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Table 1

Table 1

Site name Oldest Age 
(Ma)

Youngest Age 
(Ma) MAT (°C) Original Error 

(±°C)
Error this 
study (±°C) Palaeolatitude Palaeolongitude Primary Reference Notes

Porcupine River 90-1, Organic 
bed 

15.3 15.1 8.00 1.17 8.00 68.199 -132.538 White and Ager, 1994 Pollen spores 

Nenana Coal Fm 17 14 7.50 1.00 8.00 65.113 -140.196 Liu and Leopold, 1994 Pollen spores 

Coal Creek 16 13 8.00 1.17 8.00 64.998 -140.17
Leopold and Liu, 1994; Grimaldi and 
Triplehorn, 2008 Pollen spores/insects

Purple Mountain 14.8 12.4 11.50 0.00 5.00 39.729 -113.792 Axelrod, 1995 Microflora assemblages

Tenachapi 15.5 11.8 18.50 18.50 9.50 35.303 -112.75 Axelrod, 1940 Microflora assemblages

Martha's Vineyard 16 11 14.30 5.00 5.00 39.728 -65.282 Frederiksen, 1984; Axelrod, 2000 Spores and pollen grains

West point island 15.97 5.33 12.00 1.00 5.00 -53.409 -53.643 Macphail and Cantrill, 2006 Pollen spores

Kreuzau 15.97 11.61 18.00 3.00 5.00 49.904 4.84 Ferguson et al., 1998 Pollen and plant assemblages

Engelsdorf 14.3 13.8 18.30 2.50 5.00 47.956 10.6 Böhme et al., 2007 Coexistence on fossil wood

Oberlenghart 14.3 13.8 18.30 2.50 5.00 47.958 10.666 Böhme et al., 2007 Coexistence on fossil woods

Malgersdorf 1 14.3 13.8 18.30 2.50 5.00 47.98 11.357 Böhme et al., 2007 Coexistence on fossil woods

Baden Sooss 14.7 14.2 18.50 2.50 5.00 47.516 14.805 Kováčová et al., 2009 Foraminifera

Nogradszakal 15 13.6 15.25 1.25 5.00 47.811 18.028 Erdei et al., 2007 Coexistence approach on flora

Tengelic-2 15.97 13.65 19.00 2.00 5.00 46.11 17.27 Jiménez-Moreno, 2006 Palynological analysis

Ternova 14 12.7 16.80 1.60 5.00 47.846 21.605 Syabryaj et al., 2007 fossil leaves/fruits and seeds

Deleina C-12 15 12.2 17.00 1.40 5.00 43.773 21.539 Ivanov et al., 2002 Coexistence of palynofloras

Makresh C-37 14.2 12.2 17.00 1.40 5.00 43.644 21.596 Ivanov et al., 2002 Pollen coexistence apporach

C-136A 14.9 11.61 15.40 1.80 5.00 43.427 27.041 Ivanov et al., 2007 Pollen coexistence approach

Bascayir 15.97 13.65 19.15 2.15 5.00 37.692 27.013 Akgün and Akyol, 1999; Akgün et al., 2007 Coexistence 

Milas-Kultak 15.97 13.7 18.90 2.40 5.00 36.97 27.171 Kayseri and Akgün, 2010 Coexistence on palynofloras

Isakovka 15.97 11.61 9.00 2.00 5.00 57.08 72.062 Gnibidenko et al., 1999
Magnetostratigraphic and paleobotanical 

1-OP 15.97 11.61 9.00 2.00 5.00 56.364 71.822 Gnibidenko et al., 1999
Magnetostratigraphic and paleobotanical 

Chifeng 15.97 11.61 12.00 3.00 5.00 44.137 118.63 Tao, 1997 Paleofloristic 

Shanwang 17 14 12.70 3.00 5.00 39.004 118.063 Liu and Leopold, 1994; Sun et al., 2002 Pollen and leaf flora

Yallourn 16 15 19.00 5.00 5.00 -45.558 145.768 Kershaw, 1997 (Real paper Sluiter 1995) Bioclim estimate

Yallourn 16 11.61 19.00 5.00 5.00 -45.563 145.729 Holdgate et al., 2007 (Real paper Sluiter 1995) Bioclim estimate

Sønder Vium 16 14 16.00 4.00 5.00 53.83 4.98 Larsson et al., 2011 Pollen analysis and coexistence approach

Leizhou 15 13 18.50 3.00 5.00 23.27 108.09 Yao et al., 2010
Pollen and leaf analysis and coexistence 
approach 

Zhujiangkou 15 13 23.00 3.00 5.00 24.20 111.32 Yao et al., 2010
Pollen and leaf analysis and coexistence 
approach 

Columbia River Gorge 15.8 15.3 17.00 5.00 5.00 46 116.5 Takeuchi et al., 2007 Paleosols 

Columbia River Gorge 15.8 15.3 16.00 5.00 5.00 46.5 119.3 Takeuchi et al., 2007 Paleosols

Rhine 16 14 17.00 2.00 5.00 49.30 3.06 Utescher, 2000 Coexistence on megafloras(seeds, fruits, woods)

Kangaroo Well 17 14.5 17.00 5.00 5.00 -32 129.7 Megirian et al. (2004) Sediment modelling and flora and fauna analogs

Potosi, Bolivia 17 14.5 21.60 2.50 5.00 -21.7 -62.8 Gregory-Wodzicki et al. (1998) CLAMP/Wolfe foliar physiognomic method

