 1993) and varved sediments (Hughen et al.
1998) constrain the ∆14C of the surface ocean and atmosphere for the past 30,000 years. Corals pro-
vide unique calibration points because they contain enough Uranium to make independent 230Th
dates on the exact same material used to generate 14C ages. These combined measurements provide
strong constraints on both changes in cosmogenic nuclide production rate and changes in the fluxes
of carbon between active reservoirs. Rapid increases in past atmospheric ∆14C are occasionally asso-
ciated with a large-scale decrease in deep-water production rate (Stocker and Wright 1996), thus
providing some of our best information about past ocean overturning rates.

More direct measurements of past deep-water circulation rate have been limited to comparisons
between contemporaneous benthic and planktonic foraminifera (Broecker et al. 1990; Duplessy et
al. 1989; Shackleton et al. 1988). Recently, deep-sea corals have been used as a new archive of past
deep ocean ∆14C itself (Adkins et al. 1998; Goldstein et al. 2001; Mangini et al. 1998). Similar to
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surface corals, coupled 230Th and 14C dates in these samples provide a direct measurement of past
seawater ∆14C that is not model dependent. Calculation of past circulation rates from this data are
constrained by the same problems of mixing and in-situ aging that modern measurements face
(Adkins and Boyle 1999). With a large enough sample set in both space and time, one could poten-
tially use deep-sea corals to create paleo ∆14C maps similar to the modern GEOSECS data.

However, two important questions must be addressed before there is widespread use of deep corals
as paleo ∆14C archives. We need both an exhaustive study of the analytical techniques involved and
a modern “core top” calibration. The latter point addresses the question “Do the corals record the
radiocarbon value of the DIC in which they grow?” This is fundamentally about the coral’s biomin-
eralization itself. The first point addresses the question “Can we recover skeletal ∆14C from past
samples regardless of the radiocarbon’s origin?” This is a question of cleaning techniques and ana-
lytical precision. Both points are examined in this paper.

METHODS

Physical and Chemical Cleaning

Cleaning methods are designed to remove contaminating carbon sources that accumulate both while
the specimen is on the sea floor and while it is stored on land after collection. Black, organic carbon
rich crusts that form in-situ on fossil corals after death have been described in our earlier work (Cheng
et al. 2000). These crusts are diagenetic iron and manganese oxides that can trap significant amounts
of detrital aluminosilicates. In addition, modern corals frequently have deposits of organic matter
trapped between septa. Both of these phases can be removed with mechanical and chemical cleaning
steps designed to attack an organic coating bound to the aragonite. The following procedure is based
on one developed for trace metals in surface corals by Shen and Boyle (Shen and Boyle 1988).

Prior to chemical cleaning, all evidence of endolithic activity is drilled out to remove any possible
reprecipitation of CaCO3 by boring worms or sponges on the surface. Water rinses and scrubbing
with a brush remove sediment from inside the coral and between the septa. Samples are then
immersed in a 50/50 mixture of 30% H2O2 and 1N NaOH and ultrasonicated for 15 minutes. This
oxidizing solution step is repeated several times. Occasionally, samples are again scrubbed with a
brush to promote removal of the black crusts in small sheets. Oxidizing solution steps are repeated
until there is very little black crust or polyp organic matter left on the sample. However, this process
often leaves a brownish/orange organic stain on the CaCO3. Quick dips (30 seconds to 2 minutes) in
a 50/50 mixture of 30% H2O2 and 1% HClO4 effectively remove this stain. The danger is that this
perchloric acid step also dissolves about 5–10% of the sample. Small siphons for spent cleaning
solutions and plastic racks to hold samples aid in the mechanics of the cleaning process. After the
dilute perchloric step, samples are rinsed thoroughly with clean distilled water.

This cleaning process removes about 10% of the total coral weight. Immediately prior to dissolution,
a second acid wash removes an additional 5–75% of the cleaned mass. This step is designed to
reduce adsorbed modern CO2 that accumulates during sample storage (Burr et al. 1992). For the sec-
ond acid wash, pre-weighed samples are dipped into 6N HCl for 15–60 seconds followed by rinses
in two separate beakers of deionized H2O. After drying for several minutes in a 60 °C oven, the sam-
ples are cooled and reweighed to determine the percent of sample removed. Samples are then
crushed in an agate mortar and pestle to facilitate dissolution in the reaction flasks. All equipment
for handling coral samples is cleaned with 10% HCl prior to use.
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Dissolution and Graphitization

Dissolution is carried out in specially designed finger flasks that contain a side arm for the phospho-
ric acid reservoir. Crushed samples are transferred to the acid cleaned flask with filter paper and care
is taken not to spread fine CaCO3 on the flask walls. Approximately 2 mL of 85% H3PO4 is added
to the side arm with a cleaned Pasteur pipette. The flask is connected to a vacuum line using an 18/
9 o-ring ball/socket joint and evacuated. Once the pressure has dropped, the sample reaction vessels
are closed, removed from the line and tilted to allow the H3PO4 to spill out of the side arm and react
with the coral sample. After reacting overnight, the samples are extracted on a vacuum line through
two dry ice/isopropyl alcohol water traps. The purified sample is expanded into a known volume and
measured with a MKS Baratron Type 122A absolute pressure gauge. Two milliliters of CO2 gas are
isolated for AMS analysis and about 4.6% (usually about 0.1–0.3 mL at STP) of the residual is saved
for δ13C determination. All excess is frozen into a glass tube. The tube is flame sealed and stored.
13C/12C ratios were determined at the Woods Hole Oceanographic Institution.

Graphitization of the 2 mL CO2 sample for AMS analysis follows the method of Vogel (Vogel et al.
1987). Graphite samples are pressed into targets and measured for their 14C/13C ratio at the Lawrence
Livermore National Lab Center for Accelerator Mass Spectrometry (CAMS). The corrected fraction
modern (F) is reported as described by Donahue et al. (1990). The “old” oxalic acid standard is nor-
malized to 1950 and a δ13C value of −19‰ and the sample is normalized to a δ13C of −25‰. With
these adjustments the radiocarbon age is given by (Stuiver and Polach 1977; Donahue et al. 1990):

Radiocarbon age = τln F

where τ is the Libby mean life of 8033 years. The measured fraction modern, Fm, is converted to the
true fraction modern (F) by accounting for the blank introduced during graphite formation:

F = Fm (1+f) − f

where f is the fraction modern of a 14C-free calcite sample that is processed exactly the same way as
the coral samples.

Leaching Experiments

There is considerable evidence that surface corals have a significant component of adsorbed modern
CO2 on their skeletons (Burr et al. 1992). But deep-sea corals are generally not porous; they have a
smaller surface area to volume ratio and are less susceptible to modern contamination. We designed
several leaching experiments to test for the presence of adsorbed CO2. In each case we placed the
unleached coral sample, with an excess of phosphoric acid, inside a reaction flask. Periodically the
evolved CO2 gas was removed and purified as described above. Smaller amounts of gas were col-
lected at the beginning of the experiment and larger portions were collected at the end, sometimes
after several days of sitting in the reaction vessels. Several different types of samples were used for
these tests. JFA 20c is a Desmophyllum cristagalli with a U-series age of 65,455 ± 246 years (Cheng
et al. 2000). This age corresponds to an F of 0.0003. Both cleaned and untreated pieces of this 14C-
dead sample were processed. We also dissolved successive fractions from calcite blanks that were
acidified in HCl immediately prior to the experiment as described above. For this test some samples
were crushed in a mortar and pestle prior to dissolution and some were not.
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RESULTS

All calcite blanks from a 5-year period are listed in Table 1. The total standard deviation in F corre-
sponds to an age detection limit of ~44,000 14C years. Rather than use this overall average, samples
are blank corrected using the calcites from their same graphitization run. Only the data from August
1995 shows a small deviation from the routine CAMS backgrounds.

Results from leaching experiments are presented in Table 2 and Figure 1 (figures begin on page
574). Neither crushed nor uncrushed calcite shows a trend in the fraction modern of the successive
fraction removed (higher fraction number), and all data fall within the long-term range for all blanks
(Figure 1A). The pre-dissolution HCl wash clearly removes any adsorbed modern CO2 from these
types of samples. Similar results for 14C-dead D. Cristagalli are shown in Figure 1b. There is some
evidence for adsorbed CO2 in samples that have been dissolved less than 5%. All other cleaned sam-
ples, not affected by leaks in the finger flasks (see Discussion), have the same fraction modern
within experimental error.

The modern calibration data set is listed in Table 3. Uranium series ages for these corals are reported
in Table 4. Data were collected and ages calculated as described in Cheng et al. (2000). Corrected
ages and age errors are given relative to 1950 (years BP) and include a correction for unsupported
230Th using the 232Th data. 14C replicates of the same CO2 gas graphitized separately always agree
within 2 σ. A modern coral standard of Porites sp. run many times over the course of this study gives
a value of 0.9461 ± 0.0025, well within the long-term average from the UCI lab.

Table 1 Calcite blank data. The variance of the measured fraction modern over this
five-year time period corresponds to a maximum radiocarbon age of >44,000 years.

UCID CAMS Wt. CO2 Gas (ml) Fm error
Date # # (mg) Total AMS (1 σ)

March 1995 663 19384 52 10.36 1.35 0.0028 0.0002
664 19385 42 9.76 1.30 0.0027 0.0003

August 1995 1006 22458 82 18.12 1.30 0.0066 0.0006
1012 22459 61 10.77 1.37 0.0066 0.0004

August 1996 1535A 30195 47 11.35 1.98 0.0025 0.0002
1535B 30196 47 11.35 2.06 0.0024 0.0002

March 1997 2059 36256 274 61.33 1.93 0.0025 0.0002
2056 36259 65 13.63 1.93 0.0015 0.0002

May 1997 2205 2.45 1.99 Sample Lost
2206 39264 2.08 1.93 0.0040 0.0003
2207 39265 3.56 1.96 0.0026 0.0001
2208 39266 65.5 6.94 1.95 0.0024 0.0001
2209 39267 2.41 1.97 0.0024 0.0003
2210 39268 1.61 1.53 0.0040 0.0001
2211 39269 5.59 1.96 0.0031 0.0002
2212 39270 82.5 9.41 1.95 0.0024 0.0002

May 2000 3214 66007 6.5 1.5 0.0027 0.0001
3250 66006 10.13 1.5 0.0033 0.0001
3786 66010 0.0036 0.0001
3978 66008 10.24 1.54 0.0025 0.0001

July 2000 3224 66955 10.36 1.51 0.0009 0.0001

Average 0.0031
Std Deviation 0.0014
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Table 2 Radiocarbon data from all leaching experiments. Errors are 1 σ.

Fraction UCID CAMS Start wt. CO2 Gas (ml) Fraction error
Number # # (mg) Total AMS Modern
JFA 20c Top

1 2039 36240 301.1 2.77 1.87 0.0119 0.0008
2 2040 36241 5.58 1.95 0.0084 0.0008
3 2041 36242 7.70 1.92 0.0077 0.0008
4 2042 36243 9.56 1.93 0.0066 0.0008
5 2043 36244 4.85 1.92 0.0097 0.0008

JFA 20c Bottom I
1 2044 36245 231.8 2.78 1.62 0.0178 0.0009
2 2045 36246 4.09 1.90 0.0120 0.0009
3 2046 36247 7.28 1.93 0.0109 0.0009
4 2047 36248 9.13 1.93 0.0110 0.0008
5 2048 36249 30.55 1.94 0.0218 0.0009

JFA 20c Bottom II
1 2049 36250 226.6 2.48 1.68 0.0174 0.0010
2 2050 36251 4.36 1.94 0.0118 0.0008
3 2051 36252 10.59 1.92 0.0132 0.0009
4 2052 36253 11.26 1.93 0.0160 0.0008
5 2053A 36254 22.75 1.91 0.0248 0.0008
5 2053B 36255 1.93 0.0240 0.0008

Calcite Uncrushed
1 2205 65.5 2.45 1.99 Lost during graphitizaton
2 2206 39264 2.08 1.93 0.0040 0.0003
3 2207 39265 3.56 1.96 0.0026 0.0001
4 2208 39266 6.94 1.95 0.0024 0.0001

Calcite Crushed
1 2209 39267 82.5 2.41 1.97 0.0024 0.0003
2 2210 39268 1.61 1.53 0.0040 0.0001
3 2211 39269 5.59 1.96 0.0031 0.0002
4 2212 39270 9.41 1.95 0.0024 0.0002

JFA 62.1 Top
1 2197 39255 87.8 1.95 1.87 0.6852 0.0030
2 2198 39256 4.56 1.98 0.6837 0.0027
3 2199 39257 4.65 1.97 0.6840 0.0032
4 2200 39258 9.26 1.95 0.6799 0.0029

JFA 62.1 Bottom
1 2201 39259 48.5 1.66 1.57 0.6777 0.0029
2 2202 39260 2.8 1.88 0.6757 0.0030
3 2203 39261 3.44 1.96 0.6776 0.0030
4 2204 39262 3.02 1.95 0.6790 0.0032
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Table 3 Modern “core top” calibration data set
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DISCUSSION

Leaching Experiments

The 14C-dead deep-sea coral, sample JFA 20c, shows some effect of modern CO2 contamination in
the initial fraction of CO2 leached. Carbon from the first 5–10% of the coral sample is slightly ele-
vated in its fraction modern (Figure 1B). This effect occurs in both the cleaned and untreated sam-
ples. D. cristagalli samples must be washed in acid prior to dissolution to avoid this problem. The
effect is not as large as that for surface corals where acid treatments of up to 50% mass loss did not
remove all of the modern contamination (Burr et al. 1992). This large difference between porous
surface corals and relatively dense deep-sea specimens is not surprising and is probably due to their
different surface area to volume ratios.

There is also a clear effect of the cleaning procedure on the radiocarbon age. Untreated samples with
intact black crusts (gray points in Figure 1b) are always elevated in their fraction modern relative to
the cleaned piece from the same sample (black points in Figure 1b). As we used phosphoric acid to
acidify our samples, it is unlikely that the contaminating carbon phase is something other than
CaCO3. Removing the black crusts eliminates reduced organic carbon, but this is not easily hydro-
lyzed in the H3PO4. Contaminating CaCO3 probably comes from secondary precipitates that are
somehow protected or promoted by the formation of black crusts. The difference between gray and
black points in Figure 1b is not due to adsorbed modern CO2 as its effect is removed in the first frac-
tion leached. Cleaning fossil samples prior to radiocarbon age determination is crucial to determin-
ing the correct ∆14C of past water masses.

In both the calcite and coral leaching experiments there is evidence for a small modern CO2 blank
in the preparation lines, and a larger contamination from leaks in the o-ring seals (Figure 1). The
leak source, however, is only apparent in samples that sat for several days while they reacted. These
samples are marked with dashed circles around the data points. The rate of sample dissolution
slowed considerably during the leaching experiments and stopped altogether for the cleaned sample
of JFA 20c. These last fractions sat in the reaction vessel for several days and are clearly contami-
nated. Actual samples for measuring past ∆14C are never exposed to this long delay and are unaf-
fected by leaks in the reaction flask.

There is clear evidence for a small contamination from modern CO2 in the gas handling lines them-
selves, but only for the smallest samples. This effect is evident by plotting a sample’s fraction mod-
ern versus its size (Figure 2). 14C-dead samples should show no trend in their measured fraction
modern as a function of amount of CaCO3 reacted, but the individual fractions from our leaching

Table 4 Uranium series data. Only the data for new corals are shown. Errors are 2 σ and ages are
at the time of measurement. Age uncertainties are calculated from the 232Th concentration and
the error on the 230Th/238U activity as described in Cheng et al. (2000a). Half-lives for 230Th and
234U are the most recent as reported in Cheng et al. (2000b).

ID 238U 232Th δ234U 230Th/238U Age δ234U
(ppb) (ppt) (measured) (activity) (years BP) (initial)

86873.1 4191 ±11 1039 ±27 146.5 ±5.2 0.00473 ±0.00013 284 ±115 146.6 ±5.2
91545.2 4952 ± 4 371 ±44 146.5 ±1.4 0.00464 ±0.00008 356 ±35 146.6 ±1.4
BI-103-3 5553 ± 4 154 ±27 145.1 ±1.1 0.00733 ±0.00007 641 ±14 145.4 ±1.1
JFA 47.1 4706 ± 3 227 ±48 145.9 ±1.2 0.00912 ±0.00010 802 ±24 146.2 ±1.2
94069.1 4070 ± 5 65 ±3 145.6 ±1.3 0.01038 ±0.00008 936 ±10 146.0 ±1.3
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experiments do show larger 14C values for samples below about 2–3 mL of CO2. The effect is larger
for coral samples than for calcites, but our paleo ∆14C sample sizes are always larger than the 2–
3 mL threshold.

