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A B S T R A C T 

Geochemical and geochronological analyses of samples of surficial Acre Basin sediments 

and fossi ls indicate an extensive fluvial-lacustrine sys tem, occupying this region, desiccated 

slowly during the last glacial cycle (LGC). This research documents direct evidence for aridity 

in western Amazonia during the LGC and is important in establishing boundary conditions for 

LGC climate models a s well a s in correlating marine and continental (LGC) climate conditions. 

INTRODUCTION 

The Acre Basin i s the westernmost subbasin of Amazonia and i s geo log ica l l y defined by 
the Iqu i tos Arch , which separates i t from the upper Amazon Basin (Figure l a ; Asmus & Porto, 
1972). D r i l l core p ro f i l es through the upper 5 km of the basin indicate that the Acre Basin 
was transformed during the Andean orogeny from a continental margin to an intracontinental 
set t ing (Miura, 1972). The su r f i c i a l sediments of the basin invest igated in t h i s study, are 
considered to be representative of the Solimoes Formation, characterized by clay sediments, 
in which are intercalated sand banks, l i g n i t i c lenses , gypsum veins and calcareous concret ions 
(Rego, 1930; Santos , 1984). 

This study documents detai led geochemical data from a se r ies of Acre Basin sediment 
samples col lected along the upper Purus and lower Acre Rivers (Figures l a , lb) with the 
intent ion of achieving a better understanding of the geological h is to ry of the Acre B a s i n . 
A l s o , documented here are the f i r s t AMS (accelerator mass spectrometry) radiocarbon dates for 
Western Amazonia. 

EXPERIMENTAL 

Sample Col lec t ion and Descr ipt ion 

In 1986 samples were col lected at 11 s i t es along the upper Purus River in the v i c i n i t y 
of Boca do Acre (Figure l b ) . In 1989 sediment samples were col lected from a s i t e on the 
lower Acre River at which sc i en t i s t s from the Univers i ty of Acre had found v i r t ua l l y complete 
skeletons of rep t i l i an fauna (Figure l a ) . This f inding indicates these sediments have not 
been s i g n i f i c a n t l y reworked since depos i t ion. 
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η) P u n » H W Sites 

Table 1 
Sample Descriptions 

Sample Description 

Q86 P-6 (top) 

P-7 

P-8 

p-g 

P-10 

P-11 

P-12.12A 

P-13(top) 
P-14 

P-15 

P-16 

P-17 

Q 8 6 P-18A 

Ρ-1ΘΒ 

P-18C 

P-19 

P-20 (top) 

P-21 

P-22 

P-23 

P-24 

P-25 

P-27 

10 m profile nf rivorhnk sediments 

sediment enclosing 

carbonate concretions found at water level 

1 m prode through clay sediment to arrompany detailed coleetion for 
patynology studies 

sample from riverbank (mid-profile) 

conglomerate sample from "lajero" 

pyrite sample 

pyritized wood sample dated at >25,000 a B P . 

sample of sediment encloitng 

carbonate (aragonite) concretion 

2 m pro Me through day sediments 

clay sample 

carbonaceous clay sample 

sediment samples from "lajeiro" 



C o l t 

S f a Semole Description 

7 Q66 P-30 

P-31 

P-32 

P-33 

gypsum-rich sample 

sediment enclosing P-30 

sample of 'indurated* sodimont crust 

7 

P-34 

P-36 

Οβ6 P-37 

1.2 m profile through heavy clays for patynotogy studies 

catcite carbonate apatite concreson 

• 

P-38 

P-39 

organic-rich sample 

gypsum rich sample 

P-40 sample of sediment enclosing organic-rich unit containing 

P-43 »ee trunk dated at 45,180 a B P . 

8 P-44 sedlmenl sample from lowr riverbank 

P-45 sediments from upper (recent) sediments 

P-46a,b 

β Q66 P-40 temple of "conglomerato" 

io P-51 

P-56 

sediment enclosing samples ol wood, shells. Hah bones and 

seed dated a l 32,160 a B P . 

