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Abstract. The prominent “8.2ka event” was well docu- 1 Introduction
mented in the Greenland ice cores. It remains unclear, how-
ever, about its duration, structure and forcing mechanism at
low- to mid-latitude regions. Here we use the physical andHolocene climate changes were unstable, during which a
geochemical data of stalagmites from the Nuanhe Cave irflegradative anomaly centred at 8.2ka BP (termed “8.2ka
Liaoning Province, northeastern China, to reconstruct a deevent”) was first observed in the Greenland ice cores, and
tailed history of East Asian monsoons covering the entire duthen presented in various archives extending geographically
ration of the event. High-resolution chronologies of two con- to low latitudes (e.g. O'Brien et al., 1995; Alley et al., 1997;
temporaneous stalagmites, each consisting of at least 770 yifhompson et al., 2002; Lachniet et al., 2004; Wang et al.,
annual growth bands, were established by calibrating and an2005; Thomas et al., 2007; Cheng et al., 2009). In spite of
choring the floating band-counting ages against five high-being intensively studied, however, the timing, duration and
precision?39Th dates. Two oxygen isotope profiles replicate structure of the 8.2 ka event have not been well-constrained
each other on annual-decadal timescales despite their diffein low- and mid-latitude regions due to a paucity of highly-
ence in growth rates, indicating that €0 variability hasa  resolved and precisely-dated records. Morrill et al. (2003) re-
climatic origin largely associated with changes in the rainfall viewed 36 published studies relevant to the Asian monsoon
8180 from the West Pacific during summer season. A sig-(AM) and concluded that no strong evidence was found for
nal from the “8.2ka event” was faint in 0d#80 records, not ~ an abrupt change in the AM at 8.2 ka BP. Overall, there is
as significant as Indian monsoon dominated stalagétf® little evidence for the presence of the event in the eastern part,
records from Qunf in Oman and Dongge in Southern Chinawhich is not much stronger than other Holocene anomalies
However, ous13C and Ba/Ca profiles, as indicators of local in the western part of Asia (Alley andgstsattir, 2005).
environmental changes, provide strong support for a climateRohling and Rlike (2005) claimed that the “8.2ka event”
reversal centred at 8.2 ka BP, which is likely controlled by expressed as an anomaly superimposed on a~48lD-yr
winter monsoon circulations via the westerly winds associ-cold/aridity episode in many of low- to mid-latitude records,
ated with North Atlantic climate. Therefore, we concluded which is difficult to reconcile with changes in the Greenland
that the winter- and summer-Asian monsoons responded intemperature. Using a composite of four Greenland ice core
dependently to the high northern latitude climate. records, Thomas et al. (2007) found a small increase i Ca
and CI~ during the 8.2 ka event, about 5% amplitude of that
observed in the Younger Dryas. As the two proxies represent
changes in low- and mid-latitude atmospheric circulation and
its moisture source, it was then suggested that the large-scale
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atmospheric response was very subdued, and certainly no 70°8 115° E
proportional to the local climate signal in the North Atlantic.
Therefore, it is important to explore multi-proxy archives
at the same location to investigate different regional climate
response to the so-called global “8.2 ka event”, particularly ¥~
winter- and summer-dominated proxies associated with a/ =7
seasonal significance must be taken into account (Rohling
and Rilike, 2005). For example, the greyscale from the Cari-
aco basin shows a short-lived enhancement of wintertime
trade winds during 8.25 8.10 ka BP (Hughen et al., 1996),
while the Ti percentage indicates a period of aridity between
8.40 and 7.75ka BP induced by southward migration of the , (.
Intertropical Convergence Zone (ITCZ) in summer (Haug et

al., 200?)' In th'e Same manner, we use_ d!fferent pr_OX'eS c,’i:ig. 1. Location of Nuanhe Cave. The orange arrows show different

stalagmites to investigate seasonal variations of climate I"'sub-systems of Asian summer monsoon, blue arrows indicate East

northeastern China, typically dominated by East Asian mon-asian winter monsoon and westerly winds, respectively. The bold

soons. In addition, annually-laminated sequences in stalagine illustrates the northern limit of summer monsoon. The red star

mites can be used as a valid means of ascertaining highand triangles indicate the location of Nuanhe Cave and other cave

resolution chronology (Proctor et al., 2002; Tan et al., 2003;sites mentioned in this study.

