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1. EXECUTIVE SUMMARY
1.1

The Value of a SHRIMP IV Resource

The SHRIMP IV is the most recent commercial version of the family of SHRIMP SIMS instruments
developed at the Australian National University’s Research School of Earth Sciences. The SHRIMP
family of instruments are the only SIMS instruments specifically designed for isotopic and chemical
measurements of geologic materials. The SHRIMP IV, which is capable of operation in positive and
negative ion modes, sets the standard for the highest sensitivity, high-resolution SIMS instrument, for
analysis of both light and heavy isotopes. The advanced design of the SHRIMP IV electronics and
software, combined with the elegant Matsuda ion optic design results in an instrument which is easily
operated and maintained.
The SHRIMP has the high secondary ion transmission necessary to detect trace elements while
maintaining the high mass resolution required to resolve the many molecular interferences that result
from chemically complex minerals. The operation at high transmission with a mass resolution
sufficient to distinguish MREE from LREE oxides, and Pb from Hf dioxides makes the SHRIMP
ideal for low level trace element analyses of geologic materials and U-Th-Pb geochronology.
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The SHRIMP IV allows in situ isotopic near-surface analysis of chemically complex solid materials
with a spatial resolution of <5 to 30 micrometers. It can be used for routine measurement of the
isotopic composition of, for example, Pb, U, Th, O, S, C, Mg, Ca, Ti, B, Li, Si and Cr, and the
abundances of most elements in the periodic table (figure 1.1) in geological, cosmochemical,
experimental, or industrial samples.
The different behaviours of various chemical elements in the SIMS sputtering process mean that it is
difficult to measure elemental ratios that are accurate to better than a percent. For isotopic ratios,
however, reliable sub-permil precision can be gained by using a multicollector. The SHRIMP can be
fitted with a multicollector either at the factory or as a post-installation upgrade. This allows subpermil resolution for isotopic ratios of C, O, S, and other geologically interesting elements. The use
of charge mode electrometers allows the minor isotopes of 36S, 17O, and 13C in carbonate to be
measured using a faraday cup instead of an electron multiplier, even though the countrate is only a
few hundred thousand cps in most cases. The use of high-sensitivity Hall probes instead of NMR
allows for multiple isotopic systems (O, S in sulfates, O, C in carbonates) to be analysed in a single
analytical spot via field switching. These unique features of SHRIMP increase precision,
reproducibility, and uptime, while lowering operational costs.
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Figure 1.1 | The SHRIMP IV Table of Elements
The SHRIMP control software is easily adaptable for remote or autonomous operation. Users
situated within a few hundred kilometres of the instrument, using a normal broadband internet line
experience the instrument as being ‘in the lab next door’, as convincingly demonstrated at the
Goldschmidt 2006 conference in Melbourne. Melbourne is 800 km (500 miles) from Canberra, and
users were able to drag the sample stage around with the mouse, and view the movement of the stage
in real time over the web, and to tune the instrument and optimize its parameters. Remote operation
is routine, and SHRIMP instruments on both coasts of Australia have been operated from the USA,
Europe, and China, while the SHRIMP IIe at CAGS in Beijing, China has been operated from
Europe. Once an analyst selects the targets of interest for the SHRIMP to analyse, the analysis can
take place automatically. The SHRIMP auto-analysis software uses optical recognition to find the
correct area of a mineral grain to analyse, and automatically monitors and adjusts the tuning
parameters necessary for ideal measurements. Running under automation, the SHRIMP has analysed
several hundred spots continuously, without human intervention, over a period of up to four days.
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1.2

Introduction to the SHRIMP

The SHRIMP (Sensitive High Resolution Ion MicroProbe) instruments are all Secondary Ion Mass
Spectrometers (SIMS). SIMS make in situ isotopic and chemical surface analyses of solid targets by
bombarding the sample with a high energy ion beam with a diameter of only a few microns. The high
mass resolution of the SHRIMP IV is achieved by the use of a large double-focusing mass
spectrometer (simultaneous energy and mass refocusing) with a very large (1000 mm) turning radius
magnet and electrostatic analyser.
The first SHRIMP was built in 1980 at the Australian Nation al University, where it operated for 30
years. In 1990, the SHRIMP II was built, with improved ion transmission from the sample to the
mass spectrometer. This instrument was then offered for sale commercially by ASI. The ANU
proceeded to build a SHRIMP III, better known as SHRIMP RG, for tackling analyses requiring very
high mass resolution. In 1999, the SHRIMP II was fitted with a multicollector to allow simultaneous
detection of multiple ion beams.
In the mid-2000’s the SHRIMP II at the ANU was fitted with a Cesium source and electron gun for
charge neutralization, in order to allow the stable isotopic analysis of anions. At the same time, the
SHRIMP II instruments produced at ASI were enhanced by advances in electronics and
communications technology, giving rise to the SHRIMP IIe. This control & electronics enhancement
was sufficiently popular to have been retrofitted to all older SHRIMP instruments. The ANU has
now developed the SHRIMP SI (stable isotope) , designed with a harder source vacuum, a smaller
primary spot size, and improved ion optics, to allow better measurement of stable isotopes,
particularly the minor isotopes.
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ASI is commercializing the SHRIMP SI as the SHRIMP IV, which combines the improved ion optics
and source vacuum of the SHRIMP SI with the flexibility and reliability of the SHRIMP IIe.
The SHRIMP IV, like the SHRIMP IIe, has two main variants;
• The single-collector SHRIMP IV, which is optimised for Pb-U geochronology and trace
element analysis. It can analyse species in the range 6 <= M <= 350 AMU (1 AMU with high
sensitivity Hall probes), one species at a time, moving between masses by stepping the magnet
field;
• The multi-collector SHRIMP IV, with the Advanced Multicollector (AMC). The AMC,
developed from the SHRIMP SI multicollector, can measure up to 5 masses simultaneously,
and is capable of simultaneous operation with Faraday cup and electron multiplier detectors..
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Figure 1.3 | Canadian Geological Survey
SHRIMP II, which has recently celebrated
its seventeenth year of successful operation,
with a major upgrade to its electronics. Note
the gantry crane used for installation and
maintenance activities.

The SHRIMP IV and SHRIMP IV/MC can operate in positive or negative ion mode, for the analysis
of species such as Pb+ and U+ (positive mode) and O- (negative mode), when coupled with the
appropriate ion source (duoplasmatron, cesium gun). The SHRIMP IV can be upgraded with a multicollector by replacing the single collector, at any time.
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The operating principle of SHRIMP IV is quite simple. A high-energy (10 kV) beam of ions (usually
O2-) is focused onto a small area (<30 µm diameter) on the surface of the target. The ion
bombardment erodes (sputters) atoms and molecules from the target, some of which are themselves
ionised. These secondary ions are gathered using electrostatic lenses and transferred to a mass
spectrometer, in which they are separated according to their relative masses. Because the viewing
optics utilize short focal distance Schwartzschild optics, the coincident visual and ion optical foci
allow intuitive alignment of the sample.
A limiting factor in the accuracy of all ion probe analyses is the mass spectrometer’s ability to
distinguish between (resolve) secondary ions of atoms and molecules that are extremely similar in
mass (isobars). In the secondary ion spectra of complex compounds, isobars with fractional mass
differences of <3 x 10-4 are common. The high mass resolution of SHRIMP IV is achieved by the use
of a double-focusing mass spectrometer (simultaneous energy and mass refocusing) with a very large
turning radius (magnet radius 1000 mm, electrostatic analyser radius 1272 mm). The resulting
instrument has a beam line over 7 m long and weighs more than 12 tonnes.
The quality of the instrument can be assessed by its sensitivity (ability to detect trace elements present
in the target at low concentrations) and mass resolution (ability to distinguish between ions of very
similar mass). The SHRIMP IIe and IV have the highest sensitivity at high mass resolution of
any commercial ion microprobe.

1.3

Differences Between SHRIMP IIe and SHRIMP IV

The SHRIMP IV has been developed from the innovative SHRIMP SI (Stable Isotope) instrument
developed by Professor Trevor Ireland for analysis of Hayabusa samples, while retaining the ease of
maintenance and use of the SHRIMP IIe instruments.
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While the SHRIMP SI was designed only for analyses if the stable isotopic composition of negatively
charged ions, most general ion probe labs are interested in a greater range of applications. In
addition, the SHRIMP SI front end, designed for ultra-high vacuum analyses of meteorite and deep
space sample return specimens, has been redesigned to match the high reliability and ease of use of
the workhorse SHRIMP II instrument. To achieve this, the SI ion optics are housed in a SHRIMP II
style vacuum envelope for ease of access for construction, alignment, maintenance, cleaning, and
repair. The ability to float the primary column and allow duoplasmatron ion sources was also added.
The SHRIMP IV primary column retains the downstream end of the SHRIMP SI ion optic design.
This results in enhanced demagnification for both Kohler and critical illumination modes, for submicron spot sizes. It also has provision for enhanced rastering of the primary beam. The secondary
column has a quadrant extraction plate, to optimise steering of the secondary ions into the optics, and
an improved quad-triplet lens assembly for higher throughput. The upstream part of the column
contains a Wien filter, zoom lenses, and an extraction electrode suitable for both duoplasmatron and
cesium gun operation.
The SHRIMP IV has adopted the redesigned steerable extraction and beam transfer system of the
SHRIMP SI, while changing the housing to a larger chamber with a lid. This will allow for speedier
maintenance, troubleshooting, and pumpdown. Better vacuums in this chamber are achieved by the
use of more high temperature materials in the source chamber box, allowing more aggressive baking
of the chamber.
The dual airlock and external stage of the SHRIMP SI are redesigned for simplicity, lower
maintenance, and effectiveness
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By incorporating the improvements and innovations of the ANU SHRIMP SI into the SHRIMP IV,
ASI has created an instrument with the high reliability, flexibility, ease of use and ease of maintenance
of the SHRIMP IIe with the superb stable isotope performance of the SHRIMP SI.

1.4

Support

1.4.1 Training
A mass spectrometer is only as good as the people who use it. ASI will train customer scientific and
technical personnel in the operation and support of the instrument. This training will include:
•

•

Access to evaluation, research and training time on the Geoscience Australia SHRIMP IIe – in
which ASI retains a share of time, for customer support, evaluation and training, and
development of techniques for SHRIMP geochemistry;
Comprehensive training of scientific and technical staff in the operation and maintenance of
the SHRIMP IV/MC by ASI and ANU scientists and engineers;
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•

Support in the design and development of the SHRIMP IV/MC facility, and advice on the
provision of associated equipment (the procurement of which can also, as an option, be
managed by ASI);

Figure 1.4 | Participants at the 2008
SHRIMP Workshop in St Petersburg.
Previous workshops were held in Perth (2006),
Hiroshima (2004) and Canberra (2002). The
2010 workshop was held in Beijing. These
provide a very useful forum for dissemination of
techniques, and strengthening the SHRIMP
user community, and are supported by ASI.

Facilitation of links between customer scientists and the SHRIMP community of scientists,
through mechanisms such as the biannual SHRIMP workshops, close collaboration in the
development of data processing software (SQUID 2), and encouragement of links to ANU
researchers;
• Maintenance of a comprehensive set of spares;
• Rapid response from ASI engineers via email and phone support, remote internet access to
the SHRIMP IV/MC for fault finding and instrument tuning, and site visits as required;
• The option of an extended warranty for the SHRIMP IV, coupled with a follow on
maintenance agreement.
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•

The aim of ASI is to ensure that all SHRIMP instruments operate to their potential. Users find the
instruments to be highly reliable, and straightforward to maintain and operate. Laboratories are able
to achieve 300 days per year of 24 hour operation, and to support the instruments with very little need
to call upon ASI resources.

