
Quaternary Research 84 (2015) 255–261

Contents lists available at ScienceDirect

Quaternary Research

j ourna l homepage: www.e lsev ie r .com/ locate /yqres

https://doi.o
Peatland evolution and associated environmental changes in central
China over the past 40,000 years
Yuxin He a,b,⁎, Cheng Zhao b,c,⁎⁎, Zhuo Zheng d, Zhonghui Liu b, Ning Wang b,e, Jie Li d, Rachid Cheddadi f

a Department of Earth Sciences, Zhejiang University, Hangzhou 310027, China
b Department of Earth Sciences, The University of Hong Kong, Hong Kong, China
c State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China
d Department of Earth Sciences, Sun Yat-sen University, Guangzhou 510275, China
e Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China
f Institut des Sciences de l'Evolution de Montpellier, CNRS-UM2, Montpellier 34095, France
⁎ Correspondence to: Y. He, Department of Earth
Hangzhou 310027, China.
⁎⁎ Correspondence to: C. Zhao, State Key Laboratory of
Nanjing Institute of Geography and Limnology, Chinese
210008, China.

E-mail addresses: yxhe@zju.edu.cn (Y. He), czhao@nig

http://dx.doi.org/10.1016/j.yqres.2015.06.004
0033-5894/© 2015 University of Washington. Published b

rg/10.1016/j.yqres.2015.06.004 Published online by Camb
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 14 November 2014
Available online 26 June 2015

Keywords:
Central China
n-Alkanes
Hopanes
Dajiuhu peatland
Marine Isotope Stages 1–3
Central China has experienced stronger summer monsoon during warm periods such as Marine Isotope Stages
(MIS) 1 and 3, andweaker summermonsoon during cool periods such asMIS 2. The evolution history of Dajiuhu
subalpine peatland in central China can help investigate how the expansion and shrinkage of peatland were as-
sociatedwith monsoonal strength over the last glacial–interglacial cycle. Here we apply bulk organic carbon and
molecular biomarkers (hopane and n-alkane) to reconstruct the evolution history for the Dajiuhu peatland over
the past 40,000 yr. The results indicate fluctuations between lacustrine and peat-like deposition during MIS 3,
steady lacustrine deposition during MIS 2, and peatland initiation and expansion during MIS 1 in the Dajiuhu
peatland. Therefore, at the glacial–interglacial scale, warmer summer and cooler winter conditions in interglacial
periods are crucial to trigger peat deposition, whereas reduced evaporation in glacial period instead of decreased
monsoonal-driven precipitation would have played a predominant role in the regional effective moisture bal-
ance. However, within the Holocene (MIS 1), monsoonal precipitation changes appear to be the main controller
on millennial-scale variations of water-table level of the Dajiuhu peatland.

© 2015 University of Washington. Published by Elsevier Inc. All rights reserved.
Introduction

The Asian summermonsoon is an important atmospheric circulation
system maintaining the living environment on the Asian continent.
Climatic changes throughout the late Quaternary in the East Asia are
characterized by alternations of the Asian summer monsoon strength
(An, 2000). High-quality δ18O records from cave stalagmites suggest
that central China has experienced stronger summer monsoon during
warm periods such as Marine Isotope Stages (MIS) 1 and 3, and weaker
summermonsoon during cool periods such asMIS 2 (Wang et al., 2001,
2008). However, knowledge of climatic variations and their relation
with ecosystem evolution in central China over the last interglacial–
glacial cycle (MIS 1–3) remains incomplete, owing to limited high-
quality paleoclimatic records available other than speleothem δ18O
records (Wang et al., 2001, 2008; Herzschuh, 2006).
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Peatland serves as a good archive for paleoclimatic reconstruction,
since expansion and shrinkage of peatland respond sensitively to
climatic changes. Understanding how peatland development was asso-
ciated with past climatic conditions would provide useful insights into
projecting future environmental changes. Most previous peatland stud-
ies have focused on two major zones, high latitude regions (50°–70°N)
and tropical regions (20°S–10°N; Zhao et al., 2014). Abundant peatlands
in northern and tropical China, such as Hani (Zhou et al., 2010),
Hongyuan (Zheng et al., 2007) and Dingnan bogs (Zhou et al., 2005;
see locations in Fig. 1A) could offer important information on
peatland histories in the mid-latitude region of the Northern Hemi-
sphere (20°–50°N), connecting the two major peatland regions. The
Dajiuhu peatland is a well-preserved subalpine peatland in the western
Shennongjia Mountains in central China (~30°N). Thick and continuous
peat deposits allow for the reconstruction of past environment and cli-
mate changes (Zhu et al., 2010). Because the nearby Sanbao Cave con-
tains high-quality monsoonal records over the last glacial–interglacial
cycle (Fig. 1A, Wang et al., 2008), records from the Dajiuhu peatland
would provide a good opportunity to disentangle the relation between
the peatland ecosystem evolution and monsoonal strength in this
region.

