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1) Section Details
1.1 Zaysan Basin, Kazakhstan 

We collected 77 samples from the Neogene type-section in the Zaysan Basin, which lies 
along the Kalmakpay River in the southeast of the basin (47.4°N; 84.4°E). The sediments in this 
basin were classified into svitas (Sv.; similar to, but not strictly identical to formation) by 
Borisov (1963), and these divisions were maintained most recently by Lucas et al. (2000). The 
upper Neogene comprises ~200 m of pedogenically-altered, carbonate-rich redbeds, including 
the lower Kalmakpay Sv. and the upper Karabulak Sv. Kalmakpay Sv. sediments are primarily 
mudstones that dip ~20° NE and are separated from the yellowish sands of the underlying, 
lacustrine Sarybulak Sv. by an unconformity. The overlying Karabulak Sv. is coarser, with 
multiple pebble conglomerates and cross-bedded sandstones that cut into pedogenic facies, and 
dips ~10° NE. Throughout the basin, this sequence is capped by the “Gobi Conglomerate” 
(Berkey and Morris, 1923), which is regarded as a Quaternary deposit (Lucas et al., 2009) and 
from which we collected five samples of carbonate-rich cement. 

The ages of these sediments are constrained by biostratigraphy and magnetostratigraphy, 
which was reviewed most recently by Lucas et al. (2009). The Sarybulak Sv. (from which we 
recovered no carbonate-rich samples) is assigned to the Tunggurian Asian Land Mammal Age 
(ALMA) (13.7-11.1 Ma) (Kowalski and Shevyreva, 1997). The Karabulak Sv. contains an 
abundant collection of “Hipparion” fauna, which is correlated with the latest Turolian (8.7-5.3 
Ma; latest Baodean ALMA) (Sotnikova et al., 1997; Vangengeim et al., 1993; Lucas et al., 
2009), though the very upper portion of the Karabulak Sv. may be early Pliocene. The 
intervening Kalmakpay Sv. is not as clearly constrained by mammal fossils, yet is a separate unit 
from the overlying Karabulak Sv. Following Vangengeim et al. (1993) and Lucas et al. (2009), 
we therefore place the lower boundary in the late Sarmatian (12.7-11.6 Ma) and the upper 
boundary in the lower Baodean ALMA. Regardless of the precise timing of these svitas, the 
entire upper Neogene sequence occurs within the upper Miocene and lowest Pliocene, excepting 
the five samples from the Gobi Conglomerate, which are placed within the Quaternary bin.  



1.2 Erlian Basin, Inner Mongolia, China 
 We collected 89 carbonate-rich samples from four well-studied localities in the Erlian 
Basin that span the Miocene: Aoerban, Aletexire, Moergan, and Baogeda Ula. Here, we briefly 
review the sedimentology and age constraints for these sections, but refer the reader to more 
detailed sedimentological, paleontological and magnetostratigraphic studies in Wang et al. 
(2003; 2009) and Qiu et al. (2006; 2013). Though the following age constraints are uncertain, our 
analysis focuses on large time bins. The following sections all lie within either the lower or 
upper Miocene bins that we use in the main text. We only attempt to assign ages to these samples 
to calculate soil respiration (as detailed in DR Section 3).    
 The stratigraphically lowest locality is the Aoerban Formation (43.3°N; 113.9°E), which 
has been biostratigraphically constrained to the Early Miocene (Wang et al., 2009; Qiu et al., 
2013) and from which we collected 29 samples. The entire formation is composed of fine-
grained sediments that have been extensively pedogenically altered. Following the 
sedimentology of Wang et al. (2009), we collected 18 samples from the Lower Red Member, 3 
samples from the Middle Green Member, and 7 samples from the Upper Red Member. 
Following Qiu et al. (2013), we place these samples stratigraphically in the Early Miocene, with 
the top of the Upper Red Member representing the boundary between the Early and Middle 
Miocene (16 Ma).  
 Both the Moergan (43.7°N; 112.9°E) and Aletexire (43.8°N; 113.1°E) sections are 
situated within the Tunggar Tableland and are estimated to lie within the Middle Miocene (Qiu 
et al., 2013). Both have been magnetostratigraphically constrained by Wang et al. (2003), which 
has been updated by Qiu et al. (2013). The Moergan locality, from which we collected 17 
samples, consists primarily of channel sands at the base, which transition to pedogenically-
altered mudstones in the upper part of the section. At the very base of the section, there is a 
laterally extensive freshwater bivalve bed, which we exclude from our compilation. The lower 
part of the Aletexire section consists of mature, thick paleosols with extensive caliche layers and 
root casts. The upper part of the section consists of pedogenically-altered mudstones that overlap 
stratigraphically with the Moergan locality (Wang et al., 2003). We collected 22 samples from 
the Aletexire section. Following Qiu et al. (2013), we treat the lower Aletexire as having been 
deposited between 15 and 14 Ma, while the upper Aletexire and Moergan sediments were 
deposited between 13 Ma and 11 Ma.  
 The highest locality stratigraphically that we sampled is Baogeda Ula (44.1°N; 
114.60°E), from which we collected 21 samples. The section is capped by a basalt that Qiu et al. 
(2006) determined is 7.1 ± 0.5 Ma, based upon work by Luo and Chen (1990). The section 
consists primarily of channel sands, though the middle of the section comprises a thick, 
pedogenically-altered mudstone sequence. Following Qiu et al. (2013) and based upon 
biostratigraphic evidence, we place this section within the late Miocene and assume deposition 
between 8.5 and 7 Ma.  
 These sections are grouped and reported as “Erlian Basin” in the summary table (Table 
DR3).  
 
1.3 Lake Baikal Sections 

We collected 5 carbonate samples from two Neogene Formations on Olkhon Island in 
Lake Baikal. The Tagay Formation, the lowest of the formations, overlies the crystalline 
basement and Upper Cretaceous-Lower Oligocene weathering crust. It consists of continental 
and lacustrine deposits, including montmorillonite clays and paleosols, sands cemented by 



carbonates and gypsum, and thin layers of coal. The age of the Tagay Formation is constrained 
by biostratigraphy (Logachev, 1964), which was reviewed by Vislobokova (1990) and is 
assumed to be Lower to Middle Miocene (Mats et al., 2000; Mats et al., 2011). Given the large 
uncertainty in the age, we place these samples in our lower Miocene time bin (>14 Ma). The 
Tagay Sequence (53.15°N; 107.2°E), from which we collected 3 samples, represents a section of 
sub-parallel bedded continental deposits in the upper part of the Tagay Formation. At the very 
base of the section there is a layer of fine-grained carbonated sands. Upwards, there is an 
alteration of brown paleosols, fine-grained sands, and carbonate interlayers up to 0.3 m thick, 
which we interpret as thick caliche units. The paleosols include many lenses of carbonate. We 
collected two samples from the lowest and the uppermost carbonate interlayers of the section and 
one sample from a carbonate lens in the paleosol layer in the middle of the section. The samples 
show little variance in δ13C, though we note that we only have 3 samples from this locality.  