1.4.2 Collaboration with the Australian National University
ANU Enterprise Pty Ltd (of which ASI is a subsidiary) is a wholly-owned company of the Australian
National University and works in close cooperation with the University staff. The ion microprobe
research group at the Research School of Earth Sciences (RSES) has been, and will continue to be,
involved with ASI at the highest level in development, fabrication and testing of all new
SHRIMP IV/MC instruments and peripherals. Their major research effort remains devoted to the
innovative design and applications of new ion probe analytical techniques.
Through purchase of the SHRIMP IV/MC, the customer will enjoy access to the RSES research
group and to ASI’s own design staff. Customer scientists will be kept abreast of all developments,
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including those in computer software, and will have the option to customise their instrument by
purchasing accessories that will be made available when they are successfully tested by ASI or RSES.
ASI is also prepared to negotiate supply of untested accessories on the basis of a joint development
agreement with the purchaser. These would be supplied without a performance warranty.
It may also be possible for ASI to facilitate post-doctoral researchers to work for periods of up to 12
months within the Research School of Earth Sciences (RSES) at the Australian National University,
undertaking SHRIMP-based work applicable to the customer’s research interests. During the period it
is expected that the researchers would become intimately familiar with all aspects of SHRIMP IV
operation, from sample preparation to routine equipment maintenance and data reduction. This
proposal would need to be negotiated with the ANU and funded separately, but ASI would normally
expect it to be undertaken during the construction phase of the SHRIMP IV, in preparation for use of
the instrument at the customer’s facility, and to allow the customer’s scientists to participate in the
factory acceptance testing of the SHRIMP IV/MC-S.
This proposal includes costing for on-site post-installation support for one trip of ten days duration
by an ASI scientist to undertake research work and/or instrumentation characterisation on the
installed SHRIMP IV with the customer’s scientists. This is intended to provide in-depth support to
the customer’s research community for specific research programs of interest to the customer, and to
facilitate interaction between the customer, ASI and RSES.
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This proposal also includes costing for two researchers to attend the 2014 SHRIMP Users Workshop.
This is intended to allow the users to liaise with the established SHRIMP user community and
establish links to support further work.
ASI is able to offer this scientific and research training because of the close relationship between ASI
and the Australian National University, and the importance ASI attaches to the opportunity presented
to supply and install an instrument. These three levels of training and support will ensure that the new
SHRIMP facility will become a productive component of the world SHRIMP community, and
facilitate the utilisation of the SHRIMP for materials and geological research and commercial
geological services into the surrounding region.
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Figure 1.5 | St Petersburg
SHRIMP IIe/MC installation,
showing the primary column and
sample area (right), electrostatic energy
analyser (middle), magnet and multicollector (left) and operator console
(front). The machine may be operated
from a separate room for operator
convenience, or via the internet, from
anywhere on the planet.

1.4.3 The Facility
ASI will work closely with the customer staff in the development of the SHRIMP IV facility. Typical
SHRIMP installations are situated in a climate-controlled laboratory with an overhead crane
permanently available. Adjacent to the SHRIMP laboratory, a separate room typically contains the
remote operation console for the instrument, while researchers and visitors also require some office
space for data analysis, discussion and administration.

Australian Scientific Instruments | Budgetary Proposal

A typical SHRIMP facility also contains a suite of instruments and equipment for sample preparation
and characterization, which are typically housed in separate rooms. The instrument accommodation
will be provided by the customer, with the areas, floor loading, air conditioning, water and power
supplies meeting the requirements outlined in this proposal.
ASI can support customers in the selection of suitable sample preparation and support equipment,
based on the experience of ANU scientists and other SHRIMP customers. The SHRIMP IIe and
mineral separation facilities at Geoscience Australia are an excellent example of a suitable SHRIMP
facility for geological and planetary applications.
The resulting facility will enable the customer to undertake world-class research in planetary materials
characterization, terrestrial oxidation state changes, the provenance and correlation of sedimentary
rocks, timing of fluid inflows to reservoir rocks, ages of magmatism, ages of mineralisation for
improved targeting of mineral exploration, links between mineralisation and other geological
processes, such as identification of fundamental geological boundaries.

1.5

Applications of the SHRIMP Instrument

The SHRIMP is the most productive geochemical instrument of its class. It is designed for
continuous round-the-clock data acquisition in order to maximize scientific returns. The simple ion
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optics and robust design results in ease of operation and instrumental setup compared to other ion
probes. It is a highly versatile workhorse for a wide range of geochemical and geochronological
investigations, including:
• Unravelling the history of complex metamorphic terranes.
• Tracing crustal growth and recycling through geologic time.
• Examining stellar nucleosynthesis.
• Determining paleoseawater temperature.
• Calibrating the Palaeozoic time-scale.
• Dating of the Earth’s oldest crust.
• Examining the oldest zircons in the solar system.
• Measuring trace elements in diamond inclusions.
• Investigating Ti isotopic ratios in meteorites.
• Analysis of microscopic samples of nuclear fuels to determine fuel history.
• Measurements of the concentration and distribution of trace elements within individual grains,
mineral inclusions, and teeth.
• Measurement of chemical and isotopic diffusion rates.
• Partitioning of elements between phases, and dissolution rates of minerals.
Never-the-less, there are two main types of analysis which dominate current SHRIMP usage. These
are isotope ratio determination, and uranium-lead geochronology. These analytical techniques can be
used to solve a wide variety of geologic, environmental, or technological problems.

Australian Scientific Instruments | Budgetary Proposal

1.5.1 Isotope ratio determination
The single collector SHRIMP IV can achieve sub-permil level precision using peak-switching analyses
under ideal conditions, but the use of the multicollector is advised for maximizing performance. For
electronegative elements such as O, C, and S, a cesium source and charge neutralization electron gun
are used to increase ion yield. The SHRIMP IV’s high mass resolution and sensitivity allow it to avoid
mass interferences and perform analyses quickly and precisely. The use of charge mode electrometers
allows Faraday cup measurements of minor isotopes such as 17O, 36S, and 13C in carbonates, where Cemission is greatly suppressed relative to oxygen-poor phases such as carbides.
In particular:
• The advanced magnet field control system ensures a highly stable beam at low masses;
• The multi-collector allows simultaneous measurement of up to five channels, with choice of
Faraday cup or electron multiplier detectors on a per-channel basis;
• Advanced electrometers provide superb low noise performance, with computer configurable
feedback resistor or capacitor setting, to optimize sensitivity and settling time for a given set
of measurements;
As research interests have moved beyond geochronology into areas of thermo-chronology and
environmental science, the SHRIMP has been applied to these issues. ANU researchers have refined
techniques and designs for accurate measurement at low masses and on electrically insulating samples.
Current research in light isotope analysis is focused on determining the isotopic compositions of
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sulfur in sulphides and oxygen in silicates, phosphates and carbonates. Sulfur and oxygen being major
elements in these minerals, the secondary ion count rates from 25 µm diameter spots can be several
GHz. Analytical precision is therefore dependent primarily on control of secondary ion mass
fractionation.
Stable isotope geochemistry examines the change of the isotopic composition of an element (H, Li, B,
C, N, O, S) produced by chemical or physical processes. SHRIMP measurement of S isotopes has
been used to understand mineral growth mechanisms, follow changes in fluid compositions and to
constrain the conditions under which rocks and ore deposits form. For isotopically uniform electrical
insulators such as zircon, SHRIMP SI has a demonstrated capability to produce replicate oxygen
isotopic analyses over a period of several hours that have a standard deviation of better than 0.2 per
mille.
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In a landmark paper in Science in 2008 (vol 321, July 25, 2008), Dr Julie Trotter and Dr Ian Williams
from the ANU published the results of oxygen isotope analysis on conodont fossils from the
Ordovician, showing the impact of changes in sea water temperature on biodiversity. This work was
undertaken on the ANU SHRIMP II/MC, the experimental precursor to the commercial SHRIMP
IIe/MC.

Figure 1.6 | Analysis of oxygen isotope ratios in
fossil Conodont mouthparts, with earlier data from
brachiopod carbonate samples. Note the greatly
reduced scatter and much more realistc temperature
range in the SHRIMP IIe/MC data.

Page | 12

SHRIMP IV/MC

SHRIMP IV Proposal

Figure 1.7 | Conodont mouthparts on the head of
a pin, emphasising their small size, and the ability of
SHRIMP to analyse microscopic samples (Image
from Dr Mark Purnell, Leicester).
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Figure 1.8 | Plot of 16OH and 17O, showing good separation between the peaks.

Figure 1.9 | Plot of boron isotope ratios in tourmaline, using a single collector SHRIMP IIe in positive ion
mode.
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1.5.2 Geochronology
SHRIMP analysis is the method of choice for U-Pb geochronology. It provides rapid, reliable dating
of micron-scale domains in U-bearing trace minerals at the 1-2% level, using methods that have been
refined and improved for over 30 years. The current technique comprises a measurement of Pb
isotopes, U, Th, and uranium oxide species which are used to calibrate the relative ionization
efficiency of U and Pb.
SHRIMP analyses are advantageous in that the fine spatial resolution allows targeting of subgrain
domains in mineral grains with complex growth histories, avoiding inclusions or metamict domains.
When temporal precision higher than 1% is required, the SHRIMP IV/MC can be used to screen
zircon grains for lead loss, inherited cores, or other problems that may inhibit or complicate TIMS
analysis. The small analytical volume (~1000 cubic microns) allows minimal sample consumption
prior to subsequent analytical techniques. This allows for later whole-grain dissolution, combined UPb and U, Th-He dating, or the use of multiple in situ techniques on the same sample, such as
SHRIMP IIe or SHRIMP IV U-Pb geochronology, SHRIMP IV/MC oxygen isotope analysis, and
laser ICPMS Hf isotopic analysis.
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SHRIMP IIe instruments have been used for the U-Pb geochronology of minerals such as zircon,
titanite, perovskite, allanite, rutile, baddeleyite, monazite, and xenotime. U-Th disequilibrium
geochronology has also been performed on opal, allanite, and zircon.

Figure 1.10 | Zircon grain from the world’s
oldest known rock, the Acasta Gneiss. Virtually
no sample damage compared to LA-ICP MS, with
much smaller sample volume.

1.5.3 Mineral Exploration
SHRIMP zircon dating has led to improved understanding of the timing and origins of mineralisation
of the giant Olympic Dam copper-uranium-gold-silver deposit in South Australia, gold-copper
deposits in the Tennant Creek area of the Northern Territory, and the gold and nickel deposits of
Western Australia and Canada.
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The versatility of the SHRIMP IIe in fields other than U-Pb dating has been illustrated graphically by
probing the composition of sulfur at the micro scale in the sulphide minerals that form massive
sulphide deposits. Vital new understanding of the origin of mineral deposits around the world has
resulted.
The SHRIMP IIe and IIe/MC have been used for isotopic tracing of O, S and Pb to constrain
petrogenic models of mineralised systems.
The isotopic composition of sulfur in the giant base metal ore bodies which supply most of the
world’s copper, zinc, lead and silver is sensitive to whether that sulfur was derived from sediments or
from magmatic sources. Knowing the source of the sulfur for each ore body helps in determining
why metals were deposited and directs the exploration strategy adopted in the search for new ore
bodies.
The SHRIMP IV can also provide images or maps of isotopic composition and concentrations across
the surface of the sample. In this way boundaries and enrichments on the micron scale are
identifiable.
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Although SHRIMP has been used to measure S isotopes on the micron scale since the late 1980s, the
addition of a cesium source and multicollection has allowed vastly improved efficiency and precision.
While recent academic sulfur work is still working its way through the peer review process, this
development should also allow measurement of S isotopes as a trace element in non-sulphide phases.
Figure 1.11 | Zoned Zircon crystal showing
the oldest original part of the crystal at more than
4.4 billion years old. The SHRIMP IV has the
ability to sample different parts of individual
crystals, to determine how the crystal grew during
successive geological events. By using the
SHRIMP Automation Software, ANU
scientists have been able to date more than
160,000 zircon grains from the Jack Hills in
Western Australia, and find a few older than 4
billion years. This grain was formed only 150
million years after the Earth solidified from the
solar nebula. Analysis of zircon oxygen isotopic
ratios shows that the Earth was already cool and
had liquid water during the Hadean era.
Because most installed SHRIMPs are heavily utilized for generation of Pb/U geochronological data,
the negative ion analytical capabilities for oxygen and sulfur have yet to be fully exploited. None the
less, the SHRIMP can provide measurements of electronegative elements of interest such as the
PGE’s, selenium tellurium, and the halogens.
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1.5.4 Petroleum Exploration
The SHRIMP IV can perform a range of geochronological and isotope geochemical analyses that
provide valuable data to assist with the interpretation of basin formation and hydrocarbon migration.
The most straightforward use is the U-Pb dating of crystalline rocks underlying basins, and the dating
of volcanic members within the basin sequence. As Wu et al. (2001) demonstrated, this can lead to
improved understanding of the tectonic framework and timing of basin formation.1 SHRIMP IV/MC
can identify the age of Precambrian rocks containing unusually old petroleum deposits (Rasmussen
2005).2 Ash bed zircon dating can be used to correlate deep marine sediments with fossiliferous
fluvio-deltaic sediments in the same basin (Fildani et al. 2009).3
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When crystalline and volcanic rocks are not available for direct U-Pb dating, other methods can be
used. A sedimentary rock cannot be older than the youngest detrital material it contains, so dating the
youngest detrital grains in a sediment (e.g. zircon, rutile, monazite) gives the maximum age of
deposition. In tectonically active areas, this can place a geologically useful constraint on the timing of
basin formation (Fildani et al. 2003).4
If a basin is surrounded by basement rocks of
different ages, the ages of the detrital minerals in the
basin sediments provide a way of determining which
areas were the sources for those sediments (Morton
et al. 2001).5 This can lead to discoveries of
previously unrecognised source regions for the
sedimentary material (e.g. Cawood and Nemchin
2000).6 The sediments in a basin preserve an inverted
record of the rocks, now destroyed, that were being
eroded as the basin formed. The changing patterns
of detrital mineral ages in sediments from different
levels within a basin can show how tectonism caused Figure 1.12 | Xenotime overgrowth on a zircon
the sediment source regions to change as the basin crystal showing three 7 µm diameter areas that
developed (Romans et al. 2009).7
have been dated by SHRIMP U-Pb. BSE image
from Dr Andrew Cross, Geoscience Australia.
Where detrital age patterns change through the sedimentary sequence, these changes can be used to
correlate sediments from outcrop or drill core in different parts of the basin. In addition to U-Pb age
determinations, the SHRIMP IV/MC can also be used to determine the oxygen isotopic composition

