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Before the Upper Paleolithic and
the later Middle Stone Age, evidence
of technological change in the arche-
ological record is comparatively lim-
ited. Some of this may be a conse-
quence of the almost complete lack of
preserved materials such as wood,
plant fibers, and hide, but commonly
preserved artifacts of stone exhibit no
significant change over intervals of
hundreds of thousands of years.
Moreover, when a new mode of tech-
nology (for example, bifacial tools)
appears, it is often associated with the
emergence of a new form of Homo.6 It
is only with the advent of Upper Pa-
leolithic industries produced by mod-
ern humans that spatial and temporal

variation in technology reaches a level
commensurate with that of recent and
living peoples and indicates a funda-
mentally similar capacity for innova-
tion, defined broadly in this context to
include invention, improvements to
existing technology, and the applica-
tion of both.7

Despite the fact that the Upper Pa-
leolithic, with a time span of more
than 30,000 years, represents the
longest interval of technological cre-
ativity in modern human prehistory
and history, it has been all but ignored
by students of innovation. Most such
students are historians or economists,
who are unfamiliar with the methods
and data of archeology, especially the
archeology of prehistoric foraging
peoples. They have tended to view the
Upper Paleolithic as an extension of
the Lower and Middle Paleolithic—a
period of slow and limited change in
the basic equipment of hunter-gather-
ers.8,9

It has become increasingly appar-
ent, however, that the Upper Paleo-
lithic was a period of almost constant
technological change not unlike the
last 12,000 years. Peoples of the Upper
Paleolithic invented sewn clothing,
portable lamps, and watercraft. They
also designed heated shelters, fishing
equipment, baking ovens, refrigerated
storage pits, and artificial memory
systems. Upper Paleolithic folk used

rotary drills, shaped musical instru-
ments, mixed chemical compounds,
and constructed kilns to fire ceramics.
They were the first to create mechan-
ical devices, including spear-throwers
and bows and arrows, and to domes-
ticate another living species.

Archeologists, of course, have al-
ways viewed technology as a topic of
central concern. In the nineteenth
century, the study of prehistory was
built on a sequence of stages in the
progressive evolution of technology.10

But archeologists have rarely ad-
dressed questions about the pattern
and context of innovations, the sort of
questions that historians of technol-
ogy ask about the invention of clocks,
printing presses, and steam en-
gines.11–13 Where and when did major
technological innovations take place
during the Upper Paleolithic? Were
these innovations isolated, seemingly
random events, or did they appear in
clusters? Did they represent primarily
new inventions (radical or discontin-
uous innovations)7 or incremental im-
provements on existing technologies
(continuous innovations)? Did they
arise in the context of larger settle-
ments and social networks or in
smaller group settings? Were techno-
logical innovations associated with
changes in climate and the effects of
these changes on landscape and
biota?

Technology is a form of knowledge
about the environment or, as Martin
Heidegger wrote, “a way of revealing”
the world.14,15 Although some tech-
nologies have been abandoned or re-
jected by societies,16 the general trend
has been cumulative growth of tech-
nological knowledge.9,12,17,18 Histori-
ans of technology and some philoso-
phers and anthropologists have
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The technology of modern humans is unique in the animal kingdom with respect
to its complexity and capacity for innovation. Evidence of technological complexity
and creativity in the archeological record is broadly coincident with and presum-
ably related to traces of creativity in art, music, ritual, and other forms of symbol-
ism. The pattern of modern human technology is part of a larger package of
behavior (sometimes referred to as “behavioral modernity”) that emerges with the
appearance of industries in Eurasia classified as Upper Paleolithic, but has deeper
roots in the African Middle Stone Age.1–5
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emphasized the connections between
technology and both social organiza-
tion and world-view.19–24 Such con-
nections are apparent in tribal societ-
ies and prehistoric contexts.15,25–27 To
what extent did innovations during
the Upper Paleolithic build on existing
technologies and produce cumulative
growth of technological knowledge?
And did these innovations occur in
conjunction with major changes in
art, ritual, and other expressions of
world-view?

Archeologists have been slow to ap-
preciate the scope and significance of
technological innovation in the Upper
Paleolithic for several reasons. There
has been a longstanding focus on
widely recovered items, primarily stone
artifacts, that serve as diagnostic mark-
ers of classificatory units such as Aurig-
nacian, but that comprise a very limited
spectrum of Upper Paleolithic technol-
ogy. Many of the more novel imple-
ments and devices were almost cer-
tainly constructed from wood, fiber,
bone, antler, and other materials that
do not preserve as well or only in excep-
tional circumstances.

Most major Upper Paleolithic inno-
vations possess low visibility in the
archeological record and some, such
as domesticated dogs and cooking ov-
ens, have come to light only in recent
years.28,29 Late prehistoric middens of
the arctic coastal zone often contain
small fragments of modified bone,
ivory, wood, or other material; these
fragments are isolated but identifiable

components of complex technology
such as bows and dogsleds.30,31 Al-
though a comparable ethnographic
context is lacking, careful analysis of
similar items in Upper Paleolithic
sites may also reveal traces of such
technology.

