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Climatic conditions are one of the most important factors affecting hydrological processes in fluvial systems.
Higher discharges are responsible for higher erosion, greater transport, and also higher deposition. Consequently,
sediment accumulation in Amazonia floodplain river-connected lakes can be directly related to hydrological pat-
terns of the Amazon River mainstream. In this context, we analyzed five sediment cores taken in two floodplain
systems situated in the lower Amazon River, to investigate sediment accumulation patterns during theHolocene.
Our records show abrupt fluctuations in sedimentation rates in lakes that can reach more than 2 cm/yr during
some periods. We find that in all cores, sediment stratigraphy is characterized by packages of sediments of uni-
form age, which are typically 10–80 cm thick and present a variegated color. The 14C age of the upper package is
about 2700 cal yr BP. During this abrupt event, sediment accumulation rates infloodplain lakes can be at least 200
times higher than those of “normal” periods. This sedimentation event is interpreted as being the consequence of
one or several successive extreme floods. The 2700 cal yr BP event has been also observed in other sites in South
America and other regions in the world, although different impacts can be observed in each system. This event
probably corresponds to a conjunction of favorable conditions for extreme Amazon discharge associated with
the Middle to Late Holocene increase of austral summer insolation and shifts of the Intertropical Convergence
Zone (ITCZ) from northern to southern positions. In this context, a marked negative peak in solar irradiance at
2700 cal yrs BP seems to have provoked cooling on the continents and a southward shift of the ITCZ associated
with a probable reduction in the Atlantic Meridian Overturning Circulation.

© 2014 Published by Elsevier B.V.
1. Introduction

Along its course from the Andes of Peru to the Atlantic Ocean,
the Amazon River and its main tributaries are lined by extensive
floodplain-connected lakes that periodically oscillate between terres-
trial and aquatic phases, with sediments constantly exchanging be-
tween river channels and floodplains. The main sedimentary balances
in the Amazon Basin, from the upstream to the downstream, allow
identification of the zones of transfer, erosion and deposition (Mertes
et al., 1996; Dunne et al., 1998; Aalto et al., 2003; Maurice-Bourgoin
et al., 2007; Baby et al., 2009; Gautier et al., 2010). All these authors
highlight the importance of these floodplain lakes to sediment accumu-
lation. Sediment storage can occur at different timescales (from hun-
dreds to thousands of years) (Dunne et al., 1998; Behling and Costa,
2000; Moreira-Turcq et al., 2004), and it is strongly influenced by the
hydrodynamics of the Amazon River (Irion et al., 2006, 2010; Moreira
et al., 2012, 2013).
).

P., et al., A 2700 cal yr BP ex
aeoecol. (2014), http://dx.doi
Mertes et al. (1996) estimated that 80% of the material being
transported by the Amazon passes through the floodplain lake systems.
Most of these suspended sediments in the Amazon River are derived
from the tributaries draining the Andes, where high rainfall and steep
slopes contribute to the release of stored sediment (Meade et al.,
1985). When the river rises, water enters through channels from the
downstream end of the islands into the lakes and transports fine-
grained suspended loads into the lake basin (Irion et al., 2010). At
high water, when most of the floodplain is inundated, relatively coarse
sediment is transported into the lakes by the high river flow velocities.
When the water level drops and the water drains slowly through the
downstream channels, the fine-grained suspended matter, still present
in the lakewater, is deposited (Irion et al., 2010). Sedimentation rates in
the Amazonian floodplains can vary considerably, both temporally and
spatially, and are directly related to the geographic location, proximity
to the mainstream, channel morphology and duration of connection
between floodplain lakes and the river (Aalto et al., 2003; Moreira-
Turcq et al., 2004; Gautier et al., 2009).

Gautier et al. (2010) proposed that the construction of the floodplain
lakes in the Beni River (Bolivian Amazonia) is the result of two different
sedimentary processes that can occur at different times. The first one
treme flood event revealed by sediment accumulation in Amazon
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occurs during the “normal” hydrological years when the suspended
matter is transferred by advection from the river towards lakes. These
sediments are fine-grained and relatively small in quantity, but the
sedimentation is made in a regular way. The second process takes
place during very large floods. In this case, a great part of the sediments
can arrive by overflowing of the main channel on banks (overbank
deposition), which can transport coarser material and consequently
the sedimentation rates can be very high. Aalto et al. (2003) related sed-
imentation in the floodplains to climatic changes, more specifically to
“La Niña events”, which in Amazonia are responsible for heavy rain,
and they show that sedimentation is irregular and very dependent on
the intensity of the floods. Finally, all these studies show that sediment
deposition in Amazonia floodplain lakes is not constant over time and
can be influenced strongly by hydrological factors dependent on climate
conditions.

