
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/authorsrights

http://www.elsevier.com/authorsrights


Author's personal copy

Branched and isoprenoid tetraether (BIT) index traces water content along
two marsh-soil transects surrounding Lake Qinghai: Implications for
paleo-humidity variation

Huanye Wang a,b, Weiguo Liu a,c,⇑, Chuanlun L. Zhang d,e,⇑, Zhonghui Liu f, Yuxin He f

a State Key Laboratory of Loess and Quaternary Geology, IEE, CAS, Xi’an 710075, China
b Graduate School of Chinese Academy of Sciences, Beijing 100049, China
c School of Human Settlement and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, China
d State Key Laboratory of Marine Geology, School of Ocean of Earth Sciences, Tongji University, Shanghai 200092, China
e Department of Marine Sciences, The University of Georgia, Athens, GA 30602, USA
f Department of Earth Sciences, The University of Hong Kong, Hong Kong, China

a r t i c l e i n f o

Article history:
Received 12 December 2012
Received in revised form 26 March 2013
Accepted 27 March 2013
Available online 4 April 2013

a b s t r a c t

The BIT index represents the relative abundances of branched glycerol dialkyl glycerol tetraethers
(bGDGTs) and the isoprenoid GDGT, crenarchaeol. While bGDGTs are produced mainly by soil (anaerobic)
bacteria, crenarchaeol is known to be a biomarker for aerobic ammonia oxidation by chemolithoauto-
trophic Thaumarchaeota, particularly in the open ocean or lakes. Thus, the index in marine and lacustrine
settings has been widely used as a proxy for soil input. Here, we have investigated GDGT distribution
along two transects extending from the lake shore marsh to upland soils on the NE Qinghai-Tibetan pla-
teau. The results show that soil water content (SWC) correlates positively with concentration of bGDGTs
and negatively with concentration of crenarchaeol; consequently, there is a significant positive correla-
tion between SWC and the BIT index. Our study highlights a new potential application of BIT as a humid-
ity proxy in loess/soil and peat deposits.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Crenarchaeol is a unique isoprenoid glycerol dialkyl glycerol
tetraether (iGDGT; Appendix) containing one cyclohexane moiety
together with four cyclopentane rings formed by internal cyclisa-
tion of the biphytanyl chains (Sinninghe Damsté et al., 2002). It
has been proposed as a unique archaeal lipid biomarker specific
for the newly proposed phylum, Thaumarchaeota (Brochier-Arma-
net et al., 2008; Pitcher et al., 2010; Spang et al., 2010; Schouten
et al., 2013). Branched GDGTs (bGDGTs; Appendix) are, on the
other hand, tetraether lipids with 4–6 methyls attached to the tet-
raether backbone and containing 0–2 cyclopentane rings formed
by internal cyclization (Weijers et al., 2006b). They were first iden-
tified using nuclear magnetic resonance (NMR) spectroscopy after
isolation from a Dutch Holocene peat (Sinninghe Damsté et al.,
2000). Based on stable carbon isotope analysis, producers of
bGDGTs are suggested to be heterotrophic microorganisms (Pan-

cost and Sinninghe Damsté, 2003; Oppermann et al., 2010; Weijers
et al., 2010), possibly involved in soil organic matter (SOM) miner-
alization (Weijers et al., 2006b). The 1,2-di-O-alkyl-sn-glycerol
structure and abundance of bGDGTs in the anoxic horizon of acidic
peat bogs led to the suggestion that some members of the anaero-
bic heterotrophic Acidobacteria are the producers (Weijers et al.,
2006a, 2009; Liu et al., 2010). Further evidence of an Acidobacteria
origin comes from Sinninghe Damsté et al. (2011), who reported
synthesis of a bGDGT by two species of Acidobacteria. The exact
origin(s) of this suite of lipids in the natural environment remains,
however, unknown.