IR 

P-53 

P-57 
P-58 

P-59 

sample of overlying sediments 

0.8 m profile through heavy clays for patynotogy studies 

11 Q86 P-60 (top) 

P-61 
P-62 

4 m profile through sediment 20 m above water level 

P-63 

P-65 

P-66a 
P-66b 

P-67a 

1.5 m pro*e through sediment terrace ~2 m above water level 

17 Q86 P * 9 sample of "Várzea" sediment 

15 086 P-68 

P-72 

P-74 

wood sample (45,190 a BP) entrained In sediment 

sample of recently deposited sediment 

sample of sandstone 

Most samples are from a se r ies of p ro f i l es through r i ver bank sediments (S i tes 1 , 1R, 
4 , 7, 7, 1 1 ; Table 1) on the upper Purus River . Samples from a p ro f i l e on the lower Acre 
River ("200 km south of the Purus River s i t es ) provide an assessment of the geochemical and 
geochronological s i m i l a r i t i e s between sediments from the 2 loca t ions . The c lay -s i zed material 
(Figure 2a) predominant in these samples i s considered to have been la id down in a lake bed 
deposit ional environment. Calcium carbonate (CaC03) concret ions (Figure 2b) and gypsum 
(CaS0 4.2H ?0) were commonly intercalated with the clay sediments. A prominent 1 igni t ic sediment 
lense was found at s i t e 7 (Purus R i v e r ) . 



b) Acre River Site 

Site Sample Description 

1 089 A-1 (bottom) 
A-2 
A-3 
A-4 

A-5 

4 m pro We of day (lake bad) sediments 
beginning from water lavei 

A-6 recent sediment deposited over clay 
sediments 

ΟββΑ-Β rapttfert bone from uppermost day 
sediment layer (089 A-5) 

Q89A-Ca an arai)on ite concretion entrained in 
sediment -4 m below uppermost day 
sediment 

AIMW ·9β wood entrained in sediment ~4 m below 
uppermost day sediment 

Sample Analysis 

Major and minor element compositions were determined using X-ray fluorescence (Table 2a, 3a) and 
inductively coupled plasma (ICP) optical emission spectrometry (Table 2b, 3b). X-ray diffraction (XRD) was used 
to determine the major minerals in each sample. 

AMS radiocarbon age dates were determined for samples of carbonate concretions and biological 
materials entrained in sediments (Table 4a). 1 3 C , 1 80 and " 'S r / ^S r isotopie ratios were determined in samples 
of carbonate concretions (Table 4b). 

Mineral and Major Element Compositions 

The c las t ic sediment samples are composed mainly of oxides of Al and Si (Tables 2a, 2b) bound mainly 
as quartz and kaolinite. Complex clays, feldspar, hematite, goethite and calcite are trace constituents. Siderite, 
aragonite and gypsum are also common trace const i tuents, but, in some samples, these are major phases. 
Gypsum appears both as selenit ic gypsum and as elongated crystal aggregates up to 3.5 m in length in f i l l ing 
sediment cracks (Figure 2c ) . Traces of f luorapati te were observed in some samples and one carbonate 
concretion contained mainly calcite and carbonate apatite. 

The extent of chemical weathering in the c last ic sediment samples was quantified using a 1 'chemical 
index of a l te ra t ion" , CIA, which i s based on a feldspar weathering model (Kronberg & Nesbitt, 1981; Kronberg 
et a l . , 1986) and calculated using the following ratio of oxide concentrations expressed in moles: 

CIA = [A1 ? 0 3 / (A1 ? 0 3 + CaO* + Na20 + K ?0)] χ 100, 

where CaO* represents calcium associated only with s i l i ca te phases. CIA values range from "50 for 
average upper crust , to ~100 for the most highly weathered continental materials. The assumption i s that 
continental crustal materials with similar source regions and chemical weathering histories would have similar 
CIA values. 

Generally high CIA values (CIA > 80; Tables 3a, 3b) for the sediment samples collected for this study 
indicate that these sediments have undergone intense chemical weathering. Most values for the surf ic ia l 



Fig. 2a « (Upper left) - Profile of clay lake bed sediments. 

Fig. 2b - (Upper right) - Calcium carbonate (aragonite) concretions embedded in lake sediments. 

Fig. 2c - (lower left) - Vertical rows of elongated gypsum crystals infilling sediment cracks. 

Fig. 2d - (lower right) - Tree trunk (radiocarbon ae 45,180 ± 490 a BP, sample Q86-P-43) 
protruding from carbon-rich clay sediment layer. 



sediment samples representing the lakebed environment are clustered around the mid-eighties indicating that 
the sediments have similar chemical westhering histories and source areas. 