The Sasa formation uncorformably overlies the Tagay Formation. It consists of lacustrine 
clays, silts, sands, gravels and a facies of sub-aerial clays and paleosols that represent the first 
horizon of the Neogene red strata (Vorob’eva et al., 1987). The age of the Sasa Formation is 
based on biostratigraphy and paleomagnetic data and determined as Late Miocene to Early 
Pliocene (Mats et al., 2000). We collected two samples from the uppermost sequence of the sub-
aerial facies assigned to the Early Pliocene. The Kharaldai section (53.25°N; 107.4°E) comprises 
red-cinnamonic 8-meter thick paleosols that overlie sub-aerial green montmorillonite clay at the 
base of the section. The paleosols are clay-rich and contain carbonates that increase in amount 
upward in the section (Vorob’eva et al., 1987). We collected two samples in the thin lens of 
carbonates in the upper part of the section. 
 
2) Laboratory Methods 

Samples were powdered using either a mortar and pestle or a Dremel. Stable carbon and 
oxygen isotope values of carbonates were obtained at the Stable Isotope Biogeochemistry 
Laboratory, Stanford University, using a Thermo Finnigan Gasbench interfaced with a Thermo 
Finnigan Delta Plus XL mass spectrometer via a Thermo Finnigan ConFlo III unit. Depending 
on the samples’ carbonate content, between 200 and 5000 µg of sample powder was weighed 
into sealed vials that were flushed with He gas and reacted with ca. 0.25 ml of phosphoric acid 
(H3PO4) for 1 hour at 72 °C. External precision (1σ) of oxygen and carbon isotope data is 
generally <0.1‰, based upon repeated measurements of two internal laboratory standards 
(calibrated against NBS 18, NBS 19, and LSVEC). The δ13C values are reported relative to 
VPDB; δ18O values are reported relative to VSMOW. Results are reported in Table DR2. 
 
3) Calculation of Soil Respiration Fluxes 

To calculate soil respiration fluxes (as presented in Figure 2E-H, main text), we use 
equations 1 and 2 from the main text. The values we use for the parameters in these equations are 
listed in DR Table 1 and are widely-accepted values used in previous applications of the CO2 
diffusion-production model of Cerling (1984) (Cerling and Quade, 1993; Ekart et al., 1999; 
Breecker et al., 2010). For δo, we assume -25‰, except for samples from the Siwalik Fm., where 
the expansion of C4 grasses is well-documented (Quade et al., 1989; Quade and Cerling, 1995; 
Sanyal et al., 2004). For these samples, we use published δo values from the same publications 
from which we use the δ13Cc data. However, there are more δ13Cc measurements from the 
Siwalik Fm. than δo measurements; therefore, we interpolate the δo measurements where 
necessary. Though there is evidence that C4 vegetation also spread to the Loess Plateau (Passey 



et al., 2009; An et al., 2005; Zhang et al., 2003), the δ13Cc values on the Loess Plateau are 
relatively low for the entire Neogene, though perhaps this is due to clastic carbonate 
contamination. Thus, even if δo was higher on the Loess Plateau due to the presence of C4 
vegetation, estimated soil respiration would be even higher to produce such low δ13Cc values.  

For the remaining samples in our compilation, we use -25‰ based upon two lines of 
evidence suggesting that this is a reasonable estimate for δo. First, a global compilation of soil 
organic matter δ13C which co-occurs with soil carbonate produces an average value of -25‰ 
(Montañez, 2013). Second, model estimates of leaf δ13C across Asia range from -28‰ to -23.5‰ 
(Suits et al., 2005). We further explore how changes in δo affect our estimate of soil respiration 
in DR Section 4 and DR Figure 5.  

To constrain Ca, we use a compilation of published estimates of past atmospheric pCO2 
(Badger et al., 2013a; Badger et al., 2013b; Beerling and Royer, 2011; Bijl et al., 2010; Doria et 
al., 2011; Franks et al., 2014; Maxbauer et al., 2014; Pagani et al., 2009; Pagani et al., 2011; 
Zhang et al., 2013; Foster et al., 2012; Tripati et al., 2009; Bartoli et al., 2011; Seki et al., 2010) 
(Fig. DR1); however, to avoid circular constructs, we exclude paleosol-based estimates of pCO2. 
There is large variability in this dataset, which is likely due to uncertainties in the proxy methods 
themselves, rather than true, high-frequency variations in atmospheric pCO2 (Beerling and 
Royer, 2011). Thus, to smooth this record, we use an Epanechnikov kernel with a 1 Ma 
bandwidth (Epanechnikov, 1969) and the np package in R (Hayfield and Racine, 2008). To 
constrain δa, we use the estimates of Tipple et al. (2010) (Fig. DR2). Finally, we interpolate the 
smoothed Ca record and δa to the estimated age of each δ13Cc measurement to calculate the soil 
respiration flux. 

In the main text, we assume a spatially-invariant carbonate formation temperature (T) of 
25°C to calculate δs from δ13Cc. We use this temperature given increasing evidence that soil 
carbonate forms during some of the hottest months of the year (June, July, and August in Asia) 
(Hough et al., 2014; Quade et al., 2013; Breecker et al., 2009). However, in DR Section 4, we 
also present an analysis where we use a spatially-varying temperature field to calculate δs from 
δ13Cc (see also DR Figure 9). For the remaining parameters, we assume that, in carbonate-
bearing soils, there is not substantial variability in these parameters and therefore use spatially-
invariant values to estimate soil respiration (see also sensitivity analyses in DR Section 4 and DR 
Figures 3-9).  
 To convert the calculated soil respiration flux (ϕs) [mols/cm3/s] into the standard areal 
flux measurement (SR) [mols/cm2/s] that is typically considered in soil respiration studies (Bond-
Lamberty and Thomson, 2010; Raich and Schlesinger, 1992), we integrate equation 2 over the 
depth of the soil (L): 
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We report this areal flux measurement in the main text, converted to g C/m2/yr. The R code used 
to calculate the mean δ13Cc and the soil respiration flux is available at the Stanford Digital 
Repository (http://purl.stanford.edu/kk523mb1898). 
 Finally, because it is difficult to present uncertainty in maps of mean data, in Table DR3, 
we report uncertainty estimates for both δ13Cc and for ϕs. For δ13Cc, we report the mean (used in 
producing Fig. 2A-D, main text) and 1 standard deviation. For ϕs, we first eliminate any negative 



estimates of ϕs as these are physically impossible and likely represent non-equilibrium 
fractionation between soil CO2 and carbonate (Montañez, 2013) or inaccuracies in one of the 
parameters (i.e., δo, T, etc.). We then calculate the mean ϕs (used in producing Fig. 2E-H, main 
text) and the 90% confidence interval (i.e., the range from the 5% to 95% quantile). We report 
the 90% confidence interval in Table DR3 because the equations used to calculate ϕs do not lead 
to normally-distributed estimates; consequently, the errors are large. For example, as δ13Cc 
approaches the theoretical fractionation between soil CO2 and carbonate, the estimated ϕs 
increases exponentially. Thus, low δ13Cc results in large uncertainty in estimated ϕs as these 
values approach the theoretical equilibrium fractionation between soil CO2 and carbonate.  
 
