Paleoindian Cave Dwellers in the Amazon:
The Peopling of the Americas
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A Paleoindian campsite has been uncovered in stratified prehistoric deposits in Caverna
da Pedra Pintada at Monte Alegre in the Brazilian Amazon. Fifty-six radiocarbon dates on
carbonized plant remains and 13 luminescence dates on lithics and sediment indicate a
late Pleistocene age contemporary with North American Paleoindians. Paintings, trian-
gular bifacial spear points, and other tools in the cave document a culture distinct from
North American cultures. Carbonized tree fruits and wood and faunal remains reveal a
broad-spectrum economy of humid tropical forest and riverine foraging. The existence of
this and related cultures east of the Andes changes understanding of the migrations and

ecological adaptations of early foragers.

For decades, there was a consensus that the
earliest Americans came from Asia across
the Bering Straits near the end of the Ice
Age, settling first in the North American
high plains, then moving into South Amer-
ica down the Andean chain (/-3). Northern
Paleoindian cultures appear to begin with
Clovis and Folsom, dated from ~11,200 to
10,900 and from ~10,900 to 10,200 years
before the present (yr B.P.), respectively, and
end in the early Holocene at ~8500 yr B.P.
(4). Early North American Paleoindian sites
contain finely chipped, fluted, bifacial spear
points, other tools, and the bones of extinct
large game (5). With these cultures as mod-
els, Paleoindians were considered to have
been specialized big-game hunters adapted to
open, temperate, terrestrial habitats through-
out the Americas, and such habitats have
been the focus of research. Pleistocene sea-
coasts, now mostly submerged, have not
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been actively investigated. The tropical rain-
forest was thought to have been an ecologi-
cal barrier to Paleoindians because it provid-
ed only scarce resources for human subsis-
tence, and anthropologists have theorized
that people could not survive there before
the development of slash and burn cultiva-
tion (6). The rainforests cited in the theories
are more varied in climate, soil, vegetation,
and food resources than is the archetype (7,
8), but there has been little conclusive evi-
dence for Paleoindian foragers in tropical
rainforests, due to a lack of concerted re-
search. In this article, we present evidence
for the presence of Paleoindians in the Am-
azon and discuss the implications of that
presence for the peopling of the Americas.

The Pre-Clovis Hypothesis

Some anthropologists have questioned the
migration theory described above, suggest-
ing that foragers with simpler tools and
more generalized subsistence based on
plants, smaller game, and fish spread
throughout the Americas long before spe-
cialized big-game hunters did so (9-14).
There is no undisputed evidence for forag-
ers earlier than Clovis, however (15). Char-
coal and megafauna associated with flaked
rocks have given consistent pre-Clovis
dates, but charcoal and flaked rocks can
form by natural processes, and fossil bones
can be dug up and used at a later date. Most
pre-Clovis dates associated with human
bones and undoubted cultural remains are
rare inconsistent outliers, and disturbance or
contamination by carbon from limestone,
coal, or petroleum is likely (16). Conclusive
evidence for an occupation requires numer-
ous concordant dates on a range of materials
such as artifacts, human skeletons, and food
remains in a cultural sequence from intact
stratified deposits (17).
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South American Paleoindians

Possible Paleoindian artifacts have been
identified at sites throughout South Ameri-
ca. They range from simple flaked rocks and
possibly worked bone and wood to carefully
flaked bifacial and unifacial stone tools. The
evidence from these sites fits neither pre-
Clovis nor Clovis theories. The earliest se-
curely dated cultures are contemporary with
early North American Paleoindian complex-
es but have distinct subsistence patterns and
tool complexes. The few assemblages of
abundant biological remains are usually
characterized by diverse modern species. In
most cases, megafauna are rare or absent.
Diagnostic tool types include fishtail points,
willow-leaf  points, triangular stemmed
points, and limaces (slug-shaped unifacial
endscrapers). The first two are considered by
some archaeologists to be related to northern
Paleoindian traditions, but triangular points
and limaces are not. Triangular points are
common in early Holocene complexes of
Archaic broad-spectrum foragers in - the
Americas, so South American examples

Fig. 1. Triangular, stemmed, bifacial spear points
from the Tapajés river. (A) Quartz crystal, 25.75 g,
specimen no. 1273, MPEG. (B) Chalcedony,
19.95 g, specimen no. 1491, MPEG.
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were expected to be post-Pleistocene. How-
ever, triangular points occur in late Pleisto-
cene Eurasia and in Alaska near the Bering
Straits (2, 10). Their absence from the Clo-
vis tradition appears to be a restricted local
pattern. Nonetheless, problems with dating
or identification of artifacts and biological
remains, or incomplete publication, have
made the age, adaptations, and affiliations of
many South American complexes uncertain.

Several subtropical Brazilian rock art sites
and open sites with flaked stones, rock paint-
ing spalls, and possible hearths have numer-
ous, consistent pre-Clovis radiocarbon dates
going back to ~50,000 yr B.P., but human
presence that early has been questioned. Lat-
er levels of these and many other sites have
pressure-flaked, triangular, stemmed bifacial
points and limaces; hearths; diverse modern
fauna and flora; pigment; and stratigraphic
relations with rock art. These assemblages
have numerous dates between ~11,500 and
8000 yr B.P. but only rare inconsistent dates
earlier than that (18).

Further south, presumed pre-Clovis
complexes in Uruguay are undated surface
collections (19). In Chile and Argentina,
rare stone flakes and possible bone or wood
tools occur in sites with megafauna and
sometimes rock art, but pre-Clovis dates are
exceptional or are associated with distur-
bance or contamination. Fuller assemblages
with fishtail points in these and other sites
have diverse modern and extinct fauna and
predominantly late Pleistocene ages be-
tween ~ 11,000 and 9500 yr B.P. (20). Two
widely separated wet sites in Chile and Ven-
ezuela with rare bifacial willow-leaf point
fragments have barely pre-Clovis dates be-
tween ~13,500 and 11,800 and between
14,400 and 11,900 yr B.P., respectively, for
megafaunal bone and plant material. How-
ever, both sites have multiple contamina-
tion agents and complex discontinuous stra-
tigraphy affected by water action (21).

In Ecuador, radiocarbon dates for prece-
ramic cultures are early Holocene; the only
pre-Clovis dates are discordant and come
from problematic surface assemblages (22).
In highland Colombia, preceramic sites with
rare, unifacially flaked stone tools, abundant
modern fauna and flora, and rare megafauna
have only two pre-Clovis radiocarbon dates,
and disturbances and pre-human carbon
were encountered (23). Fishtail points in
Colombia and Panama are undated. Finely
chipped, bifacial, stemmed, fluted triangular
projectile points throughout Colombia also
lack radiocarbon dates. In Peru, complexes
with triangular and lanceolate points, other
tools, and modern biota have numerous ra-
diocarbon dates, between ~11,000 and
7100 yr B.P. in the highlands and between
~10,400 and 7700 yr B.P. on the coast.
Pre-Clovis dates are rare outliers or are from
levels without accepted in situ artifacts (24).
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Fig. 2. Map of Monte Alegre. Coordinates: —01° 59’ 46.148"’'S, 54° 04’ 16.413''W, 80.18 m above sea
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Pintada do Pitdo. 15. Caverna da Pedra Pintada.