The Amazon seasonal flooding is related to the successive floods of
the northern tributaries, principally the Branco and Negro rivers, that
reflect the heavy precipitation in these regions from May to July and
of the southern tributaries, largely the Madeira River, that have heavy
rainfall from December to March. Downstream, the annual and regular
flood of the Amazon River occurs from April to July (Molinier et al.,
1997). Droughts in Amazon discharge have been related to Sea Surface
Temperature (SST) anomalies in the tropical Atlantic and to El Niño
Southern Oscillation (ENSO) events (Espinoza et al., 2011). On the
other hand, high discharge events also occur during heavy La Niña
rains in the north and northeast of the Amazon region (Ronchail et al.,
2002; Espinoza et al., 2009) and are also influenced by enhancement
of South American Monsoon circulation and southward shifts of the
Intertropical Convergence Zone (ITCZ) and associated heavy precipita-
tion (Marengo et al., 2011).

Our objective was to study the histories of floodplain sedimentation
in two Amazon lakes during the late Holocene, to interpret them in
terms of paleohydrology, and to relate them to the climate changes
reported for that period.

2. Regional setting

The Amazon Basin (Fig. 1) extends between 5°N and 20°S and from
theAndes to the Atlantic Ocean, covering approximately 6,500,000 km2.
Wet and dry seasons in the Amazon basin are induced by the South
American monsoon system and fluctuations in the position of the ITCZ
Fig. 1. The Amazon Basin topography from SRTM with the location of the studied sites
(A and B) and the records discussed in the text: (A) Curuai floodplain; (B) Maracá and
Comprido Lakes; (C) Iraquara City, Bahia State (Novello et al. (2012)); (D) Cueva del
Tigre Perdido (van Breukelen et al., 2008); (E) Pumacocha Lake (Bird et al., 2011);
(F) Ocean Drilling Program (ODP) Site 1002, Cariaco Basin (Haug et al., 2001);
(G) Floodplain lakes studied by Aalto et al., 2003.
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(Garcia and Kayano, 2011). Precipitation ranges from b2000 mm yr−1

in the extreme northeastern and southern parts of the basin and to
7000 mm yr−1 on the east side of the Andes (Salati et al., 1979). Inter-
annual rainfall variability in the Amazon basin partially depends on
ENSO events (Ronchail et al., 2002; Espinoza et al., 2009). In particular,
below normal rainfall is recorded during El Niño events, whereas excess
rainfall occurs during La Niña. The seasonal cycle for sediment passing
Obidos indicates a maximum in February that precedes the maximum
water discharge by several months and a minimum in October that
slightly precedes the minimum water discharge (Richey et al., 1986;
Filizola and Guyot, 2009).

The Amazon is the world's largest river in terms of water discharge
(18% of the total fresh water entering the ocean) and also the world's
largest contributor offluvial sediments,with an estimated sediment dis-
charge of about 850 × 106 t yr−1 (Filizola and Guyot, 2009). Approxi-
mately 44% of the area within the Amazon basin is subject to flooding
by the Amazon River and its tributaries (Guyot et al., 2007).

Along its course from the Andean piedmont of Peru to the Atlantic
Ocean, the fluvial landscape features are dominated by sandbars, flood-
plains, and older terraces that have been deposited by the river or its
tributaries. The Amazon River and its tributaries are lined along their
courses by floodplain lakes that total about 6500 in number and cover
an area of around 300–500,000 km2 (5 to 8% of the total surface area
of the Amazon Basin). Other estimates suggest that Amazonian wet-
lands (mostly floodplains) comprise up to 20% (Melack and Hess,
2010). The whole floodplain system is a huge flat plain. The floodplain
lakes are built due to the fluctuations in the level of the rivers, which
causes the formation of bars and accumulation of sediment carried by
the rivers and its tributaries. This accumulation can occur at different
time scales (centennial to millennial). At the present time, the two
floodplain systems studied in this work are characterized by an intense
and permanent river influence.
2.1. Curuai floodplain

The Curuai floodplain is located between 1°50'S–02°15′S and
55°00′W–56°05′W on the southern margin of the Amazon River,
850 km from the mouth of the estuary (Fig. 1). It covers approximately
3500 km2 (Martinez and Le Toan, 2007) and represents approximately
13% of the total flooded area of the Amazon River betweenManaus and
Óbidos (Maurice-Bourgoin et al., 2007).