4) Sensitivity Calculations and Analyses 
 The estimated soil respiration fluxes (SR) presented in the main text are subject to 
uncertainty regarding the numerous parameters in equations 1 and 2 (main text) and equation DR 
1. Because we present data spatially, it is difficult to visualize these uncertainties. Therefore, in 
DR Figures 3-9, we present sensitivity maps, whereby we change the value of one of the 
parameters and recalculate SR for each locality for the same time bins (i.e., lower Miocene, 
upper Miocene, Pliocene, and Quaternary) as presented in the main text. We include the R code 
for these sensitivity analyses in the Stanford Digital Repository 
(http://purl.stanford.edu/kk523mb1898). Below, we discuss the parameters evaluated and the 
sensitivity of SR to changes in these parameters. 
 For these sensitivity tests, we evaluate the effect of 7 parameters on estimated SR: Ca, δa, 
δo, z, ż, L, and T. For each of these parameters, we vary the chosen parameter, while keeping all 
other parameters constant, and calculate the resulting SR. Ca and δa are both time-varying 
parameters; therefore, for these sensitivity tests, we use the high and low estimates as shown in 
DR Figures 1 and 2. To calculate the sensitivity of SR to the assumed carbonate formation 
temperature (T), we compare the results from the main text—which assume a spatially-invariant 
T of 25°C—with a spatially-varying temperature field. We use NCEP/NCAR Reanalysis II data 
(Kanamitsu et al., 2002) and interpolate the 2 m surface air temperature field to the pedogenic 
carbonate locality. For the T sensitivity analysis, we calculate SR assuming that carbonate 
formation temperatures reflect either annually-averaged temperatures or JJA-averaged 
temperatures (average surface air temperature of the summer season—June, July, and August). 
In each of the sensitivity map figures, we present two sensitivity analyses as well as the results 
from the main text in the center column, which are included for comparison purposes. We do not 
test the interaction of any of these parameters; instead, the focus of our sensitivity analysis is to 
identify the importance of single parameters and demonstrate that are results are robust, even 
given uncertainty in these parameters. 
 Throughout the entire Neogene, the spatial pattern of SR is not sensitive to any of the 
tested parameters (DR Figures 3-9). Interior Asia—comprising the Tarim and Qaidam basins—
has much lower SR than surrounding regions in all time bins. In contrast, the temporal trends are 
somewhat sensitive to the assumed parameter value. For example, when higher Ca is used, upper 
Miocene SR estimates are consequently higher. This result reflects the fact that—at higher 
pCO2—we model a higher SR to match the observed δ13Cc. There is growing evidence that mid-
Miocene pCO2 was higher than previously estimated (Bolton and Stoll, 2013; Bolton et al., 2016; 
Breecker and Retallack, 2014; Foster et al., 2012). Thus, higher Ca in the mid-Miocene would 
produce an even larger decrease in SR than presented in the main text (see DR Figure 3I-L).  



 SR is fairly insensitive to the assumed evolution of δa over the Neogene (DR Figure 4). In 
contrast, SR is more sensitive to the assumed value of δo (DR Figure 5), which is poorly 
constrained, except in the Siwalik Fm. For instance, if δo is higher than assumed in the main text 
(-23‰), SR is consequently greater in all time-slices, though the effect is most pronounced in the 
Miocene. Indeed, the “de-greening” trend is most pronounced if δo is higher than presented in the 
main text.  

The depth of carbonate formation (z) influences SR, with lower (i.e., shallower) depths 
resulting in higher SR (DR Figure 6). At shallower depths in the soil, high δ13C atmospheric CO2 
has a greater influence on δ13Cc. Therefore, we model a higher SR to match the observed δ13Cc. 
This effect is not linear (Cerling, 1984; Cerling and Quade, 1993); thus, the sensitivity to 
changes in z is greater for formation depths above 50 cm than for formation depths below 50 cm 
in the soil. SR is also sensitive to the exact value of ż (DR Figure 7) with the “de-greening” trend 
most pronounced if ż is lower (15 cm) than presented in the main text. Unfortunately, there are 
few constraints on the value of ż. In the main text, we follow Cerling and Quade (1993) and use 
25 cm. SR is relatively insensitive to the depth of the soil column (L) (DR Figure 8). 

Finally, SR is most sensitive to the assumed temperature of carbonate formation (T) (DR 
Figure 9). Both the JJA-average and annual-average temperatures are generally lower than our 
assumed formation temperature of 25°C. A lower T produces a higher SR because a lower T has 
a greater 13C fractionation during carbonate formation and, thus, a lower δs. However, despite 
this sensitivity, the same spatial and temporal trends are evident: interior Asia is surrounded by 
areas with higher SR and SR decreases into the Quaternary, particularly across Central Asia.  
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6) Data Repository Figures: 
DR Figure 1: Compilation of proxy estimates of atmospheric pCO2 over the Neogene. Black line 
is a best-fit kernel-smooth (Epanechnikov kernel) with a 1 Myr bandwidth. Black, dashed lines 
are 1 standard deviation uncertainty on the kernel-smooth (following Gao et al. (2015)). Error 
bars on individual measurements are from the original publication or the revised estimates of 
Beerling and Royer (2011). The 1 standard deviation uncertainty is not propagated into the 
calculation of ϕs in the main text, but the sensitivity to this standard deviation is explored in the 
sensitivity analysis (DR Section 4 and DR Figure 3). 

 
 
  



DR Figure 2: Atmospheric CO2 δ13C during the Neogene, estimated from the δ13C of benthic and 
planktonic foraminifera. Solid line is used in the main text and is the best-guess estimate from 
Tipple et al. (2010). Dashed lines are upper and lower bounds. Data are re-plotted from Tipple et 
al. (2010). The upper and lower bounds are not propagated into the calculation of ϕs in the main 
text, but the sensitivity to this standard deviation is explored in the sensitivity analysis (DR 
Section 4 and DR Figure 4). 

 
 
  



DR Figure 3: Sensitivity of soil respiration to the assumed evolution of pCO2 (Ca) over the 
Neogene. “Low Atm CO2” (A-D) uses the lower, dashed line from DR Figure 1. “High Atm 
CO2” (I-L) uses the upper, dashed line from DR Figure 1. “Mean Atm CO2” (E-H) is the same as 
presented in the main text and uses the solid, black line from DR Figure 1.  

 
 



DR Figure 4: Sensitivity of soil respiration to the assumed evolution of δa over the Neogene, 
based on the uncertainty of δa from Tipple et al. (2010). “Low Atm CO2 δ13C” (A-D) uses the 
lower, dashed line from DR Figure 2. “High Atm CO2 δ13C” (I-L) uses the upper, dashed line 
from DR Figure 2. “Mean Atm CO2 δ13C” (E-H) is also presented in the main text and uses the 
black, solid line from DR Figure 2. 

