Automated, Turn-key Thermochronology

The Performance Leader in Thermochronology
The Alphachron™ automated helium
thermochronology instrument is a turn-key
system for the automated extraction and
measurement of radiogenic helium from
mineral samples. The instrument integrates
a laser-heating module with a gas-handling
module and mass spectrometer, all under
computer control. The system is delivered
prefabricated and is ready to use after rapid
installation and minimal commissioning.
Australian Scientific Instruments has licensed
the technology to the Alphachron™, which
was developed by Australia’s Commonwealth
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Scientific Institute and Research Organisation
(CSIRO) and Patterson Instruments. The
new generation Alphachron™ instrument
represents the state of the art in helium
thermochronology and ASI works with
Patterson Instruments to manufacture and
support the instrument worldwide. ASI also
manufactures the Sensitive High Resoultion
Ion Microprobe (SHRIMP IIe), which sets the
standard for high precision micro-scale U-Pb
geochronology around the world.

Automated Operation
The Alphachron™ is fully automated. Up to
25 mineral samples can be loaded into the
laser chamber on an automated X-Y stage.
Helium is extracted from each sample under
vacuum by use of a noble metal (Pt or Nb)
micro-furnace heated with a 980 nm diode
laser. The extracted 4He is spiked with a
standard aliquot of 3He and the resultant
4
He/3He isotopic ratio determined with a
quadruple mass spectrometer. Comparison
with the 4He/3He isotopic ratio of a similarly
spiked aliquot of 4He from the automated
standard gas pipette system yields the desired
4
He content of the sample.
To confirm the complete extraction of all
the 4He present, the entire gas extraction
and analysis process is automatically
replicated for each sample, and the 4He
amount in this “re-extract” compared with the
system 4He procedural blank. Additionally,
mineral standards are routinely analysed with
each batch of samples to ensure complete
data integrity.
The uranium and thorium content of the
degassed mineral samples is determined by
isotope dilution with 235U and 230Th spikes, and
a conventional ICP-MS. Alternatively it can
be determined by SHRIMP analysis, typically
before analysis by the Alphachron™.

Pneumatically actuated Cu stem-tipped
valves provides effective vacuum isolation
during automatic sequencing. Each valve
is fitted with position microswitches for
immediate feedback.

Quality Vacuum components from
leading suppliers are used throughout.
Typical vacuum levels achieved are in
the < 10-8 range.

The high resolution camera with optical zoom lens, high density
bandpass filter and 25 pit sample chamber. The chamber is
mounted on precision X-Y stages for automated analyses.
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Integrated Software Control
The Alphachron™ instrument uses a powerful
software package written in LabView. This
integrates the mass spectrometer, laser diode
power supply, X-Y motion controller, video
camera and valve sequencing, all under
PC control. In addition, the user interface
allows full access to all elements of the
instrument - including the QMS (for parameter
configuration) - and operators typically become
adept within a few hours of use.

Above: The Alphachron™ control panel provides a comprehensive
overview of the system.
Below: A mimic panel is mounted on the front of the instrument and
shows the current status of valve positions via LEDs.
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The main control panel provides the operator
with all critical system data simultaneously.
Valve positions can be modified by clicking on
the valve icon, with instant feedback provided
by the attached microswitches. Sequencing
information shows not only the current
application task but also the next action in
the queue and the time remaining until that
action is executed. Details of laser power,
sample chamber position and current vacuum
achieved are all viewable within a single glance.

Precision Helium Extraction
To allow for automatic operation, the
orientation of the sample chamber is
re-calibrated after each sample loading to
ensure the correct alignment of the laser
optics and samples. A high resolution video
camera with neutral density and IR filters
monitors the brightness or “flare’ from the
lased micro-furnace, while the software

automatically adjusts the micro-positioning
of the X-Y stage to optimise heating of the
sample.
Once the sample has been sufficiently heated,
the software automatically spikes the extracted
4
He which allows the 4He/3He isotopic ratio to
be determined via the QMS.