Fejej, Ethiopia 15 15 26.00 2.50 5.00 3.06 33.06 Wiemann et al. (1999) Wood

Latrobe Valley 17 14.5 19.00 0.00 5.00 -45 146  Sluiter et al. (1995) Coal deposits (bioclimatic prediction)

Cape Blanco, North America 17 14.5 16.20 0.00 5.00
43.78 -120.67

Wolfe (1994b) Clamp

Waeaverville, North America 17 14.5 16.20 0.00 5.00
41.62 -119.14

Wolfe (1994b) Clamp

Lantian, China 17 14.5 18.50 2.30 5.00
35.57 105.83

Liu et al. (2011) Coexistence

Dunhua, China 17 14.5 15.80 3.40 5.00
45.13 126.35

Liu et al. (2011) Coexistence

Namling Basin 17 14.5 6.80 3.40 5.00
30.91 87.24

Spicer et al. (2003) Clamp

Treubach 17 14.5 16.40 1.00 5.00
47.11 10.22

Imbrie and McIntyre, 2006 Coexistence

Popovac 17 14.5 17.85 3.45 5.00
43.11 18.40

Utescher et al. (2007) Coexistence 

Weisselster and Lausitz Basin 17 14.5 16.35 1.95 5.00
48.89 9.03

Mosbrugger et al. (2005) Coexistence

Lower Rhine 17 14.5 17.20 1.95 5.00
49.68 3.61

Mosbrugger et al. (2005) Coexistence 

Bacchus Marsh, SE Australia 17 14.5 13.00 0.00 5.00 -45 144 Greenwood (1994) LMA

Cook Inlet,
North America

17 15 11.00 3.00 5.00 62 -142 Wolfe, 1994 Clamp

Mangdan 17 15 19.65 3.60 5.00 25.81 96.56 Sun et al., 2011 LMA

Jianchuan 
17 15 18.20 3.60 5.00 28.22 97.60 Sun et al., 2011 LMA

Tengchong 17 15 20.03 3.60 5.00 25.84 96.54 Sun et al., 2011 LMA

Schrotzburg 17 15 15.50 1.75 5.00 46.43 5.91 Uhl et al., 2006 CA,LMA,CLAMP,ELPA
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Table S1.  Compilation of terrestrial proxy records from Pound et al., 2012, Herold et al., 2011, and others.  
GPLATES version 1.0.2 (http://www.gplates.org) was used to rotate back the proxy records from modern day 
to 15 Ma (Müller et al., 2008).    

http://www.gplates.org
http://www.gplates.org
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Table S2.  List of SST proxy records from MMCO (17-11.5 MA).  Table includes site name, site location, age in 
million of years (Ma), paleoclimate latitude and longitude, global MAT, methodological error (˚C), analysis used 
to estimate SSTs, and reference.    

Site Name

Table DR2

Site Location Age (Ma) Paleo-lat Paleo-lon MAT SST 
(˚C)

Error (˚C) Primary Reference Notes

ODP 1170A

ODP 1171C

M9

M11 and M12

ODP 1010

ODP 1021

AND-2A

ODP 925

Pacific Ocean below Australia 14.2-13.8 -50 147 18 1.2 Shevenell et al., 2004 Mg/Ca of surface dwelling planktonic foraminifer

Pacific Ocean below Australia 14.2-13.8 -51 149 17 1.2 Shevenell et al., 2004 Mg/Ca of surface dwelling planktonic foraminifer

Tanzania 12.2 7.37 36.70 27 2.0 Stewart et al., 2004 surface dwelling planktonic foraminfer

Tanzania 11.55 7.37 36.70 29 2.0 Stewart et al.,2004 surface dwelling planktonic foraminfer

Subtropical East Pacific 12 31.23 -114.77 27.5 1.5 LaRiviere et al., 2012 Alkenone SST

Northeast Pacific 12 39.93 -124.08 23 1.5 LaRiviere et al., 2012 Alkenone SST 

Ross Sea 15.7 -76.49 158.90 5.5 5.0 Warny et al., 2009 Fossil Cyst Dinoflagellate (Dinoflagellate Ecological Tolerance)

Western equatorial Atlantic Ocean 15.8 2.56 -40.85 28.10 1.7 Zhang et al., 2013 TEX86, SST calculated using the Kim et al., 2008 Calibration



Simulation Name and 
Records

MMCO Records
PI 
PI400
MMCO
MMCO560
MMCO800
LOW AIS
EP
EP+ORB
CCSM3.0 T31 355 ppm CO2

CCSM3.0 T31 560 ppm CO2

Table S3. MODEL EQUILIBRIUM 
DIAGNOSTICS

Residual surface energy                                        
(W/m2) 

Residual top of 
atmosphere energy                                        

(W/m2)
- -

0.17 0.15
0.20 0.20
0.14 0.15
-0.10 -0.09
-0.07 -0.05
0.06 0.07
-0.37 -0.37
-0.36 -0.33
-0.11 -0.09
-0.04 -0.06
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Figure  S1.  CESM1.0 and CCSM3.0 fully coupled atmosphere ocean Eocene simulations run at 
1120 ppm CO2 for over 3000 years. (a) CESM1.0 SST (˚C) distribution, (b) CCSM3.0 SST 
distribution, (c) and SST anomaly between CESM1.0 and CCSM3.0.  
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