The BIT index, the ratio of crenarchaeol vs. three major bGDGTs
(bGDGT-I, -II and -III), was originally proposed as a proxy for eval-
uating terrestrial soil SOM contribution to oceanic settings (Hop-
mans et al., 2004; Huguet et al., 2007). It is based on the premise
that crenarchaeol in marine sediments is derived primarily from
marine Thaumarchaeota, while bGDGTs have been found to exist
predominantly in terrestrial environments, particularly peat and
soil (Hopmans et al., 2004). A BIT value of 1 represents the soil
end member and a value of 0 the marine end member. The index
has also been applied to other aquatic systems such as lakes (Blaga
et al., 2009; Verschuren et al., 2009) for tracing the SOM contribu-
tion, despite the observation of some in situ production of bGDGTs
in lakes (e.g. Tierney and Russell, 2009; Tierney et al., 2012).
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The occurrence and distribution of GDGTs in modern surface
soils have been investigated extensively (see review by Schouten
et al., 2013), most of which focused on the temperature control
and pH control on bGDGT distribution (Weijers et al., 2007; Sinnin-
ghe Damsté et al., 2008; Peterse et al., 2009a,b, 2010, 2012; Loomis
et al., 2011; Zhang et al., 2012). It was demonstrated that the
bGDGT-derived methylation index of branched tetraethers/cyclisa-
tion ratio of branched tetraethers (MBT/CBT) paleothermometer is
a novel tool for paleotemperature reconstruction in loess/soil and
peat deposits (Peterse et al., 2011; Zhou et al., 2011; Gao et al.,
2012). Environmental controls on the BIT index have rarely been
reported (Kim et al., 2010; Yang et al., 2012). Recently, both Kim
et al. (2010) and Yang et al. (2012) found a decrease in BIT values
with increasing soil pH from studies of GDGTs in soils from the Têt
river watershed and those distributed over China, respectively.
However, the influence of soil water content (SWC) on BIT was
not investigated.

The importance of SWC in regulating microbial activity, diver-
sity and community structure is well known (e.g. Linn and Doran,
1984; Franzluebbers, 1999; Hackl et al., 2005; Wichern and Joer-
gensen, 2009; Angel et al., 2010; Brockett et al., 2012). Based on
the fact that BIT values for peat bogs and soils in relatively humid
regions are much higher than those for soils in relatively arid re-
gions (Weijers et al., 2006a; Loomis et al., 2011; Yang et al.,
2012), we hypothesized that variation in the SWC would influence
the relative abundance of soil Thaumarchaeota and bGDGT-pro-
ducing bacteria (and consequently BIT) because the former would
prefer an aerobic/microaerobic environment (low water content)
when growing chemoautotrophically (Könneke et al., 2005; Hat-
zenpichler, 2012) and the latter are presumably anaerobic organ-
isms preferring an anoxic environment (high water content;
Weijers et al., 2006b).

Paleo-humidity is a key parameter in addition to paleotemper-
ature for understanding past climate change. Xie et al. (2012) used
a proxy called Ri/b to describe changes in paleo-humidity, which
took into account total archaeal iGDGTs and bGDGTs. The effect
of SWC on soil BIT, if validated, might provide a simpler and more
direct proxy for paleoclimate/paleoenvironmental reconstruction
for terrestrial deposits. The aim of this work was therefore to
examine this effect by studying the BIT variation along two SWC
gradients extending from the lake shore marsh to upland soils
around Lake Qinghai, NE Qinghai-Tibetan Plateau.

2. Material and methods

2.1. Study sites and samples

The region of Lake Qinghai, surrounded by mountains such as
Datongshan, Riyueshan and Nanshan (Liu et al., 2011), is in a
semi-arid, cold and high altitude (ca. 3200 m) climate zone on
the NE Qinghai-Tibetan Plateau, China. The climate is affected by
the East Asian monsoon, the Southwest monsoon and the westerly
jet stream (Gao, 1962; An et al., 2000). Based on a 10 yr (1994–
2004) instrumental record from a meteorological station 50 km
to the north of the lake, mean annual and summer (July and Au-
gust) air temperature is 0.24 �C and 11.4 �C, respectively (Liu
et al., 2008). The mean annual precipitation is 250–400 mm (Shen
et al., 2005; Wang et al., 2012), with summer being the major sea-
son for precipitation. However, potential evaporation (800–
1200 mm) greatly exceeds precipitation (Liu et al., 2006).

