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The regional climate correlationwithin the Northern Hemisphere in the cold/drymid-Younger Dryas event (YD)
remains elusive. A key to unraveling this issue is sufficient knowledge of the detailed climate variability at the
low latitudes. Here we present a high-resolution (3-yr) δ18O record of an annually laminated stalagmite from
central China that reveals a detailed Asian monsoon (AM) history from 13.36 to 10.99 ka. The YD in this record
is expressed as three phases, characterized by gradual onsets but rapid ends. During themid-YD, the AMvariabil-
ity exhibited an increasing trend superimposed by three centennial oscillations, well-correlated to changes in
Greenland temperatures. These warming/wetting fluctuations show a periodicity of ~200 yr, generally in agree-
ment with centennial changes in cosmogenic nuclides indicated by the 10Be flux from the Greenland ice. This re-
lationship implies that centennial-scale climate changes during the mid-YD are probably caused by solar output
and rapidly transported over broad regions through atmosphere reorganization.

© 2013 University of Washington. Published by Elsevier Inc. All rights reserved.
Introduction

During the YoungerDryas (YD) stade (12.9–11.6 ka), the Atlanticme-
ridional overturning circulation (AMOC) significantly slowed (McManus
et al., 2004) and the Greenland temperature dropped by 10°C (Grachev
and Severinghaus, 2005). This climate anomaly appears to have beenper-
vasive within the Northern Hemisphere, and its magnitude increased
with latitude (Shakun and Carlson, 2010). However, the mechanism by
which the climatic signal was so rapidly transmitted over large regions
is still controversial (Broecker, 2003).

Modeling and geologic records have shown that climate conditions
in the mid-YD (12.5–11.6 ka) were unstable (Manabe and Stouffer,
1997; Zhou et al., 1999; Wang et al., 2001; Nakagawa et al., 2006). Sig-
nificant environmental changes are thought to have occurred during
the early (Brauer et al., 2008) and late mid-YD (Ebbesen and Hald,
2004; Bakke et al., 2009), and even reached the Holocene (von
Grafenstein et al., 1999). These regional expressions are instrumental
in understanding the dynamics of climate oscillations during the
mid-YD. In the Asian continent, the well-dated cave records have re-
vealed a gradual onset but a rapid end of the monsoonal YD (Wang et
al., 2001; Yuan et al., 2004; Sinha et al., 2005; Yang et al., 2010). Yet,
the climate oscillations during the mid-YD were less well-defined due
to deficit of high-resolution records with robust age control. Several
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aridity/moisture fluctuations have been identified in the mid-YD over
China (Zhou et al., 1999; Wang et al., 2001; Yuan et al., 2004; Stebich
et al., 2009), but their timing and structure still need to be further
investigated.

Recently, an annually laminated stalagmite from northern China
clearly revealed three decadal to centennial-scale Asian monsoon (AM)
variability during the mid-YD, comparable to variability in Greenland
temperatures (Ma et al., 2012). These internal oscillations may favor a
strict constraint on the regional correlation between various climates.
We previously reported a speleothem δ18O record from Qingtian Cave,
central China, spanning the Allerød interstade to the early YD (Liu et al.,
2008). The insufficient coverage of the full YD in that record, however,
hampers the evaluation of spatial expressions and dynamics for AMoscil-
lations in themid-YD. Recently, we collected another annually laminated
stalagmite fromQingtian Cave, and provide here a high-resolution (3-yr)
δ18O sequence between 13.36 and 10.99 ka covering the full YD, which
allows us to further assess the detailed pattern of the AM variability dur-
ing the mid-YD and the mechanism linking it to other climates.

Site and settings

Qingtian Cave (31°20′ N, 110°22′ E, 1630 m asl) is located at Mt.
Shennongjia, central China. The cave is approximately 50 m in length
and overlain by 60 to 100 m of Permian limestone bedrock. It has a
narrow entrance and the relative humidity inside is close to 100%.
This studied site is strongly influenced by the subtropical East Asian
summer monsoon, the rainy seasons of which are closely linked to
the tropical monsoon subsystems, i.e. the Indian summer monsoon
c. All rights reserved.
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(Wang and Lin, 2002). The local meteorological conditions and envi-
ronments are described in Liu et al. (2008).

