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ABSTRACT

Changes in the carbon isotope composition of terrestrial plant 

tissue (δ13C) are widely cited for evidence of shifts in climate, vegeta-

tion, or atmospheric chemistry across a wide range of time scales. A 

global compilation of δ13C data from fossil leaves and bulk terrestrial 

organic matter (TOM) spanning the past 30 k.y., however, shows wide 

variability and no discernable trend. Here we analyze these data in 

terms of a relative change in net carbon isotope fractionation between 

the δ13C value of plant tissue and that of atmospheric CO
2
 [∆13C = 

(δ13C
CO2

 – δ13C)/(1 + δ13C/1000)] and identify a global 2.1‰ shift in 

leaf and TOM ∆13C that is synchronous with a global rise in pCO
2
 

documented from ice core data. We apply a relationship describing 

the effect of pCO
2
 on ∆13C to the global record of ∆13C change docu-

mented here to reconstruct pCO
2
 levels across the past 30 k.y. Our 

reconstructed pCO
2
 levels are in excellent agreement with the ice core 

data and underscore the potential of the global terrestrial δ13C record 

to serve as an accurate pCO
2
 proxy.

INTRODUCTION

Changes in the carbon stable isotope composition of terrestrial plant-

derived substrates (δ13C) have been observed in the geological record 

at both local and global scales (e.g., McInerney and Wing, 2011). Such 

changes have been variously interpreted to record a change in environ-

mental variables, including plant species composition (e.g., Feakins et al., 

2013; Tipple and Pagani, 2010), water availability (e.g., Stewart et al., 

1995), atmospheric oxygen concentration (Tappert et al., 2013), the iso-

topic composition of CO
2
 in the atmosphere (δ13C

CO2
) (e.g., Jahren et al., 

2001), and atmospheric pCO
2
 (e.g., Schubert and Jahren, 2013). Changes 

within an isotope record from a single locality may reflect changes in 

local climate and vegetation, and so multiple high-resolution records from 

diverse environments are necessary to analyze for changes in global cli-

mate. The Quaternary Period is particularly rich in terrestrial δ13C records, 

as well as in high-precision environmental data (e.g., δ13C
CO2

, pCO
2
) from 

ice cores. We compile the global record of C
3
 plant-derived δ13C values 

from the Late Glacial through the Holocene and quantify changes in the 

carbon isotope fractionation between the atmosphere and plant-derived 

substrates through time. We build upon our previous work (Schubert and 

Jahren, 2012) that quantified the dependence of carbon isotope fraction-

ation on pCO
2
 during photosynthesis, based on observations during plant 

growth experiments. Here we apply this relationship to the global record 

of bulk terrestrial organic matter (TOM) and plant leaf fossil δ13C in order 

to reconstruct changes in atmospheric pCO
2
 across the past 30 k.y. We 

then compare our reconstruction to the values of pCO
2
 known from ice 

cores, thus evaluating the potential of the original relationship to serve as 

an accurate proxy for paleo-pCO
2
.

METHODS

In order to examine the global plant δ13C record for the past 30 k.y., 

we compiled δ13C values of fossil leaves and bulk TOM (includes bulk 

organic carbon measured in sediments, soil organic matter, loess, and peat 

deposits) from records that spanned at least 5 k.y. or extended from the 

Holocene to at least part of the glacial-interglacial transition (Termina-

tion 1; 18,000–11,500 yr before A.D. 1950, herein yr ago). Because we 

sought records of C
3
 land plant carbon in equilibrium with a well-mixed 

atmosphere, we only compiled records that contained δ13C values between 

−18.5‰ and −32‰ (after Kohn, 2010; O’Leary, 1988). We therefore 

avoided records with δ13C values representative of C
4
 plants (e.g., Pendall 

et al., 1999) or understory vegetation within closed canopy forests (e.g., 

Giresse et al., 1994), and records with bulk organic matter that contained 

significant inputs from aquatic plants or planktonic algae (e.g., Ji et al., 

2005). The resulting data set yielded a total of 614 δ13C measurements 

from 23 distinct records reported in 19 published studies (Table DR1 and 

Fig. DR1 in the GSA Data Repository1), and represents a wide range of 

values, similar to that observed for modern studies of whole leaves (Kohn, 

2010) and integrated C
3
 ecosystems (Pataki et al., 2003); leaf tissue ranged 

from −20.80‰ to −30.00‰ and TOM ranged from −18.50‰ to −31.75‰ 

(Fig. 1A).

In order to eliminate the effects of changes in the δ13C value of atmo-

spheric CO
2
 (δ13C

CO2
) on the δ13C value of plant tissue, we calculated the 

net carbon isotope fractionation [∆13C = (δ13C
CO2

 – δ13C) / (1 + δ13C/1000); 

Farquhar et al., 1989] for each data point using δ13C
CO2

 values obtained from 

high-resolution ice core data (Elsig et al., 2009; Lourantou et al., 2010; 

Smith et al., 1999) (Fig. DR2; Table DR1). Because the absolute ∆13C value 

is known to differ among plants growing under the same environmental 

conditions (e.g., Flanagan et al., 1997; Leavitt and Newberry, 1992), we 

analyzed the data set in terms of a relative change in the ∆13C value between 

some time, t, and a reference time (t = 0), designated here as ∆(∆13C):

 ∆ ∆) C( C∆ ∆ – C
t (t = 0)

13 13

( )

13
= . (1)

Figure 1B shows ∆(∆13C) calculated using Equation 1 for all the iso-

tope records compiled in Figure 1A (for an analysis of error, see the Data 

Repository). Within Equation 1, values for ∆13C
(t = 0)

 were calculated using 

the average Holocene δ13C value for each record (listed in Table DR1) 

and δ13C
CO2

 was set equal to the average Holocene δ13C
CO2

 value (−6.4‰) 

calculated from the ice core record (Lüthi et al., 2008). Values for ∆13C
(t)

 

were calculated using the δ13C data plotted in Figure 1A and δ13C
CO2

 val-

ues obtained from ice core data (Fig. DR2). We used ages reported in the 

original publications for all data. When calendar ages were not reported in 

a published paper, radiocarbon ages were converted to calendar ages using 

the radiocarbon calibration program described by Fairbanks et al. (2005).

RESULTS AND DISCUSSION

We identify a global 2.1‰ increase in ∆(∆13C) measured in both fos-

sil leaves and TOM (Fig. 1B) that is not apparent within the wide range of 

absolute δ13C values shown within Figure 1A. We here explain this global 

2.1‰ increase in ∆(∆13C) by considering the effect of pCO
2
 on carbon iso-

tope fractionation and noting the 80 ppmv rise in pCO
2
 documented across 

this interval from ice core data (Fig. 1C). We previously demonstrated that 

change in ∆13C per unit increase in pCO
2
 follows a continuous function 

(Schubert and Jahren, 2012) and updated this work with published data on 

17 additional species including trees, shrubs, and herbaceous plants, and 

for both angiosperm and gymnosperm taxa (Table DR2). Taken together, 

1 GSA Data Repository item 2015151, all data presented in Figures 1 and 2, 
and a description of the errors associated with our reconstructed pCO

2
 levels, 

is available online at www.geosociety.org/pubs/ft2015 .htm, or on request from 
editing@geosociety.org or Documents Secretary, GSA, P.O. Box 9140, Boulder, 
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the data show that changes in ∆13C per unit increase in pCO
2
 (S, ‰/ppmv) 

decrease with increasing pCO
2
 level according to the following general 

equation (r = 0.94, n = 40) (Fig. 2):

 = + +S p(A )(B) / [A (B)( CO C)]
2

2

2. (2)

Integration of Equation 2 yields the following generalized hyperbolic 

relationship between ∆13C and pCO
2
:

 ∆ p p CC [(A)(B)( CO C)] / [A (B)( CO )]
13

2 2
= + + + , (3)

where A = 28.26, B = 0.22, and C = 23.9. The values for A, B, and C were 

determined iteratively such that ∆13C = 4.4‰ at pCO
2
 = 0 ppmv, and ∆13C 

= 28.26‰ at pCO
2
 = 106 ppmv (after Schubert and Jahren, 2012). The 

change in ∆13C [∆(∆13C), Equation 1] that results from a change in pCO
2
 

can then be described by the following equation (after Equation 3 and 

Schubert and Jahren, 2013):

 ∆ ∆ p p( C) [(A)(B)( CO C)] / [A (B)( CO C)] – [
t t

13

2( ) 2( )
= + + +

 p p p pO C)] – [(A)(B)( CO C)] / [A (B)( CO C)]
t t t t) 2 2( 0) 2( 0)

+ + + + +
= =

. (4)

We can therefore use ∆(∆13C) data to solve for pCO
2
 at any time t 

(pCO
2(t)

), provided we know the pCO
2
 level at reference time t = 0 (i.e., 

pCO
2(t = 0)

); values for A, B, and C are the same as in Equation 3.

We reconstructed pCO
2
 levels for the past 30 k.y. using Equation 

4 with pCO
2(t = 0)

 = 270 ppmv (the average preindustrial Holocene level; 

Kawamura et al., 2007) and the ∆(∆13C) data shown in Figure 1B. The 

result shows excellent agreement with pCO
2
 levels obtained from high-

resolution ice core data spanning the past 30 k.y. (Figs. 1D and 1E). Both 

the fossil leaf and TOM records indicate a steady increase in pCO
2
 across 

Termination 1 (18,000–11,500 yr ago) with little change in pCO
2
 during 

the Holocene (11,500–100 yr ago) and the Late Glacial interval (30,000–

18,000 yr ago), corroborated by the ice core record both with respect to 

trends as well as absolute values (Table 1). Across the entire record, the 

average absolute difference between the pCO
2
 level determined from the 

ice core and the pCO
2(t)

 level reconstructed using Equation 4 is small (23 

and 39 ppmv for fossil leaves and TOM, respectively) and the correlations 

between the ice core record and the locally weighted regression (loess, α 

= 0.25) through each substrate are high (R2 = 0.97 and R2 = 0.80 for TOM 

and fossil leaves, respectively).

* *
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Figure 1. Carbon isotope 
values and pCO

2
 levels 

across the past 30 k.y. A: 
δ13C values from leaves 
(n = 125) and terrestrial 
organic matter (TOM; n 
= 489) compiled from 23 
published records and 
used to calculate ∆(∆13C). 
B: ∆(∆13C) (Equation 1). C: 
pCO

2
 levels from ice core 

records (Kawamura et al., 
2007; Petit et al., 1999) 
(also plotted in D and E). D: 
pCO

2
 levels through time 

reconstructed for leaves 
using Equation 4 and the 
∆(∆13C) data in B. E: pCO

2
 

levels through time recon-
structed for TOM. Heavy 
curves in B, D, and E are 
locally weighted regres-
sion curves (loess, α = 
0.25). Error bars in D and 
E indicate maximum cu-
mulative error in the re-
constructed pCO

2
 values 

based upon the precision 
associated with deter-
mination of ∆(∆13C) and 
pCO

2(t
 

= 0)
, and constants 

A, B, and C in Equation 4 
(for error analysis, see the 
Data Repository [see foot-
note 1]). Reconstructed 
pCO

2
 levels >500 ppmv (n 

= 2) are marked with aster-
isks. The interval of pCO

2
 

change (18,000–11,500 yr 
ago) across Termination 1 
(Termin. 1) is shaded gray. 
A complete list of all iso-
tope data and calculated 
pCO

2
 values and their er-

rors are provided in Table 
DR1 (see footnote 1).

Figure 2. The effect of pCO
2
 on C

3
 land plant carbon isotope frac-

tionation. Across field and chamber experiments on a wide range 
of C

3
 land plant species, the amount of carbon isotope fractionation 

per change in pCO
2
 (S, ‰/ppmv) decreases within increasing pCO

2
 

level according to Equation 2 (where A = 28.26, B = 0.22, and C = 
23.9; r = 0.94; n = 40; black curve). Horizontal bars encompass the 
range of pCO

2
 levels used within each experiment; the circle is plot-

ted at the midpoint of the range. Inset shows the data plotted across 
pCO

2
 = 150–750 ppmv. We updated the original data set (Schubert 

and Jahren, 2012) (black circles, n = 28) with additional published 
data (gray circles, n = 12). All values and references are provided in 
Table DR2 (see footnote 1).

