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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. 

F o r  ciecades, there was a consensus that the 
earliest A~llericans came from Asia across 
the Bering Straits near the end of the Ice 
Age, settling first in the North American 
high ylai~ls, then mo171ng into South Amer- 
ica clown the Al ldea~l  chain (1-3). Northern 
Paleoindiail cultures appear to begin ~ v i t h  
C l o ~ i s  and Folsom, ciated from - 11,200 to 
10,900 and fi-om -10,900 to 10,200 years 
before the present (yr B.P.), respectively, and 
end in the earl\; Holoce~le 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 moci- 
els, Paleoi~ldia~ls were coilsidered to have 
lieen specia1i:eiI big-game huilters adapted to 
open, temperate, terrestrial habitats through- 
out the Americas, and such habitats have 
lieen the focus of research. Pleistocelle sea- 
coasts, now mostly submerged, h:i\,e not 
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been actively investigated. T h e  tropical rain- 
forest \\.as thought to have been a n  ecologi- 
cal barrier to Paleoindialls because it prolid- 
ed only scarce resources for h ~ u n a n  subsis- 
tence, anci anthropologists have theorizeci 
that people could not survive there before 
the iiel~elopinent of slash and lium cultiva- 
tion (6) .  T h e  rainforests citeci in the theories 
are inore varied in climate, soil, vegetation, 
and food resources than ia the archetype (7, 
S), but there has lieen little conclusive evi- 
dence for Paleoindia~~ foragers in tropical 
rainforests, due tc> a lack of concerted re- 
search. I11 this article, we present evidence 
for the presence of Paleoindians in the Am- 
azon and discuss the implicatio~ls of that 
presence for the peoplillg of the Americas. 

The Pre-Clovis Hypothesis 

Soille allthropologists  ha^^ q~~es t ioned  the  
migratic>n theory descrlhecl above, suggest- 
ing that foragers with silnplcr tools and 
more getlerallzeci s~~hsisteilce hasect o n  
plants, smaller game, and fish spread 
throughout the Anlericas long hefore spe- 
cialized blg-game hunters elid so (9-1 4 ) .  
There  is n o  ~lndisputecl evidence for forag- 
ers earlier than Clovis, however (15).  Char-  
coal and me~afauna  associated with flalted 
rocks have given consistent pre-Clo'i~is 
dates, but charcoal and flalted rocks can 
for111 hy natural processes, and fossil bones 
can be dug up and used at a later date. Most 
pre-Clovis dates associated ~vi t l l  11ulna11 
bones and undo~lbteci c~ l l t~ l ra l  re~nainc are 
rare incon~istent outliers, and disturbance or 
contanliilatioll by carbon from limestone, 
coal, or petroleum is likely ( i 6 ) .  Conclusive 
el-iclence for a n  occupatioll requires numer- 
ous concorclant clates on a ralliie of materials 
such as artifacts, human skeletons, and food 
renlai~ls in a cultural sequence from intact 
stratified deposits ( 1  7). 

South American Paleoindians 

Possible Paleoillciian artifacts have been 
icientified at sites througl lo~~t  South Ameri- 
ca. They range from simple flaked rocks and 
possibly worked bone and wood to carefully 
flaked liifacial and unifacial stone tools. T h e  
evidence from these sites fits neither pre- 
Clovis nor Clovis theories. T h e  earliest se- 
curely dated cultures are coiltelnporary with 
early Nu'orth American Paleoindia~l comvlex- 
es but have distinct subsistence patterns and 
tool coin~lexes.  T h e  few assemlilaees of 
abunda~l t  biological relnaills are usually 
characterized by ciiverse inodern species. I11 

most cases, megafauna are rare or absent. 
Diagilostic tool types i~ lc l~ lde  fishtail points, 
willow-leaf points, triangular stemmed 
points, and liinaces (slug-shaped ~lnifacial 
endscrapers). T h e  first two are considereil by 
some archaeologists to be related to northern 
Paleoindian traditions, hut triangular points 
and lilnaces are not. Triangular points are 
cc>ininon in early Holocene coinplexes of 
Archaic l ~ ~ a d - s p e c t r u m  foragers in the 
Americas, so S o ~ l t h  Alnerlcan examples 

Fig. 1. Tr~angular ,  s temmed,  b~fac ia l  spear points 
f r om the  Tapajos r ve r .  (A) Quartz crystal, 25.75 g, 
spec imen no.  1273 ,  MPEG.  (6) Chalcedony. 
19.95 g, spec imen 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 
manv South American com~lexes 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 manv other sites have 
pressure-flaked, triangular, stemmed bifacial 
points and limaces; hearths; diverse modem 
fauna and flora; pigment; and stratigraphic 
relations with rock art. These assemblages 
have numerous dates between -1 1,500 and 
8000 yr B.P. but only rare inconsistent dates 
earlier than that (1 8). , , 

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 me~afauna and - 
sometimes rock art, but pre-Clovis dates are 
exce~tional or are associated with distur- 
bance or contamination. Fuller assemblages 
with fishtail points in these and other sites 
have diverse modem and extinct fauna and 
predominantly late Pleistocene ages be- 
tween -1 1,000 and 9500 yr B.P. (20). Two 
widely separated wet sites in Chile and Ven- 
ezuela with rare bifacial willow-leaf ~ o i n t  
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 me~afauna u 

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. com~lexes 
with triangular and lanceolate points, other 
tools, and modem biota have numerous ra- 
diocarbon dates, between - 1 1,000 and 
7100 yr B.P. in the highlands and between 
-10.400 and 7700 vr 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' 46.1 48"S, 54" 04' 16.41 3"W, 80.1 8 m above sea 
level. Key: 1. Serra da Lua. 2. Gruta Itatupaoca. 3. Alto da Pedra Mirante. 4. Fonte do Miritiepe. 5. Gruta 
do Miritiepe 1.6. Gruta do Miritiepe 11. 7. Gruta da Arapug 1. 8. Gruta da Arapug 11. 9. Paituna Road site I. 
10. Abrigo da Curuja. 11. Gruta Quinze de Mar~o. 12. Pedra do Pilao. 13. Gruta do Labirinto. 14. Pedra 
Pintada do Pilgo. 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- 

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 
Lua, Monte Alegre. 
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Fig. 4. Map of lnain chamber, Caverna da Pedra 
Pintada A, snake, B, billet-shaped winged motif; 
C, concentric cross. 

illg Pleistocene glacials, rail~forcsts cxistcd 
along the Alnazon in fertile uplalliis s ~ l c h  as 
Montc Alegre, a t  the c o n f l ~ ~ e n c e  of thc  
Tapajiis and Anlazon rivers in thc  lowcr 
Amazon, Brazil (25).  