 



DR Figure 5: Sensitivity of soil respiration to δo. Panels A-D use a δo of -27‰; panels I-L use a 
δo of -23‰; and, panels E-H are presented in the main text and use a δo of -25‰.  

 
  



DR Figure 6: Sensitivity of soil respiration to depth of carbonate formation (z). Panels E-H are 
also presented in the main text.  

 
  



DR Figure 7: Sensitivity of soil respiration to changes in ż (i.e., z-dot). Panels E-H are also 
presented in the main text. 

 
  



DR Figure 8: Sensitivity of soil respiration to depth of the soil column (L). Panels E-H are also 
presented in the main text. 

 
  



DR Figure 9: Sensitivity of soil respiration to the temperature of carbonate formation (T). Panels 
A-D use the annual average 2 m surface air temperature for each locality, derived from 
NCEP/NCAR Reanalysis II data (Kanamitsu et al., 2002). Panels I-L use the JJA (June, July, and 
August) average 2 m surface air temperature for each locality, also derived from NCEP/NCAR 
Reanalysis II data. Panels E-H are also presented in the main text and use 25°C for all localities.  

  



7) DR Tables 
DR Table 1: Parameters used in equations 1 and 2 (main text) and equation DR 1 to calculate 
soil respiration (ϕs). 
Parameter Value Units Description Source 
Ds 0.042 cm2/s Diffusional constant for CO2 in soil Cerling and Quade (1993) 
ε 0.6 – Porosity Cerling and Quade (1993) 
L 100 cm Depth of soil  
z 50 cm Depth of carbonate formation Retallack (2005); Cerling 

and Quade (1993) 
ż 25 cm Characteristic decay depth of soil 

respiration 
Cerling and Quade (1993) 

δo -25 ‰ δ13C of soil-respired organic matter1 Montañez (2013) 
T 25 °C Temperature of carbonate formation2  
δa variable ‰ Atmospheric δ13C Tipple et al. (2010) 
Ca variable ‰ Atmospheric pCO2 See full ref list in DR 

Section 3 
1For samples from the Siwalik Fm., published measurements of δo were used, rather than a 
spatially-invariant, assumed value of -25‰. See DR Section 3 for more details and a list of 
references and DR Section 4 and DR Figure 5 for a sensitivity analysis regarding this 
assumption. 
2We choose 25°C as the temperature of carbonate formation due to evidence that soil carbonates 
form during the hottest months of the year (Hough et al., 2014; Quade et al., 2013). We present 
maps of the sensitivity of soil respiration to this parameter in DR Figure 9.  



DR Table 2: Samples collected for this study and organized by location. δ18O is reported relative to VSMOW; δ13C is reported 
relative to VPDB. Estimated age assumes constant sedimentation rates within each formation/member, bound by the minimum and 
maximum age. The minimum and maximum ages are determined by the bio- and magneto-stratigraphy (detailed in DR Section 1). 

Sample # 
Height 

(m) Age (Ma) 
Minimum 
Age (Ma) 

Maximum 
Age (Ma) δ18O δ13C Material Formation/Member 

 
Erlian Basin, Inner Mongolia, China 

Aoerban (43.3°N; 113.9°E) 
19 29.4 15.9 15.0 20.5 22.7 -5.4 Paleosol Upper Red 

17B 27.4 16.3 15.0 20.5 22.3 -5.8 Paleosol Upper Red 
17A 27.4 16.3 15.0 20.5 22.4 -5.8 Paleosol Upper Red 
18 26.4 16.5 15.0 20.5 22.5 -5.5 Paleosol Upper Red 
16 21.4 17.5 15.0 20.5 21.9 -6.1 Paleosol Upper Red 
15 20.4 17.7 15.0 20.5 21.8 -5.4 Paleosol Upper Red 
14 2.5 18.1 15.0 20.5 22.4 -5.8 Paleosol Upper Red 
13 15.9 18.5 15.0 20.5 22.1 -6.9 Paleosol Middle Green 
12 15.2 18.6 15.0 20.5 22.2 -6.8 Paleosol Middle Green 
11 13.7 18.8 15.0 20.5 22.3 -6.5 Paleosol Middle Green 

10B 11.7 19.1 15.0 20.5 21.9 -5.7 Paleosol Lower Red 
10A 11.4 19.2 15.0 20.5 21.9 -5.8 Paleosol Lower Red 

9 8.4 19.5 15.0 20.5 21.4 -5.6 Paleosol Lower Red 
8B 6.9 19.7 15.0 20.5 20.9 -7.1 Paleosol Lower Red 
8A 6.4 19.7 15.0 20.5 21.3 -6.2 Paleosol Lower Red 
7B 6.3 19.8 15.0 20.5 21.3 -6.2 Paleosol Lower Red 
7A 5.8 19.8 15.0 20.5 20.9 -6.3 Paleosol Lower Red 
6B 5.5 19.9 15.0 20.5 20.9 -6.0 Paleosol Lower Red 
6A 5.0 19.9 15.0 20.5 21.3 -6.1 Paleosol Lower Red 
5A 4.5 20.0 15.0 20.5 20.8 -5.6 Paleosol Lower Red 
5B 4.0 20.0 15.0 20.5 21.7 -5.7 Paleosol Lower Red 
4 3.0 20.1 15.0 20.5 21.1 -5.7 Paleosol Lower Red 
3 2.8 20.2 15.0 20.5 20.8 -5.9 Paleosol Lower Red 



2 2.0 20.3 15.0 20.5 20.9 -6.6 Paleosol Lower Red 
1B 0.3 20.5 15.0 20.5 21.6 -6.2 Fluvial Lower Red 
1A 0.3 20.5 15.0 20.5 22.4 -5.9 Fluvial Lower Red 
0A 0.0 20.5 15.0 20.5 21.1 -5.6 Paleosol Lower Red 
0B 0.0 20.5 15.0 20.5 21.7 -6.5 Paleosol Lower Red 

         
Aletexire (43.8°N; 113.1°E) 

19 19.0 11.1 11.0 12.2 23.5 -5.5 Paleosol Upper Tunggur Fm. 
16 16.0 11.2 11.0 12.2 26.3 -4.1 Paleosol Upper Tunggur Fm. 

13B 13.5 11.4 11.0 12.2 23.3 -5.7 Paleosol Upper Tunggur Fm. 
13A 13.0 11.4 11.0 12.2 23.4 -3.8 Paleosol Upper Tunggur Fm. 
11A 11.0 11.5 11.0 12.2 23.5 -5.7 Paleosol Upper Tunggur Fm. 
11B 11.0 11.5 11.0 12.2 23.8 -5.6 Paleosol Upper Tunggur Fm. 

6 6.0 11.8 11.0 12.2 22.8 -6.3 Paleosol Upper Tunggur Fm. 
3 3.0 12.0 11.0 12.2 24.1 -6.5 Paleosol Upper Tunggur Fm. 