The open questions about the peopling of
the Americas have implications for research
strategies. Zones thought uninhabitable by
Paleoindians need to be investigated, as well
as presumed occupation zones. To verify age
and ecological adaptation, both cultural and
natural remains need to be collected from
sealed stratigraphic contexts and dated. A
wide range of cultural and biological material
is recoverable even from humid tropical sites
by flotation and total fine-screening meth-

Lua, Monte Alegre.
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ods. With accelerator radiocarbon and ther-
moluminescence techniques, diverse materi-
als can be dated and chemical analysis can
assess material composition, provenience,
and contamination.

Paleoindians in the Amazon

The lower Amazon. Although parts of the
Amazon are hypothesized to have been un-
forested savannas or subtropical forests dur-

Fig. 3. Rock paintings of concentric circles, hand prints, and an inverted figure with rayed head, Serra da
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Fig. 4. Map of main chamber, Caverna da Pedra
Pintada. A, snake; B, bullet-shaped winged motif,
C, concentric cross.

ing Pleistocene glacials, rainforests existed
along the Amazon in fertile uplands such as
Monte Alegre, at the confluence of the
Tapajos and Amazon rivers in the lower
Amazon, Brazil (25).

Archacologists had suggested the possi-
bility of Pleistocene colonizations: in the
Amazon, either by foragers from Asia or
incipient farmers from tropical Africa, but
early sites were expected to be invisible
because of poor preservation and lack of
rock for lithics (26). Suitable rock is widely
available, however, and finely flaked bifa-
cial stone points have been recorded in
several Amazonian regions, including the
lower Amazon region, from the mouth of
the Tapajos river to Belém, Brazil, and to
Guyana. Of quartz crystal or chalcedonic

E

rock, the lower Amazon points are up to 12
cm long and thin, with down-turned wings
and contracting stems or concave bases
(Fig. 1) (27). Edges are finely retouched
with regular, continuous pressure flaking.

Although without dates or stratigraphic
context, the lower Amazon points were as-
sumed to be early Holocene Archaic (27).
However, neither the points nor flakes from
making them had been found in lower Ama-
zon early Holocene sites (28). Further, they
differed morphologically and technically from
documented South American lowland Archa-
ic points, which are thick and percussion-
flaked, lacking the continuous pressure re-
touching, well-articulated stems, and down-
turned wings (29). The shape and technique
of lower Amazon points linked them, instead,
to late Pleistocene triangular points of eastern
South America, cited above.

Caves and rockshelters at Monte Alegre.
To investigate the age of the points, it was
necessary to excavate a stratified occupa-
tion site where they were made. We sur-
veyed caves where deposits would have
been protected from Holocene erosion and
sedimentation. Numerous caves and rock-
shelters had been recorded in the Paleozoic
sandstones of Monte Alegre by 19th-centu-
ry naturalists and 20th-century speleolo-
gists, geologists, and archacologists (Fig. 2)
(30-32). Many bore evidence of human
activity in the form of stylized rock paint-
ings (Fig. 3). The red and occasionally yel-
low designs (~20 cm to 2 m long) include
geometric motifs, anthropomorphic figures,
animals (modern taxa, apparently), and
handprints of adults and children. Because
North American Paleoindians are not
known for rock painting, the art was
thought to be Holocene but no sites had
been excavated and dated.

Monte Alegre lies between Manaus and
Belém on the Amazon north bank opposite
Taperinha. The much-faulted uplands (terra
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firme), 50 to 300 m above sea level, have
crystalline Precambrian basement, Paleozoic
and Tertiary sediments, Mesozoic diabase
dikes, hot springs, and quartz veins. Broad
river floodplains (vérzea) are Quaternary al-
luvium. The humid tropical monsoon cli-
mate (Képpen Am climate type) is charac-
terized by ~2000 mm of annual rainfall. Tall
evergreen forest grows on fine, nutrient-rich
soils, and seasonal forest and savanna wood-
land grow on nutrient-poor sandy or rocky
soils. Widespread deforestation from more
than two centuries of ranching and agricul-
ture has created dense secondary forests and
shrubby pastures (25, p. 32; 32).

Surveys and excavations in Monte Alegre.
As part of the Lower Amazon project (33),
we surveyed 21 caves, rockshelters, and open
sites and satellite-located them to global
coordinates. To test for the presence of ar-
chaeological deposits, sites [site numbers 2, 5
through 10, and 15 (Fig. 2)] were augered in
levels of ~10 cm and were mapped with
electronic distance-measuring devices.

At Caverna da Pedra Pintada, a paint-
ed sandstone cave near Monte Alegre, we
found stratified Paleoindian deposits (Fig.
4). The well-lit, airy main chamber is 15
m from north to south, 10 m from east to
west, and 6.5 m high. Although the cave is
dry in the dry season, moisture drips down
the center in the rainy season. There is a
perennial spring nearby (Fig. 2, site 4).
About 130 m below and 3 km away are
floodplain lakes and streams. The Amazon
main channel lies about 10 km away. Dur-
ing the late Pleistocene, river levels were
lower and floodplains less extensive.

The 12 auger cores inside and outside
the cave revealed two areas of deep, well-
preserved, stratified archaeological refuse
on the north and south sides just inside the
mouth. Under the paintings on the north
ceiling, we excavated 11 contiguous meter-
sized squares to a maximum depth of ~2.25
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m from surface to bedrock (34). The strati-
graphic column (Fig. 5) included 20 main
archaeological strata in four groups from
bedrock to surface: ~50 cm of sterile sand
and sandstone boulders (strata 18 through
21), 30 cm of late Pleistocene preceramic
Paleoindian midden (strata 16 and 17), 30
cm of culturally sterile soil (strata 13
through 15), and 65 cm of Holocene pot-
tery-age midden (strata 1 through 12).
Disturbance and preservation in the
dry sandy soil diminished with depth. Late
prehistoric layers contained faunal bone,
shell, dry and carbonized plant remains,
small root intrusions, burrows, cattle wal-
lows, and a post structure. Early and mid-

dle Holocene strata contained faunal
bone, shell, carbonized plants, middle Ho-
locene burials, and the post intrusions.
Culturally sterile strata below covered the
Paleoindian deposit, which contained
abundant carbonized plants, lithics, pig-
ment, rare faunal remains, and only a few
post intrusions and one burrow. The sand
and sandstone underneath were sterile.