Archaeologists hacl suggesteel the possi- 
hility of Pleistocene colonizatiolls in the 
Amazon, either bv foraocrs from Asia or 
illcipiellt farn~ers irorn tiopical Africa, hut 
early- sites were expecteii to he invisible 
hccause of poor prcscr17ation and lack of 
rock for lithics (26). Suitahlc rock is ividcly- 
available, howcver, and fincly flaked hifa- 
cia1 stone points have heen recoriicil in 
several Amazonian rcgions, inchlcling the  
lower A~nazoll  r e g i o ~ ~ ,  from thc  mouth of 
the  Tapajiis river to Bel6m, Brazil, and to 
G ~ ~ y a n a  Of quartz crystal or chalcedo~lic 

rock, thc lo~ver Anlazon points are u p  to 12 
cnl lo~ lg  anii thi11, with do\-c~~-tlrrned wings 
anci contracting stcms or concave hases 
(Fig. 1 )  (27) .  Edges are fincly retouched 
with regular, continiroi~s prcssilre flaking. 

Althoilgh ~vithout elates or stratigraphic 
context, thc lovr~er Anlazon points were as- 
sumed to he early- Holoccne Archaic (27). 
H o ~ e v e r ,  ncither the noints nor flakes from 
inaking them had hcen fL)uncl in lower Ama- 
:on earl\; Holocene sites 128). F~lrthcr. thev , , , , 

iliffcreJ morpl~ologically and technically froill 
documentcd South Anlerical~ lowlanii Archa- 
ic points, ~ . h i c h  arc thick anil percussion- 
flaked, lacking the cont in~~ous pressure re- 
touching, well-articulated stems, and down- 
turncd ~vings (29). T h e  shape and technic1uc 
of lovrger Alnazon points linked thcm, insteaLl, 
to late Pleistocene triang~rlar points of castern 
South America, cited ahovc. 

Caves and Y O C / ( S / I ~ ~ ~ L ' Y S  at Monte XleLy~e.  
T o  investigate the  age of the  points, it was 
nccessary to cxcavatc a stratified occupa- 
tion site where thcv were made. W c  sur- 
vey-ed caves where deposits \-could have 
hecn nrotectcd fronl Holocenc erosion and 
se~limentation. N~linerous caves and rock- 
shcltcrs had heen recorded in thc  Paleozoic 
saneistones of Monte Alegrc by- 19tl1-centu- 
ry natllralists and 20th-ccntury spcleolo- 
gists, ge010gists~ anii archaeologists (Fig. 2) 
(30-32). Many hore cvidcllce of l l l~man  
activity in the  forin of stylizccl rock paint- 
ings (Fig. 3) .  T h e  red and occasionally- yel- 
lo\v dcsiqns (-20 cnl to 2 111 long) incluile 
gcolnetric motifs, anthropomorphic figures, 
aniinals (modcrn tasa,  apparently), ancl 
handprints of adults and chilclren. Because 
North American Paleoiniiians are not  
known for rock painting, the art was 
thought to  he Holoccne hut n o  sitcs had 
heen ex~a\rateii and iiated. 

Iclonte Alegre lies hetween blana~rs anLl 
Bc16m on the Ama;on north hank opposite 
Taperinha. T h e  much-faulted ~rplands (terra 

firme), 50 to 300 111 ahove sea level, have 
crystalline Precaml3rian hasemcnt, Paleozoic 
and Tertiary sediments, Mesozoic diahase 
~likes, hot springs, and quartz veins. Broad 
river floodplaills (v8rzca) are Quaternary- al- 
luvil~m. T h e  humid tropical inonsoon cli- 
mate (Kiippcn Ain clinlatc type) is charac- 
terized hy -2000 lnln of an~lual  rainfall. Tall 
cvergrecn forest grows 011 finc, nutrient-rich 
soils, and seasonal forest and savanna \vood- 
land grow (on nutrient-poor sandy or rocky 
soils. Widespread deforcstation from more 
than t\vo centurics of r a n c h i l l  and agricul- 
ture has created dcnsc seconiiary forests anii 
shruhhy- pastilres (25, p. 32; 32). 

S ~ ~ r v e y s  and excavations in Monte Ale,q~e. 
As p x t  of thc  Lower Amazon project (33) ,  
n.e survey-ed 21 caves, rocksheltcrs, anii open 
sitcs and satellite-locatc~l t h a n  to global 
coordinates. T o  test for the presencc of ar- 
chaeol(ogica1 deposits, sites [site l~irlnhcrs 2, 5 
throilgh 10, ancl 15 (Fig. 2)] were augered in 
levels of - 10 cln a n ~ l  nerc  lnappc~l with 
electronic clistance-measirri~~g deviccs. 

A t  Caverna da  Pedra Pintada, a paint- 
ed sanilstone cave near Monte  Alcgrc, \ye 
f o u n ~ l  stratified Paleoindian iieposits (Fig. 
4 )  T h e  well-lit, airy- main chainher is 15 
m fro111 nor th  to  south, 10 In from east to  
west, anii 6.5 111 high. Although thc  cave is 
dry- in the  dry season, moisture drips d o ~ v n  
thc  center in the  rainy season. Thcre  is a 
perennial spring ncarhy (Fig. 2,  site 4 ) .  
Ahout  130 m heloit) and 3 knl alvay are 
floodplain lakes and streams. T h c  Amazon 
nlain channel  lies ahout 10 km away. D ~ l r -  
ing the  late Pleistocene, rivcr levels were 
lo\ver and floodplaiils less extensive. 