This paper is intended to provide a
concise overview of innovation and
the accumulation of technological
knowledge in the Upper Paleolithic of
northern Eurasia. While important in-
novations occurred in the lower lati-
tudes, Upper Paleolithic sites above
40° North, which offer a more man-
ageable subset of the global database,
are the primary focus. The overview is
designed to explore briefly the broad
patterns of innovation and their so-
cial, economic, and environmental
context. Finally, it touches on a ques-
tion raised recently outside northern
Eurasia: To what extent did the accu-
mulating technological knowledge of
the Upper Paleolithic provide the nec-
essary foundation for sedentism, agri-
culture, and urban life in the postgla-
cial epoch?32

TECHNOLOGICAL INNOVATION
IN THE EARLY UPPER

PALEOLITHIC

The pattern of complexity and cre-
ativity in Upper Paleolithic technol-
ogy is part a larger package of behav-
ior that is represented in the
archeological record by traces of or-
nament, engraving, sculpture, musi-

cal instruments, and other forms of
symbolism. Additional elements of
the package include long-distance
movement of raw materials, increased
standardization of artifacts, and more
structured use of domestic space, all
of which may be indirectly linked to
symbolism. The whole complex is pri-
marily associated with the evolution
of modern humans (Homo sapiens) in
Africa prior to 100 ka (100,000 years
ago) and sometimes labeled “behav-
ioral modernity.”3,4,33–34

Whether behavioral modernity
evolved gradually in Africa during 300
to 100 ka or rather suddenly at the end
of this interval remains a matter of de-
bate among paleoanthropologists.3,35

Regardless of the process by which it
became established among Homo sapi-
ens, behavioral modernity appears, af-
ter 100 ka, to have reached a threshold
that permitted modern humans to ex-
pand out of Africa and the Near East
into a wide range of habitats across
Eurasia and beyond.36–38 The organiza-
tional flexibility that language and
other forms of symbolism help to effect
may have played a significant role in the
dispersal, especially in arid environ-
ments where resources are scat-
tered,39,40 but the ability of behaviorally
modern humans to create new and
complex technologies was almost cer-
tainly of primary importance.

Artifact assemblages that may be
assigned to the Upper Paleolithic are
dated to as early as roughly 45 to 40 ka
in parts of eastern Europe and south-

Figure 1. Map of northern Eurasia illustrating the locations of early Upper Paleolithic sites mentioned in the text.
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ern Siberia (Fig. 1).41,42 Human skel-
etal remains in northern Eurasia that
can be firmly attributed to modern hu-
mans are several thousand years
younger, and some of these have re-
cently been redated to later periods.43

However, it is widely assumed that
modern humans produced at least
some of the earlier assemblages.44,45

The oldest Upper Paleolithic occupa-
tions in western Europe (Aurignacian
industry) are younger (�40 ka), and
apparently represent delayed settle-
ment of a region still heavily popu-
lated by Neanderthals (who seem to
have been scarce or absent in many
parts of eastern Europe and Sibe-
ria).46,47

Upper Paleolithic sites in northern
Eurasia that antedate the demise of
the last Neanderthals (ca. 30 ka) may
be considered early Upper Paleolithic
(EUP). These sites were occupied dur-
ing later phases of the interstadial that
correlates with Marine Isotope Stage
3. The EUP represents a protracted
interval during which modern hu-
mans dispersed across northern Eur-
asia and established themselves as far
as 55° to 56° North (and above the
Arctic Circle at least on a seasonal ba-
sis).48,49 The large and complex settle-
ments that appear in some areas at
the time of the middle and late Upper

Paleolithic are lacking before 30 ka.
The small size of many EUP sites,
sometimes deeply buried, constrains
the analysis of technological change
during this interval.

The EUP yields evidence of many
technological innovations that are ab-
sent in local Middle Paleolithic indus-
tries. Some of this technology seems to
have been developed during the late
Middle Stone Age (MSA) in Africa and
presumably was imported to Eurasia by
modern humans. At a minimum, this
seems to include polished bone points
and bone awls, as well as perforated
shells, which are dated to 76 � 5 ka in
MSA levels at Blombos Cave (South Af-
rica).50,51 On the other hand, barbed
harpoons of bone (Katanda, Zaire),
which may date to 90 ka and are there-
fore tentatively assigned to the MSA,52

are absent in the EUP. This technology
does not appear in northern Eurasia
until the later Upper Paleolithic.