Pleistocene Occupation

Paleoindian strata. There were two main
strata in the Paleoindian deposit. The lower
was stratum 17, a blackish sand layer 10 to
25 cm thick. Above was stratum 16, a dark

gray sand layer 5 to 20 cm thick. Occupa-
tion features were shallow hearths and con-
centrations of carbonized seeds but no pits
or post holes. Strata subdivisions could be
excavated in only a few locations. Four
main Paleoindian periods could be dis-
cerned from substantial changes through
time in the proportions of lithic materials.
Initial, early, and middle periods were con-
centrated in stratum 17, and stratum 16
contained the rest of the middle period and
the late period. Because of uneven bedrock
and the loose soil, the different Paleoindian
strata were merged in some areas. The dis-
tribution of lithic material showed that in-
tensity of occupation increased greatly with

Table 1. Distribution of lithic materials in Palecindian levels. N, S, E, W, and C refer to horizontal subdivisions of levels. Counts in parentheses are less than 75
total specimens and have statistically unreliable percentages. Unit 5 float screen samples (except level 13) and unit 7 screen samples were lost.

Excavation information Rock types
Chalcedonic Quartz Quartz
Period Level Prov. no. Strata D(gr?:? rock breccia crystal Totals
n % n % n %
Unit 1 .
Late 8 8208 Base 15/16 102-106 to 115-1283 64 98 1 1 0 0 65)
Middle/Early 9 8209 17 115-123t0 136-138 217 54 154 38 27 6 398
10 8210 18 136-138t0 149-154 2 1 0 0 0 0 2)
Totals 283 1565 27 465
Unit 2
Middle 10 8227 Base 15, top 16 98-104 to 100-112 (23 76 3 10 4 13 30)
Middle/Early 11AC 8228, -9 Base 16, top 17 104-112 to 108-120 171 75 21 9 35 15 227
Early 12 8230 Top 17 108-120 to 114-120 107 74 11 7 26 18 144
Initial 13E 8231 Base 17 119-120 to 120-132 102 42 62 25 75 31 239
13W 8231 Base 17 114-120 to 119-127 127 31 95 23 184 45 406
Totals 530 192 324 1046
Unit5
Early 11 8311 Base 16, top 17 94-95 to 98-93 (17 56 9 30 4 13 30)
12 8312, -3 17 98-99 to 102-104 (33 54 10 16 18 29 61)
Initial 13 8314-6 17 102-104 to 106-109 53 39 36 27 44 33 133
14 8317, -9 Base 17, top 18 106-109 to 110-120 4 20 8 40 8 40 20)
Totals 107 63 74 244
Unit 6
Middle/Late 8AB 8342, -3 16 85-97 to 101-108 133 88 10 6 7 4 150
Early 9 8344 Top 17 101-108 10 108-113 229 57 a3 23 77 19 399
Initial 10 8345 17 108-113to ~110-120 242 41 114 19 224 38 580
1 8346 Base 17 110-120 to 113-125 242 33 160 22 316 44 718
12 8347 Base 17, top 18 113~-125t0 124134 (14 31 12 26 19 42 45)
Totals 860 389 643 1892
Unit 7
Late 12 9141 15/16 73-80 to 88-93 153 95 0 0 7 4 160
13AB 9142 15/16 88-93 to 95-88 590 95 8 1 21 3 619
14A'S 9143 16 95-98 to 97-102 93 96 0 0 3 3 96
Middle/Early 14BC N 9143 16/17 95-98 to 97-102 228 85 6 2 33 12 267
Early 15ANE 9144 17 102-103 to 102-113 177 68 9 3 73 28 259
Initial/Early 16 NE 9145 17 102-113to0 111-118 103 53 12 6 79 40 194
17 AB 9146-9 17 111-1181t0 114122 104 24 33 7 286 67 423
18 NE 9147 17 114-122 to 118-125 36 13 23" 8 201 77 260
19 9148 17/18 114-125 10 123-137 22 22 11 11 64 65 97
20 9150 17/18 123-137 t0 126-138 (1 50 0 0 1 50 2)
Totals 1507 102 768 2377
Unit 8
Late 14 9201 16 68-70 to 80-81 (26 89 1 3 3 10 30)
15 9202 16 80-81 to 88-94 182 94 8 4 2 1 192
Middle 16AE 9203 17 88-94 to 96-98 118 76 15 9 21 13 154
Early 16BW 9204 17 88-92 to 94-98 86 61 26 18 27 19 139
17AB 9205, -6 17 94-98 to 100-108 129 57 65 28 32 14 226
Initial 19-20 9207-9 17/18 100-108 to 102-130 4 33 2 16 6 50 12)
Totals 545 117 91 753
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time and that camping location shifted
slightly. Units 3 and 4 at the slope of the
cave wall lacked Paleoindian strata.

Lithic tools. In all, we counted 24 formal
tools and more than 30,000 flakes from

_toolmaking in the Paleoindian strata. In
contrast, there were fewer than 150 lithics
in the other layers.

As identified by thin sections and petro-
graphic microscopy correlated with x-ray dif-
fraction, the primary rocks were chalcedonic
rock (35), quartz crystal, and quartz breccia
(fault- or shear-zone polycrystalline quartz
from recrystallized sandstone). Shale, volca-
nic rock, granodiorite, microdiorite, and
granite made up less than 0.001%. All the
rocks occur in the municipality but none are
from the cave, whose friable sandstone is
composed of silt and subrounded quartz
grains joined by microparticles of clays and
iron oxyhydroxides. The proportions of the
main rock types changed steadily over time
(Table 1). Chalcedony, the most abundant,

made up ~30 to 40% during the initial
period, 40 to 70% in the early period, 70 to
90% in the middle period, and 90 to 98% in
the late period. Quartz crystal made up ~50
to 30% of the lithics during the initial peri-
od, 30 to 15% in the early period, 15 to 5%
in the middle period, and was rare or absent
in the late period. Quartz breccia varied ir-
regularly, often being high in the initial pe-
riod, high to moderate in the early and mid-
dle periods, and rare in late-period deposits.
The lithics show that Paleoindians made
triangular, stemmed bifacial points, as well as
other tools (Fig. 6). Techniques of manufac-
ture resemble those of other Paleoindian and
upper Paleolithic complexes (36). In all the
periods, there were percussion and pressure
flaking, bifacial and unifacial flaking, heat
treating, and isolated platforms prepared
with pecking and grinding. Broad bifacial
thinning flakes and fine, narrow, regular re-
touching flakes are common in all periods.
Among the tools, 10 bifacial and 14

unifacial tools were identified. The bifaces
included four points (Fig. 6, A through D),
two chalcedony point preforms [Fig. 6 and
provenience (prov.) number 8209], one
quartz crystal biface (prov. 9295), one bifa-
cially retouched chalcedony blade (prov.
9243), and two chalcedonic rock plaques
made on cobbles (prov. 8314 and 9203). No
bifaces showed wear from use, and all but
the plaques had broken during manufac-
ture. Among unifaces were a chalcedony
stemmed graver (Fig. 6G), four limaces (Fig.
6, H and [; prov. 8230, of chalcedony; and
prov. 8314, of quartz crystal), five unifa-
cially retouched flakes or blades of various
materials (prov. 8208, 8231, 8314, 9147,
and 9270), and four unretouched blades
(Fig. 6F and prov. 9123, 9272, and 9287-8),
all of chalcedony. The largest limace (Fig.
6I), blades, and flake tools had blunted
edges, and the graver bore gloss on its upper
and lower surfaces.

