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低温地球化学

非传统同位素

高温超导

有机食品

Heavy-element isotope effect

非传统 + time = 传统



I will pause frequently during the lecture. 
When I pause, you raise you hand to ask or answer questions.





Farquhar et al, 2000 Google citation ~1500 
by Aug. 12, 2020

December 1999

James Farquhar



d33S ≈ 0.515 × d34S
• 32S: 95.02%
• 33S: 0.75%
• 34S: 4.21%
• 36S: 0.02% d36S ≈ 1.90 × d34S

D33S ≡ d33S - 0.515 d34S

For mass-dependent processes:
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Ono, 2017



In-lecture question 1:

IRMS vs. SIMS?

2SD for D33S

LaFlamme et al., 2016

S ions; 0.1‰SF6; <0.01 ‰

LSU Bao Lab



SO2 + UV -->   SO4
2- + S(0, 8)

Wet & dry deposition

S-33 

anomaly

No O2, no O3 shield (>2.3 Ga)



Hiroshi Ohmoto

Dick Holland

http://rstb.royalsocietypublishing.org/content/363/1504/2755



Generation vs. preservation



http://geomaps.wr.usgs.gov/parks/gtime/gtime2.html

~2.3-2.5

The Great Oxidation 
Event

A sudden pO2 increase
(>10-5 PAL)



In-lecture question 2:

What’s original reason for the division 
of Archean and Proterozoic Eons?

The end of Archean Eon was never clearly 

defined by an event. Oxygenation, appearance of red 

beds, or modern-style plate tectonics have been 

mentioned.



发现 How was it discovered

当年， JF在做太阳系及陨石的问题。





Farquhar et al., 1998



Farquhar et al., 2000



Adina Paytan
University of California, Santa Cruz

Miriam Kastner
Scripps Institution of Oceanography, UC San Diego



Antler et al., 2013

33𝜃 ≡
𝑙𝑛34𝛼

𝑙𝑛33𝛼

Apparent 33𝜃 value may change due 
to different kinetics/dynamics of 
SO4 reduction.



Levitte et al 2014

∼0.508 to 0.5145 for pure cultures



但，深海的细小重晶石没有肆硫同位素的异常。

What about Archean microbes?



In-lecture question 3:

Where should Archean pyrite be plotted 
on this diagram?
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Farquhar et al, 2000



应用



2002, Sci.



Science, 2019



2013







2012 EPSL

2.06 Ga









1989

“You see what you want to see”



D33S ≡ d33S - 0.515 d34S

In-lecture question 4:

Please calculate 
Hoering’s D33S value.



“The value of the mass dependence observed for the 
Archean samples of this study do not differ significantly 
from those of Rees and Thode (1978) [predicted by mass 
dependency]”



D33S ≡ d33S - 0.515 d34S

D33Sbarite = 1.73 - 0.515 x 4.26 = -0.46‰
D33Spyrite = -3.20 - 0.515 x (-5.55) = 0.34‰



“ 优秀的人看见别人的优点”

“See the good in people and you’ll be happier”

“Good people bring out the good in people”

Name one of the best 
love quotes of all time.



15-min break



Beyond the Earth





Ono, 2017



Antler et al., 2013

33𝜃 ≡
𝑙𝑛34𝛼

𝑙𝑛33𝛼

Diagnostic or apparent 33𝜃 value may 
change due to different kinetics/dynamics 
of sulfate reduction.

Back to the starting point.







Leavitt et al., 2013









一个新主意 可检验的预测

检验

反馈 另一个新主意
数据

可检验的预测



2000, Sci.





肆硫。

叁氧？



“Try new things, even if you 
don’t know if they’ll work.”

-- Martin Karplus

But they often lead you to 
somewhere new.



Thanks


