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O. Lähteenoja t, M. Lamentowicz u, R. Marchant v, E. McClymont a,w, X. PontevedraPombal x, C. Ponton j, A. Pourmand y, A.M. Rizzuti z, L. Rochefort aa,
J. Schellekens ab, F. De Vleeschouwer m, R.D. Pancost a,b
a

Organic Geochemistry Unit, School of Chemistry, University of Bristol, Bristol, UK
b
Cabot Institute, University of Bristol, Bristol, UK
c
State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an, PR China
d
Geography, College of Life and Environmental Sciences, University of Exeter, Exeter, UK
e
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Abstract
Glycerol dialkyl glycerol tetraethers (GDGTs) are membrane-spanning lipids from Bacteria and Archaea that are ubiquitous in a range of natural archives and especially abundant in peat. Previous work demonstrated that the distribution of bacterial branched GDGTs (brGDGTs) in mineral soils is correlated to environmental factors such as mean annual air
temperature (MAAT) and soil pH. However, the inﬂuence of these parameters on brGDGT distributions in peat is largely
unknown. Here we investigate the distribution of brGDGTs in 470 samples from 96 peatlands around the world with a broad
mean annual air temperature (8 to 27 °C) and pH (3–8) range and present the ﬁrst peat-speciﬁc brGDGT-based temperature
and pH calibrations. Our results demonstrate that the degree of cyclisation of brGDGTs in peat is positively correlated with
pH, pH = 2.49  CBTpeat + 8.07 (n = 51, R2 = 0.58, RMSE = 0.8) and the degree of methylation of brGDGTs is positively
correlated with MAAT, MAATpeat (°C) = 52.18  MBT05me  23.05 (n = 96, R2 = 0.76, RMSE = 4.7 °C). These peat-speciﬁc
calibrations are distinct from the available mineral soil calibrations. In light of the error in the temperature calibration (4.7 °
C), we urge caution in any application to reconstruct late Holocene climate variability, where the climatic signals are relatively
small, and the duration of excursions could be brief. Instead, these proxies are well-suited to reconstruct large amplitude,
longer-term shifts in climate such as deglacial transitions. Indeed, when applied to a peat deposit spanning the late glacial
period (15.2 kyr), we demonstrate that MAATpeat yields absolute temperatures and relative temperature changes that are
consistent with those from other proxies. In addition, the application of MAATpeat to fossil peat (i.e. lignites) has the potential
to reconstruct terrestrial climate during the Cenozoic. We conclude that there is clear potential to use brGDGTs in peats and
lignites to reconstruct past terrestrial climate.
Ó 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
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1. INTRODUCTION
Although reconstructions of terrestrial environments are
crucial for the understanding of Earth’s climate system,
suitable depositional archives (especially longer continuous
sequences) are rare on land. Peatlands and lignites (naturally compressed ancient peat) are one exception and oﬀer
remarkable preservation of organic matter. Peats can be
found in all climate zones where suitable waterlogged conditions exist. Typical peat accumulation rates are on the
order of 1–2 mm/year (Gorham et al., 2003) and because
they exhibit minimal bioturbation (although roots might
be present) they are widely used as climate archives during
the late Quaternary, predominantly the Holocene (e.g.,
Barber, 1993; Chambers and Charman, 2004). Peat-based
proxies include those based on plant macrofossils, pollen,
and testate amoebae (e.g., Woillard, 1978; Mauquoy
et al., 2008; Väliranta et al., 2012), inorganic geochemistry
(e.g., Burrows et al., 2014; Chambers et al., 2014; Hansson
et al., 2015; Vanneste et al., 2015), (bulk) isotope signatures
(e.g., Cristea et al., 2014; Roland et al., 2015) and organic
biomarkers (e.g., Nichols et al., 2006; Pancost et al., 2007;
Pancost et al., 2011; Huguet et al., 2014; Zocatelli et al.,
2014; Schellekens et al., 2015; Zheng et al., 2015). Although
these proxies can be used to provide a detailed reconstruction of the environment and biogeochemistry within the
peat during deposition, an accurate temperature or pH
proxy for peat is currently lacking (Chambers et al.,
2012). This is particularly problematic because temperature
and pH are key environmental parameters that directly
aﬀect vegetation type, respiration rates, and a range of
other wetland features (e.g., Laﬂeur et al., 2005; YvonDurocher et al., 2014). The aim of this paper is to develop
peat-speciﬁc pH and temperature proxies for application to

peat cores as well as ancient peats from the geological
record preserved as lignites.
We focus on using membrane-spanning glycerol dialkyl
glycerol tetraether (GDGT) lipids. In general, two types of
GDGTs are abundant in natural archives such as peats: (1)
isoprenoidal (iso)GDGTs with 2,3-sn-glycerol stereochemistry that are synthesized by a wide range of Archaea,
and (2) branched (br)GDGTs with 1,2-sn-glycerol stereochemistry that are produced by Bacteria (see review by
Schouten et al., 2013 and references therein). A wide range
of brGDGTs occur in natural archives such as mineral soils
and peat; speciﬁcally, tetra-, penta-, and hexamethylated
brGDGTs, each of which can contain 0, 1, or 2 cyclopentane rings (Weijers et al., 2006b). In addition, recent studies
using peat and mineral soils have demonstrated that the
additional methyl group(s) present in penta- and hexamethylated brGDGTs can occur on either the a and/or x-5
position (5-methyl brGDGTs) or the a and/or x-6 position
(6-methyl brGDGTs) (De Jonge et al., 2013, 2014).
brGDGTs are especially abundant in peat, in fact
brGDGTs were ﬁrst discovered in a Dutch peat
(Sinninghe Damsté et al., 2000). The concentration of
brGDGTs (as well as isoGDGTs) is much higher in the
water saturated and permanently anoxic catotelm of peat
compared to the predominantly oxic acrotelm, suggesting
that brGDGTs are produced by anaerobic bacteria
(Weijers et al., 2004, 2006a, 2011), potentially members of
the phylum Acidobacteria (Weijers et al., 2009; Sinninghe
Damsté et al., 2011, 2014). Although the exact source
organism(s) are/is currently unknown, in mineral soils
(and potentially lakes) the distribution of bacterial
brGDGTs is correlated with mean annual air temperature
(MAAT) and pH (Weijers et al., 2007; Peterse et al.,
2012; De Jonge et al., 2014; Loomis et al., 2014; Li et al.,