Recent developments in organic geochemistry have introduced
molecular biomarkers to paleoclimatic reconstruction (Eglinton and
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Figure 1. (A) Overviewmap showing location of the Dajiuhu (red dot), Hongyuan, Dingnan and Hani peat bog (green dots) and Dongge, Sanbao and Hulu Caves (yellow dots). (B) Coring
site of core DJH-1. (C) Age profile for core DJH-1 based on seven AMS 14C dates (Li et al., 2013).

Table 1
AMS-14C dates for the core DJH-1 chronology.

Laboratory
ID

Depth
(cm)

Materials 14C age
(14C yr BP)

Error
(yr)

Calendar age
(cal yr BP)

Error
(yr)

XA6289 33 Peat 2025 24 1982 62
GZ3136 95 Wood 3669 26 4003 82
XA6290 163 Peat 8894 40 10,039 151
GZ3137 193 Peat 11,533 39 13,375 107
XA6291 276 Sediment 26,640 105 31,069 168
GZ3138 312 Sediment 28,665 98 33,085 406
GZ3139 431 Wood 31,936 119 36,522 258
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Eglinton, 2008; Castañeda and Schouten, 2011). Many types of
biomarkers have been utilized to infer climatic changes in the Dajiuhu
region, including branched fatty alcohols (Huang et al., 2013a),
hopanoids (Xie et al., 2013) and aromatic triterpenes (Huang et al.,
2013b). However, none of these studies involve n-alkanes, a traditional
biomarker for both lacustrine (e.g., He et al., 2014) and peatland studies
(e.g., Bingham et al., 2010; Zhou et al., 2010). A set of n-alkane indices,
including the average chain length (ACL, Poynter and Eglinton, 1990),
the odd-over-even carbon preference index (CPI, Marzi et al., 1993)
and the proportion of aquatic macrophytes (Paq, Ficken et al., 2000)
can be good supplementary indicators on vegetation composition vari-
ation and peatland evolution. On the other hand, previous studies
(Huang et al., 2013a, 2013b; Xie et al., 2013) have only focused on
climatic conditions over the past 13,000 yr when the peatland was
fully formed, barely allowing for reconstructions at glacial–interglacial
timescales. How the Dajiuhu peatland itself evolved and how its
evolution was associated with climatic conditions over the last
glacial–interglacial cycle largely remain elusive. In view of that, here
we reconstruct bulk organic carbon and molecular biomarker (hopane
and n-alkane) records obtained from a 6-m core taken from theDajiuhu
peatland at central China. Together with previously presented litholog-
ical, gray scale and pollen data from the same core (Li et al., 2013), we
investigate the history of peatland evolution and regional environmen-
tal changes over the past 40,000 yr. Our objective is to infer the control-
ling mechanisms for the peatland formation over glacial–interglacial
cycles and during the current interglacial period (i.e. the Holocene).

Materials and methods

The Dajiuhu peatland (110°00′E, 31°29′N, 1751m above sea level) is
located at the western Shennongjia Mountains, which belong to the
eastern extension of the Daba Mountain Ranges of the upper-middle
reaches of the Yangtze River, central China (Figs. 1A, 1B). At present,
this area is marked by short warm–wet summers and long cold–dry
oi.org/10.1016/j.yqres.2015.06.004 Published online by Cambridge University Press
winters due to the influence of the Asian monsoons. Modern mean an-
nual rainfall in this region is ~1550 mm, with 40–50% falling in the
summer, and potential evaporation varies from 500 to 800 mm (Li
et al., 2013).