1
2
3
4
5
6
7

Wu et al. 2001 Physics and Chemistry of the Earth, part A 26 793-803.
Rasmussen 2005 Geology 33 497-500.
Fildani et al. 2009 Geology 37 719-722.
Fildani et al. 2003 Geology 31 1081-1084.
Morton et al. 2001 Marine and Petroleum Geology 18 319-337.
Cawood and Nemchin 2000 Sedimentary Geology 134 209-234.
Romans et al. 2009 Basin Research in press (online only).
Page | 16

SHRIMP IV/MC

SHRIMP IV Proposal
of detrital zircon (Wang et al. 2009), providing additional information on metamorphism and magma
genesis in the source regions.8
Digenetic minerals, particularly xenotime, can sometimes be dated directly to give the time of
sediment deposition, and interstitial monazite and xenotime can be dated to determine the timing of
fluid flow and/or low temperature metamorphism (Rasmussen et al. 2004, 2009).9
In addition to constraining the source and timing of sedimentation, SHRIMP IV can be used to
identify components of fluid flow through the basin. Where Mississippi Valley type or other
sediment-hosted sulphide deposits have formed, SHRIMP IV measurements of Pb and/or S isotopic
compositions can be used to identify the sources of brines and sulfur.
Ion probes similar to the SHRIMP IV have been used to measure the carbon isotopic composition of
bitumens directly, in order to differentiate dehydrogenated petroleum from carbonaceous material
formed by the catalytic reduction of CO2 (Sangely et al. 2007).10 Finally, recent advances in the
analyses of clay minerals by ion probe has shown lithium and boron isotopic changes related to
hydrocarbon migration11

1.5.5 SHRIMP applications for diamond analysis and exploration activities
The SHRIMP has a record of making isotopic measurements on diamonds, diamond inclusions, and
related minerals that spans several decades. SHRIMP analysis of small sulphide inclusions (<50
microns) within eclogitic and periodotitic diamonds have established a relationship between the
diamond content of kimberlites and the nature of the source material. Groundmass perovskite has
been used to date kimberlite intrusions, where megacrystic phases give a range of ages. Included
minerals in diamonds, such as titanite, have also been dated.
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The pioneering Pb and S isotopic studies on SHRIMP 1 by Eldridge and his co-workers12,13 in the
early 1990’s were a key to understanding eclogitic diamond petrogenesis. Carbon isotopic studies of
diamond have been performed on SHRIMP II14, but are currently limited by the heterogeneity of
8
9

10
11

12

13

14

Wang et al. 2009 Geochimica et Cosmochimica Acta 73 712–728.
Rasmussen et al. 2004 Precambrian Research 133 329-337.; Rasmussen and Muhling, 2009
Chemical Geology 264 311-327.
Sangely et al. 2007 EPSL 258 378-396.
Williams et al. 2010 Ex situ Studies of Nanominerals by Secondary Ion Mass Spectrometry.
Goldschmidt Proceedings.
Eldridge, C.S., Compston, W., Williams, I.S., Harris, J.W. and Bristow, J.W. (1991) Isotopic
evidence for the involvement of recycled sediments in diamond formation. Nature, 353: 649653.
Rudnick, R.L., Eldridge, C.S. and Bulanova, G.P. (1993) Diamond growth history from in situ
measurements of Pb and S isotopic compositions of sulfide inclusions. Geology 21: 13-16.
ARaujo, D. P, Griffin, W. L., O’Reilly, S. Y., Grant, K. J., Ireland, T., Holden, P., van
Achterbergh, E. (2009) Microinclusions in monocrystalline octahedral diamonds and coated
diamonds from Diavik, Slave Craton: Clues to diamond genesis. Lithos 1125, 724.
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available standards. Nitrogen isotopic work15 has not yet been done on diamonds using SHRIMP, but
it is well within the capabilities of the instrument.
Indicator minerals can also be studied using the SHRIMP. The recent study by McInnes et al.
presented at the 2010 Goldschmidt conference shows that the coupling of zircon U/Pb and helium
dating can identify the timing and source lithology of lower crustal zircon entrained by kimberlite
eruptions.16 Not only can these be followed like traditional indicator minerals, but they also give the
age of the bedrock that the pipe in question intruded, as well as the age of the eruption. ASI
manufactures both the SHRIMP and the Alphachron He analyzer.

1.5.6 SHRIMP Depth Profiling
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SHRIMP depth profiling has traditionally used the even, flat bottomed pit generated by the Kohler
ion optical system for depth profiling. This method is generally suitable for most diffusion-out
profiles that are typical of natural earth system processes. An example is shown in figure 1.13. A
gated rastering system is under development for SHRIMP IV which will allow improved crater edge
rejection, post-processing, and isotopic and chemical mapping in 3D. This is a field upgrade.

Figure 1.13 | Diffusion profile for lead in Zircon crystal.

15

16

Bulanova, G.P., Pearson, D.G., Hauri, E.H. and Griffin, B.J. (2002) Carbon and nitrogen
isotope systematic within asector grown diamond from the Mir kimberlite, Yakutia, Chemical
Geology, 118: 105-123.
McInnes, B.I.A., Evans, N.J., McDonald B.J., Thern, E. and Corbett, D.H. (2010) U-Th-Pb-He
double-dating of zircon from the diamondiferous Ellendale lamproite pipe, Western Australia,
Goldschmidt Proceedings.
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In all modes of operation, the floating primary column and low impact energy allowed by the 2-stage
secondary acceleration mean that the scale height can be minimized for improved depth resolution.

1.5.7 Analysis of Nuclear Material with the SHRIMP IV/MC
Mass spectrometers are well suited to the analysis of radionuclide material. In particular, instruments
such as the SHRIMP IV/MC, with their ability to analyse microscopic particles, are suited to the
analysis of swab and air-sampled materials, in which the sample may be only a few microns to a few
hundred microns in size. ASI has worked with scientists from the Australian Nuclear Science and
Technology Organisation (ANSTO) and the Australian National University to demonstrate the
application of the SHRIMP IV/MC to problems of nuclear forensics, as part of the development
program for the Korean Basic Science Institute (KBSI) SHRIMP IIe/MC.
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Figure 1-14. ANSTO and ASI personnel measuring U/Pu samples using the Brazilian SHRIMP IIe/MC.
ANSTO and the ANU have access to accelerator mass spectrometry, SIMS and TIMS instruments to undertake
comparative measurements and develop new techniques for characterization of radionuclides.

Figure 1-15. Location of particles of interest on a sample planchet by backscattered x-ray imaging in an electron
microscope (ANSTO).
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The ratio of Pu to U found in these measurements by the SHRIMP IIe/MC was in good agreement
with that expected from the concentrations of the original samples of Pu and U. This work was
reported to an IAEA meeting in 2008 by Dr Mike Hotchkis from ANSTO. ASI will work with
ANSTO staff and the Kurchatovskiy institute to design the shielding required for the SHRIMP for
analysis of the anticipated radioactive samples.
The Korea Basic Science Institute SHRIMP IIe/MC was delivered in November 2008 with a multicollector configured for the simultaneous measurement of masses 239 and 240, and demonstrated
very low cross-talk between multicollector channels for species 238 and 239. See
http://isotope.kbsi.re.kr/SHRIMP.html

Figure 1-16. Analysis of natural uranium mass spectrum from mass 233 to 243. The high resolving power of the
SHRIMP IV/MC allows isobaric interferences to be separated, while the high sensitivity allows the measurement of
very small particles (ANSTO).
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1.6

Remote and Autonomous Operation of the SHRIMP IV/MC

ASI is the first manufacturer to demonstrate routine remote operation of a high resolution ion
microprobe. This was convincingly done at the Goldschmidt 06 conference in Melbourne, at which
conference attendees were shown remote operation of not one but two SHRIMPs, the SHRIMP RG
from the Australian National University, and the Brazilian SHRIMP IIe/MC at the ASI facility.
Remote operation has subsequently been demonstrated from the Goldschmidt conferences in
Cologne in 2007, Vancouver in 2008, and Davos in 2009 and the GS America annual meetings in
2007 (Denver), 2008 (Houston), and 2009 (Portland).
The remote operation software, developed by the ANU and ASI, runs on the remote computer, with
a subset of the software operating on the SHRIMP IV, in order to minimise the traffic along the
internet interface. This is an efficient and robust means of implementing the system, and is amenable
to incorporating security features. The SHRIMP software allows the system administrator to prevent
users from changing critical system parameters without explicit permission. This functionality is also
available in remote analysis, preventing inexperienced users from adjusting the system tuning
inappropriately.
Several SHRIMP groups have adopted remote operation. The Beijing SHRIMP Centre routinely
arranges remote access to its SHRIMP for users throughout China and has successfully run its
SHRIMP with users in Brazil. This has now been extended to using one of the Curtin SHRIMPs
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from Beijing, and providing access to the Beijing SHRIMP from a dedicated portal at the University
of Milan, Italy.
The SHRIMP is capable of operating autonomously for days at a time. Automated analyses use a
combination of stepper motors, optical encoders, and image recognition to ensure that sample
locations are correct to within a few microns. The automated pre-analysis tuning routines minimize
user-induced variability in the analyses, and the instrument has operated without human intervention
for hundreds of spots, over time periods lasting up to 4 days.
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Figure 1.14 | The SHRIMP IIe/MC at the Korea Basic Science Institute in Ochang, South Korea. The
instrument was shipped in November 2008 and commissioned within 5 weeks. ASI worked closely with
KBSI scientists in the definition and design of the facility. This is a multi-purpose instrument with
capabilities for geochronology, stable isotopes and analysis of nuclear materials.
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2. CONFIGURATION AND BUDGETARY PRICE
The final price of the instrument depends on the configuration, training and support options selected.
It also depends on the payment plan (typically 60%, 30%, 10%). It excludes any agents and shipping
(by air).
DESCRIPTION

PRICE(AUD,
Budgetary)

SHRIMP IV Single Collector

Price on request

SHRIMP IV/AMC Main System (3 head AMC) with Caesium source
and electron gun charge neutralisation system, and dry pumping vacuum
system, operating software with source code.