Water and sediment exchanges between this floodplain and the
AmazonRiver are controlled by themainstreamhydrology, local precip-
itation regimes, and geomorphological characteristics of the channels
and lakes. The annual sediment storage in the Curuai floodplain is esti-
mated to be approximately 710 × 103 t/yr, representing between 41%
and 53% of the annual flux of sediments entering the floodplain from
themainstream (Maurice-Bourgoin et al., 2007). This positive sediment
balance confirms that this Amazonianfloodplain acts as a sediment trap,
as observed by Moreira-Turcq et al. (2004).

This floodplain comprises more than 30 interconnected lakes, all
permanently connected to the Amazon mainstream by small channels.
The lakes studied in this work are Salé Lake, Poção Lake and Grande
Lake. The flooded area ranged between 575 km2 and 2090 km2 as
water levels varied between 3.03 m and 9.61 m (the maximum and
minimum levels recorded in Curuai since 1997) (Bonnet et al., 2008).
The maximum floodable area delimited by the boundary between
“Terra Firme” (i.e. unflooded upland) and the Amazon is 2430 km2,
corresponding to a flood stage water level in Curuai of approximately
11.5 m. The local watershed formed by the creeks coming from the
“Terra Firme” has a total area of 1370 km2 and is mostly covered by
evergreen forest. Each year, the storage phase of the floodplain starts
between November and January and lasts until May–June. The draining
phase starts in July and lasts until November; the largest exported
volume occurs from August until October (Bonnet et al., 2008).
treme flood event revealed by sediment accumulation in Amazon
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Table 1
Summary of lithological descriptions of the five sediment cores.

Sediment
core

Depth
(cm)

Lithological description

TLS1 0–20 Clay (very dark grey 10 yr 3/1)
20–48 Clay (grey 10 yr 5/1)
48–62 Silty clay (dark yellowish brown 10 yr 4/4)
62–90 Clay (dark greyish brown 10 yr 3/2)
90–116 Clay (10 yr 5/1 and 10 yr 3/2)

TLP2 0–20 Organic rich clay (very dark grey 5 yr 3/1)
20–65 Clay (brown 10 yr 5/3)
65 Progressive contact
65–86 Compacted clay (brown 10 yr 5/3)
86 Progressive contact
86–140 Compacted clay (dark greyish brown 10 yr 4/2)
140 Oblique contact
140–156 Compacted clay (dark grey 5 yr 4/1)

TLP3 0–21 Organic rich clay (dark olive grey 5 yr 3/2)
21–28 Sandy clay (5 yr 4/3)
28 Sharp contact
28–74 Clay with brow spots (10 yr 4/3)
74 Diffuse contact
74–80 Compacted clay (5 yr 4/1)
80 Diffuse contact
80–93 Compacted clay (10 yr 5/3 brown)

TLG1 0–23 Clay (very dark greyish brown 2.5 yr 5/2)
23–36 Clay (olive grey 5 yr 4/2)
36–142 Compacted clay with vegetal remains

(10 yr 3/1 and 10 yr 5/1)
MAR1 0–55 Clay with high water content (10 yr 4/1 and 10 yr 3/1)

55–99.5 Clay with vegetal remains (10 yr 3/1 and 10 yr 3/2)
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2.2. Maracá floodplain

Maracá Lake (02°09′S–53°56′W) is situated near the city of Monte
Alegre in the south margin of the Amazon River 500 km from the
mouth of the estuary (Fig. 1). This lake has an area of 50 km2, and during
the highwater levels it is connected to the river main channel as well as
to three other lakes on its western, southern, and eastern banks. During
low water levels, the lake is connected to the Amazon River by small
channels but no connection exists with the other lakes (Fig. 1). The
catchment area is characterized by a humid tropical climate without
long dry periods. The annual mean precipitation is about 2200 mm,
and the annual mean air temperature is about 27 °C (Radambrasil,
1976). The lake is surrounded by a dense tropical rain forest (Terra
Firme forest) on the southern bank and a forest–savanna transition on
the northern bank (Radambrasil, 1976). Around the lake there are also
pioneer formations (grasslands) with the predominance of Paspalum
fasciculatum and Echinochloa polystachya (C4 plants) and Eichornia
crassipes (C3 plants).

The bedrock of the “Terra Firme” in Maracá Lake and the Curuai
catchment area is formed by the Cretaceous Alter do Chão Formation
that has been subjected to intense long-time weathering processes
(Irion, 1984). The main clay mineral delivered by Terra Firme creeks is
kaolinite (Behling et al., 2001; Guyot el al., 2007; Amorim, 2010).