With only a few whole tools, the range

Table 1. (continued)

Excavation information Rock types
Chalcedonic Quartz Quartz
Period Level Prov. no. Strata E();%t)h rock breccia crystal Totals
n % n % n %
Unit 9
Late 10AB 9237, -8 Top 16 97-108to 111117 (39 97 0 0 1 2 40)
11AB 9239, -40 Top 16 111-117 to 117-124 332 95 8 2 7 2 347
12A C/NW 9241 16 108-117 to 121-126 561 91 31 5 18 2 610
Middle 12BE 9242 16 117-126 to 126-135 638 82 84 10 54 6 776
13 9243 16/17 121-13510 123.5-137 1258 68 488 26 96 5 1842
14 Q44 17 123.5-137 t0 127-138 762 71 213 19 93 8 1068
Early 15 9245 17 127-13810 128-146.5 806 45 820 46 135 7 1761
16 9246 17 129-147 to 132-147 114 37 158 51 35 1 307
Initial 17 9248 17 132-147 to 138-156 26 27 45 a7 24 25 95
18/20 9249, -50 Base 17 138-156to 176-183 (56 83 4 5 7 10 67)
to 20
Totals 4592 1851 470 6913
Unit 10
Late 3AB 9259, -60 15/16 108-116to 118-123 15 88 2 11 0 0 17)
4 9261 15/16 118-123 to 120-130 133 93 4 2 5 3 142
5 9265 Top 16 120-130to 126-136 190 94 0 0 12 5 202
7B SW 9269 16 127 to 136 287 95 10 3 5 1 302
B6A C/E 9266 16 129-136 to 136-142 128 89 11 7 4 2 143
Middle 7A C/E 9268 16 136-142 to 140-150 486 88 22 4 41 7 549
8A C/E 9270 Top 17 140-150 to 143-158 634 81 65 8 78 10 777
9AC 9271 17 143-158 to 146-158 656 79 102 12 63 7 821
Early 10AB 9272, -3 17 136-158 to 145-162 482 57 182 21 171 20 835
Initial 11AB 9274, -5 17 145-162 to 146-166 148 41 84 23 125 . 35 357
Totals 3159 482 504 4145
Unit 11
Late 5ABC 9281-3 16 83-97 to 104-110 868 97 12 1 13 1 893
6ABC 9284-6 16 104-110to 108-118 1852 97 12 0.6 29 1 1893
TAB 9287, -8 16 108-118to 112-125 2413 94 75 2 62 2 2550
8B C/NE 9290 16 116-125to 120-128 2583 96 67 2 37 1 2687
9B C/NE 9292 16/17 120-128 to 124-130 2001 90 138 6 67 3 2206
Middle 8A NW 9289 17 112 to 117 157 76 20 9 29 14 206
9A NW 9291 17 117 t0 119 (33 80 3 7 5 12 41)
Early 10 AB 9293, -4 17 119-128 to 122-132 764 69 209 18 128 11 110
11AB 9295, -6 17 122-123 t0 130-139 565 56 290 28 153 15 1008
Totals 11,236 826 523 12,585
Grand totals 22,819 4177 3424 30,420
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of types at any time is uncertain and func-
tions can be classifed only tentatively. The
stemmed points and limaces occurred only
in the initial and early periods. The bifacial
points could have been knives or spear,
dart, or harpoon points, which in Amazonia
today are usually socket-hafted and barbed.
The unifaces would be suitable for wood-
cutting, digging, or hide-working.

Paintings and pigment. Stylistic variation
and superpositions in the paintings suggested
that more than one period was represented
(30). The red wall paint was iron oxide,
which cannot be dated directly, but the stra-
tigraphy and chemical composition of the
paint gave relative chronological informa-
tion. The Paleoindian strata contained hun-
dreds of lumps and drops of red pigment, as
well as two small spalls of painted wall (prov.
9242). In contrast, only one pigment rock

2cm

was identified in Holocene layers: a late
prehistoric faceted red rock. In addition, sev-
eral late prehistoric pottery sherds bore un-
fired red paint. There was no overlap of
strata on paintings, due to the slope of the
walls, but the lowest paintings were waist- to
eye-level for Paleoindians and knee- to an-
kle-level for Holocene people.

To ascertain if the excavated pigments
could have been used to paint the walls, 20
samples were analyzed (37) (Table 2): 6 of
red paint from wall paintings (5 above the
excavation block and 1 in a secondary
chamber); 10 of pigment from Paleoindian
layers; and 4 control samples from Paleoin-
dian layers, the late prehistoric pigment
rock, and red paint from a sherd. A silica
layer over the paintings made them difficult
to sample but presumably was responsible
for their preservation.

Fig. 6. Artifacts from excavations. (A) Triangular, bifacial, stemmed quartz crystal point, prov. 8272, 3.4 g. (B)
Triangular bifacial chalcedony point tip with red pigment, prov. 9203, 18 g. (C) Bifacial chalcedony point

fragment, prov. 8209, 2.5 g. (D) Contracting stem of bifacial chalcedony point, prov. 9248, 2.5 g. (E)

Chalcedony biface fragment, prov. 9206, 12.5 g. (F) Chalcedony blade fragment, prov. 9290, 5.5 g. (G)
Chalcedony unifacial graver, prov. 9145, 16 g. (H) Chalcedony limace with graver tip and red pigment, prov.
8344, 72 g. (I) Quartz breccia limace, prov. 9290, 250 g. See Table 1 for excavation units, levels, depths, strata, and periods for provenience numbers.
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Under the scanning electron micro-
scope, all pigment samples were physically
similar: a fine red powder composed primar-
ily of quartz 1 to 200 pm in size and of
ferruginous laterite rich in hematite, a com-
mon iron-rich material also present in the
lithics and cave rocks. No concentrations of
laterite that could have served as pigment
were observed in the cave rock, but fossil
laterite is common in the region. The cave
pigment was variable in composition even
within a design (see the different results on
sample 1/1, Table 2). Secondary compo-
nents included illite, kaolinite, goethite,
gibbsite, and gypsum.

