Strong coupling of centennial-scale changes of Asian monsoon and soil processes derived from stalagmite δ18O and δ13C records, southern China 
By Liu et al., 2016
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Supplementary Figure 1. Locations and sketches of Wulu (26º 03´N, 105º 05´E) and Dongge caves (25º17′N, 108º5′E) in southern China, and the local environments surrounding these sites. 

[image: image3.wmf]28600

29600

30600

31600

A

g

e

 

(

y

r

)

0.6

0.3

0

-0.3

-0.6

W

u

6

6

 

d

1

8

O

d

 

(

V

P

D

B

)

-3.6

-4

-4.4

-4.8

-5.2

W

u

6

6

 

d

1

3

C

 

(

V

P

D

B

)

C

r

 

=

 

0

.

4

6

n

 

=

 

5

7

5


[image: image4.wmf]0

2000

4000

6000

8000

A

g

e

 

(

y

r

)

0.4

0.2

0

-0.2

-0.4

D

A

 

d

1

8

O

d

 

(

V

P

D

B

)

-4.4

-4.8

-5.2

-5.6

-6

-6.4

D

A

 

d

1

3

C

 

(

V

P

D

B

)

B

r

 

=

 

0

.

3

8

n

 

=

 

2

1

1

6


[image: image5.wmf]28500

29000

29500

30000

30500

31000

31500

A

g

e

 

(

y

r

)

0

0.1

0.2

0.3

0.4

G

r

o

w

t

h

 

r

a

t

e

 

(

m

m

/

y

e

a

r

)

-3

-3.5

-4

-4.5

-5

-5.5

W

u

6

6

 

d

1

3

C

 

(

V

P

D

B

)

-8

-8.4

-8.8

-9.2

-9.6

-10

W

u

6

6

 

d

1

8

O

 

(

V

P

D

B

)

0

0.1

0.2

0.3

0.4

0.5

G

r

o

w

t

h

 

r

a

t

e

 

(

m

m

/

y

e

a

r

)

56000

57000

58000

59000

60000

A

g

e

 

(

y

r

)

-6

-7

-8

-9

-10

W

u

2

3

 

d

1

3

C

 

(

V

P

D

B

)

-8.5

-9

-9.5

-10

-10.5

-11

-11.5

W

u

2

3

 

d

1

8

O

 

(

V

P

D

B

)

0

0.1

0.2

0.3

G

r

o

w

t

h

 

r

a

t

e

 

(

m

m

/

y

e

a

r

)

0

500

1000

1500

2000

2500

3000

3500

4000

A

g

e

 

(

y

r

)

-4

-4.5

-5

-5.5

-6

-6.5

D

A

S

 

d

1

3

C

 

(

V

P

D

B

)

-7.2

-7.6

-8

-8.4

D

A

S

 

d

1

8

O

 

(

V

P

D

B

)

0.04

0.08

0.12

0.16

0.2

0.24

G

r

o

w

t

h

 

r

a

t

e

 

(

m

m

/

y

e

a

r

)

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

A

g

e

 

(

y

r

)

-4

-4.5

-5

-5.5

-6

-6.5

D

A

 

d

1

3

C

 

(

V

P

D

B

)

-6.5

-7

-7.5

-8

-8.5

-9

D

A

 

d

1

8

O

 

(

V

P

D

B

)

-4

-2

0

2

4

6

8

10

R

a

t

i

o

 

o

f

 

d

e

t

r

e

n

d

e

d

 

 

d

1

3

C

/

d

1

8

O

-8

-6

-4

-2

0

2

4

R

a

t

i

o

 

o

f

 

d

e

t

r

e

n

d

e

d

 

 

d

1

3

C

/

d

1

8

O

-4

-2

0

2

4

6

8

10

R

a

t

i

o

 

o

f

 

d

e

t

r

e

n

d

e

d

 

 

d

1

3

C

/

d

1

8

O

-10

-8

-6

-4

-2

0

2

4

R

a

t

i

o

 

o

f

 

d

e

t

r

e

n

d

e

d

 

 

d

1

3

C

/

d

1

8

O

C

D

A

B

y

 

=

 

0

.

0

0

0

0

6

x

+

1

.

0

8

1

9

8

y

 

=

 

0

.

0

0

0

0

7

x

+

0

.

8

3

8

6

9

y

 

=

 

-

0

.

0

0

0

0

7

x

+

3

.

2

5

5

8

9

y

 

=

 

-

0

.

0

0

0

0

5

x

+

3

.