T h e  12 aqgcr cores inside and outsiiie 
the cave revealcd t\vo arcas of deep, well- 
preserved, stratified archaeological refuse 
011 the north and ~ 0 ~ 1 t h  sides just illsiclc the  
mouth. Ulnder the paintings (311 thc  north 
cciling, wc excavateel 11 contiguous meter- 
sized silirarcs to a maximum depth of -2.25 

rock leaf root -> wood 
llthlc stlck seed 
shell - charcoal palm 

Fig. 5. Cave stratigraphy. From eft, the cross-section shows un~t 9 no~th, east, and south faces; un~t 1 south face; and unt 6 south and west faces. Nuinbered 
strata are preceramic. Scale is in centmeters; dashed lines indcate faint boundaries. 
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m from surface to bedrocli (34). T h e  strati- 

graphic column (Fig. 5) included 20 nlaiil 
archaeological strata In four groups from 
hedrocli to suri;ice: -50 cm o t  sterile sand 

dle Holocene strata contained faunal 
hone, shell, carhoni;ed plants, nliddle Ho-  
locene burials, and the  post intrusion.. 
Culturally sterile strata below covered the  
Paleoi~ldiail  deposit, n.hic11 contained 
abund;lnt carboillzed plants, lithics, pig- 
ment ,  rare faunal remains, and only a f e ~ v  
post iintrusioils and one burrow. T h e  sallcl 
anil sanilstone uilderneath ivere sterlle. 

gray sand layer 5 to 20 cm thick. Occupa- 
tion features were shallo\v hearths and con- 
centratlons of carhoilized seeds hut n o  pits 
or post holes. Strata suhdivislons could be 
excavated in only a fetv locations. Four 
i~ la in  Paleoiildiail periods coulcl be dis- 
cerilcd from substantial changes through 
time in the proportioils of lithic materl:~ls. 
Initial, early, and middle periods were con- 
centrated in stratum 17, and stratum 16 
containeil the rest o t  the  midLlle period and 
the late period. Because of uneven beilrock 
and the  loose sod, the  illtferent Paleoindian 
strata Lvere merged ill some area.. T h e  dls- 
trlhution of l ~ t h ~ c  material showed that in- 
teilslt\- of occupation increased greatll- with 

and sandstone houlilers (strata 18 through 
21),  30 cnl of late Pleistoceile precerainic 
Paleoilldlan midden (strata 16 anLl 17),  30 
cm of culturally sterile soil (strata 13 
through 1 S ) ,  and 65 c111 of Holoceile pot- 
tery-age nliddeil (strata 1 through 12).  

L3isturhance and preservat~on in the  
dr\- sandy soil clim~nished with depth. Late 
prehlstorlc layers colltaiilecl faunal hone, 
shell, ilry and carl~onizecl plant remains, 
snlall root intrusions, hurroi\-s, cattle a a l -  
lotvs, and a post structure. Early aild miil- 

Pleistocene Occupation 

Paleomdian strata. There ivere tv-o maln 
strata in the Paleolllcliall deposit. T h e  lon.er 
a.as stratum 17, a blackish sand layer 10 to 
25 cm thlck. Ahove was stratum 16, a clark 

Table I .  Dstrbuton of I t hc  materals n Paeondan levels. N, S, E, W, and C refer to horzonta subdvsons of levels. Counts n parentheses are less than 75 
total specmens and have stat~st~cally unreable percentages. Unt  5 float screen salnples (except level 13) and unt  7 screen samples were lost. 

Excavaton nforlnaton Rock types 

Chalcedon~c 
rock 

Quartz Quartz 
brecca ctystal 

Totals 

!I !/b 17 Sc 

Per~od Level Prov, no. Strata 
Depth 
(cm) 

Late 
Mddle/Earv 

Base 15/16 
17 
18 

Totals 

Mddle 
Mdde/Eary 
Early 
In~t~al  

Base 15, top I 6  
Base 16, top 17 
Top 17 
Base 17 
Base 17 

Totals 

Early 

ln~t~al 

Base 16, top 17 
17 
17 
Base 17, top 18 

Totals 

Mdde/Late 
Early 
Inital 

16 
Top I 7  
17 
Base 17 
Base 17, top 18 

Totals 

Late 

Mdde/Early 
Early 
Intal/Eary 

Totals 

Mddle 
Eariy 

In~t~al 
Totals 



time ailcl that campii~g locatlor1 shlfted 
sl~ghtl\-. Units 3 ai-iil 4 at the slope of the 
cave nal l  lacked Paleoindian strata. 

Lithe tools. In all, we counted 24 tormal 
tools and Inore than 30,000 flaltes from 
toolillaking in  the  Paleoind~an strata. In  
contrast, there were fell-er than 150 lithlcs 
in  the  other layers. 

As iilentlfied by t11111 sectlolls and petro- 
gK3pllic illicr~scopy correlateci with s-ra7- ciif- 
traction, the primary roclcs n-ere chalcedonlc 
rock (35), ~luarts crystal, and iluarrz breccia 
(fault- or shear-zone polycrystallme quartz 
from recry~tallize~d sandstone). Shale, volca- 
nic rock, granodlorite, microdior~te, and 
granite l l~ade up less than 0.001%. All the 
roclts occur in  the municipalit\- but noile are 
from the cave, \vhose friable sanclstone is 
composed of silt and subroundeii quart: 
grains joiiled by micropart~cles o t  ila\-s and 
iron oxyhydrosides. The  propc~rtions ot  the 
mall1 rock t\-pes changed steadlly over time 
(Table 1 ) .  Chalcedony, the illost abundant, 

Table 1. (cont~nuedj 

lnacle up -30 to 40% during the imtial 
period, 40 to 70% in the early perlocl, 70 to 
90% In the middle period, and 90 to 98% in 
the late period. Quartz crystal illaile up -50 
to 30% of the lithics i i ~ ~ r i i ~ g  the ~ni t la l  peri- 
od, 30 to 15% 111 the  earlv period, 15 to  596 
in the lnldclle perlod, and was rare or absent 
in the late period. Quartz breccla varied Ir- 
regularly, often bemg high in the initial pe- 
rioci, high to moderate in the earl]- and mid- 
dle periods, and rare in late-period deposits. 

