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Abstract: The mangrove dynamic on Marajó Island at the mouth of 
the Amazon River during the past ~7500 cal yr BP was studied using 
multiple proxies, including sedimentary facies, pollen, δ13C, δ15N and 
C/N ratio, temporally synchronized with fifteen sediment samples to 
14C dating. The results allowed to propose a palaeogeographical 
development with changes in vegetation, hydrology and organic matter 
dynamics. Today, the island’s interior is occupied by 
várzea/herbaceous vegetation (freshwater vegetation), but during the 
early-middle Holocene mangroves with accumulation of estuarine 
organic matter had colonized the tidal mud flats. This was caused by 
post-glacial sea-level rise, which combined with tectonic subsidence, 
produced a marine transgression. It is likely that the relatively higher 
marine influence at the studied area was favored by reduced Amazon 
River discharge, caused by a dry period occurred during the early and 
middle Holocene. During the late Holocene, there was a reduction of 
mangrove vegetation and the contribution of freshwater organic matter 
to the area was higher than early and middle Holocene. This suggests a 
decrease in marine influence during the late Holocene that led to a 
gradual migration of mangroves from the central region to the 
northeastern littoral zone of island, and, consequently, its isolation 
since at least ~1150 cal yr BP. 
Keywords: Coastal zone, Amazon River, Holocene, Sea-level, 
Vegetation, Climate change. 
 
Resumo: A dinâmica dos manguezais na Ilha de Marajó, foz do Rio 
Amazonas, durante o passado ~ 7500 anos cal AP foi estudada usando 
vários proxies, incluindo fácies sedimentares, grãos de pólen, δ13C, 
δ15N e relação C/N, temporalmente sincronizados com quinze datações 
14C. Os resultados permitiram propor um desenvolvimento 
paleogeográfico com mudanças na vegetação, hidrologia e dinâmica da 
matéria orgânica. Hoje, o interior da Ilha é ocupado por vegetação de 
várzea/campos herbáceos de água doce, mas durante o Holoceno inicial 
houve um amplo desenvolvimento de manguezais com acúmulo de 
matéria orgânica estuarina. Isso foi causado devido aumento do nível 
do mar pós-glacial, e que combinado com uma subsidência tectônica, 
produziu uma transgressão marinha. É provável que a influência 
marinha relativamente maior na área estudada durante o Holoceno 
inicial e médio foi favorecida pela redução da descarga do Rio 
Amazonas, causada por um período de seca. Durante o final do 
Holoceno, houve uma redução da vegetação de mangue e da 
contribuição da matéria orgânica marinha. Isso sugere uma diminuição 
da influência marinha durante o Holoceno final que levou a uma 
migração gradual dos manguezais da região central para a zona 
litorânea nordeste da Ilha, causando um consequentemente isolamento 
dos manguezais pelo menos desde ~1150 anos cal AP. 
Palavras-chave: Zona costeira, Rio Amazonas, Holoceno, Nível do 
mar, Vegetação, Mudanças climáticas. 
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1. Introduction 

Mangrove distributions are considered indicators of 
coastal changes (Blasco et al., 1996) and have fluctuated 
throughout geological and human history. The area 
covered by mangrove is influenced by complex 
interactions involving gradients of tidal flooding 
frequency, nutrient availability and soil salt concentration 
across the intertidal area (Hutchings & Saenger, 1987; 
Wolanski et al., 1990). 

Investigations along the littoral zone of the Brazilian 
Amazon using sedimentological, palynological and 
isotope data have revealed evidence of 
expansion/contraction of mangroves during the Holocene 
(Guimarães et al., 2012; Smith et al., 2012; Cohen et al., 
2012). Those mangrove variations have been attributed to 
the combination of post-glacial sea-level rise (Suguio et 
al., 1985; Martin et al., 1996; Angulo et al., 2008), 
tectonic subsidence (Rossetti et al., 2012) and changes in 
the Amazon River discharge as consequence of variations 
in rainfall (Bush & Colinvaux, 1988; Bush et al., 2007).  