Samples along two transects perpendicular to the lake were col-
lected during a field trip in the summer of 2012 (Table 1, Fig. 1).
The first set (EH samples: 36�32043.200–36�32046.500N,
100�43013.800–100�43015.700E) was to the southeast of Lake Qinghai,
on the shore of a satellite lake (Lake Erhai), and seven samples

were collected at a distance of ca. 10, 20, 40, 50, 50, 60 and 80 m
from the lake shoreline, respectively. The second set (GC samples:
37�11018.300–37�12015.100N, 100�06040.600–100�06050.800E) was from
an alluvial fan to the north of the lake, and six samples were col-
lected at a distance of ca. 0, 150, 225, 1100, 1700 and 1700 m from
the lake shoreline, respectively. For each sample, three randomly
collected subsamples (upper 5 cm) were pooled and mixed to
make one composite sample representing that location. All sam-
ples were stored on dry ice in the field and kept at �20 �C until
analysis.

2.2. Soil parameters

SWC was obtained by measuring sample weight before and
after freeze drying.

Sample pH was measured following Wang et al. (2012): ca. 4 g
freeze dried sample were added in distilled water in a ratio of 1:2.5
(g/ml); the mixture was shaken vigorously, left to stand for 30 min,
and the pH of the supernatant was measured with a pH meter. The
standard deviation for triplicate measurements was better than
0.1.

Total organic carbon (TOC) content was determined according
to Wei et al. (2012): after removing visible plant residue, ca. 3 g
freeze dried sample was ground in an agate mortar, sieved through
a 100 mesh screen and homogenized. It was then soaked in 2 M
HCl for 24 h to exclude inorganic carbon and washed with distilled
water until pH > 6. The sample was then dried at 40 �C and re-
homogenized. Finally, an aliquot (ca. 30–70 mg) was analyzed
using an Elemental Analyzer instrument (Vario EL III, Hanau,
Germany).

2.3. Lipid extraction

The freeze dried and homogenized samples (5–10 g) were ex-
tracted using a modified Bligh–Dyer (1959) technique, as described
by Wang et al. (2013): A single phase solvent mixture (2:1:0.8, v/v/
v) of MeOH, dichloromethane (DCM) and phosphate buffer (pH 7.4)
was added to the sample in a centrifuge tube. Samples were soni-
cated, centrifuged and the extract collected into another tube. This
procedure was repeated 2�. DCM and phosphate buffer were
added to the combined extract at 1:1:0.9 (v/v/v) to achieve phase
separation. The bottom DCM phase, containing the target lipids,
was collected into a 40 ml glass tube. The residue was rinsed
(2�) with DCM, with all DCM fractions collected into the glass
tube. Finally, the DCM phase containing the total Bligh–Dyer ex-
tract (BDE) was dried under N2. A known amount of C46 GDGT
internal standard (IS, Huguet et al., 2006) was added to the BDE,
which was redissolved in DCM. One aliquot of the BDE was dried
under N2, re-dissolved in hexane/isopropanol (99:1 v/v) and fil-
tered through a 0.45 lm PTFE filter for high performance liquid
chromatography–mass spectrometry (HPLC–MS) analysis of core
GDGTs.

2.4. GDGT analysis, quantification and index calculation

HPLC-atmospheric pressure chemical ionization (APCI)-MS was
performed at Tongji University following a procedure slightly mod-
ified from Schouten et al. (2007) and Zhang et al. (2012). An aliquot
(5–10 ll, depending on GDGT concentration) of sample (600 ll)
was injected and separation was achieved with an Alltech Prevail
Cyano Column (150 mm � 2.1 mm, 3 lm). The elution gradient
was: isocratic (5 min) at 99% hexane/1% isopropanol followed by
a linear gradient to 1.8% propanol in 45 min at a constant
0.2 ml min�1. After each analysis, the column was cleaned by
back-flushing using 90%hexane/10%propanol at 0.2 ml min�1 for
10 min. Scanning was performed in selected ion monitoring
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(SIM) mode. Quantification was performed by way of peak area
integration of [M + 1]+ ions in the extracted ion chromatogram,
and comparison with the C46 IS. Ionization efficiency for iGDGTs
and bGDGTs was assumed identical to the IS.