Among elemental components, Fe/Ti ra-
tios may be diagnostic of pigment sources
(38) (Table 2). Most paints and pigments
had Fe/Ti ratios above 50. These [2/2, 2/3,
2/4, 1/4 (prov. 8231), 2/5 (prov. 9214), 2/7




(prov. 8314), 2/9 (prov. 8345), 2/11 (prov.
8314), and 2/14 (prov. 8313) (Table 2)]
include all but one wall paint, all but two
Paleoindian pigments, and the late prehis-
toric stone, but not the control samples or
pottery paint. This source appears to have
been used comparatively frequently by Pa-
leoindians and cave painters but rarely by
late prehistoric cave dwellers. A smaller
group of samples had Fe/Ti ratios below 50.
These [1/2, 1/3 (prov. 8344), 2/6 (prov.
8202), 2/10 (prov. 9290), 2/13 (prov.
8345), 2/15 (prov. 8345), and 2/16 (prov.
8345) (Table 2)] included the controls, two
pigments from Paleoindian levels, and the
pottery paint, but no cave paint. This
source was used occasionally by both Pa-
leoindians and late prehistoric cave dwell-

ers. Four samples [1/1, 2/1 (prov. 9203), 2/8 .

(prov. 8344), and 2/12 (prov. 8345) (Table
2)] had Ti levels below 0.5%, in contrast to
the other samples. They included two pig-
ment chunks and the pigment on the chal-
cedony point tip from Paleoindian levels. In
the fourth sample, cave wall paint (1/1,
Table 2), the low iron content could be the
cause for the low ratio.

Because pigment was abundant in the
Paleoindian layers and was similar physical-
ly, chemically, and in Munsell color codes
to the wall paint, it seems likely that Pa-
leoindians made many of the paintings. Be-
cause one pigment rock of similar material
was found in the late prehistoric deposit,
some paintings could possibly be of that age,
but the lack of any dropped or spattered

Fig. 7. (A) Carbonized seeds of Hymenaea cf.
parvifolia and oblongifolia. Left, prov. 9290. Right,
prov. 9272. Seed at right is about 10.8 mm long
and each seed is about 5 mm wide. (B) Otolith of
large fish, prov. 8347. Otolith is about 5 mm wide.

pigment in those layers suggests that these
are not numerous. As no pigment was re-
covered from early Holocene contexts, it is
unlikely that the paintings were Archaic.

Biological remains. The Paleoindian de-
posit contained thousands of carbonized
fruits and wood fragments from common
tropical forest trees (39). Jutai [Hymenaea
cf. parvifolia and oblongifolia (Leg. Caesal-
pinioideae)] (Fig. 7A), achui [Sacoglottis
guianensis (Humiriaceae)], and pitomba
[Talisia esculenta (Sapindaceae)] occurred in
many levels. Brazil nut (castanha do Par4)
[Bertholetia excelsa (Lecythidaceae)], muruci
da mata [Byrsonima crispa (Malpighiaceae)],
apiranga [Mouriri apiranga (Melastomata-
ceae)], and taruma [Vitex cf. cymosa (Ver-
beaceae)] occurred in several levels.

Jutai is a leguminous tree of terra firme
forests, high vérzea, and woodland along the
Amazon, valued for flour from the aril
around the seeds and for medicine, varnish,
and wood. Growing up to 30 m in moisture-
retentive soils, it is shorter on droughty soils.
Achui is a common lower Amazon rainfor-
est tree 18 to 20 m tall that bears edible
starchy fruits. Pitomba is a 6- to 12-m-tall
fruit tree of the eastern Amazon and Atlan-
tic tropical rainforests. Brazil nut is a large,
30- to 50-m-tall rainforest tree native to
Amazonia. Its nutritious seeds are important

Table 2. Ratios of weight- percents of iron and
titanium in paint, pigment, and control samples as
determined by SEM-EDS.

Sample description

Fe/Ti
(group/sample no.)

Samples of paint from the cave wall

Concentric crosses design (1/1); 17.6*
second sample from concentric 8.6"
crosses design

Linear design, north chamber (2/2) 90.8

Snake design, north wall; main 77.2
chamber (2/3)

Spiral-winged bullet-shaped design 60.1
(2/4)

Samples of pigment on artifacts from excavation

Biface tip (2/1) 299.1*
Pottery sherd (2/6) 1.6
Chalcedony chip (2/14) 64.1
Pigment rocks from excavation
Red laterite (1/2) 10.6
Red laterite (1/4) 102.9
Faceted red laterite rock (2/5) 60.5
Red laterite (2/7) 126.7
Red laterite (2/8) 530.8*
Red laterite (2/9) 60.9
Red laterite (2/10) 29.0
Conglomerate with patches of red 64.9
laterite (2/11)
Laminar red laterite (2/12) 182.2*
Control rock samples
Quartz chip (1/3) 8.5
Cave sandstone (2/13) 12.8
Chalcedony chip (2/15) 7.0
Chalcedony chip (2/16) 219

* Titanium not dependably quantified (below 0.5 weight %).
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in local and export markets. Muruci da mata,
a 12- to 18-m-tall tree thought indigenous to
lower Amazon terra firme forests, has small
fruits that can be preserved for months in
water. Apiranga is a small Amazonian fruit
tree of sandy floodplains and secondary for-
ests, and tarumi is a varzea tree whose fruits
are used for fish bait.

The common palms were sacuri (Attalea
microcarpa), tucumi (Astrocaryum vulgare),
and curud (Attalea spectabilis) (all Are-
coideae), which are all native to the Ama-
zon. These palms proliferate in sandy soils
and conditions of disturbance in areas of
high rainfall. Sacuri was common in all
levels; the others were present in about half
the levels. All are valued for fruit and raw
materials and are cooked for food.

The plant remains show that tree fruits
were important in subsistence, at least in
the rainy season. Most of the trees fruit from
December through February; sacurf and cu-
ru4 fruit throughout the year. All the fruits
are eaten by animals. But because the fruits
did not occur in prehuman strata and be-
cause the palm seeds were cracked, not
gnawed, they are probably human food re-
mains. Although palm endocarps were the
most common, these inedible parts survive
disproportionately.

The species harvested by Paleoindians in
the late Pleistocene are still to be found in
the relict tropical forests of Monte Alegre.
The plant remains included no examples of
crops or of plants specially adapted to dry
tropical climates or cool climates. The
many species adapted to disturbance suggest
some alteration to the forest from Paleoin-
dian woodcutting and burning.