The main objective of this investigation is to establish 
a relationship between the changes in estuarine salinity 
gradient from Amazon River and the mangrove dynamics 
of Marajó Island-Northern Brazil. Then, this work 
presents the integration of δ13C, δ15N, total organic 
carbon (TOC), C/N ratio, facies analysis and pollen data, 
synchronized chronologically with fifteen radiocarbon 
dated (14C) samples. 
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2. Materials and methods 

Five specific sites were selected for shallow coring that 
represent different morphological aspects and vegetations 
at the Marajó Island (Fig. 1b): R-1 
(S0º40'26"/W48º29'37"); R-2 (S0º40'23"/W48º29'38"); R-
3 (S0º40'25"/W48º29'35"); R-4  (S0º39'37"/W48º29'3") 
and R-5 (S0º55'41"/W48º39'47"). The cores were 
submitted to X-ray to identify sedimentary structures. The 
sediment grain size was obtained by laser diffraction using 
a Laser Particle Size SHIMADZU SALD 2101 in the 
Laboratory of Chemical Oceanography/UFPA. Facies 
analysis included description of color (Munsell Color, 
2009), lithology, texture and structure (Miall, 1978). For 
pollen analysis all samples were prepared using standard 
analytical techniques for pollen including acetolysis 
(Faegri & Iversen, 1989). For Organic geochemistry 
analysis the samples were carried out at the Stable Isotope 
Laboratory of the Center for Nuclear Energy in 
Agriculture (CENA/USP). A chronologic framework 
(Table 1) for the sedimentary sequence was provided by 
conventional and accelerator mass spectrometer (AMS) 
radiocarbon dating (Pessenda & Carmargo, 1991; 
Pessenda et al., 1996) analyzed at the C-14 Laboratory of 
CENA/USP and at UGAMS (University of Georgia – 
Center for Applied Isotope Studies). 

3. Results and discussions 

The data suggest the delimitation of three phases, with a 
tidal flat colonized by mangrove in the central region of the 
island between ~7500 and ~3200 cal yr BP (estimated age), 
and with relatively higher contributions of estuarine organic 
matter between ~7500 and ~6500 cal yr BP (Table 1). 
During ~3200 and ~1150 cal yr BP in the hinterland of 
Marajó Island, mangroves were largely replaced by 
herbaceous vegetation, characterizing the second phase. The 
third phase is marked by migration and isolation of mangrove 
to the east coast of the island since ~1150 cal yr BP. 

The first phase was marked by tidal mud flats occupied 
by mangroves since at least ~7500 cal yr BP, and remained 
in the area of R-5 until ~3200 cal yr BP (Fig. 2 and Fig. 3). 
The relationship between δ13C and C/N values indicates an 
influence of estuarine organic matter, with dominance of 
C3 plants (Deines, 1980) and a mixture of freshwater algae 
(Schidlowski et al., 1983; Meyers, 1994) with brackish 
water algae (Peterson et al., 1994). The δ13C values were 
around −27‰. The δ15N values (1.3 to 5.0‰) suggest a 
mixture of terrestrial plants and aquatic organic matter 
(Sukigara & Saino, 2005). The C/N values (15-42) also 
indicate a mixture of organic matter from vascular plants 
and algae (Meyers, 1994; Tyson, 1995). 

The second phase was marked by massive mud 
sedimentation (~3200 to 1880 cal yr BP), with organic 
matter film (layer with small organic fragments – 1 mm), 
and some benthic tubes, root and root marks (R-5.42 cm) 
that indicate stagnant conditions with vegetation 
development (herbaceous plain and Amazon Coastal 
Forest-ACF influence). The relationship between δ13C and 
C/N values indicate a mixture of continental organic 

matter, dominance of C3 plants with a slight C4 plant 
(herbaceous) influence and aquatic contribution (Fig. 2 and 
Fig. 3). During this stage a reduction of mangrove occurs 
(<8%) that is replaced by herbaceous vegetation (20 to 
55%) and ACF (30 to 75%). The interruption of mangrove 
development during this period indicates unfavorable 
conditions to mangrove development, which may be due to 
a decrease in porewater salinity. The mangroves were 
isolated in the most northeastern areas of Marajó Island 
(about 40 km away from R-5 core), where the tidal water 
salinity remained relatively higher. 