Other innovations appear for the first
time in EUP sites, and at least some of
them are plausibly tied to the coloniza-
tion of higher latitudes. Clothing and
shelter technology were probably essen-
tial for Homo sapiens settlement of
northern Eurasia, especially eastern
Europe and Siberia, where winter tem-
peratures 45 to 30 ka were lower than
those of today.53 The problem of adjust-

ing to these climates was exacerbated
for modern humans dispersing out of
Africa by the retention, until late Upper
Paleolithic times, of body dimensions
better suited for the tropical zone,54

while the pace of development in cloth-
ing and shelter technology may have
been influenced by the succession of
warmer and cooler oscillations that
took place during the later phases of
MIS 3 and the subsequent onset of the
Last Glacial Maximum.55

Current archeological data suggest
that tailored fur clothing was devel-
oped gradually in the north Eurasian
Upper Paleolithic. Although carved
figurines from the south Siberian site
of Buret’ dating to ca. 25 ka depict
humans dressed in complete fur suits
with snug-fitting hoods (Fig. 2),56 oc-
cupation levels dating to more than 35
ka contain only bone awls (presum-
ably derived from the African MSA).
Indirect evidence of sewn clothing in
the form of eyed needles is reported
from Kostenki 15 on the East Euro-
pean Plain at ca. 35 to 30 ka.57 Needles
are also reported from Tolbaga
(southeast of Lake Baikal) in deposits
dated to 35 to 28 ka.58 An eyed needle
was recovered from Layer 11 of Den-
isova Cave (Altai region), which
yielded a date of �40 ka, but it may be
intrusive from a younger level.59 Inde-
pendent dating of tailored clothing
may be provided by analysis of DNA
sequences from a global sample of
body lice, which inhabit modern hu-
man clothing, indicating an African
origin at ca. 72 ka (�40 k).60

Tailored clothing is one of the most
complex forms of technology among
recent peoples of the Arctic,61 and it is
unfortunate that the EUP record does
not yield more details about its de-
sign. If equipped with drawstrings, for
example, it might have been the first
mechanical technology. The presence
of some form of line in the EUP is
indicated by microwear on perforated
ornaments.62 Subsequent design im-
provements might have had a major
impact on Upper Paleolithic settle-
ment,63 but they are invisible in the
archeological record.

Traces of artificial shelters are also
found in east European and south Si-
berian sites that probably were occu-
pied by at least 30 ka. As in the case of
tailored clothing, there is no convinc-

Figure 2. Figurine from Buret’ (southern Siberia) confirming the existence of complete
tailored fur suits with hoods by 24 ka. Eyed needles in older sites suggest that this technology
may have been developed as early as 35 ka. (Redrawn from Medvedev 1998:225, Fig. 114).
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ing evidence of artificial shelters in the
Middle Paleolithic of northern Eur-
asia. They appear to have been an-
other major innovation of the EUP.
Traces of shelters with interior
hearths lined with rocks are reported
from Tolbaga, and also from a level at
Kulichivka (western Ukraine) dating
to ca. 30 ka.58,64 They were oval in
plan and surprisingly large (at least 5
to 6 meters in diameter). Although
post-molds have not been detected,
these hearths probably possessed a
framework of wooden poles covered
with hides. Former structures also
may be present at several central Eu-
ropean sites of comparable age, in-
cluding Barca II, which exhibits post-
molds (Slovakia).65 The absence of
evidence of artificial shelters in sites
older than 30 ka may simply reflect
their low archeological visibility due
to the small sample of excavated floor
area and the ephemeral character of
the structures.

There is no evidence, direct or in-
direct, of the use of fire-making de-
vices, but their existence is plausible
for several reasons. A few recent
hunter-gatherers were found to lack
fire-making technology,66,67 but
none of them inhabited places where
mean winter temperatures fell below
the freezing point. Moreover, other
lines of evidence indicate that the

earliest EUP people in northern Eur-
asia had already developed the req-
uisite technology in the form of a
hand-operated rotary drill, deduced
from microwear patterns on drilled
stone from Kostenki 17.62 Applied to
a piece of dry wood with tinder (for
example, wood meal), this is a sim-
ple and effective method of generat-
ing a flame.68,69

Much of the food consumed by EUP
people in northern Eurasia was ob-
tained from the same large mammals
as were hunted by the Neanderthals,
although the EUP people invented a
new technique of hafting for spear
points with a wedging mechanism in
the form of a split-based antler point,
found in sites of western and central
Europe.70 However, a large concen-
tration of hare bones in the lowest
levels of the open-air site at Kostenki
14 also indicates a significant expan-
sion of food resources (Fig. 3).71 In
addition to hare, there is evidence that
foxes and wolves were being har-
vested at Kostenki during this period,
and procurement of these fur-bearing
mammals is plausibly linked to the
innovations in tailored clothing pro-
duction. Equally significant is the sta-
ble-isotope analysis of human bone
from Layer III at Kostenki 1 (�30 ka),
indicating high consumption of fresh-

water aquatic foods (waterfowl and/or
fish).72

The expansion of food resources was
almost certainly achieved with the de-
sign of new technologies for catching or
killing animals that were too elusive or
inaccessible for Middle Paleolithic peo-
ple.73 The new technologies could have
included traps, snares, nets, and throw-
ing darts, although no direct evidence
of any of them has been identified yet in
the EUP. Traps and snares are “un-
tended facilities” and reduce human la-
bor costs. A survey of such devices
among recent hunter-gatherers indi-
cates a wide range of design complexi-
ty.74 Presumably the earliest forms
were of comparatively simple design
(for example, the two-to-three-compo-
nent snare).