Samples and methods

An annually laminated stalagmite (Sample QT16) was collected from
thecave. It is 242 mmhigh (Fig. 1),with a ‘candle stick’ shape, suggesting
stable growth. When halved and polished, eight sub-samples for 230Th
datingwere collectedwith a 0.9-mm-diameter hand-held carbide dental
drill.Measurementswere performed on a Finnigan ELEMENT inductively
coupled plasmamass spectrometer (ICP-MS) at the Department of Geol-
ogy and Geophysics, University of Minnesota, USA. The procedures were
described in Shen et al. (2002), with results listed in Table 1, which refer
to 1950 AD. The dating results are in stratigraphic order with typical an-
alytical errors (2σ) of less than 90 yr. Approximately 880 sub-samples
were collected on Sample QT16 by knife shaving for oxygen isotopic
analysis, resulting in a resolution of about 3 yr and less than 1.5 yr
around the end of YD. Analyses were performed on a Finnigan
MAT-253 mass spectrometer at the College of Geography Science, Nan-
jingNormal University, China. The resultswere reported relative to Vien-
na PeeDee Belemnite (VPDB) and with standardization determined
relative to NBS 19. Precision of δ18O values is 0.06‰ and 0.03‰ for δ13C
at the 1σ level.

The sample has transparent and dark inclusion-rich calcite layer
couplets, perpendicular to the growth axis. The relative proportion of
dark/transparent deposition in each couplet often changes; in particu-
lar, the transparent portion shows larger variability in width. Under
UV excitation, the opaque layers luminescence, similar to those in Sam-
ple QT (Liu et al., 2008). Seasonal δ18O analysis on twelve layer couplets
reveals that the transparent portion depositsmainly in the summertime
(Liu et al., 2008). Band counting was performed under an Olympus op-
tical microscope. Within statistical errors, three duplicate counts along
different growth axes yielded a total of 2388 ± 82 bands. Each band
ranges in width from 50 μm to 160 μm, largely between 80 μm and
120 μm (Fig. 2d). Counting uncertainties may result from less distinct
dark/transparent divisions and/or curvature at laminae edges.
Figure 1. Photos for Sample QT16 from Qingtian Cave, central China, and its layer couplets
under the microscope. The black dots indicate the positions of dated sub-samples. The
arrowed vertical lines indicate a depth spanning Allerød/Younger Dryas transition, which is
about 34% of the total depth, and is counted to cover 782 ± 47 yr, reasonably in agreement
with independent estimate bounded by U/Th dates (13.17 ± 0.03 ka, 12.21 ± 0.06 ka).
Although from the same cave, changes in the QT16 layer, within a
narrower range, show a different pattern in comparison to Sample QT
(Liu et al., 2008) over the contemporaneous growth periods. Stalag-
mite QT has a larger and varying diameter, with a curvature growth
axis. This suggests that the speleothem growth dynamics might re-
sponse complicatedly and nonlinearly to climatic and environmental
changes, even in the same cave. The conduit properties in the
epikarstic zone, the amount of infiltration water, the dripping and/
or the degassing rate should be involved in the speleothem growth
(Genty et al., 2001; Fairchild et al., 2006).