A ‘flaring’ Sample Capsule

The camera image of Sample Pit 15. Note the 3D view in the top
right corner and temperature histograph just below. The insert
shows the camera image from a ‘flaring’ Pt capsule.
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Simple, Intuitive & Accurate
Users can create and adjust the operational
sequence of the measurement without any
previous programming knowledge. An intuitive
interface helps users manage experiments
using scripts – simple text files – that tightly
control all aspects of the system’s automated
operation. Separate scripts can also be
defined for each of the samples present on the
sample disk, allowing multiple tests on varying
samples during one automated run, without
the need for user intervention, or the loading
and reloading of samples between tests.
A simple script file showing some of the
command parameters used to automate
the extraction and analysis process.

Data from the high performance QMS is
continuously captured and recorded both
graphically on-screen and as an ASCII file.
Data is stored without limitation and is easily
imported into analysis tools such as Microsoft
Excel® for subsequent qualitative analysis.
The blank level of 4He during laser heating on
a Pt micro-furnace is guaranteed to be less
than 0.02 ncc, while the reproducibility of the
4
He/3He ratio of spiked 4He gas standards to
better than 0.35% (1 sigma).

Continuous trending of QMS scan data
provides immediate visual feedback. Manual
logging of data is user selectable even when
not operating in automatic mode.
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Radiogenic Dating
Uranium-helium thermochronology is an exciting new, highly sensitive and cost-effective
method of radiometric age dating. This can be used to determine the thermal history of the
Earth’s crust, with widespread application in both research and economic geology. Helium
dating measures ‘closure’ age rather than ‘formation’ age, reflecting the time at which the
mineral dropped below the temperature at which helium ceases to diffuse from the crystal
structure. This technology is of major benefit to the petroleum and mineral resources
industries. Users can quantitatively determine the low temperature thermal histories of
mineral belts and petroleum basins. This data is fundamental in the exploration for deposits
of minerals, oils and gas.

(U-Th)/He Thermochronology
(U-Th)/He thermochronology is based on
measuring the accumulation of radiogenic 4He
produced from U and Th decay (the production
of 4He from the decay of Sm is usually
negligible). The daughter helium is retained
until the mineral is heated to a temperature
at which its structure and helium retentivity
change. This ‘closure temperature’ varies
from mineral to mineral, providing a powerful
way to track the low temperature thermal
history of an ore deposit or petroleum basin.
Users routinely analyse apatite and zircon and
researchers are expanding the application to
other minerals, like supergene tarbuttite.

(U-Th)/He dating can be applied to geological
problems routinely encountered in mineral and
petroleum exploration. These include:
•
•
•
•

Thermal evolution of hydrocarbon
source rocks in sedimentary basins;
Orogenic uplift/denudation rates in
metallogenic regions;
Analysing fault displacement to find
buried ore deposits;
Rate of cooling and the age of
cessation of hydrothermal activity in
ore deposits.

World-wide AlphachronTM User Locations
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Application Example: Diamond Exploration
Diamond exploration can be extremely
difficult. In Australia’s tropical conditions,
kimberlite indicator minerals (e.g., G10
garnet, Cr-diopside, chromite, ilmenite) are
destroyed by chemical weathering. Elsewhere
glacial till or vegetation can obscure targets.
However, zircons, like diamonds, are “forever”
and their analysis provides both timing and
provenance information.
The CSIRO research team (Dr Brent McInnes,
Brad McDonald and Dr Noreen Evans) has
successfully used (U-Th)/He thermochronology
to detect ‘hot zircon’ originating from deep
crustal regions. This zircon is termed ‘hot’
because its (U-Th)/He signature indicates
that it spent most of its life deeper than 6 km,
with the radiogenic helium being lost from the
zircon crystals, before being transported to
the surface by the kimberlite. ‘Cold zircon’ has
a totally different chemical signature, having
spent most of its life in the cooler conditions
near the Earth’s surface and thus retained
more helium.