Fauna were poorly preserved in the
sandy soil but highly diverse (40). The re-
mains were small (1 to 20 mm), often car-
bonized fragments of bone and shell. Re-
mains include teeth, jaws, cranial frag-
ments, otoliths, spines, vertebrae, ribs, pel-
vises, long bones, phalanges, claws,
carapace and plastron fragments, and shells.
The faunas include fishes, rodents, bats,
bivalve and univalve mollusks, tortoises,
turtles, snakes, amphibians, birds, and large
land mammals (over 65 kg, possibly ungu-
lates). Bats and small rodents were probably
owl prey. Among the large rodents were
many juveniles. The amphibians were small
toads (Bufonidae). The tortoises (s.o0. Cryp-
todira, Testudinidae) and aquatic turtles
(s.0. Pleurodira) were often juvenile. Bi-
valves were freshwater pearly mussels. Fish,
the most abundant fauna, include piraruci
{(Arapaima gigas), traira (Hoplias malabari-
cus), unidentified pimelodids, doradids, and
other catfishes, cichilds, and characins. Size
varied from very small (~5 cm) to very
large (~1.5 m) (Fig. 7B). Today, water
fauna are mainly sought during the dry sea-
son or seasonal fish runs. Men often hunt
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the large fish with spears or harpoons from
boats in open water; the small fish are shot
with arrows or caught in nets, traps, by
hand, and with poison by work groups in-
cluding women and children. Women and
children also catch the smaller faunal spe-
cies and juveniles. Paleoindian subsistence
thus appears to have been broad-spectrum
tropical forest and river foraging.

Dating. To date the preceramic occupa-
tion, we used several different methods at
different tabs on biological and cultural ma-
terial from controlled stratigraphic contexts.
A total of 56 carbonized plant specimens
from Paleoindian strata were radiocarbon-
dated, 49 by accelerator mass spectrometry
(AMS) and 7 by conventional dating (41).
To avoid the imprecision of dates from com-
bined samples, we dated single specimens
separately, for the most part. Wood charcoal
from the inner rings of large trees can be
several hundred years earlier than the time of
cutting and burning. Therefore, most dates
were run on fruits. The two materials, how-
ever, gave equivalent results. Samples were
rigorously cleaned and tested for possible
contamination by dating of split samples of
solid and soluble carbon. .

The radiocarbon dates (Table 3) fell in a
narrow span in the late Pleistocene. lo
terms were <~300 for conventional dates
and <80 for AMS dates. The means are
from ~11,200 to 10,000 radiocarbon yr
B.P., and 2¢ ranges are from 11,730 to 9880
yr B.P. The dates are consistent with stra-
tigraphy and the periodization of lithic ma-
terials. Levels where strata merged had wid-
er date ranges than others, as expected. On
the basis of the large suite of dates, we
estimate that the site was first occupied
during the long initial period, from
~11,200 to 10,500 yr B.P. The arrival of
humans is marked by a cluster of four dates
between 11,145 = 135 and 10,875 = 295 at
the base of the deposit. The carly period
lasted from ~10,500 to 10,200 yr B.P., the
middle period from ~10,200 to 10,100 yr
B.P., and the late period from ~10,100 to
9800 yr B.P.

To check the radiocarbon results and
verify the contemporaneity of cultural and
biological remains, three sediment samples
were dated by optically stimulated lumi-
nescene (OSL) at the University of Wash-
ington, and 10 burned Paleoindian lithic
artifacts were dated by thermoluminescence
(TL) at the Centre des Faibles Radioactiv-
ités (CNRS-CEA) without knowledge of
the results of the radiocarbon or OSL dat-
ing. Luminescence dating usually has larger
technical error terms than radiocarbon dat-
ing but has the advantage of being able to
date the nonorganic cultural remains com-
mon in early archaeological sites (42).

The OSL and TL ages obtained and the

key data used in their calculations are pre-
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sented in Table 4. The luminescence dates,
~16,000 to 9500 yr B.P., overlap the pos-
sible range of calendar dates estimated for
the radiocarbon dates, ~14,200 to 10,500
yr B.P. (43), but have a somewhat wider
spread, as expected. The OSL and TL dates
are quite consistent, considering the wide
range of materials dated, and they support
the late Pleistocene radiocarbon age of the
preceramic culture.

Summary. The results from the analysis
of the preceramic component at Caverna da
Pedra Pintada reveal a long-term occupa-
tion by foragers in the late Pleistocene. The
Paleoindian culture, named Monte Alegre,
had bifacially and unifacially chipped stone
tools, stylized rock art, and an economy of
tropical forest and floodplain foraging. The
assemblage indicates that Paleoindians vis-
ited the cave periodically for more than
1200 years. While there, people ate tree
fruits and a wide variety of river and land
game, painted the cave, made stone tools,
and cut wood. From ethnographic analogy,
possible ritual reasons for rock-painting and
fruit-eating include defining ancestral terri-
tory and celebrating initiations.

Holocene Occupations

Immediately after the Paleoindian occupa-
tion, the cave was abandoned and the
deposit became covered by sand contain-
ing bits of charcoal blown from hearths
outside the cave (strata 13, 14, and 15).
The subsequent reoccupation is represent-
ed by a thin gray layer containing abun-
dant remains of mussels, snails, turtles,
fish, shell disc beads, rare carbonized wood
and seeds, and pottery. The pottery con-
sisted of red-brown to gray-brown bowl
sherds with sand or shell temper and deep,
rounded incisions and punctations. The
culture, named Paituna, is dated by six
early Archaic radiocarbon dates between
7580 and 6625 yr B.P. on a turtle bone,
shells, and shell temper in a sherd, and by
one TL date of 4710 = 375 on a late
Archaic sherd. These dates overlap those
from nine other Lower Amazon early pot-
tery shell middens and extend a few hun-
dred years earlier (44). The deposit con-
firms specialized exploitation of river fau-
na by the early pottery cultures, which are
the oldest in the Americas. The deposit

Table 3. Paleoindian accelerator mass spectrometric and conventional radiocarbon dates.* Carb.,

carbonized; frag., fragment; B, Beta Analytic.

i Prov. Date 31°C
Material no. (yr. B.P) (per mil Lab no.
Unit 2
Initial period
Wood char. frag. 8231 10,450 = 60 —-23.5 B76952CAMS
Carb. Attalea microcarpa seed 8231 10,560 *= 60 —-21.2 B76953CAMST
Carb. Astrocaryum vulgare seeds 8231 10,905 = 295 —20.7 GX17407
Carb. A. vulgare seeds 8231 11,110 £ 310 —-23.2 GX17406
Unit 5
Initial period
Carb. Attalea microcarpa seed 8314 10,392 = 78 —23.6 GX17400CAMS
Carb. Astrocaryum vulgare seeds 8314 10,875 = 295 —-22.5 GX17414
Carb. Attalea microcarpa seeds 8314 11,145 = 135 —-21.6 GX17413
Unit 6
Initial period
Carb. A. microcarpa seeds 8345 10,275 = 275 =217 GX17421
Carb. Astrocaryum vulgare seeds 8345 10,655 = 285 —22.8 GX17420
Carb. Attalea microcarpa seeds 8346 10,305 = 275 —22.7 GX17422
Unit 7
Late period
Carb. A. microcarpa seed 9142 10.230 = 60 —-26.8 B75001CAMS
Initial/early period
Carb. palm seed 9147 10,260 = 60 —25.8 B75002CAMS
Wood char. frag. 9147 10,290 = 80 —27.6 B75007CAMS
Wood char. frag. 9147 10,300 * 60 -27.7 B75004CAMS
Carb. A. microcarpa palm seed 9147 10,320 += 70 —23.1 B75006CAMS
Carb. A. microcarpa seed 9147 10,390 = 70 —-22.1 B75003CAMS
Carb. A. spectabilis seed frag. 9147 10,450 + 60 —23.3 B75005CAMS
Wood char. frag. 9148 10,280 = 70 -16.6 B75008CAMS
Carb. A. spectabilis seed 9148 10,330 = 60 —22.5 B75009CAMS
Unit 8
Early period
Wood char. frag. 9204 10,370 = 70 —26.8 GX19525CAMS
Humate from same 9204 10,330 = 70 -27.8 GX19525CAMS
Carb. A. microcarpa seed 9204 10,380 = 60 —-25.8 GX19524CAMS
Humate from same 8204 10,510 = 60 -25.0 GX19524CAMS
Wood char. frag. 9204 10,480 = 70 —24.8 GX19526CAMS
Humate from same 8204 10,570 = 70 —26.2 GX19526CAMS
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appears to represent a temporary camp
visited briefly from main camps near the
floodplain.