T h e  lithics sho~v  that Paleoindians made 
triangular, steilllned blhcial points, as well as 
other tools (Fig. 6).  Techniclues of manuf~c-  
ture resemble those of other Paleoiniliail and 
upper Paleolithic complexes ( 3 6 ) .  In  all the 
periods, there Ivere percussion and pressure 
flaking, bifacial and unifacial flaklilg, heat 
treating, aind isolated platfi~rms 
with pecking and grinding. Broad bifacial 
thinning flakes anid flne, narrow, regular re- 
touching flakes are colnlnoil in all periods. 

A m o ~ l g  the  tools, 10 hifacial ancl 14 

unifacial tools were identlfled. T h e  bitaces 
included fuur points (Flg. 6 ,  A through D).  
ta.o chalcedon\- point pretcxms [Flg. 6E and 
provenience (prov.) number 82091, one 
quarts crystal l3iface (prov. 9295), one bib- 
iially retouched chalcedony blade (prov. 
9243),  and tn.o chalceclonlc rock plaques 
made o n  cobbles (pro\.. 8314 and 9203). No 
bifaces shoned near  from use, and all hut 
the  plaques had broken during manufac- 
ture. Alllong unitaces n.ere a chalcedony 
stemmeid graver (Fig. 6 G ) ,  four liinaces (Flg. 
6, H and I ;  pro\ .  8230, of chalcedony; and 
pro". 8314, of quartz crystal), five unifa- 
clally retouched flalces or I~lacles o t  varlous 
~naterials (prov. 8208, 8211, 8314, 9147, 
and 9270),  ancl four unretouched blades 
(Fig. 6F and prov. 9123, 9272, and 9287-8), 
all of clialcedony. T h e  largest limace (Fig. 
ill), blades, and flake tools had blunted 
edges, and the graver bore gloss on its upper 
and 1oa.e~ surfaces. 

W l t h  only a ten. \\,hole tools, the railge 

Excavat~on nformat~on Rock types 

Chalcedon~c Q ~ ~ a r t z  Quartz 

Per~od Strata Depth rock Level Prov no 
brecca ctystal 

-- Totals 
(cm) 

I1 @:c I7 O/O 11 40 

Late 

Middle 

Early 

ni ta l  

Totals 

Late 

Middle 

Early 
ln~t~al 
Totals 

Late 

Middle 

Early 

Totals 

Grand totals 

I OAB 
IIAB 
12A C/Nh 
12B E 
13  
I 1 
15 
16 
17 
18/20 

3AB 
4 
5 
78  SW 
6A C/E 
7A C/E 
8A C/E 
9A C 
I OAB 
1 lAB 

Top I 6  
Top I 6  
16 
16 
1611 7 
17 
17 
17 
17 
Base 17 

to 20 

15/16 
15/16 
Top I 6  
16 
16 
16 
Top I 7  
17 
17  
17 

16 
16 
16 
16  
16/17 
17 
17 
17 
17 
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of types at any time 1s uncertain and func- 
tions can be classifed only tentatively. The 
stemmed points and li~naces occurred only 
in the ~nltlal and early periods. The  blfaclal 
points could have been knives or spear, 
dart, or harpoon polnts, which In Amazonla 
today are usually socket-hafted and barbed. 
The unifaces would be suitable for wood- 
cutting, digging, or hide-worklng. 

Paintings and pigment. Stylistic variation 
and superpositions in the palntings suggested 
that more than one period was represented 
(SO). The red wall paint was iron oxide, 
~vhich cannot be dated directly, but the stra- 
tlgraphy alnd chemical composition of the 
paint gave relative chronological informa- 
tion. The Paleoindian strata contalned 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 

was identified In Holocene layers: a late 
prehlstorlc 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 Paleoindlans and knee- to an- 
kle-level for Holocene people. 

T o  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 palntings ( 5  above the 
excavation block and 1 In a secondary 
chamber); 10 of pigment from Paleolndian 
layers; and 4 control samples from Paleoln- 
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. 

2 crn 

I 
2 crn 

Fig. 6. Artifacts from excavations. (A) Trlangular, bifacal, stemmed quartz crystal pont, prov. 9272.3 4 g. (B] 
Trlangular bifacial chalcedony point tip with red pigment, prov. 9203, 18 g (C) Blfaclal chalcedony point 
fragment, prov. 8209, 2 5 g. (D) Contracting stem of bifacla chalcedony polnt, prov 9248, 2.5 g (E) 
Chalcedony blface fragment, prov. 9206, 12.5 g. (F) Chalcedony blade fragment. prov. 9290. 5.5 g. (G) 
Chalcedony unlfacial graver, prov. 9145, 16 g (H) Chalcedony limace with graver tip and red pigment, prov. 
834c, 72 g (I) Quartz breccla Imace, prov. 9290, 250 g. See Table 1 for excavation unlts, levels, depths, strata, 