Double-dating technique can differentiate
zircon of kimberlite provenance; Detrital
zircons near kimberlites should have two
dominant end-member populations; Upper
crustal zircons are “cold zircons”; Low to
mid-crustal zircons are “hot zircons”.

The CSIRO team has developed a zircon
‘double-dating’ technique involving (U-Th)/He
and U/Pb dating of single zircon grains, and
applied it to samples obtained from the Merlin
Kimberlite Field in the Northern Territory in a
proof-of-concept study. The determination of
the U-Th in the double-dating can be done
using an ICP-MS instrument, or with the ASI
SHRIMP IIe, in which case it is not necessary
to digest the zircon.
If zircon samples in a regional survey are
‘double-dated’, geologists should see more of
the young hot zircon closer to the kimberlite
field. The contrast in helium versus U-Th age
between the zircon eroded from old continental
rock (cold zircon) and that eroded from a
kimberlite pipe, (hot zircon) may be a very
important kimberlitic indicator - or the only
indicator in the heavily weathered terrain. This
‘double-dating’ technique - pioneered and
proven on the Alphachron™ instrument - has
the potential to eliminate much of the guesswork
associated with interpreting indicator results
detected beneath sedimentary cover.
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McInnes et al., 2009. Zircon U-Th-Pb-He
Double Dating of the Merlin Kimberlite
Field, Northern Territory, Australia. Lithos
Volume 112, Supplement 1, November
2009, Pages 592-599.

Application Example: Petroleum Exploration
The amount of oil and gas generated in
petroliferous basins over geological time
depends on a variety of tectonic and
depositional factors. Traditionally the main
record of the evolution of a petroleum-system
has been found in the patterns of sedimentary
rocks accumulating in subsiding basins.
However, one of the most challenging aspects
of petroleum exploration is determining the
thermal history of these sedimentary basins.
AlphachronTM apatite and zircon (U-Th)/He
thermochronology, combined with fission track
and vitrinite reflectance measurements, provide
definitive temperature-time history constraints
spanning the important oil generation window.
The direct measurement of timing and
magnitude of past thermal events will not only
provide vital controls on the thermal maturation
and hydrocarbon generation history, but
also provides quantitative constraints on
the amount of section removed during
exhumation. Knowledge of these variables can
significantly improve exploration success.

Provenance Studies
Dating U/Pb and (U-Th)/He of zircons involves
measurement of both U/Pb and He ages on
the same detrital zircon crystal. This approach
provides both high- and low- temperature
ages, corresponding to crystallisation (or high
grade metamorphism) and cooling events. This
combination provides a diagnostic fingerprint
of the source terrains from which the
sediments were derived, establishes maximum
depositional ages, and constrains the thermal
histories of orogenic source regions.

Case Study: Taranaki Basin
P.V. Crowhurst, P.F. Green and P.J.J.
Kamp. 2002. Appraisal of (U-Th)/He Apatite
Thermochronology as a Thermal History Tool
for Hydrocarbon Exploration: An Example from
the Taranaki Basin, New Zealand. AAPG Bulletin
86(10), 1801-1819.
The Taranaki Basin contains most of New
Zealand’s commercial hydrocarbon reserves. The
well-constrained tectonic and thermal history
framework for the Fresne-1 well section provides
an ideal test bed for the thermochronological
technique of apatite (U-Th)/He dating. Helium
ages determined in apatites from the earlier AFTA
(apatite fission-track analysis) study decrease
from about 6 Ma at about 400 m depth to about
1 Ma at 2465 m. Although these results are
qualitatively consistent with late Miocene cooling,
quantitative modelling of (U-Th)/He ages based
on best-fit thermal histories suggests that cooling
was protracted, involving accelerated cooling
during the Pliocene, possibly indicating a discrete
Pliocene inversion phase. Integration of AFTA
and (U-Th)/He dating can provide improved
thermal history constraints in sedimentary basins,
particularly on cooling rates and/or resolution
of multiple thermal events. By independently
defining the timing of peak maturation in relation
to formation of potential trapping structures,
this information offers the potential for improved
assessment of hydrocarbon prospectivity and
reduced exploration risk.