A 6-m core (DJH-1)was collected from the Dajiuhu peatland using a
Russian-type peat corer (Fig. 1B). The age profile of core DJH-1 has been
described previously in Li et al. (2013). Chronologies were established
through seven accelerator mass spectrometry (AMS)-14C dates on the
bulk organic matter (Table 1). Dating samples were pretreated at
Guangzhou Institute of Geochemistry, CAS and analyzed in the AMS
Lab at Beijing University. All dates were calibrated to calendar years
with the CALIB 6.0.1 software (Stuiver and Reimer, 1993) using the
IntCal09 database (Reimer et al., 2009). The age model for core DJH-1
was established using the Clam software package (Blaauw, 2010)
including extrapolations to the top and bottom of the core. The total or-
ganic carbon (TOC) content was analyzed by the Euro EA3000 elemen-
tal analyzer. A low resolution TOC record from core DJH-1 has been
reported in Li et al. (2013), and here we report an updated higher reso-
lution one.

A total of 187 peat/sediment samples with the thickness of 1 cm
from core DJH-1 were selected for lipid analysis. Total lipids were ultra-
sonically extracted from freeze-dried sediments with organic solvents

https://doi.org/10.1016/j.yqres.2015.06.004
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(dichloromethane: methanol = 9:1, v/v). After being hydrolyzed with
6% KOH in methanol solution, the neutral lipids were extracted with
n-hexane. The neutral lipids containing n-alkanes and hopanes were
then further cleaned using silica gel column chromatography. After
identification by gas chromatography equipped with a mass spectrom-
etry (GC-MS), n-alkanes (m/z= 57) and hopanes (m/z= 191, Fig. 2C)
were quantitatively analyzed on the GC equipped with a flame ionized
detector (FID, Figs. 2A, 2B). Quantification of n-alkane and hopane com-
poundswas achieved by comparison of peak areaswith n-C36 alkane ex-
ternal standard of known concentration.

The total n-alkane concentration was calculated by adding n-
alkane components ranging from C21 to C33, while the total hopane
concentration was calculated by adding hopane components
of C27-17β(H)21β(H), C27-17α(H)21β(H), C29-17β(H)21α(H),
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Figure 2.Representative GC-FID chromatograms ofn-alkanes (black notations) andhopanes (re
depth in core DJH-1. (C) GC-MS ion chromatogram (m/z = 191) of hopanes (red notations and
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C29-17β(H)21β(H), C30-17α(H)21β(H), C31-17α(H)21β(H),
C31-17β(H)21α(H) and C31-17β(H)21β(H).

The n-alkane ratio-based proxies were calculated as following:

ACL = (21 × C21 + 23 × C23 + 25 × C25 + … + 33 × C33)
/ (C21 + C23 + C25 +…+C33) (Poynter and Eglinton, 1990);

CPI = (C21 + C23 + C25 + … + C33)
/ (C22 + C24 + C26 + … + C32) × (7/8) (Marzi et al., 1993);

Paq = (C23 + C25) / (C23 + C25 + C29 + C31) (Ficken et al., 2000);

where Ci is the concentration of n-alkane of i number carbon. Analyt-
ical uncertainty for quantification of individual organic compounds
is within 5% and the uncertainty for the ratio-based proxies is even
smaller.
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Results

The upper part of core DJH-1 (0–2 m) is mainly composed of dark
peat sediments, whereas the lower part (2–6 m) turns into gray clay
and mud (see the lithological profile in Li et al., 2013). Since no coarse
grain particles were observed in the lower part of this core, we suggest
that sediments at that period were deposited in a lacustrine condition
rather than in shallow-water or loess environments. Sediments at the
depth of 2–2.7 m are mainly composed by gray clays with lighter
color and those at the depth of 2.7–6 m are darker, suggesting a slightly
higher bio-productivity at the 2.7–6 m section.