The ages for stable isotope data are reconstructed on the floating
lamina chronology anchored by eight high-precision 230Th dates
(Table 1). This can be achieved by checking the growth rate from
band-counting against 230Th-based growth rate, which is practically lin-
ear. Thus, a maximum coefficient of r = 0.99 can be obtained by
adjusting the band chronology as shown in Figure 2a. Such good
matches, in some degree, indicate that the laminae are annual and via-
ble for constraining the relative timing of the AM variability. Hence, we
employ this time scale as the most appropriate estimate for their chro-
nologies, with an estimated maximum age uncertainty of ±110 yr (in-
cluding dating errors and counting uncertainties). Regardless of the
observed agreement between two independent growth rates, we note
that two dates (at 3 mm and 240 mm) significantly deviate from the
lamina chronology. The former might be contaminated by the younger
feeding drips, while the latter is probably associated with the larger
232Th concentration (Table 1). Another possibilitywould be that Sample
QT16 is undercounted somewhere.

Results

Stable isotopic sequence and the layer thickness

The calcite δ18O (δ18Oc) values vary within a range of 3‰ (Fig. 2b)
and cover a period from the Allerød to the early Holocene. Significant
enrichments in δ18Oc occur at ~13.25 ka, ~11.34 ka, and between
12.97 and 11.53 ka, respectively, corresponding to the intra-Allerød
cold period (IACP), the Preboreal Oscillation (PBO), and the YD. The
IACP and PBO are significant as an increase of 1‰ in the δ18Oc, about
one-third of that for the YD (3‰).

The YD event in our record can be divided into three phases. During
the first 680 yr (12.97–12.29 ka), the δ18Oc values gradually increase
from −9.2‰ to −6.2‰, generally in agreement with previous records
(Wang et al., 2001; Yuan et al., 2004; Sinha et al., 2005; Liu et al.,
2008; Yang et al., 2010; Ma et al., 2012). Then, the δ18Oc remained at
about −7.3‰ for 740 yr during the mid-YD (12.29–11.54 ka), with a
distinct depletion trend. Three centennial-scale oscillations are evident,
centering at 12.15, 11.93 and 11.71 ka, respectively. Around the end of
the YD, two decadal sub-cycles can be observed between 11.64 and
11.54 ka, followed by an abrupt δ18O decrease of 1.5‰ (from −7.2‰
to −8.8‰), signaling the end of YD. This rapid change covers 11 yr in
our record, consistent with or even faster than the cave record from
northern China (20 yr: Ma et al., 2012). The asymmetric structure of
YD event (a gradual onset but an abrupt end) is equally registered by
other cave records from China (Wang et al., 2001; Yang et al., 2010;
Ma et al., 2012) (Fig. 3). This spatial similarity demonstrates that the
δ18Oc variations are primarily dominated by hydrological reorganiza-
tions over broad regions, possibly associated with shifts in the Asian
summer monsoon circulation (Tan, 2013).

Changes in δ13C (Fig. 2c) and layer thickness (Fig. 2d) display a dif-
ferent pattern. Over the growth period, the δ13C values generally en-
rich and the layer width slightly decreases. A distinct discrepancy can
be identified during the early Holocene, when the δ18Oc broadly de-
creases, the δ13C increases and the layer thickness declines. During
the IACP, the AM strength remarkably decreased, yet the layer thick-
ness increased. Consequently, the δ13C signal and layer thickness are,
to some extent, related to the site-specific karst processes (Fairchild



Table 1
230Th dating results of Stalagmite QT16 from Qingtian Cave, central China. These dated sub-samples have high uranium (largely 1–2 ppm) and low thorium concentrations (mostly
30–2000 ppt). The initial 230Th age corrections are trivial (averagely less than 12 yr), resulting in high-precision dates. The thickness of each sub-sample is about 1 to 2 mm, equiv-
alent to 5 to 20 yr, smaller than typical 230Th age errors of 30 to 90 yr.