Paulsen et al., 2003; Baker et al., 2007), comparable to tree-

ring records. This approach is crucial for determining the du-

ration and detailed structure of the 8.2 ka event. Here we try The cave was developed in Ordovician limestone forma-

to use two contemporaneous annually-laminated stalagmiteson and is about 200m long and~530 m in width and

to develop an annually-resolved timescale. height. The only entrance of the cave, with a diameter less

than 1 m, exposes on the slope of a small hill. The vegetation

i cover consists of mixed-deciduous forest. Relative humid-

2 Materials and methods ity in the cave is~ 100 % and the cave temperature remains

constant throughout the year, approximating an annual mean

value of & (the average of 5 measurements). Two columnar-

Nuanhe Cave (420 N, 12455 E, 500m a.s.l.) is located shaped stalagmites_ (NH6 and NH33), yvithin a distance of

at Huanren County in Liaoning Province, northeastern China3 M- were collected in a chamber (6 m high and 3aange)

(Fig. 1). Present climatic condition is characterized by sea-°f the cave, approximately 100 m from its entrance and about

sonal alternations of summer and winter monsoon circula-20 M below the surface. Sample NH33 is 56 mm in length

tions, which are formed as a result of thermal differences@"d 35 to 60mm in diameter. Sample NHG is 165mm in
between the Asian landmass and the Pacific Ocean, and afgngth and 45 to 150 mm in diameter. When halved and pol-

further enhanced by the thermal and dynamic effect of the/Shed, both samples show well-developed micro-meter-scale
Tibetan Plateau. In the summer season, warm and humid@minations on polished surface, being composed of typical
air originating from the low latitude oceans migrates north co@lescent columnar-fabric calcite crystals. Under a micro-
along with the seasonal changes of planetary scale circulaSCOP€, the thin sections exhibit densely-distributed lamina-
tions, and is further driven by the east/west pressure gradier{ons (Fig. 2), and no evidence of any hiatus exists. The lam-

in East Asia. Warm and humid air can extend northwesterlyin@ Sequences are unclear for the top part in .the two sam-
into China’s interior as far as the China—Mongolia border, P1es (0~ 9.5mm for NH33, G~ 43 mm for NHE); thus, we

leading to intensive rainfall from June through SeptemberfOCUS on the intervals with continuously-developed lamina-

which contributes 60 % of the mean annual precipitation atfions i-e. at 9.5 to 56 mm for NH33, and at 43 to 88 mm for

the site (between 800 mm and 900 mm). While in the winter NH6, respectively.

season, dry and cold air from high latitudes is controlled by _

the continental high-pressure system, and propagates soutd:2 Analytical methods

ward along the eastern margin of the Tibetan Plateau to form_ )

the strongest northerly dry winter monsoon (An, 2000). TheF Ve sub-samples were collected along the growth axis of the
East Asian Winter Monsoon (EAWM) produces a dry and twozgtalagm[tes with 0.9-mm-diameter carbide dental burrs
cold winter season from November until February at the cave©" °Th dating. The measurements were performed by in-

site. The seasonal Celsius temperature of this area ranges bgdctively coupled plasma mass spectrometry (ICP-MS) on a
tween—13° in January and 22in July (meteorological data, Finnigan-MAT Element at the Department of Geology and
1956~ 1991). Geophysics, University of Minnesota, USA. The procedures

are similar to those described in Shen et al. (2002), with

2.1 Site setting and sample description
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Fig. 3.Independent assessment of the annual growth band-counting
chronologies for the two stalagmites using ff&Th dates. Uncer-
tainties of dating £48 to+106 yr) and sampling positiorH0.5 to
{ 100um +1 mm) are represented by horizontal and vertical bar, respectively.

O — et al. (2003). Counts along the growth axes yielded a to-

Fig. 2. Micrograph (using a 1Robjective lens) showing examples tal of 883 bands for NH33 and 778 bands for NH6, respec-
of typical well-formed annual bands preserved in a small columnartively. The thickness of each band ranges from 10 to 370 um,
stalagmite NH33. with the most between 30 and 70 pm. Counting uncertainty
is likely larger during intervals of low growth rate. How-
ever, the annual bands in both samples show a distinct fea-
ture of lamina throughout the studied interval, so that errors
of counted bands are assumed to be small, amou#tl®
bands for NH33 and:-22 bands for NH6, based on statistical
error along three different tracks.

Oum

results listed in Table 1. All dates are in stratigraphic order
with typical analytical errors (@).