Under the scannine electron micro- - 
scope, all pigment samples were phys~cally 
similar: a fine red powder colnposed primar- 
ily of quartz 1 to 200 pln in size and of 
ferrue~nous laterite rich In hernatlte, a c o n -  - 
mon ~ron-rich material also present in the 
lithics and cave rocks. No concentrations of 
laterite that could have served as piglnent 
were observed in the cave rock, but fossil 
laterlte is common in the region. The cave 
pigment was varlable 111 composition even 
withln a design (see the different results on 
sample 111, Table 2). Secondary compo- 
nents included ~llite,  kaollnlte, eoethlte. , " 

glbbsite, alnd gypsurn. 
Among elemental components, Fe/T1 ra- 

tios may be diagnostic of piglnent sources 
(38) (Table 2).  Most paints and pigments 
had Fe/Tl ratios above 50. These [2/2, 213, 
214, 114 (prov. 8231), 215 (prov. 9214), 217 

and perods for provenence numbers 
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(~ rov .  8314), 219 ( ~ r o v .  8345), 211 1 (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 F e p i  ratios below 50. 
These [1/2, 113 (prov. 8344), 216 (prov. 
8202), 2/10 (~ rov .  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 [Ill,  211 ( ~ r o v .  9203), 218 
(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 (111, 
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. 
pan/ifolia 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 rnrn 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. parwifolia and oblongifolia (Leg. Caesal- 
pinioideae)] (Fig. 7A), achuii [Sacoglottis 
guianensis (Humiriaceae)], and pitomba 
[Talisia escuknta (Sapindaceae)] occurred in 
many levels. Brazil nut (castanha do Parii) 
[Berthoktia excelsa (Lecythidaceae)], muruci 
da mata [Byrsonima crispa (Malpighiaceae)], 
apiranga [Mouriri apiranga (Melastomata- 
ceae)], and taruma [Vitex cf. cymosa (Ver- 
beaceae)l occurred in several levels. , * 

Jutai is a leguminous tree of terra firme 
forests, high vsrzea, 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. 
Achuii is a common lower Amazon rainfor- 
est tree 18 to 20 m tall that bears edible 
starchv 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 
(group/sarnple no.) Fe/Ti 

Samples of paint from the cave wall 
Concentric crosses design (1 /I); 17.V 

second sample from concentric 8.V 
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) 299.1n 
Pottery sherd (2/6) 11.6 
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 13) 8.5 
Cave sandstone (2/13) 12.8 
Chalcedony chip (2/15) 7.0 
Chalcedony chip (2/16) 21.9 

'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 taruma is a vsrzea tree whose fruits 
are used for fish bait. 

The common palms were sacuri (Attaka 
microcarpa), tucuma (Astrocaryum wulgare), 
and cum5 (Attaka 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; sacuri and cu- 
rug 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 (so. Cryp- 
todira, Testudinidae) and aquatic turtles 
(s.o. Pleurodira) were often juvenile. Bi- 
valves were freshwater pearly mussels. Fish, 
the most abundant fauna, include pirarucd 
(Arapaima gigas), traira (Hoplias rrdabari- 
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 labs 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, l a 
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 2a 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 early 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
ities (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 spectrometry and conventional radiocarbon dates; 
carbonized; frag., fragment; B, Beta Analytic. 

Carb., 

Material 

Initial period 
Wood char. frag. 
Carb. Attalea microcarpa seed 
Carb. Astrocaryum vulgare seeds 
Carb. A. vulgare seeds 

Initial period 
Carb. Attalea microcarpa seed 
Carb. Astrocaryum vulgare seeds 
Carb. Attalea microcarpa seeds 

Initial period 
Carb. A. microcarpa seeds 
Carb. Astrocaryum vulgare seeds 
Carb. Attalea microcarpa seeds 

Late period 
Carb. A. microcarpa seed 
Initial/early period 
Carb. palm seed 
Wood char. frag. 
Wood char. frag. 
Carb. A. microcarpa palm seed 
Carb. A. microcarpa seed 
Carb. A. spectabilis seed frag. 
Wood char, frag, 
Carb, A. spectabilis seed 

Early period 
Wood char, frag, 
Humate from same 
Carb, A. microcarpa seed 
Humate from same 
Wood char, frag, 
Humate from same 

Prov. 
no. 

8231 
8231 
8231 
8231 

8314 
8314 
8314 

8345 
8345 
8346 

9142 

9147 
9147 
9147 
9147 
9147 
9147 
9148 
9148 

9204 
9204 
9204 
9204 
9204 
9204 
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Date 
(yr. B.P.) 

Unit 2 

10,450 
10,560 
10,905 
11,110 

Unit 5 

10,392 
10,875 
11,145 

Unit 6 

10,275 
10,655 
10,305 

Unit 7 

10.230 

10,260 
10,290 
10,300 
10,320 
10,390 
10,450 
10,280 
10,330 

Unit 8 

10,370 
10,330 
10,380 
10,510 
10,480 
10,570 

+ 
-+• 
+ 
-+• 

-+• 
+ 
-+• 

-+• 
-+• 
-+• 

+ 

-+• 
-+• 
-+• 
-+• 
-+• 
-+• 
-+• 
-+• 

-+• 
-+• 
-+-
+ 
+ 
+ 

60 
60 
295 

310 

78 
295 
135 

275 
285 
275 

60 

60 
80 
60 
70 
70 
60 
70 
60 

70 
70 
60 
60 
70 
70 

813C 
(per mil) 

-23.5 
-21.2 
-20.7 
-23.2 

-23.6 
-22.5 
-21.6 

-21.7 
-22.8 
-22.7 

-26.8 

-25.8 
-27.6 
-27.7 
-23.1 
-22.1 
-23.3 
-16.6 
-22.5 

-26.6 
-27.8 
-25.8 
-25.0 
-24.8 
-25,2 

Lab no. 

B76952CAMS 
B76953CAMSf 
GX17407 
GX17406 

GX17400CAMS 
GX17414 
GX17413 

GX17421 
GX17420 
GX17422 

B75001CAMS 

B75002CAMS 
B75007CAMS 
B75004CAMS 
B75006CAMS 
B75003CAMS 
B75005CAMS 
B75008CAMS 
B75009CAMS 

GX19525CAMS 
GX19525CAMS 
GX19524CAMS 
GX19524CAMS 
GX19526CAMS 
GX19526CAMS 



appears to represent a temporary canlp 
visited briefly from main camps near the 
flood~llain. 

Abo1.e and intrudi~lg into the Archaic 
deuosit n.as material of the Aroxi culture. 
The material incl~ided reddish-orange pot- 
tery sherds, carbonized tree fr~lits, remains of 
turtles a~nd fish, and a b o ~ ~ t  five poorly pre- 
served human burials. Bon.1~ and thick erid- - 
dles, ~lsed today for cooking manioc, were 
present. The pottery had grit temper and rare 
shallow, broad incisions. It relates to lowland 
South Anlerican Formative horizons, -4000 
to 2000 yr B.P., thought to represent the 
spread of pottery and root hilrticulture (45). 
Radiocarbon dates on a carbonized curu6 
seed, a human molar, and a human cranium 
were 3603. 3410. and 323L7 yr B.P. 

