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Deposition modes in the peatland and paleo-lake Colônia (São Paulo, SE / 
Brazil) since the last interglacial based on clr-biplots and principal 
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Abstract 

The Colônia site is situated in the periphery of the mega-city Sao Paulo, and consists of a circular 
structure with ca. 3 km in diameter, surrounded by rims of approximately 120 m height. The inner part 
of the structure has been accumulating sediments during geological time and today holds a swampy 
alluvial plain. Previous investigations had shown striking changes in floristic composition since the last 
interglacial, however a detailed study on the sediments’ geochemistry and mineralogy was missing. We 
determined the degree of crystallinity of the sediments, and applied compositional data analysis to the 
geochemistry data. The results allow identification of the stratigraphic intervals that were deposited 
under more humid conditions. In the context of regional paleoclimate, correlations with other records 
show that such conditions are in phase with a more southern position of the Intertropical Convergence 
Zone, acting as enhancing factor of the South American Summer Monsoon.  
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1. Introduction 

 Colônia, a geomorphological circular structure in southeast Brazil, probably originated from an 
meteor impact with still unknown age. The structure, situated 40 km south of the center of the mega city 
São Paulo, has ca. 3.6 km in diameter and a surrounding rim elevated by ca. 120 meters. At present, the 
inner part of the structure contains a swampy alluvial plain. The regional yearly rainfall pattern is under 
the domain of the South American Summer Monsoon, with increased summer rainfall accompanied by 
increasing temperatures. During the austral winter, southern frontal systems act as moisture source and 
relate to colder temperatures. The vegetation history from the peatland sediments had already shown 
noticeable changes since 125 ka (Ledru et al, 2009). The previous reconstruction is herewith 
complemented by investigations of the inorganic portions of the sediments, also in order to determine 
potential indicators for past climate conditions (e.g. Ledru et al. 2015). 

!  

Figure 1: Lithology for core CO14, accompanied by color scans from Itrax, color after Munsel 
scale, texture (fine sand given by occurence and maximum grain size of mica plates),  and the 

degree of crystallinity, and the first principal component of the geochemical data-set. 
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2. Results and Discussions 

 Sediment columns with 14 meters depth, recovered in September 2014, have shown that below a 
circa 8 meter thick peat deposit, sediments are lacustrine and characterized by light-gray bands (cm scale, 
Figure 1). According to a preliminary age-depth model, based on radiocarbon ages, luminescence ages 
and paleomagnetism, the transition between lake to peat deposition seems to relate to climate boundary 
conditions from glacial towards interglacial conditions (Roeser et al., in prep.). 
 For the uppermost 2 meters of peat sediments, the detrital input (e.g. K, Ti, Si [XRF counts]) 
allowed the identification of phases of peatland deposited under increased water table depth, containing 
older carbon with respect to the stratigraphic counterparts deposited under lower water table conditions. 
 In the lowermost lacustrine fine-grained sediments, the banded gray layers have distinct grain size, 
as macroscopically observed from mica grains/plates. Correlated to high-resolution geochemical data, 
lighter colored bands hold increased amounts of K and Si [XRF counts], originating from detrital input 
from the basin, e.g. flood events during tropical storms. 
 Overall, in the Colônia sediments potassium is mainly contained in the crystalline structure of 
muscovite, whereas silica is additionally contained in kaolinite and quartz, thereby completing the 
minerals that make out the major mineral assemblage found in the sediments. Pyrite is found as an 
accessory mineral with average concentrations between 1 and 2%, peaking at 5% up to 10% in covariance 
to Fe/Ti [XRF count ratio]. The degree of crystallinity, as obtained from X-ray diffraction data, clearly 
outlines the bottom lacustrine sediments, and in the peatland it shows the alternations between 
ombrotrophic peat accumulation and minerotrophic accumulation (Figure 1). 

2.1. Classic and robust clr-biplots: the deposition modes 

 Clr-biplots of the geochemical signature (selected K, Rb, Si, Ti, Zr, Fe, Ca, S [high resolution 
XRF counts]) of the entire sediment column show that the principal components separate the observations 
according to the deposition environment, i.e. paleo-lake or peatland, and moreover, during peatland 
deposition ombrotrophic phases and minerotrophic phases can be distinguished in the clr-biplots 
(Aitichson and Greenacre, 2002). Notably, the robust clr-biplot (sensu Filzmoser, et al 2009) improves the 
opening of this data set (Figure 2). This effect is attributed to the increased amount of outliers and/or data 
scattering, due to low XRF counts in the ombrotrophic peat phase (sediment unit II), that holds elevated 
concentrations of organic matter. 
 The scores of the first principal component covariate with the degree of crystallinity of the 
sediments (Figure 1), specially for the peatland sediments. For the lacustrine sediments, the first principal 
component covariates with increased input of terrigenous elements such as Si and K. Therefore, PC1 is 
interpreted to reflect more humid conditions in the peat and in the lake depositional phases. 

!  

Figure 2: comparative clr-biplots using the classical approach and the robust approach.  
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3. Conclusions 

 Inserted in the context of South American paleoclimate, the change of the peatland deposition 
environment towards minerotrophic conditions correlates well to time periods in which the overall region 
received increased moisture. Such conditions relate to changes in precipitation and seasonality regulated 
by the South American Summer Monsoon variability, as also observed in supra-regional paleoclimate 
records, e.g. speleothem records, the Cariaco Basin and concomitant increased detrital input to the 
continental margin at SE Brazil as shown by marine sediments. These conditions partly overlap with time 
periods of colder temperatures and enhanced frequency of southern frontal systems, as shown by several 
phases of Araucaria pollen occurrence in the Colônia peatland. 
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