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ABSTRACT      n-Alkanes recovered from sedimentary deposits are recognized 
as a promising new proxy for reconstructing past environmen-
tal change. However, their interpretation is not straightforward 
due to a disconnect between modern and ancient n-alkane 
datasets. Here we present parallel n-alkane and pollen records 
from middle Pleistocene deposits on the tropical eastern 
Andean flank, to explore the interpretation n-alkane data from 
sedimentary record. The input of n-alkanes into the sedimen-
tary record is predominantly of terrestrial origin and likely 
derived from soils. Three n-alkane zones are defined within 
the sedimentary record, based on chain length data, which 
also reflects changes in carbon preference index (CPI). The 
n-alkane data from modern soils suggests that CPI is indicative 
of temperature; therefore, low CPI in the ancient sediments is 
interpreted as indicative of warmer conditions at the time of 
deposition. The n-alkanes, with the pollen record, suggest that 
the record shows post-volcanic vegetation recovery (zone I to 
zone II, stabilizing pollen concentrations), followed by a cool-
ing event that induced vegetation change (zone II to zone III, 
CPI and Podocarpus pollen concentrations increase). We show 
that an ecologically and climatically meaningful interpretation 
of the n-alkane record is possible when used in conjunction 
with calibration data and other proxies.
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� |  INTRODUCTION

Reconstructions of past environments and how they change, can aid our understanding 
of the dynamics of modern environments, which is especially urgent given accelerating 
climatic and land use changes (Cronin, 2014). One of the many proxies used to infer past 
environmental change from sedimentary records, is the n-alkane molecular proxy (Jansen 
and Wiesenberg, 2017; Kirkels et al., 2013).

The n-alkanes are part of the plant epicuticular wax that are hypothesized to form a 
line of defence for the plant against environmental stressors (such as drought or extreme 
temperatures), pathogens and predators (Eglinton and Hamilton, 1967; Shepherd and 
Gri�iths, 2006). Plant wax n-alkanes typically are between C20-C37 chain lengths, with a 
strong predominance of odd-chain lengths (Eglinton and Hamilton, 1967). The n-alkanes 
are transferred from plant to soils and sedimentary records, as the plant material degrades 
(from leaf to necromass to soil to sedimentary record) or by direct deposition of leafy mate-
rial in to the sedimentary record. However, the precise nature of the processes involved 
remain largely unknown (Häggi et al., 2014; Kirkels et al., 2013; Teunissen van Manen et al., 
2020; Wu et al., 2019). Despite this knowledge gap, plant wax n-alkanes have been used as 
the basis of several molecular proxies. These include the n-alkane hydrogen and carbon 
isotopic composition proxies (Eglinton and Eglinton, 2008) and the n-alkane signal proxy 
(i.e. interpreting changes in the relative abundances of n-alkane chain lengths, also called 
n-alkane patterns or distributions) (Jansen and Wiesenberg, 2017).

The n-alkane signal is recognized as a promising new proxy, but it requires an under-
standing of the input source and needs to be calibrated to an appropriate modern n-alkane 
signal near the study site. For example, in forests the vegetation n-alkane source overwrites 
other (airborne) n-alkane input sources (Jansen and Wiesenberg, 2017), but in aquatic or 
riparian settings the n-alkane input source could be dominated by macrophytes (Ficken 
et al., 2000). Aside from understanding the n-alkane input into the sedimentary record, 
the interpretation of the n-alkane signal relies on what is known about modern n-alkane 
signals across environments, and at the study site in particular.

Shi�s in the relative abundances of n-alkanes (the n-alkane pattern or distribution) 
extracted from plants, necromass and surface soils have been found to reflect site specific 
climatic conditions, such as temperature and hydrological factors (Bush and McInerney, 
2013; Feakins et al., 2016; Ho�mann et al., 2013; Luo et al., 2012; Sachse et al., 2006; Teunis-
sen van Manen et al., 2019; Tipple and Pagani, 2013; Wang et al., 2018; Zech et al., 2011). 
Therefore, it has been proposed that the n-alkane signal reflects climatic conditions. How-
ever, although climatic interpretation of the n-alkane signal has been shown possible (Bai 
et al., 2009; Buggle et al., 2010; Li et al., 2016; Xie et al., 2003; Zhou et al., 2005), there is still 
debate about the degree to which the n-alkane signal also reflects the parent vegetation 
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(Rao et al. 2009; Bush & McInerney 2013; Feakins et al. 2016; Teunissen van Manen, 2019). 
The central question remains: what does the n-alkane signal reflect in sedimentary records?

The Erazo section (Andes, Napo province, Ecuador; Fig. 1), comprised of Middle Pleisto-
cene sedimentary deposits, o�ers an ideal opportunity to explore the interpretation of the 
n-alkane signal from an ancient sedimentary record. This is because the modern n-alkane 
signal from the Andes has been recently characterized for plants, necromass and soils 
(Feakins et al., 2016; Teunissen van Manen et al., 2020, 2019; Wu et al., 2019), and the pollen, 
charcoal and macrofossil records of the Erazo section have been studied (CÆrdenas et al., 
2011a, 2014). Additionally, the upper profile of the Erazo section was resampled in 2015, to 
further the debate about the climate and environmental inferences previously drawn from 
palaeoecological record (CÆrdenas et al., 2011a, 2011b; Punyasena et al., 2011). Specifi-
cally, climatic cooling inferred from pollen and macrofossil evidence at Erazo (CÆrdenas et 
al., 2011a, 2011b) was called into question, on the grounds that edaphic processes could 
instead have been responsible for the observed vegetation tur n-over (Punyasena et al., 
2011). Although not the main focus of this study, the n-alkane biomarker record can po-
tentially reveal information about past environment that could contribute to this debate.
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Figure 1 | The Erazo study site (black dot). Green shaded area indicates the Napo province. Text in labels 
indicate provinces: PI = Pichincha, OR = Orellana, and Napo. Dashed lines indicate the main roads. In the 
insert map, the blue shade indicates the Paci�c Ocean, grey shade indicates other countries surrounding 
Ecuador (in white). The green shade delineates the Napo province in Ecuador. The country codes are COL = 
Colombia, PER = Peru, and ECU = Ecuador.




















