Above that layer was a substantial mid- 
den of pra\--brown soil \\,it11 dried and car- ~, , 
bonized plants; faunal remains; lnlmerilus 
gray, sponge-tempered pottery sherds; rare 
lithics; and cordage, htore than 3L7 posts of 

Table 3. (contlntred) 

an oval structure n.ere still in place. Dried 
cobs of malre related to Corilicil and deco- 
rated gourd fragments directly document 
prehistoric agriculture (46). Broad-spec- 
trum year-round hunting, fishing, and gath- 
ering are indlcatecl by the n-ide 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 cashen. (Anncnrdlum occide~ztnle), 
which appear to have spread into the area 
as increased clearillg opened forests and 
reduced precipitation (47). 

The  Lmtterv, ilccasionall\- decorated with 
red paint or incisiilns, relates to the incised 
and punctate horizon associated with the 
spread of lil\\~land South American cilmplex 
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 silcieties, A.D. -40L7 to 1100 (33, 

Prov. Date 6I3C 
no. (yr. B.P.) (per mil) Lab no. 

Early period 
Wood char, frag, 
Humate from same 
Carb. A. microcarpa seed 
Humate from same 
Carb. A, microcarpa palm seed 
Humate from same 

Early perod 
Carb. A. microcarpa seed 
Humate from same 
Humate from A, microcarpa seed 
Carb. A. microcarpa seed 
Humate from same 
Carb. A. microcarpa seed frag. 
Humate from same 
Wood char. frag. 
Humate from same 
Wood char, frag. 
Humate from same 
ntal  perod 
Carb. A. microcarpa seed 
Humate from same 
Humate from carb. A ,  microcarpa 
Carb. A. microcarpa seed 
Humate from same 

Late period 
Carb. A, spectah~lis palm seed 
Carb. wood frag. 
Early period 
Carb. A, microcarpa seed 
Humate from same 
Wood char, frag. 
Humate from same 
Wood char. frag. 
Humate from same 
Humate from A, microcarpa seed 

Unit 9 

9245 10 260 I 70 
9245 10,210 i 60 
9245 10 420 i 70 
9245 10,250 i 70 
9246 10,370 I 60 
9246 10.180 t 60 

Unit 70 

9272 10110 t 60 
9272 10 190 i 60 
9272 10,190 t 50 
9272 10 290 I 70 
9272 10 330 i 70 
9272 10,290 -t 70 
9272 10,120 I 70 
9272 10310 i 70 
9272 10,210 -t 70 
9272 10,360 i 60 
9272 10,220 i 60 

9274 10,250 i 70 
9274 10 470 t 70 

seeds 9274 10,350 I 70 
9274 10,410 i 60 
9274 10,390 t 70 

Unit 1 I 

9290 10210 t 60 
9290 10,360 i 50 

9294 10,A50 i 60 
9294 10,000 t 60 
9296 10,390 I 60 
9296 10,230 t 60 
9296 10,470 i 70 
9296 10,000 i 60 
9296 10,490 t 80 

GX19530CAMS 
GXl9530CAMS 
GXl9529CAMS 
GXI 9529CAMS 
GXI 9531 CAMS 
GX19531 CAMS 

GX19523CAMS 
GX19523CAMS 
GXI 9540CAMS 
GXI 9540CAMS 
GX19539CAMS 
GX19539CAMS 
GXI 9541 CAMS 

'Uncabrated, 6'" corrected, ~n radiocarbon years before the present, .I-CAIviS refers to the acceleratol. at Law- 
rence h\/ermore Laborator!, Unl\/erslty of Caforna. 

48). Rare uercuss~o~n-flaked lith~cs n.ere 
il~lartz breccia, chalcedony, mafic villcan~c 
rock, and granite. There were no points or 
point fragments, but trvo ground-stone axe 
fragments and a faceted pigment rock were 
found. The cciltc~re, P a r i ~ 6 ,  has tv70 radio- 
carbon dates on charcilal and a wood post, 
675 and 430 yr B.P. 

Conclusion 

The h u ~ n a n  presence in Caverna da Pedra 
Pintada during the late Pleistocene is estab- 
lished by numerous artifacts of rocks exiltic 
to the cave. A humid tropical environnlent 
is documented by abundant carbonized 
plants, the 613C ratios, and relnains ilf fau- 
na. The  age is established by a large series of 
dates that are comparable in age regardless 
ilf labilratory, tech~iique, and type of mate- 
rial used. The  dated materials are associated 
in stratigraphic context at the beginning of 
a lorg cultural secluence. There is no pre- 
human biological material that could have 
mixed with the cultural remains, which are 
stratigraphically separated from later Holo- 
cene asselnblages by a culturally sterile layer. 

The cil~iclusiil~i to be drawn from the 
excavations and analyses is that the Monte 
Alegre Paleoindians were rock-painti~ng 
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 pilints were Holocene \\,ere not sup- 
ported by the evidence. 

The discovery of Paleoindians along the 
Amazon confirms earlier evidence that the 
Paleoindian radiation was more co~nplex 
than current theories provide for. Paleoin- 
dians traveled far and developed diverse 
cultures. Although Amazonians shared 
sillne lithic technology with North Ameri- 
can Paleoindian cultures, they had different 
for~nal tools, art styles, and subsistence 
practices. The  existence of a distinct cultur- 
al tradition cilntelnporary with the Clovis 
tradition but more than 500L7 miles to the 
south does not fit the notion that the North 
American big-game hunters were the sole 
source of nlieration illto S C ~ L I ~ ~  America. 
Clevis is evidently just one of several re- 
eional traditions. Clearly. Paleoindians 
were able to adapt to a 'broad range ilf 
habitats. In the Amazon, they developed a 
long-term adaptatlon to the humid tropical 
forest. Although some points in the cave 
\\,ere presumably used for hunting larger 
fauna, the biological renlains reflect not 
specialized big-game hunting but general- 
ized foraging. Recent research suggests that 
North American Paleoindians may ha1.e 
had broader ecilnomies, as \\,ell (49). 