Minor Elements 

In general minor element concentrations (Table 3a, 3b) are within a factor of two of their crustal 
abundances (S , 340; V, 136; Cr , 122; Co, 29; Cu, 68; Zn, 76; Rb, 78; S r , 384; Y, 3 1 ; Zr , 162; Nb, 20; Mo, 
1.2; Ba, 390; Pb, 13; Fairbridge, 1972). Exceptions are Zr in the most intensely chemically weathered samples 
at si te 11 (Purus River) , in samples of modern sediments (Q86-P-45, 69, 72) and in "conglomerate' ' samples 
(Q86-P-16, 17). S in samples from the Acre River s i te i s concentrated 20-40 fold relative to i ts crustal 
abundance. S could have been concentrated to these levels by biorganic processes operating on the active 
lake floor. A similar explanation is offered for Mo, which also has a strong bioaffinity, being 2-7 times enriched 
with respect to i ts crustal abundance. The strong decrease in S in the uppermost clay lake bed sample (89-
A-5) may be indicative of sulphur oxidation and incorporation into gypsum as the lake bed desiccated. At 
the Acre River s i te the modern sediment sample (89-A-6) is distinguished from the underlying clay sediments 
by i ts relatively lower (up to 2-3 times) concentrations of minor elements. 

Geochronology 

Three samples from the Acre River s i te were radiocarbon dated using AMS (Table 4a) . A reptil ian bone 
sample fron the uppermost lake bed sediments have an age date of 23,950 ± 420 A BP. Other radiocarbon 
dates at th is s i te are from a sample of an aragonite concretion (49,110 ± 900 a BP) and a sample of wood 
(41,850 ± 490) located "4 m below the uppermost lakebed sediments. 

A wood sample (Kromberg - 1) entrained in sediments at the bottom of a r iver bank within the c i ty 
l imits of Rio Branco gave a radiocarbon date of 11,870 ± 70 a BP. 

Two other rept i l ian bone samples (Kronber - 2 , 3) collected during excursions prior to 1986 gave 
radiocarbon ages of 24,130 ± 330 and 12,060 ± 150 a BP respect ive ly . 

The remaining age dates are from si tes (4, 7, 10, 15) along the Purus River. At si te 4 the oldest age 
date (53,270 ± 1,850 a BP) in this study was obtained from an aragonite concretion. A pyritized wood sample 
also collected at s i te 4 gave a radiocarbon age of > 25,000 a BP. At s i te 7 a foss i l tree trunk (Figure 2d) 
protruding from a 1 igni tic lense was radiocarbon dated at "45,180 ± 690 a BP. A fossi l seed (site 10) entrained 
in clay sediment and another foss i l wood sample (site 15) have radiocarbon ages of 32,160 ± 230 and 45,190 
± 830 a BP respectively. 

U C , "O and w S r / M S r Values in Aragonite Concretions 

In the age dated aragonite concretions (89-A-Ca, Q86-P-19) the 1 80 values are typical of those for fresh 
water carbonates (Table 4b). The "C values are consistent with the biological participation in the nucleation 
and precipitation of CaC03. The greater 1 3C range of values may reflect the greater biogeochemical mobility 
of carbon relative to oxygen and hence the increased possibi l i t ies for partitioning *C relative to 1 3 C . ^ S r / ^ S r 
isotope ratios are typical upper crustal values. 
DISCUSSION 

The extensive distribution of sediments dominated by clay-sized material throughout the surficial Acre 
Basin sediments (Rego, 1930; Santos, 1984) as well as the dominance of thick clay units in dr i l l core samples 
(Kronberg et a l . , 1989) suggest that the Acre Basin has been occupied by lacustrine systems. Clay-sized 
material would be carried to offshore lacustrine waters from which i t would flocculate and deposit slowly, 
forming uniform clay units, as observed in the field and dri l l core profi les. 



Table 2(a) 
Major Element Oxide Concentrations (Weight %) 

(Purus River Sites) 

Sample Na 2 0 MgO A l 2 0 3 SiO z P A K 2 0 CaO Ti0 2 F e 2 0 3 MnO LO! 