A total of 608 sub-samples (350 for NH33 and 258 for
NH6) were collected by knife shaving along the growth axis
for stable isotopic analysis. Measurement was performed
with a Finnigan-MAT 253 mass spectrometer fitted with a
Kiel Carbonate Device at the College of Geography Sci-3 Results
ence, Nanjing Normal University. Spatial resolution varies
from 0.06 to 0.2 mm, corresponding to a temporal resolution3.1  Annually-resolved chronology
of 1 to 15yr. Values o680 ands'3C were reported rela-
tive to Vienna Pee Dee Belemnite (VPDB) and with stan-23°Th dates are shown in Table 1, covering a period of
dardization determined relative to NBS1840 = —2.2 %o, 8.6~ 7.7 ka BP for NH33 and 8.6 7.3 ka BP for NH6 (rel-
813C =1.95%0). The precision of180 values is 0.06%o at ative to 1950AD). Corrections for the presence of high
the 1o level. detrital 22°Th as reflected by high®2Th concentrations in

Trace element analyses were performed using Avaatsome samples, particularly NH6 (398525x 10~12, see Ta-
ech XRF Core Scanner (X-ray fluorescence spectrometry)ble 1), lead to a large uncertainty of the correctéfTh
equipped with a variable optical system that enables any resdates. The band-counting growth rate can be checked against
olution between 10 and 0.1 mm at the Surficial Geochemicathe 23%Th-based growth rates (Fig. 3). Our timescale for the
Laboratory, Nanjing University, China. A total of 308 and §'80 was reconstructed by adjusting the floating annually-
226 elemental ratios of Ba/Ca were obtained for NH33 andcounting growth rate to the dated one. The annuality of bands
NH6, with an average resolution of 2 yr and~ 3yr, respec-  can be supported by tfé°Th-based growth rates and consis-
tively. The two time series of Ba/Ca do not cover the whole tence in annual growth rate between the two samples except
profile like the stable isotope data due to two reasons: (1) thdor an interval of the oldest 200 yr.
presence of pre-existing dating sampling pits on the polished The two profiles of counting-based growth rate replicate
sections prevents laser scanning; and (2) the lower part oéach other over a period younger than 8.42ka BP (Fig. 3),
Sample NH33 is too small to be scanned. narrowing the uncertainty of*°Th dates for Sample NH6

Band counting was performed under an Olympus opti-within £50 yr. Despite the two samples showing a large dif-
cal microscope following the procedures described in Tanference in growth rate prior to 8.42 ka BP, th&}fO profiles
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Table 1.230%Th dating results from stalagmite NH from Nuanhe Cave, China.

230Th Age  230Th Age

Sample  Depth 238y, 2327y §234y 230Th/238y (aBP) (aBP) 8234y,
number  (mm) x1079  x10712  (measured) (activity)  (uncorrected)  (corrected)  (corrected)
NH33-2 9 102.8:0.1 398+ 8 1031+ 3 0.1421+0.0006 7862t 36 7748+ 53 1054+ 3
NH33-I 29 163.4:-0.3 625+13 1034+ 3 0.1511+ 0.0005 8360 30 8245+ 48 1056+ 3
NH33-3 54 122.#0.1 482+10 1005+ 3 0.1556+ 0.0007 8754+ 45 8638+ 60 1030+ 3

NH6-43 43 114.5:0.3 399+3 1054.8£6.0 0.146110.00181 7995105 7946£105 1078. A 6.1
NH6-87 87 123.#0.3 6124 1034.0+4.8 0.15665:0.00170 8683100 8614106 1059.4-4.9

Errors are 2 analytical errors. Decay constant values/asgy=9.1599x 106 yr—1, i534=2.8263x 1076 yr=1, 2535 = 1.55125« 10~10yr—1, 234y = ([234y/

238U] activity 1) x 1000,234U inisia = 234 Umeauredx €23#7, corrected?®0Th ages assume an init39Th/232Th atomic ratio of (4.4= 2.2)x1076. Corrected?30Th
ages are indicated in bold and presented in years before 1950 AD.

are well duplicated (discussed below in detail), ensuring thassignificantly since that time, consistent with the inference
their uncertainty of3°Th age is trivial, withind=60 yr. from thes13C data.

