
Open Research Online
The Open University’s repository of research publications
and other research outputs

Is UV laser ablation a suitable tool for geochemical
analysis of organic rich source materials?
Conference or Workshop Item
How to cite:

Sestak, Stephen; Watson, Jonathan S.; Sherlock, Sarah; Greenwood, Paul F. and Fuentes, David (2008). Is
UV laser ablation a suitable tool for geochemical analysis of organic rich source materials? In: 15th Australian Organic
Geochemistry Conference, 8-12 Sep, Adelaide.

For guidance on citations see FAQs.

c© [not recorded]

Version: [not recorded]

Link(s) to article on publisher’s website:
http://arris.net.au/aogc/

Copyright and Moral Rights for the articles on this site are retained by the individual authors and/or other copyright
owners. For more information on Open Research Online’s data policy on reuse of materials please consult the policies
page.

oro.open.ac.uk

http://oro.open.ac.uk/help/helpfaq.html
http://oro.open.ac.uk/help/helpfaq.html#Unrecorded_information_on_coversheet
http://oro.open.ac.uk/help/helpfaq.html#Unrecorded_information_on_coversheet
http://arris.net.au/aogc/
http://oro.open.ac.uk/policies.html


Is UV laser ablation a suitable tool for geochemical analysis  

of organic rich source materials? 

 

S. Sestak
1,2

, J. Watson
1
, S. Sherlock

3
, P. F. Greenwood

4
 and D. Fuentes

2
 

 

1) Planetary Space Science Research Institute, Open University, Walton Hall, Milton Keynes, MK7 6AA, 

United Kingdom. 

2) Present address: Organic Geochemistry Group, CSIRO Petroleum Resources, PO Box 136, North Ryde NSW 

1670, Australia. (E mail: Stephen.sestak@csiro.au) 

3) Department of Earth and Environmental Sciences, Centre for Earth, Planetary, Space and Astronomical 

Research (CEPSAR), Open University, Walton Hall, Milton Keynes, MK7 6AA, United Kingdom. 

4) Centre for Land Rehabilitation, School of Earth and Geographical Sciences, The University of Western 

Australia, 35 Stirling Highway, Crawley WA 6009, Perth, Australia. 

 

The use of ultra-violet (UV) lasers at 213 nm wavelength (quintupled Nd:YAG) has 

opened up new possibilities for micro-probing of materials. It is possible to equate laser 

output wavelength to energy in Electron Volts (eV): 

• 1064 nm = 1.2 eV (IR),    213 nm  = 5.8 eV (UV) 

This is significant because most chemical bonds have bond energies of ~2-4 eV. 

Hence, UV laser radiation is often very effectively absorbed by organic material resulting in 

“soft” cleavage of structural units by complex photochemical pathways [1]. The versatility of 

a UV laser allows drilling deeply into transparent quartz or writing letters onto a human hair 

with no scorching [2].  

Although the literature contains several articles on UV laser ablation of polymer materials 

[3] and human tissue for surgical applications, to our knowledge there is no published record 

on organic geochemical applications for UV laser pyrolysis – gas chromatography – mass 

spectrometry (LA-GCMS). 

In this paper, we demonstrate the use of a 213 nm UV laser beam for ablating 

organic rich rocks to liberate and analyse hydrocarbon signatures. A solvent-extracted 

kerogen consisting mainly of higher plant material (Cretaceous, ca. 70 Ma) was used for these 

experiments. Initially, laser ablation work was performed off-line in a static helium cell 

followed by solvent extraction of the laser cell. The extract was then analysed using an 

Agilent 5973 GCMS system. Separate analysis of the same samples using a more traditional 

flash pyrolysis approach was performed with a CDS pyroprobe (model 2000) for comparative 

purposes. Preliminary GCMS data are shown in Figure 1. The UV LA mass chromatogram 

faithfully represents the high molecular weight (MW) distribution of the predominant higher 

plant inputs to the kerogen, and also preserves the odd over even predominance, typically 

only detected from immature plant material extracts. While the flash pyrolysis data also show 

this odd-over-even predominance, this feature is less pronounced than in the LA-GCMS 

approach. 



Figure 1: M/z 57 chromatograms for a solvent 

extracted kerogen isolate of higher plant 

material from the late Cretaceous Period, ~70 

Ma (KT Boundary, Brownie Butte, Montana). 

The top chromatogram shows the m/z trace 

for the sample analysed by conventional 

Pyroprobe pyrolysis at 610ºC. The bottom m/z 

trace is for the same sample analysed by LA 

at 213 nm. 

  

Another difference is the significant concentration of lower MW hydrocarbons (HCs) in the 

flash pyrolysis analysis formed by thermal degradation of the high MW biopolymers of the 

fossil wood, as evident from the occurrence of alkene/alkane doublets. The kerogen was 

solvent extracted prior to analysis, hence prior to pyrolysis should only contain minimal 

amounts of low MW HCs. In contrast the LA mass chromatogram shows almost no low MW 

HCs and no pyrolysis-induced alkenes. We attribute this to clean photochemical cleavage 

rather than thermal break-down of the woody biopolymers. Lack of heating associated with 

the LA analyses is supported by several laser ablation pits showing no thermal alteration 

halos. 

This preliminary study suggests that UV laser ablation is a suitable tool for analysing 

macromolecular structures of source rock macerals. This technique appears to better preserve 

structural units of the macromolecules compared to conventional and IR laser pyrolysis. 
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