One of the most interesting areas of
innovation in the Upper Paleolithic is
information technology. Some evi-
dence of notation emerges from Au-
rignacian sites (for example, Abri
Blanchard, France) as early as 35 to
30 ka in the form of bone and ivory
fragments with rows of engraved
marks. Marshack75 interpreted some
of these as lunar calendars similar to
the calendar sticks found among var-
ious recent hunter-gatherers. Al-
though this interpretation has been
disputed,76 scanning electron micro-
scopic analysis of engraved pieces
from various Upper Paleolithic time
periods indicates that simple notation
(or “artificial memory”) systems are
present in the EUP.77,78

More impressive are the technolo-
gies devised to create structures of
light (visible colors) and sound in
the form of paint and musical instru-
ments. Direct accelerator mass spec-
trometry dating of the Chauvet Cave
paintings, which represent two-di-
mensional images rendered with
charcoal and hematite, indicates
that they are EUP (ca. 35 ka).79 Mu-
sical instruments have been recov-
ered from EUP levels at two sites in
western Europe, Geissenklosterle
(Germany) and Isturitz (France).80,81

Recently described as “pipes” (not
“flutes”), these oldest known instru-
ments of bone exhibit a remarkably
sophisticated design.78

A major issue in Upper Paleolithic
technology is the time and place of
the first mechanical innovations.

Figure 3. Excavations at Kostenki 14, one of a group of sites on the Don River in Russia that
have contributed much information to the study of technology and innovation during the
early and middle Upper Paleolithic. Early Upper Paleolithic occupation levels are often
deeply buried and exposed over relatively small areas. (Photo by author).
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The ability to design mechanical
tools, weapons, and devices, specifi-
cally ones composed of moving
parts, seems to be a defining differ-
ence between the technology of
modern humans and all other ani-
mals.38,82 Some EUP technologies,
including tailored clothing, fire-
making equipment, and possibly
traps may have been at least partly
mechanical. On the other hand, non-
mechanical forms of these technolo-
gies or, indeed, alternative technolo-
gies, may have been used during this
period. The oldest known mechani-
cal technology is currently confined
to the later Upper Paleolithic.

Although it is logical to assume
that much EUP innovation in north-

ern Eurasia represents modern hu-
man responses to higher latitudes
(that is, to lower winter tempera-
tures and reduced biotic productivi-
ty),38 only some of this innovation
can be documented in the earliest
occupations (�40 ka). Many early
inventions, such as notation and mu-
sical instruments, probably were not
critical to modern human survival in
these latitudes. Other innovations,
including some that would seem to
have been essential at least during
periods of cooler climate, such as
artificial shelters and tailored cloth-
ing, apparently were developed sev-
eral millennia after modern humans
had arrived in Europe and Siberia
(Fig. 4).

UPPER PALEOLITHIC
TECHNOLOGY AND THE LAST

GLACIAL MAXIMUM

The Upper Paleolithic of northern
Eurasia can be subdivided into three
phases broadly corresponding to
major climate intervals. The early
phase (45 to 30 ka) took place during
the later part of the lengthy intersta-
dial that is often referred to as the
Middle Pleniglacial. The second
phase (30 to 20 ka) spans the interval
between the final millennia of the
Middle Pleniglacial and the peak
cold of the Last Glacial Maximum.
The third phase (20 to 12 ka) began
in the aftermath of the cold peak and
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Figure 4. Major innovations of the Upper Paleolithic, showing their approximate spatial and temporal position on the basis of current
archeological data.
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lasted until the end of the Late Gla-
cial Interstadial.44,83,84

The second phase, or middle Upper
Paleolithic (MUP), witnessed a new
burst of innovation, much of which
took place with the appearance and
spread of the Gravettian technocom-
plex in Europe (Fig. 5). In contrast to
the EUP, most of the innovations
seem to have occurred within a com-
paratively brief span of time, and are
linked to a characteristic array of art
and ritual forms. Many of the sites are
larger and more complex than EUP
sites, probably indicating an increase
in population and resource consump-
tion. Although the Gravettian industry
is not found outside Europe, at least
some of the new technology is found
in the MUP of Siberia.

The technological innovations of
the Gravettian are sometimes attrib-
uted to the onset of cold climates at
the end of the Middle Pleniglacial.83

Because a significant correlation has
been found between technological
complexity and latitude among recent
hunter-gatherers,74 it is logical to as-
sume that declining temperatures
would have acted as a stimulus to
technological change. At least some of
the new Gravettian technology is
clearly tied to periglacial environ-
ments. It should be noted, however,

that a subsequent series of innova-
tions, including some of the most im-
pressive technical achievements of the
Upper Paleolithic, took place after cli-
mates in northern Eurasia began to
warm (that is, following the coldest
phase of the Last Glacial Maximum).