We also successively dissolved the top and bottom pieces of a Holocene aged coral to test the top/
bottom age reversals found in deglacial corals by Adkins et al. (1998). Sample JFA 62.1 was
dredged from 1420 m on the Pluto Seamount in the eastern basin of the North Atlantic. This sample
has black crusts like the deglacial samples, but grew during a time when we do not expect rapid
changes in the deep ∆14C of DIC. As such, the top to bottom age difference should only reflect the

Figure 1 14C-dead CaCO3 leaching experiment results. A. Calcite results for samples both
crushed (gray circles) and not crushed (black squares) prior to dissolution. B. D. cristagalli
sample JFA 20c results for both cleaned (black squares) and untreated (gray circles and trian-
gles) samples. Dotted circles around the last point in each series indicate contamination from
a leak in the reaction flasks (see Discussion). In both figures the half-filled diamond is the
average and 1 σ standard deviation of all blanks in Table 1. 
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coral’s mean extension rate. Figure 3 illustrates that there is a clear difference in the ages of the top
and bottom pieces (70 ± 28 yr) and that there is no difference between successive acid treatments of
the same piece. Unlike the deglacial corals in Adkins et al. (1998) this sample is younger at the top
than at the bottom. Age “reversals” between the top and bottom of a single coral are therefore rep-
resentative of a change in the seawater DIC at that site during the coral’s lifetime. The 70 ± 28-yr
age difference implies a mean growth rate of ~0.7 mm/yr, in good agreement with the U-series
derived mean growth rates of several modern D. cristagalli (Cheng et al. 2000).

Figure 2 The same data as in Figure 1 but plotted against sample size instead of percentage
removed. Symbols are as described in Figure 1. Higher fraction modern values for the small-
est samples indicate a contribution from modern carbon in the preparation lines (see text).
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Calibration Data Set

Our modern coral calibration is shown in Figure 4. Samples were initially determined to be “mod-
ern” by inspection of the quality of the septa and the lack of endolithic activity. Water ∆14C values
for all coral samples are estimated from nearby GEOSECS stations. Coral 14C data for these samples
fall on or below the 1:1 line in Figure 4. Falling below this line indicates that a coral is older than the
water in which it grew. By measuring the U-series age of these “too old” samples, we can correct for
the time between the date the coral stopped growing and the day we measured its age. In all cases
where we made both 230Th and 14C dates (black squares), the samples came back onto the 1:1 line.
An example of how we determine the water ∆14C is shown in Figure 5. This sample from the South
Pacific is nearly 1000 years old and lies at the modern (mid 1970s) depth of bomb 14C penetration,
as indicated by the tritium data. The fact that our old coral point lies on the mid-’70s ∆14C trend sup-
ports the 3H conclusion that the bomb 14C influence is small below 550 m (Broecker et al. 1985).

The data in Figure 4 are a clear demonstration that within analytical error deep-sea corals, from a
variety of genera, are excellent recorders of the ∆14C of the dissolved inorganic carbon (DIC) in
which they grow. Modern looking samples may have spent considerable time dead on the sea floor
and/or in sample drawers before being measured, but this effect can be accurately and precisely
determined. As several of our samples in this set are hundreds of years old (Table 3) and were clean
enough to be called “modern”, the black crusts, at least in the modern ocean, do not seem to form
immediately after the coral’s death.

The 1:1 correspondence between coral ∆14C and seawater DIC ∆14C is strong evidence that inor-
ganic carbon is the sole source of skeletal CaCO3. However, we can more quantitatively use the data
in Figure 4 to test what fraction of a coral’s skeleton can come from metabolic CO2. These organ-
isms are essentially filter feeders, eating the available detritus that washes over them. Several of the
specimens in Figure 4 grew when this food source was contaminated by bomb 14C. The elevated
level of ∆14C in this organic matter relative to the surrounding DIC (Griffin and Druffel 1989) pro-

Figure 3 Stepwise dissolution experiment results for sample JFA 62.1, a D. cristagalli
from 1400 m deep in the northeast Atlantic Ocean. The top of the coral is younger than the
bottom by 70 ± 28 yr. This difference corresponds to a mean extension rate of ~0.7 mm/yr.
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vides a test of how much organically derived CO2 is fixed into the skeletal aragonite. We can write
the radiocarbon mass balance equation for a coral’s skeleton as follows:

(Fraction Respired CO2)(∆14C of Food) + (1−Fraction Respired CO2)(∆14C of DIC) = Skeleton ∆14C

While within the error bars all of our data falls on a 1:1 line between DIC ∆14C and coral ∆14C, the
circled data point in Figure 4 falls about 8‰ above the line. Sample number 93177.3 is a Fungia-
cyathus marenzelleri that was picked alive from 4100 m in the sub-tropical north-east Pacific (very
close to Station M, 34°50'N, 123°00'W) on 20 October 1992. By adopting a water to coral difference
of 10‰ and using a water ∆14C value of −230‰, we can rewrite the above equation:

∆14C of Food = 10/(Fraction Respired CO2 − 230)

This function is plotted in Figure 6 for a range of fractions of respired CO2 in the skeleton. Using
data on the ∆14C of suspended and sinking particulate organic carbon (POC) from almost exactly the
same location as the coral (Druffel et al. 1996), we can constrain the maximum respired CO2 our
data allows in the skeleton. The oldest food source, suspended POC, gives a maximum value of
about 8%. Within the errors of our AMS measurements and the estimates of bottom water ∆14C of
DIC, the skeletons of deep-sea corals are drawn entirely from ambient inorganic carbon. There is
room in the data for a maximum of 8% of the skeleton to be of a respired origin. This result has

Figure 4 Modern calibration of 14C in deep-sea corals. Water data are estimated from
nearby GEOSECS stations. Corals are measured as described in the text. Gray circles are
samples with only 14C dates. Black squares are samples with both 14C and 230Th dates.
The open black square shows how a 14C date is transformed into the ∆14C at the time of
death by correction with a 230Th age. All samples fall on a 1:1 line, indicating that corals
are an excellent archive of seawater ∆14C. The circled sample is the coral used in the per-
cent metabolic CO2 calculation (see Figure 6 and text).
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Figure 6 (above) Results of the metabolic carbon calculation described in the
text. The black line describes all possible combinations of the fraction of skeletal
carbon that is from the coral’s food source and the ∆14C of that source. Particu-
late data from a nearby hydrographic station shows that at most 8% of the skel-
eton could be from suspended particulate organic carbon (POC). Within error
the sample used to make the black line lies on the 1:1 modern calibration line,
so that 0% respired carbon in the skeleton is also a possibility.

Figure 5 (left) Example of water ∆14C estimation for use in Figure 4. Sample
94069.1 lies on the trend in the modern ∆14C profile.  At this depth in the mid-
1970s the influence of bomb 3H was negligible. 
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important implications for the mechanism of coral calcification when there are not photosymbionts
to feed dissolved organic carbon to the polyp.

CONCLUSION

Before reliable 14C ages can be collected, fossil deep-sea corals must be cleaned of their black crusts
and endolithic activity. Immediately prior to graphitization, these samples must have at least 10% of
their mass acid leached to remove the effect of adsorbed modern CO2. Once these precautions are
taken, it is clear that deep-sea corals record the ∆14C of the DIC in which they grow. At most, 8% of
the skeleton can come from respired CO2. Coupled with U-series ages this makes deep-sea corals a
promising new archive of paleo-ventilation rates. When there is no change in bottom water ∆14C dur-
ing a coral’s lifetime, the 14C age difference between the top and the bottom reflects the mean skel-
etal extension rate. 
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PRE-BOMB RADIOCARBON VARIABILITY INFERRED FROM A KENYAN CORAL 
RECORD 

Nancy S Grumet1 • Thomas P Guilderson2 • Robert B Dunbar3

ABSTRACT. We report results from AMS radiocarbon measurements (∆14C) in corals recovered off the coast of Kenya.
Bimonthly samples which span the pre-bomb era average –51‰ (±3.7; n=43), when age and Suess effect are corrected, and
over the time of interest (1946–1954) do not exhibit any discernible seasonality. Relative to regional pre-bomb ∆14C values
in the western Indian Ocean, our results indicate 14C enrichment off the coast of Kenya. Furthermore, the absence of a distinct
subannual ∆14C signal suggests that open and coastal upwelling is negligible off the coast of Kenya. Unlike pre-bomb values
south of the equator near Seychelles and Madagascar, our pre-bomb value are enriched by more than 10‰. The enrichment
of pre-bomb Kenyan ∆14C values relative to sites around Mauritius, northern Madagascar and Seychelles, suggest that the
influence of depleted ∆14C water transported in the SEC is limited to regions south of 3 to 4°S.

INTRODUCTION

The intimate relationship between the Indian Ocean and the atmosphere is revealed in the seasonal
reversal of the Indian-Asian monsoons. The monsoons develop primarily as a response to the large
thermal gradients between the Asian continent and the Indian Ocean. During the Northern-Hemi-
sphere winter, a high-pressure cell develops over the Asian land mass and contributes to the creation
of the Northeast (NE) monsoon; the extremely cold and dry air masses over land force air from the
northeast to the southwest and drive surface ocean circulation counter-clockwise in the northern
Indian Ocean. In contrast, during the Northern-Hemisphere summer, the Asian land mass becomes
very warm and a low-pressure cell develops and forms the Southwest (SW) monsoon. Strong south-
westerly flow in the lower troposphere brings substantial amount of moisture to India and releases
it as precipitation from June to September. 

The influence of the monsoons on the Indian Ocean is seen in the reversals of the surface circulation
and in the hydrological conditions of the surface waters to 10–20°S. The northern and equatorial
Indian Ocean circulation is especially complex with large seasonal variations and reversals in major
current systems. For example, as a response to prevailing southwesterly flow in the lower tropo-
sphere during the SW monsoon, a northward flowing Somali Current (SC) is strongly developed as
a continuation of the South Equatorial Current (SEC) and East African Coast Current (EACC)
(Figure 1a). Recognized as the western boundary current that causes structural readjustment in the
baroclinicity down to 1000 m, the SC is responsible for strong upwelling along the northern coasts
of Somali and Oman and the development of the Southern Gyre (SG) and Great Whirl (GW) during
the SW monsoon (Luther 1999). Surface water flow is predominantly in an eastward direction. In
contrast, during the NE monsoon, northeasterly winds develop causing surface waters north of the
equator to flow to the west or southwest comprising the North Equatorial Current (NEC) north of the
equator and at the equator, south-flowing water off the coast of Somalia together with the northflow-
ing EACC feed the Equatorial Counter Current (ECC), which moves eastward across the Indian
Ocean between 0° and 8°S (Figure 1b) (Schott and McCreary 2001).

The complex oceanography in the northern and equatorial Indian Ocean, briefly described above, is
responsible for regional differences in the strength and amount of upwelling of subsurface water. As
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2Center for Accelerator Mass Spectrometry, Lawrence Livermore National Laboratory, Livermore, California 94551.
Also at the Institute of Marine Sciences, University of California at Santa Cruz, Santa Cruz, California 65064 USA.

3Department of Geological and Environmental Sciences, Stanford University, Stanford, California 94305 USA
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a result, there is considerable spatial radiocarbon (∆14C) variability in surface waters of the western
Indian Ocean. This is illustrated in the regional deviations in the 14C offset from atmospheric 14CO2,
referred to as the reservoir effect, of marine calcareous shells from the northern and equatorial Indian
Ocean (Dutta et al. 2001; Southon et al. 2002). For example, Southon et al. (2002) illustrate that Ara-
bian Sea upwelling significantly influences the western Indian Ocean pre-bomb ∆14C signal. The
regional mean using Suess-corrected ∆14C values for the western Arabian Sea (n=8) is −73 ± 2.8‰,
while waters farther from the upwelling region, such as those in the tropical Indian Ocean (n=11)
yield a regional mean of –66 ± 2.6‰ (Southon et al. 2002). The distribution of ∆14C inferred from
carbonates can highlight regional differences in oceanographic processes (e.g., Moore et al. 1997).

Oceanographic measurements of ∆14C, such as those conducted by Geochemical Ocean Section
Study (GEOSECS), Indian Gaz Ocean (INDIGO), and World Ocean Circulation Experiment
(WOCE) programs have been used to construct vertical profiles of ∆14C and have increased our
understanding of intense monsoon driven upwelling that occurs off the coast of Somalia and the
Arabian Coast (e.g. Ostlund and Stuiver 1980; Broecker et al. 1985; Bard et al. 1989; Key et al.
1996). While results from these programs have been extremely valuable, the profiles are subject to

Figure 1a Coral cores were collected by drilling massive colonies of Porites lutea off the coast of Kenya,
designated by a star, at Malindi (3°14′S, 40°8′E), and Watamu (3°23′S, 39°52′E). Summer (July-Aug.-
Sept.) surface (<10 m) nitrate concentrations are shown by contours intervals in µmol/L (Conkright et al.
1998). Surface currents in the Indian Ocean during the SW monsoon: Somali Current (SC), East African
Coast Current (EACC), Southwest Monsoon Current (SMC), South Equatorial Current (SEC), and
Northeast and Southeast Madagascar Currents (NEMC and SEMC). Upwelling regions are associated
with the Southern Gyre (SG) and Great Whirl (GW) (after Schott and McCreary 2001). Thick black
arrows indicate predominant SW monsoon wind stress from the US National Centers for Environmental
Prediction (NCEP) climatology for July. 
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temporal aliasing since the measurements represent a “snapshot” of conditions. Such snapshots may
be augmented with time series developed from ∆14C record from tropical corals.

14C measurements from banded corals have been shown to represent ∆14C levels of dissolved inor-
ganic carbon (DIC) from the surrounding surface water (Druffel and Linick 1978; Druffel 1982).
The accreted aragonite thus provides an unaltered record of 14C/12C ratios present in seawater (e.g.
Druffel 1989; Brown et al. 1993; Guilderson et al. 1998; Guilderson et al. 2000). In this study we
present the first continuous, bimonthly resolved time series of pre-bomb ∆14C measured in a coral
from the western Indian Ocean. These results expand our knowledge of spatial resolution of 14C res-
ervoir corrections in the western Indian Ocean and add a time domain component to this valuable
data set. Furthermore, the bimonthly sample resolution allows us to address questions regarding
∆14C variability attributed to the seasonally reversing monsoons. Ultimately, these combined efforts
will aid in our understanding of regional oceanography as well as air-sea exchange rates in the
Indian Ocean.

Figure 1b Coral cores were collected by drilling massive colonies of Porites lutea off the coast of Kenya,
designated by a star, at Malindi (3°14′S, 40°8′E), and Watamu (3°23′S, 39°52′E). Winter (Jan.-Feb.-
March) surface (<10 m) nitrate concentrations are shown by contours intervals in µmol/L (Conkright et
al. 1998). Surface currents in the Indian Ocean during the NE monsoon: Somali Current (SC), East Afri-
can Coast Current (EACC), North Equatorial Current (NEC), Equatorial Counter Current (ECC), South
Equatorial Current (SEC), and Northeast and Southeast Madagascar Currents (NEMC and SEMC) (after
Schott and McCreary, 2001). Thick black arrows indicate predominant NE monsoon wind stress from the
US National Centers for Environmental Prediction (NCEP) climatology for January.
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METHODS

Cores collected from massive hermatypic corals Porites lutea off the coast of Kenya were sampled
to assess the seasonal and spatial variability in the coral oxygen isotope (δ18O) and ∆14C signal
(Figure 1a). Coral cores presented here were collected in 1996 from Kenya at Malindi (3°14′S,
40°8′E), and Watamu (3°23′S, 39°52′E). The Malindi coral site is approximately 1 km offshore and
at a depth of about 5 m at mean tide. It is an open coast patch reef site on a point. The Watamu coral
is approximately 600 m offshore and 200 m landward of an intermittent barrier system. Water depth
is about 7 m at the Watamu site. X-radiography of the cores reveals pronounced annual variations in
skeletal density and growth rates range from 11 to 15 mm/yr. A transect was mapped along a prom-
inent growth axis of the cores and sampled continuously from the top of the coral slab to approxi-
mately 626 mm in the Watamu core and between 325–375 mm in the Malindi core. Samples were
collected using a low speed drill to extract aragonite powder every 2 mm for ∆14C analysis (~6 sam-
ples per year) and 1 mm for δ18O analysis (~12 samples per year).

