
 



 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 ∆47 = [(
𝑅47

𝑅47∗ − 1) − (
𝑅46

𝑅46∗ − 1) − (
𝑅45

𝑅45∗ − 1)] × 1000

• 

• 



 



′ ′









Standard  δ13C (‰ VPDB) δ18O (‰ VPDB) ∆47 (I-CDES90°C) 

Reference gas -4.670  -2.820   

ETH-1  2.02 ±0.03*   -2.19 ±0.04* 0.2052 ±0.0016  

ETH-2 -10.17 ±0.06*  -18.69 ±0.11* 0.2085 ±0.0015  

ETH-3  1.71 ±0.02*  -1.78 ±0.06* 0.6132 ±0.0014  

IAEA-C2 -8.25 ±0.02* -8.94 ±0.04* 0.6445 ±0.0021  

MERCK -41.91 ±0.02  -15.62 ±0.01  0.5151 ±0.0034  

 



∆47 (I−CDES90℃)= 𝑎 ×  ∆47 𝑟𝑎𝑤 + 𝑏

• 𝑎 𝑏

• ∆47 𝑟𝑎𝑤

• ∆47 (I−CDES90℃)



49 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 =  [𝑅𝑠𝑎𝑚𝑝𝑙𝑒
49 − 𝑅𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑔𝑎𝑠

49 ] × 104

• 

 ∆47 (I−CDES90℃) = (0.0397 ± 0.0011) × 
106

𝑇2 + (0.154 ± 0.0128)

• 

δ O18
𝑉𝑃𝐷𝐵−𝐶𝑂3

 2− =  
(δ O18

𝑉𝑃𝐷𝐵−𝐶𝑂2+1000)

(1.00871−1000)

  𝛿 𝑂18
𝐶𝑎𝐶𝑂3(𝑉𝑃𝐷𝐵) − 𝛿 𝑂18

𝑤(𝑆𝑀𝑂𝑊) + 0.27 =  −0.245𝑡 + 0.0011𝑡2 + 3.58 

• 

Species Isotope Correction factor* 

N. truempyi δ18O (Nutt + 0.10)/0.89 = Cib 

N. truempyi δ13C Nutt + 0.34 = Cib 

Oridorsalis spp. δ18O Orid – 0.28 = Cib 

Oridorsalis spp. δ13C Orid + 0.72 = Cib 

Hanzawaia ammophila δ18O (Hanz – 0.16)/0.62 = Cib 

Hanzawaia ammophila δ13C Hanz + 0.08 = Cib 



 



Standard ∆47 δ18O δ13C 

ETH-1 (N=19) 0.049 0.133 0.082 

ETH-2 (N=19) 0.033 0.148 0.070 

ETH-3 (N=95) 0.023 0.138 0.104 









‰



‰







https://www.odsn.de/odsn/services/paleomap/paleomap.html


∆𝐵𝑊𝑇 =  ∆𝐺𝑀𝑆𝑇

𝐺𝑀𝑆𝑇𝐸𝐸 − 𝐺𝑀𝑆𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒 = 𝐵𝑊𝑇𝐸𝐸 − 𝐵𝑊𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒

• 𝐺𝑀𝑆𝑇𝐸𝐸 𝐺𝑀𝑆𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒

• 𝐵𝑊𝑇𝐸𝐸 𝐵𝑊𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒

𝐺𝑀𝑆𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒

𝐺𝑀𝑆𝑇𝐸𝐸 = (2.5 × 𝐵𝑊𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒 + 12.15) + (𝐵𝑊𝑇𝐸𝐸 − 𝐵𝑊𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒)

𝐵𝑊𝑇𝑃𝑙𝑖𝑜𝑐𝑒𝑛𝑒 𝐵𝑊𝑇𝐸𝐸

∆𝐹𝐶𝑂2 = 5.32 ln (
𝐶𝐸𝐸

𝐶𝑃𝐼
) + 0.39[ln (

𝐶𝐸𝐸

𝐶𝑃𝐼
)]2

• ∆𝐹𝐶𝑂2

• 𝐶𝐸𝐸 𝐶𝑃𝐼

𝐸𝐶𝑆 =  
∆𝐺𝑀𝑆𝑇𝐸𝐸 𝑣𝑠 𝑃𝐼

∆𝐹𝐶𝑂2

• ∆𝐺𝑀𝑆𝑇𝐸𝐸 𝑣𝑠 𝑃𝐼



✕
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✕

✕
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✕ ✕
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