Improvements in artificial shelter
design are evident at Gagarino on the
Don River (Russia), which yielded
traces of what appears to be a semi-
subterranean winter house dating to
25 ka (Fig. 6).85 The apparent scarcity
of wood in the area at this time en-
couraged use of alternative fuels, and
the interior hearth was filled with
burned bone, which requires some
brushwood to generate sufficiently
high ignition temperatures.86 Portable
lamps fashioned from the femoral
heads of mammoths, presumably fu-
eled with mammal fat, were found in
the Gravettian level at Kostenki 1,87

while the use of coal was reported
some years ago at Petrkovice (Mora-
via).88 Stone lamps are found in con-
temporaneous sites in western Eu-
rope.89 Although it is not known if
further improvements were made in
tailored clothing design, the clothed
figurines from Siberia mentioned ear-
lier date to this interval, during which
eyed needles also appeared in central
Europe for the first time.84,88 Eastern

Gravettian sites such as Avdeevo, in
Russia, have yielded isolated exam-
ples of needle cases similar to those of
the Inuit.85,90

Many Gravettian sites contain large
pits filled with bone and other debris.
These represent the earliest known
storage devices. They may have been
used primarily during warmer
months for cold storage of food or
bone fuel, which must be kept fresh to
retain flammability. The pits seem to
have been dug to the base of the active
thaw layer to create a naturally refrig-
erated chamber similar to the “ice cel-
lars” of recent Arctic peoples. The dig-
ging implements, according to
microwear analysis, included large
mattocks of mammoth ivory, which
have been recovered from Zaraisk
(Russia)91 and other Eastern Gravet-
tian sites. These implements also ex-
hibit parallels with Inuit technology.90

The Gravettians improved on early
Upper Paleolithic hunting technology
by designing beveled spear points
that, in contrast to earlier hafted
points, lacked a bulge at the base.70 An
ivory boomerang was found at Obla-
zowa (Poland).92 Indeed, there may
have been significant new develop-
ments in the technology of small-
game procurement. Large quantities
of small mammal remains and stable-

Figure 5. Map of Europe, illustrating the location of middle and late Upper Paleolithic sites mentioned in the text.
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isotope data from human bone indi-
cate that the Gravettians and their
counterparts in southern Siberia con-
sumed a broad array of terrestrial and
freshwater foods.72 Although nets
were postulated as one possible
means of obtaining small game dur-
ing the EUP, they are documented in
Gravettian sites for the first time,

along with the major new technology
of cordage.88,93 Weaving and net-mak-
ing implements of bone and ivory
have been tentatively identified at sev-
eral localities, including Pavlov I
(Moravia) and Kostenki 4 (Russia).94

The most impressive Gravettian in-
novation was in the field of pyrotech-
nology. It is now clear that the fired

clay objects recovered from their sites
for many decades were not always
haphazard creations, but at times
were produced in specially designed
kilns heated to 500 to 800°C (identi-
fied at Dolni Vestonice I, Moravia)
(Fig. 7).95 As is often the case with
major innovations in modern human
technology (for example, weight-
driven clocks, originally designed for
the timing of prayers19), its value can
be defined only within the context of
myth and ritual. The fired clay objects,
chiefly figurines, had no identifiable
utilitarian function.96

Some Gravettian sites in central
and eastern Europe contain occupa-
tion floors of unprecedented size and
complexity (for example, Kostenki 1)
that apparently reflect at least tempo-
rary aggregations of large numbers of
people.90 These gatherings were pre-
sumably used to reinforce social ties,
but they might have had some eco-
nomic significance as well (for exam-
ple, communal hunts).88 It is the large
sites that suggest that a major in-
crease in population density and re-
source consumption had taken place
during the MUP. This may have been
primarily a consequence of the rich
loess-steppe habitat that emerged in
these regions after 28 ka,84 which the
Gravettians effectively exploited with
technology inherited from the EUP as
well as their own innovations.

Last Glacial Maximum climates
reached their coldest phase at ca. 24
to 21 ka with severe effects on Upper
Paleolithic settlement. Portions of
northern Europe, the central East Eu-
ropean Plain, and much of Siberia
seem to have been abandoned at this
time.1,44,45 This may reflect the limita-
tions of MUP technology for cold pro-
tection, but it might also be at least
partly a function of the inherited
warm-climate morphology still re-
tained by the Gravettians.38 People
continued to occupy southwest Eu-
rope, although there is evidence of
population stress and the appearance
of a new local industry (the So-
lutrean).97

Several technological developments
of the Solutrean are worth noting. For
the first time, eyed needles and, by
implication, sewn tailored clothing,
were produced in western Europe.83 It
is not known whether this technology

Figure 6. Plan of a semi-subterranean house, possibly occupied during winter months,
excavated at Gagarino on the Don River in Russia. (Modified after Tarasov 1979:54, Fig. 27).
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was invented locally or adopted from
peoples in central and eastern Europe.
Self-barbed points of antler, appar-
ently designed for spearing fish, were
used in some coastal sites, among
them La Riera (Spain).98 During the
late Solutrean (ca. 21 ka), the first
spear-throwers, which represent the
first confirmed mechanical technol-
ogy, appeared in the archeological
record at, for example, Combe-Sauni-
ere I (France) (Fig. 8).99

LATE UPPER PALEOLITHIC
INNOVATION

In the wake of the Last Glacial Max-
imum cold peak (24 to 21 ka), peoples
in many regions of northern Eurasia
established long-term settlements
supported by highly efficient technol-
ogies for harvesting and sometimes
storing a wide array of food sources.
The same pattern is evident even ear-
lier in some lower latitude regions.29

The technologies may have reached a
critical threshold for the establish-
ment of sedentary farming villages in
the postglacial epoch.