The cultural sequence exemplified by 
Caverlla da Pedra Pintada and other Ama- 
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Table 4. Luminescence age estmates and radioactivity data for t h c s  and sedment from Paeondian levels in calendar years before the present. 

Samples IJ- Th* K- Internal dose rate$ Annual dose Age External 

(ppm) (ppm) (56) dose rate-: 
(pGy/year) (Gy) (years) 

Brecciated quartz flake wth percusson 
platform (prov. 9270) 

Pressure-retouched tool fragment of 
chalcedony, heat-spalled (prov. 9270) 

Chalcedony flake (prov. 8344) 
Flake of chalcedony with cortex (prov. 9290) 
Chalcedony bifacia reducton flake, 

heat-spaed (prov. 8344) 
Chalcedony bifacia reducton flake, 

heat-spalled (prov. 8344) 
Brecciated quartz flake (prov. 8231) 
Sediment (prov. 8231) 
Heavy fraction from screened sediment 

(prov. 8231) 
Sediment (prov. 8231) 
Chalcedony bifac~al reduction flake, 

heat-spaed (prov. 9292) 
Chalcedony b~facial reduction flake, with 

heat-spalling (prov. 8346) 
Chalcedony b~facal reduction flake (prov. 

8231) 
- -- 

'The U Th, and K contents of the dated t h i c  samples were measi~red by neutron actvation anayss at the nsttut  Perre Slje (CEN, Saclay, France1 and each has an error of i-10% 
(57). ;-The nterna dose rate was calculated w ~ t h  the specfic values glven in (58:. Then contrbuton was deduced from fine-gran measilre~ments 1591. :!:The ex~erna dose ra;e 
was deduced from sedment samples analyzed by hgh-purty spectrometv, whch made t possbe to check the steady-state eclu~l~br~um o' the U seres It n c l ~ ~ d e s  a cosmc dose 
rate contrbution of 85 kGy/tear 1601. The y dose rate was calculated ,with the assumpt on of a mean water value of 19?/n per weght. 

zclnian sites shows that earlv human evolu- 
tion was not se\~erely limited in humid trap 
ical environments as conmared \xrith others. 
Rather than a sillgle archetypal human ad- 
aptatiiln to the tropical forest for all time, 

we see a dyna~n ic  trajectory (48, 50 ) .  Pleis- 
tocene foraging hands gave way to fishing 
villages along raterways in the early Holil- 
cene. Horticulture was then adopted and 
the  use of pottery spread. During the Chris- 
tian era, populous agricultural societies with 
complex orga11i:ation appeared in several 
areas. T h e  European conquest disrupted and 
deci~nated native societies. ~vh ich  were rel- 
egated to the perpheries, often to poorer 
land, where they live today by shifting cul- 
tivation and foragirg, surri~unded by outsid- 
ers. Present-day nati1.e life\vays thus reflect 
adaptation not only to  the en\-irilnment hut 
also to life in post-colilnial nations. 

T h e  great contrasts bet\veen ancient and 
modern life\vays in Alnazonia create prilb- 
le~ns  for research ill1 human evill~~tii ln that 
relies rrilnarily o n  modern tropical forest 
Indians as nlodels for Paleolithic adaptations 
(51 ). T h e  evidence from actual developmen- 
tal sequences sho\vs that tropical forest peo- 
ple in South America are not p r ~ ~ n a r y  hunt- 
er-gatherers and do not descend directly 

histor\- of Ama:onian forests, comprehen- 
silre, well-dated paleoecillogical iequences 
are lacking for most regions (54) .  From the 
late Pleistocene on, however, there exist 
archaeolilgical sites containing iliverse biota 
that people gathereil from wide territories 
and ileposited in stratified cultural deposits. 
Like paleontillilgical and pal\-nological as- 
sernblages, archaeological remains hold only 
a subset of the total biological community of 
the time, but the\- inclu~le a broailer range of 
identifiable, datable specilllens than do non- 
human deposits. Amazonian archaeology 
thus holds potential evidence concerning 
the histor\- of tropical habitats. 

Archaeological and ethnohiltanical evi- 
dence sho\vs that Alnaroniall forests once 
thought to he virgin were settled, cut, 
burned, and cultivated repeateilly during 
prehistoric and historic times, and that hu- 
man activities widely altered topography, 
soil, and Lvater quality (7, 8, 48, 50, 55) .  
Substantial biodiversity patterning appears 
to he associated with such human activities 
(56).  Given the  nature of the  human occu- 
patiiln, it ceelns reasonable to acknil~vledge 
a human role in the de~el i lpment  of lancl- 
forlns and biotic c o m ~ n u n ~ t i e s  in Ama:onia 
over the millennia. Research on tropical 

259, 46 (19931. 
3. T C. Lynch. n Early Souti; Arne,-icans, J. E Jen- 

nngs, Ed, (Freeman, San Francsco, CA, 19831, pp. 
87-1 39 

a The Clov~s trad~t~on was t l i o~~gh t  to have begun 
12 000 to 11,500 years ago, but dates that early are 
no longer consdered valid [C \I. Haynes Jr., n 14C 
Dating and rhe Peooling o f  rile A'ew I/r/o~ld. R. E. 
Tay,or, A. Long, R S. Kra Eds. (Springer-Verlag, 
Nev! York, 19921, pp. 355-3743, Dates ear e r  than 
11,200 yr B P. are oiltiers or are assocated with 
d st~~rbance or possbe contamnation from old car- 
bon, ~ L I C ~  as Ign~te coal [for example. G Fr~son, n 
Clovis. Origins andddaptaoons, R Bonnschen and 
K. L. Turnmise, Eds (Center for the Study of the Frst 
Amer~cans, C o w a s ,  OR 19931, p. 1351. Most Co -  
v s  and Fosom dates were run on combned sam- 
ples of wood charcoal. 