7

2

8

7

9


[image: image6.wmf]0

500

1000

1500

2000

2500

3000

3500

4000

4500

A

g

e

 

(

y

r

)

-4

-4.5

-5

-5.5

-6

-6.5

D

A

S

 

d

1

3

C

 

(

V

P

D

B

)

-4

-4.5

-5

-5.5

-6

-6.5

D

A

 

d

1

3

C

 

(

V

P

D

B

)

D

A

S

 

(

M

o

d

e

l

l

e

d

 

a

g

e

,

 

D

u

a

n

 

e

t

 

a

l

.

,

 

2

0

1

4

)

D

A

 

(

L

i

n

e

a

r

l

y

-

i

n

t

e

r

p

o

l

a

t

e

d

 

a

g

e

,

 

a

n

d

 

f

u

r

t

h

e

r

 

t

u

n

e

d

 

t

o

 

t

h

e

 

t

r

e

e

-

r

i

n

g

 

c

h

r

o

n

o

l

o

g

y

,

 

W

a

n

g

 

e

t

 

a

l

.

,

 

2

0

0

5

)

 

L

i

n

e

a

r

l

y

-

i

n

t

e

r

p

o

l

a

t

e

d

 

a

g

e

s

-6.8

-7.2

-7.6

-8

-8.4

D

A

S

 

d

1

8

O

 

(

V

P

D

B

)

-6.8

-7.2

-7.6

-8

-8.4

D

A

 

d

1

8

O

 

(

V

P

D

B

)

0

100

200

300

400

500

600

D

e

p

t

h

 

(

m

m

)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

A

g

e

 

(

y

r

)

P

e

r

i

o

d

 

o

f

 

s

i

g

n

i

f

i

c

a

n

t

 

o

f

f

s

e

t

 

b

e

t

w

e

e

n

 

t

h

e

i

r

 

g

r

o

w

t

h

 

r

a

t

e

s

 

b

c

(

I

)

(

I

I

)

(

I

I

I

)

(

I

V

)

a


Supplementary Figure 2. Comparison of the detrended stalagmite δ18O (δ18Od) with the δ13C. (A) DAS δ18Od and δ13C; (B) DA δ18Od and δ13C; (C) Wu66 δ18Od and δ13C and (D) Wu23 δ18Od and δ13C. The δ18O records for samples DA, DAS and Wu23 have been reported elsewhere as discussed in the text. In these panels, the influence of precessional and millennial signals is negligible in the δ18Od records, thus a significant resemblance can be observed between them. The correlation coefficients for each record are listed at the bottom, and the grey bars indicate concurrent enrichments of δ18Od and δ13C vales.
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Supplementary Figure 3. Correlation of δ18O, δ13C, the ratio of detrended δ13C/δ18O records and growth rate for each stalagmite: (A) DAS, (B) DA, (C) Wu66 and (D) Wu23. For clarity, the δ13Cd/δ18Od values of over 5 and less than -5 were left out. The horizontal grey lines depict the linear correlation of δ13Cd/δ18Od. In these records, the time periods of larger growth rate (indicated by grey bars) do not strictly correspond to more negative isotopic values, except what is partially observed in profile A and B. In the early MIS 3 (profile D), the largest growth rate occurred at around 59.5 ka, but the absolute values and changing pattern of Wu23 δ13C records are identical to those between 59 and 55 ka. Moreover, the pattern of δ13C and δ13C/δ18O records is not significantly influenced by variations in growth rate. These observations indicate that these stalagmites should have precipitated close to isotopic equilibrium conditions, and the stable isotope changes were negligibly impacted by growth dynamics. 
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Supplementary Figure 4.  A duplication test for DAS and DA isotopic records during the last 4200 years (a, b) and their growth rates (c). The δ18O and δ13C records for two stalagmites agree well with each other, regarding their long-term trend and millennial-scale changes. In detail, however, significant difference can be observed between them as shown by grey and crossed bars. During Phases I (prior to 3.7 ka) and III (between 1.8 and 1.4 ka) (crossed bars), the δ13C signals for them are fairly consistent at multi-decadal to centennial scales, while the DA δ18O records are enriched by about 0.5‰. In Phase II (from 3.7 to 2.3 ka) (grey bar), the DA δ18O and δ13C records are both enriched in comparison with those from Sample DAS with a temporal offset of about 100 years between them surrounding 2.75 ka. At about 0.7 ka (Phase IV), a multi-decadal-scale spike is strikingly clear in DA δ18O and δ13C records, but less prominent in the DAS records. In the last 4.2 ka, the total depth for DAS is 590 mm, while Sample DA is 470 mm long, and the growth rate for Sample DAS is generally larger than that for DA (a). The well-duplication between their δ18O and δ13C records in the last 1.3 ka corresponds to a period of less inconsistency between their growth rates. In the older portion, larger discrepancies (especially Phase II) between them are broadly synchronous with the timing of significant difference in their growth rates, when the DAS δ13C record is characterized by larger-amplitude shifts. Collected from the same cave, these disagreements between Stalagmites DA and DAS imply that they might have different growth histories associated with degassing rates and amount of infiltration water, which is also indicated by difference in their diameters (170 to 200 mm for DA and 120 mm for DAS) and their total depths. Another possibility might be associated with the dating errors for them.
Supplementary Table 1 Comparison of speleothem δ13C and δ18O changes at different sites