Above and intruding into the Archaic
deposit was material of the Aroxi culture.
The material included reddish-orange pot-
tery sherds, carbonized tree fruits, remains of
turtles and fish, and about five poorly pre-
served human burials. Bowls and thick grid-
dles, used today for cooking manioc, were
present. The pottery had grit temper and rare
shallow, broad incisions. It relates to lowland
South American Formative horizons, ~4000
to 2000 yr B.P., thought to represent the
spread of pottery and root horticulture (45).
Radiocarbon dates on a carbonized curud
seed, a human molar, and a human cranium
were 3603, 3410, and 3230 yr B.P.

Above that layer was a substantial mid-
den of gray-brown soil with dried and car-
bonized plants; faunal remains; numerous
gray, sponge-tempered pottery sherds; rare
lithics; and cordage. More than 30 posts of

Table 3. (continued)

an oval structure were still in place. Dried
cobs of maize related to Coroico and deco-
rated gourd fragments directly document
prehistoric agriculture (46). Broad-spec-
trum year-round hunting, fishing, and gath-
ering are indicated by the wide variety of
common species. In addition to the fruit
trees in Paleoindian levels, late prehistoric
levels had cultivated species, dry season
fruiting species, and naturalized species,
such as cashew (Anacardium occidentale),
which appear to have spread into the area
as increased clearing opened forests and
reduced precipitation (47).

The pottery, occasionally decorated with
red paint or incisions, relates to the incised
and punctate horizon associated with the
spread of lowland South American complex
chiefdoms, A.D. ~1000 to 1600; a few bark
ash~ or sherd-tempered sherds in the mid-
den are related to the Polychrome horizon
of the Amazon, associated with earlier

ranked societies, A.ID. ~400 to 1100 (33,

v Prov. Date 318C
Material no. (yr. B.P) (oer mil Lab no.
Unit 9
Early period
Wood char. frag. 9245 10,260 *= 70 —27.5 GX19530CAMS
Humate from same 9245 10,210 = 60 —27.4  GX19530CAMS
Carb. A. microcarpa seed 9245 10,420 + 70 —26.2  GX19529CAMS
Humate from same 9245 10,250 = 70 —=25.7  GX19529CAMS
Carb. A. microcarpa palm seed 9246 10,370 + 60 —24.8  GX19531CAMS
Humate from same 9246 10,180 * 60 —-24.3  GX19531CAMS
Unit 10
Early period
Carb. A. microcarpa seed 9272 10,110 = 60 =247  GX19532CAMS
Humate from same 9272 10,180 = 60 —252  GX19532CAMS
Humate from A. microcarpa seed 9272 10,190 += 50 —27.8  GX19534CAMS
Carb. A. microcarpa seed 9272 10,290 = 70 —-25.7 GX19527CAMS
Humate from same 9272 10,330 = 70 —2564  GX19527CAMS
Carb. A. microcarpa seed frag. 9272 10,290 = 70 —24.0 GX19528CAMS
Humate from same 9272 10,120 = 70 —258 GX19528CAMS
Wood char. frag. 9272 10,310 = 70 —29.9 GX19535CAMS
Humate from same 9272 10,210 = 70 —28.6 GX19535CAMS
Wood char. frag. 9272 10,360 *= 60 —23.9 GX19533CAMS
Humate from same 9272 10,220 = 60 —26.0 GX19533CAMS
Initial period
Carb. A. microcarpa seed 9274 10,250 = 70 —29.9 GX19537CAMS
Humate from same 9274 10,470 = 70 —24.9 GX19537CAMS
Humate from carb. A. microcarpa seeds 9274 10,350 = 70 —25.4  GX19536CAMS
Carb. A. microcarpa seed 9274 10,410 = 60 —24.3  GX19538CAMS
Humate from same 8274 10,390 = 70 —-24.9  GX19538CAMS
Unit 11
Late period
Carb. A. spectabilis palm seed 9290 10,210 = 60 —-27.6 B76955CAMS
Carb. wood frag. 8290 10,360 = 50 -12.3 B76954CAMS
Early period
Carb. A. microcarpa seed 9294 10,450 = 60 —29.9  GX19523CAMS
Humate from same 9294 10,000 += 60 —-30 GX19523CAMS
Wood char. frag. 9296 10,390 = 60 —26.3 GX19540CAMS
Humate from same 9296 10,230 *= 60 —25.2  GX19540CAMS
Wood char. frag. 9296 10,470 = 70 —28.1 GX19539CAMS
Humate from same 9296 10,000 = 60 —-28.9 GX19539CAMS
Humate from A. microcarpa seed 9296 10,490 = 80 —23.7  GX19541CAMS

*Uncalibrated, 3'3C corrected, in radiocarbon years before the present.

rence Livermore Laboratory, University of California.

TCAMS refers to the accelerator at Law-
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48). Rare percussion-flaked lithics were
quartz breccia, chalcedony, mafic volcanic
rock, and granite. There were no points or
point fragments, but two ground-stone axe
fragments and a faceted pigment rock were
found. The culture, Pari¢é, has two radio-
carbon dates on charcoal and a wood post,

675 and 430 yr B.D.

Conclusion

The human presence in Caverna da Pedra
Pintada during the late Pleistocene is estab-
lished by numerous artifacts of rocks exotic
to the cave. A humid tropical environment
is documented by abundant carbonized
plants, the 8**C ratios, and remains of fau-
na. The age is established by a large series of
dates that are comparable in age regardless
of laboratory, technique, and type of mate-
rial used. The dated materials are associated
in stratigraphic context at the beginning of
a long cultural sequence. There is no pre-
human biological material that could have
mixed with the cultural remains, which are
stratigraphically separated from later Holo-
cene assemblages by a culturally sterile layer.