Site 1 

Q86-P-6 0.1 0.9 13.5 667 0.2 1.8 0 5 0.8 6.8 0.3 8.2 

Q86-P-7 0.2 1.0 19.5 5 3 6 0.2 2.3 2.8 0.9 5.2 0.03 14.2 

Q86-P-8 0.9 0.5 8.3 78.7 0.1 1.7 0.6 0.9 3,4 0.1 4.1 

Q86-P-9 0.2 1.5 18.3 57.0 0.2 2.5 1.2 1.0 6.4 0.1 11.8 

Q86-P-10 0.2 1.3 19.5 56.3 0.3 2.3 1.2 1.0 4.8 0.03 13.2 

Q86-P-11 0.2 1.3 19.8 55.7 0.2 2.5 1.1 1.0 5.0 0.04 13.1 

Q86-P-12 0.1 0.3 7.2 30.5 0.3 1.1 0.5 0.6 51.1 0.2 7.9 

Q86-P-12A <0.01 0.6 6.9 22.0 0.1 0.8 35.0 0.3 2.8 0.03 31.3 

Q86-P-13 0.2 1.5 19.2 56.0 0.3 2.3 1.3 0.9 6.0 0.04 12.2 

Q86-P-14 0.2 1.5 19.8 57.8 0.1 2.4 1.3 1.0 4.1 0.03 11.8 

Q86-P-15 0.2 1.4 19.3 5 4 8 0 2 2.3 1.4 0.9 7.0 0.1 12.8 

Site 2 

Q86-P-16 <0.01 0.2 7.9 55.2 0.1 0.9 0.1 0.9 27.4 0,04 7.5 



oo 

oont 

cr 

Sample Na 2 0 MgO A I A S i 0 2 

Site 3 

Q86-P-17 0.2 0 2 3.1 50.0 

Site 4 

Q86-P-18C 0 2 14 184 58.7 

Q86-P-19 <001 0.1 0.9 3.0 

Q86-P-20 0.2 0 2 13.5 68.5 

Q86-P-21 0.1 0 4 16.8 71.3 

Q86-P-22 0.1 0.3 14.0 73.1 

Q86-P-23 0.2 1.3 18.1 59.8 

Q86-P-24 0.2 1.2 19.7 50.0 

Site 5 

Q86-P-25 0.2 0.1 3.2 49.4 

Q86-P-27 <0.01 0.2 2.0 7.1 

Site 7 

Q86-P-30 <0.01 0.2 3.6 11.7 

Q86-P-31 0.1 1.1 17.6 57.4 

Q86-P-32 0.1 0 2 8.4 61.5 

CaO Ti0 2 F e 2 0 3 MnO LOI 

0.7 0.8 0.5 0 6 3 6 0 1.4 6.5 

0.1 2.7 1.1 0.9 5.7 0.04 10.8 

0.1 0.1 53.3 0.1 0.4 <001 41.0 

0.1 1.4 0.1 10 7 2 0.03 7.3 

0.1 1.6 0 1 10 16 0 0 2 6.4 

0 1 1.9 0.1 1.0 4.0 0.02 5 2 

0.2 2.6 1.0 0.9 4.8 0.03 11.3 

0 1 2.3 0.9 0.9 3 8 0.02 20.7 

0.4 0.8 28.3 0.4 28.3 1.4 14.8 

0.5 04 2 2 0.2 57.0 1 2 29.4 

0.1 0.5 27.7 0.2 1.0 <0.01 21.3 

0.1 2.3 1.9 1.9 6.3 004 12.0 

0.4 1.2 0.3 0.8 19.2 0 8 7 1 
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Sample Na 2 0 MgO A I A S i 0 2 P 2 O 5 
κ2ο CaO Ti0 2 F e 2 0 3 MnO LOI 