3.2 Multi-proxy profiles
4 Discussions
NH33580 profile at~2.5-yr resolution varies fror-7.9 %o
to —10.3 %o, with an average 0f9.0%.. NH6580 profile 4.1 Interpretation of the stalagmite proxies
at ~3-yr resolution shifts between-8.1 %, and—10.0 %o,
with an overall mean 0f-9.2 %.. No long-term trend is ob- 4.1.1 Calcite§180 as indicative of summer monsoon
served in the two profiles. A striking similarity between them intensity
(r =0.62, n =111) is evident over 8.38 8.04 ka BP in
terms of their decadal cycles and absolute values. Despit&he use of stalagmi#'®0 as a palaeoclimate proxy requires
that NH6 8180 values are slightly enriched-(0.2 %o) with evaluation of the veracity of the records. In principle, the
respect to those of NH33 during an interval of 8:68.38ka  speleothen3180 signal is influenced by (i) th&!®0 of the
BP, a similar pattern between them=£0.15, n = 70) is drip water, (ii) the temperature in the cave, and (iii) effects
observed. A replication becomes worse=(0.09, n = 89) of kinetic isotope fractionation (Mickler et al., 2004, 2006).
during 8.04~ 7.83ka BP. The overa'®0 pattern can be In the case of kinetic fractionation, a relationship between
roughly divided into three phases at 8.35 and 8.05ka BP, res'80yyip and§'80caicite, the description requires more com-
spectively, based on their mean values 0. plex models (Dreybrodt, 2008; Scholz et al., 2009). An ef-
813C values range from-9.9 %o to—11.9 %o, with an av-  fective test for isotopic equilibrium is the replication of con-
erage of—10.7 %o for NH33; and from-9.7 %o to—12.1%.,  temporaneous stalagmité®O records from the same cave
with an average of-10.8 %o for NH6. The twa13C records  (Dorale and Liu, 2009). The best replicated part of the con-
replicate each other prior to 8.2 ka BP, particularly a similartemporaneous interval in our records suggests that the kinetic
increasing trend between 8.428.20 ka BP. After that time, processes are either absent or their net effect on speleothem
the two records have some discrepancies with a deviation otalcites180 must have been the same. B0 values from
0.57 %o, suggesting that other processes during the stalagmitduanhe Cave oscillate within an amplitude of 2 %.. Due to
growth overweighted climatic and environmental signal. the small temperature-dependent fractionation between the
The values of Ba/Ca ratio vary between 2803 and  calcite and water-{0.23 %o/, O'Neil et al., 1969)§180 vari-
10.4x 1073, with a mean of 5.5 10~2 for NH33, and be-  ations of this magnitude must be dominated by changes in
tween 1.9< 103 and 9.8x 103, withamean of 5.& 10~2  the drip-waters!80, i.e. the amount-weighte¢feO of the
for NH6. Changes of two Ba/Ca profiles, with a similar trend precipitation.
over the contemporaneous period, show some difference af- The meteorological data from the nearby Benxi Sta-
ter 8.06 ka BP in terms of their absolute values. tion (Source fromhttp://isohis.iaea.org1956~ 2000 AD)
Annual layer thickness (ALT) values for the two samples show that rainfall amounts during the summer seasons
range from 10 to 370 um, centred on200 um. Variation of  (June~ September) make up 604485 % of annual totals,
ALT is relative small, ranging from 20 to 210 um for Sample and display a strong correlation with the annual totals (cor-
NH33; and it is large, ranging from 10 to 370 um for Sam- relative coefficient = 0.903) for the past 50 yr. This implies
ple NH6. However, both records show a similar decreasingthat the amount of winter precipitation remained relatively
trend from 8.6 to 7.6 ka BP, with a large deviation prior to stable during this period. If taking the evaporation into con-
8.4 ka BP. This suggests that the cave environment changesideration, summer monsoon contributes more to the annual
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amount of cave dripping water. A large evaporation occurscarbonic acid (Hellstrom and McCulloch, 2000). Under these
between April and June, while relative humidity reaches theconditions, Ba/Ca ratios may increase when the climate is
maximum during July to September. Due to the high humid-warm (increase biological activity), and vice versa. The anti-
ity during the summer monsoon period (possibly including correlation between our Ba/Ca ratios af}dC records sug-
densely covered vegetation), evaporation is significantly re-gests that the climate degradation is mostly due to tempera-
duced. Thus summer monsoonal rainfall contributes the bulkure decrease rather than precipitation decrease, such as ob-
of the annual amount of cave drip water. Therefore, shifts inserved from 8.42 to 8.2 ka BP in our record.

