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δ = (R/Rref) -1

δ’ = ln (R/Rref)

We are looking at a very small difference, i.e. a 

normalized ratio or a ratio of two ratios.

稳定同位素的δ概念

相对于化学反应的浓度等参数来说， δ已经是个高维度的概念了。



d18O, d34S, d15N, d13C, d37Cl...

Traditional



d7Li, d57Fe, d201Hg, d65Cu, d80Se...

Non-traditional



High-dimensional

(高维度）

D17O, D33S, D199Hg, 

D36O, D47, D
13CDH3, D

12CH2D2, 

SP (N, C, S), 

Θ, Z, ...



The third eye:
Perception beyond ordinary sight



Air





When it comes to China, especially the North China Plain,

All models predict much lower SO4 production rate than the observed.
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However, these attempts are probably one of the many 

possible solutions to the discrepancies. 

Model revision: 

Too many knobs (adjustable parameters)

Independent tests of the atmospheric sulfate 

chemistry models are imperative.



Atmospheric sulfate Oxidants Sulfate D17O

SO2 oxidation (secondary) O3 (aq) ~ +10

H2O2 (aq) ~ +0.9

OH, HO2 (gas or aq) ~0

O2 + metal ions ~0

organic peroxides ?

NO2 ?

Primary sulfate O2 ~0

Physical removal of SO2 +      

surface oxidation probably H2O, O2 ~0



SO4
2-
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High-dimensional S and O isotope 

signatures in atmospheric sulfate
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Water



http://i.imgur.com/kVfJUOD.jpg
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Evariston et al., 2015 http://www.pitt.edu/~mabbott1/climate/mark/Current_Research/NOCA/noca.html



Luz & Barkan, 2010, GCA

Water on Earth



The triple oxygen isotope exponent for different mass-
dependent processes is measurably different.

θ ≡ ln17α/ln18α
(θ varies mostly in the range of 0.51 to 0.53)

B. Luz, A. Angert, E. Young, R. Tanaka, A. Pack, N. Levin, B. Passey, Z. Sharp, S. 

Assonov, J. Kaiser, D. Rumble, M. Miller ……

E. Young, E. Schauble, Y. Liu 



δ'17O

δ'18O
Seawater

Equilibrated vapor

Vapor transport and 

precipitation in closed 

Rayleigh Distillation style

S = 0.528

Initial vapor due to

degrees of relative humidity 

in source regions

Diffusion

θdiff =0.518

Bao et al., 2016, AREPS



Landais et al., 2010

“The influence of large-

scale processes on the 

isotopic composition of 

water vapor (conditions at 

the evaporative source, 

convection and recycling 

along trajectories) can 

explain the second order 

difference between the 

two proxies. “

Africa Monsoon precipitation



Soils



McMurdo Dry Valleys, Antarctica

Bao et al., 2000; 2005; Bao & Marchant, 2006; 





http://www.chemistryland.com/CHM107/Water/WaterTutorial.htm

http://news.jongo.com/articles/07/0821/30781/

The nitrate problem

http://news.jongo.com/articles/07/0821/30781/


Manure and septic waste

Atmosphere precipitation

Desert deposits

NO3
- in one dimension: d15N



NO3
- in two dimension: d15N + d18O



We need an extra dimension!



NO3
- in two dimension: d15N + d18O + D17O

D17O



D17O

d15N, d18O

+30

0

Atmospheric nitrate 



A 3rd example: the perchlorate issue



Perchlorate ion: ClO4
-



Primary oxidizer in the solid propellant for rockets and missiles 



Active mining field

Chile was a major nitrate exporter



Source of perchlorate contamination:

Contaminated groundwater 

or fertilizers originated from Chile?
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A 4th example in soil related:



Four types of “high dimension”



H1: 

Relationships among multiple stable isotope compositions 

of the same elements (e.g. δ18O and δ17O for O, δ34S, δ33S, 

and δ36S for S)

*constant force

constant force
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D33S ≡ d33S – 0.515 d34S

d’17O = 0.5305 × d’18O

D17O ≡ d’17O - 0.5305 × d’18O

d33S = 0.515 d34S



H2: 

Relationship among “site-specific” stable isotope compositions 

(e.g. δ15Nα versus δ15Nβ in NαNβO or N2O in which the Nα is only 

boned to Nβ, not to terminal O in this linear molecule)

Nuclear Magnetic 

Resonance Spectroscopy



H3: 

Distribution among multiple isotopologues of a molecule 

or an ion (e.g. 12C16O16O, 12C16O18O, 13C16O18O for CO2, 
16O16O, 17O16O, 18O16O, 17O18O, 18O18O for O2)



E.g. Clumped isotope systems

The temperature-dependent mass-47 anomaly (∆47) describing the 

enrichment of 13C18O16O in CO2 relative to the stochastic 

(random) distribution is defined as follows:

Applications: Geothermometer; Modern atmospheric CO2

source apportionment;

Others: 18O18O, 15N15N, 13CH3D, ...



Clumpness in non-labile molecules: O2, N2, 

CH4, ...

16O16O, 16O18O, 18O18O
14N14N, 15N14N, 15N15N
12CH4, 

12CH3D, 13CH4, 
13CH3D, 12CH2D2, 

13CH2D2, 

…



H4: 

Relationships among isotope compositions of two or more 

elements in a compound (e.g. δ34S and δ18O in SO4
2−, δ15N 

and δ18O in NO3
−, δ56Fe and δ34S in FeS2, δ

30Si and δ18O in 

SiO2, or δ44Ca, δ13C, and δ18O in CaCO3).

Examples of polyatomic molecules or ions: H2O, CO2, 

SO2, CH4, N2O, SiO2, CO3
2–, SO4

2–, NO3
–, ClO4

–, PO4
3–, 

...

A classical example: Meteoric Water Line (MWL)

Observation: dD ≈ 8d18O + 10



http://web.sahra.arizona.edu/programs/isotopes/oxygen.html



Granger et al., 2010



Aharon and Fu, 2003



Looking into higher dimensions





δ = (R/Rref) -1

δ’ = ln (R/Rref)

We are looking at a very small difference, i.e. a 

normalized ratio or a ratio of two ratios.

稳定同位素的δ概念

相对于化学反应的浓度等参数来说， δ已经是个高维度的概念了。



4.2 θ 和 Ζ

θ=ln17α/ln18α, =ln33α/ln34α

一种化合物或一个确定的过程的一个同位素系统的内在性质。

Ζ= ln18α/ln30α, =ln18α/ln34α

一种化合物或一个确定的过程的两个不同同位素系统的内
在性质。SO4

2-, NO3
-, SiO2, …

高维同位素的intrinsic关系









Akimoto, 2016
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