Q86-P-33 0.2 1.5 18.6 57.0 0.2 2.4 1.5 0.9 5.1 0.03 12.4 

Q86-P-34 0.2 1.6 18.0 57.3 0.4 2.5 1.5 0.9 5.5 0.1 11.5 

Q86-P-35 0.2 1.1 18.8 52.5 0.1 2.2 2.5 0.9 7.0 0.03 14.0 

Q86-P-36 0.2 1.1 17.9 58.9 0 1 2.3 0.9 1.0 6.4 0.04 10.7 

Q86-P-37 0.3 0.7 7.7 25.7 14.9 1.1 299 0.4 2.6 0.9 15.2 

Q86-P-40 0.1 1.1 14.2 41.5 0.1 1.8 1.0 0.8 7.9 0.04 31.3 

Site 8 

Q86-P-44 0 8 1.1 14.0 67.9 0.07 1.9 0.07 0.9 4.8 0 03 8.0 

Q86-P-45 0.8 0.3 5.8 83.7 0.1 13 0.5 1.0 2.9 0.1 2.5 

Q86-P-46a 0.4 0.2 4.0 73.4 0.2 1 2 0.5 0.6 14.5 0.7 4.3 

Q86-P-46Ò 0.1 0.2 19 11.2 0 6 0 3 2.7 0.2 52.8 2.9 27.3 

Site 9 

Q86-P-49 0.1 1.2 11.4 47.2 2.2 2.0 3.7 0.7 18.1 0.9 12.4 

Site 10 

Q86-P-51 0.2 1.1 17.8 51.3 0.9 2.4 2.2 0.9 7.9 0.1 14.6 

Q86-P-53 0.2 0.9 15.7 53.1 1.2 2.3 3 6 0.8 8.7 0.1 12.5 



CONT. 

Sample Na,0 MgO ALO, SiO, 

Site 1R 

I 
σ
ο 
tS 

D3 
ο 3 
Ο =r 
3 
c 

Q86-P-57 0.2 1.5 20.1 57.2 

Q86-P-58 0.2 1.5 20.0 58.3 

Q86-P-59 0.2 1.4 19.5 5 7 6 

Site 11 

Q86-P-60 0.04 0.2 23.5 52.5 

Q86-P-61 <0.01 0.04 6.4 88.7 

Q86-P-62 <0.01 <0.01 2.0 96.0 

Q86-P-63 <0,01 0.1 16.4 66.0 

Q86-P-65 0.1 0.9 16.6 46.4 

Q86-P-66A 0 2 1 0 18.2 50.1 

Q86-P-66B 0.1 0.9 15.3 42.5 

Q86-P-67A 0.2 1.1 20.1 49,9 

Site 17 

Q86-P-69 0.8 0.6 8.3 77.6 

Site 15 

Q86-P-72 0.6 0.8 11.1 68.6 

Q86-P-74 0.1 0.04 2.1 47.0 

P 2 0 5 κρ CaO Ti0 2 F e 2 0 3 MnO LOI 

0.2 2.4 1.2 1 0 4 4 0.03 11.5 

0 1 2.4 11 1 0 4.1 0 0 3 11.2 

0 2 2.3 1.3 0 9 5.1 004 10.8 

0,1 0.9 0.04 1.7 7.7 0.02 12.9 

0.03 0.2 0 03 0.7 0.8 0.02 3.0 

0.02 0.1 0.01 0.6 0.4 0.02 0.9 

0.04 0.7 0.01 1.4 7.0 0.02 7.5 

0.6 1.9 2.3 0.8 16.5 0 1 13.2 

0.4 2.0 2.5 0.9 11.2 0 1 13.1 

0 2 1.7 12 0.8 14.5 0.2 22.8 

0.1 2.2 4.6 0.9 5.7 0.2 14.1 

0.1 1.5 0.6 0.8 3.4 0.1 6.2 

0.1 

0.4 

1.7 0.7 0.9 

0.2 

6.3 0.3 

1.8 

8.2 

15.5 

0.1 

0.4 0.7 1.2 

0.9 

0.2 31.2 

0.3 

1.8 

8.2 

15.5 



Table 2(b) 
Major Element Oxide Concentrations (Weight %) 

(Purus River Sites) 

Na,0 MgO Al 2 0 3 Si0 2 P 2 O s K^O CaO Ti0 2 Fe 2 0 3 MnO LOI 

89-A-1 0.5 1.1 19 5 55.1 0.1 2.4 4.3 0.8 5.4 0.08 8.3 

89-A-2 0.6 1.0 17.8 58.0 0.4 2.4 3.1 0.8 7.2 0.06 11.0 

89-A-3 0.5 1.1 19.0 64.0 0.2 2.5 0.9 0.8 5.9 0.04 4.1 

89-A-4 0.5 0.9 17.5 61.3 0.2 2.2 2.1 0.7 6.0 004 7.3 

89-A-5 0.5 1.0 18.6 67.2 0.2 2.3 0.8 0.7 7.1 0.05 6.0 

89-A-6 0.6 0.5 8.5 90.0 0.08 1.4 0.3 0.6 3.3 0.05 2.0 



Figure 3 - SEM photos of aragonite crystalllites indicative of gradual precipitation (Photos by A. Mackenzie) 