	Site
	Location
	Local environments
	Time
	Indicators
	Environmental interpretation
	References

	Botuverá Cave* (southern Brazil)
	27º 13ʹ 24ʺ S

49º 9ʹ 20ʺ W

250 m a.s.l.
	Dense, tropical Atlantic rainforest and mature, clay-rich soils
	116-0 ka

(orbital scale)
	δ13C:-6.5~-4.5‰
(obliquity scale)

δ18O: -4.5~-2‰
(precessional scale)
	δ13C: Soil processes

δ18O:Atmospheric circulation
	Cruz et al., 2006

	Gitana Cave

(southeast Spain)
	37º 26ʹ 42ʺ N

2º 1ʹ 8ʺ W

1345 m a.s.l.
	A flowstone sample
	266-46 ka

(orbital scale)
	δ13C:-8~-2‰
δ18O:-8~-6‰
(complex)
	δ13C: Effective rainfall

δ18O: Complex
	Hodge et al., 2008

	Villars Cave

(southwest France)
	45º 30ʹ N

0º 50ʹ E

175 m a.s.l.
	Mixture of deciduous woodland and grassland, and a thin brown rendzina soil cover.
	83-32 ka

(millennial-scale)
	δ13C:-10~-6‰
δ18O:-4.5~-3‰
(positive)
	δ13C: Soil CO2
δ18O:Temperature changes
	Genty et al., 2003

	Grotta di Ernesto (NE Italy)
	45º 58ʹ N

11º 39ʹ E

1167 m a.s.l.
	A strong seasonal surface temperature contrast, with most rainfall in spring/early summer and late autumn
	8-2.6 ka

(centennial-scale)
	δ13C:-9~-6‰
δ18O:-8~-7‰
(partly positive)
	δ13C: Soil development, modulated by CO2 degassing 
δ18O:Several competing mechanisms
	Scholz et al., 2012

	Qunf Cave ( southern Oman)
	17º 10ʹ N

54º 18ʹ E

650 m a.s.l.
	A thin soil cover with a mixture of trees and shrubs (C3 vegetation)
	1200-2000 AD

(centennial to decadal-scale)
	δ13C:-11~-8‰
δ18O:-1~0‰
(positive)
	δ13C:Vegetation changes and the degree ofwater-rock interaction 
δ18O: Rainfall amount
	Burns et al., 2002

	Brown’s Folly Mine, Bathford Hill

(SW England)
	
	The marine was opened in 1836 and sealed in 1886. Large portions of the hill were barren in 1945. A well-developed mixed forest and a thin brown rendzina soil now overlies the mine.
	1916-1998 AD

(decadal scale)
	δ13C:-10~-8‰
δ18O:-5~-4‰
(positive)
	Biomass effects control both isotopic signals
	Baldini et al., 2005

	Actun Tunichil Muknal (central Beilize)
	17º 11ʹ N

89º 0ʹ W

90 m a.s.l.
	Mature subtropical moist semi-evergreen broadleaf forest, and covered by thin, clay-rich soils 
	1977-2000 AD

(intra- and inter-annual scale)
	δ13C:-12~-6‰
δ18O:-4~-2‰
(positive)
	δ13C: Soil respiration and ecosystem CO2 recycling

δ18O: Tropical cyclone rain events,
	Frappier et al., 2007

	St. Michaels Cave (Gibraltar peninsula)
	36º 9ʹ N

5º 21ʹ W

426 m a.s.l.
	Semi-arid and strongly seasonal with dry summer and winters with a mixture of cool and wet periods. 
	1951-2004 AD

(seasonal scale)
	δ13C:-10~-12.5‰
δ18O:-5.5~-4.5‰
(positive)
	δ13C: Seasonal changes of cave air pCO2 
δ18O: Winter rainfall
	Mattey et al., 2008


Note that changes of  δ13C and δ18O records at the Botuverá site have been reported to show different frequencies.
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