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A.O. Nier “tuning” one of his early mass spectrometers.
(Courtesy of IsoPrimeLtd.)

In Wieser, M. E., & Brand, W. A. (2013). Isotope ratio
studies using mass spectrometry.
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: Sample Chamber . . ope .
=i T Laser ablation + GC or Cryogenic purification

e.g. 20W CO, laser (beam size >580mm) with a
pulse generator

AP

CO; extraction
ling

(e.g. Sharp 1992; Sharp and Cerling 1996)






OBJECTIVES

1/ Punctual analyses system coupled to CRDS/IRS?

2/ Field deployable?




Laser diode (25 W- emission at 880 nm ) - connected to
an optical fiber of 200 um.

- high optical / electrical efficiency (230%) Control Box (color screen data display)

- inexpensive (<2k€) - Laser parameters (time, energy, etc...)
- Sample vizualistaion
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*CaCO3 => Ca0 + CO,

\ /

— calcination reaction at « low - 900°C » temperature (NO PLASMA)




Gas outlet

Reaction chamber

Pressure gage

ICB - ISOLASER - 2020 e N\
Capteurs Cuve
Blesclon e 938 i No purification step! - direct gas collection by
pressure equilibration in sample tubes.... Or

g direct connection to IRIS/CRDS ...
Hygrometrie = 294 % \

Temperature = 246 C

Temperature = 249 C

C0O2=340 ppm
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— 8 different types of carbonate minerals

Sample Description Formula Origin ID number
1| Calcitel Speleothem CaCO, DMC nd
2| Calcite 2 Ferroancalcite CaCO, DMC nd
3| Dolomite 1 Micrite (Ca-Mg)CO, DMC 76-5
41 Dolomite 2 Saccharoid (Ca-Mg)CO, Saxony (DMC) 912
5| Siderite Macrocrystal FeCO,4 DMC nd
6| Malachite | Macrocrystal | Cu,CO3(OH), Siberia (DMC) 472
7] Rhodocrosite | Macrocrystal MnCO, Rothenberg Mine (DMC) 985
8 SDV Dolomicrite | (Ca-Mg)CO4 Noonday Fm. (USA) nd

-

013C from -18.2 to +3.3 %o

N

AN

Y4

0180 from -14.6 to -1.7 %o



https://www.sciencedirect.com/topics/earth-and-planetary-sciences/carbonate-mineral
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* CaCO; => CaO0 + CO,

o

~

» Heat affected zone = 300um to 1mm

» Locally increased Ca intensities (UXRF) reveal the presence of CaO



Histogram of calcinations events as a function of laser intensity at a constant exposure time of 5 s

Number of calcination events
on 10 laser expositions

Laser intensity on sample surface (W/cmz)

» above the specific threshold of a given type of carbonate the probability of triggering
calcinations is 100% and does not depend on impurities, grain boundaries, inclusion or
cracks.
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Laser calcination rastering

Microdrill subsamples
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Inter-calibration work flow:
Micro-drilling

Kiel IV-IRMS measurements
Check isotopic spatial distribution (e.g. maps)
Laser calcination & gas collection

Dual inlet IRMS & IRIS
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Isotopic differences between laser and classical technique

813C=0.17 £ 0.67%o
6180 =9.38 + 1.12 %o

Reproducibility comparison between wet chem-IRMS and Laser-IRMS

Number of
Number of umoero §°C |Standard | §'%0 | Standard
, . laser . .
microdrilling o % |deviation | %, |deviation
calcination
analyses VPDB| (Is) | VPDB (1o)
repeats
Dolomite 2 13
Sidérite 9] -
Malachite 13] -




d13C Laser

Equation
_| Adj. R-Square

5 | Laser+DeltaRay
Laser+DeltaRay
Laser+Dual inlet
0 - Laser+Dual inlet

y =a+ b*x
0,98937 0,99703

Value Stand. error
Intercept 1,18 0,37
Slope 1,04 0,041

Intercept -0,454 0,18
Slope 0,941 0,019

® Laser + Delta ray

® Laser + Dualinlet

-20 -15

-10 -5 0 5
d13C Acide + Dual inlet




g e | S| 0 g, | S e o
VPDB VPDB analyses
(1s) (lo)

-0,49 0,07 -14,74 0,12 24

Transvaal
Supergroup

Bushveld Complex
206Ga
Siliciclastics/volcanics
246-210Ga

Iron formation
2.50-246Ga

Carbonates
258-250Ga




Conclusions

1/ Punctual analyses system coupled to CRDS/IRS? V

(J
2/ Field deployable? ”3.

WORK IN PROGRESS
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