Oxygen and carbon isotope measurements were analyzed at the Stanford University Stable Isotope
Laboratory. Aliquots of coralline aragonite weighing 55 to 95 µg were acidified with orthophospho-
ric acid at 70 °C and analyzed using a Kiel III carbonate device coupled to a Finnigan MAT 252
mass spectrometer. Approximately 15% of the samples were replicated, yielding an average stan-
dard deviation of less than 0.05‰ for δ18O and 0.12‰ for δ13C. Unknowns were calibrated against
a known standard NBS-19 (NIST SRM 8544) and with a Stanford in-house standard (SLS-#1). All
results are reported relative to the international V-PDB (Vienna Pee Dee Belemite) standard (Grumet
et al. 2001). 

Aragonite splits ~10 mg were hydrolyzed to CO2 in individual reaction chambers, evacuated, heated
and acidified with orthophosphoric acid at 90 °C. The resultant CO2 was converted to graphite in the
presence of iron catalyst (Vogel et al. 1987). Graphite targets were measured at the Center for Accel-
erator Mass Spectrometry (CAMS) facility at Lawrence Livermore National Laboratory (LLNL)
(Davis et al. 1990). 14C results are reported as ∆14C ‰ as defined by Stuiver and Polach (1977).
These results include a minor background correction using a calcite standard and are δ13C and age
corrected (Table 1). Concurrent analysis of an in-house standard yielded an external error of ±3.7‰
(1σ, normalized to Fmodern=1.0; n=23). 

Well-developed annual density bands and minimum and maximum δ18O values, as well as a calibra-
tion period from 1990–1996, were used to define the chronology parallel to instrumental sea-surface
temperature (SST) measurements (Grumet et al. 2001). Instrumental SST records indicate that the
maximum (minimum) temperature off the coast of Kenya occurs in March/April (July/August).
Accordingly, the minimum and maximum coral δ18O values were assigned the corresponding calen-
dar date. Samples in between these points were linearly interpolated to make an age model. The
assigned calendar months also show a strong correspondence to changes in density. The minimum
δ18O values in April occur within the high-density bands, where calcification exceeds extension
when the temperature is the warmest. 

RESULTS

In our record, we sample the pre-bomb interval between 1947–1954 (n=43). The pre-bomb record
suggests that a fossil fuel correction, known as the Suess Effect, of 14‰ be applied to the age cor-
rected data. This correction is based on back-casting the slope (−0.23‰ yr−1) of the pre-bomb age-
corrected data to 1890. However, work by Stuiver and Quay (1981) suggests that the slope of the fos-
sil fuel effect is not constant between 1860–1950, primarily as a result of cosmic ray flux changes.
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Table 1 AMS ∆14C measurements of ~bimonthly Kenyan samples

Coral ID and 
depth (mm) Year CAMS#

 ∆14C [‰] age 
corrected ±

 ∆14C [‰] 
Suess correcteda

Watamu 96-534 1955 73533 −625 26 −511
Watamu 96-536 1954 73534 −617 26 −508
Watamu 96-538 1954 73535 −581 27 −472
Watamu 96-540 1954 73673 −550 27 −442
Watamu 96-544 1954 73674 −597 28 −490
Watamu 96-546 1954 73675 −630 27 −523
Watamu 96-550 1953 73676 −629 28 −522
Watamu 96-552 1953 73677 −605 27 −498
Watamu 96-554 1953 73678 −624 27 −518
Watamu 96-556 1953 73679 −644 24 −538
Watamu 96-560 1952 73680 −624 29 −519
Watamu 96-562 1952 67915 −658 27 −553
Watamu 96-564 1952 67916 −642 27 −537
Watamu 96-566 1952 67917 −634 27 −530
Watamu 96-568 1952 67918 −617 33 −513
Watamu 96-570 1952 67919 −674 27 −570
Watamu 96-572 1952 67920 −588 27 −484
Watamu 96-574 1951 67921 −567 27 −464
Watamu 96-576 1951 67922 −590 27 −487
Watamu 96-578 1951 67923 −557 27 −454
Watamu 96-582 1951 67924 −644 26 −542
Watamu 96-584 1951 67925 −659 27 −557
Watamu 96-586 1950 67926 −670 27 −569
Watamu 96-588 1950 67927 −633 27 −532
Watamu 96-590 1950 67928 −612 30 −510
Watamu 96-592 1950 67929 −634 25 −533
Watamu 96-594 1950 67930 −605 28 −505
Watamu 96-596 1950 67931 −644 28 −544
Watamu 96-598 1950 67932 −647 35 −547
Watamu 96-600 1949 67933 −676 27 −576
Watamu 96-602 1949 67934 −573 30 −474
Watamu 96-604 1949 67935 −630 28 −531
Watamu 96-606 1949 67936 −620 31 −521
Watamu 96-608 1949 67937 −570 28 −471
Watamu 96-610 1949 67938 −597 28 −499
Watamu 96-612 1948 67939 −559 29 −461
Watamu 96-614 1948 67940 −580 24 −482
Watamu 96-616 1948 67941 −551 28 −453
Watamu 96-618 1948 67942 −471 28 −374
Watamu 96-620 1948 67943 −543 28 −447
Watamu 96-622 1947 67944 −631 28 −535
Watamu 96-624 1947 74050 −681 29 −585
Watamu 96-626 1947 74051 −664 31 −568
Mal96 D2-325 1953 77066 −585 22 −474
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For example, a change in atmospheric 14C trend occurs around 1937 when the gradient changed
from −2.8‰ to −6.8‰. Given our limited data set, our back-casted slope most likely overestimates
the Suess Effect. Furthermore, the short data set (7 years) can not capture changes associated with
dynamic processes operating on an interannual to decadal time scale that are unrelated to the Suess
effect. Therefore, we must look to model results and existing pre-bomb coral ∆14C time series from
other sites in order to make an appropriate Suess correction.

The Suess Effect for the central gyres is 7–12‰ according to box diffusion models of Stuiver et al.
(1986) and Oeschger et al. (1975). Druffel et al. (2001) measured a value of 7‰ at Hawaii and a
range between 10–12‰ for the Florida Keys (Druffel, 1997). Southon et al. (2002) made a fossil fuel
correction in the Indian Ocean of 10‰ (1910–1952) by combining model results from Stuiver et al.
(1986) and pre-bomb coral samples (Druffel and Suess 1986). We believe a Suess correction of 10‰
is appropriate for the Watamu site given that waters reaching Watamu are relatively shallow (J Sou-
thon, personal communication; ERM Druffel, personal communication). All results reported below
are age corrected as well as fossil fuel corrected.

Pre-bomb ∆14C levels measured in the Watamu coral have a range between –58‰ in boreal summer
of 1947 to a maximum value of –37‰ in boreal winter of 1948 (Figure 2a). Within the eight-year
record, ∆14C levels average –51‰ with a standard deviation of ±4‰. The average annual range is
6‰, calculated as the difference between the minimum and maximum ∆14C value within a given
year. In order to substantiate our findings from Watamu, we sampled a coral recovered nearby from
Malindi. Between 1950 and 1953, Malindi ∆14C levels have a range between –61‰ in the fall of
1950 to –46‰ in the winter of 1952 (Figure 2b). The average Malindi ∆14C value is −54‰ with a
standard deviation of ±4‰. The average annual range is 7‰. 

Coral ID and 
depth (mm) Year CAMS#

 ∆14C [‰] age 
corrected ±

 ∆14C [‰] 
Suess correcteda

Mal96 D2-327 1953 77067 −627 27 −516
Mal96 D2-330 1952 77068 −612 27 −502
Mal96 D2-333 1952 77069 −654 27 −544
Mal96 D2-335 1952 77070 −602 27 −492
Mal96 D2-3375 1952 77071 −653 32 −544
Mal96 D2-340 1952 77072 −596 27 −486
Mal96 D2-341 1952 77073 −671 26 −562
Mal96 D2-3435 1952 77074 −572 24 −463
Mal96 D2-347 1952 77075 −621 34 −513
Mal96 D2-349 1952 77076 −644 26 −535
Mal96 D2-351 1951 77077 −688 25 −580
Mal96 D2-354 1951 77078 −672 32 −564
Mal96 D2-3565 1951 77079 −719 26 −612
Mal96 D2-3595 1951 77080 −647 30 −539
Mal96 D2-3625 1951 77081 −696 26 −589
Mal96 D2-365 1951 77082 −682 31 −575
Mal96 D2-3675 1951 77083 −712 26 −605
Mal96 D2-370 1950 77084 −720 26 −614
Mal96 D2-3725 1950 77085 −681 20 −574
Mal96 D2-375 1950 77086 −664 31 −558
aEstimated marine fossil fuel (Suess) effect, 10‰ (1890–1950)

Table 1 AMS ∆14C measurements of ~bimonthly Kenyan samples (Continued)
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DISCUSSION

The lack of a pronounced seasonal signal distinguishable from the analytical error in the Watamu
and Malindi pre-bomb ∆14C records is consistent with the absence of local upwelling, either due to
Ekman pumping driven by strong positive windstress curl or offshore deflection of surface waters by
Ekman transport. These results are consistent by nutrient profiles. Profiles from GEOSECS (Spen-
cer et al. 1982) in 1978 and WOCE (R Key, personal communication) in 1995 illustrate a relatively
shallow thermocline but nutrient poor surface waters. Average phosphate concentrations in the sur-
face waters (<10 m) off the coast of Kenya from annual LEVITUS94 data (Levitus et al. 1994) are

Figure 2a Radiocarbon and oxygen isotope time series from Watamu between 1947 and 1955. Pre-bomb
∆14C levels measured in the Watamu coral have an annual range between –58‰ in boreal summer of 1947
to a maximum value of –37‰ in boreal winter of 1948. Radiocarbon levels average –51‰ with an average
subannual range of 6‰.

Figure 2b Radiocarbon time series from Malindi between 1950 and 1953. Between 1950 and 1953, Mal-
indi ∆14C levels have an annual range between –61‰ in the fall of 1950 to –46‰ in the winter of 1952.
The average Malindi ∆14C value is 54 ‰ with an average subannual range of 7‰. 
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0.18 µmol/kg and nitrate concentrations are 0.15 µmol/kg. In the upwelling regions of the Arabian
Sea nutrient concentrations in the inshore coastal zone are elevated (nitrate is 18 µmol/kg, phosphate
is 1.48 µmol/kg) (Woodward et al. 1999). Off the coast of Somalia, in the Great Whirl, nitrate con-
centration varies between 3 and 8 µmol/kg (Veldhuis et al. 1997). The effect of upwelling is to
deliver nutrients and relatively depleted ∆14C to the upper water column, as observed off the coasts
of Somalia and Oman. In contrast, reduced nutrient surface concentrations off the coast of Kenya
and concurrent enrichment of ∆14C characterize the lack of coastal and nearby open-ocean
upwelling in this region.

The lack of upwelling off the coast of Kenya is in stark contrast to the productive, vigorous
upwelling regions north of the equator. As discussed earlier, the northward flowing Somali Current
is responsible for upwelling along the northern coasts of Somali and Oman during the SW monsoon
(Luther 1999). As a result, nutrient rich, depleted ∆14C water strongly influences this region. Sou-
thon et al. (2002) estimate a regional ∆14C mean of –73 ± 2.8‰ in the western Arabian Sea. In con-
trast, they calculated a mean of –66 ± 2.6‰ in the tropical southwestern Indian Ocean. Combining
our results with previous work (Dutta et al. 2001; Southon et al. 2002), there is considerable spatial
variability in pre-bomb ∆14C values in calcareous shells and corals from the western and northern
Indian Ocean In many cases, the variability is due to differences in regional ocean circulation pat-
terns discussed above. 

Southon et al. (2002) suggest that the influence of monsoon-driven upwelling is propagated through-
out the western Indian Ocean by the major current systems, especially the SEC. Relatively depleted
∆14C values from Sri Lanka (Ceylon) are consistent with this southeast transport of 14C-depleted Ara-
bian Sea water (Southon et al. 2002). Eventually acting as a westward return flow, areas situated in
the SEC pathway, such as Mauritius, northern Madagascar and Seychelles exhibit depleted pre-bomb
∆14C values. Southon et al. (2002) suggest that these values represent advection of 14C-depleted
water into the SEC via southeasterly flow from the Arabian Sea. In contrast, our results from the
western, equatorial Indian Ocean average –51‰. These samples are enriched by more than 10‰
compared to average southwestern Indian Ocean values reported by Southon et al. (2002). The influ-
ence of freshwater could raise the seawater ∆14C by either equilibrating with atmospheric CO2 or by
increasing the stratification and reducing the amount of vertical mixing. However, the influence of
freshwater at Watamu is negligible since the Mida Creek, which is near the coral site, is an ancient
creek (McClanahan, personal communication). Furthermore, salinity values range between 33.5 and
36.6 ppt (Obura 1995). These observations suggest that the Watamu site is fairly protected from riv-
erine influence. If the SEC is a source of depleted ∆14C, as Southon et al. (2002) propose, the northern
limit of the SEC, and hence the influence of subsurface Indian Ocean water, is apparently south of our
sites (3–4°S). This enrichment therefore, suggests that westward return flow of water transported
southeast from the Arabian Sea does not reach the surface waters surrounding the Kenyan coral sites,
or alternatively there exist spatial-temporal biases in the discrete ∆14C measurements available.

CONCLUSION

Bimonthly Watamu coral ∆14C values between 1947 and 1955 averages –51‰. In comparison, sur-
face water pre-bomb ∆14C levels in the northern Indian Ocean are closer to −73‰ (Southon et al.
2002). Our results demonstrate that there is no immediate source of subsurface, ∆14C depleted water
to the surface water off the coast of Kenya. Surface water nutrient concentrations are consistent with
the lack of deeper water replenishment by upwelling in this region. The absence of a distinct suban-
nual ∆14C signal suggests that coastal and nearby open-ocean upwelling are negligible. Furthermore,
the enrichment of pre-bomb Kenyan ∆14C values relative to sites around Mauritius, northern Mada-
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gascar and Seychelles, suggest that the influence of depleted ∆14C water transported in the SEC is
limited to regions south of 3 to 4°S.
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CORRECTING FOR CONTAMINATION IN AMS 14C DATING

Ken Mueller • Paul Muzikar1

Prime Lab, Department of Physics, Purdue University, West Lafayette, Indiana 47907 USA

ABSTRACT. When using accelerator mass spectrometry (AMS) for radiocarbon dating, it is important to correct for carbon
contamination that is added to the sample and the standard during chemical processing. We derive an equation for making this
correction that generalizes previous work in several ways. We treat the case in which contaminating carbon is added during
both the combustion step and graphitization step. Taking this two-stage contamination process into account is particularly
important when only a fraction of the CO2 produced in the combustion is graphitized. We also allow for the fact that the 13C
fractions of the sample, the standard, and the contaminants may be different.

INTRODUCTION

The chemical processing of samples for accelerator mass spectrometry radiocarbon (AMS 14C) dat-
ing inevitably introduces contamination by extraneous carbon. Correcting for this effect is important
in obtaining accurate dates, especially for small samples (Vogel et al. 1987; Kirner et al. 1995).
Donahue and coworkers (Donahue et al. 1990) derived a widely used formula for making this cor-
rection. More recently, Brown and Southon (Brown 1994; Brown and Southon 1997) derived a
rather complex correction formula, which takes into account the fact that the contaminating carbon
will in general not be modern, and that the standard will also be contaminated. (See also Currie et
al. 1994, which presents a correction formula which allows for nonmodern extraneous carbon.)

In this paper we derive and discuss a correction formula that generalizes previous work in two ways.
First, we allow for the fact that contamination may enter the sample at two different stages in the
preparation process, and that these contaminants will in general have different properties. For spec-
ificity, we imagine that one contaminant enters during the combustion stage, and another enters dur-
ing the graphitization stage; for carbonate samples, the first stage would be the hydrolysis which
produces the CO2. If, as is often the case, only a fraction of the CO2 resulting from the combustion
is graphitized, the two contaminants must be treated separately. Second, we allow for the fact that
the sample, the standard, and the contaminants may have different 13C contents.

DERIVATION

For our derivation, we will adopt the “constant contaminant mass” model, a model that has received
justification from various experiments. We assume that, regardless of sample size, fixed masses of
foreign carbon mc1 and mc2 are introduced into the sample during the chemical processing. We
assume that mc1 enters during the combustion stage which produces CO2, while mc2 enters during the
graphitization stage. Finally, we assume that a fraction x of the CO2 is graphitized. There are two
reasons why x is often less than one: 1) an aliquot of CO2 may be drawn off for a δ13C determination,
or 2) the amount of CO2 may be too large for the graphitization tube.