3. Material and methods

The cores TLS1 (Salé Lake), TLP2 and TLP3 (Poção Lake) and TLG1
(Grande Lake) were collected using a “vibra-core”, and the MAR1 core
(Maracá Lake) was collected manually using a 2.0 m-long PVC tube
(10 cm of diameter). The cores were opened, described and sampled
in the laboratory. Soon after opening, aluminum U-channels were
collected to determine sediment bulk density and water content. Sub-
samples were taken contiguously at 1 cm intervals along the cores,
and thewater content was measured after oven drying at 50 °C for sev-
eral days to obtain a final stable weight.

14C measurements were performed by an Artemis accelerator mass
spectrometry (AMS) system based on a 3MV Pelletron from National
Electrostatics Corporation (NEC, Middleton, Wisconsin, USA) at
“Laboratoire de Mesure du Carbone 14 (LMC14) — UMS 2572 (CEA/
DSMCNRS IRD IRSN—Ministère de la Culture et de la Communication)”.
The calibrated ages were calculated using the software CALIB7.0, avail-
able at http://radiocarbon.pa.qub.ac.uk/calib (Stuiver et al., 1998). The
age model used was a cubic spline interpolation. By convention, the no-
tation cal years BP is used in the case of calendar years.

The sediment accumulation rate was calculated by multiplying the
bulk density by the sedimentation rate obtained from the age model
for the interval closest to the sample horizon, as shown in theexpression.

Sediment accumulation rate (g cm−2 yr−1) = bulk density
(g cm−3) × sedimentation rate (cm yr−1).

4. Results

4.1. Lithology and chronology

The TLS1, TLP2, TLP3, TLG1 and MAR1 sediment cores from Curuai
floodplain and Maracá Lake consist mainly of clays and silts (Table 1
and Fig. 2). The TLP2, TLP3, TLG1 and MAR1 cores contain organic-rich
clay layers. The TLS1 and TLG1 cores show a pattern of horizontal lami-
nation, particularly at the base of the cores that are the older sediment
sampled. In all the cores we observed 10 to 80 cm-thick heterogeneous
layers with variegated color ranging from gray to dark brown and
Please cite this article as: Moreira-Turcq, P., et al., A 2700 cal yr BP ex
floodplains, Palaeogeogr. Palaeoclimatol. Palaeoecol. (2014), http://dx.doi
yellowish brown (Fig. 2). These layers are defined on their tops and
bases by sharp irregular contacts, probably erosional. At least two varie-
gated layers may be superposed in the TLP3 and TLS1 cores (Fig. 2). The
heterogeneous structure of these layers is very distinct from the
bioturbation pattern that is observed at the top of the cores.

Ten TOC AMS radiocarbon dates were obtained for TLS1 core, cover-
ing the last 8500 cal yrs BP (Table 2 and Fig. 2). A total of ten TOC AMS
dates were used to determine the sedimentary chronologies of the
TLP2 and TLP3 cores, which cover the last 3900 cal years BP and
2900 cal years BP, respectively. The TLG1 core sedimentary chronology
for the last 6350 cal years BP is based on eleven TOC AMS dates. Eight
TOC AMS dates defined the chronological model of the MAR1 core that
covers the last 2700 cal years BP. For all five cores an agemodel was de-
rived by fitting a cubic-spline curve to the calibrated age (Fig. 3).

The AMS data indicate that the laminated units at the base of TLS1
and TLG1 cores are older than 6000 cal yrs BP. The variegated layers de-
posited more recently, and the upper one presents relatively uniform
ages around 2700 yrs BP, indicating that these stratigraphic packages
deposited very rapidly at that time. The homogeneity of the radiocarbon
ages contrasts with the heterogeneity of sediment, which also appears
in the geochemical parameters (e.g. Total Organic Carbon in MAR1,
Moreira et al., 2013).
4.2. Bulk density and sediment accumulation rate