TABLE 1. COMPARISON OF pCO
2
 LEVELS DETERMINED FOR SPECIFIC 

INTERVALS USING LEAF AND TERRESTRIAL ORGANIC MATTER (EQUATION 
4) WITH HIGH-RESOLUTION ICE CORE DATA

Interval*  
(yr ago)

Ice core** Leaves TOM††

Holocene†

11,499–100
270 ± 7 ppmv

(n = 38)
273 ± 27 ppmv

(n = 76)
278 ± 52 ppmv

(n = 281)

Termination 1§

17,999–11,500
0.0102 ppmv/yr

(n = 26)
0.0137 ppmv/yr

(n = 38)
0.0096 ppmv/yr

(n = 84)

Late Glacial†

30,000–18,000
193 ± 7 ppmv

(n = 22)
209 ± 31 ppmv

(n = 11)
188 ± 45 ppmv

(n = 117)

 *0 yr ago = A.D. 1950.
 †Holocene and Late Glacial pCO

2
 levels reported as mean ±1σ.

 §Calculated as the slope of a best-fit line through the data spanning this interval.
 **Ice core data calculated from Kawamura et al. (2007).
 ††TOM—terrestrial organic matter. Two values (marked with asterisks in Fig. 1E) 

were excluded from the calculations.
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We note that all TOM and fossil leaf carbon isotope records are sub-

ject to variability arising from differential water availability, which has 

been shown to be a primary environmental driver of changes in δ13C value, 

both in terms of mean annual precipitation (Diefendorf et al., 2010; Kohn, 

2010) and seasonal precipitation (Schubert and Jahren, 2011). We exam-

ine the scatter about the mean for both ∆(∆13C) records, calculated as the 

average absolute difference between the measured ∆(∆13C) values (Equa-

tion 1) and the locally weighted regression curves (Fig. 1B). The scatter 

within both the TOM ∆(∆13C) record (0.87‰ ± 0.82‰, n = 489) and the 

fossil leaf record (0.46‰ ± 0.38‰, n = 125) probably reflects the hetero-

geneous environmental influences (e.g., water availability) that cause δ13C 

variability within and between ecosystems (reviewed by Dawson et al., 

2002). The significantly (p < 0.0001) greater scatter within the TOM data 

set also reflects the changing contributions of different plant species and 

taxonomic groups, which are known to show different amounts of carbon 

isotope fractionation (Flanagan et al., 1997; Leavitt and Newberry, 1992). 

In contrast, the fossil leaf records are based on measurements across single 

species (e.g., Pinus flexilis; Van de Water et al., 1994); therefore, the vari-

ance within the fossil leaves data set (0.15) is 4.5× lower than the vari-

ance within the TOM data set (0.68), reflecting the reduced sources of 

isotopic variability within species-specific substrates. When we quantify 

the scatter in reconstructed pCO
2
 values for each substrate, calculated as 

the absolute difference between pCO
2(t)

 (calculated from Equation 4) and 

the locally weighted regression curve fit through the calculated pCO
2(t)

 

values, we find that for both fossil leaves and TOM this scatter is small; 

the average values (±1σ) are 21 ± 17 ppmv (n = 125) for fossil leaves 

and 39 ± 44 ppmv (n = 489) for TOM. Our analysis reinforces our claim 

that although local environmental factors influence plant δ13C value, the 

governing influence of pCO
2
 over carbon isotope fractionation is apparent 

within global data sets. We contend that global shifts in the amount of car-

bon isotope fractionation of C
3
 terrestrial plant tissue are best interpreted 

to reflect a change in pCO
2
 because a global record averages the effects of 

local or regional changes in environmental conditions, substrate heteroge-

neity, and plant community shifts.

Our results also illustrate how the effect of pCO
2
 on changing plant 

carbon isotope composition, if not acknowledged, may lead to inappro-

priate paleoclimate interpretations. As an example, the combined leaf and 

TOM data set shows a global 2.1‰ relative increase in carbon isotope frac-

tionation from the Late Glacial to the Holocene (Fig. 1B). If we hypothesize 

a Late Glacial mean annual precipitation (MAP) of 830 mm (the simulated 

Last Glacial Maximum MAP over land; Vettoretti et al., 2000) and apply 

the proposed relationship between MAP and ∆13C values (Kohn, 2010, his 

equation 2), the 2.1‰ increase would require a 1442 mm increase to MAP 

= 2272 mm (i.e., ~3× greater than modern MAP), an extreme change not 

corroborated within the sedimentological, geochemical, or fossil records of 

the period. Similarly, there is no independent evidence across this interval 

that would support an interpretation of a global change in C
3
 plant commu-

nity composition. A significant rise in global temperatures coincided with 

the increases in pCO
2
 level across Termination 1 (Parrenin et al., 2013), but 

the measured effect of an increase in temperature on plant carbon isotope 

fractionation varies (King et al., 2012; Schleser et al., 1999) and may be 

autocorrelated with changes in precipitation, cloudiness, and/or humid-

ity (e.g., McCarroll and Pawellek, 2001). Moreover, the shift observed 

here is the opposite of what would be expected from an increase in global 

water stress due to a rise in global temperature across Termination 1. Thus, 

although climate change may affect the plant carbon isotope record of a 

single site, it cannot explain the global record presented here.

CONCLUSIONS

Our analysis reveals that the ~80 ppmv rise in pCO
2
 level from the 

Late Glacial to preindustrial levels evident within air bubbles in glacial ice 

(Kawamura et al., 2007) is recorded by the global record of carbon isotope 

fractionation in C
3
 land plants. Excellent agreement between our recon-

structed levels and those measured from ice demonstrates the potential for 

using terrestrial carbon isotope records to reconstruct atmospheric pCO
2
 

for periods when any change in δ13C
CO2

 is independently constrained, 

either by the ice core record as illustrated here, or by the nonphotosynthetic 

marine record in the more distant past (Schubert and Jahren, 2013; Tipple 

et al., 2010). We warn that before interpreting environmental change from 

the δ13C value of terrestrial substrates, the effect of changing pCO
2
 levels 

must be considered, particularly for intervals with moderate to low pCO
2
 

levels that dominated much of the past 350 m.y. (Breecker et al., 2010; 

Franks et al., 2014). We note that changes in atmospheric oxygen concen-

trations (pO
2
) may also prove to be important on these longer time scales 

(e.g., Beerling et al., 2002; Berner et al., 2000), but the systematic study of 

the effect of pO
2
 in isolation from seed to maturity across the full range of 

pO
2
 levels predicted for the geologic past is lacking. Changes in pCO

2
 that 

result from changes in elevation also affect carbon isotope measurements 

(high-elevation plants show less fractionation than low-elevation plants 

and pCO
2
 declines with increasing elevation; Körner et al., 1988), and 

therefore elevation changes should be considered when examining ∆13C 

change on multimillion-year time scales. Independent of these effects, our 

work demonstrates the potential for terrestrial δ13C measurements to be 

used for reconstructing pCO
2
 levels in the geologic record.
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Error Analysis 

Errors are associated with the each of the parameters used to calculate pCO2(t) 

(equation 4): Δ(Δ
13

C), pCO2(t=0), and constants A, B, and C. To estimate the error 

associated with each measurement of Δ(Δ
13

C), we used the average absolute difference 

between the measured Δ(Δ
13

C) values (equation 1) and the locally weighted loess curves 

(α = 0.25) (Fig. 1B) for each substrate (TOM = ±0.87‰; fossil leaves = ±0.46‰). In this 

way, the error in pCO2(t) calculated from TOM reflects the greater heterogeneity observed 

within the TOM δ
13

C data compared with the fossil leaves. We assumed an error of ±7 

ppmv for our estimate of pCO2(t=0), which was calculated as the standard deviation of the 

Holocene pCO2 level (270 ± 7 ppmv, n = 38) (Kawamura et al., 2007). The error 

associated with the curve fit in Figure 2 is manifest in the constants A, B, and C within 

equation 4. The value of A = 28.26 quantifies the amount of fractionation by the enzyme 

RuBisCO and is based on our relationships between Δ
13

C and pCO2 described within 

Schubert and Jahren (2012). We note, however, that estimates of this value range in the 

literature from 26-30‰. We therefore determined values for B and C iteratively across 

this range in A values, such that equation 3 resulted in Δ
13

C = 4.4‰ at pCO2 = 0 ppmv 

(no activity by RuBisCO) and Δ
13

C = A at pCO2 = 10
6
 ppmv (after Schubert and Jahren, 

2012). This resulted in values for B and C ranging from 0.16 to 0.27 and 19.2 to 32.9, 



respectively. The cumulative error from all of the above sources averaged +50 and -42 

ppmv, for which an average of only ~3 ppmv was due to the fitting of the curve in our 

model and ~6-8 ppmv was caused by error in pCO2(t=0); the remaining error resulted from 

the precision of our estimates of Δ(Δ
13

C). Because Δ(Δ
13

C) provided the greatest source 

of error, the average error in our calculation of pCO2(t) was significantly less (p < 0.001) 

using the fossil leaves than the TOM (leaf = +31 and -28 ppmv; TOM = +55 and -45 

ppmv). Errors in age dating were not quantified here, but do not affect the calculated 

pCO2 level; they do, however, have some influence on direct comparison to the ice core 

record. 

  



 

 
Figure DR1. Location of the 23 records from which δ

13
C data were compiled, showing 

the global distribution of sites. 

 

 

  
Figure DR2. Three records of δ

13
CCO2 obtained from air bubbles trapped in ice (Elsig et 

al., 2009; Lourantou et al., 2010; Smith et al., 1999). Black curve shows the δ
13

CCO2 

values used at each time t in order to calculate Δ
13

C(t) within equation 1. The values for 

the black curve are presented in Table DR1 and are based on a locally weighted 

regression curve fit through the three combined datasets. 
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TABLE DR1. DATA USED TO CALCULATE Δ(Δ
13

C) AND pCO2(t) 
Reference Substrate Age* δ

13
C(t)† δ

13
C(t=0)‡ δ

13
CCO2(t)§ Δ

13
C(t=0)|| Δ

13
C(t)¶ Δ(Δ

13
C)** pCO2(t)†† +error‡‡ -error‡‡ 

  

(yrs BP) (‰) (‰) (‰) (‰) (‰) (‰) (ppmv) (ppmv) (ppmv) 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 2500 -28.00 -27.53 -6.35 21.73 22.27 0.55 299 65 50 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 3600 -28.25 -27.53 -6.33 21.73 22.56 0.83 315 70 53 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 4500 -28.25 -27.53 -6.33 21.73 22.56 0.83 315 70 53 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 5200 -28.38 -27.53 -6.33 21.73 22.69 0.96 323 73 54 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 6000 -27.80 -27.53 -6.33 21.73 22.08 0.35 288 62 48 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 6700 -27.40 -27.53 -6.34 21.73 21.65 -0.08 266 55 45 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 7500 -27.40 -27.53 -6.36 21.73 21.63 -0.10 265 54 45 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 8250 -26.88 -27.53 -6.40 21.73 21.04 -0.69 239 46 41 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 8600 -27.13 -27.53 -6.42 21.73 21.28 -0.44 249 50 42 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 9000 -28.13 -27.53 -6.45 21.73 22.31 0.58 300 66 50 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 9400 -27.00 -27.53 -6.48 21.73 21.09 -0.64 241 47 41 

Andersson et al. (2012; Fig. 3; fen deposits) SOM 9700 -25.75 -27.53 -6.50 21.73 19.76 -1.97 191 36 35 

Beerling (1996; Fig. 1b) 

Salix 

leaves 10926 -28.95 -28.56 -6.62 22.81 23.00 0.18 279 39 33 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11114 -28.52 -28.56 -6.64 22.81 22.53 -0.28 256 34 31 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11193 -28.83 -28.56 -6.65 22.81 22.84 0.03 272 37 32 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11250 -28.97 -28.56 -6.65 22.81 22.99 0.18 279 39 33 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11291 -29.00 -28.56 -6.66 22.81 23.01 0.20 280 39 33 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11325 -28.76 -28.56 -6.66 22.81 22.75 -0.06 267 36 32 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11361 -28.00 -28.56 -6.66 22.81 21.95 -0.86 232 30 29 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11710 -28.36 -28.56 -6.70 22.81 22.29 -0.52 246 32 30 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11761 -28.36 -28.56 -6.70 22.81 22.29 -0.53 246 32 30 