Sample number Depth
(mm)

Layer number 238U
(ppb)

232Th
(ppt)

δ234U
(measured)

230Th/238U
(activity)

230Th age(yr)
(uncorrected)

230Th age(yr)
(corrected)

δ234UInitial

(corrected)

QT16-3 3 32 1015 ± 2 608 ± 63 788 ± 3 0.1712 ± 0.0012 10,920 ± 80 10,850 ± 80 813 ± 3
QT16-31 31 360 437 ± 2 72 ± 3 785 ± 4 0.1777 ± 0.0008 11,350 ± 60 11,290 ± 60 811 ± 5
QT16-61 61 656 1509 ± 6 31 ± 3 801 ± 4 0.1855 ± 0.0009 11,760 ± 70 11,700 ± 70 828 ± 5
QT16-114 114 1223 1483 ± 4 133 ± 3 831 ± 3 0.1964 ± 0.0008 12,270 ± 60 12,210 ± 60 861 ± 4
QT16-150 150 1591 1772 ± 8 1830 ± 7 832 ± 4 0.2022 ± 0.0001 12,650 ± 80 12,570 ± 80 862 ± 4
QT16-180 180 1892 2197 ± 3 1974 ± 40 746 ± 2 0.1963 ± 0.0004 12,900 ± 30 12,830 ± 30 773 ± 2
QT16-214 214 2236 2186 ± 3 3154 ± 63 814 ± 2 0.2092 ± 0.0004 13,250 ± 30 13,170 ± 30 845 ± 2
QT16-240 240 2409 3294 ± 4 4195 ± 84 708 ± 2 0.2004 ± 0.0004 13,500 ± 30 13,420 ± 40 735 ± 2

Errors are 2σ analytical errors. Decay constant values are λ230 = 9.1577 × 10−6 yr−1, λ234 = 2.8263 × 10−6 yr−1, and λ238 = 1.55125 × 10−10 yr−1. Corrected 230Th ages
assume an initial 230Th/232Th atomic ratio of (4.4 ± 2.2) × 10−6. Corrected 230Th ages are indicated in bold, and presented in years before 1950 AD.
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et al., 2006), and the growth dynamics should have a negligible im-
pact on the δ18O signal. Despite the discrepancies between them,
we still observe three periods of slight increase in the layer width
during the mid-YD, concurrent with the AM intensification (gray dot-
ted bars in Fig. 2). Probably, the hydrological conditions during the
pervasively cooling/drying mid-YD outrun other factors in contribut-
ing to the growth dynamics.

Our newly retrieved δ18Oc record is well duplicated by Sample QT
from the same cave over the contemporaneous growth periods
(Fig. 3b) (Liu et al., 2008). Both records are characterized by a sharp
AM decline during the IACP and a gradual AM weakening over the
Allerød/YD transition (Figs. 3a, b). A slight discrepancy occurs during
the Allerød due to a longer IACP in Sample QT (Fig. 3b). The timing of
QT record might be less strictly controlled during the IACP because of
significant decline in the growth rate (Fig. 3b in Liu et al., 2008), proba-
bly contributing to their mismatch during this time. However, the
growth of Stalagmite QT16 is relatively stable (Figs. 2a, d), and so it is
more suitable to evaluate the abruptness of AM variability at the end
of YD and centennial-scale climate correlation during the mid-YD,
which is beyond the scope of Sample QT.

Regional correlation with other cave records

The overall pattern for our δ18O record agreeswellwith other cave re-
cords from eastern (Wang et al., 2001; Southon et al., 2012) (Fig. 3c),
southern (Yuan et al., 2004; Yang et al., 2010) (Fig. 3d), and northern
China (Ma et al., 2012) (Fig. 3e). The counted duration of the mid-YD
in Sample QT16 (Fig. 3a) generally parallels those cave records
reconstructed on linearly interpolated time scales. Also, the end of the
monsoonal YD is synchronous between them. However, the IACP is dif-
ferently expressed in these cave records (Fig. 3). In QT16 δ18O, this
event features two distinct phases (gray bar in Fig. 3a), i.e., a plunge in
the AM followed by a gradual rebound. Apparently, the AM intensity
during the rebounding process appears stronger in the QT16 than
other records. Furthermore, the AM plunge over the PBO ismore intense
in the QT16 record. These discrepancies might be attributed to their dat-
ing uncertainties, data resolution and/or mixing effect of infiltration
water associated with different residence times (Fairchild et al., 2006).