our 8180 largely reflect changes #1180 values of meteoric Changes in growth rate (annually laminated sequence) can
precipitation as previously interpreted for Hulu and Sanbaoprovide another clue to climatic and environmental condi-
8180 records (Wang et al., 2001, 2008; Cheng et al., 2006tion at cave site, for example, annual changes in local rain-
2009). The variations we observed here likely relate to thefall (Burns et al., 2002). The fabric feature of annual layer
proportion of summer monsoon (lo8/20) rainfall in the  in our cave bears a resemblance to those from several other
annual total (Cheng et al., 2009), sometimes referred to asaves in China dominantly controlled by seasonal variations

“monsoon intensity”. in temperature and rainfall (Tan et al., 2003; Wu et al., 2006),
which can be summarized as follows. (i) A clear division be-
4.1.2 Local environmental changes tween bands exhibits a dark stripe under transmission light

and luminescence light under UV excitation, indicating a

The carbon isotopic variations at short timescales with whichhigher content of organic matter and dust input between
we are concerned here may arise from both temperaturebands; (ii) the bands were mainly composed of one phase, i.e.
driven changes in the soil biogenic production (plant rootcolumnar-fabric crystals of calcite minerals perpendicular to
respiration and microbial activity of the soil and the epikarst the growing substrate; and (iii) variation of ALT is relatively
zone) and humidity-driven changes in the extent of degassingmall, ALT usually less than 1 mm, focusing on-3@00 pm.
of drip waters. A warmer climate with adequate soil mois- The formation of these kinds of layers is closely related to
ture triggers the microbial activity in the soil above the cave the monsoon climate, i.e. distinctly seasonal contrast of pre-
and allows vegetation to develop, producing@pleted in  cipitation and temperature (Tan et al., 2006; Baker et al.,
13C and finally leading to a decrease in the speleotbhti@. 2008). At our cave site, 60 % of annual precipitation falls be-
Conversely, a colder climate induces the reduction of plantween June to September and the period of seasonally frozen
and soil activity, thes13C of the dissolved C®much less  ground lasts about 4 months (December to March), causing
influenced by biogenic C£and more by atmospheric GO  drip cessation. Thus, impurities including dust and organic
leading to an increase in the speleoth&¥C (Genty et al., matter at ceased-growing boundary are beneficial in creating
2006). The stalagmit&'3C is regulated by an additional ef- new crystallization cores of calcite, leading to an apparent
fect within the cave system, the extent of &d&@gassing prior  division between bands.
to stalagmite precipitation (prior calcite precipitation, PCP). If the growth axis keeps perpendicular to the growth sur-
In general, a high PCP occurs under arid conditions, leadindace, as we observed from the two samples, it can be im-
to a relative positives'3C value in calcite (Fairchild et al., plied that the flow path remains unchanged during the en-
2006). This contribution will be evaluated by a comparisontire growth period. As a result, changes in growth rate likely
of 13C and trace element data. depend on external environmental influences. Two factors

Ba/Ca ratio provides a valid means for understanding passhould be considered. One is carbonic acid concentration in
changes of cave environment (e.g. Treble et al., 2003; Deseave dripwater, which has a strong influence on speleothem
marchelier et al., 2006; Johnson et al., 2006). Ba is pregrowth rate and is linked to carbon dioxide concentration
dominantly sourced in soil minerals and dust (Ayalon et al.,in the soils above (Dulinski and Rozanski, 1990). This kind
1999). Ba/Ca ratios are expected to be higher during drievariance often causes a remarkable change in ALT (Fairchild
periods due to PCP in soils. If the PCP is important, it will et al., 2006). In Sample NH6, differences of ALT in adja-
produce calcite relatively enriched in botfC and barium  cent layers reach as much as 20 times, and have a remark-
(Fairchild and Treble, 2009). However, the opposite of this isable boundary at 8.4 ka BP. The correspondind3C pro-
observed in our stalagmites, in whiék°C is inversely cor-  files suggest that high soil GQroncentration may dissolve
related with barium concentration. From this, it is apparentin dripwater prior to~ 8.42 ka BP, exerting a strong influ-
that the variation common to th##3C and barium records ence on stalagmite growth rate. Another factor is variation of
cannot be explained in terms of PCP, and #1d€C changes  seepage amount from year to year, broadly responding to lo-
can only be dominated by this effect if barium is forced cal precipitation, which provides the total amount of annual
by a closely related environmental factor. Barium is con- precipitates for stalagmite growth. If controlled only by this
sidered as a rather immobile element in soils due to a higHactor, the ALT is basically characterised by gradual changes
cation exchange selectivity for B (McBride and Hom-  between layers and with small amplitude. Thus, the ALT
enauth, 1994). An increased Baoncentration could re- can indicate the variations of the precipitation if other condi-
flect increased leaching of soil cations by more concentratedion remains unchanged (Baker et al., 1993, 1998; Genty and
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(r =0.02, n = 883) for NH33, suggesting little kinetic ef-
fect ons180. For Sample NH6, a weak negative correlation
(r = —0.3,n = 778) suggests a small kinetic effect &1¥O.