The TLS1 core has relatively high bulk density values between
0.90 g cm−3 and 1.42 g cm−3, with an average of 1.12 g cm−3. For the
cores collected in the Poção Lake, TLP2 and TLP3 also have high bulk
densities ranging from 0.72 g cm−3 to 1.58 g cm−3 and 0.57 g cm−3 to
1.36 g cm−3 and averages of 1.21 g cm−3 and 0.97 g cm−3, respectively.
The core collected in the Grande Lake (TLG1) has similar bulk density
values that varied between 0.67 g cm−3 and 1.45 g cm−3, with mean
values of 1.02 g cm−3. Core MAR1, collected in Maracá Lake, had the
lowest bulk density levels, ranging from 0.28 g cm−3 to 0.60 g cm−3,
with a mean value of 0.43 g cm−3. The density in the variegated layers
is variable and does not permit differentiation of these layers from the
other sedimentation units using this criterion.
treme flood event revealed by sediment accumulation in Amazon
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Fig. 2. Lithostratigraphy of the MAR1, TLS1, TLG1, TLP2 and TLP3 cores showing the 14C dating and the correlation between sedimentary packages.
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We calculated the mass accumulation rates from bulk densities and
sedimentation rates. Core TLS1 has a sediment accumulation rate with
an average of 0.70 g cm−2 yr−1. Cores TLP2 and TLP3 have a sediment
accumulation rate ranging from 0.02 g cm−2 yr−1 to 2.45 g cm−2 yr−1

and 0.005 g cm−2 yr−1 to 0.13 g cm−2 yr−1, respectively. The
TLG1 core has a sediment accumulation rate that varies between
Table 2
AMS 14C data of the bulk sediment, calibrated ages (with 2 sigmas) and chosen calibrated age

Sediment
core

Depth
(cm)

Lab code 14

TLS1 0–2 SacA14667 48
17–19 SacA14668 10
28–30 SacA14669 25
88–90 SacA14670 27

153–155 SacA14671 44
164–165 SacA14672 55
184–186 SacA14673 56
238–240 SacA14674 73
289–291 SacA14675 77
322–324 SacA14676 76

TLP2 0–1 SacA17277 30
15–17 SacA17278 36
21–23 SacA17279 23

149–150 SacA17281 30
161.5–163 SacA17282 36

TLP3 0–1 SacA17283 M
17–19 SacA17284 50
25–26 SacA17285 12
30–32 SacA17286 22
77–79 SacA17287 25

TLG1 21–22.5 SacA7997 10
34–35 SacA7998 13

39.5–41.5 SacA7999 21
50–51 SacA14017 25
60–61 SacA14018 26
77–79.5 SacA8000 51
80–81 SacA14019 48
90–91 SacA14020 47

110–111 SacA14293 52
130–131 SacA14022 55
152–155 SacA8001 45

MAR1 3–4 SacA25866 20
15–16 SacA21008 62
29–30 SacA10676 83
53–54 SacA10677 87
56–57 SacA10678 17
68–69 SacA21009 19
85–86 SacA21010 25
95–96 SacA10679 25

Please cite this article as: Moreira-Turcq, P., et al., A 2700 cal yr BP ex
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0.01 g cm−2 yr−1 and 0.26 g cm−2 yr−1. TheMAR1 core has a sediment
accumulation rate with a minimum of 0.0005 g cm−2 yr−1 and a max-
imum of 0.19 g cm−2 yr−1.

These values are derived from the age models (Fig. 3), and all the
cores show a peak of sediment accumulation rate corresponding to
the deposition of the variegated layer at about 2700 ± 100 cal yrs BP
of the five cores.

C years BP Calibrated ages
(cal years BP, 2 sigma)

Calibrated age
(cal years BP)

0 ± 40 475–623 510
5 ± 30 13–269 120
05 ± 35 2489–2736 2650
50 ± 35 2767–2927 2780
15 ± 45 4863–5278 5005
20 ± 60 6206–6435 6280
30 ± 40 6314–6487 6405
40 ± 50 8020–8307 8070
55 ± 45 8427–8601 8430
30 ± 45 8373–8538 8520
± 30 40–60 50
0 ± 30 316–499 456
15 ± 30 2185–2361 2340
10 ± 30 3077–3334 3190
40 ± 30 3869–4081 3910
odern
0 ± 30 490–540 520
80 ± 30 1222–1263 1245
45 ± 30 2155–2341 2215
25 ± 30 2491–2744 2710
50 ± 30 924–1050 960
70 ± 30 1263–1340 1290
05 ± 30 1997–2148 2070
60 ± 30 2503–2753 2730
70 ± 30 2748–2809 2760
40 ± 35 5753–5987 5910
60 ± 35 5485–5656 5590
20 ± 35 5324–5582 5570
75 ± 35 5940–6181 6000
85 ± 35 6300–6435 6350
60 ± 45 5047–5444 5300
0 ± 30 0–303 150
0 ± 30 551–658 590
5 ± 30 688–792 735
0 ± 30 702–905 775
65 ± 30 1571–1808 1685
30 ± 30 1820–1946 1880
40 ± 30 2496–2747 2700
50 ± 30 2499–2750 2700

treme flood event revealed by sediment accumulation in Amazon
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Fig. 3. Age-depth models for the five cores (TLS1, TLP2, TLP3, TLG1 and MAR1).
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(Fig. 4). The accuracy of radiocarbon ages does not allow determining
the exact duration of the variegated package depositions. Therefore,
the maximum values of sediment accumulation rates that correspond
to these layers can be substantially higher.
5. Discussion