Beerling (1996; Fig. 1b) 

Salix 

leaves 11914 -28.69 -28.56 -6.72 22.81 22.62 -0.19 261 35 31 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12075 -28.38 -28.56 -6.73 22.81 22.28 -0.53 245 32 30 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12273 -28.43 -28.56 -6.75 22.81 22.31 -0.50 247 32 30 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12457 -29.43 -28.56 -6.76 22.81 23.35 0.54 298 43 35 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12513 -29.24 -28.56 -6.77 22.81 23.14 0.33 287 41 34 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12677 -28.51 -28.56 -6.78 22.81 22.36 -0.45 249 33 30 

Beerling (1996; Fig. 1b) Salix 12696 -28.71 -28.56 -6.78 22.81 22.58 -0.23 259 35 31 



leaves 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12734 -28.45 -28.56 -6.79 22.81 22.30 -0.51 246 32 30 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12753 -28.26 -28.56 -6.79 22.81 22.10 -0.71 238 31 29 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12773 -28.78 -28.56 -6.79 22.81 22.65 -0.16 262 35 31 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12813 -28.81 -28.56 -6.79 22.81 22.67 -0.14 263 36 31 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12875 -28.24 -28.56 -6.79 22.81 22.07 -0.74 236 30 29 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12896 -29.05 -28.56 -6.80 22.81 22.92 0.10 275 38 33 

Beerling (1996; Fig. 1b) 

Salix 

leaves 12957 -28.02 -28.56 -6.80 22.81 21.84 -0.97 227 29 28 

Beerling (1996; Fig. 1b) 

Salix 

leaves 13081 -27.91 -28.56 -6.81 22.81 21.70 -1.11 222 29 28 

Beerling (1996; Fig. 1b) 

Salix 

leaves 13336 -28.60 -28.56 -6.82 22.81 22.41 -0.40 251 33 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 0 -28.80 -28.45 -6.86 22.70 22.59 -0.11 265 36 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 100 -28.10 -28.45 -6.34 22.70 22.39 -0.31 255 34 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 200 -29.10 -28.45 -6.35 22.70 23.43 0.73 309 46 37 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 250 -27.60 -28.45 -6.36 22.70 21.85 -0.85 232 30 29 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 300 -28.00 -28.45 -6.36 22.70 22.26 -0.43 250 33 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 350 -27.90 -28.45 -6.36 22.70 22.15 -0.54 245 32 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 400 -28.25 -28.45 -6.37 22.70 22.52 -0.18 262 35 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 450 -28.30 -28.45 -6.37 22.70 22.57 -0.13 264 36 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 500 -28.75 -28.45 -6.37 22.70 23.04 0.35 288 41 34 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 550 -28.15 -28.45 -6.37 22.70 22.41 -0.29 256 34 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 600 -29.25 -28.45 -6.37 22.70 23.56 0.87 317 47 38 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 650 -27.85 -28.45 -6.38 22.70 22.09 -0.61 242 31 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 700 -28.60 -28.45 -6.38 22.70 22.88 0.18 279 39 33 

Beerling and Rundgren (2000; Fig. 3a, ages Salix 800 -29.30 -28.45 -6.38 22.70 23.61 0.92 320 48 39 



rounded to the nearest 50 yrs) leaves 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 900 -27.80 -28.45 -6.38 22.70 22.03 -0.66 240 31 29 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 950 -28.85 -28.45 -6.38 22.70 23.14 0.44 293 42 34 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1000 -28.00 -28.45 -6.38 22.70 22.24 -0.45 249 33 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1100 -28.60 -28.45 -6.38 22.70 22.88 0.18 279 39 33 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1150 -28.50 -28.45 -6.38 22.70 22.77 0.07 274 38 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1200 -28.50 -28.45 -6.38 22.70 22.77 0.08 274 38 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1300 -28.95 -28.45 -6.38 22.70 23.25 0.55 299 43 35 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1350 -28.80 -28.45 -6.38 22.70 23.09 0.39 290 41 34 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1400 -28.45 -28.45 -6.37 22.70 22.72 0.03 271 37 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1500 -28.40 -28.45 -6.37 22.70 22.67 -0.02 269 37 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1600 -28.05 -28.45 -6.37 22.70 22.31 -0.39 252 33 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1650 -28.05 -28.45 -6.37 22.70 22.31 -0.39 252 33 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1700 -28.50 -28.45 -6.37 22.70 22.78 0.09 274 38 33 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1800 -27.75 -28.45 -6.37 22.70 21.99 -0.70 238 31 29 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1900 -29.05 -28.45 -6.36 22.70 23.37 0.67 306 45 36 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 1950 -28.30 -28.45 -6.36 22.70 22.58 -0.12 264 36 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2050 -28.30 -28.45 -6.36 22.70 22.58 -0.12 264 36 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2100 -28.20 -28.45 -6.36 22.70 22.48 -0.22 259 35 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2200 -28.20 -28.45 -6.36 22.70 22.48 -0.22 260 35 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2300 -27.85 -28.45 -6.35 22.70 22.11 -0.58 243 31 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2450 -28.70 -28.45 -6.35 22.70 23.01 0.31 286 41 34 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2550 -28.45 -28.45 -6.35 22.70 22.75 0.05 273 38 32 

Beerling and Rundgren (2000; Fig. 3a, ages Salix 2600 -28.55 -28.45 -6.35 22.70 22.86 0.16 278 39 33 



rounded to the nearest 50 yrs) leaves 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2750 -28.15 -28.45 -6.34 22.70 22.44 -0.26 258 34 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2800 -27.75 -28.45 -6.34 22.70 22.02 -0.68 239 31 29 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 2900 -28.40 -28.45 -6.34 22.70 22.70 0.01 270 37 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 3000 -27.60 -28.45 -6.34 22.70 21.86 -0.83 233 30 29 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 3100 -27.90 -28.45 -6.34 22.70 22.18 -0.51 246 32 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 3200 -28.50 -28.45 -6.34 22.70 22.81 0.12 276 38 33 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 3400 -28.50 -28.45 -6.33 22.70 22.82 0.12 276 38 33 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 3650 -28.10 -28.45 -6.33 22.70 22.40 -0.30 256 34 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 3750 -29.10 -28.45 -6.33 22.70 23.45 0.76 311 46 37 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 3900 -29.00 -28.45 -6.33 22.70 23.35 0.65 305 45 36 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 4000 -28.00 -28.45 -6.33 22.70 22.30 -0.40 251 33 30 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 4200 -28.80 -28.45 -6.33 22.70 23.14 0.44 293 42 34 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 4300 -28.05 -28.45 -6.33 22.70 22.35 -0.35 254 34 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 4400 -28.50 -28.45 -6.33 22.70 22.82 0.13 276 38 33 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 4550 -30.00 -28.45 -6.33 22.70 24.41 1.71 375 60 49 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 4800 -28.30 -28.45 -6.33 22.70 22.61 -0.08 266 36 32 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 5000 -28.85 -28.45 -6.33 22.70 23.19 0.50 296 43 35 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 5800 -28.85 -28.45 -6.33 22.70 23.19 0.49 296 43 35 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 6300 -29.20 -28.45 -6.34 22.70 23.55 0.86 317 47 38 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 7800 -29.05 -28.45 -6.38 22.70 23.35 0.66 305 45 36 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 8300 -28.25 -28.45 -6.40 22.70 22.48 -0.21 260 35 31 

Beerling and Rundgren (2000; Fig. 3a, ages 

rounded to the nearest 50 yrs) 

Salix 

leaves 8900 -29.40 -28.45 -6.44 22.70 23.66 0.96 323 49 39 

Brincat et al. (2000; Fig. 1; Table 2) Sediments/ 681 -26.20 -26.16 -6.38 20.29 20.36 0.07 273 57 46 



SOM 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 2791 -26.60 -26.16 -6.34 20.29 20.81 0.52 297 64 50 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 3575 -26.30 -26.16 -6.33 20.29 20.51 0.22 281 59 47 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 6538 -25.60 -26.16 -6.34 20.29 19.77 -0.52 246 49 42 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 10392 -26.10 -26.16 -6.57 20.29 20.06 -0.24 259 52 44 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 12666 -30.30 -26.16 -6.78 20.29 24.25 3.96 632 224 139 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 13723 -26.10 -26.16 -6.84 20.29 19.78 -0.51 246 49 42 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 16539 -25.40 -26.16 -6.76 20.29 19.13 -1.16 220 42 38 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 18816 -22.80 -26.16 -6.59 20.29 16.59 -3.70 143 29 31 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 19818 -23.70 -26.16 -6.57 20.29 17.55 -2.74 168 32 33 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 20246 -24.90 -26.16 -6.57 20.29 18.80 -1.50 207 39 37 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 20655 -24.90 -26.16 -6.59 20.29 18.78 -1.51 207 39 37 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 20956 -24.90 -26.16 -6.60 20.29 18.77 -1.52 206 39 37 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 21747 -23.60 -26.16 -6.65 20.29 17.36 -2.93 163 32 33 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 22161 -24.00 -26.16 -6.67 20.29 17.76 -2.54 174 33 34 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 22474 -23.90 -26.16 -6.69 20.29 17.63 -2.66 170 33 33 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 22798 -24.60 -26.16 -6.70 20.29 18.35 -1.94 192 37 35 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 23249 -22.20 -26.16 -6.71 20.29 15.85 -4.44 126 26 30 

Brincat et al. (2000; Fig. 1; Table 2) 

Sediments/

SOM 23679 -24.40 -26.16 -6.69 20.29 18.15 -2.14 186 35 35 

Cathalot et al. (2013) Sediments 50 -26.20 -24.81 -6.34 18.88 20.40 1.52 361 86 63 

Cathalot et al. (2013) Sediments 383 -27.80 -24.81 -6.37 18.88 22.05 3.17 517 151 105 

Cathalot et al. (2013) Sediments 546 -23.20 -24.81 -6.37 18.88 17.23 -1.65 202 38 36 

Cathalot et al. (2013) Sediments 602 -24.10 -24.81 -6.37 18.88 18.16 -0.72 238 46 41 

Cathalot et al. (2013) Sediments 655 -26.20 -24.81 -6.38 18.88 20.36 1.48 358 85 63 

Cathalot et al. (2013) Sediments 677 -26.80 -24.81 -6.38 18.88 20.99 2.11 407 102 75 

Cathalot et al. (2013) Sediments 760 -26.00 -24.81 -6.38 18.88 20.15 1.27 343 80 59 

Cathalot et al. (2013) Sediments 885 -24.30 -24.81 -6.38 18.88 18.37 -0.51 246 49 42 

Cathalot et al. (2013) Sediments 920 -24.30 -24.81 -6.38 18.88 18.37 -0.51 246 49 42 



Cathalot et al. (2013) Sediments 941 -25.90 -24.81 -6.38 18.88 20.04 1.16 336 77 57 

Cathalot et al. (2013) Sediments 1357 -21.70 -24.81 -6.38 18.88 15.66 -3.21 155 30 32 

Cathalot et al. (2013) Sediments 1874 -24.40 -24.81 -6.36 18.88 18.49 -0.39 252 50 43 

Cathalot et al. (2013) Sediments 1906 -25.20 -24.81 -6.36 18.88 19.32 0.45 293 63 49 

Cathalot et al. (2013) Sediments 1919 -25.30 -24.81 -6.36 18.88 19.43 0.55 299 65 50 

Cathalot et al. (2013) Sediments 1972 -25.30 -24.81 -6.36 18.88 19.43 0.55 299 65 50 

Cathalot et al. (2013) Sediments 2022 -25.40 -24.81 -6.36 18.88 19.54 0.66 305 67 51 

Cathalot et al. (2013) Sediments 2335 -25.50 -24.81 -6.35 18.88 19.65 0.77 312 69 52 