1A 1.0 12.1 11.0 12.2 23.1 -6.8 Paleosol Upper Tunggur Fm. 
1B 1.0 12.1 11.0 12.2 24.2 -6.5 Paleosol Upper Tunggur Fm. 
10 9.0 14.0 13.2 15.0 24.5 -6.9 Paleosol Lower Tunggur Fm. 
8 8.0 14.1 13.2 15.0 23.1 -7.7 Paleosol Lower Tunggur Fm. 
7 7.0 14.1 13.2 15.0 24.2 -7.3 Paleosol Lower Tunggur Fm. 
6 5.5 14.2 13.2 15.0 22.7 -8.1 Paleosol Lower Tunggur Fm. 
5 4.5 14.3 13.2 15.0 22.4 -5.6 Paleosol Lower Tunggur Fm. 
4 3.8 14.3 13.2 15.0 22.2 -6.5 Paleosol Lower Tunggur Fm. 
3 3.0 14.3 13.2 15.0 22.0 -7.2 Paleosol Lower Tunggur Fm. 
2 2.5 14.4 13.2 15.0 21.9 -6.8 Paleosol Lower Tunggur Fm. 
1 1.5 14.4 13.2 15.0 22.9 -6.2 Paleosol Lower Tunggur Fm. 
0 0.0 14.5 13.2 15.0 23.2 -6.0 Paleosol Lower Tunggur Fm. 

 
Baogeda Ula (44.1°N; 114.60°E) 

7 43.0 6.5 6.0 8.5 22.3 -6.7 Fluvial Baogedawula 
3 42.5 6.5 6.0 8.5 25.8 -6.0 Fluvial Baogedawula 



6 42.0 6.5 6.0 8.5 22.1 -6.9 Fluvial Baogedawula 
4 41.5 6.5 6.0 8.5 21.8 -6.1 Paleosol Baogedawula 
5 41.3 6.5 6.0 8.5 22.0 -6.6 Paleosol Baogedawula 

8B 40.3 6.6 6.0 8.5 22.2 -6.8 Paleosol Baogedawula 
8A 40.3 6.6 6.0 8.5 23.7 -5.0 Paleosol Baogedawula 
9 37.3 6.7 6.0 8.5 25.6 -5.8 Paleosol Baogedawula 

10 24.3 7.4 6.0 8.5 26.5 -4.0 Paleosol Baogedawula 
11 22.3 7.4 6.0 8.5 22.4 -6.7 Fluvial Baogedawula 
12 17.0 7.7 6.0 8.5 22.3 -6.4 Fluvial Baogedawula 
14 15.0 7.8 6.0 8.5 29.6 -5.8 Paleosol Baogedawula 
13 14.0 7.8 6.0 8.5 23.3 -6.0 Fluvial Baogedawula 
15 13.0 7.9 6.0 8.5 28.0 -5.5 Paleosol Baogedawula 
16 12.0 7.9 6.0 8.5 29.3 -5.6 Paleosol Baogedawula 
17 11.0 8.0 6.0 8.5 29.2 -5.5 Paleosol Baogedawula 
18 10.0 8.0 6.0 8.5 21.9 -6.4 Fluvial Baogedawula 
19 8.0 8.1 6.0 8.5 23.0 -6.1 Fluvial Baogedawula 
20 7.0 8.2 6.0 8.5 27.9 -5.8 Fluvial Baogedawula 
21 4.0 8.3 6.0 8.5 24.5 -4.1 Fluvial Baogedawula 
22 0.0 8.5 6.0 8.5 25.1 -4.0 Fluvial Baogedawula 

 
Moergan 43.7°N; 112.9°E) 

42 42.0 11.9 11.5 13.2 24.0 -7.1 Paleosol Upper Tunggur Formation 
41 41.0 11.9 11.5 13.2 22.3 -7.6 Fluvial Upper Tunggur Formation 

40A 40.5 11.9 11.5 13.2 22.3 -7.4 Paleosol Upper Tunggur Formation 
40B 40.5 11.9 11.5 13.2 22.7 -7.8 Fluvial Upper Tunggur Formation 
36A 36.0 12.1 11.5 13.2 24.2 -7.8 Paleosol Upper Tunggur Formation 
34.5 34.5 12.1 11.5 13.2 25.2 -7.4 Paleosol Upper Tunggur Formation 
32B 32.9 12.2 11.5 13.2 25.8 -6.3 Paleosol Upper Tunggur Formation 
32C 32.8 12.2 11.5 13.2 23.5 -6.1 Paleosol Upper Tunggur Formation 
32A 32.0 12.2 11.5 13.2 25.7 -6.1 Paleosol Upper Tunggur Formation 
31.5 31.5 12.2 11.5 13.2 22.9 -5.7 Paleosol Upper Tunggur Formation 



27 27.0 12.4 11.5 13.2 22.4 -6.4 Fluvial Upper Tunggur Formation 
27B 27.0 12.4 11.5 13.2 24.5 -6.3 Fluvial Upper Tunggur Formation 
26 26.0 12.4 11.5 13.2 27.5 -4.6 Paleosol Upper Tunggur Formation 
24 24.0 12.5 11.5 13.2 21.4 -6.9 Fluvial Upper Tunggur Formation 
23 23.8 12.5 11.5 13.2 24.1 -5.9 Paleosol Upper Tunggur Formation 

 
Zaysan Basin, Kazakhstan 

Gobi Conglomerate (47.6°N; 84.07°E) 
MOD – 0.5 0 1 19.9 -5.5 Paleosol Gobi Conglomerate 

3A – 0.5 0 1 15.1 -4.4 Fluvial Gobi Conglomerate 
3B – 0.5 0 1 17.1 -3.7 Fluvial Gobi Conglomerate 
3C – 0.5 0 1 17.8 -3.7 Fluvial Gobi Conglomerate 
28 – 0.5 0 1 15.7 -3.6 Fluvial Gobi Conglomerate 

 
Kalmakpay River (47.4°N; 84.4°E) 

4 320.6 5.0 4.5 7.5 15.6 -4.2 Paleosol Karabulak 
5 320.6 5.0 4.5 7.5 16.6 -4.4 Paleosol Karabulak 
7 320.6 5.0 4.5 7.5 19.0 -2.3 Paleosol Karabulak 
2 320.3 5.0 4.5 7.5 17.6 -3.9 Paleosol Karabulak 
1 320.0 5.0 4.5 7.5 17.0 -4.3 Paleosol Karabulak 
6 320.0 5.0 4.5 7.5 16.8 -4.7 Paleosol Karabulak 

31 303.0 5.6 5.0 7.5 14.9 -4.9 Fluvial Karabulak 
30 301.5 5.7 5.0 7.5 17.4 -4.5 Fluvial Karabulak 
29 300.5 5.7 5.0 7.5 14.6 -6.0 Fluvial Karabulak 
28 300.0 5.7 5.0 7.5 14.1 -5.4 Fluvial Karabulak 
27 296.0 5.9 5.0 7.5 17.9 -7.1 Paleosol Karabulak 
26 294.0 5.9 5.0 7.5 18.1 -6.0 Paleosol Karabulak 
25 292.0 6.0 5.0 7.5 17.6 -6.3 Paleosol Karabulak 
24 291.5 6.0 5.0 7.5 16.8 -5.8 Paleosol Karabulak 
23 290.5 6.0 5.0 7.5 17.6 -4.9 Paleosol Karabulak 
21 288.8 6.1 5.0 7.5 17.1 -4.6 Paleosol Karabulak 