Price on request

Additional 2 heads for multicollector, with E7600 Electrometers - add

Price on request

5-Head Multi-collector (SHRIMP IIe/MC-N style vs AMC) - add

Price on request

High Sensitivity Hall Probes (co-located with standard probes);

Price on request

iFlex charge mode electrometers, in place of E7600 Resistor mode
electrometers, increment for each channel;

Price on request

Automation software

Price on request

SPARES
Spare duoplasmatron (back)

Price on request

Vacuum Spares Kit

Price on request

Electronic Spares Kit

Price on request

Ion Optics Spares Kit

Price on request
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TRAINING & SUPPORT
Installation at site

included

Factory Training at ASI facility & On-site Training after Installation

included

Free updates of Software

included

Maintenance Agreement / Extended Warranty

Price on request

MISC
Freight and Insurance
Government duties & charges

Price on request
Excluded

Option of Sample Preparation Laboratory Equipment

Price on request

Alphachron Thermochronology Instrument

Price on request

SelFrag Laboratory Instrument

Price on request
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3. SHRIMP IV SUPPORT
3.1

Technical Support

The SHRIMP IV is an extremely reliable instrument, as shown by the results obtained in SHRIMP
laboratories around the world over a period of 20 years. The SHRIMP IV has been designed for
reliability and ease of servicing, and uses technologies familiar to technicians and engineers who work
with conventional mass spectrometers.
The SHRIMP IV is, naturally, a complex instrument, and as such, it is necessary to ensure that the
personnel engaged in its use and servicing are trained in its use, and that the SHRIMP facilities are
supported by prompt and responsive service from ASI and its agents.
3.2

Technical Training

ASI provides training for the customer’s technical and scientific staff at site and in Canberra,
Australia.
General
The training in Canberra consists of instruction in routine maintenance, participation in the final
testing, and instruction in sample preparation, instrument operation and analytical procedures.
Participants must have some prior experience with vacuum systems, electronics, computing and
mechanics as applied to UHV-based analytical equipment, such as the operation and maintenance of a
mass spectrometer, ion or electron probe or electron microscope.
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ASI recommends that the customer nominate at least one operator and one electronics/electromechanical technician for training. This training is to coincide with the final testing process, identified
on the Program Evaluation and Review Technique (PERT) schedule, (the date of the visit will be confirmed
by ASI and agreeable to both parties) at ASI’s Facility in Canberra.
Scope
The standard training offered is 40 person days. A longer period and/or more than two trainees can
be accommodated, but at customer expense. The cost of living expenses, car rental and additional
accommodation of these people, whether it be for training, inspection, negotiation or simply visiting,
are to be paid by the customer unless otherwise agreed (subject to extra charge).
Topics
The training will be tailored by discussions with the customer to meet their needs and prior
experience. It will have a significant ‘hands-on’ component, with the nominated customer staff being
involved in the final set-to-work, tuning, acceptance and disassembly of the instrument. (The
subsequent assembly, set-to work and tuning at the customer site will allow for re-enforcement of the
training undertaken at ASI).
The training sessions typically include the following:
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COMPUTING & INSTRUMENT OPERATION
•
•
•
•
•
•
•

Orientation to SHRIMP IV user applications;
Guide to the documentation;
Review of instrument layout using Solidworks images;
Controls, tuning and sample loading.
Implementation of ASI-originated software modifications;
Remote operation, tuning and diagnosis of the instrument;
Troubleshooting techniques.

ELECTRONICS
• Orientation and philosophy of the electronic design. Apportionment into functional blocks.
Commonalities and differences between different rack units.
• Guide to the documentation.
• Understanding of the high voltage system design. Differences between ground-referenced and
floating hardware. Safety precautions when working on the system, particularly the primary
column. Changing the system polarity and its impact on high voltage supplies;
• Cs and electron gun operation;
• Identification of spares and rationale behind their choice;
• System troubleshooting techniques including use of information from the software interface,
identification of faulty subsystems, board-level swap-out.
• In-built diagnostic features at unit level and via the software interface.
• ‘Under-the-covers’ tour of the hardware, including use of a fiber-optic hub, interface between
the computer and the electronics, means of polarity reversal of the instrument.
VACUUM SYSTEM & MECHANICAL ASSEMBLIES
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•
•
•

•

•

•
•

Orientation to the vacuum system. Types of pumps, expected pressures in each stage, expected
pump-down times and the inferences from changes to these times.
Guide to the documentation.
Controls and interlocks. Understanding the intelligent vacuum management system (IVMS), the
role of the small uninterruptible power supplies (UPS) in graceful shutdown. What to do if
pressure is lost in the pneumatic control system;
Vacuum system troubleshooting. Typical vacuum system problems and their rectification,
including leaks at o-ring and copper-gasket seals, leaks at electrical feed-throughs, poor pressure
due to out-gassing of incompatible materials, problems arising from poor backing pressure.
Breaking and restoring vacuum. Understanding the sequence to be followed, and how the
IVMS can assist the process. Expected pump down times. Care in spinning-down turbo pumps
prior to breaking vacuum;
Swapping Cs source with duoplasmatron. Cleaning and re-aligning duoplasmatron. Diagnosing
and optimising duoplasmatron brightness and stability;
Replacement of Köhler apertures. Cleaning of extraction plates.
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•

•
•
•

Mechanical troubleshooting tips. Anticipating wear in backing pumps (diaphragms, bearings)
and turbo/molecular drag pumps (bearings). Checking seal integrity after opening the system,
importance of chemical and particulate cleanliness;
Routine maintenance of the vacuum system, e.g. replacement of backing pump diaphragms,
lubrication of turbo/molecular drag pump bearings;
Routine maintenance of the cryocooler, including checking helium gas pressure, replacement of
charcoal absorber in compressor, regeneration of the cryocooler;
Replacement of electron multipliers in the multi-collector;
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SAMPLE PREPARATION AND ADVANCED OPERATIONAL TRAINING
The training will be tailored to the background and interests of the customer staff, which will include;
• Rock crushing;
• Mineral separation;
• Mount preparation and polishing;
• Sample documentation (SEM, optical microscopy);
• Mount cleaning and coating procedures;
• SHRIMP sample loading;
• Tuning of primary column;
• Tuning of secondary ion extraction;
• Optimising peak shapes;
• Changing transmission and resolution;
• Single collector analytical procedure;
• Multi-collector setup procedure;
• Multi-collector analytical procedure;
• Operation in 2-D mapping (raster) mode;
• U-Th-Pb data reduction, including use of SQUID 2 software.
The intent of this training is to provide participants with an understanding of the layout and
engineering philosophy of SHRIMP IV to enable them to effectively operate the instrument; to assess
the likely cause of any straightforward problems, and to assist engineering staff in Canberra with
remote diagnosis, maintenance, service and repair. Two sets of SHRIMP IV hardware and software
documentation will be provided.
Extension
This training plan may be extended in duration by mutual agreement between ASI and the customer,
For training and on-site interaction similar in scope to that identified above, the cost per day for
extended training, with the inclusions and exclusions noted above, will be AUD 850 per day for one
person, or AUD 1050 for two persons.
3.3

ANU Research Support

ASI is owned by ANU Enterprise Pty Ltd, a wholly-owned company of the ANU. As such, ASI
works at all times in close cooperation with the University staff. The ion microprobe research group
at the RSES has been, and will continue to be, involved with ASI at the highest level in development,
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fabrication and testing of all new SHRIMP IV instruments and peripherals. Their major research
effort remains devoted to the innovative design and applications of new ion probe analytical
techniques.
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4. SERVICE PLAN FOR MAINTENANCE AND REPAIRS
4.1

Maintenance Plan for SHRIMP IV

The SHRIMP IV has straightforward maintenance requirements, and the skills set required to
undertake the maintenance is similar to that for other mass spectrometers. The routine maintenance
consists of (in decreasing order of frequency);
• Cleaning of the duoplasmatron. Typically every 1-2 weeks. At the ANU this process (with a
single duoplasmatron, not a spare) takes an hour, and the system is ready to run two hours after
cleaning;
• Replacement of Köhler apertures in the primary column every 2-3 months;
• Replacement of vacuum pump lubricant. Typically every 6 months (unless mag-lev pumps are
selected as an option);
• Replacement of electron multipliers on 6-12 month basis, depending on usages;
• Replacement of duoplasmatron extraction apertures, every 6 months;
• Replacement of dry backing pump diaphragms; typically every year;
• Replacement of helium line absorber in cryopump, every 12 months;
• Periodic maintenance of air compressor;
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ASI can provide support to the SHRIMP IV through a multi-level maintenance plan, for both the
warranty period and the subsequent life of the instrument, nominally assumed to be 20 years in total.
During the warranty period, ASI will support the SHRIMP IV by providing rapid response to user
needs by;
• Training of customer technical personnel in performing routine maintenance (vacuum pump relubrication, replacement of backing pump diaphragms, Köhler and extraction apertures,
replacement of cryopump helium line adsorber, maintenance of air compressor, assistance with
replacing electron multipliers, as required);
• Training of the local agent’s instrument support technician, at the ASI factory, in parallel with
training of the customer team. In-country support by this technician on short notice, to
respond to instrument faults;
• Support from the ASI instrument team, via email and phone communications, and remote
access to the SHRIMP IV and use of the remote diagnostic capabilities of the SHRIMP IV.
This capability allows most fault finding to be undertaken remotely, with local support by the
customer and agent staff to swap-out cards or other items as required;
• As required, on-site support from an ASI engineer. If a problem is identified which requires
ASI on-site involvement, as determined through remote diagnostics, an engineer from ASI will
be available within 5 working days of the diagnosis of the problem;
• Optional provision of spares for the SHRIMP IV as noted below;
• Maintenance of sets of spares of apertures and electrodes, and electronic cards and key
electronic components by ASI at its facility, to provide long term support to installations.
• Provision of SolidWorks 3-D images of the SHRIMP IV subsystems, to facilitate fault-finding
and routine maintenance;
Page | 27

SHRIMP IIe/MC

•

Description and Specification
Provision of instrument electronics circuit diagrams, to facilitate fault finding and repair.

The experience of ASI on existing SHRIMP IIe installations is that the user technical staff quickly
become adept at running and maintaining their instruments, with limited direct support from ASI.
Those facilities which have tasked a capable instrument technician or engineer with responsibility for
their SHRIMP IIe have experienced the high availability and productivity for which the SHRIMP IIe
is well known.
Remote access to SHRIMPs is routinely used for fault diagnostics, and to assist users in tuning the
instrument. This facility has been available for several years and is a well-established feature of the
SHRIMP instruments.
4.2

Long-Term Support for SHRIMP Installations
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ASI has a policy of comprehensive support for the installed base of SHRIMP instruments. As well as
spares supplied with instruments, ASI maintains a stock of spares at its factory, and in addition, it
sources integrated circuits in numbers sufficient for many years of after-sales support, since it is
generally integrated circuits which become obsolete faster than other items of instrumentation. ASI
has supported all SHRIMPs installed in the field, and upgraded them as improved equipment has
become available and the customers have requested these updates. ASI continues to maintain the
instruments, in conjunction with the customer and any local agent, provided that;
• The customer continues to use the instrument;
• The customer ensures that only ASI or its authorised agents provide maintenance services for
the instrument;
• The customer does not attempt to modify the instrument;
• The customer installs all software and hardware upgrades recommended by ASI;
• The customer does not assign ownership of the instrument to a third party without prior
written consent from ASI.
• ASI is excused from providing maintenance if prevented from doing so by a force majeure
event.
Maintenance as discussed here does not include improvements or customisation, which shall be made
available to the customer for their option to purchase or decline, on a case by case basis.
4.3

Spares Provided for the SHRIMP IV

Spares are distinguished from consumables, in that they are available in the event of unexpected
breakdown, while consumables are used to replace items which wear out in a predictable manner.
In order to maximise the availability of the SHRIMP IV, it can be supplied with a set of electrical
and vacuum spares, as recommended to the customer. These include a full set of electronic cards to
allow fault finding by card swap-out, and spare backing and high vacuum pumps. A spare
duoplasmatron rear assembly can also be supplied as an option, to facilitate rapid turnaround for
duoplasmatron cleaning.
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4.4

Estimated Annual Running Costs

Table showing estimated annual running cost (including both maintenance and consumable costs)
for a SHRIMP IV/MC, based on the experience of the ANU SHRIMP II/MC. The cost of turbo
molecular pump and backing pump maintenance varies widely from country to country, but the
figure given is indicative for Australia.
EXPENDABLE ITEMS - Instrument
6 G size bottle Nitrogen

650

Electron gun filament (multicollector dual polarity)

(2,000)

Roughing and turbomolecular vacuum pump maintenance

20,000

Helium line adsorber for cryocooler

1,100

2 Duoplasmatron extraction apertures

300

2 Duoplasmatron intermediate apertures

500

24 Tantalum Köhler apertures

2,000

2 Nickel cathodes

1,000

2 ETP electron multipliers (for on-axis detection)

3,600

5 Sjuts continuous dynode electron multipliers for multi-collector heads
(for multicollector SHRIMPs)

(7,500)

ESTIMATED ANNUAL INSTRUMENTAL COST IN AUD
(multicollector)
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$AUD

29,150
(38,650)

EXPENDABLE RESEARCH MATERIALS- Sample Preparation

$AUD

Colour printer and laser printer consumables for 20,000 images
equivalent

3,000

Terabyte external hard drive for image storage

150

1000 pairs disposable gloves, 50 boxes tissue, 20 litres Petroleum Spirit,
5 litres ethyl alcohol (a few of these are used for instrument
maintenance)

2,500

750mm x 1mm dia. 99.999% pure gold wire for coating of samples

2,500

Sample preparation cost
TOTAL ESTIMATED ANNUAL LABORATORY COST IN
AUD
(multicollector)

8,150
37,300
(46,800)

(Cost of labour and electricity not included)
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5. DESCRIPTION AND SPECIFICATION OF SHRIMP IV
The SHRIMP IV is delivered with the following as standard equipment:
• Single primary column that can be fitted with duoplasmatron oxygen ion source or cesium ion
source;
• Laminated analyser magnet with solid pole pieces;
• Single or Multi-collector with counting electronics and advanced electrometers;
• Computer controlled instrument operation and data acquisition;
• An optional Electron gun charge neutralisation system.
Features of SHRIMP IV
Primary Ion Beam
•
•
•
•
•
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•
•

Independent control of primary and secondary beam energies and polarities.
45 degree primary beam incident angle for efficient sputtering of sample.
Hollow cathode duoplasmatron ion source designed at Cambridge University (UK) especially
for ion probe applications - dual polarity - exceptionally bright and stable.
Wien filter for mass filtering of primary ion beam - adjustable resolution - may be turned off to
pass a mass-unfiltered beam.
Köhler focusing provides uniform primary ion flux on the target. Beam diameter adjustable
from 1 µm to 30 µm;
Beam diameter and brightness adjusted independently.
Sharply defined, flat-bottomed pits eroded by the ion beam, to minimise down-hole
fractionation.