In particular, at thepCO,—dominated period of the oldest
200yr, the kinetic effect would be larger because of a nega-
tive shift of 0.5 %. compared with that of NH33.

300

200

100

4.2 Monsoonal 8.2 ka event

annual layer thickness/pum

0.01 4

Speleothend180 records from Qunf (Fleitmann et al., 2003)
and Dongge Cave (Wang et al., 2005) indicate an Asian Mon-
soon (AM) failure roughly between 8.6 and 8.1ka BP. In
addition, a well-dated census of African summer-monsoon-
fed lakes (Gasse, 2000) illustrates a well-defined reduction in
monsoon intensity or penetration between approximately 8.5
and 7.8 ka BP. These anomalies are attributed to the “8.2 ka
event” itself, but distinctly different from the typical of 8.2 ka
event recorded in Greenland ice cores. The 8.2ka event at
Greenland was estimated to be about the magnitude of cool-
ing to 6+ 2° (Alley et al., 1997), with a total duration of
160.5yr and centred peak of 69 yr (Thomas et al., 2007). At
present there has been no strong evidence for the monsoonal
8.2ka event equivalent to that at Greenland, including lat-
e terly re-dated cave records in Indian and East Asian regions
(Cheng et al., 2009). In addition, the monsoon anomalies do
not show abrupt changes at the onset and termination, ap-
pearing to be superimposed on a longer-term monsoon re-
duction (Rohling and &ike, 2005).
Despite ou80 records showing a significant difference
from the previously published cave data from the Asian con-
7 tinent (Fleitmann et al., 2003; Wang et al., 2005; Cheng et
7800 8000 8200 8400 8600 . .
Age/aBP al., 2009), a similar feature among the records can be sum-
marized as follows (see Fig. 5). Firstly, a reduction monsoon
Fig. 4. Comparison of multi-proxy records between two stalagmites period lasted two or three centuries in the c&{RO records
(NH33-blue curves and NH6-orange curvé#)) 5180 records, the 4t~ 8.2 ka BP, a duration that is well estimated to be 300 yr

gray lines designate average values 10 in 3 phases(B) 51;% in our new records. Secondly, a trend of monsoon weakening
records, the gray arrow illustrates the same trend betwee is not so significant as recorded at Greenland, particularly
records{C) Ba/Ca ratio record¢P) annual layer thickness records. muted in the Nuanhé80 records (with a mean value of

0.3 %o in amplitude). Thirdly, the re-dated records show an

abrupt change at 8.1 ka BP (Cheng et al., 2009); the corre-
Quinif, 1996). For the samples from Nuanhe Cave, an infil-sponding change in the new records displays a 60-yr transi-
tration control of ALT probably occurred after 8.42ka BP.  tion (Fig. 5). A likely interpretation for the significant differ-

In summary, the ALT profiles in the Nuanhe Cave sug- ence between the new and Dongge/Qunf records is that the
gest that the two factors gfCO, and yearly seeping-water cave sites are situated in the East Asian and Indian monsoon,
amount may play an important role in changing ALT sig- or subtropical and tropical monsoon-dominated regions, re-
nal alternatively or at the same time. During the infiltration- spectively. On the basis of a simulated result from Pausata et
dominated period of 8.4 7.9ka BP, the two ALT profiles al. (2011), monsoon precipitation over the northern Indian
also show remarkable differences (Fig. 4), implying that theOcean and subcontinent was directly linked to changes in
two factors existed at the same time or that more factors wer@orth Atlantic sea-ice extent during the Heinrich Event 1. As
involved. Thus, our ALT records should be calibrated if useda consequence, vapor transported from the northern Indian
as a valid climate indicator. basin into China, both directly and indirectly through recy-

Kinetic fractionation of isotope partition exists between cling over the India subcontinent, had a heawlO com-
water and rock if relationship between calcitéO and ALT position. At present, water vapors from Indian Ocean trans-
is significant (Mickler et al., 2004). Statistical analysis shows port as far as 25\, including middle and lower reaches of
no significant correlation between ALT and oxygen isotope Yangtze River, but do not reach the northeastern China where