20 287.8 6.1 5.0 7.5 15.0 -5.4 Fluvial Karabulak 
19 287.3 6.2 5.0 7.5 16.3 -5.3 Paleosol Karabulak 
18 286.8 6.2 5.0 7.5 17.3 -4.2 Paleosol Karabulak 
17 284.8 6.2 5.0 7.5 17.2 -4.2 Paleosol Karabulak 
16 283.8 6.3 5.0 7.5 19.1 -5.3 Paleosol Karabulak 
15 283.5 6.3 5.0 7.5 18.3 -5.0 Paleosol Karabulak 
14 283.0 6.3 5.0 7.5 19.6 -4.4 Paleosol Karabulak 
13 271.1 6.7 5.0 7.5 16.5 -7.5 Paleosol Karabulak 
11 270.8 6.7 5.0 7.5 16.5 -7.1 Fluvial Karabulak 
12 270.8 6.7 5.0 7.5 16.1 -6.8 Fluvial Karabulak 
10 270.3 6.7 5.0 7.5 15.5 -6.0 Fluvial Karabulak 
8 270.0 6.8 5.0 7.5 15.4 -5.7 Fluvial Karabulak 
9 270.0 6.8 5.0 7.5 15.7 -5.4 Fluvial Karabulak 

87 246.5 7.6 7.5 11.0 21.8 -4.5 Paleosol Kalmakpay 
86 243.5 7.7 7.5 11.0 18.5 -6.0 Paleosol Kalmakpay 
85 240.5 7.8 7.5 11.0 19.9 -5.9 Paleosol Kalmakpay 
84 237.5 7.9 7.5 11.0 20.2 -5.9 Paleosol Kalmakpay 
83 234.5 8.0 7.5 11.0 20.6 -5.1 Paleosol Kalmakpay 
82 231.5 8.1 7.5 11.0 19.2 -5.9 Paleosol Kalmakpay 
81 228.5 8.2 7.5 11.0 18.8 -5.4 Paleosol Kalmakpay 
80 225.5 8.3 7.5 11.0 20.4 -5.9 Paleosol Kalmakpay 
79 222.5 8.4 7.5 11.0 16.4 -5.9 Paleosol Kalmakpay 
78 219.5 8.5 7.5 11.0 20.6 -5.6 Paleosol Kalmakpay 
77 216.5 8.6 7.5 11.0 19.5 -5.5 Paleosol Kalmakpay 
76 215.0 8.7 7.5 11.0 20.8 -4.9 Paleosol Kalmakpay 
75 213.5 8.7 7.5 11.0 20.4 -4.3 Paleosol Kalmakpay 
74 212.0 8.8 7.5 11.0 20.8 -5.5 Paleosol Kalmakpay 
73 210.5 8.8 7.5 11.0 20.8 -5.0 Paleosol Kalmakpay 
72 209.0 8.9 7.5 11.0 20.9 -4.8 Paleosol Kalmakpay 
71 207.5 8.9 7.5 11.0 19.9 -5.0 Paleosol Kalmakpay 
70 206.0 9.0 7.5 11.0 20.7 -7.3 Paleosol Kalmakpay 



69 204.5 9.0 7.5 11.0 21.5 -5.3 Paleosol Kalmakpay 
68 203.0 9.1 7.5 11.0 21.1 -7.6 Paleosol Kalmakpay 
67 201.5 9.1 7.5 11.0 21.0 -5.0 Paleosol Kalmakpay 
66 200.0 9.2 7.5 11.0 20.0 -5.2 Paleosol Kalmakpay 
65 198.5 9.2 7.5 11.0 20.4 -6.8 Paleosol Kalmakpay 
64 197.0 9.3 7.5 11.0 19.2 -6.6 Paleosol Kalmakpay 
63 195.5 9.3 7.5 11.0 20.8 -6.0 Paleosol Kalmakpay 
62 194.0 9.4 7.5 11.0 21.0 -6.1 Paleosol Kalmakpay 
61 192.5 9.4 7.5 11.0 21.7 -5.6 Paleosol Kalmakpay 
60 191.0 9.5 7.5 11.0 21.2 -5.6 Paleosol Kalmakpay 
59 189.5 9.5 7.5 11.0 21.2 -5.4 Paleosol Kalmakpay 
58 188.0 9.6 7.5 11.0 20.5 -5.3 Paleosol Kalmakpay 
57 186.5 9.7 7.5 11.0 20.9 -5.7 Paleosol Kalmakpay 
56 185.0 9.7 7.5 11.0 20.9 -5.9 Paleosol Kalmakpay 
55 183.5 9.8 7.5 11.0 22.4 -5.3 Paleosol Kalmakpay 
54 182.0 9.8 7.5 11.0 21.7 -5.7 Paleosol Kalmakpay 
53 181.5 9.8 7.5 11.0 21.6 -6.2 Paleosol Kalmakpay 
52 180.0 9.9 7.5 11.0 22.2 -6.5 Paleosol Kalmakpay 
51 170.0 10.2 7.5 11.0 19.1 -7.4 Fluvial Kalmakpay 
50 161.5 10.5 7.5 11.0 20.9 -6.3 Paleosol Kalmakpay 
48 157.5 10.7 7.5 11.0 22.1 -5.3 Paleosol Kalmakpay 
46 153.5 10.8 7.5 11.0 19.1 -6.1 Paleosol Kalmakpay 
47 153.5 10.8 7.5 11.0 21.8 -6.7 Paleosol Kalmakpay 
45 148.5 11.0 7.5 11.0 21.7 -6.0 Paleosol Kalmakpay 
44 148.0 11.0 7.5 11.0 21.9 -5.5 Paleosol Kalmakpay 
43 145.0 11.1 7.5 11.0 21.4 -6.0 Paleosol Kalmakpay 
41 142.0 11.2 7.5 11.0 19.7 -5.8 Paleosol Kalmakpay 
40 139.0 11.3 7.5 11.0 20.6 -6.0 Paleosol Kalmakpay 
38 136.0 11.4 7.5 11.0 20.7 -5.9 Paleosol Kalmakpay 
37 133.0 11.5 7.5 11.0 20.1 -8.0 Paleosol Kalmakpay 

 



Olkhon Island, Lake Baikal, Russia 
Kharbay Locality (53.25°N; 107.4°E) 

KHAR2 – 4.5 4.0 5.0 19.0 -8.3 Paleosol Sasa 
KHAR1 – 4.5 4.0 5.0 20.0 -9.0 Paleosol Sasa 

 
Tagay Locality (53.15°N; 107.2°E) 

TAG3 – 17.0 11.0 23.0 20.8 -8.5 Paleosol Tagay 
TAG2 – 17.0 11.0 23.0 21.1 -9.0 Paleosol Tagay 
TAG1 – 17.0 11.0 23.0 21.4 -9.3 Paleosol Tagay 

 
  



DR Table 3: Calculated mean δ13Cc (‰ relative to VPDB) and soil respiration (g C/m2/yr) used to make Figure 2. “5-95%” refers to 
the range of the 90% confidence interval on the soil respiration estimate. n refers to the number of samples included in the calculation. 
Ages (Ma) column refers to the age range of the data. A single age in this column indicates that no stratigraphic position was given 
and only an approximate age was reported.  
 