Sedimentation processes in Amazon floodplain lakes are strongly
dependent on the hydrology of the river (Behling et al., 2001; Irion
et al., 2006; Moreira et al., 2012, 2013). Nowadays, the annual water-
level fluctuations in floodplain lakes are approximately synchronous
with those of the Amazon River (Bonnet et al., 2008).When the Amazon
River level rises, the water and sediments flow into the lakes through
channels, transporting a mostly fine-grained suspended load into the
lakes. During flood stage highwaters, whenmost of the floodplain is in-
undated, current velocities are high and relatively coarser sediments
can be transported into the lakes. When the level drops and the water
and sediments flow out of the lake, suspended sediments still present
in the lakewater are deposited (Irion et al., 1997, 2006). The river inflow
into the lakes can be controlled both by the amplitude of the annual rise
of the river and by the amount of local precipitation,which also controls
Fig. 4. Sediment accumulation rate vers
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the local runoff (Behling et al., 2001), with both being influenced by cli-
matic changes.

Dunne et al. (1998) estimated during its transport in the Amazon
River that the amount of sediment transferred to bars was 380 Mt yr−1,
that the amount transferred from the main channel to the floodplain
was 460Mt yr−1 by channelized flow, and that 1230 Mt yr−1 was deliv-
ered to the floodplain by diffuse overbank flow. In the Curuai andMaracá
floodplains, the flooding and flushing through channels is dominant
today.

Most of sediments transported by the Amazon River come from the
Andes and are composed mainly of clay-silt particles (Guyot et al.,
2007). Sediments in the Curuai and Maraca floodplain lakes are a mix
of smectite, ilite, chlorite and kaolinite (Amorim, 2010; Moreira et al.,
2013). Floodplains are sites of intense sedimentation and are, in general,
characterized by high sedimentation rates (Allison et al., 1998;
Goodbred and Kuehl, 1998). For a stretch of the Amazon near Manaus,
Mertes (1994) estimated that sedimentation rates during flood phase
averaged about 1 cm day−1. Similarly, Moreira-Turcq et al. (2004) ob-
tained a centimeter-scale annual sedimentation rate for the last century
in the Curuai floodplain.

Our data show that in both of the studied floodplain systems, sedi-
ment stratigraphy over the past 3 millennia is dominated by one pack-
age of sediments of uniform age that can vary between 10 and 75 cm
thick, indicating possibly a unique deposition event or several succes-
sive events in a short time interval. The age of this package is 2700 ±
100 cal yr BP (Fig. 4). During this event, sedimentation rates can multi-
ply by at least 100 compared to the rest of the core. Although the fast
sedimentation layers are heterogeneous, the sediment granulometry
and composition do not differ markedly from the other layers. This
property would indicate that sediment flushing through the channels
between the river and the floodplains was still the dominant process
of sedimentation. What changed was the magnitude of this transport.
The heterogeneous nature that characterizes these deposits must be re-
lated to this intense flux of sediment. Our interpretation is that large
quantities of clays and silts that had formerly been deposited in the
channels were remobilized, transported in bulk, and mixed with the
suspended river sediment to produce the observed variegated units.
This erosion was limited to sediment recently deposited as shown by
the almost constant ages of these sediments.

These sedimentation events are thus probably related to a very
rapid increase in Amazonia discharge as a consequence of intense
precipitation — an extreme rainfall event in a substantial part of the
basin. Our sedimentation data suggest that the largest floods would be
responsible for much of the late Holocene deposition in Amazon flood-
plains. The sedimentation during these strong flood events can occur by
us calibrated age for the five cores.

treme flood event revealed by sediment accumulation in Amazon
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Fig. 5. Different records showing the 2700 years climatic event: A—sediment accumula-
tion in the Curuai floodplain (this study); B—Iraquara δ18O record of DV2 stalagmite
(Novello et al., 2012); C—Paleocurrent intensity data of Iceland–Scotland Overflow
Water (ISOW) based on sortable silt mean size record for NEAP-15K (Bianchi andMcCave,
1999) and D—Atmospheric Δ14C where higher values correspond to smaller solar irradi-
ance (Reimer et al., 2004). Shading shows the 2700-year event.
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channelized transport. The same behavior was found for the Ganges–
Brahmaputra system (Allison et al., 1998; Froehlich and Walling,
2006), where the sedimentation consists of decimeter-scale deposition
duringmoderate floods and can reach a multi-decimeter-scale during a
very large flood.