Above latitude 40° North, eastern
Europe contains the most impressive
evidence of long-term settlements in
the 18 to 14 ka interval (Epi-Gravet-
tian): groups of up to four houses
composed of mammoth bone and
tusk. These occur at several sites, in-

cluding Mezhirich (Ukraine) and
Yudinovo (Russia).100,101 The houses
are circular or oval, at least 3.5 meters
in diameter, and associated with deep

storage pits and enormous quantities
of occupation debris. Assuming that
they were occupied simultaneously,
which can be demonstrated in at least
one case, the Epi-Gravettian “villages”
probably represent encampments of
25 to 50 people for periods of several
weeks and perhaps even several
months (Fig. 9).102

Late Upper Paleolithic (LUP) sites
in western Europe (Magdalenian),
such as those at Pincevent (France)
and Gonnersdorf (Germany) also con-
tain traces of multiple structures.103,104

These include sites with the remains
of rectangular structures up to 4 � 6
meters in area marked by rock pave-
ment floors as at, for example, Plateau
Parrain and Le Cerisier (France).105 At
Solvieux (France), the structures con-
tain handled lamps and are associated
with possible stone boiling pits.106 By
contrast, the Siberian sites appear to
represent small short-term occupa-
tions, probably reflecting a signifi-
cantly less productive habitat.38,44

The innovative use of bone and rock
for constructing the walls and floors

Figure 7. Reconstructed kiln at Dolni Vestonice I (Moravia). (Redrawn from Soffer et al.
1993:271, Fig. 4B).

Figure 8. Reassembled fragments of worked antler recovered from Combe-Sauniere I in
southwest France. These apparently represent the earliest known spear-thrower. (Redrawn
from Cattelain 1989:214, Fig. 2).
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of dwellings is less important than the
broader implications of long-term set-
tlements like Mezhirich and Plateau
Parrain for the increased efficiency of
food-getting technology. The variety
and complexity of the latter can be
inferred from the large quantities of
small-mammal, bird, and freshwater-
fish remains recovered from many of
these sites. In maritime areas of west-
ern Europe, some sites contain the re-
mains of marine resources, including
shellfish, fish, and sometimes sea
mammals.83,97 The gradual increase
in the numbers of smaller vertebrates
and marine taxa suggests that the in-
ventions and improvements in tech-
nology that facilitated their harvesting
took place over an extended time.

At least some of this food-getting
technology is represented directly in
the archeological record. Fishing im-
plements in the form of barbed har-
poon heads are common in later Mag-

dalenian sites and present in some
younger sites of eastern Europe and
southern Siberia. The earliest known
fish hooks and pronged leisters appear
in very late occupations such as that
at Courbet (France).107 Thousands of
fox bones were recovered at Eliseevi-
chi (Russia),71 suggesting expanded
use or improved design of traps and
snares, and Mezhirich contains some
possible trap components (Fig. 10).100

As noted, the earliest mechanical
hunting technology is documented in
the late Solutrean, but spear-throwers
became more common in Magdalen-
ian sites, while remaining unknown in
east European and Siberian sites.108

LUP spear-throwers may reflect an in-
creasing command of design mechan-
ics in terms of length and weight-
ing.109 Ptarmigan, grouse, and other
birds may have been hunted with
small darts propelled with the use of
throwing boards, and some dart

points are reported from Mezhir-
ich.100

The production of bows and arrows
is firmly documented only by 14 ka,
by, for example, wooden arrow shafts
and foreshafts from Stellmoor (Ger-
many),110 but is often inferred from
the profusion of backed microliths—
possible arrow tips—in earlier Mag-
dalenian and Epi-Gravettian sites.35

As in the case of artificial shelters of
the earliest Upper Paleolithic, it is un-
clear if the lack of firmly documented
examples simply reflects reduced visi-
bility in the older archeological
record. (Microblades are also com-
mon in Siberian sites after 21 ka, but
they were almost certainly inserted
into large bone and antler spear
points.44) The design and production
of bows is especially complicated, and
this technology was still undergoing
progressive improvement during the
Neolithic and Bronze Age.111

Information technology seems to
have been improved by LUP times,
especially in western Europe. Bone
fragments engraved with marks for
probable use as artificial memory sys-
tems have been recovered from sev-
eral Magdalenian sites, including
Laugerie Basse (France) and Tossal de
la Roca (Spain).112 These fragments
exhibit more organized storage of
larger bodies of information than do
similar artifacts found in MUP and,
particularly, EUP contexts.77 It re-
mains unclear, however, what sorts of
information were recorded by these
systems.