Figure 5.1 | View of the primary column of the SHRIMP IV, with the Wien filter at right, the sample at
bottom left, and the secondary column extending back towards the electrostatic analyser. Note the external sample
stage on the left of the chamber, to assist in achieving the highest vacuum.
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Specifications Summary – SHRIMP IV
Primary Ion Column
Cs+ beam current

> 15 pA/µm2

Primary beam minimum diameter

~ 1µm Ø

O2- beam current

> 9 pA/µm2

O- beam current

> 35 pA/µm2

Beam energy

10 kV

Beam Noise for O2-, short term, < 0.5 Hz

< 1% pp

Sample Holder
25mm Ø x 5mm
Sample size

35mm Ø Megamount
65 x 38mm thin section
mount

Sample change, number of samples in chamber + lock

5

Sample stage step size (X,Y,Z)

~0.5 µm

Sample viewing zoom functionality

Factor of 3

Sample viewing field of view (continuous during analysis)

~0.9 mm

Secondary Ion Optical System
Mass Resolving Power (1% definition, 50% transmission at source slit)

>10,000

Mass Range [amu] at 10 kV

6 < M < 350

Abundance sensitivity at mass 254 (UO+) at 5000R on high U zircon at 1 mass unit

~2 ppm (RL Off)
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~300 ppb (RL On)
Pb Sensitivity on zircon (no O2 flooding, O2- beam, 5000R)

>18 cps/ppm/nA

Magnet Stability ∆M/M, over 10 minutes (measured as combined value for primary
column, ESA, magnet and collector system)

< 20 ppm

Electron Gun
Electron beam focus in negative ion mode

~ 500µm Ø

Multicollector Detector System
Multi-collector with adjustable five detector units, each heade equipped with either one
electron multiplier or one Faraday cup
Mass Resolution, 100 µm axial collector slit

> 5000

Mass Resolution, 100 µm moving head collector slit, at ends of focal plane

> 3000

Oxygen isotopic analysis on Temora zircon
Internal precision per spot for 18O/16O (7 minute analysis)

< 0.2 per mille

Standard deviation for 10 spots

~ 0.4 per mille

Isotopic analysis of Pb from Broken Hill feldspar using 4 multipliers, including the gain
measurement procedure, with duoplasmatron source.
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Precision on 204Pb/206Pb (2 minute analysis)

< 0.5%

Reproducibility of 206Pb/238U age determinations from concordant zircons
chosen by Buyer and Seller, (standard deviation)

< 2%

Detector System
Low noise, in-vacuum electrometers
Electrometer Speed, using 1011 ohm resistor, settling to 1 per mille of its value after
removal of input

< 5 seconds

ETP Multiplier noise, at discriminator output, at plateau volts

< 4 counts / minute

Vacuum System
Oil-free, dry vacuum system, Main chamber pressures

< 5x10-8 Torr

Primary Ion Source
Duoplasmatron: The SHRIMP IV is equipped with an air-cooled hollow cathode duoplasmatron
based on a source designed by Coath & Long (Cambridge University) specifically for use in ion
probes. The duoplasmatron is supplied with separate sets of ceramic magnets and intermediate
apertures optimised for negative and positive ion extraction respectively.
Primary Mass Filter: A Wien mass filter (resolution adjustable up to ca. 30 R) allows a single ion
species to be selected from the primary ion spectrum, or the filter can be switched off to transmit all
species.
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Primary Beam Energy: The energy of the primary beam relative to the sample is adjustable up to
±10 kV (+15 kV using Cs source).
Primary Beam Diameter: The primary ion probe can be focused in critical or Köhler mode. In
Köhler mode, the probe is sharply-defined with very uniform flux density, minimising down-hole
fractionation. The probe diameter for all ion species is selectable in steps from ~1 µm to 30 µm,
depending on which replaceable Köhler apertures is selected (probe diameter ca. 1/7 of aperture
diameter).
Primary Beam Density: The primary beam density is adjustable independently of probe diameter
using selectable brightness apertures.
Primary Beam Current: The net current on the sample can be monitored continuously during
analysis. When operating in Köhler mode, the flux density of any given primary ion species is the
same for all probe diameters up to ca. 30 µm. For O2- it is ≥ 9 pA/µm2, and for O- it is up to 35
pA/µm2. Positive oxygen flux densities can be substantially higher.
Primary Beam Steering: The primary probe can be steered across the face of the sample by
electrostatic deflection for optimum positioning and rastered over the analysis area for pre-analysis
surface cleaning.
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Primary Beam Noise: The high frequency (< 0.5 Hz) primary beam noise for negative oxygen ions
from the duoplasmatron is ≤ 1% peak to peak.
Cesium Ion Source and Focused Electron Gun
The SHRIMP IV/MC can be equipped with a Kimball Physics IGS-4 Cesium Gun, which operates
by alkali-metal surface ionisation. The gun provides a stable Cs+ beam that can be focused to 5–35
µm diameter. Ion beam current for the largest beam diameter can be adjusted up to ca. 10 nA and the
beam energy up to 15 keV.
The SHRIMP IV/MC can be equipped with a Kimball Physics ELG-5 Electron Gun (or equivalent),
which produces a steerable electron probe ca. 500 µm diameter for neutralising surface charge when a
Cs+ primary ion beam is used to analyse an insulating target. It can be operated up to ca. 2 kV relative
to the sample potential.
The use of these guns is essential to the efficient analysis of negative ions from insulating targets if the
full benefit is to be derived from the installation of a multiple collector.
Sample
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Sample Holders: The SHRIMP IV/MC is shipped with the following samples holders;
• standard 25 mm diameter holders; quantity 5;
• 35 mm diameter holders; quantity 3;
• Double-sized thin section holder for 65x38 mm sections; quantity 1;
• one each drilling jig, drill bit and tap for 35 mm sample mount preparation.
Sample Stage:
• Accommodates two standard 25 mm diameter sample mounts, or one thin section holder or
two 35 mm diameter holders;
• Full computer control of sample stage movements in three dimensions - Multiple sample
locations can be stored and revisited.
Sample capacity: Up to five samples can be accommodated under vacuum, two in the source
chamber for analysis, and up to three others in the sample lock.
Sample size: The standard sample size is a 25 mm diameter disc, ≤ 5 mm thick. Standard thin
sections and large diameter (35 mm) samples can be accommodated.
Sample changer: Exchange of samples between the sample lock and source chamber is fully
automated and under computer control.
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Viewing System
Optical viewing of the target area is continuous
during analysis using a CCD video camera and
colour monitor. Magnifications are selectable
between x300 and x900, with associated fields of
view between ca. 0.9 x 0.9 mm and 0.3 x 0.3 mm
respectively.
Secondary Ion Extraction
Primary and secondary ion polarities can be set
independently. Secondary ions are extracted from
the sample surface by a low (ca. 700 V) extraction
voltage, minimising energy spread and
fractionation, then subsequently accelerated to
high voltage. They are transferred to the entrance
slit of the mass analyser by a quadrupole triplet
lens. This forms a line image on the slit,
maximising transmission.

Figure 5.2 | Camera with zoom lens for optical
viewing
Emittance at the slit has been matched to the acceptance of the secondary mass analyser using phase
space matching to minimise beam loss and maximise sensitivity. The secondary acceleration potential
is adjustable from +10 kV to -10 kV.
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Helmholtz coils enclosing the source chamber stabilise light isotope fractionation by locally nullifying
the vertical component of the geomagnetic field.
Secondary Ion Beam:
• 90 degree angle extraction of the secondary beam to minimise instrumental discrimination;
• Large extraction aperture eliminates sample-to-sample memory. Low initial extraction field
minimises isotopic and inter-element discrimination;
• Triple quadrupole lens matching of secondary beam emittance to analyser acceptance for
maximum transmission and sensitivity;
• Simultaneous collection of unfocused and mass analysed secondary ion beams for maximum
precision of analysis;
• Large (1272 mm) radius electrostatic analyser;
• Rotatable source slit, width continuously adjustable from 5 µm to 200 µm;
• Isotopic mapping of samples accomplished by rastering sample beneath primary beam;
• Elegant secondary ion lens system minimises beam aberrations to second order and simplifies
operation;
• High mass dispersion achieved with large (1000 mm) radius sector electromagnet;
• Very stable, high speed laminated electromagnet controlled by multiple Hall effect field sensors;
• Mass resolution > 5000 (1% definition) with flat-tops for 80 µm source slit and 100 µm
collector slit;
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Sensitivity better than 18cps/ppm/ Pb/nA 0 under above conditions.
206