The presence of discrete packages of sediments with uniform age
has also been observed by Aalto et al. (2003) in Bolivian floodplain
lakes during the last century. These authors have interpreted these
packages to be the result of extreme floods that have increased the ero-
sion, transport, and sediment accumulation in Bolivian floodplains. In
the Bolivian floodplains, these extreme flood events have been correlat-
ed with ENSO events. The greatest sediment accumulations occurred
during large, rapid-rise floods and correspond to cold-phase ENSO
events approximately every 8 yrs (Aalto et al., 2003). Years character-
ized by a rapid increase in discharge during the annual hydrological
cycle are related to negative SST anomalies in the central equatorial
Pacific during the austral summer, corresponding to a La Niña-like
mode (Espinoza et al., 2012). According to Costa et al. (2009) a major
source of variation of the river flow and floodplain extension in the
Amazon basin is ENSO events. Warm events in the central Pacific (El
Niño) cause decreases in rainfall, river flows, and inundation patterns
throughout the entire region, with the strongest reductions happening
in the northern part of the basin. In contrast, cold events in the central
Pacific (La Niña) cause increased river flow for the northern tributaries
and themain stream, but they apparently do not cause a discernible pat-
tern of climate variability in the southern part of the basin (Espinoza
et al., 2012).

According to the Moy et al. (2002) reconstruction of strong East
Pacific El Niño events based on Pallcacocha lake sediments (Ecuador),
the interval 2600–2800 yrs BP is a period of few intense El Niño events
bracketed by periods of frequent occurrences (2500–2600 and
2800–3000). The few El Niño occurrences may correspond to a La
Niña-like climate mode at that time that would have favored high dis-
charge of Amazon River (Espinoza et al., 2012).

In the Andes, the ∂18O values from a speleothem at Tigre Perdido
cave (Van Breukelen et al., 2008) show the lowest Holocene values
around 3000 cal BP, probably indicating an intensified South American
Monsoon at that time. In Pumacocha lake, 600 km farther south (Bird
et al., 2011), a negative peak of ∂18O is observed at 2790 cal yrs BP
and corresponds either to more intense precipitation or to a higher
intensity of the South American Monsoon.

Several climate anomalies were also observed around 2700–
2800 cal years in other late Holocene records throughout the Southern
andNorthernHemisphereswithdifferent impacts on the environments.
Novello et al. (2012) report a rainfall peak at 2700 cal BP that is recorded
by very negative ∂18O values in a speleothem from Bahia State in Brazil
(Fig. 5). This peak is interpreted as a southward shift of the ITCZ linked
to cold conditions in the North Atlantic Ocean. The record of Ti con-
centrations in Cariaco Basin (Haug et al., 2001) is also a record of ITCZ
position but duringNorthernHemisphere summer, it shows strongfluc-
tuations and very low values around 2800–2700 cal yrs BP, marking the
shift of ITCZ from its northern mid-Holocene position to its southern
late Holocene position. A change in hurricane paths is also related to
this ITCZ shift (Malaizé et al., 2011). Chambers et al. (2007), studying
peat bogs in South America (Tierra del Fuego), identified an abrupt
climate cooling 2800 years ago that paralleled coolings from a range
of climate archives elsewhere. They hypothesized that this climate
shift was global and was caused by reduced solar activity (Fig. 5) as in-
dicated by atmospheric 14C variations (Speranza et al., 2002; Reimer
et al., 2004) and 10Be production changes (Steinhilber et al., 2012).
Van Geel et al. (1996) have synthesized observations of a climate shift
around 2650 cal yr BP. This period is characterized by cooler tempera-
tures in Europe and in North and South America that are interpreted
as a response to lower solar irradiance at that time (Fig. 5). The climate
was generally wetter in Europe and in North and South America
(Colombia), while drier climate was recorded in the northern tropics.
Please cite this article as: Moreira-Turcq, P., et al., A 2700 cal yr BP ex
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A well-marked reduction of the East Asian Monsoon that is well corre-
lated with the high atmospheric Δ14C is also recorded at 2700 yr BP in
the Dongge Cave speleothem (Wang et al., 2005). The low solar irradi-
ance responsible for a cooler climate in the large continental masses of
the Northern Hemisphere would have provoked a southern shift of
ITCZ position compatible with the drier northern tropic climate.