Based on the derived chronology (Fig. 1C; Li et al., 2013), core DJH-1
covers the past 40,000 yr. The sedimentation rate is ~0.2 mm/yr at 40–
30 cal ka BP and 10–0 cal ka BP, whereas it is ~0.1mm/yr at 30–10 cal ka
BP, consistentwith the previous study (Zhu et al., 2010). The concentra-
tions of n-alkanes and hopanes in core DJH-1 varied substantially
throughout the core, from 800 ng/g to 2 × 106 ng/g for n-alkanes and
from 10 ng/g to 105 ng/g for hopanes, respectively (Fig. 3). The n-alkane
and hopane concentrations share a similar variation pattern. During 40–
25 cal ka BP, the n-alkane and hopane concentrations were generally
low, except for short periods near 31, 33, 35, 37, and 38.5 cal ka BP
with low to moderate n-alkane and hopane occurrences. During 25–
14 cal ka BP, the n-alkane and hopane occurrences stayed at extremely
low values. Starting at ~14 cal ka BP, the n-alkane and hopane occur-
rences increased to reach the highest value at 2 cal ka BP. After
2 cal ka BP, the n-alkane and hopane occurrences dropped to low values
similar to those during 40–14 cal ka BP. The TOC record shares a similar
trend with n-alkane and hopane concentrations. The TOC values range
from almost 0 to 47%. During 40–14 cal ka BP, the TOC content also
remained in low values except for short periods at near 31, 33, 35, 37,
and 38.5 cal ka BP, consistent with the n-alkane and hopane occur-
rences. The TOC content started to increase at 14 cal ka BP, but it was
not until 9 cal ka BP when the TOC content increased abruptly. After
2 cal ka BP, the TOC content started to drop to 10–20%.

In order to avoid over-interpretation ofn-alkane ratio-based proxies,
we only present these records over the past 14,000 yr (Fig. 4), when the
occurrence of n-alkanes is high enough. CPI values (Fig. 4E) range from
1.6 to 6.8 over the last 14,000 yr. During 14–10 cal ka BP, CPI stayed at
~4. Then CPI increased abruptly at 10 cal ka BP and reached the maxi-
mum value of 6.8 at 5 cal ka BP. After 5 cal ka BP, CPI gradually declined
to 3 at 1–0 cal ka BP.

ACL values range from 25.8 to 29.4. ACL (Fig. 4D) stayed around 28
during 14–12 cal ka BP. At 12 cal ka BP, ACL decreased abruptly and
reached the minimum value of 25.8 at around 10 cal ka BP. Since then
ACL increased to ~28.9 at 6 cal ka BP. ACL increased again at 4 cal ka
D
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BP and reached ~27 at 3 cal ka BP and then dropped back to ~29 at
2 cal ka BP. Over the last 2 cal ka BP, ACL remained at high values
(28.5–29.3).

Paq shows a consistently opposite pattern from ACL (Fig. 4D). Paq
values range from 0.17 to 0.64, with the maximum value at 10 cal ka
BP and the minimum at 2 cal ka BP. The Paq record also shows two pe-
riods of high values (~0.6) centered around 12 cal ka BP and 4 cal ka
BP, corresponding to the periods of low ACL values. For other periods,
Paq values are relatively small, around 0.3–0.4.

Discussion

n-Alkanes and hopanes for peatland evolution indication

Two distinctive n-alkane distribution patterns are observed through
core DJH-1, one dominated by bothmid-chain (C23–C25) and long chain
(C29–C31) n-alkanes and the other dominated only by long chain n-al-
kanes with a distinct odd-over-even carbon predominance (Fig. 2).
Therefore, ACL, CPI and Paq are indicative of oscillations between these
two n-alkane types. It has been suggested that the C23–C25 n-alkane ho-
mologues aremainly from submerged and floatingmacrophytes in both
lakes and peatlands (Baas et al., 2000; Ficken et al., 2000; Pancost et al.,
2002; Mead et al., 2005; Nichols et al., 2009; Bingham et al., 2010). In
contrast, n-alkanes from the typical vascular plants are dominated by
the C29–C31 components with a distinct odd-over-even carbon predom-
inance (Ficken et al., 2000; Bi et al., 2005; Sachse et al., 2006). An in-
crease of submerged macrophytes in combination with the recession
of vascular plants could lead to lower ACL, lower CPI and higher Paq
values. This notion is supported by the synchronous high Paq values
and Sphagnum pollen occurrences at 12–10 cal ka BP (Li et al., 2013).
Furthermore, n-alkane concentrations can be another good supplemen-
tary proxy for peatland productivities, since the peatland environment
would conduct massive n-alkane input.