2

Mass Analyser:
The elegantly simple design of the secondary mass analyser, developed by H. Matsuda (Int. J. Mass
Spectom. Ion Phys., 1974, p. 219-33), simultaneously achieves high transmission and high mass
resolution through a particular combination of lenses, sector angles and drift lengths that minimises
both first and second-order aberrations.
Mass Spectrograph Dimensions: The mass spectrograph consists, in sequence, of a cylindrical
electrostatic sector (turning radius 1272 mm), an electrostatic quadrupole matching lens, and a
magnetic sector (1000 mm turning radius) with non-normal entry. The ion beam emerging from the
entrance slit is focused twice in the horizontal plane (in the focal plane of the electrostatic sector and
at the collector slit respectively) and once in the vertical plane (at the entrance to the electrostatic
sector).
Magnetic Field Stability: The short term noise (0.1 to 10 Hz) on the magnetic field, as measured
on the side of the UO+ peak at mass resolution ≥ 5000 R, will be ≤ 10 mG peak-to-peak, namely ≤
9 ppm of the selected mass. The temperature dependent drift of the field will be ≤ 5 mG per hour
per °C, and the net long term drift ≤ 5 ppm of the selected mass per hour per °C.
Magnet Field Switching Speed: The rapid-slew phase for the magnetic field shift when switching
from 206Pb to 238U will be less than 1.0 second for a magnet equipped with standard solid pole pieces.
Upper Mass Limit: The highest accessible mass for 10 kV ions is approx. 350.
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Secondary Ion Energy Window
Energy Window: Adjustable energy-defining slits are located in the focal plane of the electrostatic
analyser (ESA) between the ESA and the quadrupole lens. The energy window is adjustable over the
range 0–100 eV, and for most work is operated wide open, maximising sensitivity. The upper energy
limit is set by a manually adjustable slit that can be inserted to its set point, or fully withdrawn, under
computer control. The lower energy limit is set by a slit that is continuously adjustable under
computer control for ease of fine-tuning when setting up for analyses requiring energy filtering.
Energy Scanner: The low-energy slit blade contains a fixed-width 1 eV energy window that can be
scanned along the focal plane of the electrostatic analyser under computer control to map the energy
spectrum of any selected secondary ion species.
Abundance Sensitivity:
At mass resolution ca. 5000 R, the abundance sensitivity, measured at mass 254 (UO+) on a high
uranium zircon, is ca. 1 ppm. The user can improve this to better than 300 ppb, with a small
reduction in sensitivity, by use of the computer-controlled retardation lens.
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Figure 5.3 | Diagram of the electrostatic analyser and
quadrupole lens. Note the Alpha Slit assembly on the right
hand side and the Post ESA beam monitoring assembly on
the left.
Operating conditions: Routine standard operating conditions for geochronology are: resolution ≥ 5000
R, ca. 70% of the beam transmitted through an 80 µm source slit, no oxygen flooding, no energy
filtering, 100 µm collector slit, flat topped peaks. A mass scan across the Pb isotopes from a zircon
under these conditions, showing the resolution of all major isobaric interferences, is illustrated in
Figure 5.8. Resolution can be increased to ca. 9000 R without loss of transmission by reducing the
collector slit until it only just exceeds the secondary beam width. At 50% transmission, the resolving
power (collector slit width equals beam width) will be > 10,000 R, for a single collector instrument.
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Figure 5.4 | Resolving Power versus Transmission for SHRIMP II Instrument, ANU
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Figure 5.5 | Mass spectrum for the three most abundant Pb isotopes in zircon showing the complete
resolution of potential isobars. The grey peaks show that the isobars would not be resolved at the normal
operating resolution of a 30 cm mass spectrometer, about R450.
Secondary Beam Monitors
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Pre-ESA Secondary Beam Monitor: A Faraday cup with a variable aperture in its base (the
Secondary Beam Monitor) is located between the quadrupole triplet lenses and the entrance slit to the
mass analyser. The monitor can be fully inserted to measure the total secondary ion beam, or set to
intercept a selected fraction of the secondary beam that has a vertical-divergence greater than the
acceptance of the mass analyser. The partially intercepted secondary ion current can be monitored
continuously by a DC amplifier during analysis and/or measured simultaneously with the
measurement of the mass-resolved secondary ion beam at the collector, providing a proxy for total
ion yield for normalization purposes.
Post-ESA Secondary Beam monitor: A Faraday cup can be inserted under computer control
immediately beyond the energy focal plane of the electrostatic analyser, between the quadrupole lens
and the magnet. This monitor can be used to tune the secondary ion extraction lenses and the
electrostatic analyser employing the total secondary ion beam, independently of any particular isotopic
species.
Multiple Collector
There are two collector options for the SHRIMP; a single collector (with Faraday or ETP discrete
dynode electron multiplier (DDEM)) or the Advanced multi-collector, with up to 5 channels. The
channels can be configured as five continuous dynode electron multipliers (CDEM), or Faraday cups
The multi-collector is designed for high precision simultaneous measurement of the relative intensities
of ion beams over a wide dynamic range.

The AMC design provides for a mix of up to five electron multipliers or Faraday cups, mounted in
shielded ‘cassettes’ with their associated slits, which are swapped out by the user after opening the
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multi-collector vacuum chamber. The head position and focus are adjustable under computer control
without breaking vacuum. A more detailed description of the multicollector options is given in
Section 8 of this proposal. The multicollector can be upgraded from 3 heads to 5 heads in the field.
AMC Specifications
Focal plane:
Channels:

28° with respect to the axial secondary ion beam.
1 central fixed detector; 2 or 4 independent moving heads.

Mass range: Moving heads – adjustable from 1 part in 40 when stacked with the central array, to a
maximum total separation of 1 in 7 AMU.
Detectors: 5 Sjuts Continuous Dynode Electron
Multipliers or low-capacitance, graphite lined,
Faraday cups, feeding custom-built solid state invacuum electrometers based on Finnigan amplifier
technology;
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Electrometers: The signal from the Faraday cup
detectors is applied to up to five advanced
electrometers, operated under vacuum with
internal temperature control, to deliver optimum
performance. The electrometer configuration can
be changed under computer control. The current
to frequency output of the electrometers is
applied to the same counting chain as the electron
multipliers, for commonality in the signal chain.

Figure 5.6 | Plan of the SHRIMP VI
AMC Multi-collector. When used with the Cs
gun and electron gun, this forms a powerful tool
for the analysis of stable isotopes.

Electrometer Noise: When using a 1011 Ω input resistor, the baseline noise of the electrometer will
be ≤ 2x10-16 A (standard deviation per 5 second count). One of three feedback resistors can be
selected for each electrometer, under computer control, to optimise step response versus gain.
Electrometer Speed: When using a 1011 Ω input resistor, the electrometer output will settle to < 1‰
of its value within 5 seconds of the input signal being removed.
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Figure 5.7 | Performance of conventional resistive-feedback electrometers and the novel iFlex
electrometer, and electron multipliers. The iFlex allows the Faraday cup-electrometer combination to
be used on much lower signals than a conventional high gain electrometer, thereby overcoming the
‘megaHertz gap’ between signals too high for an electron multiplier (> 100 kHz) and too low for a
conventional electrometer (< 1 MHz).
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Multiplier Noise: The multiplier baseline noise at the discriminator output will be ≤ 4 counts per
minute when operated at the plateau voltage.
Multiplier Pulse Height Distribution: The output of the multiplier as a function of discriminator
level and the pulse height distribution for the multiplier can be determined under computer control.
The discriminator level is set under computer control.
Multiplier Gain Adjustment: The multiplier output as a function of operating voltage can be
determined, and the optimum plateau operating voltage set, under computer control.
Collector Slits: The slits are independently selectable by the user, manually set by opening the
vacuum chamber. Slit sizes and combinations for each head can be customised. Available slit widths
50–500 µm.
Focusing: Collector (focal plane) positioning, 40 mm adjustment along the axial beam line.
Mass Resolution: >5000 for 100 µm axial collector slit; >3000 for 100 µm moving head collector
slits at the ends of the focal plane.
Drive systems:
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Moving head mass-selection:
Focal plane positioning:

Large servo motors;
DC motor with encoder.

Positioning tolerances:
The step resolution for each of the position system motor drives is as follows:
Moving head mass-selection:
1 µm;
Focal plane positioning:
200 µm;
The positioning tolerance for these components (heads and slits) is slightly lower than that of the
drive units due to tolerance in each mechanical assembly.
Ion counting system:
The ion counting system is based on a custom-built 6- channel Ion Pulse Counting System
incorporating:
• Pulse height discriminators,
• Digital rate monitoring,
• Analogue and digital rate metering,
• 32-bit ion pulse counting,
User selectable gating (dead) time for ion counting for each detector channel from 16 - 256 ns, under
software control.
Data System
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A PCI Bus based computing system, with LabVIEW® application software installed, provides the
instrument control for SHRIMP IV/MC. This system communicates with the SHRIMP IV/MC sub
systems. Communication between various sub systems and high voltage racks is by means of serial
fibre optic links. The National Instruments LabVIEW® platform provides a flexible, seamless,
integrated system, eliminating the need for individual run-time programs.
The SHRIMP IV/MC computer-based control system operates via a series of screens accessed from a
main menu.
Instrument Control
•
•
•
•
•

PC with Microsoft Windows platform standard.
Entire vacuum system under microprocessor control.
Highly intuitive, easy-to-use graphically orientated
operation of entire machine.
Ability to operate remotely via virtual network
computing applications.
Ability to automate sample acquisition for unattended
operation.

Figure 5.8 | The SHRIMP
control system is intuitive and guided
for optimal performance and results.
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LabVIEW® for IBM-compatible PC. The software includes provision for:
•
•
•
•
•
•
•
•
•
•
•
•
•

Remote positioning of the focal plane,
Remote mass adjustment of the central array,
Remote mass adjustment of the moving heads,
Remote transverse adjustment of the moving heads,
High voltage ramping for multiplier conditioning,
Gain checks on all multipliers and multiplier voltage adjustment,
Multiplier pulse height analysis and discriminator adjustment,
Simultaneous detector scanning for collector slit positioning, with real time lateral and
transverse slit position adjustment;
Mixed detector analysis (CDEM simultaneously with Faraday cup),
Relative gain measurements by peak switching or static multiple collection ratio measurement
of a standard,
Analysis by static multiple collection, field switching single collection, or a combination of both,
Data output format compatible with existing off-line data processing software,
On-line data reduction for common analytical tasks.

The principal screens include the following:
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Primary Screen for point-and-click control of the energy, focusing, steering and mass filtering of the
primary ion beam. All lens and steering settings can be displayed either as true read-back voltages for
status information, or as the input digital bits to the power supplies, allowing maximum control and
diagnosis. Steering voltages can be adjusted manually or scanned and set automatically for maximum
beam transmission. Output from the primary and secondary beam monitors is displayed. Monitor
ranges can be adjusted. All voltages can be stored to disc as a data file and reloaded as required.
Secondary Screen for point-and-click control of the energy, focusing and steering of the secondary
ion beam, including the triplet quadrupole lens, electrostatic analyser, matching quadrupole and
retardation lens voltages. All lens and steering settings can be displayed either as true read-back
voltages, or as the input digital bits. Steering voltages can be adjusted manually or scanned and set
automatically. Output from the ion counter and post-ESA beam monitor is displayed. Counter or
monitor ranges can be adjusted. All voltages can be stored to disc as a data file and reloaded as
required.
Mass Scan Screen for scanning the magnet field over a selected mass range and displaying the
output of the electron multiplier or electrometer. Scans are digital, with a selectable step size down to
single bit adjustments of the field controller. Up to 5 scans can be displayed simultaneously on a linear
or logarithmic scale. Data can be displayed from single or multiple collectors. Data output includes
the mass, field, count rate and resolution of the principal peak, plus calculated collector slit width and
beam focusing residual. Three system cursors enable display of mass, field and count rate at any
selected position in the scan and the measurement of mass differences between peaks, plus the
calculation of resolution at any selected fraction of peak height. Mass or field values of selected peaks
can be acquired to calibrate the magnetic field or adjust the nominated mass of peaks to be analysed.
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Sample Stage Screen for controlling three orthogonal stepping motors to position the sample in
three dimensions as required for analysis. The sample can be positioned by stepping in single or
multiple motor steps, by driving the motors through an on-screen ‘joystick’ or by positioning a cursor
on a diagrammatic representation of the dual sample holder. Position co-ordinates can be stored and
locations revisited as required. An on-screen button allows the primary ion beam to be turned off and
on as necessary.
Data Acquisition Screen for setting the peak switching sequence and analytical conditions for single
collector analysis. The screen consists of a directly editable table listing the sequence of species and
masses to be analysed, integration times, switching delays, detector type, collector focal position and
auto-centering option. It also provides access to sub-screens in which a wide range of other analytical
conditions can be set. These include data output format and storage options, choice of on-line data
processing, auto-centering parameters, automated tuning parameters, dead-time correction and
nomination of standard compositions. The parameters set can be stored to file and recalled as
required.
Monitor Screen for allocating the output of selected beam monitors between analogue meters and
computer-based chart recorder channels, and setting the output ranges.
Sample Auto-change Screen for the fully computer controlled interchange of sample mounts
between any of the four sample lock and two source chamber mount locations. Mount locations and
identities are displayed on screen. Sample interchange is sequenced and performed automatically once
the required move has been indicated by a point-and-click.

Australian Scientific Instruments | Budgetary Proposal

Configuration Screen. Fundamental instrument parameters are accessible and can be edited through
a password-protected configuration screen. This screen also provides direct access to motor controls
for mechanical testing.
Utilities Screen. Functions used relatively infrequently are accessed through a utilities screen. These
include screens for communications checks and system diagnostics, secondary ion energy scanning,
positioning the sample rack for loading, manual sample transfer, setting electrometer parameters,
scanning of multiplier output pulse heights and adjusting multiplier gain, raster ion imaging and highlevel control of the vacuum system through the IVMS.
Automation Software
Automation software allows a series of samples to be analysed automatically and unattended. Analysis
locations are selected and stored in advance, either on SHRIMP IV/MC or on a microscope fitted
with a digitised stage. Analysis and tuning parameters are also stored. The software then performs the
analyses, moving to each location and fine tuning the primary and secondary ion beams as necessary.
The data stored includes an image of each analysed spot.
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This software was developed by the ANU for use on SHRIMP I in its analysis of Hadean zircons by
Professor Harrison.17 Over 160,000 zircons have been analysed using this instrument and software
combination. This extensive history of use, combined with use of the software at other sites, has led
to a very stable software and hardware environment.
Software Updates
ASI provides software fixes to all customers free of charge as they are generated, for current,
supported versions of the SHRIMP software, throughout the life of the SHRIMP instruments. ASI
offers customers software upgrades for purchase as they are released.
Isotopic Mapping
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The distribution of an isotope within a sample can be mapped at high mass resolution and without
loss of secondary ion sensitivity by raster ion imaging, in either single collector or multicollector
mode. Using a primary probe diameter of ca. 4 µm, the map is constructed by rastering the sample
stage in ca. 3 µm steps. To image an area ca. 100 µm square takes about 7 minutes. Larger images take
longer in proportion to area. The isotopic maps are displayed in real time and the data stored as a
digital matrix. Data from different isotopes can be combined to produce maps of isotope ratios, and
the data files can be processed off line to increase the effective spatial resolution.