 
Fig. 1. Location of the study area: a) Sea water salinity, Amazon River 
plume and North Brazil Current (Santos et al., 2008); b) Marajó Island, 
which covers approximately 40 000 km2, with sediments cores locations. 
 
Fig. 1. Localização da área de estudo: a) Salinidade da água do mar, 
pluma do Rio Amazonas e Corrente Norte do Brasil (Santos et al., 2008); 
b) Ilha de Marajó, que abrange cerca de 40 000 km2, com a localização 
dos testemunhos sedimentares. 
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Fig. 2. Summary results for cores: variation as a function of cores depth 
from chronological, lithological profile, pollen analysis and geochemical 
variables. Binary diagram between δ13C x C/N for different zones data of 
organic matter preserved along the facies association Mangrove tidal flat 
(modified from Lamb et al., 2006). 
 
Fig. 2. Síntese dos resultados dos testemunhos: variação em função da 
profundidade dos resultados das datações, perfil litológico, resultados 
polínicos e variáveis geoquímicas. Diagrama binário entre δ13C x C/N 
para diferentes zonas de dados de matéria orgânica preservada ao longo 
da associação de fácies de uma planície de maré com manguezal 
(modificado de Lamb et al., 2006). 

The third phase was marked by foreshore facies 
association (R-4, Fig. 2) recorded between ~1700 and 
~600 cal yr BP. This period is marked by low TOC and 
absence of pollen. It may be caused by various external 
factors (sediment grain size, microbial attack, oxidation 
and mechanical forces), as well as factors inherent to the 
pollen grains themselves (sporopollenine content, chemical 
and physical composition of the pollen wall) (Havinga, 
1967). The δ13C values (around −26‰) may indicate 
continental C3 plants (Deines, 1980) and/or freshwater 
algae (Schidlowski et al., 1983; Meyers, 1994). The 
mangrove began since ~1150 cal yr BP (R-2) at the 
earliest, and is recorded in cores R-1, R-4 and R-3 at ~540, 
~580 and ~660 cal yr BP, respectively. During the last 
thousand years the relationship between δ13C and C/N 
shows a trend from continental organic matter to organic 
matter originating from estuarine algae during mangrove 
establishment. 

 
Fig. 3. Schematic representation of successive phases of sediment 
accumulation and vegetation change in the study area according to 
marine-freshwater influence gradient. 
 
Fig. 3. Representação esquemática de sucessivas fases de acumulação de 
sedimentos e alteração da vegetação na área de estudo de acordo com a 
variação da influência de águas marinhas e água doce. 
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Table 1Sediment samples selected for Radiocarbon dating with depth, 
δ13C, 14C conventional and calibrated ages (using Calib 6.0; Reimer et al., 

2009). 
 

Tabela 1. Amostras de sedimento selecionadas para datação por 
radiocarbono com a respectiva profundidade, δ13C e idades convencionais 

de 14C calibradas (usando Calib 6.0; Reimer et al., 2009). 

 

4. Conclusions 

The sediment deposits from Marajó Island offer a valuable 
opportunity to investigate past climate and RSL, and its 
effects on vegetation and sedimentary organic matter. The 
data indicate a tidal mud flat colonized by mangroves with 
estuarine organic matter in the interior of Marajó Island 
between ~7500 and ~3200 cal yr BP. It was caused by the 
post-glacial sea-level rise, which combined with tectonic 
subsidence, produced a marine transgression. During the 
late Holocene, there was a reduction of mangrove 
vegetation in the interior of Marajó Island and the 
contribution of freshwater organic matter was higher than 
during the early and middle Holocene. It suggests a 
decrease in marine influence that led to a gradual 
migration of mangroves from the central region to the 
northeastern littoral, and consequently, its isolation since 
at least ~1150 cal yr BP. 

As reported by this work, using a combination of 
proxies is efficient for establish a relationship between 
changes in estuarine salinity gradient and depositional 
environment/vegetation. 
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