Table 3(a) 
Minor Element Concentrations (Weight %) 

(Purus River Sites) 

Sample Cr Rb Sr Y Zr Nb Ba CIA 

Site 1 

Q86-P-6 140 120 80 30 260 30 530 85 

Q86-P-7 70 150 150 40 160 20 550 86 

Q86-P-8 140 90 80 30 830 20 550 63 

Q86-P-9 <70 150 100 30 230 20 600 84 

Q86-P-10 <70 180 120 40 180 30 560 86 

Q86-P-11 <70 160 130 40 160 30 570 85 

Q86-P-12 70 <10 <10 <10 140 40 470 83 

Q86-P-12A <70 50 2900 10 30 10 80 

Q86-P-13 70 173 138 24 179 34 596 86 

Q86-P-14 70 169 148 18 160 27 574 86 

Q86-P-15 <70 152 140 44 172 20 482 86 

Site 2 

Q86-P-16 270 <10 <10 <10 490 30 330 89 

Site 3 

Q86-P-17 70 <10 10 <10 890 10 1010 

Site 4 

Q86-P-18C <70 <170 140 20 230 30 770 84 

Q86-P-19 <70 20 5060 <10 <10 10 <10 

Q86-P-20 70 90 60 40 400 20 450 86 

Q86-P-21 <70 110 340 70 360 20 640 89 

Q86-P-22 70 100 40 50 440 30 460 85 

Q86-P-23 <70 170 140 40 230 30 610 84 

Q86-P-24 <70 170 170 20 180 20 530 86 



Coni 

Sample Cr Rb Sr Y Zr Nb Ba CIA 

Site 5 

Q86-P-25 140 <10 10 <10 570 20 420 

Q86-P-27 <70 <10 <10 <10 <10 40 420 81 

Site 7 

Q86-P-30 <70 40 100 10 40 <10 70 

Q86-P-31 <70 160 130 20 230 20 730 86 

Q86-P-32 140 <10 20 20 510 30 450 84 

Q86-P-33 <70 178 151 18 179 30 637 85 

Q86-P-34 70 152 153 52 192 16 643 84 

Q86-P-35 <70 174 141 26 149 21 718 86 

Q86-P-36 <70 154 121 32 203 45 826 85 

Q86-P-37 <70 60 660 530 90 20 380 

Q86-P-40 270 130 100 40 160 20 460 86 

Site 8 

Q86-P-44 <70 107 69 62 309 27 400 75 

Q86-P-45 200 60 70 50 1460 30 490 58 

Q86-P-46a 70 60 20 20 560 30 500 60 

Q86-P-46b <70 <10 <10 <10 142 14 419 74 

Site 9 

QB6-P-49 140 <10 70 270 200 30 440 82 

Site tO 

Q86-P-51 <70 175 179 38 168 21 645 84 

Q86-P-53 <70 151 194 47 208 28 438 83 

Site 1R 

Q86-P-57 <70 165 143 39 162 21 547 86 

Q86-P-58 <70 174 151 36 176 29 557 86 

Q86-P-59 <70 162 147 34 177 23 522 86 



Coot 
Sample Cr Rb Sr Y Zr Nb Ba CIA 

Site 11 

Q86-P-60 70 70 40 50 560 50 340 95 

Q86-P-61 140 40 <10 30 510 20 180 96 

Q86-P-62 140 10 <10 10 420 20 120 93 

Q86-P-63 70 40 20 40 610 50 340 95 

Q86-P-65 <70 140 70 30 160 20 490 87 

Q86-P-66A <70 160 110 30 170 40 600 86 

Q86-P-66B 70 140 80 50 160 10 530 87 

Q86-P-67A <70 160 150 60 140 20 670 87 

Site 17 

Q86-P-69 200 70 80 60 690 20 540 65 

Site 15 

Q86-P-72 140 100 90 70 520 20 590 74 

Q86-P-74 200 <10 <10 <10 80 20 410 

The commonly observed carbonate and gypsum deposi ts would have formed as lake waters concen
trated sufficiently to precipitate these pahses. Calcium (Ca*) and bicarbonate (HC0"3) ions generally make up 
60-70% of the dissolved inorganic component of fresh waters and, thus, CaC03 phases will be the dominant 
precipitates resulting from the concentration of lake waters. Gypsum (CaS04.2H.,0) has a solubi l i ty product 