Figure 5.9 | Raster ion images of Pb
isotope, UO and ThO secondary ion
emission from a small, strongly zoned
zircon. The zircon growth texture
(unzoned core surrounded by zoned
overgrowth) is visible in the backscattered
electron image at the upper right.

17

T.M. Harrison, J. Blichert-Toft, W. Muller, F. Albarede, P. Holden, and S.J. Mojzsis (2005)
Heterogeneous Hadean hafnium: Evidence of continental crust by 4.4-4.5 Ga. Science 310, 1947-1950
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Four isotope ion image and visible
light image (centre)

Vacuum Pumping System
Vacuum Pumps: The source chamber is pumped by a CTI-Cryogenics On-Board 8 High-Vacuum
Pump with a pumping speed for air of approximately 1500 l/s. In addition, the standard SHRIMP
IV/MC is equipped with one 100 l/s and three 400 l/s hybrid turbo-molecular/ drag pumps on the
sample lock, primary column, electrostatic analyser and collector respectively. These pumps are
backed by diaphragm pumps. A spare port is provided on the electrostatic analyser chamber so that
an additional high-vacuum pump can be fitted if extra pumping speed is required. If oil contamination
is not a concern, rotary vane backing pumps are available as an option.
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Vacuum Valves: Pneumatically operated gate valves are located on each pumping port and between
the principal vacuum chambers, enabling isolation of the duoplasmatron, source chamber,
electrostatic analyser and collector and their pumps for ease of servicing and rapid recovery of
optimum vacuum. The vacuum valve that isolates the sample lock from the source chamber is
operated by a double solenoid to protect the sample transfer mechanism in the event of a mains
power failure during a sample change.
Vacuum monitors: Each chamber of the instrument is equipped with a full range vacuum gauge
(atm to 10-7 pa). Roughing lines are equipped with low vacuum gauges. All pumps are directly
controlled by a standalone Intelligent Vacuum Management System (IVMS) which also provides
continuous monitoring of chamber pressures, pump controllers, gate valves and other related vacuum
system parameters.
Vacuum protection: If the mains power fails, the IVMS closes valves to isolate the vacuum pumps
from the main chambers to protect against loss of chamber vacuum. This response is delayed for a
few seconds to prevent venting during very brief mains power transients. The IVMS will also isolate
an individual section of the pumping system from the affected chamber in the event of a pump fault.
Operational Vacuum
The operational vacuum (i.e. while analyses are in progress) for SHRIMP IV in geochronology mode
using a duoplasmatron are better than:
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Duoplasmatron:
Primary Column:
Sample Lock:
Source Chamber:
Electrostatic Analyser:
Collector:

ca. 3 x 10-1 Torr
ca. 1 x 10-5 Torr
ca. 1 x 10-7 Torr
ca. 3 x 10-8 Torr
ca. 3 x 10-8 Torr
ca. 3 x 10-8 Torr

Pump-down Times: Pump-down times depend on the previous vacuum history. Following the
routine exchange of samples between the evacuated sample lock and the source chamber, the vacuum
in the source chamber recovers its previous value within ca. 30 seconds after the valve to the lock is
closed.
Evacuation of the sample lock from atmospheric pressure to a sufficient vacuum to allow sample
insertion into the source chamber (ca. 5 x 10-6 Torr) takes about 10 minutes. However, for optimum
analyses it is recommended that samples be allowed to outgas in the sample lock for a few hours prior
to introduction into the sample chamber. If the collector and magnet flight tube are vented for a short
time using dry nitrogen, the collector can be pumped down to less than 5 x 10-7 Torr within ca. 15
minutes and to < 5 x 10-8 Torr within 12 hours. After prolonged exposure to humid air, the ESA and
source chambers require about two days of pumping to recover operational vacuum.
Bake-out Heaters: Radiant bake-out heaters are fitted inside the source and electrostatic analyser
chambers. Bake-out is required only if it is necessary to recover optimum vacuum as rapidly as
possible after a prolonged venting of the chambers to humid air. A complete bake-out cycle takes a
minimum of 24 hours, and complete thermal re-equilibration takes several days.
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Uninterruptible Power Supply
The standard SHRIMP IV/MC is equipped with two uninterruptible power supplies (UPS). These
provide both stabilised power to critical low-power electronic units and a continuity of power supply
to those units for about 5 minutes in the event of a mains power failure. In particular the Intelligent
Vacuum Management System power is maintained to allow a sequenced shutdown of the vacuum
system in order to protect the instrument and allow rapid recovery once mains power is restored. To
improve overall operating efficiency if power failures are anticipated, it is desirable to use an
additional large UPS for overall instrument operation. Sites such as Curtin University and KBSI have
successfully adopted this approach.
Intelligent Vacuum Management System (IVMS)
A dedicated vacuum management system monitors and regulates the operation of the vacuum system
of the whole instrument, and is the user interface with that system. The IVMS is powered from a UPS
so it remains fully functional if mains power fails for up to a few minutes. It also is equipped with
battery backed-up memory so that it can return the vacuum system to its previous state after a mains
power failure lasting up to several hours.
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Monitoring and control:
The central function of the IVMS is to monitor the status of the vacuum system and control the
appropriate response. Functions monitored include chamber and roughing line pressures, and the
status of all pumps and gate valves. The IVMS can respond to this information to protect or restore
the integrity of the vacuum. For example, if the pressure in a chamber rises rapidly, the chamber is
isolated from other chambers and, if necessary, the voltage interlocks triggered and the pumping
system isolated. In the event of a turbo pump fault, the pump is isolated and the individual pumping
system vented. In the event of a protracted mains power failure, the chambers are isolated, the
pumping systems isolated, the turbo pumps vented and the HV interlocks triggered. When power is
restored, sequenced chamber evacuation is initiated providing that reasonable chamber vacuum has
been preserved. If the status of the pumping system is found to be incorrect, the IVMS will attempt
to correct it.
Intelligent User Interface:
The IVMS is the primary user interface with the vacuum system. Through it, the user can monitor
system pressures and the status of all pumps, valves, interlocks and processes. Pumps and valves can
be operated manually, but the IVMS will not execute any command that will compromise the vacuum
or pumping system. Automated venting and evacuation of individual chambers is provided through
sequenced ‘Vent’ and ‘Evacuate’ processes. The IVMS also prevents high volts being applied to any
chamber in which the vacuum is inadequate.
Oil Free Vacuum System
An oil-free vacuum system is now standard on SHRIMP. In an oil-free configuration, all rotary vane
backing pumps are replaced by diaphragm pumps, and all turbo-molecular pumps by hybrid turbomolecular drag pumps. This configuration is fully compatible with the Intelligent Vacuum
Management System, and is used in the shared GA-ASI SHRIMP IIe.
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High-Voltage Protection
The SHRIMP IV/MC electronics are designed to be extremely robust and, wherever possible, power
supplies contain built-in protection against high voltage discharges. As a result, it is very rare for a
discharge or power surge to damage components. Additional protection is provided by a high voltage
conditioning system that minimises flashovers by providing a means to safely ‘clean’ the high voltage
system following a period of maintenance.
Please note: These specifications are subject to change without further notice.
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6. INSTALLATION REQUIREMENTS
Installation
Installation requirements for a SHRIMP IV/MC are detailed below. Fitting out the laboratory and
providing viable access for the major SHRIMP IV/MC components are the responsibility of the
customer. ASI can work with the customer to generate a provisional plan of the laboratory showing
its proposed access, interior fittings and services. ASI engineers can then review and comment on the
suitability of the subsequent detailed design. The space and other requirements needed to
accommodate SHRIMP IV/MC are included in this section. A floor plan of the instrument is also
provided for consideration.
An ASI engineer may, on a chargeable basis, physically visit the customer laboratory prior to
installation of the instrument, to verify if the laboratory site meets the requirements of the instrument
and will be for one day duration. If additional days are required, they can be provided at additional
charge. However, our Local Representative will extend their technical support backed by ASI to
advice on the site preparation. If the Laboratory is not completed, the instrument may still be
shipped, and stored by the customer, but will not be installed until the laboratory meets the
requirements outlined in this document.
Layout of the Instrument
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The layout of the SHRIMP IV/MC is shown schematically in the following diagram, which can be
compared to the vertical view of the Brazil SHRIMP IIe/MC, taken during testing at the ASI facility.
The instrument broadly consists of a primary ion column to generate a tightly focused beam of
oxygen, cesium or other ions, a sample holding and exchange system to present the sample to the ion
beam, a secondary extraction optical chain to collect the ions sputtered from the sample, followed by
a double-focusing mass spectrometer, based on a design by Matsuda.

Figure 6.1 |Schematic layout of the SHRIMP IV/MC
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The electrostatic analyser separates the ions according to their energy, while the magnetic analyser
separates ions according to their momentum. A quadrupole lens between the two reduces aberrations,
allowing excellent resolution to be achieved with only three main ion optical elements in the
secondary column.

Figure 6.2 |Top View of SHRIMP IIe/MC. The SHRIMP IV has a similar footprint, and uses the same mass
spectrometer design (ESA, quad, magnet)
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Plan view of the Brazil SHRIMP IIe/MC (for comparison with the schematic diagram above). A user is at the
control computer with three screens for the sample image, instrument control and data readout. The electronics for the
instrument is housed in the frames supporting the main elements of the instrument, in a standard 1.8 m high
electronic rack, housing the duoplasmatron power supply (not shown in this picture), and a 1 m high 19” rack for the
multi-collector motor drive electronics (top left, behind the magnet).

Figure 6.3 | Elevation view of the SHRIMP IIe/MC
With the sample chamber at the right, and the multi-collector on the left. The large white object is the magnet, and the
large silver chamber houses the electrostatic analyser plates. The cryocooler sits vertically above the sample chamber,
with the automated sample exchange system and airlock next to it. The electronics for the instrument is housed in
racks built into the frame of the instrument. The multi-collector control and detector readout electronics sit under the
multi-collector. The intelligent vacuum management system sits under the sample chamber, with the turbo-pump
controllers and vacuum gauges in the adjoining space.
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Dimensions
The height of an assembled SHRIMP IV/MC is approximately 2400 mm. The width and depth are
approximately 6000 x 3500 mm respectively. To accommodate both the SHRIMP IV/MC and its
peripheral equipment, and to facilitate installation and operator traffic around the instrument, the
minimum floor plan area is advised to be 8250 x 5500 mm.
If dimensions of the proposed laboratory area are submitted, then ASI staff can provide an assessment of the site’s
suitability, and an indicative design sketch for potential, existing, or planned laboratory areas. A schematic showing the
minimum dimensions of a SHRIMP Laboratory is shown overleaf.
Installation Equipment
A gantry type crane, supplied and installed by the customer, is required for the movement and
assembly of SHRIMP IV/MC components within the laboratory. The crane is required to have a
capacity of 2,000 kg. A permanent crane is necessary to provide easy maintenance and servicing. The
type and physical dimensions of the crane must be included when considering the minimum floor
plan area of the room.
The height from the floor to the lowest point of the crane hoist when fully retracted, for safety and
convenience, should be at least 2400 mm. The crane hoist should be able to extend to floor level. The
operation of the crane must include the ability to span the entire width and depth of the machine and
preferably ‘rest’ away from the machine when not in use. It is also preferable that the crane hoist be
able to reach the equipment access point to facilitate transport of equipment into the room.
Assembly of the SHRIMP IV/MC components requires precise positioning of large components. For
convenient assembly and maintenance, the crane should have an electrically driven chain hoist, with
two speeds and a low speed of 600 mm/min. for safe operation. A manual chain block hoist may be
used but is not recommended.
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Electrical power for the crane is the responsibility of the customer and must be separate from the
SHRIMP IV/MC electrical circuits.
Floor and Foundations
The total machine loading is approximately 12,000 kg. Because of the weight of the magnet alone, the
floor of the room must have a minimum weight capacity of 4,000 kg/m2.
The floor must remain level to within 5 mm between major components, with the floor gradient not
exceeding 2:1000. The foundations of the floor/building must not be subject to any continuous or
frequent vibration or mechanical shock. In general, the level of vibration should be less than 12
microns/sec (Class C) and preferably less than 6 microns/sec (Class D) (Vibration Criteria for
Sensitive Equipment (Institute of Environmental Sciences, IES-RP-CC012.1, considerations in Clean
Room Design, pg. 39) (at σ all frequencies). The measured acceleration should be <250 microns/s2
(2.5-20 Hz) and < 500 microns/s2 (20 -200 Hz). The amplitude of displacement should be <2
microns (0.5 to 2.5 Hz).
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Figure 6.4 | Minimum SHRIMP Laboratory Requirements (To be confirmed – contact ASI for specific site
requirements)