5. Common n the Clov~s tradit~on too complex are 
fluted and ~ ~ n f l ~ ~ t e d  anceoate b~faces, blades and 
flakes, scrapers made on blades and flakes perfo- 
rators, and n some sites, cobble :oos. 

6, R. C Baey  eta1 , A n .  Anttlrouo!. 91. 59 (1 989); T. N. 
Headland, Hum, Ecol 15, a63 11987v R, C, Baey  
and T. N. Headund, ibid 19 261 (19911 

7. A, C Roosevet and A, Haler, organzers, Amazonia. 
A Dy~iamic Habitat, Past, Present, and Furure (taped 
symposium no 25-2. M A S  Wash~ngton, DC, 
19901; S Beckerman, An; Anrhroool. 81, 533 
(1 979). 

8. A C. Roosevelt,Adv Ecoi?. Bor. 7, 31 (19891, and n 
Advances if? Historical Ecologv, 'W, Baee, Ed. ~ C O -  
I ~ ~ m b a  Unv. Press, New York n press1 

9, G. R, Wley,  An !i;t~-oducoo~? to A:nencan A/-chaeol- 
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fro111 the ancient hunter-gatherers (6,  8, 52). forests can benefit by taklllg into accou~l t  10 A L. Bvan, Ed., Early if1 A:nenca from a Cir- 

Where primary filraging was supplanted by the long-term effects of both past and cu:n-Pacific Perspective (Archaeolog~cal Research- 
es Internatonal, Edmonton, Alberta, Canada, 1978: 

staple cropping thousanils of \-ears ago in this present human activities. 11. A L Bvan. Ed New Evidence for the Pleistocene 
way, early prehistoric cultures offer evidence ~ e o ~ / i i ? i  o i  the Americas {Center for the S : L I ~ ~  of 

for its rille in human behavior (53). REFERENCES AND NOTES Early Man, Orono, ME, 1986: 

Amazon archaeology also offers evidence 12. R.  G. Bednark, A17nqiiity 81 101 (1 989). 
1 B. M Fagan, The Great Journey (Thames and Hud- 13. T. D. Diehay, G A. Caderon G. Pol~tis, M. Betrao, 
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urn specmens Prel~rn~nary ~dentlflcatons were by \ / I .  L 
Rlbero. Monte Alegre. Information about tarumi \bas 
contributed by N. Sm~th and W. Balee Bra211 nut \bas 
~dent~f~ed by S. Mori, NYBG. Jutai was identifled by L. 
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accumulates In a sample over tme  through the ef- 
fects of natural radoactvlty from v!th~n the salnple 
and t s  Immediate envlrons Ths energy IS released 
by heat or light to produce a i~minescence slgnal 
proportional to the t ~ m e  since the last exposure to 
heat or light. The age is derved by determinaton of 
the paleodose or eqi~lvalent dose and the amount of 
radlaton necessarj to produce the natural lumlnes- 
cence signal, and d ~ v ~ d n g  tliat by the annual dose, 
whch IS the amount of rad~at~on rece~wed by the 
sample n 1 year [J. M. A~tken and H. Valladas Phi- 
10s. Trans. R. Soc. London Ser B 337, 139 11 992)]. 
The lithics were dated to ther last exposure to lieat 
(at least 400°C); the sed~ments were dated to ther 
last exposure to l~ght before depos~t~on. The Ilth~cs 
,were protected from lieat and sun to prevent reset- 
t ng  but could not be kept In the dark The chalcedo- 
ny IS protected from resett~ng by opac~iy but the 
quartz brecc~a is translucent. Matera for dat~ng ,was 
taken from interiors to m~nimize resett~ng Enwiron- 
mental dose rates were estimated from soil samples 
because dosimeters could not be placed. The OSL 
analysis was performed on 90- to 125-pm quartz 
grains prepared In a standard fashon [M. J. A~tken, 
Thennoluininescence Daring, Academc Press Or- 
lando. FL (198511. Lumnescence in quartz is known 
to have a rapdy bleacliing component and a slowly 
bleaching component when exposed to I~ght [N. 
Spooner, J. R. Prescott, J. T. Hutton, Quar. Sci. 

Rev 7, 325 (198811 OSL lneasures only the rapidly 
bleachng component. ,wIi~ch only takes a fe,w mln- 
utes to drop to background levels, usi~ally ensurng 
suffcent lhght exposure for resetting In antquity. 
The OSL signal was st~mulated by green lght and 
the emsson ,was collected through ultraviolet f ters 
The lght \bas produced by a h~gh-intens~ty quartz- 
tungsten halogen lamp, wliose beam was collimated. 
passed tlirough 550 20-nm Interference fllters, and 
dlrected to the sample vla f~ber optcs The paleodose 
was evaluated by comblnaton of addtl\/e and regen- 
eraton grot~dli cuwes, constructed from singleaquot 
analyses [G A. T. Duller, Nucl. Tracks Radiat Meas 
18, 371 (1991): J. R Prescott. D. J. Huntley. J. T 
Hutton.dncient TL 11, 1 (1 99311. The annual rad~oac- 
tiv~ty ,was measured on tlie sedment samples by 
hgli-resouton gamma spectroscopy. No dsequll~b- 
rlum was detected in tlie decay chans. Tliese results 
agreed v!~th the external doses obtaned for the lithcs 
at the Glf lab. CERNS-CW. The exper~mental proce- 
dure for TL sample preparaton and dat~ng for lithics 
lias been descr~bed elsev!liere [H. Valadas. Quat 
Sci Rev. 11 1 11 99211. A f~ssion-track study of spatal 
distribuaon of uranlum In the t h c  samples, used to 
estmate dose rates, revealed reatvely homogeneous 
dlstr~but~on of radioisotopes Moreover, there was 
good agreement between the mean external dose 
rate computed f ro~n gainma spectrometrc measure- 
ments on sed~ment samples. 32.6 ? 22 yGy~y ,  and 
the one extrapolated from sochron analysis 
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