Cathalot et al. (2013) Sediments 2352 -24.70 -24.81 -6.35 18.88 18.81 -0.07 267 55 45 

Cathalot et al. (2013) Sediments 2546 -24.50 -24.81 -6.35 18.88 18.61 -0.27 257 52 43 

Cathalot et al. (2013) Sediments 2946 -23.80 -24.81 -6.34 18.88 17.89 -0.99 226 43 39 

Cathalot et al. (2013) Sediments 3214 -24.30 -24.81 -6.34 18.88 18.41 -0.47 248 49 42 

Cathalot et al. (2013) Sediments 3336 -24.30 -24.81 -6.33 18.88 18.41 -0.47 248 49 42 

Cathalot et al. (2013) Sediments 3344 -24.40 -24.81 -6.33 18.88 18.52 -0.36 253 51 43 

Cathalot et al. (2013) Sediments 3426 -24.50 -24.81 -6.33 18.88 18.62 -0.26 258 52 43 

Cathalot et al. (2013) Sediments 4402 -23.90 -24.81 -6.33 18.88 18.00 -0.88 231 44 40 

Cathalot et al. (2013) Sediments 4478 -24.10 -24.81 -6.33 18.88 18.21 -0.67 240 47 41 

Cathalot et al. (2013) Sediments 4662 -24.20 -24.81 -6.33 18.88 18.32 -0.56 244 48 42 

Cathalot et al. (2013) Sediments 6294 -25.80 -24.81 -6.33 18.88 19.98 1.10 332 76 57 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 1000 -30.25 -30.80 -6.38 25.18 24.61 -0.56 244 48 42 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 2000 -30.50 -30.80 -6.36 25.18 24.90 -0.28 257 52 43 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 3000 -30.75 -30.80 -6.34 25.18 25.18 0.01 270 56 45 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 4000 -29.75 -30.80 -6.33 25.18 24.14 -1.04 225 43 39 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 5000 -30.25 -30.80 -6.33 25.18 24.67 -0.51 247 49 42 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 6000 -30.75 -30.80 -6.33 25.18 25.19 0.02 271 56 45 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 7000 -31.50 -30.80 -6.35 25.18 25.97 0.79 313 70 52 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 8000 -31.75 -30.80 -6.38 25.18 26.20 1.02 327 74 55 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 9000 -31.25 -30.80 -6.45 25.18 25.60 0.43 292 63 49 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 10000 -31.00 -30.80 -6.53 25.18 25.25 0.08 274 57 46 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 11000 -31.00 -30.80 -6.63 25.18 25.15 -0.02 269 56 45 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 12000 -31.00 -30.80 -6.73 25.18 25.05 -0.12 264 54 44 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 13000 -31.00 -30.80 -6.80 25.18 24.97 -0.20 260 53 44 

Damsté et al., (2011; Fig. 3a, solid line; Sediments 14000 -31.25 -30.80 -6.84 25.18 25.19 0.02 271 56 45 



ages to the nearest 1,000 yrs) 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 15000 -30.50 -30.80 -6.84 25.18 24.40 -0.77 235 45 40 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 16000 -28.50 -30.80 -6.79 25.18 22.34 -2.83 165 32 33 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 17000 -26.50 -30.80 -6.72 25.18 20.32 -4.86 118 25 30 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 18000 -27.75 -30.80 -6.64 25.18 21.71 -3.46 149 29 32 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 19000 -28.00 -30.80 -6.58 25.18 22.03 -3.14 157 31 32 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 20000 -28.25 -30.80 -6.57 25.18 22.31 -2.86 164 32 33 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 21000 -26.25 -30.80 -6.60 25.18 20.18 -5.00 115 25 29 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 22000 -25.50 -30.80 -6.66 25.18 19.33 -5.84 99 23 29 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 23000 -26.50 -30.80 -6.70 25.18 20.34 -4.84 118 25 30 

Damsté et al., (2011; Fig. 3a, solid line; 

ages to the nearest 1,000 yrs) Sediments 24000 -26.25 -30.80 -6.68 25.18 20.10 -5.07 113 25 29 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 3363 -22.30 -21.19 -6.33 15.11 16.33 1.22 340 78 58 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 4033 -21.10 -21.19 -6.33 15.11 15.09 -0.02 269 56 45 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 4677 -21.30 -21.19 -6.33 15.11 15.30 0.19 279 59 47 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 6163 -21.40 -21.19 -6.33 15.11 15.40 0.29 285 60 48 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 9554 -20.90 -21.19 -6.49 15.11 14.72 -0.39 252 50 43 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 9713 -21.50 -21.19 -6.50 15.11 15.33 0.22 281 59 47 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 10382 -21.90 -21.19 -6.57 15.11 15.68 0.57 300 65 50 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 10745 -22.50 -21.19 -6.60 15.11 16.26 1.15 335 77 57 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 10786 -22.00 -21.19 -6.61 15.11 15.74 0.63 303 66 51 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 12053 -20.30 -21.19 -6.73 15.11 13.85 -1.26 216 41 38 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 13940 -20.40 -21.19 -6.84 15.11 13.84 -1.27 216 41 38 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 13949 -21.70 -21.19 -6.84 15.11 15.19 0.08 274 57 46 

Galy et al (2008; Table 1; Fig. 6, using Sediments 13963 -19.70 -21.19 -6.84 15.11 13.12 -1.99 190 36 35 



apparent age of 3,000 yrs) 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 14145 -20.30 -21.19 -6.85 15.11 13.73 -1.38 212 40 38 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 14474 -20.50 -21.19 -6.85 15.11 13.94 -1.17 219 42 38 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 15826 -21.00 -21.19 -6.80 15.11 14.50 -0.61 242 47 41 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 15882 -20.00 -21.19 -6.80 15.11 13.47 -1.64 202 38 37 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 16358 -20.60 -21.19 -6.77 15.11 14.12 -0.99 226 43 39 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 16707 -19.60 -21.19 -6.74 15.11 13.11 -2.00 190 36 35 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 16720 -19.20 -21.19 -6.74 15.11 12.70 -2.41 178 34 34 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 16768 -19.60 -21.19 -6.74 15.11 13.12 -1.99 191 36 35 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 16975 -19.60 -21.19 -6.72 15.11 13.14 -1.97 191 36 35 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 17712 -18.60 -21.19 -6.66 15.11 12.16 -2.95 162 31 33 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 18087 -20.60 -21.19 -6.63 15.11 14.26 -0.85 232 44 40 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 18139 -20.30 -21.19 -6.63 15.11 13.95 -1.16 220 42 39 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 18455 -19.90 -21.19 -6.61 15.11 13.56 -1.55 205 39 37 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 18965 -19.70 -21.19 -6.58 15.11 13.38 -1.73 199 38 36 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 19576 -19.60 -21.19 -6.57 15.11 13.29 -1.82 196 37 36 

Galy et al (2008; Table 1; Fig. 6, using 

apparent age of 3,000 yrs) Sediments 21904 -18.80 -21.19 -6.66 15.11 12.38 -2.73 168 32 33 

Gouveia et al., (2002; Fig. 6) SOM 295 -23.00 -22.53 -6.36 16.50 17.03 0.53 298 65 50 

Gouveia et al., (2002; Fig. 6) SOM 2734 -22.40 -22.53 -6.34 16.50 16.42 -0.08 266 55 45 

Gouveia et al., (2002; Fig. 6) SOM 4478 -22.50 -22.53 -6.33 16.50 16.55 0.04 272 57 46 

Gouveia et al., (2002; Fig. 6) SOM 4912 -22.80 -22.53 -6.33 16.50 16.86 0.36 288 62 48 

Gouveia et al., (2002; Fig. 6) SOM 5292 -22.80 -22.53 -6.33 16.50 16.86 0.36 288 62 48 

Gouveia et al., (2002; Fig. 6) SOM 10245 -21.70 -22.53 -6.55 16.50 15.48 -1.02 225 43 39 

Gouveia et al., (2002; Fig. 6) SOM 13000 -19.80 -22.53 -6.80 16.50 13.26 -3.24 154 30 32 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 0 -26.70 -27.09 -6.86 21.27 20.38 -0.88 231 44 40 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 1000 -26.80 -27.09 -6.38 21.27 20.98 -0.28 257 52 43 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 2000 -26.90 -27.09 -6.36 21.27 21.11 -0.16 262 54 44 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 3000 -27.10 -27.09 -6.34 21.27 21.34 0.07 274 57 46 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 4000 -27.20 -27.09 -6.33 21.27 21.45 0.19 279 59 47 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 5000 -27.25 -27.09 -6.33 21.27 21.51 0.24 282 60 47 



Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 6000 -27.30 -27.09 -6.33 21.27 21.56 0.29 285 61 48 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 7000 -27.25 -27.09 -6.35 21.27 21.49 0.22 281 59 47 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 8000 -27.25 -27.09 -6.38 21.27 21.45 0.18 279 59 47 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 9000 -27.20 -27.09 -6.45 21.27 21.33 0.07 273 57 46 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 10000 -27.10 -27.09 -6.53 21.27 21.14 -0.12 264 54 44 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 11000 -26.60 -27.09 -6.63 21.27 20.52 -0.75 236 46 41 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 12000 -26.00 -27.09 -6.73 21.27 19.79 -1.48 208 40 37 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 13000 -25.60 -27.09 -6.80 21.27 19.29 -1.97 191 36 35 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 14000 -27.00 -27.09 -6.84 21.27 20.72 -0.55 245 48 42 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 15000 -26.75 -27.09 -6.84 21.27 20.46 -0.81 234 45 40 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 16000 -25.10 -27.09 -6.79 21.27 18.78 -2.49 175 34 34 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 17000 -25.40 -27.09 -6.72 21.27 19.17 -2.10 187 36 35 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 18000 -25.60 -27.09 -6.64 21.27 19.46 -1.81 197 37 36 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 19000 -25.30 -27.09 -6.58 21.27 19.20 -2.06 188 36 35 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 20000 -25.10 -27.09 -6.57 21.27 19.01 -2.26 182 35 34 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 21000 -24.75 -27.09 -6.60 21.27 18.61 -2.66 170 33 33 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 22000 -25.00 -27.09 -6.66 21.27 18.81 -2.46 176 34 34 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 23000 -25.50 -27.09 -6.70 21.27 19.29 -1.98 191 36 35 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 24000 -24.00 -27.09 -6.68 21.27 17.75 -3.52 147 29 31 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 25000 -25.50 -27.09 -6.55 21.27 19.44 -1.82 196 37 36 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 26000 -24.25 -27.09 -6.60 21.27 18.09 -3.18 156 30 32 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 27000 -23.50 -27.09 -6.60 21.27 17.31 -3.96 137 28 31 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 28000 -24.75 -27.09 -6.60 21.27 18.61 -2.66 170 33 33 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 29000 -25.25 -27.09 -6.60 21.27 19.13 -2.13 186 35 35 

Hatté et al., (1998, Fig. 3A, Achenheim) Sediments 30000 -23.20 -27.09 -6.60 21.27 16.99 -4.27 130 27 30 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 0 -25.55 -25.57 -6.86 19.67 19.18 -0.49 247 49 42 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 1000 -25.55 -25.57 -6.38 19.67 19.67 0.00 270 56 45 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 2000 -25.55 -25.57 -6.36 19.67 19.69 0.02 271 56 45 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 3000 -25.55 -25.57 -6.34 19.67 19.71 0.04 272 57 46 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 4000 -25.60 -25.57 -6.33 19.67 19.78 0.10 275 58 46 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 5000 -25.65 -25.57 -6.33 19.67 19.83 0.16 278 58 46 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 6000 -25.70 -25.57 -6.33 19.67 19.88 0.21 280 59 47 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 7000 -25.70 -25.57 -6.35 19.67 19.86 0.19 279 59 47 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 8000 -25.65 -25.57 -6.38 19.67 19.77 0.10 275 57 46 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 9000 -25.60 -25.57 -6.45 19.67 19.66 -0.02 269 56 45 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 10000 -25.55 -25.57 -6.53 19.67 19.52 -0.15 263 54 44 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 11000 -25.20 -25.57 -6.63 19.67 19.05 -0.62 242 47 41 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 12000 -24.60 -25.57 -6.73 19.67 18.33 -1.35 213 40 38 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 13000 -24.90 -25.57 -6.80 19.67 18.56 -1.11 222 42 39 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 14000 -24.95 -25.57 -6.84 19.67 18.57 -1.10 222 42 39 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 15000 -24.70 -25.57 -6.84 19.67 18.31 -1.36 212 40 38 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 16000 -24.70 -25.57 -6.79 19.67 18.36 -1.31 214 41 38 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 17000 -24.65 -25.57 -6.72 19.67 18.38 -1.29 215 41 38 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 18000 -25.00 -25.57 -6.64 19.67 18.83 -0.84 232 45 40 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 19000 -24.70 -25.57 -6.58 19.67 18.58 -1.10 222 42 39 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 20000 -24.25 -25.57 -6.57 19.67 18.12 -1.55 205 39 37 



Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 21000 -23.80 -25.57 -6.60 19.67 17.62 -2.06 188 36 35 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 22000 -23.80 -25.57 -6.66 19.67 17.56 -2.12 187 35 35 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 23000 -24.70 -25.57 -6.70 19.67 18.45 -1.22 217 41 38 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 24000 -24.10 -25.57 -6.68 19.67 17.85 -1.82 196 37 36 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 25000 -24.05 -25.57 -6.55 19.67 17.93 -1.75 199 38 36 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 26000 -24.00 -25.57 -6.60 19.67 17.83 -1.85 195 37 36 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 27000 -24.20 -25.57 -6.60 19.67 18.04 -1.64 202 38 37 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 28000 -24.30 -25.57 -6.60 19.67 18.14 -1.53 206 39 37 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 29000 -24.30 -25.57 -6.60 19.67 18.14 -1.53 206 39 37 

Hatté et al., (1998, Fig. 3A, Nuβloch) Sediments 30000 -24.50 -25.57 -6.60 19.67 18.35 -1.32 214 41 38 

Huang et al., (1996; Table 1; acid brown) SOM 8 -26.70 -25.87 -6.82 19.99 20.43 0.44 293 63 49 

Huang et al., (1996; Table 1; acid brown) SOM 171 -25.70 -25.87 -6.35 19.99 19.86 -0.13 264 54 44 

Huang et al., (1996; Table 1; acid brown) SOM 1431 -26.20 -25.87 -6.37 19.99 20.36 0.37 289 62 48 

Huang et al., (1996; Table 1; acid brown) SOM 2218 -26.10 -25.87 -6.36 19.99 20.27 0.29 285 60 48 

Huang et al., (1996; Table 1; acid brown) SOM 2223 -26.20 -25.87 -6.36 19.99 20.38 0.39 290 62 48 

Huang et al., (1996; Table 1; acid brown) SOM 2597 -26.30 -25.87 -6.35 19.99 20.49 0.50 296 64 49 

Huang et al., (1996; Table 1; acid brown) SOM 3227 -26.10 -25.87 -6.34 19.99 20.29 0.31 286 61 48 

Huang et al., (1996; Table 1; acid brown) SOM 4133 -25.80 -25.87 -6.33 19.99 19.99 0.00 270 56 45 

Huang et al., (1996; Table 1; acid brown) SOM 4406 -25.80 -25.87 -6.33 19.99 19.99 0.00 270 56 45 

Huang et al., (1996; Table 1; acid brown) SOM 4531 -25.60 -25.87 -6.33 19.99 19.78 -0.21 260 53 44 

Huang et al., (1996; Table 1; acid brown) SOM 4551 -25.40 -25.87 -6.33 19.99 19.57 -0.42 250 50 42 

Huang et al., (1996; Table 1; acid brown) SOM 4828 -25.90 -25.87 -6.33 19.99 20.09 0.11 275 58 46 

Huang et al., (1996; Table 1; acid brown) SOM 5380 -25.30 -25.87 -6.33 19.99 19.46 -0.52 246 49 42 

Huang et al., (1996; Table 1; pleaty gley) SOM 5 -28.10 -25.33 -6.83 19.42 21.88 2.46 440 114 83 

Huang et al., (1996; Table 1; pleaty gley) SOM 45 -27.50 -25.33 -6.66 19.42 21.43 2.01 399 99 73 

Huang et al., (1996; Table 1; pleaty gley) SOM 540 -26.60 -25.33 -6.37 19.42 20.78 1.36 349 82 61 

Huang et al., (1996; Table 1; pleaty gley) SOM 707 -26.30 -25.33 -6.38 19.42 20.46 1.04 328 75 56 

Huang et al., (1996; Table 1; pleaty gley) SOM 1661 -26.80 -25.33 -6.37 19.42 20.99 1.57 365 87 64 

Huang et al., (1996; Table 1; pleaty gley) SOM 2574 -26.60 -25.33 -6.35 19.42 20.81 1.38 351 82 61 

Huang et al., (1996; Table 1; pleaty gley) SOM 5573 -26.20 -25.33 -6.33 19.42 20.41 0.98 325 73 55 

Huang et al., (1996; Table 1; pleaty gley) SOM 5651 -25.70 -25.33 -6.33 19.42 19.88 0.46 294 63 49 

Huang et al., (1996; Table 1; pleaty gley) SOM 6896 -25.70 -25.33 -6.35 19.42 19.86 0.44 293 63 49 

Huang et al., (1996; Table 1; pleaty gley) SOM 7963 -24.30 -25.33 -6.38 19.42 18.36 -1.06 224 43 39 

Huang et al., (1996; Table 1; pleaty gley) SOM 9218 -25.10 -25.33 -6.46 19.42 19.12 -0.30 256 52 43 

Huang et al., (1996; Table 1; pleaty gley) SOM 10559 -23.50 -25.33 -6.58 19.42 17.32 -2.10 187 36 35 

Huang et al., (1996; Table 1; pleaty gley) SOM 11896 -23.40 -25.33 -6.72 19.42 17.08 -2.34 180 34 34 

Huang et al., (1996; Table 1; pleaty gley) SOM 12383 -23.70 -25.33 -6.76 19.42 17.35 -2.07 188 36 35 

Kao et al., (2008; TOC dates from Table 1) Sediments 7817 -22.55 -22.50 -6.38 16.47 16.55 0.08 274 57 46 

Kao et al., (2008; TOC dates from Table 1) Sediments 12987 -22.45 -22.50 -6.80 16.47 16.01 -0.46 248 49 42 

Kao et al., (2008; TOC dates from Table 1) Sediments 15778 -22.60 -22.50 -6.81 16.47 16.16 -0.31 255 51 43 

Kao et al., (2008; TOC dates from Table 1) Sediments 16313 -22.90 -22.50 -6.77 16.47 16.51 0.03 272 56 46 

Kao et al., (2008; TOC dates from Table 1) Sediments 18404 -22.90 -22.50 -6.61 16.47 16.67 0.20 280 59 47 

Kao et al., (2008; TOC dates from Table 1) Sediments 21972 -22.45 -22.50 -6.66 16.47 16.15 -0.32 255 51 43 

Kao et al., (2008; TOC dates from Table 1) Sediments 24598 -21.85 -22.50 -6.61 16.47 15.58 -0.89 230 44 40 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 1500 -27.50 -26.64 -6.37 20.79 21.72 0.93 321 72 54 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 2000 -28.00 -26.64 -6.36 20.79 22.26 1.47 357 84 63 



Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 2500 -28.50 -26.64 -6.35 20.79 22.80 2.01 399 99 73 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 3000 -27.00 -26.64 -6.34 20.79 21.23 0.44 293 63 49 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 3500 -26.50 -26.64 -6.33 20.79 20.72 -0.08 266 55 45 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 4000 -25.50 -26.64 -6.33 20.79 19.67 -1.12 221 42 39 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 4500 -25.00 -26.64 -6.33 20.79 19.15 -1.64 202 38 36 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 5000 -25.00 -26.64 -6.33 20.79 19.15 -1.64 202 38 37 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 5500 -26.00 -26.64 -6.33 20.79 20.20 -0.60 243 48 41 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 6000 -23.00 -26.64 -6.33 20.79 17.06 -3.73 142 29 31 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 6500 -25.50 -26.64 -6.34 20.79 19.66 -1.13 221 42 39 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 7000 -25.50 -26.64 -6.35 20.79 19.65 -1.14 220 42 39 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 7500 -26.50 -26.64 -6.36 20.79 20.68 -0.11 265 54 44 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 8000 -26.00 -26.64 -6.38 20.79 20.14 -0.66 240 47 41 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 8500 -27.50 -26.64 -6.41 20.79 21.68 0.89 319 71 53 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 9000 -29.50 -26.64 -6.45 20.79 23.75 2.96 492 138 98 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 9500 -24.00 -26.64 -6.49 20.79 17.95 -2.85 165 32 33 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 10000 -28.00 -26.64 -6.53 20.79 22.09 1.29 345 80 60 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 10500 -28.50 -26.64 -6.58 20.79 22.56 1.77 380 92 68 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 11000 -29.50 -26.64 -6.63 20.79 23.57 2.77 471 128 92 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 11500 -27.00 -26.64 -6.68 20.79 20.89 0.09 275 57 46 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 12000 -28.00 -26.64 -6.73 20.79 21.89 1.09 332 76 56 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 12500 -28.50 -26.64 -6.77 20.79 22.37 1.58 365 87 64 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 13000 -27.50 -26.64 -6.80 20.79 21.28 0.49 295 64 49 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 13500 -28.50 -26.64 -6.83 20.79 22.31 1.51 360 85 63 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 14000 -28.50 -26.64 -6.84 20.79 22.29 1.50 359 85 63 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 14500 -28.00 -26.64 -6.85 20.79 21.76 0.97 324 73 55 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 15000 -27.00 -26.64 -6.84 20.79 20.72 -0.07 266 55 45 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 15500 -26.50 -26.64 -6.82 20.79 20.21 -0.58 243 48 41 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 16000 -26.50 -26.64 -6.79 20.79 20.24 -0.55 245 48 42 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 16500 -26.00 -26.64 -6.76 20.79 19.76 -1.04 224 43 39 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 17000 -27.50 -26.64 -6.72 20.79 21.37 0.57 300 65 50 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 17500 -25.00 -26.64 -6.68 20.79 18.79 -2.00 190 36 35 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 18000 -18.50 -26.64 -6.64 20.79 12.08 -8.71 57 20 28 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 18500 -26.00 -26.64 -6.61 20.79 19.91 -0.88 231 44 40 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 19000 -25.50 -26.64 -6.58 20.79 19.41 -1.38 212 40 38 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 19500 -23.50 -26.64 -6.57 20.79 17.34 -3.46 149 29 32 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 20000 -24.00 -26.64 -6.57 20.79 17.86 -2.93 163 31 33 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 20500 -24.00 -26.64 -6.58 20.79 17.85 -2.95 162 31 33 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 21000 -25.50 -26.64 -6.60 20.79 19.39 -1.40 211 40 37 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 21500 -23.00 -26.64 -6.63 20.79 16.76 -4.04 135 28 31 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 22000 -21.00 -26.64 -6.66 20.79 14.65 -6.15 94 23 29 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 22500 -20.00 -26.64 -6.69 20.79 13.58 -7.21 77 21 28 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 23000 -22.00 -26.64 -6.70 20.79 15.64 -5.15 112 25 29 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 23500 -24.50 -26.64 -6.70 20.79 18.25 -2.55 173 33 34 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 24000 -27.50 -26.64 -6.68 20.79 21.41 0.62 303 66 51 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 24500 -27.00 -26.64 -6.62 20.79 20.94 0.15 277 58 46 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 25000 -26.50 -26.64 -6.55 20.79 20.49 -0.30 256 52 43 



Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 25500 -27.00 -26.64 -6.60 20.79 20.97 0.17 279 59 47 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 26000 -27.50 -26.64 -6.60 20.79 21.49 0.70 307 68 51 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 26500 -26.50 -26.64 -6.60 20.79 20.44 -0.35 253 51 43 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 27000 -26.50 -26.64 -6.60 20.79 20.44 -0.35 253 51 43 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 27500 -23.00 -26.64 -6.60 20.79 16.79 -4.01 136 28 31 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 28000 -26.00 -26.64 -6.60 20.79 19.92 -0.88 231 44 40 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 28500 -24.00 -26.64 -6.60 20.79 17.83 -2.97 162 31 33 