In AMS dating, the 14C/13C ratio of the unknown sample is measured relative to that of a standard.
This standard will also be chemically processed and have contamination introduced. In general this
contamination of the standard must be taken into account. For simplicity we will assume that the all
the CO2 produced by the standard is graphitized.

To derive our formula, we first establish our notation. We let M denote the mass of carbon of the
unknown sample (without the contaminants), x the fraction which is graphitized, mc1 the carbon

1Corresponding author. Email: paul@physics.purdue.edu.
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mass of the first contaminant, mc2 the carbon mass of the second contaminant, and Mox the carbon
mass of the standard; a commonly used standard is oxalic acid II. Let w denote the number of 14C
atoms per unit mass of the sample, and let wc1, wc2, and wox be the corresponding quantities for the
contaminants and the standard. Finally, let v be the number of 13C atoms per unit mass of the sample,
with vc1, vc2, and vox the corresponding quantities for the contaminants and the standard. (Through-
out this paper, the term “mass” can be taken to mean either grams or moles, with the corresponding
interpretation of the w’s and v’s.)

Then, the actually measured ratio is given by

(1)

or

(2)

The true value of F is given by

(3)

The goal is to obtain the value of F from the measured value Fm, assuming that by previous experi-
ments we have determined the properties of the contaminating carbon; this point will be discussed
later in this paper. We may rearrange the previous equations to obtain the following

(4)

Equation (4) is the central result of this paper; it contains the two stage contamination effects, and
the effects due to the different 13C contents of the sample, contaminants, and standard. As it stands
it is perhaps unusably complicated, and so in the following sections we discuss various physically
motivated simplifications which are justified in appropriate circumstances.

ONE-STAGE CONTAMINATION MODEL

In this section show how our result simplifies if we set x = 1 and mc2 = 0, and thus adopt the more
usual one-stage contamination model. Setting mc2 = 0 and x = 1 in the previous equation gives
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(5)

Note that in three places, 13C ratios appear (vc1/v, vox/v, and vc1/vox). This equation generalizes previ-
ous work on the one stage model, in that it incorporates the effects of these 13C ratios. However,
these three ratios will usually be very close to unity; in addition they always multiply mc1, which pre-
sumably will always have an uncertainty in its precise value due to experimental error. Thus, in most
cases it will be sufficiently accurate to set these three ratios equal to one, and so obtain the formula:

(6)

Note that if the contaminant carbon had, for some reason, an unusual 13C content, so that vc1/v was
not close to one, then the more accurate equation (5) would have to be used. Another situation in
which equation (5) might have to be used would be in the case of a very old sample, for which Fm

was much less than one. If Fm were small, then the last term in (5) could be a substantial correction
effect, and the fact that vox/v differed from one could make a difference.

Several aspects of equation (6) deserve comment. First, note that structurally it is very similar to the
formula derived by Donahue et al. (1990). In the special case that wc1 = wox, it reduces to

(7)

which parallels the Donahue et al. (1990) formula.

If the mass of the standard is very large so that , equation (6) reduces to a slightly different
formula

(8)

In this limit, whether F is greater than or less than Fm depends in a simple way on the 14C content of
the contaminating carbon. Note that (8) is equivalent to the Currie et al. (1994) formula.

Finally, we can see that equation (6) is equivalent to the Brown Southon (1997) result by making the
following identifications

(9)
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(10)

(11)

In order to use equation (6) in analyzing data, it is necessary to determine both mc1 and wc1/wox; this
is not a trivial task, since many experiments yield only the product mc1wc1/wox . However, Brown and
Southon (1997) were able to determine the needed quantites by a well-designed series of measure-
ments.

Note that if x = 1 and all the 13C ratios in (4) are set equal to one, we also arrive at version of the one
stage model, even without setting mc2 equal to zero. In a sense this point is obvious, since if all the
CO2 is graphitized, the two contaminants may be combined into one effective contaminant. To see
this, start with (4) and set x = 1, along with all the 13C ratios. This gives

(12)

where we have defined the properties of an average contaminant (mc, wc) as follows:

(13)

TWO-STAGE CONTAMINATION MODEL

When x is not equal to one, we must resort to the two-stage model. As argued in the previous section,
it will usually be sufficiently accurate to set all the 13C ratios in (4) equal to one. Doing this produces
the following equation

(14)

So we can see that when x < 1, the correction formula is more complicated, and cannot be reduced
to an effective single contaminant model; we need to know the values of mc1, mc2 , mc1wc1/wox , and
mc2wc2/wox.

We note that the paper by Vogel et al. (1987) does address this issue. They were able to separately
determine the contamination added during combustion and during graphitization. In our notation,
they were able to measure mc1wc1 and mc2wc2. In a more recent paper Schleicher et al. (1998) were
able to determine the contamination introduced during different steps in their procedure.
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COMMENT ON ‘DETERMINATION OF THE RADIOCARBON AGE OF PARCHMENT 
OF THE VINLAND MAP’

K R Ludwig
Berkeley Geochronology Center, 2455 Ridge Road, Berkeley, California, 94709, USA. Email: kludwig@bgc.org.

I wish to point out some statistical errors in the uncertainty calculations for the radiocarbon age of
the Vinland Map (Donahue et al. 2002). First, the authors state that the 14C measurements of samples
with chemical treatments B, C, D, and E “… result in consistent radiocarbon ages”, and that “… two
(of these analyses) are 1.5 sigma, and the others are one sigma or less, from the weighted average.”
In fact, the overall scatter of the data show that it is improbable that these data are statistically coher-
ent, largely because analysis J21C lies 2.1 sigma from the weighted mean.

The usual parameter for examining the coherence of data with known, Gaussian errors is the
“reduced χ2”, or in the usual geochronological terminology, MSWD (= Mean Square of Weighted
Deviates; McIntyre et al. 1966; Wendt and Carl 1991), and defined as

where  is the weighted average of the individual data points, xi .

The MSWD for the five Vinland Map samples considered coherent by Donahue et al. (2002) is 2.58,
indicating that the observed amount of scatter from the weighted mean is a factor of greater
than expected from the assigned errors. The product of the MSWD and the 4 degrees of freedom has
a χ2 distribution about the degrees of freedom, from which the probability of the assigned errors
yielding as much as the observed amount of scatter can be calculated. This probability is only
0.035—significantly less that the usual cutoff of 0.05. Thus, according to usual statistical practice,
the five analyses selected by Donahue et al. (2002) do not agree within their assigned errors.

Second, though the standard deviation of the weighted average is indeed ±0.0033 as given in the
paper, the value should not be taken as equivalent to a Gaussian, 68.2% confidence error, since it was
calculated from only 4 degrees of freedom. Expansion of this value by the appropriate Student’s-t
factor is required to obtain the correct error at a given confidence limit, which would result in a much
larger 95%-confidence age-error than stated by Donahue et al. (2002). The essential point, however,
is that because the 5 analyses are not in statistical agreement, the relevance of their average value
(weighted or otherwise) to the true age of the Vinland Map is unclear, and calculation of confidence
limits of the resulting age from any of the standard algorithms is not straightforward.

The three samples that were treated with chemical processes C, D, and E, however, are statistically
indistinguishable (MSWD = 0.96, probability = 0.38), with a weightedaverage 14C modem-carbon
fraction of 0.9391 ± 0.0025 (68.2% conf.), where the error is calculated in the statistically appropri-
ate way for a weighted mean of coherent measurements (Bevington 1969),
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The resulting age range (from OxCal 3.5; Bronk Ramsey 1995) is 1404–1440 AD (95.4% conf.)—
not much different than the 1411–1468 AD calculated by Donahue et al. (2002), but in this case sta-
tistically justified.
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LETTER TO THE EDITOR

Dear Sirs,

We read with interest the recent paper of Donahue et al. (2002) on the radiocarbon dating of the Vinland
map, and concur entirely with its conclusion that the parchment is of 15th century date. However, we have
to question what relevance this has for the date of the production of the map itself. The authors themselves
note the presence in or on the parchment of a carbon containing substance, apparently constituting some
20–30% of the dry weight of the samples treated, the carbon of which is clearly post-bomb in activity, and
which is dated by them to around the time of the first appearance and examination of the object. This
material could be removed from the parchment by a solvent based pre-treatment.

The production of forgeries using authentic materials of the correct age for the purported object is well
documented and the presence of such a large quantity of modern carbon in this case must set alarm bells
ringing. It is therefore necessary to look at possible routes by which this material may have become
attached to the parchment. One such route would involve deliberate deception. If it was the intention of a
forger to produce a document on old parchment, it would first be necessary to remove any existing mark-
ings, probably by abrasion. Regardless of whether any cleaning of the surface was required, it would also
be necessary to prepare a smooth surface which could then be drawn on. There are a number of materials
which would be suitable for such a task. Parchment and leather are frequently repaired and resurfaced by
the application of organic materials such as starch and parchment size (a gelatin based material produced
by heating small shavings of parchment in water), or by the application of fats such as lanolin (for exam-
ples see KB 1997; Hassel 1999). At the time of the discovery of the map, another material, cellulose
nitrate, was also frequently used on such materials. In this respect it is worth noting that in the recent
paper of Brown and Clark (2002) on the Raman spectroscopic analysis of the black and yellow lines on
the map, a high fluorescence background was found in the pigmented regions. Such a background is
explicable by the presence of organic materials on the surface of the parchment. It could, of course, be
equally argued that the presence of a large quantity of modern material might be the result of rather
clumsy conservation treatment applied at the time of the first discovery of the piece, rather than as part of
the process of production, but without clear evidence of this, doubts must remain. 

As the authors themselves point out, dating of the parchment itself does not necessarily have any direct
relevance to the question of the authenticity of the map drawn on it. The paper has, however, brought
something additional to the debate: there is a large amount of modern material on, or in, the parchment.
The identification of this material would be of great interest, but would not necessarily resolve the debate
over the authenticity of the map. The doubt would remain as to whether there had been a deliberate
attempt to deceive or significant interventive conservation.

Janet Ambers and Sheridan Bowman

Dept of Scientific Research, The British Museum, Gt Russell St, London, WC1B 3DG, United Kingdom
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������ BOŠKOVI� INSTITUTE RADIOCARBON MEASUREMENTS XV

���������	
���1 • Ines Krajcar Broni� • Nada Horvatin�i�
Rudjer BoèkoviË Institute, P.O.Box 180, 10002 Zagreb, Croatia

INTRODUCTION

In this report we present dating of archaeological samples performed since 1995 in the Radiocarbon
Laboratory of the Rudjer Boškovi� Institute. Several samples from the period before 1995, which
were not included in our previous data lists, are given as well. Sample preparation, proportional
counter technique, and processing of data are essentially the same as reported earlier (Srdo� et al.
1971, 1979; �	
��� 1989). The quality assurance and quality control system according to ISO 17025
has been improved within the IAEA TC Regional Project on Quality Control and Quality Assurance
for Nuclear Analytical Techniques. The laboratory participated in 14C intercomparison studies (Hor-
vatin�i� et al. 1990; Krajcar Broni� et al. 1995; Bryant et al. 2001; Radiocarbon 2001). We use
Oxalic Acid I as modern standard, and anthracite and marble as background standards.

Age calculations follow the conventional protocol (Mook and van der Plicht 1999) based on Libby
half-life of 5570 ± 30 yr and using AD 1950 as the reference year. Ages and standard deviations (1 σ
error) of samples are adjusted for stable isotope fractionation to normalized concentration ratio
(δ13C = −25‰) according to recommendations in Stuiver and Polach (1977) and using the default
δ13C values. Calibrated ages are calculated from non-rounded 14C conventional ages by using the
program OxCal v.3.0 (Bronk Ramsey 1995, 1998) with 1 σ error (confidence level 68.2%). When
several calendar age ranges are obtained, probability for each interval is given. Probabilities less
then 5% are omitted. In reports both the conventional 14C ages and the calibrated range intervals are
rounded. 

ARCHAEOLOGICAL SAMPLES

CROATIA

Andautonia Series

Wood collected from Roman settlement Andautonia (Figure 1), village Š�itarjevo (45°46′N,
16°07′E), 101 m asl, near Zagreb, NW Croatia. Submitted 1995 by D Nemeth–Ehrlich (Z-2594 and
Z-3005) and 2000 by D Dora�i� (Z-2979), Archaeological Museum, Zagreb. Previous measure-
ments: Z-146 (Srdo� et al. 1971) and Z-283 (Srdo� et al. 1975).

Z-2594  Andautonia 1 pMC:  101.1 ± 1.1
Wood from thermal well between objects B and C. Expected age: 1st century

Comment: (DNE) Result does not confirm the presumption.

Z-2979  Andautonia 2 1900  ±  90
Wood from well B-20, 3.5 m depth (cal AD 20–220, 68.2%).

Z-3005  Andautonia 3 2000  ±  75
Wood, B-15, from planking of burned grave (cal 100 BC–AD 90, 68.2%).

1Corresponding author. Email: Bogomil.Obelic@irb.hr.
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Z-2809  Bošnjaci–Vjerovi 80  ±  70
Inner part of oak monoxyle below water, Bošnjaci–Vjerovi (45°03′01′′N, 18°45′20′′E), 76 m asl,
near upanja, Slavonia, E Croatia. Collected 1997 by K Buši�-Jeli� and submitted 1998 by
B Marijan, upanja Regional Museum (cal AD 1680–1730, 17.4%; AD 1810–1930, 49.3%).

Comment: (BM) treatment of samples for permanent exhibition in Regional Museum.

Z-2716  Bršljanka 460 ± 70
Human bones belonging to one or two persons found in Bršljanka Cave near Lupoglav (45°21′09′′N,
14°06′22′′E) in Istria, W Croatia. Submitted 1997 by F Boras, State Commission for War and Post-
war Victims, Zagreb (cal AD 1390–1530, 48.8%; AD 1570–1630, 14.9%).

Z-2823  �a�inci 370 ± 90
Human bones found in catacombs of the church in Slatinski Drenovac near �a�inci (45°33′13′′N,
17°42′28′′E), 222 m asl, Slavonia, E Croatia. Suspected victims of WWII buried in this church. Col-
lected 1998 by T Tomi� and submitted by L Skavi�, Commune of �a�inci (cal AD 1470–1660,
68.2%).

Comment: (TT) Expected Middle Ages.

Figure 1 Archaeological site Andautonia
near Zagreb with locations where samples
were taken for 14C analyses
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������� Old Town Series

Wood from base construction of entrance fortress of Old Town �akovec (46°23′26′′N, 16°26′28′′E),
�
������
, NW Croatia (Figure 2). Determination of time of construction of various phases of the
Old Town. Collected and submitted 1993 by S Petr-Mar�ec, Regional Museum of �
������
,
�akovec. Previous measurements: Z-2436, Z-2437 (Obeli� et al. 1994).

Figure 2 Old Town akovec, entrance fortress, with locations of samples taken for 14C analyses
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Z-2501 �akovec Old Town 1 825 ± 95
Buried wooden post from construction, U-36, No. 144. Oak (Quercus petrea or Quercus robur),
163.18 m asl (cal AD 1060–1090, 8.0%; AD 1120–1140, 5.1%; AD 1150–1290, 55.1%).

Comment: (SP) Expected age: 14th–15th century.

Z-2491 �akovec Old Town 2 355 ± 80
Wood found in soil, grilled shape pylon of the base construction of ramparts, U-37, No.158/8. Alder
(Alnus glutinosa Geartn.), 161.80 m asl (cal AD 1460–1640, 68.2%).

Comment: (SP) Expected age: 15th–16th century.

Z-2492 �akovec Old Town 3 400 ± 80
Wood found in soil, grilled shape pylon of the base construction of ramparts, U-38, No.161. Alder
(Alnus glutinosa Geartn.), 161.70 m asl (cal AD 1430–1530, 41.6%; AD 1560–1630, 26.6%).

Comment: (SP) Expected age: 15th–16th century.

Z-2493 �akovec Old Town 4 635 ± 60
Wooden board from construction found in soil, U-39, No.147/6. Oak (Quercus petrea or Quercus
robur), 163.85 m asl (cal AD 1295–1330, 26.7%; AD 1340–1395, 41.5%).

Comment: (SP) Expected age: 14th–15th century.