Produced bymicrobacteria favoring aerobic conditions, hopanes and
hopanoids are capable of tracking aerobic bacterial biomass resulting
fromhydrological changes in the Dajiuhu region (Xie et al., 2013). Mod-
erate or high hopane occurrence is indicative of peatland initiation from
a lacustrine environment when its water-table level is lower (Jaatinen
et al., 2007). On the other hand, in a peatland environment, the redox
condition is mainly controlled by the water-table level above the
peatland (Jaatinen et al., 2007). Accordingly, hopane occurrence can
also be a good indicator of the water-table level above the peatland.
Such a notion is supported by the surface sample data from the Dajiuhu
region, indicating increasing hopane and hopanoid contents with low-
ering water-table level (Xie et al., 2013). For the purpose of minimizing
Gray scale
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the influence of organic deposition flux on hopane occurrence, the
hopane record from core DJH-1 was further normalized with the TOC
content (referred as H/C proxy, Fig. 3D, some interpolations were creat-
ed due to different resolutions between the two records). A similar
trend between hopane contents and the H/C record (Figs. 3A, 3D) sug-
gests that hopane concentrations are independent from total organic
deposition and capable of indicating water-table level variations.

Peatland evolution history over the past 40,000 yr

Based on our records from core DJH-1, the environmental change in
the Dajiuhu region over the past 40,000 yr can be divided into the fol-
lowing three stages (Fig. 3):

Stage I: 40–30 cal ka BP (MIS 3)
For most time at this stage, our records of n-alkane occurrences,
hopane occurrences, the TOC content and the gray scale index all
stayed in low values, suggesting that the Dajiuhu region was in a la-
custrine condition with relatively low biomass input. However,
rg/10.1016/j.yqres.2015.06.004 Published online by Cambridge University Press
moderate values of these indices superimposing on the low biomass
background at near 31, 33, 35, 37 and 38.5 cal ka BP imply that the
Dajiuhu region occasionally experienced peat-like conditions,
roughly occurring at every ~2000 yr. The water level in this peat-
like environment was between that of peatland and lake environ-
ments. The appearance of Sphagnum pollen (Li et al., 2013) at 31–
30 cal ka BP, coinciding with relatively high hopane and n-alkane
concentrations, also supports this peat-like condition. According to
the plot of ACL vs. n-alkane concentration (Fig. 5), the negative rela-
tion during 40–30 cal ka BP implies that themain source of n-alkane
in this stage is macrophytes instead of vascular plants and the
Dajiuhu region varied between lake and swamp (or Sphagnum-
dominated peat). Otherwise, if a well-developed peatland occurred
at this period, terrestrial plants should dominate in this region and
a positive relation of ACL vs. n-alkaneoccurrencewould be observed.
Therefore, we believe that the Dajiuhu region experienced the peat-
like formation with a water-table level favoring growth of macro-
phytes at this stage, which did not last long enough for the develop-
ment of terrestrial-dominated peatland.

Stage II: 30–14 cal ka BP (MIS 2)
This stage is known as reduced insolation and weakened summer
monsoons (Cosford et al., 2010). n-Alkane concentrations, hopane
concentrations and the TOC content are close to 0 except for a
short period at 26–25 cal ka BP, indicating very low biomass input
at the stage. The extremely low TOC content, together with lack of
Sphagnum pollen would essentially rule out a shallow water envi-
ronment, leaving an eolian deposit or a deep-water lacustrine envi-
ronment as two plausible interpretations. We suggest that the most
likely interpretation of this part of the sequence is of a lacustrine en-
vironment, based on the lithological properties (grain size and color)
in this section (Li et al., 2013). The gray scale index record also
remained at low value with no obvious variations (Fig. 3E), consis-
tent with the light gray clay observed in this section. Thus the
Dajiuhu region most likely remained at a stable lacustrine condition
at this stagewith the lowest depositional rate (~0.1mm/yr) through
the core, probably due to relatively cool climates (Wang et al., 2001,
2008; Cosford et al., 2010).

Stage III: 14–0 cal ka BP (MIS 1 or Holocene)
Rapid initiation and expansion of the peatland occurred in the
Dajiuhu region after MIS 2, probably triggered by the onset of
deglacial warming at the late Pleistocene-Holocene transition
(~13 cal ka BP). The relation of ACL vs. n-alkane concentrations

https://doi.org/10.1016/j.yqres.2015.06.004
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shifted from negative (14–12 cal ka BP) to positive (12–1 cal ka BP)
at the transition (Fig. 5), suggesting that the high n-alkane concen-
tration at 12–1 cal ka BP is indicative of the development of
terrestrial-dominated peat over Sphagnum-dominated peat. The in-
crease of n-alkane concentrations, hopane concentrations and the
TOC content confirms the high biomass production thus the peat
bog development in the region (Fig. 3). During the late Holocene
(3–0 cal ka BP), a decrease of the peatland productivity and a reces-
sion of arboreal plants are observed, probably related to cooler cli-
mates in the region (Huang et al., 2013a).