Li et al., (2013; Fig. 9g, 500-yr intervals) Sediments 29000 -27.00 -26.64 -6.60 20.79 20.97 0.17 279 59 47 

Lu et al., (2012; Horqin Field) 

Sediments/

SOM 100 -20.81 -20.02 -6.40 13.90 14.72 0.82 315 71 53 

Lu et al., (2012; Horqin Field) 

Sediments/

SOM 760 -20.50 -20.02 -6.38 13.90 14.42 0.52 297 64 50 

Lu et al., (2012; Horqin Field) 

Sediments/

SOM 3150 -19.54 -20.02 -6.34 13.90 13.47 -0.43 250 50 42 

Lu et al., (2012; Horqin Field) 

Sediments/

SOM 10310 -22.49 -20.02 -6.56 13.90 16.30 2.40 433 112 82 

Lu et al., (2012; Horqin Field) 

Sediments/

SOM 10800 -25.00 -20.02 -6.61 13.90 18.86 4.97 848 423 213 

Lu et al., (2012; Horqin Field) 

Sediments/

SOM 19550 -20.31 -20.02 -6.57 13.90 14.03 0.13 276 58 46 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 100 -22.24 -22.91 -6.40 16.90 16.20 -0.69 238 47 41 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 290 -24.77 -22.91 -6.36 16.90 18.88 1.98 397 98 72 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 2390 -23.56 -22.91 -6.35 16.90 17.62 0.73 309 68 52 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 7290 -21.07 -22.91 -6.36 16.90 15.03 -1.87 195 37 36 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 7390 -18.87 -22.91 -6.36 16.90 12.75 -4.15 133 27 30 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 7560 -23.34 -22.91 -6.37 16.90 17.47 0.58 300 66 50 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 7560 -23.43 -22.91 -6.37 16.90 17.38 0.48 295 64 49 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 7810 -22.35 -22.91 -6.38 16.90 16.34 -0.56 244 48 42 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 8100 -23.84 -22.91 -6.39 16.90 17.88 0.98 324 73 55 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 8380 -24.01 -22.91 -6.41 16.90 18.04 1.14 335 77 57 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 8550 -23.76 -22.91 -6.42 16.90 17.77 0.87 318 71 53 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 9780 -23.09 -22.91 -6.51 16.90 16.97 0.07 274 57 46 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 9980 -23.85 -22.91 -6.53 16.90 17.75 0.85 316 71 53 



Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 10045 -21.09 -22.91 -6.53 16.90 14.87 -2.03 189 36 35 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 11000 -23.68 -22.91 -6.63 16.90 17.47 0.57 300 65 50 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 12700 -21.89 -22.91 -6.78 16.90 15.45 -1.45 209 40 37 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 13175 -22.94 -22.91 -6.81 16.90 16.51 -0.39 252 50 43 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 13650 -23.67 -22.91 -6.83 16.90 17.24 0.35 288 62 48 

Lu et al., (2012; Mu Us Dune Field) 

Sediments/

SOM 25680 -22.50 -22.91 -6.60 16.90 16.27 -0.63 241 47 41 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 100 -23.80 -23.85 -6.40 17.88 17.83 -0.05 268 56 45 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 130 -24.59 -23.85 -6.34 17.88 18.70 0.83 315 70 53 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 140 -24.92 -23.85 -6.35 17.88 19.05 1.17 337 77 58 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 430 -23.60 -23.85 -6.37 17.88 17.65 -0.23 259 53 44 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 490 -23.45 -23.85 -6.37 17.88 17.49 -0.39 252 50 43 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 560 -23.77 -23.85 -6.37 17.88 17.82 -0.06 267 55 45 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 630 -23.77 -23.85 -6.38 17.88 17.82 -0.06 267 55 45 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 630 -23.57 -23.85 -6.38 17.88 17.61 -0.27 257 52 43 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 630 -22.81 -23.85 -6.38 17.88 16.82 -1.06 224 43 39 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 660 -24.61 -23.85 -6.38 17.88 18.69 0.82 314 70 52 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 680 -24.63 -23.85 -6.38 17.88 18.71 0.84 316 70 53 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 710 -24.62 -23.85 -6.38 17.88 18.70 0.83 315 70 53 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 740 -23.33 -23.85 -6.38 17.88 17.36 -0.52 246 49 42 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 950 -23.52 -23.85 -6.38 17.88 17.55 -0.32 255 51 43 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 980 -23.94 -23.85 -6.38 17.88 17.99 0.11 276 58 46 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 1220 -23.32 -23.85 -6.38 17.88 17.35 -0.53 245 48 42 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 1300 -23.99 -23.85 -6.38 17.88 18.05 0.17 279 59 47 



Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 1530 -25.06 -23.85 -6.37 17.88 19.17 1.29 345 80 60 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 1580 -22.78 -23.85 -6.37 17.88 16.79 -1.08 223 42 39 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 1620 -23.83 -23.85 -6.37 17.88 17.89 0.01 270 56 45 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 2030 -22.97 -23.85 -6.36 17.88 17.00 -0.88 231 44 40 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 2340 -24.21 -23.85 -6.35 17.88 18.30 0.42 292 63 49 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 2700 -23.98 -23.85 -6.34 17.88 18.07 0.19 280 59 47 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 2730 -23.33 -23.85 -6.34 17.88 17.39 -0.48 247 49 42 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 2760 -23.18 -23.85 -6.34 17.88 17.24 -0.64 241 47 41 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 3320 -23.61 -23.85 -6.34 17.88 17.69 -0.18 261 53 44 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 4040 -23.61 -23.85 -6.33 17.88 17.70 -0.18 261 53 44 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 4060 -24.90 -23.85 -6.33 17.88 19.05 1.17 336 77 58 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 4460 -23.08 -23.85 -6.33 17.88 17.15 -0.73 237 46 41 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 4480 -23.25 -23.85 -6.33 17.88 17.33 -0.55 245 48 42 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 4970 -24.15 -23.85 -6.33 17.88 18.26 0.39 290 62 48 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 5020 -23.13 -23.85 -6.33 17.88 17.20 -0.68 239 47 41 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 5150 -23.00 -23.85 -6.33 17.88 17.07 -0.81 234 45 40 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 5240 -23.21 -23.85 -6.33 17.88 17.28 -0.59 243 48 41 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 6640 -24.13 -23.85 -6.34 17.88 18.23 0.35 288 62 48 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 7730 -23.39 -23.85 -6.37 17.88 17.42 -0.45 249 50 42 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 7960 -23.19 -23.85 -6.38 17.88 17.21 -0.67 239 47 41 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 8210 -24.97 -23.85 -6.40 17.88 19.05 1.17 337 77 58 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 8680 -23.53 -23.85 -6.42 17.88 17.52 -0.36 253 51 43 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 8720 -24.32 -23.85 -6.43 17.88 18.34 0.46 294 64 49 



Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 8740 -24.62 -23.85 -6.43 17.88 18.65 0.78 312 69 52 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 8880 -25.01 -23.85 -6.44 17.88 19.05 1.17 337 77 58 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 9115 -23.91 -23.85 -6.45 17.88 17.88 0.01 270 56 45 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 9370 -23.94 -23.85 -6.47 17.88 17.89 0.02 271 56 45 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 9900 -24.84 -23.85 -6.52 17.88 18.79 0.91 320 72 54 

Lu et al., (2012; Otindag Dune Field) 

Sediments/

SOM 17730 -23.50 -23.85 -6.66 17.88 17.25 -0.63 241 47 41 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 4950 -28.50 -28.83 -6.33 23.10 22.82 -0.27 257 52 43 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 5298 -28.50 -28.83 -6.33 23.10 22.82 -0.27 257 52 43 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 5646 -28.00 -28.83 -6.33 23.10 22.30 -0.80 234 45 40 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 5994 -28.75 -28.83 -6.33 23.10 23.08 -0.01 269 56 45 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 6342 -27.80 -28.83 -6.34 23.10 22.08 -1.02 225 43 39 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 6689 -28.75 -28.83 -6.34 23.10 23.07 -0.02 269 56 45 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 7037 -28.50 -28.83 -6.35 23.10 22.80 -0.30 256 52 43 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 7385 -29.50 -28.83 -6.36 23.10 23.84 0.75 310 69 52 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 7733 -29.00 -28.83 -6.37 23.10 23.30 0.21 280 59 47 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 8081 -28.80 -28.83 -6.39 23.10 23.08 -0.02 269 56 45 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 8600 -29.00 -28.83 -6.42 23.10 23.26 0.16 278 58 46 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 9119 -29.50 -28.83 -6.45 23.10 23.75 0.65 305 67 51 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 9638 -29.25 -28.83 -6.50 23.10 23.44 0.34 288 61 48 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 10157 -29.00 -28.83 -6.54 23.10 23.13 0.03 271 56 45 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 10676 -28.50 -28.83 -6.60 23.10 22.55 -0.55 245 48 42 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 11195 -30.00 -28.83 -6.65 23.10 24.07 0.98 324 73 55 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 11714 -29.50 -28.83 -6.70 23.10 23.49 0.40 291 62 48 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 12295 -30.00 -28.83 -6.75 23.10 23.97 0.87 318 71 53 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 13828 -29.50 -28.83 -6.84 23.10 23.35 0.25 283 60 47 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 14780 -28.50 -28.83 -6.84 23.10 22.29 -0.81 234 45 40 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 15733 -28.50 -28.83 -6.81 23.10 22.33 -0.77 235 45 40 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 16686 -27.25 -28.83 -6.74 23.10 21.08 -2.02 190 36 35 

Menking et al., (2012; Fig. 3, Minnewaska) Sediments 17639 -24.00 -28.83 -6.67 23.10 17.76 -5.34 108 24 29 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 500 -22.00 -22.70 -6.37 16.68 15.98 -0.70 238 46 41 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 1000 -22.00 -22.70 -6.38 16.68 15.97 -0.71 238 46 41 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 1500 -22.50 -22.70 -6.37 16.68 16.50 -0.18 261 53 44 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 2000 -22.30 -22.70 -6.36 16.68 16.30 -0.38 252 51 43 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 2500 -22.25 -22.70 -6.35 16.68 16.26 -0.42 251 50 42 

Norstrom et al., (2009; Fig. 5, 500-year Peat 3000 -22.20 -22.70 -6.34 16.68 16.22 -0.46 249 49 42 



intervals) 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 3500 -22.00 -22.70 -6.33 16.68 16.02 -0.66 240 47 41 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 4000 -21.80 -22.70 -6.33 16.68 15.82 -0.86 231 44 40 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 4500 -21.70 -22.70 -6.33 16.68 15.71 -0.96 227 43 39 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 5000 -21.60 -22.70 -6.33 16.68 15.61 -1.07 223 43 39 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 5500 -21.90 -22.70 -6.33 16.68 15.92 -0.76 236 46 40 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 6000 -21.90 -22.70 -6.33 16.68 15.92 -0.76 236 46 40 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 6500 -21.80 -22.70 -6.34 16.68 15.81 -0.87 231 44 40 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 7000 -21.80 -22.70 -6.35 16.68 15.80 -0.88 231 44 40 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 7500 -22.10 -22.70 -6.36 16.68 16.09 -0.59 243 48 41 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 8000 -23.00 -22.70 -6.38 16.68 17.01 0.33 287 61 48 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 8500 -24.00 -22.70 -6.41 16.68 18.02 1.34 348 81 60 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 9000 -22.75 -22.70 -6.45 16.68 16.68 0.01 270 56 45 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 9500 -25.50 -22.70 -6.49 16.68 19.51 2.83 478 131 94 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 10000 -24.20 -22.70 -6.53 16.68 18.11 1.43 354 83 62 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 10500 -25.30 -22.70 -6.58 16.68 19.21 2.53 446 116 85 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 11000 -24.00 -22.70 -6.63 16.68 17.80 1.12 333 76 57 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 11500 -23.50 -22.70 -6.68 16.68 17.23 0.55 299 65 50 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 12000 -22.20 -22.70 -6.73 16.68 15.83 -0.85 232 44 40 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 12500 -22.00 -22.70 -6.77 16.68 15.57 -1.10 222 42 39 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 13000 -23.00 -22.70 -6.80 16.68 16.58 -0.10 265 54 45 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 13500 -23.50 -22.70 -6.83 16.68 17.07 0.39 290 62 48 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 14000 -22.00 -22.70 -6.84 16.68 15.50 -1.18 219 42 38 