Discussion

The sequence of AM events surrounding the YD closely matches the
Greenland temperature changes (Stuiver and Grootes, 2000; Svensson
et al., 2008) (Fig. 4), implying a tight coupling between them. During
themid-YD, three centennial wetting peaks (B2 to B4), clearly observed
in our 3-yr-resolution δ18Oc record (Fig. 4b), show similar structure to
changes in Greenland temperature (warming Peaks from A1 to A4)
(Stuiver and Grootes, 2000; Svensson et al., 2008) (Figs. 4a, c), and
can be applied as tiepoints to correlate them precisely. These centennial
AM oscillations are similarly expressed in the lamina record (Fig. 2d),
and comparable shifts are also found in the Hulu (Wang et al., 2001)
and Kulishu (Ma et al., 2012) cave records (Figs. 3c, e). The similarity
of these spatially-separated cave records should reflect simultaneous
AM variability and cannot be explained by measurement errors, local
noises/internal variability, or growth dynamics. However, the AM
changes during the mid-YD are smaller in amplitude than the Green-
land temperatures. Probably, the mixing effect of infiltration water in
the epikarst zone dampens the δ18Oc signal, and the climate anomaly
around the North Atlantic likely has a lesser expression in the low lati-
tudes (Shakun and Carlson, 2010).

As the Greenland δ18O has four peaks, three of which were sug-
gested to be comparable to the cave record from northern China (Ma
et al., 2012) (Fig. 3e), it is necessary to determine to what extent our re-
cord can be correlated to variations in the Greenland temperature.
Shifting the δ18Oc older by 100 yr, Peaks B2 to B4 in the AM resemble,
in duration and structure, Peaks A2 to A4 in the Greenland temperature.
Pinned by this correlation, Peak A1 (at ~12.42 ka) in the Greenland re-
cords is weakly expressed in our record (Peak B1′) or even as a decline
in the AM (Fig. 4b). This warming peak temporally accords with the
wetting Peak A1′ (at ~12.42 ka) from Kulishu Cave (Ma et al., 2012)
(Fig. 3e) or a minor peak (at ~12.34 ka) in the Hulu δ18O (Wang et al.,
2001; Southon et al., 2012) (Fig. 3c). If our correlation is correct, it ap-
pears that Peak A1 in the Greenland δ18O is missing in our record or
Peak A4 in the Greenland record might be tied to a younger AM event.

We also note that two decadal minor oscillations in the AM (here
called Peak B4′) occurred just before the end of YD. Another possibility
is to correlate Peak B4′ to A4 in the Greenland records. However, Peak
B4′ has a shorter duration (about 80 yr) and smaller amplitude
(0.7‰) than its three precursors (1.2‰) and theGreenland counterpart.
Furthermore, this correlation might shift the QT16 time scale older by
about 200 yr, far beyond its dating uncertainties. These observations
defy a correlation between Peaks B4′ and A4. Hence, our synchroniza-
tion protocol (shown as gray bars in Fig. 4) suggests that during the
cold/dry mid-YD, centennial oscillations in the low- and high-latitude
climates, including the abrupt YD termination, are closely coupled.
Then, a mechanism is needed to evoke and rapidly transmit the centen-
nial climate variability over broad regions.

As cautioned by Blaauw (2012) and Vandenberghe (2012), align-
ment of proxy events to those in distant archives may be risky due to
the complexity of climate system and unreasonable match to the target
records. Constrained by independent chronologies, the observed link-
age between Greenland temperature and the AM during the mid-YD
should not be impacted by any unrecognized tuning dangers and the as-
sociated circular reasoning (Blaauw, 2012). The shift of 100 yr for our
δ18Oc record is well within its age uncertainties, and approximates the
age offset of 80 yr between the Greenland and speleothem records ob-
served byMa et al. (2012).Moreover, a striking resemblance of their cli-
mate sequences in Figure 4 supports a common and simultaneous
process-relationship between them, which can establish a meaningful
regional correlation (Vandenberghe, 2012). In essence, the ice δ18O