Z-2494 �akovec Old Town 5 350 ± 55
Wooden post found in soil, pier of the bridge, U-40, No.59. Oak (Quercus petrea or Quercus robur),
163.49 m asl (cal AD 1480–1530, 25.5%; AD 1550–1640, 42.7%).

Comment: (SP) Expected age: 14th–15th century.

Z-2495 �akovec Old Town 6 360 ± 80
Small wooden post from construction supporting earthen dam, U-41, No. 80/d. Oak (Quercus petrea
or Quercus robur), 163.40 m asl (cal AD 1450–1530, 29.3%; AD 1540–1640, 28.9%).

Comment: (SP) Expected age: 14th–15th century.

Z-2496 �akovec Old Town 7 515 ± 65
Wooden board from construction found in soil, U-42, No. 146/10. Juniper (Picea excelsa), 163.23 m
asl (cal AD 1320–1360, 18.0%; AD 1380–1450, 50.2%).

Comment: (SP) Expected age: 14th–16th century.

Z-2497 �akovec Old Town 8 375 ± 80
Wooden board from base construction of ramparts, U-43, No. 143. Oak (Quercus petrea or Quercus
robur), 162.00 m asl (cal AD 1440–1530, 36.2%; AD 1550–1640, 32.0%)

Comment: (SP) Expected age: 14th–15th century.

Z-2498 �akovec Old Town 9 415 ± 80
Wooden post from construction found in soil, U-44, No. 55. Oak (Quercus petrea or Quercus robur),
163.76 m asl (cal AD 1420–1530, 48.2%; AD 1570–1630, 20.0%).

Comment (SP): Expected age: 14th–15th century.



	
�����������������
��������� 605

Z-2499 �akovec Old Town 10 460 ± 80
Small wooden post from construction supporting earthen dam, found in soil, U-45, No. 132b. Oak
(Quercus petrea or Quercus robur), 162.87 m asl (cal AD 1390–1520, 59.2%; AD 1590–1620,
5.5%).

Comment (SP): Expected age: 14th–16th century.

Z-2560  �ilipi 1570 ± 95
Human bones found below basement of a house, �ilipi (42°33′01′′N, 18°17′04′′E), 126 m asl near
Dubrovnik. Collected 1993 by N Grbi�, Dubrovnik, and submitted by Ð Miljani�, Rudjer Boškovi�
Institute, Zagreb (cal AD 400–610, 68.2%).

Z-2503  Donji Miholjac–Šašnato Polje 30,200 +1900/–1550
Metatharsal bone of giant deer (Megaceros giganteus) found 4 m deep in Holocene and Upper Pleis-
tocene alluvium at site Šašnato Polje near Donji Miholjac (45°45′39′′N, 18°10′02′′E), E Slavonia.
Collected 1987 by M Malez, and submitted 1994 by M Paunovi�, Croatian Academy of Sciences
and Arts, Zagreb. The site was unearthed 1987 by a floating dredger during exploitation of gravel
from Drava River alluvium. Among other faunal remains a fossil human mandible was found, show-
ing the traits, which resemble in many aspects to that of the late and more progressive Neanderthals
in SE Europe (Winkler and Paunovi� 1992).

Ðakovo–Grabrovac Series

Wood and charcoal samples from archaeological excavations on the Ðakovo loop highway route at
site Grabrovac near Ðakovo (45°18′30′′N, 18°24′38′′E), 108 m asl, Slavonia, E Croatia (Figure 3).
Collected 1997 and submitted 1998 by A Durman, Faculty of Philosophy, Zagreb.

Comment: (AD) Unlike most prehistoric settlements found in Slavonia, which were condensed on
tells, this one was scattered at the edge of Jošava Lake. Therefore objects of particular cultures
scarcely overlap and each culture could occupy its own zone. Previous archaeological investigations
at this site established three culture layers: Sopot (4500–4000 BC), Baden (3350–3000 BC) and
Litzen (2000–1800 BC).

Figure 3 Excavations at Ðakovo loop highway (site Grabrovac) with locations of
pits where 14C samples were taken 
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Z-2735  Grabrovac 1 3550 ± 100
Wood, probe 1, pit 2 (bottom) (cal 2030–1740 BC, 68.2%). 

Comment: (AD) Late Vu�edol culture (Eneolithic, 2500–2200 BC).

Z-2736  Grabrovac 2 3750 ± 100
Wood, probe 1, pit 2 (cal 2310–2010 BC, 65.1%). 

Comment: (AD) Late Vu�edol culture (Eneolithic, 2500–2200 BC).

Z-2740  Grabrovac 3 3620 ± 100
Charcoal, probe 3, pit 1 (cal 2140–1870 BC, 62.8%). 

Comment: (AD) Late Vu�edol culture (Eneolithic, 2500–2200 BC).

Z-2741  Grabrovac 4 3220 ± 90
Charcoal, probe 7, earth–hut 5 (cal 1610–1400 BC, 68.2%). 

Comment: (AD) Litzen culture (late phase of Early Bronze age, 2000–1800 BC).

Z-2757  Grabrovac 5 3330 ± 100
Charcoal, probe 7, earth–hut 5 (cal 1740–1500 BC, 68.2%).

Comment: (AD) Litzen culture (late phase of Early Bronze age, 2000–1800 BC).

Z-2758  Grabrovac 6 3250 ± 80
Charcoal probe 7, earth–hut 5 (2) (cal 1620–1430 BC, 68.2%). 

Comment: (AD) Litzen culture (late phase of Early Bronze age, 2000–1800 BC).

Z-2847 �����	 200 ± 85
Human bones (femur or tibia) found 102 cm depth in grave X near St George church, village ������
(45°47′31′′N, 16°50′33′′E), 155 m asl, near Bjelovar, C Croatia. Mixed with parts of constructive
material, buried in soil without coffin. Collected and submitted 1998 by G Jakovljevi�, Municipal
Museum Bjelovar (cal AD 1630–1700, 17.8%; AD 1720–1820, 21.4%; AD 1830–1890, 10.9%; AD
1910–1950, 10.1%)

Comment: (GJ) Expected Late Middle Ages.

Gabajeva Greda Series 

Wood from 14 m long monoxyle boat found in gravel-pit Prosenica I at Gabajeva Greda, Hlebine
near Koprivnica (46°09′35′′N, 16°57′49′′E), 117 m asl, N Croatia. Below water level. Submitted
1999 by H Malinar, Zagreb.

Comment: (HM) Establishing of age for valorization of the monoxyle to be presented in Koprivnica
Regional Museum.

Z-2903  Gabajeva Greda 1 125 ± 85
Wood, top of the bow, 30 cm below surface (cal AD 1670–1770, 27.7%; AD 1800–1950, 40.5%).

Z-2904  Gabajeva Greda 2 240 ± 70
Wood, left side after first frame (rib) of the boat, patch on the hole (cal AD 1520–1590, 16.5%; AD
1620–1690, 21.7%; AD 1730–1810, 29.3%; AD 1920–1950, 5.7%).

Z-2905  Gabajeva Greda 3 pMC:  102.7 ± 1.2
Wood from core, lower part of the bow. 
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Comment: (HM) Expected the oldest sample within the series. Result does not confirm the presump-
tion.

Z-2906  Gabajeva Greda 4 95 ± 80
Wood, left side of the boat (cal AD 1680–1740, 19.0%; AD 1800–1930, 47.6%). 

Comment: (HM) The outermost part, tree rings expected to be the youngest.

Z-2907  Gabajeva Greda 5 310 ± 80
Oakum, most probably served to choke up the boat, right side of the boat (cal AD 1680–1740,
19.0%; AD 1800–1930, 47.6%).

Ivanja Reka Series

Oak (Quercus sp.) monoxyle (Figure 4) found in gravel pit Svibovski Otok close to Sava River,
Ivanja Reka village (45°48′N, 16°07′E), 120 m asl near Zagreb, 6 m deep in wet sand below 3 m
layer of soil and humus. Water level varies depending on season. Collected and submitted in 2000
by D Habuš-Skend�i�, Sesvete Regional Museum. 

Z-2962  Ivanja Reka 1 435 ± 65
Wood, central part of monoxyle corresponding to the core of trunk (cal AD 1410–1520, 59.9%; AD
1590–1620, 8.3%).

Z-2963  Ivanja Reka 2 325 ± 70
Wood, outer part of monoxyle (cal AD 1490–1650, 68.2%).

Jal�abet–Bistri	ak Series

Charcoal samples from the grave (Tumulus II) (Figure 5) found below humus in sand soil, village
Jal�abet, location Bistri�ak, near Vara�din (46°15′39′′N, 16°28′30′′E), 168 m asl, NW Croatia. Col-
lected 1989 and submitted 2001 by M Šimek, Municipal Museum Vara�din. 

Comment: (MŠ) Expected age: 7th–6th century BC, Hallstatt culture (Šimek 1998).

Figure 4 Monoxyle found near Ivanja Reka
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Z-3067  Jal
abet–Bistri�ak 1 2350 ± 100
Charcoal, U1K, cover of grave, segment II, 30 cm depth (cal 800–650 BC, 13.8%; 550–350 BC,
45.0%; 300–200 BC, 9.4%).

Z-3068 Jal
abet–Bistri�ak 2 2440 ± 100
Charcoal, U2D, entrance to grave (“dromos”) 55–70 cm depth (cal 760–680 BC, 19.4%; 670–630
BC, 7.3%; 560–400 BC, 38.6%).

Z-2645  Kašljevac 3350 ± 100
Human bones from mass graveyard in forest Lipov Breg at village Kašljevac near Bjelovar
(45°53′N, 17°00′E), 172 m asl. Submitted 1996 by F Boras, State Commission for War and Post-war
Victims, Zagreb (cal 1770–1510 BC, 68.2%).

Z-2852  Klana–Gomance 17,100 ± 400
Fossil animal bone (shoulder-blade of Bos sp.) found in a profile of the alluvial strata in the valley
Gomance at Klana village (45°26′56′′N, 14°22′43′′E) near Rijeka, W Croatia, during the geological
mapping of Quaternary sediments in the Kvarner region. Collected 1988 and submitted 1999 by
Lj Marjanac, Croatian Academy of Sciences and Arts, Zagreb.

Comment: (LjM) Investigation of sediment genesis and reconstruction of paleoenvironment in
Pleistocene.

Z-2520  Motovun 415 ± 65
Wood sample from tree stump found 4.5 m depth at the edge of Mirna riverbed sediment, 500 m
upstream from Motovun bridge (45°20′10′′N, 13°49′41′′E), 9 m asl, in Istria. Collected and submit-
ted 1994 by J Rubini�, Istrian Water Authorities, Labin (cal AD 1420–1530, 54.4%; AD 1590–1630,
13.8%).

Comment: (JR) Dating to establish dynamics of filling up of Mirna River valley by eroded sedi-
ments. Some stumps were found 30 years ago, during works on river melioration.

Figure 5 Jalëabet–BistriÍak, Tumulus II,
excavations 1989
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Nakovana Cave Series

Illyrian sanctuary from Hellenistic times in Nakovana Cave above village Nakovana (43°00′N,
17°05′E), 318 m asl, near Orebi� on Pelješac peninsula, S Dalmatia. In the middle chamber a central
phallic stalagmite (Figure 6) surrounded by a remarkable quantity of imported artifacts, including
thousands of high quality Hellenistic pottery fragments was found.  The stalagmite clearly served as
the focus of ritual. Dating of the base of the stalagmite (Z-3024) and charcoal below carbonate crust
overlying the Hellenistic layer near the stalagmite (Z-3025). Samples were collected and submitted
in year 2000 by S Forenbaher, Institute of Anthropological Research, Zagreb.

Comment: (SF) Sample Z-3024, taken from the base of the phallic stalagmite, dates the beginning
of its growth. It was submitted in order to test the hypothesis that the stalagmite must have been
transferred from its original position and placed on a prehistoric layer of Neolithic age. Estimated
age of the Neolithic layer, based upon diagnostic potsherds contained within it, is >5500 BP. Date of
the base of the stalagmite post-dates the Neolithic layer for at least 500 years. The two dates follow
normal stratigraphic sequence, the lower being the older. Consequently, the hypothesis that the sta-
lagmite must have been transferred from elsewhere and placed on the Neolithic layer is rejected.
The dates by themselves do not solve the question whether the stalagmite has grown in situ, or has
been transferred from a different position. Charcoal sample Z-3025 was taken from carbonate crust
precipitated over Hellenistic layer, dated by ceramics to between the 4th and 1st centuries BC, and
was expected to be younger than 1st century BC. It dates precipitation of the crust after abandon-
ment of the sanctuary (Royal Ontario Museum 2000; Forenbaher and Kaiser 2001).

Z-3024  Nakovana Cave 1 4940 ± 90
Stalagmite, middle part of bottom (the oldest part). Conventional 14C age corrected for initial activity
A0 = 85% gives 3630 ± 85.

Z-3025  Nakovana Cave 2 1520 ± 75
Charcoal below carbonate crust precipitated over Hellenistic layer dated by ceramics to 4th–1st cen-
tury BC (cal AD 430–620, 68.2%).

Figure 6 Phallic stalagmite, the focus of ritual in Nakovana Cave sanctuary
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Nova Bukovica Series

Charcoal samples found during systematic excavations of late Bronze and early Iron Age necropolis
with cremation tombs in tumulus No. 4 on the site Sjenjak at Nova Bukovica, 7 km SW from Slatina
(45°40′N, 17°46′E), 117 m asl, Slavonia. Collected 1997 and 1998 and submitted 1999 by
K Minichreiter, Institute of Archaeology, Zagreb. 

Comment: (KM) Bronze needle for man’s clothes found in one of tumuli dates 700–500 BC, before
arrival of Celts. The pottery found in tombs was manufactured in Baierdorf-Velatice style and is
similar to Dalj, Donja Dolina, and Marijanec-Kaptol cultures (Minichreiter 1998).

Z-2926  Nova Bukovica 1 2810 ± 75
Charcoal, lower beam, burning site 11, probe C/1 (cal 1050–890 BC, 56.9%; 880–830 BC, 11.3%).

Z-2927  Nova Bukovica 2 2115 ± 100
Charcoal, southern beam, grave 20, probe E/6 (cal 360–290 BC, 12.6%; 240 BC–1 AD, 55.6%).

Z-2929  Nova Bukovica 3 2970 ± 90
Charcoal, grave 30, probe A/7 (cal 1320–1040 BC, 67.3%).

Z-2930  Nova Bukovica 4 2630 ± 90
Charcoal, grave 47, probe A/5–A/6, 1.17–1.3 m depth (cal 910–750 BC, 51.7%; 640–590 BC,
8.6%).

Z-2931  Nova Bukovica 5 2670 ± 110
Charcoal from urn, grave 47, probe A/5–A/6, 1.41–1.60 m depth, north (cal 1000–760 BC, 63.9%).

Z-2932  Nova Bukovica 6 2630 ± 90
Charcoal, grave 47, probe A/5–A/6, 1.75 m depth, center of pit, bottom (cal 980–780 BC, 68.2%).

Osijek–Herrmann’s Wineyard Series

Charcoal and bone from Neolithic site (Sopot culture) found during the construction of collector for
municipal sewerage at location Herrmann’s Wineyard in town Osijek (45°33′04′′N, 18°41′38′′E),
98 m asl, E Slavonia. Cultural layer reaches up to 2 m and in some parts, in pits and trenches, even
more. Collected 1998 by J Šimi�, Osijek Regional Museum, and submitted by N Radi�, Rudjer
Boškovi� Institute, Zagreb.

Z-2830  Herrmann’s Wineyard 1 5210 ± 120
Charcoal from fireplace, 1.80–2.00 m depth. Bottom of cultural layer (cal 4230–4180 BC, 7.7%;
4170–3930 BC, 53.2%; 3860–3810 BC, 7.3%).

Z-2831  Herrmann’s Wineyard 2 5600 ± 100
Human bone found 1.9 m depth below cultural layer. Partly in clay and partly at the border of a pit
(cal 4540–4340 BC, 68.2%).

Comment: (JŠ) Expected age 6000 yr. 

Otok Series

Samples from archaeological site Otok near Vinkovci (45°08′48′′N, 18°53′02′′E), 85 m asl,
E Slavonia. Collected 1970 by N Dimitrijevi�, Faculty of Philosophy, Zagreb. Submitted 1998 by
A Durman (Z-2761 and Z-2762) and 1999 by I Juri�, Faculty of Agronomy (Z-2913), Zagreb. Sam-
ples Z-2761 and Z-2913 from the same finding. 
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Comment: (AD) Sopot culture (Neolithic).