The 2700 BP climate event is also linked to changes in the Atlantic
Ocean circulation. Baker et al., 2005 have related Holocene peaks of
the Titicaca lake levels to Bond events. Bond et al. (2001) argued
that most of the North Atlantic SST oscillations are likely tied to solar
activity; hence at least part of the Bond events could be driven by vari-
ations in solar activity. Indeed, the events at 9.2, 8.2, 7.5, 5.2, 2.7, and
2.3 kyr BP coincide with periods of low solar activity evidenced by
high 14C based on atmospheric 14C and cosmogenic 10Be deposition on
the Greenland ice sheet. Bianchi and Mc Cave (1999) and Hall et al.
(2004) identify variations of deep currents south of Iceland linked to
fluctuations of the Iceland–Scotland OverflowWaters that would be re-
lated to change in the Atlantic Meridional Overturning Circulation, with
an intense perturbation coinciding with an interval of possibly global
climatic deterioration around 2700 yrs ago (Fig. 5). This abrupt event
marks the end of the Holocene Climate Optimum in Europe that was re-
lated to higher summer insolation due to changes in precession; this
North Hemisphere cooling is compatible with the southward shift of
treme flood event revealed by sediment accumulation in Amazon
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ITCZ at that time. North of Iceland, Sicre et al., 2008 also identified fluc-
tuations of bottom currents and SST, with stronger amplitude between
2500 and 4200 cal yrs BP. They related this variability to changes in At-
lantic Meridional Overturning Circulation induced by changes in the
ITCZ position.

In South America, the 2700 BP event also occurred during a climate
change trend that was favorable to higher precipitation in the Amazon
basin: the increase of South Hemisphere summer insolation due to a
precession-enhanced South American Monsoon (Dias et al., 2009). The
ITCZ position during Northern Hemisphere summer shifted to the
south (Haug et al., 2001), bringingmore rainfall to the northern Amazon
Basin. Oppositely, the ITCZ position during the Southern Hemisphere
summer shifted to the north (Dias et al., 2009), leading to the driest
climate in Northeast Brazil to accompany the South AmericanMonsoon
increase (Cruz et al., 2009). These ITCZ shifts are forced by progressive
changes in Northern Hemisphere summer and winter insolation (Dias
et al., 2009), but the response to this forcing that is due to ocean–
atmosphere coupling is a high variability of the ITCZ northern (Haug
et al., 2001) and southern (Zocatelli et al., 2012) positions at the begin-
ning of lateHolocene, possibly leading toAtlanticMeridional Overturning
Circulation variations.

In this particular context of changing climate, the abrupt reduction
of solar insolation at 2700 yr BP would have provoked a continental
cooling, a reduction of Atlantic Meridional Overturning Circulation, a
southern shift of ITCZ on the Atlantic Ocean, at least during Northern
Hemisphere summer as indicated by droughts in the Caribbean region
and an increase of the South American Monsoon. However, these cli-
mate conditions favorable for extreme rainfalls in Amazonia may also
have been enhanced by occurrences of La Niña-like climate events.

6. Conclusions

The Late Holocene sedimentation in the studied floodplains is
dominated by the fast deposition of sediment packages that likely corre-
spond to one or several successive extreme flood events of the Amazon
River. These packages are characterized by a variegated color and a uni-
form 14C age. Their density, granulometry and composition do not differ
markedly from the rest of the sediments indicating that the source of
material is always the Amazon River. The sediment packages are prob-
ably produced by high magnitude floods that remobilized large quanti-
ties of clays and silts temporarily deposited in the channels between the
Amazon River and the floodplain lakes. We do not observe this pattern
prior to 6000 cal yrs BP, possibly because the extreme floods were
favored by the increase of the South American monsoon during the
Middle to Late Holocene. The upper sediment packages are dated at
around 2700 cal yrs BP. Other records of climate anomaly at that date
point to a peak in the South American Monsoon and to a southward
shift of the ITCZ. Both mechanisms are not obviously linked, because
an increase in the monsoon may reinforce the tropical South Atlantic
Anticyclone and maintain the ITCZ in a northward position (e.g. Cruz
et al., 2009). However, the 2700 event occurred in a context where
the South American Monsoon was strengthening and the ITCZ position
was very unstable (Haug et al., 2001; Zocatelli et al., 2012). The 2700
event corresponds to a global minimum in solar irradiance that could
have been responsible for low temperatures in Europe and North
America (Van Geel et al., 1996) and a reduction of the East Asian
Monsoon (Wang et al., 2005). The Northern Hemisphere cooling
would have caused a reduction in Atlantic Meridional Overturning
Circulation and a southward shift of the ITCZ that would have increased
precipitation over northern South America.
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