"4 orders of magnitude lower than that of aragonite and would precipate in the final stages of desiccation 
as observed in modern arid regions. The percent levels of S in the lake bed sediments analyzed in this (Table 
3b) suggest that S released during the oxidation of bioorganic matter in the desiccating lake floor would have 
been an additional source of sulphate ions from the evaporating lake waters. (Further evidence of diagenetic 
biological activity on the active lake floor comes frcm the presence of siderite replacing bone tissue, Benchimol 
et a l . , 1987) and as a major phase in 1 'conglomerate' ' samples (Q86-P-25, 27, 49 ) . Sider i te i s a common 
product of anaerobic diagenetic processes in lake sediments and precipitates from interst i t ial waters "20-30 
cm below the lake sediment surface (Emerson, 1976). The radiocarbon ages of samples of aragonite and 
biological debris entrained in the clay (lake bed) sediments suggest that the lake, represented in the surficial 
Acre Basin sediments (Solimoes Formation), desiccated in the latter part of the last glacial cycle (LGC). CaC03 

deposition would suggest that regional evaporation rates had exceeded those of fresh water fluxes into the 
lake from the atmosphere and from ground and stream waters. The extensive distr ibution of gypsum deposits 
throughout the Acre Subbasin are direct evidence that the declining inputs of water eventually led to aridity 
and this i s the f i r s t direct evidence for arid climate conditions in Amazonia during the LGC. 

I t i s also l ikely that arid climate conditions may have been confined to Western Amazonia. The modern 
Amazonian hydrological cycle is recharged by moisture derived mainly from air masses entering Amazonia 
from the Atlantic Ocean, and the modern rainforest play a signif icant role in evapotranspirational recycling 



of rainwaters across the basin (Salati & Vose, 1986). I f the Atlantic Ocean circulation patterns were different 
during the LGC (Broecker, 1989) and i f global sea surface temperatures were depressed by 2-4°C {Rind & 
Peteet, 1985), then the At lant ic Ocean moisture fluxes into Amazonia would have been diminished, thereby 
disrupting the rainforests in eastern and central Amazonia (Prance, 1982) and resulting in aridity in western 
Amazonia. (Even under present climate conditions western Amazonia experiences definite dry periods (Salati 
& Vose, 1986). 

There i s tentative evidence, from the age dates at the Acre River site, that the desiccation of lake waters 
occurred over several mi I len ia . Here the age (49,110 ± 900 a BP) of one of the aragonite concretions found 
"4 m below the uppermost clay sediments could represent the time at which the lake waters concentrated 