Other Applications
The AlphachronTM instrument has
demonstrated its value in many other
applications. For example:
•
•
•
•

Thermal evolution of hydrothermal ore
systems;
Tectonic research;
Safety of nuclear waste repositories;
and many more.
Thermochronometers and Oil Generation window
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Instrument Options
The AlphachronTM is available with several options.

1. Helium Diffusion Cell
A closed-loop quartz-halogen heating cell
is available as either an add-on module to
existing systems or as a fully integrated
module built into the instrument at the time
of manufacture. The diffusion cell is designed
for the controlled release of gas over
extended periods, to accurately determine
the diffusion parameters of minerals.

2. CSIRO Dilution
StandardsStandard solutions for
the measurement of parent element
concentrations by ICP-MS can be supplied
with the AlphachronTM. These solutions are
developed by the CSIRO and consist of the
following:
• 125 ml of 50% nitric acid containing 15
ppb 235U;
• 125 ml of 50% nitric acid containing 5
ppb 230Th;
• 125 ml of blank 50% nitric acid;
• 5 ml of 10% nitric acid containing 25 pbb
U and 25 ppb Th; and
• Apatite mineral standards (Durango 31 ±
1 Ma and Tuvatu 3.4 ± 0.3 Ma).
• The above quantities are sufficient for
over 100,000 samples!
• Supply of these standards may be
dependent on obtaining an export licence
and shipping approval.

The Helium Diffusion Cell.

4. Extended Support
The AlphachronTM comes with a 12 month
return-to-base warranty. If desired, a further 24
months of extended support can be included
with every instrument for a total of 3 years
support. It is also possible, in conjunction
with Patterson Instruments, to arrange for
post-installation scientific visits. These visits
can be utilised for further training, assistance
with ongoing maintenance tasks or even for
scientific collaboration.

3. Dry Pumping
The standard AlphachronTM is shipped with
a rotary vane roughing pump and matching
turbomolecular pump. It is possible to
upgrade these to an oil-free diaphragm
backing pump with matching hybrid turbo.
This upgrade removes the maintenance
requirement of an oil based roughing pump
without impacting the quality of the vacuum
achieved.
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An oil free diaphragm backing pump.

Alphachron™ Specifications
Performance
•

Gas analysis reproducibility < 0.35%
at 1 sigma;
• Background level of 4He < 0.02 ncc;
• Resolution 0.5 amu (10% level);

•

•
•

Features
•

•
•
•

Quadrupole mass spectrometer (QMS);
• Range of mass magnitude: 1-100
amu (1-50 amu option);
• Detector: Faraday/SEM;
• Detection limit: < 2x10-11 mbar;
• Sensitivity to Ar: > 5x10-4/200A/
mbar;
High vacuum system with getter pumps,
ion pump and turbo pump;
Stainless steel high-vacuum line with
automatic and manual valves;
Automated X-Y laser stage with highprecision alignment and vision system.

•

•
•
•
•
•
•

30 W 980 nm diode laser co-aligned with
vision system and housed in an interlocked
safety shield for operator safety;
25 sample capacity laser chamber with
sapphire window;
Three stainless steel gas pipettes with
automated valves that deliver 3He spike,
an analytical 4He standard, and a 4He
reference standard;
Control computer and Alphachron™
system software and drivers for sample
location and alignment, laser automation,
gas handling and measurement of
radiogenic helium;
Installation and on-site training;
Comprehensive instrument manuals;
Option: Helium diffusion cell (Max.
operating temperature 600°C);
Option: Isotope dilution standards,
supplied by CSIRO;
Option: Dry pumping system;
Option: Extended 2 years support
agreement.
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