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What are Clumped Isotopes?

Principle Explained
/"
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“Classical” Isotopes of CO,: 44, 45, 46
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“Clumped” Isotopes of CO,: 47, 48
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Double substitution
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Clumped” Isotopes of CH,
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HOW are Clumped ISOtopes useful? SCIENTIFIC

* The degree of “clumping” of heavy isotopes in
molecules is solely temperature dependent in
thermodynamic equilibrium

« Deviation from equilibrium clumping indicates kinetic
fractionation processes or mixing with non-equilibrated
sources.

 Clumped isotopes add new dimensions to the classical

Isotope signatures and open new dimensions in for
Instance source apportionment and process identification.
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Analytical Setup

Thermo Scientific™ 253 Plus™ 10 kV IRMS
Thermo Scientific™ Kiel IV Carbonate Device

Clumped Carbonate
Analysis
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Thermo Scientific™ Qtegra™ Intelligent
Scientific Data Solution (ISDS) Software

Thermo Scientific™ Ultra™ HR-IRMS

Clumped Methane
Analysis



Clumped Carbonate

Principle and Applications
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Clumped Carbonate: Typical Samples

Limestone Forminifera Speleothem
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Clumped Carbonate: Thermometry (A,-)
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Dual Clumped Carbonate Thermometry (A,; - Ayg)
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Deciphering Kinetic Biases
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ORIGINAL RESEARCH article

Front. Earh Sci, 22 September 2021

250

‘frontier "
- S w
. /
. In Earth Science |
| - Using Clumpeq Isotopes to Reconstryct the "'
Partial ‘Equilibrium: Re-ordering axi . ;
- Par . _Equilibrium Mum Buria| Temperatyre- AC ; |
- Stable ;Re.grdermgg A~ Sichuan Basin . ase Study Inthe | ,‘
i / \ Pingping Lj:2», Jinbao Dyan:, Zhona>+.- ilable at ScienceDirect *‘
] g \ IState Key . - ontents lists availa |
200 H ! : Q“ X Y Laboratory of pe C: . Letters |
™ ] . R v d Planetary Science |
&) 7 ;o 5 R T - rth an ‘.
L - ,/ I \\\: -.E.A_ - — Ea covior.comlocateleps! i
] ! 4 ~ www.else w‘
8 1507 // i’ \\“‘\ d |
7 Pz N . lift an ‘\
% . / : S ke constraints on burial, up ?
B ; : e isotope u \
o ' // r' / Zarbonate clumpeq 1:%f tphe Colorado Platea :l
o 100— / 14 :Xhumation historie ler®
E _ /; I l i K ond h- John M El f Earth Sciences, Israel .
@ _ /" - d /! Iri Ryb a* Max K. sy et e Hmmc;';:-';,s:;;:,‘i;i"‘dSmm of America
_ ! H . , University Oﬂf‘msa.‘em llege of Earth and M'"e.'z
I_ — / : / - 4 : Icite Hebrmlinm Sate University, Col Ufuted States of Americ
50 ] /Ié T + -: o - T"\‘ﬂ_ca g'[‘:f‘;:'n‘i,ﬂ!nsmmeo{TeCh"dow
-4 _ -Dolomite
7 i/ § - T.\-t?
-1/ v 5
[ NS —_—— ; )
- N s e e s e e “The case Study [...] suggests that A47 can
T 1 I
% I e ' 100 50 0 be used to rec
250 200 150
Geological Time (Ma)

onstruct the MBT of

ancient carbonate Strata lacking Vitrinite
and detrital zircon data.”

i -2022
13  darren.tollstrup@thermofisher.com | October-2



ThermoFisher
SCIENTIFIC

=)

s

Clumped Methane

Principle and Applications

,

\
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Clumped Methane: Typical Samples

Wellhead gas Shale gas Gas hydrates Surface vents
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Conventional Methane Analysis

Source

discrimination
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Clumped Methane Analysis

Refined source
discrimination

Assessing
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The Benefit of High Resolution IRMS
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Clumped Methane GeOthermometry SCIENTIFIC

Experiments
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Clumped Methane: Geothermometry
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ClumpEd Methane GeOthermometry SCIENTIFIC

Clumped Methane Fluid Inclusions
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Clumped Methane: Source Discrimination
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Clumped Methane: Source Discrimination
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Clumped Methane: Identification of Formation
Mechanisms
Maturation
and
equilibration
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Clumped Methane: Assessing Maturity
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Clumped Methane: Safer Carbon Capture and Storage

Clumped Methane O13C vs. CO,/*He
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Future Perspectives: Clumped Hydrogen

AlZCHZDZ (methane) [%0]
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Clumped Hydrogen

Principle and Application Fields
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Clumped Hydrogen: Thermometry
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Clumped Hydrogen: Application Fields
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Clumped Nitrogen

Principle and Application Fields
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Clumped Nitrogen: HR-IRMS Mass Scan
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HR-IRMS enables full peak separation of species which share the same cardinal mass.
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Clumped Nitrogen: Application Fields
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atmospheric
value

recent global
denitrification flux

A,\

30,thermosphere
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Modelling of thermospheric
A,, constrains global
denitrification rates.
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WHITE PAPER 30767

Clumped isotope analysis of methane using HR-IRMS: \

New insights into origin and formation mechanisms of
natural gases and @ potentia\ geothermometer
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Thank you

Questions are welcome!
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