Lower Miocene (23–14 Ma) 
Locality Latitude Longitude δ13Cc Soil Respiration n Ages Publication 
 °N °E mean 1σ  g C/m2/yr 5-95%  Ma  
Biger Noor 45.9 96.78 -5.2 0.9 74 52-98 11 14.7-23 Caves et al. (2014) 
Dzereg 47.14 93.06 -8.5 1.0 211 109-332 15 14.1-20 Caves et al. (2014) 
Erlian Basin 44.15 114.6 -6.2 0.7 89 70-127 37 14.1-20.5 This study 
Hexi Corridor 39.52 97.52 -2.6 1.2 35 24-44 6 14.4-19.1 Kent-Corson et al. (2009) 
Huaitoutala 37.3 96.7 -4.3 1.1 62 40-97 19 14-15.7 Zhuang et al. (2011) 
Issyk Kul 42.36 78.23 -6.7 1.2 117 67-193 38 14.1-22.9 Macaulay et al. (2016) 
Janggalsay 38.15 86.62 -2.9 1.2 39 19-62 49 14.2-22.9 Kent-Corson et al. (2009) 
Jianchuan 26.6 99.8 -3.9 2.1 61 23-116 14 15-15 Hoke et al. (2014) 
Jingou 44.75 85.4 -7.3 1.6 149 72-269 53 14.1-22.8 Charreau et al. (2012) 
Lake Mahai 37.66 94.24 -5.0 1.9 73 45-106 4 14.5-18.6 Kent-Corson et al. (2009) 
Lao Mangnai 36.94 91.96 -1.9 0.9 28 18-40 20 14.2-22.9 Kent-Corson et al. (2009) 
Lenghu 37.84 93.36 -4.1 0.3 49 49-49 3 17.4-18.8 Kent-Corson et al. (2009) 
Linxia Basin 35.69 103.1 -6.2 0.3 91 79-105 5 14-22.5 Dettman et al. (2003) 
Lulehe 37.5 95.08 -4.3 0.1 52 50-55 2 21.1-22.1 Kent-Corson et al. (2009) 
Miran River 38.98 88.85 -3.3 2.2 49 20-96 23 14.1-22.7 Kent-Corson et al. (2009) 
Oiyug Basin 29.7 89.5 -6.8 0.4 119 101-130 7 15.1-15.1 Currie et al. (2005) 
Olkhon Island 53.15 107.2 -8.9 0.4 243 206-278 3 17-17 This study 
Pakistan Siwaliks 33.39 73.11 -10.0 0.7 642 272-1751 9 14.1-17 Quade and Cerling (1995) 
Puska 37.12 78.6 -0.6 0.2 19 15-24 21 14.1-22.7 Kent-Corson et al. (2009) 
Xiao Qaidam 37.03 94.88 -2.8 0.9 38 27-55 8 15-22.9 Kent-Corson et al. (2009) 
Xishuigou 39.49 94.73 -5.2 0.5 69 54-92 98 14.1-23 Kent-Corson et al. (2009) 
Xunhua Basin 35.9 102.5 -6.3 1.1 90 53-166 51 18.3-20.9 Hough et al. (2011) 

 



DR Table 3 (continued) 
Upper Miocene (14–5 Ma) 
Locality Latitude Longitude δ13Cc Soil Respiration n Ages Publication 
 °N °E mean 1σ  g C/m2/yr 5-95%  Ma  
Bakiya Khola 27.17 85.33 -10.2 3.0 4947 126-4969 44 6.1-10.9 Harrison et al. (1993) 
Baode 38.98 111.16 -6.4 1.0 101 63-166 147 5.3-7.3 Passey et al. (2009) 
Biger Noor 45.9 96.78 -3.8 0.8 44 34-60 8 5.7-14 Caves et al. (2014) 
Duanjiapo 34 109 -8.6 0.4 216 184-257 4 5 He et al. (2012) 
Dzereg 47.14 93.06 -7.6 1.6 161 62-363 15 5.2-13.7 Caves et al. (2014) 
Erlian Basin 44.15 114.6 -6.0 1.0 80 43-117 47 6.5-14 This study 
Haripur 30.34 77.6 -3.6 1.0 74 41-137 6 5.3-6 Sanyal et al. (2004) 
Hexi Corridor 39.52 97.52 -1.8 1.1 24 12-33 9 5.9-13.4 Kent-Corson et al. (2009) 
Huaitoutala 37.3 96.7 -3.9 1.4 45 21-82 32 9.7-13.9 Zhuang et al. (2011) 
Issyk Kul 42.36 78.23 -7.4 0.6 116 94-155 8 11.8-13.7 Macaulay et al. (2016) 
Janggalsay 38.15 86.62 -0.7 0.9 16 9-25 50 5.2-14 Kent-Corson et al. (2009) 
Jingou 44.75 85.4 -7.0 0.7 103 69-136 80 8.3-14 Charreau et al. (2012) 
Kuitan 45 84.75 -6.2 0.8 82 52-115 56 5.2-9.7 Charreau et al. (2012) 
Lake Mahai 37.66 94.24 -3.0 0.8 34 24-45 12 5.7-13.1 Kent-Corson et al. (2009) 
Lanping 26.5 99.4 -2.6 2.0 35 12-75 16 8 Hoke et al. (2014) 
Lantian 34.2 109.4 -9.0 0.5 249 169-448 42 10-15 Kaakinen et al. (2006) 
Lao Mangnai 36.94 91.96 -1.9 0.7 25 18-34 15 5.6-13.7 Kent-Corson et al. (2009) 
Lenghu 37.84 93.36 -5.0 0.3 56 52-59 3 7.9-12.1 Kent-Corson et al. (2009) 
Lingtai 35 107 -8.4 0.5 189 138-276 68 5-7.6 Ding and Yang (2000) 
Linxia Basin 35.69 103.1 -5.8 0.6 82 65-107 11 5.7-13.9 Dettman et al. (2003) 
Luhe 25.2 101.3 -3.1 2.0 37 12-62 11 8 Hoke et al. (2014) 
Miran River 38.98 88.85 1.2 0.9 7 3-17 55 5.2-13.9 Kent-Corson et al. (2009) 
Nepal Siwaliks 27.42 82.84 -9.8 2.1 457 104-1054 24 6.6-11.6 Quade et al. (1995) 
Pakistan Siwaliks 33.39 73.11 -7.6 4.1 2144 45-7935 55 5-13.6 Quade and Cerling (1995) 
Puska 37.12 78.6 -1.3 0.9 20 16-29 20 5.4-13.6 Kent-Corson et al. (2009) 
Ranital 32.17 76.09 -10.4 0.9 1042 151-2420 47 6-11 Sanyal et al. (2004) 
Taatsin Gol 45.42 101.26 -3.8 0.1 42 41-42 2 13-13 Caves et al. (2014) 