In summary, our records of n-alkane concentrations, hopane con-
centrations and the TOC content indicate occasional peat-like deposi-
tions during MIS 3, steady lacustrine deposition during MIS 2, and
peat initiation and intensive expansion during MIS 1 in the Dajiuhu re-
gion. According to δ18O records from the nearby Sanbao Cave (Wang
et al., 2008) and Hulu Cave (Wang et al., 2001), climates in central
China were wet at MIS 3, dry at MIS 2 and much wetter at MIS 1,
which is broadly consistentwith theDajiuhupeatlandevolution history,
but in an opposite sense. Thus monsoon-induced precipitation could
not be the main factor controlling the lake–peat transition in the sub-
tropical region over the last glacial–interglacial cycle. We thus suggest
that higher insolation-induced temperature instead of monsoon-
driven precipitation is more crucial in triggering the peatland initiation
at orbital timescales over the past 40,000 yr. Peat and peat-like deposi-
tions might be attributed to both high summer insolation leading to in-
creased productivity and low winter insolation leading to reduced
decomposition (Fig. 3, Berger and Loutre, 1991; Jones and Yu, 2010).
Also, during MIS 2 when the Asian Summer Monsoon was much weak-
er, the steady lacustrine condition, however, remained in the Dajiuhu
region. Therefore, reduced evaportranspiration in lower temperatures
must be the key to maintain the lacustrine environment.

Climate changes over the past 14,000 yr

After the Dajiuhu peatland formed at ~14 cal ka BP, high contents of
hopanes and n-alkanes provide an opportunity to reveal detailed envi-
ronmental changes in the Dajiuhu region. Our data, togetherwith previ-
ous records (e.g. Huang et al., 2013a, 2013b; Xie et al., 2013),would help
infer the history of peatland evolution and potential controlling factors,
as well as the application of hopane and n-alkane proxies.

Considering the chronological uncertainty and differentmagnitudes,
theH/C ratio roughly shares a similar patternwith the hopanoid flux re-
cord from another sediment core of the Dajiuhu peatland (Fig. 4B; Xie
et al., 2013). According to both H/C ratio and hopanoid flux records
(Xie et al., 2013), the water-table level stayed relatively high during
14–12 cal ka BP, prior to the Dajiuhu peatland initiation. Then the
water-table level dropped at 12 cal ka BP but recovered quickly at
11 cal ka BP. During 10–5 cal ka BP, the water-table level in the Dajiuhu
peatland remained at a relatively high level, corresponding to the
Holocene Climate Optimum. After then, the water-table level gradu-
ally lowered from 5 cal ka BP to 3 cal ka BP. Over the last 2000 yr,
the water-table gradually increased to a level similar to that at 10–
5 cal ka BP. According to the temperature record from the Dajiuhu
peatland (Fig. 4A; Huang et al., 2013a), the climate was warmer during
8–3 cal ka BP and colder at 3–0 cal ka BP and 13–9 cal ka BP in this re-
gion, indicating a good correlation between water-table level and tem-
perature variations from the Dajiuhu peatland during the Holocene,
with increased temperature corresponding to higher water-table level.
It thus rules out the significant effect of temperature-induced
evaportranspiration on water-table level variation.

Over the past 14 cal ka BP, lower water-table level of the Dajiuhu
peatland corresponded to lower Asian Summer Monsoon intensity as
inferred from the δ18O record from Dongge Cave (Fig. 4C, Dykoski
et al., 2005). Both the Dajiuhu peatland water-table level and the
Asian Summer Monsoon intensity show an abrupt increase starting at
oi.org/10.1016/j.yqres.2015.06.004 Published online by Cambridge University Press
~12 cal ka BP. The relatively high water-table level during 10–5 cal ka
BP is broadly consistent with strong monsoon intensity. The water-
table level lowering during 5–3 cal ka BP is largely synchronous with
the gradually declining trend of the summer monsoon intensity. The
gradually increased water-table level indeed resembles the increase in
the Asian summer monsoon strength during the late Holocene (Zhao
et al., 2013). Further, the millennial-scale water-table level lowering
events centered at about 11.0, 8.2, 6.0, 4.1, 3.7, and 2.1 cal ka BP also
appear to correspond to periods of Asian Summer Monsoon weakening
(Fig. 4C, Dykoski et al., 2005). Therefore, over the past 14,000 yr, the
monsoonal precipitation might be the main control on millennial-
scale water-table level variations in the Dajiuhu region.