Norstrom et al., (2009; Fig. 5, 500-year Peat 14500 -21.00 -22.70 -6.85 16.68 14.46 -2.22 183 35 35 



intervals) 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 15000 -20.90 -22.70 -6.84 16.68 14.36 -2.32 180 34 34 

Norstrom et al., (2009; Fig. 5, 500-year 

intervals) Peat 15500 -20.80 -22.70 -6.82 16.68 14.28 -2.40 178 34 34 

Rommerskirchen et al (2006; Table 3) Sediments 1000 -19.4 -20.58 -6.38 14.48 13.28 -1.20 218 42 38 

Rommerskirchen et al (2006; Table 3) Sediments 1000 -20.7 -20.58 -6.38 14.48 14.62 0.15 277 58 46 

Rommerskirchen et al (2006; Table 3) Sediments 2000 -22.3 -20.58 -6.36 14.48 16.30 1.82 384 94 69 

Rommerskirchen et al (2006; Table 3) Sediments 3000 -21.2 -20.58 -6.34 14.48 15.18 0.70 308 68 51 

Rommerskirchen et al (2006; Table 3) Sediments 3800 -20.2 -20.58 -6.33 14.48 14.16 -0.32 255 51 43 

Rommerskirchen et al (2006; Table 3) Sediments 4000 -20.0 -20.58 -6.33 14.48 13.95 -0.53 246 49 42 

Rommerskirchen et al (2006; Table 3) Sediments 5000 -21.4 -20.58 -6.33 14.48 15.40 0.93 321 72 54 

Rommerskirchen et al (2006; Table 3) Sediments 5300 -20.3 -20.58 -6.33 14.48 14.26 -0.22 260 53 44 

Rommerskirchen et al (2006; Table 3) Sediments 6800 -19.7 -20.58 -6.34 14.48 13.62 -0.85 232 44 40 

Rommerskirchen et al (2006; Table 3) Sediments 17000 -21.6 -20.58 -6.72 14.48 15.21 0.73 309 68 52 

Rommerskirchen et al (2006; Table 3) Sediments 18000 -18.7 -20.58 -6.64 14.48 12.29 -2.19 184 35 35 

Rommerskirchen et al (2006; Table 3) Sediments 18000 -20.5 -20.58 -6.64 14.48 14.15 -0.33 254 51 43 

Rommerskirchen et al (2006; Table 3) Sediments 19000 -20.2 -20.58 -6.58 14.48 13.90 -0.58 243 48 41 

Rommerskirchen et al (2006; Table 3) Sediments 19000 -19.6 -20.58 -6.58 14.48 13.28 -1.20 218 42 38 

Rommerskirchen et al (2006; Table 3) Sediments 20000 -19.2 -20.58 -6.57 14.48 12.88 -1.60 204 39 37 

Rommerskirchen et al (2006; Table 3) Sediments 21000 -20.1 -20.58 -6.60 14.48 13.78 -0.70 238 46 41 

Rommerskirchen et al (2006; Table 3) Sediments 23000 -20.2 -20.58 -6.70 14.48 13.77 -0.70 238 46 41 

Rommerskirchen et al (2006; Table 3) Sediments 26000 -19.5 -20.58 -6.42 14.48 13.34 -1.14 221 41 38 

Ruiz Pessenda et al., (2009; Table 4) SOM 115 -25.10 -26.48 -6.34 20.63 19.24 -1.39 211 40 38 

Ruiz Pessenda et al., (2009; Table 4) SOM 345 -25.10 -26.48 -6.36 20.63 19.22 -1.41 211 40 37 

Ruiz Pessenda et al., (2009; Table 4) SOM 575 -26.10 -26.48 -6.37 20.63 20.25 -0.37 252 51 43 

Ruiz Pessenda et al., (2009; Table 4) SOM 805 -26.70 -26.48 -6.38 20.63 20.88 0.25 283 60 47 

Ruiz Pessenda et al., (2009; Table 4) SOM 1245 -26.90 -26.48 -6.38 20.63 21.09 0.46 294 64 49 

Ruiz Pessenda et al., (2009; Table 4) SOM 1685 -26.70 -26.48 -6.37 20.63 20.89 0.26 283 60 47 

Ruiz Pessenda et al., (2009; Table 4) SOM 2125 -27.20 -26.48 -6.36 20.63 21.43 0.80 313 70 52 

Ruiz Pessenda et al., (2009; Table 4) SOM 2565 -26.90 -26.48 -6.35 20.63 21.12 0.49 296 64 49 

Ruiz Pessenda et al., (2009; Table 4) SOM 3988 -27.10 -26.48 -6.33 20.63 21.35 0.72 309 68 52 

Ruiz Pessenda et al., (2009; Table 4) SOM 5411 -27.40 -26.48 -6.33 20.63 21.67 1.04 328 75 56 

Ruiz Pessenda et al., (2009; Table 4) SOM 6834 -27.50 -26.48 -6.34 20.63 21.75 1.13 334 76 57 

Ruiz Pessenda et al., (2009; Table 4) SOM 8257 -25.70 -26.48 -6.40 20.63 19.81 -0.82 233 45 40 

Ruiz Pessenda et al., (2009; Table 4) SOM 9680 -25.80 -26.48 -6.50 20.63 19.81 -0.82 233 45 40 

Ruiz Pessenda et al., (2009; Table 4) SOM 11915 -25.70 -26.48 -6.72 20.63 19.48 -1.14 220 42 39 

Ruiz Pessenda et al., (2009; Table 4) SOM 14150 -25.30 -26.48 -6.85 20.63 18.93 -1.69 200 38 36 

Ruiz Pessenda et al., (2009; Table 4) SOM 16385 -25.20 -26.48 -6.77 20.63 18.91 -1.72 200 38 36 

Ruiz Pessenda et al., (2009; Table 4) SOM 18955 -25.80 -26.48 -6.58 20.63 19.72 -0.90 230 44 40 

Ruiz Pessenda et al., (2009; Table 4) SOM 22630 -25.40 -26.48 -6.69 20.63 19.19 -1.43 210 40 37 

Ruiz Pessenda et al., (2009; Table 4) SOM 22695 -25.60 -26.48 -6.70 20.63 19.40 -1.23 217 41 38 

Ruiz Pessenda et al., (2009; Table 4) SOM 22760 -25.10 -26.48 -6.70 20.63 18.88 -1.75 199 38 36 

Ruiz Pessenda et al., (2009; Table 4) SOM 22825 -24.90 -26.48 -6.70 20.63 18.66 -1.96 192 36 35 

Ruiz Pessenda et al., (2009; Table 4) SOM 22890 -24.50 -26.48 -6.70 20.63 18.25 -2.38 178 34 34 

Ruiz Pessenda et al., (2009; Table 4) SOM 22955 -24.50 -26.48 -6.70 20.63 18.24 -2.38 178 34 34 



Ruiz Pessenda et al., (2009; Table 4) SOM 23020 -24.80 -26.48 -6.70 20.63 18.56 -2.07 188 36 35 

Ruiz Pessenda et al., (2009; Table 4) SOM 23085 -24.80 -26.48 -6.70 20.63 18.56 -2.07 188 36 35 

Ruiz Pessenda et al., (2009; Table 4) SOM 23150 -25.10 -26.48 -6.71 20.63 18.87 -1.76 198 38 36 

Ruiz Pessenda et al., (2009; Table 4) SOM 23501 -24.70 -26.48 -6.70 20.63 18.45 -2.17 185 35 35 

Ruiz Pessenda et al., (2009; Table 4) SOM 23851 -24.50 -26.48 -6.69 20.63 18.26 -2.36 179 34 34 

Ruiz Pessenda et al., (2009; Table 4) SOM 24202 -24.20 -26.48 -6.66 20.63 17.98 -2.65 170 33 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 24553 -24.30 -26.48 -6.62 20.63 18.12 -2.50 175 33 34 

Ruiz Pessenda et al., (2009; Table 4) SOM 24903 -24.30 -26.48 -6.57 20.63 18.17 -2.45 176 34 34 

Ruiz Pessenda et al., (2009; Table 4) SOM 25254 -23.70 -26.48 -6.60 20.63 17.52 -3.11 158 31 32 

Ruiz Pessenda et al., (2009; Table 4) SOM 25605 -23.90 -26.48 -6.60 20.63 17.72 -2.90 163 32 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 25955 -23.90 -26.48 -6.60 20.63 17.72 -2.90 163 32 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 26306 -24.00 -26.48 -6.60 20.63 17.83 -2.80 166 32 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 26657 -23.70 -26.48 -6.60 20.63 17.52 -3.11 158 31 32 

Ruiz Pessenda et al., (2009; Table 4) SOM 27007 -23.60 -26.48 -6.60 20.63 17.41 -3.22 155 30 32 

Ruiz Pessenda et al., (2009; Table 4) SOM 27358 -23.30 -26.48 -6.60 20.63 17.10 -3.53 147 29 31 

Ruiz Pessenda et al., (2009; Table 4) SOM 27628 -24.10 -26.48 -6.60 20.63 17.93 -2.69 169 33 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 27899 -24.30 -26.48 -6.60 20.63 18.14 -2.49 175 34 34 

Ruiz Pessenda et al., (2009; Table 4) SOM 28169 -23.80 -26.48 -6.60 20.63 17.62 -3.01 161 31 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 28440 -23.90 -26.48 -6.60 20.63 17.72 -2.90 163 32 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 28710 -24.10 -26.48 -6.60 20.63 17.93 -2.69 169 33 33 

Ruiz Pessenda et al., (2009; Table 4) SOM 28980 -23.70 -26.48 -6.60 20.63 17.52 -3.11 158 31 32 

Ruiz Pessenda et al., (2009; Table 4) SOM 29251 -23.30 -26.48 -6.60 20.63 17.10 -3.53 147 29 31 

Ruiz Pessenda et al., (2009; Table 4) SOM 29521 -23.60 -26.48 -6.60 20.63 17.41 -3.22 155 30 32 

Ruiz Pessenda et al., (2009; Table 4) SOM 29791 -23.50 -26.48 -6.60 20.63 17.31 -3.32 152 30 32 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 1960 -23.20 -23.57 -6.36 17.58 17.24 -0.35 254 34 31 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 2340 -23.00 -23.57 -6.35 17.58 17.04 -0.55 245 32 30 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 2760 -22.60 -23.57 -6.34 17.58 16.63 -0.95 228 29 29 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 2940 -23.70 -23.57 -6.34 17.58 17.78 0.20 280 39 33 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 2960 -24.30 -23.57 -6.34 17.58 18.41 0.82 315 47 38 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 5720 -23.30 -23.57 -6.33 17.58 17.38 -0.21 260 35 31 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 7510 -23.60 -23.57 -6.36 17.58 17.65 0.07 273 38 32 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 7510 -24.40 -23.57 -6.36 17.58 18.49 0.90 320 48 39 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 8420 -23.40 -23.57 -6.41 17.58 17.40 -0.18 261 35 31 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 10010 -24.20 -23.57 -6.53 17.58 18.11 0.52 297 43 35 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 11660 -24.20 -23.57 -6.69 17.58 17.94 0.36 288 41 34 



Van de Water et al. (1994; Table 1) 