Thakkhola 28.7 83.5 -1.3 2.4 24 3-49 17 8 Garzione et al. (2000) 
Xiao Qaidam 37.03 94.88 -3.4 0.5 38 32-50 16 5.5-14 Kent-Corson et al. (2009) 
Xifeng 35.7 107.6 -6.4 0.2 103 97-111 9 5-5.3 Jiang et al. (2002) 
Xishuigou 39.49 94.73 -5.2 0.7 61 42-75 62 9-14 Kent-Corson et al. (2009) 
Xunhua Basin 35.9 102.5 -6.1 0.7 85 57-119 78 5-8.6 Hough et al. (2011) 
Zaysan Basin 47.44 85.41 -5.7 0.9 73 53-114 71 5-11.5 This study 

 
  



DR Table 3 (continued) 
Pliocene (5–2.6 Ma) 
Locality Latitude Longitude δ13Cc Soil Respiration n Ages Publication 
 °N °E mean 1σ  g C/m2/yr 5-95%  Ma  
Aertashi 37.97 76.55 2.0 1.1 5 0-15 33 2.7-5 Kent-Corson et al. (2009) 
Bajiazui 35 107 -5.4 0.3 76 66-82 17 4.6-4.6 He et al. (2012) 
Bakiya Khola 27.17 85.33 1.7 0.1 16 13-19 3 3.4-3.4 Harrison et al. (1993) 
Biger Noor 45.9 96.78 -3.5 0.6 45 34-52 6 3.5-4.8 Caves et al. (2014) 
Duanjiapo 34 109 -9.4 0.7 337 174-441 22 4.9-5 He et al. (2012) 
Dzereg 47.14 93.06 -6.1 0.4 93 79-107 6 2.8-5 Caves et al. (2014) 
Eryuan 26.2 99.8 -1.6 0.7 24 18-32 7 3 Hoke et al. (2014) 
Ganchaigou 37.69 91.04 -2.9 1.0 37 22-57 28 2.7-4.9 Kent-Corson et al. (2009) 
Haripur 30.34 77.6 -2.0 1.7 94 13-344 12 3-4.8 Sanyal et al. (2014) 
Hexi Corridor 39.52 97.52 -2.6 1.3 35 22-47 4 2.8-4.9 Kent-Corson et al. (2009) 
Huaitoutala 37.3 96.7 -3.0 1.1 38 18-51 18 2.6-4.5 Zhuang et al. (2011) 
Janggalsay 38.15 86.62 -0.5 0.6 17 12-20 5 2.9-5 Kent-Corson et al. (2009) 
Kuitun 45 84.75 -5.9 1.3 93 52-144 10 4.6-4.9 Charreau et al. (2012) 
Lake Mahai 37.66 94.24 -2.4 1.5 34 19-45 14 2.8-5 Kent-Corson et al. (2009) 
Lantian 34.2 109.4 -9.4 0.6 325 198-532 52 2.7-5 Kaakinen et al. (2006) 
Lingtai 35 107 -7.1 1.1 133 75-226 79 2.7-5 Ding and Yang (2000) 
Linxia Basin 35.69 103.1 -5.7 1.5 85 62-107 2 3.4-3.5 Dettman et al. (2003) 
Lulehe 37.5 95.08 -3.8 0.8 49 35-62 13 2.6-5 Kent-Corson et al. (2009) 
Nepal Siwaliks 27.42 82.84 -1.6 3.2 141 11-549 20 2.9-4.9 Quade et al. (1995) 
Olkhon Island 53.25 107.4 -8.6 0.5 217 189-244 2 4.5 This study 
Pakistan Siwaliks 33.39 73.11 0.6 1.4 227 12-711 17 2.7-5 Quade and Cerling (1995) 
Xiao Qaidam 37.03 94.88 -3.5 0.8 45 36-52 3 3.4-5 Kent-Corson et al. (2009) 
Xifeng 35.7 107.6 -5.1 0.8 71 46-98 58 2.6-5 Jiang et al. (2002) 
Xunhua Basin 35.9 102.5 -6.9 0.9 123 72-161 15 3.7-4.8 Hough et al. (2011) 
Zaysan Basin 47.44 85.41 -3.6 1.2 47 33-57 6 4.5-5 This study 

 
  



DR Table 3 (continued) 
Quaternary (2.6–0 Ma) 
Locality Latitude Longitude δ13Cc Soil Respiration n Ages Publication 
 °N °E mean 1σ  g C/m2/yr 5-95%  Ma  
Aertashi 37.97 76.55 2.1 0.5 2 0-5 12 1.8-2.6 Kent-Corson et al. (2009) 
Biger Noor 45.9 96.78 -2.7 0.2 31 31-32 2 0.8-2 Caves et al. (2014) 
Dzereg 47.14 93.06 -4.9 1.5 63 46-80 2 0.9-1.9 Caves et al. (2014) 
Ganchaigou 37.69 91.04 -2.8 1.3 35 19-60 26 1.7-2.6 Kent-Corson et al. (2009) 
Haripur 30.34 77.6 -1.7 1.7 43 10-91 10 1.8-2.6 Sanyal et al. (2004) 
Hexi Corridor 39.52 97.52 -3.1 0.5 35 32-39 3 1-2.2 Kent-Corson et al. (2009) 
Huaitoutala 37.3 96.7 -1.2 2.0 23 7-49 6 1.8-2.5 Zhuang et al. (2011) 
Janggalsay 38.15 86.62 -0.7 1.0 16 12-20 2 1.8-2.3 Kent-Corson et al. (2009) 
Lake Mahai 37.66 94.24 -0.7 1.2 17 12-22 2 2.5-2.6 Kent-Corson et al. (2009) 
Lingtai 35 107 -7.6 1.0 144 77-200 24 0-2.3 Ding and Yang (2000) 
Linxia Basin 35.69 103.1 -5.6 2.5 80 23-145 32 0.2-2.5 Dettman et al. (2003) 
Lulehe 37.5 95.08 -4.2 0.5 51 43-59 5 2-2.5 Kent-Corson et al. (2009) 
Nepal Siwaliks 27.42 82.84 -2.1 4.7 19 14-24 4 1.4-1.8 Quade et al. (1995) 
Pakistan Siwaliks 33.39 73.11 0.8 1.5 477 2-933 36 0.5-2.6 Quade and Cerling (1995) 
Xiao Qaidam 37.03 94.88 -3.0 1.1 35 29-42 2 1.8-2.6 Kent-Corson et al. (2009) 
Xifeng 35.7 107.6 -5.0 1.1 68 47-103 6 2.4-2.6 Jiang et al. (2002) 
Yanyuan 27.5 101.5 -6.5 1.1 103 73-128 3 2.5-2.5 Hoke et al. (2014) 
Zaysan Basin 47.44 85.41 -4.2 0.8 48 40-65 5 0.5 This study 

 