0.008

Ba/Ca

0.006

0.004

r-115

Stalagmite 8*C/%0,VPDB

210 4

Stalagmite 5'20/%,,VPDB
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8000 8100 8200 8300 8400 deteriorated trend from 8.42 to 8.20ka BP. This deterio-
L 55 k‘a ever‘]t 300‘-year‘ rated trend is similar to those in the re-dated Dongge/Qunf
' records (Fig. 5), but- 80yr longer. The duration of 8.2 ka
termination NH event in GISP2 (Stuiver z_:md Grootes, 2000) was estimated
-10 60-year ~ 170yr and the cold period lasts 70 yr. The central event
B is asymmetrical in shape with considerable decadal variabil-
-9.5 ity in the record, as shown by the presence of a relatively
4 warm spike at around 8.2 ka BP. The stalagmiftéC time
9 series exhibit a cold climate during the corresponding inter-
val (8.29~ 8.10 ka BP), agreeing well with that at Greenland.
In fact, our Ba/Ca record bears a remarkable similarity to the
8.2ka event recorded in the GISP2 ice core in terms of its
‘ --95 timing, duration and structure (Fig. 6).
A M | The discrepancies of the analogous event between regional
RPL L TEN e climate proxy o180 and local environmental proxies$'¢C
(AL RN and Ba/Ca) suggest different seasonal responses at the cave
‘ | ‘ site to the high-latitude forcing, with a weak anomaly in
a summer-dominated80 proxy and a strong response
in winter-dominated proxies 0813C and Ba/Ca. Atlantic
Meridional Overturning Circulation (AMOC) is a driver of
abrupt change in the EAM, and the northern westerlies play
a role in transmitting this signal from the North Atlantic to
the Asian monsoon regions (Sun et al., 2012). Both geologi-
Q5 --25 cal evidence and modelling results suggest that rapid climate
I change in the North Atlantic region can result in variability
- -2 in the strength and position of the westerly jet, influencing
- Northern Hemisphere climate, including East Asia (Yanase
A - -1.5 and Abe-Ouchi, 2007; Wu et al., 2008; Nagashima et al.,
‘ ‘ ‘ 2011). As AMOC slows, global northward ocean heat trans-
8000 8100 8200 8300 8400 port is reduced at all latitudes, including a 60 % reduction
Agel aBP north of ~40° N at which our cave locates. Consequently,
temperatures in the Northern Hemisphere decrease, with the
Fig. 5.5180 time series over 8.2 ka event from stalagmi(é3.Q5, largest cooling during the winter associated with areas of sea-
Qunf Cave, Oman(B) DA, Dongge Cave, ChingC) D4, Dongge ice expansion in both the North Pacific and North Atlantic.
Cave, Chinai(D) NH33, Nuanhe Cave, China. Q5, DA and D4 The increase in the meridional (latitudinal) temperature gra-
records were re-dated by Cheng et al. (2009). Gray bar indicategjjent |eads to stronger westerly winds in the mid-latitudes
the broadly consistent duration of th(_a 8.2|_I§§event from all monsoon, 4 strengthened winter wind speed above the northwestern
records. The end of the 8.2ka event in NH380 lasts about 60 yr. China (Sun et al., 2012). Ow*3C and Ba/Ca records re-
flect a deteriorated climate initiated at 8.42 ka BP, agreeing
well with the timing of the draining of glacial lakes Agassiz
the Nuanhe Cave is situated. This could explain why Donggeand Ojibway through the Hudson Bay into the North Atlantic
and Qunf records have a profound effect of the 8.2 ka event(8.42+ 0.30 ka BP; Barber et al., 1999; Kleiven et al., 2008;
For the region typically influenced by the EASM, the block- Lajeunesse and St-Onge, 2008). The culminated episode cen-
ing highs in mid- and high-latitudes of Eurasian continentstred at~ 8.20 ka BP is very consistent with the timing, du-
and the subtropical high over the western Pacific play a morgation and structure of the 8.2 ka event in the GISP2 record.
important role which is quite different from the condition for This supports a strong coupling of EAWM and North At-
the Indian monsoon (Ding and Chan, 2005). In particular,lantic climate. A change in winter monsoon circulation is a
different sources of water vapor from the Northwest Pacificfast-response variable to the high-latitude climate via atmo-
and from South China Sea contribute to the EASM precipita-spheric circulations. This tele-connection should be more di-
tion and itss10, leading to the mixed vapor signal of high- rect, hence leading to a good match of Greenland temperature
and low-Pacific at the 8.2 ka. and the cave Ba/Ca and°C.