Perhaps the most formidable
achievement of the LUP lies in the
realm of biotechnology. Although the
identification of the remains of do-
mesticated dogs in Epi-Gravettian
sites has been considered problem-
atic, such remains now have been doc-
umented at Eliseevichi28 and in the
somewhat younger occupation at
Bonn-Oberkassel (Germany).113 Vari-
ation in mtDNA sequences among
modern dogs also suggests an LUP or-
igin, possibly in East Asia.114 The
presence of dogs further reinforces
the perceived pattern of semi-seden-
tary settlements, which would seem to
be a prerequisite for the domestica-
tion process. The combination of
bow-and-arrow technology and hunt-

Figure 9. A group of mammoth-bone houses with associated pits, hearths, and debris
scatters (activity areas) mapped at Dobranichevka (Ukraine). (Modified after Shovkoplyas
1972:178, Fig. 1).
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ing dogs may have been especially ef-
fective.97

Cave art reached its highest level in
terms of both quantity and diversity
during the LUP of western Europe,
and there is technology associated
with it. At Lascaux (France), there is
evidence of scaffolding comprising a
wooden platform supported by hori-
zontal poles inserted with clay adhe-
sive into holes in the cave wall and
bound with twine. Carved-handle
stone lamps, probably with lichen
wicks, provided artificial light.89 The
analysis of paint compounds reveals a
sophisticated chemical technology
that may represent a significant im-
provement over the EUP. Paints of
various colors were mixed with plant
materials and mineral pigments, and
applied with a hard water CaCO3-rich
binding agent.115,116

The large and apparently long-term

settlements of the European LUP sug-
gest, as compared to the EUP, a sig-
nificant increase in population den-
sity. Several variables might have
influenced population growth during
the Upper Paleolithic. The absence of
the Neanderthals after 30 ka would
have reduced competition for re-
sources in regions they had continued
to inhabit during EUP times. Biotic
productivity in northern Eurasia must
have varied between the later Middle
Pleniglacial and Late Glacial, al-
though it is not clear that there was a
major increase in available resources
during the latter period. The in-
creased variety and efficiency of LUP
technology, by expanding the range of
available resources and improving
per-capita energy intake, probably
had raised human carrying capacity
relative to the EUP. By the final mil-
lennia of the Pleistocene, modern hu-

man technology reflected a cumula-
tive growth of knowledge inherited
from the EUP and MUP (for example,
notation, lamps, and storage pits).
This growth of knowledge also in-
cluded radical innovations such as
bows-and-arrows and domesticated
dogs, as well as improvements such as
spear-throwers, fishing harpoons, and
paint compounds.

SUMMARY AND DISCUSSION

The Upper Paleolithic record of
Homo sapiens in northern Eurasia ex-
hibits a pattern of technological
change that is fundamentally different
from those of earlier periods. Both the
rapid pace of innovation and the com-
plexity of artifact design are unprece-
dented, and traces of mechanical
technology appear in the archeologi-
cal record for the first time. A similar
pattern is evident in other parts of the
world and both have deeper roots in
the African MSA.

Modern human technological abil-
ity seems to be an integral part of a
wider package of behavior (“behav-
ioral modernity”) that developed in
the context of the African MSA before
50 ka.3,35 Modern human technology
exhibits many of the characteristics,
most notably the creativity and struc-
tural complexity, of art, music, orna-
ment, and other forms of symbolism
(including, by implication, syntactical
language) that are elements of behav-
ioral modernity. Modern humans, as
they dispersed out of Africa after 100
ka, adapted quickly to a wide range of
habitats in Eurasia with the help of
novel technologies designed during
the late African MSA or created in re-
sponse to local conditions.36–38

The EUP of northern Eurasia,
which spans the interval ca. 45 to 30
ka, represents the most unusual and
interesting of the three major periods.
It is also the least known of the three
periods with respect to technological
innovation, probably owing to greater
time depth and smaller sample size.
The most striking feature of the EUP
is the technical sophistication of the
sculptures, cave paintings, and musi-
cal instruments, which leads many to
suspect a substantial prior history of
development.47,78 Technology related
to symbolism appears comparable to
that of recent foraging peoples, and

Figure 10. Possible trap components recovered from a mammoth-bone house at Mezhirich
(Ukraine). (Drawn from a photograph in Pidoplichko 1976:164, Fig. 61).
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much of it probably was created in the
African MSA.

