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Western Australian Argon Isotope Facility
State of the art 40Ar/39Ar dating facility focused on planetary sciences

40Ar/39Ar geochronology

	The 40Ar/39Ar dating method is used to measure the age and timing of a large variety of geological and planetary processes, from meteorite samples as old as the Earth (4.57 billion years) to the age of historical events such as the Vesuvius eruption (79 AD). In planetary science, the 40Ar/39Ar method is specifically used to measure crystallisation, cooling or collisional impact ages using plagioclase and/or pyroxene crystal, or groundmass/meltrock. 40Ar/39Ar dating is carried on either meteorite or sample directly returned from the parent body (Moon and Itokawa).

	[image: image2.png]



Fig. 1: Unbrecciated eucrite Moama showing abundant plagioclase and pyroxene crystals


Principle

40Ar/39Ar dating utilises the natural decay of radioactive 40K to 40Ar. Typically, we need to irradiates the sample along with known age standards with fast neutrons in the core of a nuclear reactor. This process converts another isotope of potassium (39K) to gaseous 39Ar.
This allows the simultaneous isotopic noble gas measurement of both the parent (39ArK) and daughter (40Ar) isotopes in the same aliquot. The main advantage of Ar-Ar dating is that it allows much smaller samples to be dated, and more age and composition (e.g. Ca/K) information can be obtained from each sample.
State of the art of the argon-argon (40Ar/39Ar) technique.

40Ar/39Ar geo- and thermochronology
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 Fig. 2: laser step heating 40Ar/39Ar age spectrum from a single-grain of plagioclase from the unbrecciated eucrite QUE97053 indicating at what time the crust cooled below 300 °C. 
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The 40Ar/39Ar technique is an improved derivative of the K/Ar method, which is based on the decay of 40K to 40Ar with a half-life of ca 1.25 Ga. This technique requires that the samples are sent for irradiation in a nuclear reactor. 40Ar/39Ar dating allows the derivation of age information from a single analysis of similarly behaving isotopes. This feature enables the degassing of samples in multiple steps by incremental heating (using laser or furnace). The step-heating degassing procedure allows construction of age spectra (Fig. 2) and isochron diagrams (Fig. 2), both of which presenting powerful statistical tests of the reproducibility of a sample age. We can date crystallization (e.g. volcanic eruption, impact melt sheet), cooling (e.g. crustal cooling) and impact (e.g. meltrock formation or age of mineral resetting) events.
38Arc exposure age: 
	Cosmic-ray exposure (CRE) records the time span over which a given sample has been exposed unshielded to the bombardment by cosmic rays in the vacuum of space. 38Arc CRE ages can be obtained using the cosmochron (38Ar/36Ar vs. 37Ar/36Ar plot) here the argon isotopes necessary to construct a cosmochron have been measured during the 40Ar/39Ar analyses. The cosmochron approach allows measuring and accounting for the initial non-cosmogenic 38Ar present in the sample, and similarly to the inverse isochron, testing the reproducibility of the data.
	Fig. 3: Cosmochron diagram used to calculate the exposure age of plagioclase grains from the eucrite Deakin 010.
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Composition of the Solar Wind
The cosmochron approach for calculating the CRE can also be used to derive the 38Ar/36Ar composition of the implanted solar wind at the surface of the grain. On a cosmochron (cf. above), the y-axis intercept provides a proxy where the 38Ar and 36Ar are not produced by neutron activation of the 37Ar (37Ar = 0; Fig. 4) and are therefore a result of 38Ar and 36Ar atoms directly implanted on the surface of the material as a direct contribution from the solar wind.
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ARGUS VI & extraction line: made for extraterrestrial samples 
The Facility recently acquired an ARGUS VI (Thermofisher), a new generation low volume Multiple Collector Noble Gas Mass Spectrometers (MC-NG-MS) equipped with 5 faraday cups (4x1012 Ω and 1x1013 Ω resistors) and one CDD multiplier that has recently become commercially available, offering three advantages. Their first advantage is a better sensitivity of the new generation of CDD electron multipliers and 1012-1013ohm resistor faraday collectors. This allows the measurement of a larger dynamic range of Ar ion beam signal on much smaller (and thus likely purer) and younger sample aliquots. Their second advantage is the ability to measure the 36Ar on the CDD multiplier while other masses are measured on the faraday detectors, resulting in analytical precision one order of magnitude better than with previous generation instruments. Their third advantage is much faster sample analysis (i.e., 30-35 analyses/day compared to the current 10-12 analyses/day for single collector instruments. A new dedicated low volume Noble Gas extraction line capable of collecting and cleaning the gas extracted from a variety of samples, using a PhotonMachine CO2 laser capable of delivering a homogenous laser beam of up to 6mm wide, is attached to the ARGUS VI mass spectrometer.

	Ongoing projects: 

· Formation ages of Terrestrial impacts. 
· Sample return (Itokawa)

· Impact history of chondritic and achondritic asteroids.
· Impact record of Mars and the Moon

· Crustal cooling and igneous history of asteroid 4-Vesta

· Crustal cooling of the H-chondrite parent body(ies).
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Fig. 4: weighted mean age from 5 pyroxene aliquots from the H5 chondrite Murrili



40Ar/39Ar laboratory rates.
Categories – conventional step-heating
           Per sample (10-15 steps) exclusive of GST

	MOU partners (Western Australia Universities)
	$A 330*

	LIEF partners
	$A 495*

	ARC-funded collaborative Research
	$A 895*

	Collaborative Research
	$A 950*


* These reduce rates are for collaborative research only; i.e. resulting in co-authored publication.

Sample preparation
Sample preparation:                  from $A300 up to $A500 each** 
** Depending on sample and time required on any particular separates. Ask for price estimation.
	List of “space” minerals analysable 

Plagioclase
Pyroxenes 

Whole rocks – achondrite, meltrock

Glass –tektites, pseudotachylite, Impact glass

Amphiboles.

Sulphates – alunite, jarosite (Mars).
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Fig. 5: 40Ar/39Ar age spectrum of a single 80 µm particle brought back from the asteroid Itokawa.



	
	


	Contact

A/ Prof. Fred Jourdan (Lab director)
Western Australian Argon isotope facility

Department of Applied Geology and JdL Centre

Curtin university of Technology

GPO Box U1987

Perth, WA 6845
Office: +61 (0)8 9266 4731

Ar lab: +61 (0)8 9266 4731

Fax: +61 (08) 9266 3153

Cell phone: +61 (0)4 2417 4984

f.jourdan@curtin.edu.au

	


Mrs Celia Mayers (Lab manager)
Western Australian Argon isotope facility

Department of Applied Geology and JdL Centre

Curtin university of Technology

GPO Box U1987

Perth, WA 6845

Ar lab: +61 (0)8 9266 4731

Cell phone: +61 (0)4 0920 2764

C.Mayers@curtin.edu.au
Mr Adam Frew (Lab engineer)
Western Australian Argon isotope facility
Department of Applied Geology and JdL Centre
Curtin university of Technology
GPO Box U1987
Perth, WA 6845
Ar lab: +61 (0)8 9266 4731
Cell phone: +61 (0)4 0203 6860
a.frew@curtin.edu.au