The n-alkane-based proxies ACL, CPI and Paq can also help decipher
thehistory of climate change, vegetation composition andpeatland evo-
lution over the past 14,000 yr (Figs. 4D, 4E). Interestingly, the n-alkane
proxy records show both similarities and differences with the H/C ratio
and the hopanoid flux data (Fig. 4B, Xie et al., 2013). The main reason
might be that n-alkanes were also influenced by factors other than the
water-table level, such as vegetation compositions, temperatures and
moisture availabilities. In this sense, sole n-alkane proxy record could
sometimes be explained in different directions and requires careful ex-
amination together with other proxies (He et al., 2014).

During 12–10 and 3–2 cal ka BP, lowCPI, lowACL and high Paq values
are observed (Figs. 4D, 4E), indicating higher submerged macrophyte
biomass input. At 12–10 cal ka BP, abundant Sphagnum pollen is ob-
served, supporting the idea of higher submerged macrophyte biomass
input (Li et al., 2013). At 3–2 cal ka BP, although the TOC and the n-al-
kane concentration remain in steady values and no Sphagnum pollen
is found at the section (Li et al., 2013), an enrichment of bulk organic
carbon isotope still implies an increased input of submerged macro-
phyte biomass (Li et al., 2013). According to the H/C ratio and the
hopanoid flux, the water-table level above the Dajiuhu peatland was
relatively low during 12–10 cal ka BP and 3–2 cal ka BP. Relatively low
water-table level caused by low precipitation would favor the growth
of submerged macrophytes. Interestingly, at ~2 cal ka BP and 4–
3 cal ka BP when the water-table level was lowest, relatively high CPI,
high ACL and low Paq values are observed (Fig. 4), suggesting that the
growth of submerged macrophytes would be confined in certain
water depth, neither too deep nor too shallow.

During 9–4 cal ka BP, high CPI, high ACL and low Paq suggest that n-
alkanes were of the terrestrial plant source, synchronous with the
appearance of the arboreal pollen, probably due to the expansion of
hard-wood forests (Li et al., 2013). Such a forest expansion and the syn-
chronously high water-table level might be caused by warm-wet cli-
mates at the mid-Holocene Optimum. Over the past 2000 yr, ACL/Paq
ratios remained in high/low values whereas CPI data decreased signifi-
cantly to the minimum value (~1). According to the high water-table
level suggested by the H/C ratio and the hopanoid flux (Xie et al.,
2013), such n-alkane signals might be induced by some unknown
aquatic vascular plants synthesizing n-alkanes of high ACL and low CPI
values. But more possibly, the extremely low CPI values could be mod-
ified by greater microbial reworking of n-alkanes and/or oil contami-
nants with n-alkanes of low CPI values caused by increasing
anthropogenic activities around the region (Xie et al., 2013).

Conclusion

This study provides biomarker evidence for the peatland evolution
history in the Dajiuhu region at central China, over the past 40,000 yr.
The records suggest occasional peat-like depositions during MIS 3,
steady lacustrine deposition duringMIS 2, and peat initiation and inten-
sive peat expansion duringMIS 1. The peat and peat-like conditions oc-
curring during MIS 1 and 3 suggest that warmer summer and cooler
winter conditions in interglacial periods instead of strong monsoon-
driven precipitation are more crucial to trigger the Dajiuhu peatland
initiation. The steady lacustrine environment during cooler MIS 2, as
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compared to peat and peat-like conditions during warmer MIS 1 and 3,
indicates that in the Dajiuhu region, temperature-induced evaporation
might overprint monsoonal precipitation in modifying water-table
level in cooler periods at orbital timescales. Further, our biomarker data
together with the previous results suggest that the Dajiuhu peatland
strongly responded to climate changes over the last 14,000 yr. Within
the Holocene, monsoonal precipitation might be the main factor on
millennial-scale water-table level changes.
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