Z-2761  Otok 1 5650 ± 125 
Grain from a ceramic pot surrounded by charcoal found below floor of a house, depth 0.70–0.80 m,
quadrant 10/ij (cal 4620–4350 BC, 67.2%).

Z-2913  Otok 2 5555 ± 125
Charred grain (Triticum aestivum L.), same as Z-2761, identified as Thell sp. vulgare (J McKey,
Institute of Genetics, Uppsala, Sweden) (cal 4540–4310 BC, 59.3%; 4300–4250 BC, 8.9%) (Juri� et
al. 2001). 

Comment: (IJ) Expected age 5000 yr 

Z-2762  Otok 3 5330 ± 120
Charcoal, quadrant 10/ij, depth 0.77 m (cal 4330–4290 BC, 7.1%; 4260–4040 BC, 57.6%).

Z-2642  Pakrac 355 ± 90
Human bones from mass graveyard in Pakrac (45°26′53′′N, 17°11′42′′E), 203 m asl, W Slavonia.
Collected 1996 by B Vukuši�, Pakrac, and submitted 1996 by F Boras and V Juki�, State Commis-
sion for War and Post-war Victims, Zagreb (cal AD 1450–1640, 68.2%). 

Comment: (FB) Possible remains of WWII prisoners from neighboring prison Šeovica or victims
executed in 1946. According to indications of archaeologist V Herc from �azma (personal commu-
nication), the remains from Pre-Turkish period (late Middle Ages).

Pe
inovac Series

Charcoal in clay layers from Pe�inovac Cave near Kanfanar (45°07′N, 13°50′E), 150 m asl, Istria.
Excavations performed to preserve the cultural heritage in Croatia during the construction of the
highway “Istrian Y” on the route Rovinj-minj. Collected 1998 by D Brajkovi� and submitted by
M Paunovi�, Croatian Academy of Sciences and Arts, Zagreb.

Z-2790  Pe�inovac 1 2000 ± 100
Charcoal from hearth, 45–50 cm depth (cal 120 BC–AD 90, 59.5%; AD 100–130, 5.3%).

Comment: (MP) Expected Middle Ages.

Z-2791  Pe�inovac 2 3890 ± 110
Charcoal from hearth, 70–100 cm depth (cal 2500–2190 BC, 65.8%).

Comment: (MP) Expected Bronze Age.

Premantura Series

Charcoal from Pe�ina na Gradini Cave (code PRM 99), Premantura (44°48′47′′N, 13°54′40′′E),
60 m asl, Istria. Collected and submitted 1999 by D Brajkovi�, Institute of Palaeontology, Croatian
Academy of Sciences and Arts, Zagreb. 

Comment: (DB) Expected Roman period.

Z-2854  Premantura 1 1645 ± 130
Charcoal from fireplace, mixed with clay, probe I, layer 2 (cal AD 240–550, 68.2%).

Z-2855  Premantura 2 1580 ± 90
Charcoal from fireplace, mixed with clay, probe II, layer 4/5 (cal AD 400–600, 68.2%).



612 ��������

Pula Series

Wood and bone samples collected during geological drilling in Juraj Dobrila Park at the line of
antique wall uncovered NW of and parallel to the wall of the Cathedral in Pula (44°52′06′′N,
13°50′53′′E), Istria. Groundwater level at 3.20 m depth. Three drilling probes were taken (Figure 7):
Probe 1: 0–4.30 m limestone slabs and traces of mortar, 4.30–5.20 m crushed small lime material,
darker sand and sea sediment, 5.20–10 m wooden pilots and muddy material, 10–13.50 m clayey mud
and fragments of rocks. Probe 2: 0–5.20 m stone material, 5.20–7.40 m wooden pilots, 7.40–8.20 m

Figure 7 Ground plan of Juraj Dobrila Park and the Cathedral in Pula showing positions of three drilling
probes from which samples were taken
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mud, wood, ceramics and shells, 8.20 m bedrock. Probe 3: 0–5.60 m stone and sand, 5.70–6.10 m
wood, 6.10–6.50 m mud, half-crushed pebbles, 6.50–8 m rinsed mud and crushed stone, 8–9.70 m
bedrock. Collected and submitted 1995 by K Mihovili�, Archaeological Museum of Istria, Pula. 

Z-2587  Pula 1 205 ± 90
Bones, probe 1, 1.15–1.60 m depth, separated from the surrounding charcoal (cf. Z-2590) (cal AD
1630–1710, 18.5%; AD 1720–1890, 39.9%; AD 1910–1950, 9.9%).

Z-2590  Pula 2 200 ± 90
Charcoal separated from bones, probe 1, 1.15–1.60 m depth (cf. Z-2587) (cal AD 1630–1700,
17.8%; AD 1720–1820, 29.2%; AD 1830–1890, 11.1%; AD 1910–1950, 10.1%).

Z-2588  Pula 3 pMC:  99.7 ± 1.6
Bones, probe 1, 1.30 m depth.

Z-2589  Pula 4 2060 ± 100
Wood, probe 1, 5.3–6.9 m depth (cal 210 BC–AD 60, 68.2%).

Z-2580  Pula 5 2080 ± 100
Wood, probe 1, 6.25–6.85 m depth. Visible 30–35 tree-rings (cal 210 BC–AD 30, 66.2%).

Z-2581  Pula 6 2200 ± 100
Wood, probe 2, 6.40–7.40 m depth (cal 390–160 BC, 66.0%).

Z-2582  Pula 7 1980 ± 100
Wood, probe 3, 5.70–6.10 m depth (cal 120 BC–AD 140, 68.2%).

Pupi
ina Cave Series

Charcoal samples from Pupi�ina Cave near village Vranje (45°19′N, 14°10′E), 250 m asl in Istria.
Collected and submitted 1995 and 1996 by P Miracle, Cambridge University, England, and
S Forenbaher, Institute of Anthropological Research, Zagreb (Miracle and Forenbaher 1998; Mira-
cle 2002). Charcoal associated with hearths, trash and living floors left by human occupants of the
cave. Charcoal removed in the field from natural sedimentological units. 

Comment: (PM) Samples from specific quadrants are from individual chunks of charcoal. Aim of
the study: dating of stratigraphy: transition Neolithic to Bronze Age; dating of Pleistocene–
Holocene transition; environmental changes in Istria.

Z-2577  Pupi�ina Cave 1 3200 ± 150
Charcoal, quadrant M13 CD, level 13 (cal 1690–1290 BC, 67.0%). 

Comment: (PM) Expected Bronze Age.

Z-2573  Pupi�ina Cave 2 3340 ± 110
Charcoal, quadrant M13 CD, level 14 (cal 1750–1490 BC, 68.2%).

Comment: (PM) Expected Bronze Age.

Z-2629  Pupi�ina Cave 3 4750 ± 160
Charcoal, quadrant N17, level 110 (cal 3750–3300 BC, 66.5%).

Z-2630  Pupi�ina Cave 4 4740 ± 250
Charcoal, quadrant N16, level 117 (cal 3800–3100 BC, 68.2%).
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Z-2575  Pupi�ina Cave 5 6590 ± 240
Charcoal, quadrant M13 CD, levels 20 and 21 (cal 5750–5290 BC, 68.2%).

Comment: (PM) Expected Neolithic.

Z-2634  Pupi�ina Cave 6 9480 ± 180
Charcoal, quadrant N14C, level 202 (cal 9150–8600 BC, 68.2%). 

Comment: (PM) Upper midden. Expected Mesolithic. 

Z-2635  Pupi�ina Cave 7 8700 ± 170 
Charcoal, quadrant N14C, level 203 (cal 8000–7550 BC, 63.7%). 

Comment: (PM) Upper midden. Expected Mesolithic. 

Z-2572  Pupi�ina Cave 8 9580 ± 180
Charcoal, quadrant O14 B + ABCD, level 25 (cal 9220–8740 BC, 68.2%).

Comment: (PM) Lower midden. Expected Mesolithic.

Z-2578  Pupi�ina Cave 9 8330 ± 210
Charcoal, quadrant O13 B, level 27 (cal 7580–7080 BC, 68.2%). 

Comment: (PM) Lower midden. Expected Mesolithic. 

Z-2576  Pupi�ina Cave 10 10,000 ± 270
Charcoal, quadrant O14 ABCD and O13 ABCD, levels 29-30 (cal 10,200–9200 BC, 68.2%). 

Comment: (PM) Expected Early Mesolithic.

Z-2636  Pupi�ina Cave 11 11,100 ± 300
Charcoal, quadrants N15A and N15B, level 207 (cal 11,550–10,900 BC, 68.2%).

Comment: (PM) Expected Early Mesolithic. 

Z-2574  Pupi�ina Cave 12 10,600 ± 200
Charcoal, quadrants O14 D and O13 ABCD, levels 31–34 (cal 11,000–10,350 BC, 67.0%). 

Comment: (PM) Expected Late Upper Paleolithic.

Z-2631  Pupi�ina Cave 13 10,000 ± 180
Charcoal, quadrants O14D, O14B and O14C, level 35 (cal 10,000–8600 BC, 68.2%).

Comment: (PM) Expected Late Upper Paleolithic. 

Ra	inovci Series

Monoxyle boat found in Sava riverbed at Ra�inovci near upanja (44°51′59′′N, 18°57′13′′E),
E Slavonia, 79 m asl. Collected 2000 and submitted 2001 by B Marijan, upanja Regional Museum. 

Z-3026  Ra�inovci 1 330 ± 65 
Wood, outer part (cal AD 1490–1640, 68.2%).

Z-3027  Ra�inovci 2 465 ± 70
Wood, inner part (cal AD 1390–1500, 62.0%).
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Z-3072  Senj 1340 ± 105
Charred grains found at foundations of a burned Roman house at Mala Placa square in town Senj
(44°59′22′′N, 14°54′21′′E), 0 m asl, SW Croatia. Collected 1956 by B Ljubovi�, Municipal
Museum Senj, and submitted 2001 by S Luli�, Rudjer Boškovi� Institute, Zagreb (cal AD 600–810,
66.4%).

Z-2462  Sinj 1160 ± 135
Wooden part of a Frankish spear, well preserved, found in Cetina riverbed in Sinj valley (43°42′4′′N,
16°40′20′′E), 293 m asl, Dalmatia. Submitted 1993 by A Miloševi�, Sinj Regional Museum. Wood
species: ash-tree (Fraxinus sp. L.) determined at the Faculty of Forestry, Zagreb (cal AD 710–750,
5.6%; AD 760–1000, 62.6%). 

Comment: (AM) Expected age: end of 8th and beginning of 9th century, times of Charlemagne and
formation of the first Croatian state.

Slavonski Brod–Galovo Series

Charcoal from archaeological site Galovo (Figure 8) at the eastern part of Slavonski Brod city limits
(45°09′31′′N, 17°59′12′′E), 78 m asl, Slavonia. Ceremonial and burial area site of the early phase
(Linear A phase) of the Star�evo culture. The ceremonial area is separated from the residential area
of the settlement by wooden fences among which there are several passages (“Western Gate”,

Figure 8 Map of the site Slavonski Brod–Galovo. Sampling locations for 14C dating are shown,
as well as positions of human skeletons.
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Figure 8). One-layered location with no mixture of different cultures. Collected 1997 and submitted
1999 by K Minichreiter, Institute of Archaeology, Zagreb. 

Comment: (KM) The same phase of Star�evo culture as Zadubravlje (cf. Z-2921 to Z-2925, this arti-
cle), but difference up to 2000 years possible. Expected age: 8000–6000 yr (Minichreiter 1996–
1997; Krajcar Broni� et al. 2002).

Z-2935  Slavonski Brod–Galovo 1 6185 ± 130
Charcoal from SE and E part of pit 015, probe D/2, 1.56 m depth. A male skeleton is found in the
west part of the pit (cal 5300–4960 BC, 68.2%).

Z-2936  Slavonski Brod–Galovo 2 6830 ± 110
Charcoal, SE from pit 09, kiln 030, quadrant C/3, 1.60–1.80 m depth. A cattle horn, ritually buried,
is found below pieces of pottery with animal bones and stone tools in the pit centre. Two skeletons
of grown-up persons were found close to the kiln 030 in the northern part of the pit, and a skeleton
without skull in the southern part (cal 5810–5620 BC, 64.9%).

Z-3083  Sotin 570 ± 115
Human bones, partly charred, from mass grave near the church in Sotin (45°17′40′′N, 19°05′40′′E),
122 m asl, E Slavonia. Submitted 2001 by M Šlaus, Croatian Academy of Sciences and Arts, Depart-
ment of Archaeology, Zagreb (cal AD 1290–1450, 68.2%). 

Comment: (MŠ) Suspected remains of victims of war 1991–1995 in Croatia.

Z-2966  Su�idar 1760 ± 80
Human bone from grave found at foundation of a family house, Su�idar in Split (43°32′25′′N,
16°17′58′′E), Dalmatia. Collected and submitted 2000 by Š ���
�������, Split (cal AD 210–390,
59.6%).

Stenjevec Series

Samples from Old-Croatian graveyard found in yard near the church in Stenjevec (45°49′N,
15°53′E), 129 m asl, near Zagreb. Submitted 1995 by K Simoni, Archaeological Museum, Zagreb. 

Z-2545  Stenjevec 1 220 ± 90
Charcoal from ceramic fire-place or kiln dug from soil (cal AD 1520–1570, 7.9%; AD 1620–1700,
18.7%; AD 1720–1820, 25.9%, AD 1830–1880, 7.3%; AD 1910–1950, 8.5%).

Z-2546  Stenjevec 2 2720 ± 80
Wood from a tomb below skeleton (cal 940–800 BC, 63.9%).

Comment: (KS) Expected age of skeleton: 10th–13th century AD. 

Z-2547  Stenjevec 3 2640 ± 150
Wooden beam or monoxyle, partly destroyed, near mediaeval necropolis (cal 980–520 BC, 68.2%).

Z-2824 Vara
din–Herczer Palace 590 ± 90
Animal bones found in layer of gravel and dark soil below cellar No.2 of Herczer palace, Vara�din
(46°18′35′′N, 16°20′11′′E), 153 m asl, N Croatia. Collected and submitted 1998 by M Šimek,
Municipal Museum Vara�din (cal AD 1300–1420, 68.2%).

Comment: (MŠ) Probably basements of an older building. Expected Middle Ages.
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Vinkovci Series

Archaeological rescue excavations at several sites in town Vinkovci (45°17′31′′N, 18°48′05′′E),
87 m asl, E Slavonia. Collected 1996 and 1998, and submitted 1997, 1998, and 1999 by M Krznari�-
Škrivanko, Vinkovci Municipal Museum. 

Comment: (MK) Investigation of continuity and way of life of Sopot culture (Dimitrijevi� 1968,
1979).

A) Site Ervenica 

Charcoal from Neolithic layers excavated from pit III, Matije Gupca street No. 137. Open type set-
tlement of the oldest (I-B) phase of Sopot culture at the left bank of Bosut River (Krznari�-Škri-
vanko 1997, 1999). 

Comment: (���) Expected age: before 4500 BC. Both dates do not confirm expectation. Possibility
of flooding from Bosut River. 

Z-2755  Ervenica 1 880 ± 65
Charcoal found in soil, pit III, quadrant C-4, V/MG-137, 1.55 m depth (cal AD 1040–1100, 24.8%;
AD 1110–1220, 43.4%).

Z-2829  Ervenica 2 765 ± 70
Charcoal from fireplace, pit III, quadrant C-4, V/MG-137, 1.55 m depth (cal AD 1180–1300,
68.2%). 

B) Tell Sopot 

Charcoal from eponymic Neolithic tell Sopot, 3 km SW from Vinkovci. Samples Z-2909 and Z-
2911 belong to house basements denoted as stratigraphic unit (s.u. further on) 20 from Phase II of
Sopot culture. Samples Z-2752, Z-2753, Z-2754, Z-2826 and Z-2827 belong to burned-down
wooden construction of a 4 × 6 m house s.u. 11 from Phase III. Both settlements Ervenica and Sopot
belong to Sopot culture, although with no direct connection (Iskra-Janoši� and Krznari�-Škrivanko
1997, Krznari�-Škrivanko 1998a, 1998b,  1999,  2000). 

Z-2752  Tell Sopot 1 5675 ± 120
Charcoal from wooden subconstruction below the floor of a house, quadrant E-6, 1.05-1.25 m depth
(cal 4680–4630 BC, 5.8%; 4620–4360 BC, 62.4%). 