Table3(b) 
Minor Element Concentrations (/tgg"1) and CIA Values 

(Acre River Sites) 
S V C f C o Cu Zn Sr Y Zr Hb M o B a Pb CIA 

8ft-A-1 0 7 ( % ) 121 76 37 72 100 222 23 8 5 11 5 530 65 82 

B9-A-2 1.2(%) 136 70 24 37 112 192 29 92 12 7 450 65 61 

B 9 - A - 3 335 121 77 26 50 110 114 1Θ 88 10 A 540 63 81 

ΒΟ-Λ-4 0 7 ( % ) 112 70 22 44 110 116 21 96 10 2 400 60 81 

ββ-Α-Λ 136 126 74 22 35 105 115 16 Θ6 10 3 460 64 81 

88-A-6 44 65 35 15 15 52 67 14 60 a - 350 30 71 

B E L O W D E T E C T I O N 

sufficiently to precipitate CaC03 phases. The relatively high concentrations of Ca in the sediments (89-A-l, A-
2; Table 2b) enclosing the concretions suggest that the concretions are likely in s i tu . (The intricate crystallite 
patterns (Figure 3) observed using scanning electron microscopy are consistent with very slow rates of CaC03, 
nucleation and precipitation). I f we assume that the vir tual ly complete reptilian skeletons in the uppermost 
clay sediment layers congregated at a local pond during the final stages of lake desiccation, the radiocarbon 
age date (23,950 ± 420 a BP) from a sample of repti l ian skeleton may represent the time frame for the final 
stages of desiccation. The long time period for the desiccation of the proposed lacustrine system may be 
consistent with cooler climates (Kam-biu & Colinvaux, 1985) and the possibi l i ty that the LGC lacustrine system 
was very large, as suggested from the dri 11 core samples (Kronberg et a l . , 1989) by a 60 m clay unit underlying 
a calcareous sediment unit dated at 13,390 ± 90 a BP. (Other circumstantial evidence for a gigantic lacustrine 
system comes from foss i l s of gigantic reptiles conmonly found enclosed in the clay sediments of the Acre Basin 
(e.g. Couto, 1960). 

The evidence for ar idi ty in western Amazonia i s important in establishing boundary conditions for LGC 
climate models and in indicating the extent to which the global hydrological cycle was influenced by vast fresh 
water transfers to the cryosphere as alpine glaciers advanced and continental ice sheets accumulated in polar 
and temperate latitudes. (Table 4a) and of wood samples (as yet uni denti f ies) with radiocarbon dates in the 
40,000 a BP range (Table 4 a ) . 

The evidence for ar idi ty in Western Amazonia i s important in establishing boundary conditions for LGC 
climate models and in indicating the extent to which the global hydrological cycle was influenced by vast fresh 
water transfers to the cryosphere as alpine glaciers advanced and continental ice sheets accumulated in polar 
and temperate lat i tudes. Dr ie r , cooler Amazonia climates during the LGC would be consistent with the 



Table 4(a) 

SAMPLE DESCRIPTION 
(sample identiieafon) 

AGE 
(radiocarbon yeras) 

Puras River Sites 

10 

15 

aragonite concretion 

(ΟβΟ-Ρ-19) 

fossil wood 

(Q86-P-18A,B) 

tossi) wood 

(Q86-P-43) 

fossil seed 

(Q86-P-56) 

Smtrtaa potyphyêtm Dm. 

fossil wood 

(Q86-P-68) 

53 .270 \ 1.850 

>25,000 

45,1801690 

32.160J230 

45 .190*630 

Acre Riiver Sites 

aragonite concrelion 

(09-A-Ca) 

fossil wood 

(AMM-89) 

fossil reptilian bone 

(Q89-A-B) 

49.1101900 

41,8501490 

23.950*420 

Rio Branco 

Puru» River 

(collected prior to 19Θ6) 

fossil wood 

(Kronberg-1) 

fossil turtle bone 

(Kronberg-2) 

fossil crocodile claw or tooth 

(Kronberg-3) 

11,870170 

12.0601150 

24,1301330 

' Accelerator m a s s specfcometoc ( A M S ) radiocarbon ana lyses by Or R . P . B e i A e n s , I S O T R A C E , University o1 Toronto. C a n a d a 

Table 4(b) 

Sample Number δ » 0 8«θ " S f ^ S r 

(vs. PPB) (vs. SMOW) (va P06) 

89-A-Ca (Acre Rtvef) -12.54 •25.05 -5.68 

Οββ P-19 (Purus -18 05 +24.70 -6.02 
River) 

Q88 P-30 (Purus 
RVer) 

0.70999 

0.71003 



evidence summarized by Schubert (1988) for dr ier , cooler LGC climates in northern South America and the 

Caribbean. 

The direct evidence for aridity in Western Amazonia documented here also raises questions regarding 

the evolution of the modern Amazonian mosaic of rainforests as well as the role of the Amazonian and other 

tropical rainforests in the global carbon, hydrological and energy cycles (Kronberg & Fyfe, 1990; Shukla et 

a l . , 1990). 
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SUMMARY 

A s análises geo^uímicas e qeocronoloqicas de amostras superficiais de sedimentos e 

fosseis encontrados no norte da bacìa do Acre, indicam um sistema extensivo fìuvio-iacrustrino 

ocupando esta região dissecando lentamente durante o último ciclo glacial (LGC). E s t a 

pesquisa documenta evidência direta para aridez na Amazônia Ocidental no Quaternário, e é 

importante no estabelecimento de condições dos limites para os modelos climáticos para o 

IGC como também na corelação entre as condições climáticas (LGC) marinhas e continentais. 
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