The conclusion to be drawn from the
excavations and analyses is that the Monte
Alegre Paleoindians were rock-painting
tropical forest and river foragers contempo-
rary with North American Paleoindian cul-
tures but with a distinct tradition of finely
chipped bifacial and unifacial lithic tools.
Earlier hypotheses that the paintings and
bifacial points were Holocene were not sup-
ported by the evidence.

The discovery of Paleoindians along the
Amazon confirms earlier evidence that the
Paleoindian radiation was more complex
than current theories provide for. Paleoin-
dians traveled far and developed diverse
cultures. Although Amazonians shared
some lithic technology with North Ameri-
can Paleoindian cultures, they had different
formal tools, art styles, and subsistence
practices. The existence of a distinct cultur-
al tradition contemporary with the Clovis
tradition but more than 5000 miles to the
south does not fit the notion that the North
American big-game hunters were the sole
source of migration into South America.
Clovis is evidently just one of several re-
gional traditions. Clearly, Paleoindians
were able to adapt to a broad range of
habirarts. In the Amazon, they developed a
long-term adaptation to the humid tropical
forest. Although some points in the cave
were presumably used for hunting larger
fauna, the biological remains reflect not
specialized big-game hunting but general-
ized foraging. Recent research suggests that
North American Paleoindians may have
had broader economies, as well (49).

The cultural sequence exemplified by
Caverna da Pedra Pintada and other Ama-
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Table 4. Luminescence age estimates and radioactivity data for lithics and sediment from Palecindian levels in calendar years before the present.

External

Samples v ™ L(* iy " dose rate} Annual dose Palecdose Age
(ppm)  (ppm) (%) dose ratet (uGy/yean) (Gy) (years)

Brecciated quartz flake with percussion 027 197 002 1806 =* 9.6 337 *22.6 517.6 = 246 5*+0.3 9,530 = 780
platform {prov. 9270)

Pressure-retouched tool fragment of 0.85 4.46 0.31 9315+ B67.2 337 x226 12685+ 709 13 1.2 9,860 *+ 1,080
chalcedony, heat-spalled (prov. 9270)

Chalcedony flake (prov. 8344) 1.34 10.25 0.85 2044.0 = 130.2 321 =210 28650=*x1319 24=16 10,140= 890

Flake of chalcedony with cortex (prov. 9290) 1.20 443 079 14857+ 875 321210 18067+ 900 19=*x19 10,400+ 700

Chalcedony bifacial reduction flake, 1.54 487 096 17356+ 981 332x21.0 2057.6=*1004 22x19 10,860+ 690
heat-spalled (prov. 8344) ‘

Chalcedony bifacial reduction flake, 119 490 094 16812=* 953 322=x21.0 20032+ 976 22=x12 10,940+ 800
heat-spalled (prov. 8344)

Brecciated quartz flake (prov. 8231) 020 072 003 1046+ 54 331210 4356 = 21.7 5+02 11880 =* 760

Sediment (prov. 8231) 0.60 3.80 0.10 - - 550 =+ 42 7*06 12,491 + 1409

Heavy fraction from screened sediment 0.56 3.92 0.28 - - 686 * 208 9+ 11 12,536 = 4125
{prov. 8231)

Sediment (prov. 8231) 0.60 4.06 0.06 - - 528 =+ 42 7*07 13,106 = 1628

Chalcedony bifacial reduction flake, 1.41 428 098 156637+ 821 3256*x210 18787+ 848 27 =10 14250+ 850
heat-spalled (prov. 9292) .

Chalcedony bifacial reduction flake, with 0.84 406 0.66 10299+ 556 341 *236 13709=* 605 21 *x18 15330+ 900
heat-spalling (prov. 8346)

Chalcedony bifacial reduction flake (prov. 1.38 381 075 13254 * 760 342+*236 16674+ 796 2719 16,190+ 930

8231)

“The U, Th, and K contents of the dated lithic samples were measured by neutron activation analysis at the Institut Pierre Ste (CEN, Saclay, France) and each has an error of £10%

(57).

1The internal dose rate was calculated with the specific values givenin (58). The « contribution was deduced from fine-grain measurements (59).

#The external dose rate

was deduced from sediment samples analyzed by high-purity spectrometry, which made it possible to check the steady-state equilibrium of the U series. It includes a cosmic dose
rate contribution of 85 nGy/year (60). The +y dose rate was calculated with the assumption of a mean water value of 19% per weight.

zonian sites shows that early human evolu-
tion was not severely limited in humid trop-
ical environments as compared with others.
Rather than a single archetypal human ad-
aptation to the tropical forest for all time,
we see a dynamic trajectory (48, 50). Pleis-
tocene foraging bands gave way to fishing
villages along waterways in the early Holo-
cene. Horticulture was then adopted and
the use of pottery spread. During the Chris-
tian era, populous agricultural societies with

complex organization appeared in several -

areas. The European conquest disrupted and
decimared native societies, which were rel-
egated to the peripheries, often to poorer
land, where they live today by shifting cul-
tivation and foraging, surrounded by outsid-
ers. Present-day native lifeways thus reflect
adaptation not only to the environment but
also to life in post-colonial nations.

The great contrasts between ancient and
modern lifeways in Amazonia create prob-
lems for research on human evolution that
relies primarily on modern tropical forest
Indians as models for Paleolithic adaptations
(51). The evidence from actual developmen-
tal sequences shows that tropical forest peo-
ple in South America are not primary hunt-
er-gatherers and do not descend directly
from the ancient hunter-gatherers (6, 8, 52).
Where primary foraging was supplanted by
staple cropping thousands of years ago in this
way, early prehistoric cultures offer evidence
for its role in human behavior (53).

Amazon archaeology also offers evidence
for the role of humans in tropical forests.
Despite the theoretical importance of the
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history of Amazonian forests, comprehen-
sive, well-dated paleoecological sequences
are lacking for most regions (54). From the
late Pleistocene on, however, there exist
archaeological sites conraining diverse biota
that people gathered from wide territories
and deposited in stratified cultural deposits.
Like paleontological and palynological as-
semblages, archacological remains hold only
a subset of the total biological community of
the time, but they include a broader range of
identifiable, darable specimens than do non-
human deposits. Amazonian archaeology
thus holds potential evidence concerning
the history of tropical habitats.

Archaeological and ethnobotanical evi-
dence shows that Amazonian forests once
thought to be virgin were settled, cut,
burned, and cultivated repeatedly during
prehistoric and historic times, and that hu-
man activities widely altered topography,
soil, and water quality (7, 8, 48, 50, 55).
Substantial biodiversity patterning appears
to be associated with such human activities
(56). Given the nature of the human occu-
pation, it seems reasonable to acknowledge
a human role in the development of land-
forms and biotic communities in Amazonia
over the millennia. Research on tropical
forests can benefit by taking into account
the long-term effects of both past and
present human activities.
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