Comment: (MK) Expected age: 3700–3600 BC.

Z-2753  Tell Sopot 2 5790 ± 125
Charcoal from wooden subconstruction below the floor of a house, quadrant C/D-4, 1.05–1.25 m
depth (cal 4780–4490 BC, 68.2%). 

Comment: (���) Expected age: 3700–3600 BC. 

Z-2754  Tell Sopot 3 5360 ± 130
Charcoal, part of wooden construction of prehistoric house s.u. 11, quadrant G-9, s.u. 2 (cal 4320–
4270 BC, 14.4%; 4260–4040 BC, 53.8%). 

Comment: (���) Expected age: 3450–3350 BC.
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Z-2826  Tell Sopot 4 6340 ± 100
Charcoal, part of wooden construction supporting wall of house s.u. 11, probe Sopot III, block 5,
quadrant I6, 2.11 m depth (cal 5470–5210 BC, 65.7%).

Comment: (���) Expected age: 4300 BC.

Z-2827  Tell Sopot 5 5380 ± 100
Charcoal from house s.u. 11, probe Sopot III, block 5, quadrant I6, 2.11 m depth (cal 4340–4210 BC,
36.8%; 4200–4140 BC, 13.5%; 4130–4040 BC, 17.9%).

Z-2909  Tell Sopot 6 5220 ± 100
Charcoal from wooden wall construction of burned house s.u. 20, quadrant I-6, block 5, 2.11 m
depth, (cal 4230–4180 BC, 8.9%; 4170–3940 BC, 59.3%). 

Comment: (���) Expected age: 4300 BC.

Z-2911  Tell Sopot 7 5330 ± 90
Charcoal from fallen wooden wall construction of house s.u. 20, quadrant J-6, block 5, 3.54–3.67 m
depth (cal 4250–4040 BC, 66.1%).

Comment: (���) Expected age: 4600 BC.

C) Tell Market

Z-2912  Tell Market 1680 ± 150
Charcoal from overthrown floor board taken during rescue excavations at Vinkovci Market in Duga
Ulica street No. 40, 1.92 depth, within the W ramparts of Roman town Colonia Aurelia Cibalae.
Foundation with rests of Star�evo ceramics was found 2 m deep (Dizdar and Krznari�-Škrivanko
1999/2000, Iskra-Janoši� 2000, 2001) (cal AD 210–550, 68.2%).

Comment: (���) Expected Star�evo culture (ca. 5000 BC). Dated material may not have originated
in levels from which it was recovered.

D) Dirov Brijeg

Z-2828  Dirov Brijeg 2190 ± 80
Charcoal found at hill Dirov Brijeg in Josipa Kozarca street, Vinkovci, pit I, 1.60 m depth, from a
fortificated La Téne settlement inhabited by Celtic tribe Scordians from 2nd and 1st century BC until
the Roman conquest (Dizdar 2001) (cal 380–160 BC, 66.3%).

Zadubravlje–Du�ine Series

Charcoal samples from Star�evo culture settlement (Linear A phase) Du�ine at village Zadubravlje
(45°09′48′′N, 18°09′10′′E), 88 m asl near Sava River. Rescue archaeological excavations at the area
of 6200 m2 on highway route E-70 Zagreb-Belgrade, 17 km E from Slavonski Brod, Slavonia. The
architecture of the Early Neolithic “craft” settlement shows a high level of practical organization of
the settlement (Figure 9). The settlement consists of several units with distinct purposes (residential
area, food storage and preparation, stone-tool workshop, pottery workshop and cloth manufacture)
with accompanying structures (well, ceremonial area) necessary for the existence of a tribal commu-
nity. The same phase of Star�evo culture as Slavonski Brod–Galovo (cf. Z-2935 and Z-2936, this
article) (Minichreiter 1993, Krajcar Broni� et al. 2002). Collected 1989 and 1990 and submitted
2000 by K Minichreiter, Institute of Archaeology, Zagreb.

Comment: (KM) Expected age: 8000–6000 yr. 
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Figure 9 Map of the site Zadubravlje–Duë ine with marked most important pits and locations where charcoal samples for 14C analyses were taken from. On the
left-hand side the plan of the well is shown.
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Z-2921  Zadubravlje–Du
ine 1 6710 ± 110
Charcoal from residential pit No. 6, quadrant A/14-A/15, 1.3–1.5 m depth (cal 5720–5530 BC,
68.2%).

Z-2922  Zadubravlje–Du
ine 2 6700 ± 100
Charcoal from SW part of working pit No. 9 containing two ovens with hemispheral domes, proba-
bly used for baking of bread and two cylindrical kilns for firing of pottery vessels. Quadrant A/18,
1.56–1.79 m depth (cal 5720–5530 BC, 68.2%).

Z-2923  Zadubravlje–Du
ine 3 6990 ± 120
Charcoal from SE part of large housing pit No.10, quadrant D-E/15, 1.71 m depth. In the west area
of pit 10 fragments of pottery and animal bones are found, and below them a ritually buried cattle
horn (cal 5990–5940 BC, 12.2%; 5930–5740 BC, 56.0%).

Z-2924  Zadubravlje–Du
ine 4 7610 ± 140
Charcoal from well No. 11 from the center of the settlement, quadrant C/19, depth 3.90-4.1 m (cal
6600–6340 BC, 57.8%; 6320–6250 BC, 9.1%).

Comment: (KM) The oldest known Neolithic well in Europe. Constructed at the early phase of the
settlement (Minichreiter 1993, 1997).

Z-2925  Zadubravlje–Du
ine 5 6260 ± 130
Charcoal, working pit No.12 with a cigar-shaped kiln and a domed kiln for firing of pottery. Quad-
rant A/20-21, 1.7–1.9 m depth (cal 5370–5040 BC, 68.2%).

�upanja–Dubovo-Košno Series

Charcoal taken during rescue archaeological excavations on the highway route E-70 Zagreb-Bel-
grade near upanja, (45°04′35′′N, 18°41′52′′E) 83 m asl, Slavonia, E Croatia. Collected and sub-
mitted 2000 by B Marijan, upanja Regional Museum. 

Comment: (BM) According to the artifacts, the site belongs to Sopot culture. Expected age: 6500
years (Marijan 2000).

Z-2969 �upanja–Dubovo-Košno 1 6220 ± 140
Charcoal, No. 152 mixed with soil exposed to groundwater, pit, quadrant H-8, s.u.160 (cal 5320–
4990 BC, 68.2%).

Z-2973 �upanja–Dubovo-Košno 2 6530 ± 100
Charcoal, No. 214 from earth–hut, quadrant F-38, s.u. 148, western part (cal 5620–5580 BC, 7.4%;
5560–5460 BC, 38.0%; 5450–5370 BC, 22.9%).

Z-2998 �upanja–Dubovo-Košno 3 6220 ± 100
Charcoal from earth hut exposed to groundwater, quadrant R-38/39, s.u. 1144 (cal 5300–5050 BC,
68.2%).

Z-3045 �upanja–Dubovo-Košno 4 6320 ± 100
Charcoal, quadrant Z-43d, PU 339, s.u. 1804 (cal 5390–5200 BC, 51.2%; 5170–5140 BC, 5.1%). 

Z-3046 �upanja–Dubovo-Košno 5 6380 ± 100
Charcoal, quadrant H-49d, PU 228, s.u. 308 (cal 5480–5290 BC, 67.0%).

Z-3047 �upanja–Dubovo-Košno 6 4680 ± 90
Charcoal, quadrant M-42/43, PU 682, s.u. 281 (cal 3630–3580 BC, 12.4%; 3540–3360 BC, 55.8%).
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Z-3048 �upanja–Dubovo 2920 ± 90
Charcoal, quadrant E-23b, s.u. 2, found in destroyed archaeological layer at site Dubovo, 350 m east
from Dubovo-Košno on the highway route. Collected and submitted 2000 by B Marijan (cal 1310–
970 BC, 65.9%).

Comment: (BM) Expected age: 3300 yr; probably Bronze Age culture group “Barice-��
����”
(Marijan 2000).

SLOVENIA

Z-2836 Bohova near Maribor 1780 ± 90
Charcoal from the archaeological site Bohova (46°30′50′′N, 15°39′30′′E), 262 m asl, near Maribor
(quadrants 296, 297/S II, s.u. 120) on the highway route, N Slovenia. Submitted 1999 by
M Culiberg, Institute of Biology, Scientific Research Center of the Slovenian Academy of Sciences
and Arts, Ljubljana (cal AD 130–350, 66.2%).

Comment (MC): Expected Roman age.

Cerknica Lake Series

Peat sediment from the borehole in the eastern part of the Cerknica Lake (45°44′10′′N,
14°24′50′′E), 550 m asl, SW Slovenia. Collected and submitted 2000 by M Culiberg.

Z-2977 Cerknica Lake 1 2630 ± 70
Peat, 122–130 cm depth (cal 900–760 BC, 67.1%).

Z-2978 Cerknica Lake 2 9170 ± 100
Peat, 268–275 cm depth (cal 8530–8490 BC, 7.9%; 8480–8270 BC, 60.3%).

�����Series

Charcoal from archaeological site Šentvid above �ate� (45°53′22′′N, 15°36′09′′E), 370 m asl, E
Slovenia. Collected 1997 and submitted 1998 by A Jovanovi�, Bre�ice Regional Museum, Slovenia.

Z-2750 �ate
 1 1860 ± 90
Charcoal in soil from the interior of a house, s.u. 011, quadrant C/8, 0.5 m depth (cal AD 50–260,
64.3%). 

Comment: (AJ) Expected period: beginning of Romanization.

Z-2751 �ate
 2 1950 ± 90
Charcoal in soil, s.u. 010, quadrant D/13, 1 m depth (cal AD 50–140, 59.2%).

Comment: (AJ) Expected age: 10th–8th century BC.

Z-2541 �rni�e >37,000
Wood sample, Pinus trunk (40 cm in diameter) was found in the clay sediment during the construc-
tion of the highway route near �rni�e in Vipava Valley (45°53′30′′N, 13°46′30′′E), 120 m asl, W
Slovenia. Collected and submitted 1995 by A Šercelj and M Culiberg, Institute of Biology, Scien-
tific Research Center of the Slovenian Academy of Sciences and Arts, Ljubljana.

�rnomelj Series

Charcoal mixed with soil from the route of local sewerage in town �rnomelj (45°34′36′′N,
15°11′24′′E), 140 asl, SE Slovenia. Digging on the fluvial plane of Lahinja River below the town.
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All layers under groundwater influence. Collected and submitted 1997 by P Mason, Institute for
Protection of Cultural Heritage, Novo Mesto. 

Z-2780 �rnomelj 1 2560 ± 140
Charcoal, probe 12, Hallstatt layer of waste material, quadrant 32, s.u. 275 (cal 830–510 BC, 62.9%). 
Comment: (PM)  Expected Iron Age, 4th century BC.

Z-2781 �rnomelj 2 2155 ± 80
Charcoal, probe 12, layer of charred material in Hallstatt culture, quadrant 32, s.u. 317 (cal 360–280
BC, 20.9%; 260–90 BC, 46.6%).

Comment: (PM)  Expected age: 4th century BC.

Z-2782 �rnomelj 3 2055 ± 260
Charcoal, probe 4, foundation from Hallstatt culture layer, quadrant 20, s.u. 145 (cal 400 BC–AD
250, 68.2%).

Comment: (PM)  Expected age: 4th century BC.

Z-2783 �rnomelj 4 1530 ± 115
Charcoal, probe 5, burned board from the grave, s.u. 125 (cal AD 420–640, 68.2%). 

Comment: (PM) Expected age: 6th–7th century AD.

Z-2784 �rnomelj 5 1985 ± 95
Charcoal, probe 5, La Téne layer of charred and waste material, quadrant 59, s.u. 154 (cal 110 BC–
AD 130, 68.2%). 

Comment: (PM) Expected age: 2nd to 1st century BC.

Z-2785 �rnomelj 6 2020 ± 96
Charcoal, probe 5, La Téne layer of charred and waste material, quadrant 64, s.u. 154 (cal 170 BC–
AD 80, 68.2%). 

Comment: (PM) Expected age: 2nd to 1st century BC.

Z-2786 �rnomelj 7 2030 ± 100
Charcoal, probe 6, La Téne layer of charred and waste material, quadrant 66, s.u. 154 (cal 170 BC–
AD 80, 68.2%). 

Comment: (PM) Expected age: 2nd to 1st century BC.

Z-2787 �rnomelj 8 2050 ± 100
Charcoal, probe 6, La Téne layer of charred and waste material, quadrant 67, s.u. 154 (cal 200 BC–
AD 60, 68.2%). 

Comment: (PM) Expected age: 2nd to 1st century BC.

Z-2788 �rnomelj 9 2050 ± 100
Charcoal, probe 6, La Téne layer of charred and waste material, quadrant 72, s.u. 154 (cal 180 BC–
AD 70, 68.2%). 

Comment: (PM) Expected age: 2nd to 1st century BC.

Z-2789 �rnomelj 10 1810 ± 95
Charcoal, probe 6, La Téne layer of charred and waste material, quadrant 75, s.u. 154 (cal AD 120–
350, 64.5%). 
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Comment: (PM) Expected age: 2nd to 1st century BC.

Dolga Vas Series

Archaeological excavations on the Lendava loop highway route at village Dolga Vas (46°35′16′N,
16°26′30′′E), 190 m asl, site Gornje Njive, near Murska Sobota, NE Slovenia. At the area of
4400 m2, clearly recognizable settlement phases from Copper Age, Bronze Age, Roman period and
Middle Ages are uncovered. Collected 1997 by B Kerman and submitted 2000 by I Šavelj, Murska
Sobota Regional Museum.

Comment: (BK) Samples taken from sectors I, II and XIII belong to Roman period, from sector IV
to Middle Ages and prehistory, and from sectors V and XVIII to Middle Ages.

Z-2939 Dolga Vas 1 2030 ± 75
Charcoal from pit with wooden well, sector I, quadrant 14-15, s.u. 019 (cal 160–130 BC, 6.9%; 120
BC–AD 60, 61.3%).

Z-2941 Dolga Vas 2 2010 ± 100
Charcoal from ruin, sector I, quadrant 19, s.u. 020 (cal 170–130 BC, 6.2%; 120 BC–AD 90, 58.3%).

Z-2942 Dolga Vas 3 1890 ± 100
Charcoal from ruin, sector I, quadrant 19, s.u. 020 (cal AD 1–250, 68.2%).

Z-2943 Dolga Vas 4 2090 ± 160
Charcoal from ruin, sector I, quadrant 19, s.u. 020 (cal 360–280 BC, 11.3%; 260 BC–AD 70,
56.9%).

Z-2945 Dolga Vas 5 1860 ± 70
Charcoal from entrenchment, 20–40 cm depth, sector I, quadrant 26, s.u. 023 (cal AD 70–250,
68.2%).

Z-2946 Dolga Vas 6 1615 ± 60
Charcoal from pit or entrenchment, sector II, quadrant 34–35, s.u. 121 (cal AD 380–540, 68.2%).

Z-2947 Dolga Vas 7 1990 ± 120
Charcoal from ruin, 40–60 cm depth, sector II, quadrant 23, s.u. 020 (cal 170 BC–AD 130, 68.2%).

Z-2948 Dolga Vas 8 1800 ± 75
Charcoal from ruin, 20–40 cm depth, sector II, quadrant 34, s.u. 020 (cal AD 120–340, 68.2%).

Z-2949 Dolga Vas 9 1680 ± 85
Charcoal from melting furnace, 40–60 cm depth, sector II, quadrant 23, s.u. 122 (cal AD 240–440,
65.6%).

Z-2950 Dolga Vas 10 1555 ± 60
Charcoal from melting furnace, 60 cm depth, sector II, quadrant 23, s.u. 122 (cal AD 430–570,
68.2%).

Z-2951 Dolga Vas 11 1075 ± 70
Charcoal from oven, NE half, sector II, quadrant 6, s.u. 007 (cf. Z-2952 and Z-2960) (cal AD 890–
1030, 68.2%)

Z-2952 Dolga Vas 12 1575 ± 60
Charcoal from oven, 20-40 cm depth, sector II, quadrant 6, s.u. 007 (cf. Z-2951 and Z-2960) (cal AD
420–560, 68.2%).
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Z-2960 Dolga Vas 13 1880 ± 70
Charcoal from oven, NE half, 20–40 cm depth, sector II, quadrant 6, s.u. 007 (cf. Z-2951 and Z-
2952) (cal AD 60–240, 68.2%).