By contrast, at least some EUP tech-
nology related to clothing, shelter, and
food-getting activities may be
uniquely primitive in comparison to
that of recent foraging peoples and
later periods of the Upper Paleolithic.
Traces of artificial shelters and sewing
needles have not been found in the
oldest north Eurasian EUP sites,
which may reflect belated develop-
ment of these technologies some mil-
lennia after modern humans first col-
onized higher latitudes. Alternatively,
their absence could be a function of
low archeological visibility. Evidence
of the harvesting of small mammals,
presumably through the use of novel
devices such as snares, is documented
in the earliest EUP occupations.38 But
evidence of exploitation of freshwater
aquatic foods, which would have re-
quired another set of innovations, is
so far confined to the end of the
EUP.72,73

Some view the EUP as a “transi-
tional” phase between the Middle Pa-
leolithic and the later Upper Paleo-
lithic.83,117 Implicit in this view is a
significant degree of local continuity
and at least some noncompetitive in-
teraction between Neanderthals and
modern humans. Recent research on
early EUP cave paintings, sculptures,
and music has underscored their com-
plexity78,79 and the discontinuity in
symbolism with the Middle Paleo-
lithic of northern Eurasia.35 It is in the
realm of technology and economics
that the EUP seems to occupy an in-
termediate position between the Mid-
dle Paleolithic and the later Upper Pa-
leolithic.

The pattern is plausibly ascribed to
the less developed technology and
comparatively limited technological
knowledge of EUP people. As inven-
tions and improvements accumulate
during the later EUP and early MUP,
corresponding increases in occupa-
tion area, site features, quantity and
variety of food debris, and other mea-
sures of economic success provide a
sharp contrast with the Middle Paleo-
lithic. Like the art and music, the doc-
umented capacity for technological
innovation in the EUP represents a
significant discontinuity with the Mid-
dle Paleolithic.

If the EUP represents a uniquely
primitive stage of technological devel-
opment relative to the later Upper Pa-
leolithic—and to recent foraging peo-
ples who used technologies not found
in the EUP—it raises the interesting
possibility that EUP people also cre-
ated a world-view that was unique.
EUP people would have interpreted
their world, or “constructed” it sym-
bolically, on the basis of a particularly
limited technological knowledge of
that world in comparison to later Up-
per Paleolithic and post-Paleolithic
peoples. Such a world-view, presum-
ably reflected in art and traces of rit-
ual recovered from the archeological
record, might have slowed the pace of
innovation during the EUP relative to
later periods.

The middle Upper Paleolithic or
MUP (ca. 30 to 20 ka) is characterized
by a major wave of innovation that
entailed both radical inventions and
improvements on EUP technology.
Striking changes in organization, art,
and ritual are evident as well. Al-
though some technological innova-
tions probably were responses to
colder climates and their effects on
biota in northern Eurasia, other ma-
jor innovations such as fired ceramics
seem to have little or no relation to
climate change. A significant expan-
sion in occupation area and the diver-
sity and quantity of food debris is ap-
parent in many MUP sites in
comparison to the preceding era. As
noted, the expanding economy and
population may be largely due to the
improved technology of the MUP,
which facilitated efficient harvesting
of a variety of terrestrial and freshwa-
ter aquatic vertebrates. A contributing
factor could have been an increased
level of consumable foods in regions
where climates of the Last Glacial
Maximum favored loess-steppe flora
and high mammalian biomass.

One of the more intriguing hypo-
thetical questions of prehistory is:
What if the Upper Paleolithic had be-
gun at the end of the Pleistocene
rather than 40,000 to 30,000 years ear-
lier? Would EUP peoples such as the
Ahmarians and Aurignacians have de-
veloped sedentary villages and agri-
culture under the same conditions
that confronted the Natufians at 15
ka?118 Or did the many millennia of

Upper Paleolithic innovation and ac-
cumulated technological knowledge
create the essential foundation for vil-
lage agriculture and, within a few
thousand years, urban civilization?
Would we still be living in the late
Upper Paleolithic today?

During the LUP (20 to 12 ka), more
radical innovations and improve-
ments in technology took place in
northern Eurasia. The former in-
cluded the first confirmed examples of
mechanical technology and domesti-
cation of other living organisms
(canids). The major innovations of the
LUP, unlike those of the preceding pe-
riods, seem to have been spaced out
over an extended period. LUP sites in
northern Eurasia appear to reflect
long-term occupations by relatively
large groups, and the pattern is likely
tied to the expanded complexity and
improved efficiency of technology re-
lated to the getting, storing, and pre-
paring of food.

In the Near East, where sedentism
and agriculture developed quickly
during the postglacial epoch, Upper
Paleolithic innovations almost cer-
tainly laid the technological founda-
tions of village settlement. At the re-
markable site of Ohalo II (Israel),
long-term occupations dating from
23.5 to 22.5 ka are linked to novel
technologies for preparing plant foods
(for example, possible baking ov-
ens).29 By LUP times, people in parts
of northern Eurasia and also at lower
latitudes had acquired considerable
knowledge about their environment
through a rapidly expanding and in-
creasingly complex body of technol-
ogy. The accumulation of technologi-
cal knowledge must have had a
significant influence on how LUP peo-
ple interpreted their world. This, in
turn, probably affected further devel-
opments in technology. The evolving
LUP worldview may have been as crit-
ical to the origins of sedentism and
agriculture as its technological legacy.
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