The BIT index was calculated according to Hopmans et al.
(2004):

BIT ¼ Iþ IIþ III
Iþ IIþ IIIþ crenarchaeol

ð1Þ

The Ri/b ratio was calculated as in Xie et al. (2012):

Ri=b ¼
X

iGDGTs
.X

bGDGTs ð2Þ

3. Results and discussion

3.1. SWC and BIT variation

There is generally a natural SWC gradient across the transect
extending from lake shore marsh to the upland soils (Fig. 2a and

b). It provides an ideal location for investigating how SWC could
potentially affect microbial lipid distribution. At the time of sam-
pling, SWC decreased from 42% in the lake marsh to 12% farther
away for EH samples and from 58% to 26% for GC samples in the
alluvial fan (Table 1), as a result of the decreasing water availability,
mainly from the groundwater. Despite the larger distance range for
GC samples (Table 1), its SWC was higher than that in EH samples
(GC, avg. 44%; EH, avg. 27%). This is possibly due to the smaller
ground level increment with increasing distance and more
groundwater supply for GC samples (Jin et al., 2010), which is in
the alluvial fan of Shaliu River – the second largest river draining
in to Lake Qinghai. Moreover, the topographic condition and
groundwater supply might also account for the smaller SWC gradi-
ent with distance for GC samples than for EH samples (GC, 0.01%/m;
EH, 0.3%/m).

The concentration of bGDGTs correlated positively with SWC
(R2 0.83, p < 0.01), whereas that of crenarchaeol correlated nega-
tively with SWC (R2 0.53, p < 0.01; Fig. 3a). The positive correlation
between bGDGT concentration and SWC is consistent with the
higher abundance of bGDGTs in lake sediments than in soils

Fig. 1. Map showing location of the two sets of soil/marsh samples surrounding Lake Qinghai.

Table 1
Soil parameters, concentration and indices from GDGTs along two transects extending from the lake shore marsh to upland soils.

Sample Distance from lake shore (m) TOC (%) pH SWC (%) GDGT concentration (ng/g dws) BIT Ri/b GDGT-0/crenarchaeol

GDGT-0 Crenarchaeol bGDGTs

EH12-2 10 2.3 8.5 33 17.1 2.6 100 0.96 0.20 6.7
EH12-3 20 3.2 8.5 42 8.8 2.4 122 0.96 0.10 3.7
EH12-4 40 2.5 8.7 34 4.4 1.5 142 0.98 0.05 2.8
EH12-5 50 2.3 8.4 18 5.1 5.8 19 0.73 0.73 0.9
EH12-6 50 7.7 33 8.9 6.7 29 0.79 0.61 1.3
EH12-7 60 1.1 8.4 12 3.5 5.2 10 0.61 1.06 0.7
EH12-8 80 1.9 8.4 18 1.4 3.0 14 0.80 0.37 0.5
GC12-2 0 3.7 7.6 58 6.8 0.3 332 1.00 0.02 23.7
GC12-3 150 7.7 8.0 52 13.9 1.6 622 1.00 0.03 8.4
GC12-4 225 6.8 8.8 49 15.9 0.7 1424 1.00 0.01 23.7
GC12-5 1100 4.7 8.1 42 11.5 3.4 266 0.98 0.06 3.3
GC12-6-1 1700 4.0 8.1 26 13.7 8.0 40 0.82 0.62 1.7
GC12-6-2 1700 5.6 8.9 39 24.3 5.4 96 0.93 0.33 4.5
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(Tierney and Russell, 2009; Loomis et al., 2011; Tierney et al., 2012)
and the more abundant bGDGTs in perennially water saturated
soils than in dry well-drained soils (Loomis et al., 2011). The neg-
ative correlation between crenarchaeol and SWC is, on the other
hand, in agreement with a negative correlation of SWC and abun-
dance of Thaumarchaeota observed by Bates et al. (2011) for tall

grass prairies. Consequently, the BIT index, representing the rela-
tive abundance of bGDGTs vs. crenarchaeol, showed a strong
positive correlation with SWC (R2 0.85, p < 0.01; Fig. 3b). This indi-
cates that soil moisture might have a significant impact on the BIT
index. Further evidence comes from the database in other studies.
A plot of BIT values with mean annual precipitation (MAP) for
modern Chinese soils of Xie et al. (2012) showed a sharp decrease
in BIT when MAP was <600 mm (Fig. 3c). Also, we noticed that the
BIT values (avg. 0.96) in the wet soils were much higher than those
(avg. 0.77) in dry soils from western Uganda (Loomis et al., 2011).