Z-2953  Dolga Vas 14 1670 ± 100
Charcoal from mediaeval pit, sector IV, quadrant 69, s.u. 045 (cal AD 240–470, 59.5%; AD 480–
540, 8.7%).

Z-2954  Dolga Vas 15 3140 ± 110
Charcoal from prehistoric pit, sector IV, quadrant 42, s.u. 032 (cal 1530–1250 BC, 67.2%).

Z-2955  Dolga Vas 16 740 ± 65
Charcoal from mediaeval pit, sector V, quadrant 73, s.u. 072 (cal AD 1210–1310, 63.8%).

Z-2956  Dolga Vas 17 1785 ± 70
Charcoal from hearth, sector XIII, quadrant 180, s.u. 172 (cf. Z-2957) (cal AD 130–340, 68.2%).

Z-2957 Dolga Vas 18 1820 ± 75
Charcoal from hearth, 20–40 cm depth, sector XIII, quadrant 180, s.u. 172 (cf. Z-2956) (cal AD
120–260, 54.9%; AD 280–330, 9.2%).

Z-2958 Dolga Vas 19 1755 ± 70
Charcoal, vertical post, 40–60 cm depth, sector XVI, quadrant 231, s.u. 266 (cal AD 210–390,
65.9%).

Z-2959 Dolga Vas 20 840 ± 70
Charcoal from mediaeval entrenchment from sector XVIII, quadrant 251, s.u. 282 (cal AD 1150–
1280, 60.9%).

Dolnji Lakoš Series

Samples of vegetable detritus from the borehole at Dolnji Lakoš near Lendava (46°33′30′′N,
16°26′00′′), 160 m asl. Bronze age site at the vicinity. Collected and submitted 1996 by M Culiberg.
Previous 14C measurements: Z-1467, Z-1468, Z-1469 (Srdo� et al. 1987).

Z-2668 Dolnji Lakoš 1 4285 ± 115
Detritus, 175–185 cm depth (cal 3040–2840 BC, 40.0%; 2820–2660 BC, 24.5%).

Z-2669 Dolnji Lakoš 2 5855 ± 160
Detritus, 185-195 cm depth (4860–4520 cal BC, 62.3%).

Z-2934 Gradiš�e nad Bašljem 960 ± 85
Charred Avena grain, Gradiš�e nad Bašljem, near Preddvor (46°19′40′′N, 14°24′10′′E), 873 m asl,
N Slovenia. Quadrant 3/44, layer 2/2. Collected by T Knific, National Museum of Slovenia, and sub-
mitted 1999 by M Culiberg (cal AD 990–1190, 68.2%).

Comment: (MC) Expected Early Slavic time.

Izola Series

Wood found in layers with organic material during archaeological investigation in old part of town
Izola (Isola) (45°32′08′′N, 13°40′07′′E), Slovenian Littoral. Collected 1995 by F Bonin and submit-
ted by S Karinja, Maritime Museum in Piran, Slovenia.
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Z-2600 Izola 1 845 ± 75
Wood (cal AD 1060–1090, 6.9%; AD 1120–1140, 5.3%; AD 1150–1280, 56.0%).

Z-2601 Izola 2 1535 ± 105
Wood (cal AD 420–620, 68.2%).

Z-2508 Koper Road 1290 ± 80
Wood sample (Quercus, sp.), 120 cm depth, rest of building material, basement of a road at Prešern
square in Koper (Capodistria) (45°32′48′′N, 13°43′45′′E), Slovenian Littoral. Rescue excavations
during reconstruction of the road. Collected and submitted 1994 by M Eri�, Archaeological Depart-
ment, Faculty of Philosophy, Ljubljana (cal AD 650–810, 64.9%).

Comment: (ME) Expected age: AD 600 to 1000.

Z-2965 Lendava 2070 ± 75
Subfossil wood (Quercus sp.), sample MS-S2, tree rings 188–198, archaeological excavations of
Roman well, 0.5 to 3.0 m depth, Lendava (46°34′23′′N, 16°27′01′′E) near Murska Sobota, NE Slo-
venia. Collected and submitted 2000 by T Levani�, Biotechnical Faculty, Department of Wood Sci-
ence and Technology, Univ of Ljubljana (cal 180 BC–AD 20, 68.2%).

Comment: (TL) Expected age: AD 200–300.

Z-2518 Ljubljansko Barje Boat 3600 ± 110
Wood from a boat found at Ljubljansko Barje peat bog, Ljubljana (46°03′21′′N, 14°30′30′′E), 272 m
asl. Collected 1994 by pupils of School in Nature within the framework of the movement “Science
to Young People” and submitted by J Pezdi�, Jo�ef Stefan Institute, Ljubljana (cal 2140–2070 BC,
10.7%; 2060–1860 BC, 45.7%; 1850–1770 BC, 11.8%).

�����–Hajndl Series

Wood from rescue excavations on highway route at archaeological site Klan�e–Hajndl, west part of
town Ormo� (46°24′39′′N, 16°09′05′′E), 202 m asl. Collected 1999 by I ��
�, and submitted 2000
by S Oli�, Municipal Museum Ptuj.

Z-2975 Ormo
–Hajndl 1 2480 ± 75
Wood, prehistoric well, Hajndl 2, sector 34, quadrant 742. s.u. 649B (cal 770–510 BC, 65.9%).

Comment: (SO) Expected Hallstatt period.

Z-3004 Ormo
–Hajndl 2 2880 ± 80
Wood, No. 30, Hajndl 2, sector 34, s.u. 653, 74/A (cal 1130–920 BC, 60.2%).

Comment: (SO) Expected Bronze Age to early Halstatt period.

�����–Hardek Series

Charcoal from location Hardek, east part of Ormo� (46°24′39′′N, 16°09′05′′E), 202 m asl, NE Slo-
venia during rescue excavation on Ormo� loop highway. Collected by I i�ek, Ptuj Regional
Museum, and submitted 1997 by S Forenbacher, Institute for Anthropological Research, Zagreb
(samples Z-2721, Z-2729 and Z-2742) and 1999 by M Culiberg (Z-2933).

Z-2721 Ormo
–Hardek 1 24,100 ± 1100
Wood, quadrant 184/XI.
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Z-2729 Ormo
–Hardek 2 4130 ± 160
Charcoal, quadrant 124/VIII (cal 2890–2470 BC, 68.2%).

Z-2742 Ormo
–Hardek 3 5200 ± 120
Charcoal, mixed sample from quadrants 258/XIV and 259/XIV (cal 4230–4190 BC, 6.2%; 4170–
3930 BC, 49.9%; 3880–3800 BC, 12.2%).

Z-2933 Ormo
–Hardek 4 5290 ± 110
Charcoal from oak, probe 1, quadrant 5A, pit 2 (cal 4250–3980 BC, 68.2%). 

Comment: (MC) Expected: Neolithic.

Z-2556 Piran 2100 ± 100
Wood found 115 cm below sea level in harbor of Piran (45°32′N, 13°34′E), Slovenian Littoral.
Found together with 23 fragments of different kinds of wood during archaeological investigations of
old Roman harbor. Collected and submitted 1994 by S Karinja, Maritime Museum Piran (cal 250–
320 BC, 6.2%; 210 BC–AD 20, 60.6%).

Ptuj Series

Charcoal from rescue excavations in Ptuj (46°25′17′′N, 15°52′11′′E), 220 m asl, NW Slovenia. Col-
lected and submitted 2000 by M Lubšina-Tušek, Regional Institute for Protection of Cultural Heri-
tage Maribor, branch office Ptuj.

A) School Parking Place–Volkmerjeva Ulica Street

Z-3013 Ptuj–Parking Place 1 1650 ± 70
Charcoal, oven No. 2, lime-kiln, quadrants 24, 25, 26 and 27 (cal AD 330–470, 48.5%; AD 480–540,
14.9%).

Z-3015 Ptuj–Parking Place 2 5870 ± 130
Charcoal, pit 10, the oldest phase of Eneolithic object 2, quadrants 28, 29 (cal 4860–4550 BC,
64.8%).

Z-3019 Ptuj–Parking Place 3 1760 ± 95
Charcoal, oven No. 3 from Roman period (cal AD 130–160, 6.4%; AD 170–390, 61.8%).

Z-3020  Ptuj–Parking Place 4 2160 ± 70
Charcoal, oven No.1, quadrant 28 (cal 360–280 BC, 21.8%; 260–90 BC, 46.4%).

Comment: (MLT) Expected Bronze age. Date does not confirm expectation. Possible mixing with
younger material.

B) Koresova Ulica Street

Comment: (MLT) Expected Roman period.

Z-3021 Ptuj–Koresova Ulica 1 2955 ± 110
Wood, lower part of barrel hope, well 1, sample IV, parcel 1119/51 (cal 1320–1010 BC, 67.5%).

Z-3022 Ptuj–Koresova Ulica 2 1950 ± 60
Wood from the construction of well 2, sample VI, parcel 1119/51 (cal AD 1–130, 63.7%).
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C) Other samples from Ptuj

Z-2988 Ptuj–Viktorina Ptujskega 2960 ± 60
Charcoal from Grave 2 found during reconstruction of street Viktorina Ptujskega. Collected M
Lubšina-Tušek and submitted 1999 by S Oli� (cal 1300–1050 BC, 68.2%). 

Comment: (SO) Expected Iron age.

Z-2989 Ptuj–Mali Grad 1840 ± 70
Charcoal from grave construction (Grave 2) found in a yard at location Mali Grad. Collected M
Lubšina-Tušek and submitted 1999 by S Oli� (cal AD 80–260, 65.4%). 

Comment: (SO) Expected Roman period.

Slavnik Series

Samples of dark grey clay, sediment of a former lake in the karst basin Zajezeri near Podgorje
(45°31′10′′N, 13°56′30′′E), 480 m asl, at the foothills of Slavnik Mt., SW Slovenia. Collected and
submitted 1994 by A Šercelj.

Z-2542 Slavnik 1 525 ± 135
Clay, 150–160 cm depth (cal AD 1290–1520, 65.5%).

Z-2543 Slavnik 2 2490 ± 110
Clay, 190–200 cm depth (cal 790–510 BC, 65.5%).

Z-2544 Slavnik 3 2500 ± 100
Clay, 255–256 cm depth (cal 790–510 BC, 67.4%)

Z-3052 Šentpavel 1840 ± 70
Charcoal (No.34) from the archaeological site Šentpavel (46°06'40"N, 14°36'10"E), 285 m asl near
Dom�ale (quadrant A3/B3, s.u. 022) on the highway route. Collected 1999 by M Novšak, company
Arhej, Sevnica and submitted 2001 by M Culiberg (cal AD 80–260, 66.0%).

Comment: (MC) Expected Roman times.

Šiman Series

Charcoal from archaeological site Šiman, northern from alec, village Gotovlje near Celje
(46°14'54"N, 15°13'52"E), uncovered during rescue archaeological excavations on the highway
route Ljubljana-Maribor. Collected and submitted 1995 and 1996 by S Oli�.

Z-2819  Šiman 1 1660 ± 90
Charcoal, quadrant L-38, s.u. 008, 281.70 m asl (cal AD 320–470, 54.6%; AD 480–540, 12.1%).

Z-2820  Šiman 2 1810 ± 115
Charcoal from pit in sterile clay, 50 cm below humus, quadrant J-36, s.u. 009, 282.40 m asl (cal AD
80–350, 67.2%).

Z-2821  Šiman 3 3700 ± 150
Charcoal from Bronze Age pit with pottery and flintstone artifacts, quadrant K-39/4 (cal 790–510
BC, 67.4%).
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Z-2621  Škocjan na Krasu 2100 ± 80
Charcoal from prehistoric site Škocjan na Krasu (45°31'48"N, 13°47'30"E), 135 m asl, SW Slove-
nia. Rescue excavations uncovered remains from late Bronze Age, Iron Age and Antique period.
Sample PN 6 from s.u. 12 was taken from one of six beams found at the basement of a burned house.
Collected 1996 by P Turk, University of Ljubljana, Slovenia (cal 210 BC–AD 10, 68.2%).

Comment: (PT) Stratigraphically between late Bronze Age (13th to 12th century BC) and Antique
layers (1st century AD). 

Škocjanski Zatok Series

Marine sediment. Borehole in Ri�ana riverbed, Škocjanski Zatok near Koper (45°32′20′′N,
13°44′40′′E), Slovenian Littoral. Carbonate admixtures of detritus, chalk lime-stone, alluvial depos-
its and mollusks. Only organic part measured. Collected 1994 by A Šercelj and submitted by
M Culiberg.

Z-2522 Škocjanski Zatok 1 4730 ± 120
Organic sediment, 4.25 m depth (cal 3640–3370 BC, 68.2%).

Z-2524 Škocjanski Zatok 2 3480 ± 140
Organic sediment, 3.50 m depth (cal 1980–1610 BC, 66.8%).

Z-2525 Škocjanski Zatok 3 985 ± 90
Organic sediment, 1.9 m depth (cal AD 970–1180, 68.2%).

Z-2846 Vrti�nik 2330± 100
Charcoal from an urn (barrow No.5, KK 1/97, layer 2), Vrti�nik near Tupali�e (46°14′50′′N,
14°26′40′′E), 533 m asl. Collected 1997 by M Ogrin, Museum of Gorenjska and submitted 1999 by
M Culiberg (cal 400–170 BC, 68.2%).

Comment: (MO) Hallstatt–Urnfield culture.

BOSNIA AND HERCEGOVINA

Z-2165 Laminci Jaru
ani pMC:  98.9 ± 1.0
Cow bone found in location �akljeva Humka, Laminci Jaru�ani near Bosanska Gradiška (45°06'N,
17°22'E), 95 m asl, NW Bosnia. Submitted 1989 by B �ovi�, State Museum in Sarajevo.

Z-3097 Lištani 1695 ± 95
Charcoal, square C2 b/d, 0.40–0.60 m depth, found near the base of a building, Lištani near Livno
(43°49′35′′N, 17°00′28′′E), SW Bosnia. Submitted 2001 by M Mari�, Franciscan Monastery in
Livno (cal AD 230–440, 64.4%).

Comment: (MM) Expected 1st to 6th century AD.

Livno Series

Charcoal from St John cemetery at Livno (43°49′35′′N, 17°00′28′′E), 789 m asl, SW Bosnia. Col-
lected 1994 by B Marijan and submitted by B Vrdoljak, Franciscan Monastery in Livno.

Z-2533 Livno 1 1705 ± 95
Charcoal (Kr.32) from pit at the cemetery together with Roman amphorae (cal AD 210–440, 67.2%).

Comment: (BM) Expected Roman period. 
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Z-2534  Livno 2 940 ± 225
Charcoal (Kr.14A) from St John cemetery (church), together with many other findings, including
Old-Croatian ones (cal AD 890–1280).
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RADIOCARBON UPDATES

Passing

We regret to announce that geologist and Radiocarbon contributor Glenn Goodfriend passed away
in October 2002 after an extended illness. Dr Goodfriend’s specialties included amino-acid race-
mization and shell dating. Goodfriend used gas chromatography and high-performance liquid chro-
matography equipment to analyze climate change and date archaeological sites related to human
evolution. He was based at George Washington University in Washington DC. Radiocarbon will
publish an obituary in an upcoming issue.

Radiocarbon Conference

The 18th International Radiocarbon Conference will be held 1–5 September 2003 in Wellington,
New Zealand. The conference is hosted by the Rafter Radiocarbon Laboratory of the Institute of
Geological and Nuclear Sciences. Abstracts must be submitted by 15 May 2003. Abstract accep-
tance is conditional upon registration of the presenting author. Visit www.14Conference2003.co.nz
for full details, or contact Dr Nancy Beavan Athfield at the address below. 

Radiocarbon Conference 2003
Rafter Radiocarbon Laboratory
Institute of Geological and Nuclear Sciences
P O Box 31-312 
Lower Hutt, New Zealand
Fax +64 4 570 4657 
Email: 14Conf-info@gns.cri.nz 

Laboratory News

Malaysia

The Malaysian Institute of Nuclear Technology Research (MINT) opened a new liquid scintillation
spectrometry laboratory for counting benzene. The lab’s code is RCMINT. For more information,
contact Dr Abdul Nassir Ibrahim, MINT Radiocarbon Laboratory, Industrial Technology Division,
Malaysian Institute of Nuclear Technology Research, Bangi, 43000 Kajang, Selangor, Malaysia.
Their telephone number is 603-89250510, fax 603-89250907, and email nassir@mint.gov.my.
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