Pinus 

leaves 11850 -24.80 -23.57 -6.71 17.58 18.55 0.96 323 49 39 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 11930 -24.60 -23.57 -6.72 17.58 18.33 0.75 310 46 37 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 12190 -23.40 -23.57 -6.74 17.58 17.06 -0.53 246 32 30 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 13300 -24.60 -23.57 -6.82 17.58 18.23 0.64 304 45 36 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 14170 -21.90 -23.57 -6.85 17.58 15.39 -2.19 184 24 26 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 14300 -23.40 -23.57 -6.85 17.58 16.95 -0.64 241 31 30 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 14600 -21.30 -23.57 -6.85 17.58 14.77 -2.82 166 22 25 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 14810 -23.80 -23.57 -6.84 17.58 17.37 -0.22 260 35 31 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 14910 -24.00 -23.57 -6.84 17.58 17.58 0.00 270 37 32 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 15340 -21.50 -23.57 -6.83 17.58 14.99 -2.59 172 23 25 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 15480 -23.10 -23.57 -6.82 17.58 16.66 -0.92 229 30 29 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 15620 -22.90 -23.57 -6.82 17.58 16.46 -1.12 221 28 28 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 16210 -23.40 -23.57 -6.78 17.58 17.02 -0.57 244 32 30 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 16750 -21.50 -23.57 -6.74 17.58 15.09 -2.50 175 23 25 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 17030 -23.30 -23.57 -6.72 17.58 16.98 -0.61 242 31 30 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 17250 -22.20 -23.57 -6.70 17.58 15.85 -1.73 199 26 27 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 17330 -22.30 -23.57 -6.69 17.58 15.96 -1.62 203 26 27 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 17506 -22.20 -23.57 -6.68 17.58 15.87 -1.71 200 26 27 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 17580 -20.80 -23.57 -6.67 17.58 14.43 -3.16 157 22 25 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 18650 -21.10 -23.57 -6.60 17.58 14.81 -2.77 167 23 25 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 19320 -22.00 -23.57 -6.57 17.58 15.77 -1.81 197 26 26 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 19900 -23.90 -23.57 -6.57 17.58 17.76 0.17 279 39 33 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 20070 -21.70 -23.57 -6.57 17.58 15.47 -2.12 186 24 26 



Van de Water et al. (1994; Table 1) 

Pinus 

leaves 21740 -23.40 -23.57 -6.65 17.58 17.16 -0.43 250 33 30 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 23110 -22.20 -23.57 -6.70 17.58 15.85 -1.74 199 26 27 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 23510 -22.50 -23.57 -6.70 17.58 16.16 -1.42 210 27 27 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 25330 -22.20 -23.57 -6.60 17.58 15.95 -1.63 203 26 27 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 26170 -22.20 -23.57 -6.60 17.58 15.95 -1.63 203 26 27 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 27370 -22.60 -23.57 -6.60 17.58 16.37 -1.21 218 28 28 

Van de Water et al. (1994; Table 1) 

Pinus 

leaves 28020 -21.80 -23.57 -6.60 17.58 15.54 -2.05 189 25 26 

You and Liu, (2012; Fig. 4) Sediments 500 -28.50 -28.44 -6.37 22.69 22.78 0.09 275 57 46 

You and Liu, (2012; Fig. 4) Sediments 1000 -28.00 -28.44 -6.38 22.69 22.24 -0.44 249 50 42 

You and Liu, (2012; Fig. 4) Sediments 1500 -28.00 -28.44 -6.37 22.69 22.25 -0.43 250 50 42 

You and Liu, (2012; Fig. 4) Sediments 2000 -28.75 -28.44 -6.36 22.69 23.05 0.37 289 62 48 

You and Liu, (2012; Fig. 4) Sediments 2500 -29.00 -28.44 -6.35 22.69 23.33 0.64 304 67 51 

You and Liu, (2012; Fig. 4) Sediments 3000 -29.25 -28.44 -6.34 22.69 23.60 0.92 320 72 54 

You and Liu, (2012; Fig. 4) Sediments 3500 -29.50 -28.44 -6.33 22.69 23.87 1.19 338 78 58 

You and Liu, (2012; Fig. 4) Sediments 4000 -29.25 -28.44 -6.33 22.69 23.61 0.93 321 72 54 

You and Liu, (2012; Fig. 4) Sediments 4500 -27.50 -28.44 -6.33 22.69 21.77 -0.91 229 44 40 

You and Liu, (2012; Fig. 4) Sediments 5000 -28.25 -28.44 -6.33 22.69 22.56 -0.12 264 54 44 

You and Liu, (2012; Fig. 4) Sediments 5500 -29.25 -28.44 -6.33 22.69 23.61 0.93 321 72 54 

You and Liu, (2012; Fig. 4) Sediments 6000 -28.50 -28.44 -6.33 22.69 22.82 0.13 277 58 46 

You and Liu, (2012; Fig. 4) Sediments 6500 -26.50 -28.44 -6.34 22.69 20.71 -1.97 191 36 35 

You and Liu, (2012; Fig. 4) Sediments 7000 -28.75 -28.44 -6.35 22.69 23.06 0.38 290 62 48 

You and Liu, (2012; Fig. 4) Sediments 7500 -29.00 -28.44 -6.36 22.69 23.31 0.63 303 66 51 

You and Liu, (2012; Fig. 4) Sediments 8000 -29.50 -28.44 -6.38 22.69 23.82 1.13 334 77 57 

You and Liu, (2012; Fig. 4) Sediments 8500 -27.75 -28.44 -6.41 22.69 21.95 -0.74 237 46 41 

You and Liu, (2012; Fig. 4) Sediments 9000 -27.00 -28.44 -6.45 22.69 21.12 -1.56 205 39 37 

You and Liu, (2012; Fig. 4) Sediments 9500 -28.00 -28.44 -6.49 22.69 22.13 -0.55 245 48 42 

You and Liu, (2012; Fig. 4) Sediments 10000 -28.75 -28.44 -6.53 22.69 22.88 0.19 280 59 47 

You and Liu, (2012; Fig. 4) Sediments 10500 -26.75 -28.44 -6.58 22.69 20.73 -1.96 192 36 35 

You and Liu, (2012; Fig. 4) Sediments 11000 -30.00 -28.44 -6.63 22.69 24.09 1.41 353 83 61 

You and Liu, (2012; Fig. 4) Sediments 11500 -28.50 -28.44 -6.68 22.69 22.46 -0.22 259 53 44 

You and Liu, (2012; Fig. 4) Sediments 12000 -26.50 -28.44 -6.73 22.69 20.31 -2.37 179 34 34 

You and Liu, (2012; Fig. 4) Sediments 12500 -28.00 -28.44 -6.77 22.69 21.84 -0.84 232 45 40 

You and Liu, (2012; Fig. 4) Sediments 13000 -28.00 -28.44 -6.80 22.69 21.81 -0.88 231 44 40 

You and Liu, (2012; Fig. 4) Sediments 13500 -28.00 -28.44 -6.83 22.69 21.78 -0.90 230 44 40 

You and Liu, (2012; Fig. 4) Sediments 14000 -26.25 -28.44 -6.84 22.69 19.93 -2.76 167 32 33 

SOM = Soil Organic Matter 

* 0 BP = 1950 AD 

† δ
13

C values are reported with respect to the VPDB or PDB scale, as indicated in each paper. 



‡ Calculated as the average Holocene (100 – 11,500 yr before A.D. 1950) δ
13

C value for each record. 

§ Determined from ice core data (Figure DR2). 

|| Δ
13

C(t=0) = (δ
13

CCO2(t=0) − δ
13

C(t=0))/(1 + δ
13

C(t=0)/1000), where δ
13

CCO2(t=0) = -6.4‰ (after Lüthi et al., 2008; Smith et al., 1999). 

¶ Δ
13

C(t) = (δ
13

CCO2(t) − δ
13

C(t))/(1 + δ
13

C(t)/1000). 

** Calculated using equation 1.  

†† Calculated using equation 4 with A = 28.26, B = 0.22, and C = 23.9, and pCO2(t=0) = 270 ppmv (after Kawamura et al., 2007). 

‡‡ Error is cumulative and includes: Δ(Δ
13

C) ± 0.46‰ (leaves) or ± 0.87‰ (TOM); pCO2(t=0) ± 7 ppmv; and A = 26-30, B = 0.16-0.27, and C = 19.2-32.9 (see 

Error Analysis). 
                  

          

 

(Andersson et al., 2012; Beerling and Rundgren, 2000; Beerling, 1996; Brincat et al., 2000; Cathalot et al., 2013; Damsté et al., 2011; 

Galy et al., 2008; Giresse et al., 1994; Gouveia et al., 2002; Hatté et al., 1998; Huang et al., 1996; Kao et al., 2008; Li et al., 2013; Lu 

et al., 2012; Menking et al., 2012; Rommerskirchen et al., 2006; Ruiz Pessenda et al., 2009; Turney et al., 1997; Van de Water et al., 

1994; Wooller et al., 2007; You and Liu, 2012)  



TABLE DR2. THE AMOUNT OF FRACTIONATION PER 100 ppmv INCREASE IN 

pCO2 (S) MEASURED IN C3 LAND PLANTS (UPDATED FROM SCHUBERT AND 

JAHREN, 2012; 2013) 

S 

(‰ per 100 ppmv) 

pCO2 range 

(ppmv) 

Species Reference 

2.70 198 – 243 Pinus flexilis (Van de Water et al., 1994) 

2.20 243 – 279 Pinus flexilis (Van de Water et al., 1994) 

2.13 324 – 369 Pinus sylvestris (Betson et al., 2007) 

2.07 303 – 361 Pinus sylvestris (Berninger et al., 2000) 

2.00 300 – 310 Mixed (11) (Peñuelas and Estiarte, 1997) 

2.00 277 – 351 Mixed (4) (Feng and Epstein, 1995) 

1.88 310 – 350 Mixed (11) (Peñuelas and Estiarte, 1997) 

1.75 380 – 482 Pinus contortus (Sharma and Williams, 2009) 

1.60 280 – 380 Sabina przewalskii (Wang et al., 2011) 

1.45 285 – 354 Swietenia macrophylla (Hietz et al., 2005) 

1.42 296 – 366 Larix sibirica (Knorre et al., 2010) 

1.20 285 – 365 Juniperus spp. (Treydte et al., 2009) 

1.00 343 – 569 Quercus ilex (Saurer et al., 2003) 

0.96 407 – 497 Raphanus sativus (Schubert and Jahren, 2012) 

0.81 313 – 366 Mixed (32) (Wang and Feng, 2012) 

0.80 380 – 760 Arabidopsis thaliana (Lomax et al., 2012) 

0.76 370 – 455 Arabidopsis thaliana (Schubert and Jahren, 2012) 

0.75 360 – 700 Arabidopsis thaliana (Igamberdiev et al., 2004) 

0.73 350 – 700 Quercus petrea (Kürschner, 1996) 

0.72 497 – 576 Raphanus sativus (Schubert and Jahren, 2012) 

0.67 360 – 700 Hordeum vulgare (Igamberdiev et al., 2004) 

0.62 380 – 607 Linaria dalmatica (Sharma and Williams, 2009) 

0.48 576 – 780 Raphanus sativus (Schubert and Jahren, 2012) 

0.41 455 – 733 Arabidopsis thaliana (Schubert and Jahren, 2012) 

0.38 760 – 1000 Arabidopsis thaliana (Lomax et al., 2012) 

0.37 350 – 700 Mixed (17) (Beerling and Woodward, 1995) 

0.21 1000 – 1500 Arabidopsis thaliana (Lomax et al., 2012) 

0.20 733 – 995 Arabidopsis thaliana (Schubert and Jahren, 2012) 

0.20 780 – 1494 Raphanus sativus (Schubert and Jahren, 2012) 

0.12 995 – 1302 Arabidopsis thaliana (Schubert and Jahren, 2012) 

0.11 1500 – 2000 Arabidopsis thaliana (Lomax et al., 2012) 

0.096 1494 – 1766 Raphanus sativus (Schubert and Jahren, 2012) 

0.082 700 – 1400 Arabidopsis thaliana (Igamberdiev et al., 2004) 

0.066 1302 – 1843 Arabidopsis thaliana (Schubert and Jahren, 2012) 

0.060 2000 – 3000 Arabidopsis thaliana (Lomax et al., 2012) 

0.054 1766 – 2723 Raphanus sativus (Schubert and Jahren, 2012) 

0.039 1843 – 2255 Arabidopsis thaliana (Schubert and Jahren, 2012) 

0.029 2723 – 3429 Raphanus sativus (Schubert and Jahren, 2012) 

0.019 3429 – 4200 Raphanus sativus (Schubert and Jahren, 2012) 

0.017 700 – 1400 Hordeum vulgare (Igamberdiev et al., 2004) 
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