For our samples, it is likely that the effect of pH or lacustrine in-
put on BIT was much less than that of SWC. It has been supposed
that pH is important in affecting the abundance and distribution
of iGDGTs and bGDGTs (Weijers et al., 2006a, 2007; Pearson
et al., 2008; Kim et al., 2010; Peterse et al., 2010; Boyd et al.,
2011; Yang et al., 2012; Xie et al., 2012). In this study, however,
no obvious relationship between pH and BIT (Fig. 3d) was ob-
served, suggesting that BIT might be more sensitive to SWC varia-
tion in these soils (pH range 7.5–9.0). But this does not contradict
previous investigations of Kim et al. (2010) and Yang et al. (2012),
where the BIT-pH relationship is not apparent in such a narrow pH
range (7.5–9.0). It might also be argued that there could be an
additional lacustrine source of GDGTs for the marsh samples. How-
ever, marsh samples in this study were not covered by lake water
(except GC12-2 at a water depth of 3 cm) in summer, during which
lake level was generally highest in the region. Moreover, BIT values
for nearshore sediments (0.43–0.97, avg. 0.85) and offshore sedi-
ments (0.22–0.55, avg. 0.32) of Lake Qinghai (Wang et al., 2012)
were generally lower than those for lakeshore marsh (e.g. BIT val-
ues for GC12-2, GC12-3 and GC12-4 were all 1.00). Therefore, the
BIT variation here could mainly be explained by changes in SWC.

3.2. Possible mechanisms for SWC-BIT relationship

Soil moisture can directly influence the physiological status of
microorganisms. Dryness is generally unfavorable for bacteria vs.
other microorganisms (Harris, 1981; Tiwari et al., 1987; Drenovsky
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et al., 2004). It is therefore possible that the bGDGT-producing bac-
teria have limited capacity to survive in dry conditions and, in con-
sequence, bGDGT concentration would be positively correlated
with SWC (Fig. 3a). On the other hand, soil Thaumarchaeota pro-
ducing crenarchaeol possibly do not prefer a habitat with much
higher soil moisture, and therefore the concentration of crenar-
chaeol would be low in soils or marsh with high SWC (Fig. 3a).

More importantly, SWC also regulates a number of physical and
chemical properties of soil (e.g. Airoldi and Prado, 1999), which can
influence the microbial population and activity in addition to (or
instead of) SWC per se. Among the various factors, O2 concentra-
tion is likely the primary one affecting soil BIT, in that bGDGT-pro-
ducing bacteria are likely anaerobic (Weijers et al., 2006a,b), while
soil Thaumarchaeota are probably not (Weijers et al., 2004), partic-
ularly if they grow chemolithoautotrophically via aerobic oxida-
tion of NH3 (Könneke et al., 2005; Hatzenpichler, 2012). Weijers
et al. (2006b) found that the concentration of bGDGTs increases
with depth and is clearly highest in the anoxic deeper part of peat
bogs. It was therefore suggested that the bacteria producing
bGDGTs are anaerobic microorganisms. Additionally, the concen-
tration of bGDGTs normalized to TOC in soils is only slightly lower
than the values in the upper part of peat bogs (Weijers et al.,
2006a), indicating that, in the upper, better aerated part of soils

and peat bogs, the availability of anoxic micro-habitats rather than
available substrate might be the primary limiting factor for the
abundance of bGDGT-producing bacteria (Weijers et al., 2006a).
In contrast, the study of nitrogen and water amendment in two
temperate forest soils revealed that Thaumarchaeotal amoA genes
were more abundant at 40% than 70% water-filled pore space, sug-
gesting that reduced O2 level suppressed the growth of soil Tha-
umarchaeota (Szukics et al., 2012). Despite that O2 concentration
for our samples not being available, the GDGT-0/crenarchaeol ra-
tio, which can be used to indicate the activity of methanogenic Ar-
chaea that flourish in anoxic conditions (Blaga et al., 2009; Liu
et al., 2013), indeed increased with increasing SWC (R2 0.83,
p < 0.01; Fig. 4a). Therefore, a positive correlation was observed be-
tween GDGT-0/crenarchaeol ratio and BIT (R2 0.69, p < 0.01;
Fig. 4b), indicating that the O2 concentration affected by SWC
might control the abundance of bGDGT-producing bacteria and soil
Thaumarchaeota in opposite ways.