For a detailed comparison wi#20 from the GISP2 ice Cooling in the North Atlantic associated with the reduction
core, here we selected NH33%0, §13C and Ba/Ca records of the AMOC causes a southward shift of the Intertropical
with higher resolution and without any impact from growth Convergence Zone, thus a weakening of the EASM (Zhang
rate (Fig. 6). The NH3313C record shows a climatically and Delworth, 2005). However, the weak response of the
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Fig. 7. The time-frequency representation of the real part of com-
plex Morlet wavelet coefficients for decadal-scale periods of the
. - Nuanhes180 record during 8.6- 7.8 kaBP. The method is avail-

able athttp://atoc.colorado.edu/research/wavel¥tsxis indicates
.38 age (a BP), while Y-axis represents the Fourier period (yr). The do-
main periods are 20 yr and 100 yr over the whole period.

0.007

Stalagmite Ba/Ca
L

A minor solar minimum coinciding at~8.2ka BP
(Muscheler et al., 2004) may have forced the Earth system
to cross a threshold and triggered the 8.2 ka event (Bond et
al., 2001; Neff et al., 2001; Wang et al., 2005). The excel-
lent correlation between stalagmit&®O record from Hoti
cave and tree-ring\*C record suggests that variations in
solar radiation is one of the primary controls on centennial-
to decadal-scale changes in tropical rainfall and monsoon in-
tensity (Neff et al., 2001). However, 08O record with
annual resolved chronology has a low correlation coeffi-
cient - = —0.17, n = 88) with tree-ringAC. Therefore,
ol the summer monsoon-dominated “8.2ka event” cannot be
explained in a simple fashion by solar forcing (Cheng et
al., 2009). Wavelet analysis on th&0 record of stalagmite
NH33 shows two cycles at 20 yr and~ 100 yr, respectively
(Fig. 7). The two quasi-periodicities are consistent with cor-
responding oscillations of modern summer rainfall exhibited
in northern China (Sun et al., 2002; Ge et al., 2008).
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Fig. 6.Dle§ailed colrgparison of multi-proxy recordlssfrom stalagmite pecadal-scale variations 80 records constrained with
NH33-3770 (A); 7°C (B); Ba/Ca(C); and GISP3™"0 recordD) 5 annually-laminated stalagmites from the Nuanhe Cave,

(Stuiver and Grootes,_zooo). The blue and y(_ellow blocks 'ndlcatenortheastern China, are well replicated over-857 ka BP,
the 8.2ka event and its central vale, respectively. All records are

. 18 . -y . . B .
plotted on their respective time scales, in years before 1950 AD. suggesting th_at thé _O Va”ab'“ty_ has a C_“matlc orngin
largely associated with changes in the rain8#fO from

West Pacific during summer seasons. Discrepancy between
EASM to the 8.2ka event at high-northern latitude is evi- their contemporaneous growth rates suggests that both the
dent in the Nuanhe Cave. Two internal factors are importang0il CO; concentration and seepage amount from year to
for driving EASM circulation: (1) different sensible heat be- Year may alternatively exert a strong influence on stalagmite
tween the tropical Pacific and Asian continent, and (2) latentrowth. Thus, our ALT profiles should be calibrated if used
heat from the tropical Pacific Ocean and released over Asi@s a valid climate indicator. The co-variation of stalagmite
during precipitation. The weakening EASM will be subdued 80 profiles indicates that a kinetic effect 61O value is
due to the |arge thermal inertia in the tropica| ocean fromtriVial, although the two Samples have a threefold difference

which water vapor transport to inner-land over the East Asiain ALT over the contemporaneous intervals. Variations of
the $13C and Ba/Ca reflect a deteriorated climate initiated at

8.42 ka BP and centred &8.20 ka BP, a copy of the typical
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event at Greenland, suggesting a strong coupling of EAWMBUurns, S. J., Fleitmann, D., Mudelsee, M., Neff, U., Matter, A.,
and North Atlantic climate. In contrast, the 8.2ka event is and Mangini, A.: A 780-year annually resolved record of In-
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record, indicating that reorganisation of low-latitude atmo- ©Oman, J. Geophys. Res., 107, 4484i;10.1029/2001JD001281
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