Figure 2. Stable isotopic records (b, δ18O; c, δ13C) and layer thickness (d) for Sample QT16 and its agemodel (a). The gray bars, dotted gray bars and dotted line in the lower panel indicate
the onset and end of YD, the end of Allerød/YD transition, and centennial changes in the δ18O in the mid-YD. Dating errors, the climate events surrounding the YD, the counted durations
for substages of monsoonal YD are labeled above in the lower panel. The IACP, AL/YD, Y/H, PBOmean the intra-Allerød cold period, Allerød/YD transition, YD/Holocene transition, and the
Preboreal Oscillation, respectively. The layer numbers between adjacent dates are indicated in the upper panel.
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signal at the Greenland site has a low-latitudemoisture source (Johnsen
et al., 1989) and is closely connectedwith the hydrological conditions in
the Pacific via atmospheric reorganizations (Mikolajewicz et al., 1997;
Latif, 2001). Thus, changes in the Greenland temperature and the AM
are likely coupled.

The AMOC might be inactive to maintain the climate correlation
during the mid-YD as its strength significantly declined (McManus et
al., 2004). Hence, the observed centennial interlink is likely not associ-
atedwith the oceanic circulation changes. Moreover, the mean position
of the intertropical convergence zone (ITCZ), exerting a great impact on
the low-latitude hydrological cycle, significantly shifted southward dur-
ing the YD when the north hemisphere cooled (Broccoli et al., 2006).
Consequently, the regional correlation in Figure 4 probably reflects a cli-
mate link without the AMOC and ITCZ perturbations. These warming/
wetting oscillations display a periodicity of about 200 yr, which was
pervasively found in the Holocene climate records (Woodhouse and
Overpeck, 1998; Bond et al., 2001;Wang et al., 2005), and even extend-
ed into the last glaciation (Wagner et al., 2001). As discussed above,
these quasi-periodic AM changes are supported by lamina chronology
and high-resolution (3-yr) δ18O analysis. Cross-spectral analysis on

image of Figure�2


Figure 3. Correlation of δ18O records from Qingtian (a, QT16; b, Sample QT, Liu et al., 2008), Hulu (c, Wang et al., 2001) plotted on the new time scale as in Southon et al. (2012),
Yamen (d, Yang et al., 2010) and Kulishu Caves (e, Ma et al., 2012). The black-dotted bar represents the mid-YD, while the gray bars illustrate the IACP, the end of YD and the PBO. In
Profile e, the letters show three wetting peaks during the mid-YD (Ma et al., 2012).
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the NGRIP and QT16 δ18O records (Fig. 5) shows that a coherent power
of ~200 yr is prominent between 12.4 and 11.6 ka, partly supporting
our visual inspection.

In frequency, this pattern of climate changes approximates the solar
de Vries cycle (~205 yr) and suggests that solar activity likely acts as a
candidate forcing (Bond et al., 2001; Wagner et al., 2001). Centennial-
scale changes can be found in the combined 10Be flux from the GISP2
and GRIP ice cores during the mid-YD (gray bar in Fig. 4e) (Muscheler
et al., 2004). A large portion of the variability can be explained by solar
output (Goslar et al., 2000; Muscheler et al., 2000). This might provoke
centennial changes in the Greenland temperature (Stuiver et al., 1995)
and the AM intensity through air–sea interactions (Meehl et al., 2009).
Then, the climatic signal is transmitted rapidly within the Northern
Hemisphere via the atmosphere (Brauer et al., 2008), invoking a tele-
communication among various climate systems.