Additionally, for soils in arid and semi-arid regions, water
availability also regulates the content of soil TOC, which provides
the substrates for heterotrophic microorganisms including
bGDGT-producing bacteria (Pancost and Sinninghe Damsté, 2003;
Oppermann et al., 2010; Weijers et al., 2010). This might be an
additional reason for the observed SWC-BIT relationship. Indeed, a
positive relationship between bGDGT abundance and TOC content
was observed (R2 0.64, p < 0.01; Fig. 5a), further supporting a
heterotrophic lifestyle for bGDGT-producing microbes. As for
Thaumarchaeota, it is still not clear whether or not they are strict
autotrophs or also assimilate organic substrates, but most studies
suggest that they have an autotrophic lifestyle (Pester et al., 2011
and references therein). The insignificance of a correlation between
the concentration of crenarchaeol and TOC content here (R2 0.09,
p = 0.34; Fig. 5a) might be a piece of evidence supporting the pre-
dominant autotrophic growth of Thaumarchaeota in these environ-
ments. Overall, the BIT index correlated positively with TOC (R2 0.54,
p < 0.01; Fig. 5b), probably because the TOC content in soils might
exert a significant effect on BIT via a change in bGDGT abundance.
However, it should be noted that the correlation between BIT and
TOC content is less significant than between BIT and SWC (R2 0.83,
p < 0.01; Fig. 3b). Thus for our samples, the impact of SWC or SWC-
determined O2 availability on BIT seems to be more important.

3.3. Ri/b ratio

Recently, Xie et al. (2012) found that soil pH and mean annual
precipitation (MAP) appeared to have a significant impact on the
Ri/b ratio (i.e. relative abundance of archaeal iGDGTs vs. bacterial
bGDGTs) in a modern soil dataset. Based on this observation, Ri/b

was suggested to indicate alkaline conditions that were particu-
larly induced by enhanced aridity (Xie et al., 2012). The application
to palaeo deposits in the Zhada basin of the southwestern Tibetan
Plateau showed that Ri/b was indicative of the occurrence of severe
drought and alkaline deposits (Xie et al., 2012). In our samples,
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it correlated well with SWC (R2 0.74, p < 0.01; Fig. 3b), supporting
the application of this microbial lipid ratio as a palaeo-humidity
indicator. The negative correlation between Ri/b and SWC is mainly
due to the rapid increment in bGDGT concentration with increas-
ing SWC (Fig. 2a). However, it should be pointed out that the Ri/b

index contains total iGDGTs, which are commonly produced by
both Euryarchaeota and Thaumarchaeota in the environment
(Schouten et al., 2013 and references therein). So, the impact of
some environmental factors on total iGDGTs might be more com-
plex than that on the Thaumarchaeota-specific crenarchaeol.

4. Conclusions and implications

From a study of two distance transects extending from lake-
shore marsh to upland soils, we found that SWC correlated posi-
tively with the concentration of bGDGTs, and negatively with
that of crenarchaeol. As a result, a positive correlation was ob-
served between BIT index and SWC. The relationship might reflect
a direct control of SWC and/or some parameter(s) related to or reg-
ulated by SWC (e.g. O2 concentration and TOC content), on the pro-
ducers of bGDGTs and crenarchaeol.

Our findings suggest that the BIT index might be used as a novel
tracer for paleo-humidity variation in paleosols and peat deposits.
However, there appears to be a SWC threshold (ca. 50%) for the appli-
cation of BIT as a paleo-humidity proxy in our dataset. This means
that in soils with high SWC, the BIT index might only be qualitatively
used to indicate the presence of drought events rather than to quan-
titatively reconstruct paleo-humidity, especially for peat deposits.

Considering that the BIT index can be obtained in a single GDGT
analysis along with the MBT and CBT indices, the reconstruction of
both paleotemperature and paleo-humidity in paleosol and peat
deposits by analyzing GDGTs in the same samples is promising.
Moreover, it has been proposed recently that soil moisture condi-
tions might affect the applicability of the MBT/CBT paleotempera-
ture proxy in soils (Loomis et al., 2011; Peterse et al., 2012) and
peat bogs (Huguet et al., 2010; Weijers et al., 2011). If that is the case,
the BIT index might also be effective in telling us when not to rely on
MBT/CBT as a paleotemperature proxy for paleosols and peat
deposits.
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