Our comparison also suggests that when the Greenland temperature
dropped to its lowest level in the early YD (prior to the onset of Peak A1),
the AM intensity likely continued decreasing (encompassing wetting
Peak B1′) (Fig. 4). Theweakest AM comparatively lags the lowest Green-
land temperature by ~260 yr, far beyond their counting uncertainties.
This indicates that the AM declines more gradually than the Greenland
cooling during the early YD. Such process in our δ18Oc record probably
begins at ~13.07 ka, and is counted to cover 780 yr, supported by inde-
pendent estimate from the bounding U/Th dates (13.17 ± 0.03 ka,
12.21 ± 0.06 ka). This estimation is generally in concert with other
cave records in China (Fig. 3). Furthermore, the gradual AL/YD transition
appears pervasive in the low-latitude climate systems (Sinha et al., 2005;
Liu et al., 2008 and the references therein), and even during other time
windows, i.e. the H1/Bølling transition (Wang et al., 2001; Yuan et al.,
2004; Yang et al., 2010) and the last glaciation (Cai et al., 2006). Thus,
this gradual transition should be inherent to low-latitude climate
systems.

An influence of glacial melting (Wang et al., 2001), orbital insolation
(Ma et al., 2012), and southern hemispheric climates (Cai et al., 2006; Liu
et al., 2008) was previously applied to interpret the gradual AM variabil-
ity during different timewindows. Besides these influences, we also note
that surface water δ18O from Sulu Sea gradually increased during the
early YD (Rosenthal et al., 2003) (Fig. 4d), possibly imposing an impact
on the δ18Oc because the monsoonal moisture sources from the tropical
oceans. A lack of 200-yr cycle in the AM during the early YD (Figs. 4b,
5) might be attributed to the impact of these factors, which probably
overprint the periodic changes caused by the solar activity, irrespective
of unchanged frequency in changes of 10Be flux (see AL/YD in Fig. 4e).
The layer thickness, however, exhibits persistent centennial-scale shifts

image of Figure�3


Figure 4. Centennial-scale links between the AM(b) andGreenland temperature (a, Svensson et al., 2008; c, Stuiver andGrootes, 2000), and the correlationwith combined 10Beflux from
GRIP and GISP2 records (e, Muscheler et al., 2004), tropical ocean changes (d, Rosenthal et al., 2003). In the upper panel, two dotted lines represent the initial decline in the AM intensity
and the Greenland temperature at GISP2 site after the IACP, and the end of YD in three records. Four gray bars indicate equivalent oscillations during the mid-YD applied as tiepoints to
synchronize them. Greenland records are plotted on the upper time axis. For comparison, the NGRIP record is drawn relative to 1950 AD and the QT16 record is shifted older by 100 yr.
The light gray bar in the lower panel indicates the YD event, the dark gray bar broadly corresponds to the AL/YD transition.
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Figure 5. Cross wavelet analysis between the QT16 and NGRIP δ18O records. A common
power of ~200 yr is observed between 12.4 and 11.6 ka. All data are calculated by the
MatLab wavelet coherence package available at http://www.pol.ac.uk/home/research/
waveletcoherence/download.html.
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throughout the YD (Fig. 2d), broadly in agreement with changes in 10Be
flux, possibly reflecting that speleothem growth dynamics ismore sensi-
tive to changes in solar output in this small cave, while the δ18Oc is large-
ly related to regionally hydrological cycles.

Conclusions

An annually laminated stalagmite from Qingtian Cave, central China
provides 3-yr resolution of AM variability from 13.36 to 10.99 ka. The
YD stade in the AM record can be divided into three stages, character-
ized by gradual onsets but rapid ends. During themid-YD, three centen-
nial oscillations are superimposed on the weak monsoon, correlated
well to variations in the Greenland temperature (Stuiver and Grootes,
2000; Svensson et al., 2008). Thesewetting/warming sub-cycles exhibit
a ~200-yr periodicity, likely reflecting an association of centennial-scale
climate changes in the mid-YD with solar activity.

However, the AM decline during the early YD appears more gradu-
ally than the Greenland cooling—about 260 yr longer in transitional du-
ration. This discrepancy implicates that other dynamics may dominate
the AM variability during the early YD, dampening the ~200-yr cycles
caused by changes in the solar output.
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