Equipment Access
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Access for equipment during the installation of the machine must be provided. This access must be
floor level without obstructions such as steps or doorstops. If there are any obstructions, it is the
responsibility of the customer to provide suitable building ramps, which meet all safety requirements.
The minimum access must be 1800 x 2400 mm (width x height). If this requirement cannot be met, all
special lifting and transportation mechanisms are to be supplied by the customer.
Electrical Power
The following is a description of the electrical power requirements for the SHRIMP IV/MC system
only. Electrical power for equipment external to the SHRIMP IV/MC system is the responsibility of
the customer and must be provided on separate circuits.
The specifications below are derived for a line voltage of 415V (±10%) and phase voltage of 240V
(±10%). The customer will be required to provide details of the specifications of the local mains
power supply soon after the order has been prepared so adaptations can be made by ASI's Engineers.
Each of the SHRIMP IV/MC circuit outlets should be protected by one circuit breaker of the
appropriate rating per phase. Two Uninterruptible Power Supplies (UPS) provide 'clean' power to
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sensitive control electronics. Their secondary function is to maintain power to the Vacuum
Management System and Sample Changer Controller for an orderly shutdown of the vacuum systems.
Cct
No.

# Phases Plus
Neutral

Max. Circuit
Power(kVA)

Est. Power
Dissipated(kW)

Purpose

1.

3+N

10

7

SHRIMP Supply

2.

3+N

5

3.5

Water Chiller

Total

15

10.5

Cooling System
The water cooling system recommended by ASI is the Neslab Thermoflex 5000, or equivalent
overseas unit. If the Purchaser desires an alternative cooling system, the cooling requirements of the
chosen system are listed below.
DEVICE

MAGNET
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CRYO-PUMP
COMPRESSOR

PARAMETER

VALUE

Power (@ Mass 254)
Flow

1 kW
6 l/min. (3 l/min per coil)

Nominal Inlet Temp
Max. Inlet pressure

22°C +/- 0.1°C
172 kPa

Pressure drop

48 kPa

Power

2200 W

Flow Rate

1.9 l/min

Max. Outlet Temperature

32°C

Min. Inlet Temperature

4°C

Max. Inlet Pressure

697 kPa

Pressure Drop

24 kPa
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Air Conditioning
Air conditioning of the SHRIMP IV/MC room must maintain room temperature to within ±1.5°C at
a temperature within the range 20 to 25°C. Depending on additional laboratory heat load, the air
conditioning cooling capacity should be in the order of 15kW. Relative humidity must be maintained
between 50 - 60%. ASI strongly recommends the use of antistatic flooring.
Compressed Gases
Normal operation of SHRIMP IV/MC requires the following gases.
GAS

PURITY

Compressed*1
air, dry

Industrial

Nitrogen 78.1%

WORKING
PRESSURE
kPa

GAUGE &
ADDITIONAL PURPOSE
REGULATOR REGULATOR
kPa

483-689

0-1000

-

Pneumatic
valves

100 – 140

0 – 1000

Flow meter

Vacuum
Venting

0 – 1000

0 -160 kPa

Ion Source

Oxygen 20.9%
Argon 0.9%
Nitrogen*2
(oxygen free)

High (>99.9%)

Moisture <12 ppm
Oxygen <10 ppm
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Oxygen

Ultra High
(>99.999%)
Impurity ( ppm)
Nitrogen <75
Argon <1
CO2 <1
CO <1
H/C <1
Hydrogen <10
Moisture <10
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Please Note:
•

•
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•

If compressed air is available in the laboratory the same may be used with water trap and holding tank. The
baseline proposal is for provision of a small electrically-driven air compressor with associated water trapping,
for operation of the SHRIMP IV/MC pneumatics.
Gas boil-off from liquid nitrogen tank may be used for venting. Bottled Nitrogen is required for cryogenic
pump regeneration due to the higher pressure requirements.
If these gases are supplied from cylinders solely dedicated to the SHRIMP IV/MC system, cylinder volumes
of 6.4 m3 should be sufficient for a considerable time. Standard gas fittings should be employed.
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7. OTHER ISSUES
7.1

Standard Reference Material

Introduction
The use of standards in SIMS analysis is vital to overcoming matrix-related changes in fractionation
between elements. Much work has been undertaken within the SIMS community to develop a range
of standards to ensure accurate dating of minerals, and facilitate inter-laboratory comparisons. The
available standards include naturally occurring minerals such as the Temora 2 zircons, and
manufactured materials such as the range of NIST glasses used for rare earth analysis. The selection
of appropriate standards depends on the analysis to be undertaken. The standards should
approximate the chemical composition and age of the samples under investigation.
Each SHRIMP lab within the SHRIMP user community has been involved in the development of its
own standards, and involvement in the community will assist the customer staff and users to develop
standards specific to their scientific interests. The extensive experience of ANU researchers, in
particular, will assist in access to existing standards, development by customer scientists of new
standards specific to their research interests, and sharing of these standards across the community.
The SHRIMP IV/MC is provided with a ‘setup mount’ of standards to assist the customer in initial
configuration and evaluation of the instrument. As optional items, ASI, in collaboration with the
ANU RSES and GA, can provide a more extensive set of standards to the customer to facilitate test
and characterisation of the SHRIMP IV/MC, and to allow research in the areas of U-Pb
geochronology, rare earth element analysis, and measurement of stable isotopes. These are noted
below.
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The close working links between ASI and the SHRIMP community means that developments in
standards occurring during the program and warranty period will be conveyed to the customer
scientific team, and ASI will work with the community to make such standards available to the
customer’s team.
Baseline Standards
As an option, the SHRIMP IV/MC can be supplied to customer with a start-up set of relevant
standards. Subject to availability from the suppliers, these may include;
Trace Element Analysis, using NIST reference materials. The amount of each supplied will be
their standard unit of issue;
• SRM611 (6 wafers),
• SRM613 (6 wafers),
• SRM615 (6 wafers),
Oxygen isotope analysis. The amount of NIST material supplied will be their standard unit of
issue;
• NBS18 (400 mg)
• NBS19 (400 mg),
• Durango apatite (10 mg)
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Carbon isotope analysis (NBS18, NBS19) (included under oxygen, above);
Pb isotope analysis. Broken Hill Feldspar (500 mg);
Geochronology standards;
• Temora 2 zircon (10 mg),
• Thompson Mine or other monazite (10 mg),
• Tara allanite (10 mg), and
• Phalaborwa baddeleyite (10 mg).
By joining the SHRIMP community, the customer will also gain access to other members of the
community who are using and developing other standards, including Geoscience Australia, The
United States Geological Survey, Curtin University, and ANU PRISE.
7.2

Lead Time for SHRIMP IV/MC shipment

The SHRIMP IV/MC will be delivered to the customer’s laboratory by the agreed date defined in
the contract, providing the laboratory is ready for delivery and meets the requirements outlined in
Section 6, Installation, that the program commences by an agreed date, and there are no delays to the
delivery date due to mutually agreed changes to the program, or due to delays arising from customer
delays in the program. The lead time for a single-collector SHRIMP IV is approximately 18 months
from date of order, while for a multi-collector instrument it is approximately 22 months. Where an
instrument is already under construction prior to the order being received, these lead times may be
reduced.
Prior to packing the SHRIMP IV/MC for transport, its performance will be verified with customer
representatives. This process will be combined with the training activities for customer staff, who
will view part of the integration process, be involved in final tuning, and then participate in
performance verification.
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7.3

SQUID Software Development

The SHRIMP user community is continuing to develop the next generation of SQUID software, to
function as the standard software platform for SHRIMP data reduction and comparison between
laboratories. The software runs as an Microsoft Excel add-in and it is being upgraded to provide
greater flexibility in calculating isotopic ratios and processing methods. This activity is being
coordinated by Geosciences Australia (under the management of Dr Keith Sircombe), with funding
from a range of laboratories including;
•
•
•
•
•
•
•

The Australian National University,
PRISE (ANU),
Curtin University,
Berkeley Geochronology Centre,
The United States Geological Survey,
The Canadian Geological Survey,
The University of Western Australia,
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•
•
•

The Geological Survey of West Australia,
Geoscience Australia, and
ASI.
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The software redevelopment is headed by the author of the original software, Dr Ken Ludwig, from
the Berkeley Geochronology Centre. User requirements were collated early in 2006, and a beta
version of SQUID-II was demonstrated at the 2006 SHRIMP Workshop in Western Australia.
Contributing laboratories were then given the software for evaluation and feedback, with a
documented version of the software released in 2008. This development is an excellent example of
the synergy available from the SHRIMP user community, spanning several countries and continents.
The outcome of this project will be an updated and enhanced version of the widely used data
reduction software, reflecting the needs of users. ASI is proud to be part of this productive and
creative community of scientists.
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8: Description of SHRIMP Collectors
This section describes the two options for SHRIMP ion detection; the 5-channel Advanced
multicollector (AMC), the single collector, and the old 5 head multicollector (MC-N) in more detail
than the preceding sections. The AMC is designed to maximize the utility of the low noise charge
mode iflex electrometers. The current design has a maximum detector spacing of 10 mm,
corresponding to a mass difference of one part in 80. Getting closer spacing will depend on
commissioning a new faraday cup design, currently in testing at the ANU. Once that is proven, ASI
would be looking to collaborate with a partner lab to close down the detector spacing.
The single collector is still offered for customers wishing to acquire a SHRIMP for the lowest possible
cost or lead time. It is just as good at geochronology as the multicollector instruments.
The MC-N is the original SHRIMP II multicollector. As the mass analysers of the SHRIMP II and
SHRIMP IV are identical, the multicollectors are interchangeable. The MC-N was designed for
simultaneous Pb isotopes, but upgraded to measure up to three consecutive U or Pu isotopes for the
(South) Korean SHRIMP.
In the following, it should be noted that the multicollector subsystem has an associated motor drive
electronics rack, for the external and internal motors, and the output of the multicollector detectors is
read into the Ion Particle Counting System (IPCS) electronics in a 3U electronic rack in the support
frame under the multicollector. Computer control to the multicollector is via the associated motor drive
electronic rack, IPCS, and the electrometers, via the fibre optic control bus of the SHRIMP electronics
system.
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ASI encourages SHRIMP customers to undertake their own maintenance of the collectors, which are
designed for simple routine maintenance operations. The slit assemblies can be changed by the user,
and the electron multipliers can be replaced by the user. The user can procure their own slit assemblies
and multipliers, and are not locked into proprietary designs or sources of hardware. Users may also
elect to replace electron multipliers with those from other manufacturers.
The SHRIMP multicollector, when teamed with the innovative iFlex capacitance-mode electrometers,
provide unrivalled performance for stable isotope measurement using Faraday cups Tests on the
SHRIMP SI show that performance can exceed that of electron multipliers down to signal levels below
50 kHz. The SHRIMP instruments are the only large radius ion probes capable of 4-isotope sulfur
measurement with Faraday cups and low noise electrometers; a much more stable, and much cheaper
(in terms of consumables) approach than that requiring an electron multiplier and three Faraday cups.

8.1

SHRIMP Advanced Multicollector

8.1.1

General Configuration and Design Philosophy

The SHRIMP IV has been developed from the ANU SHRIMP SI (Stable Isotope) instrument, which is
intended to provide unrivalled stable isotope measurements for oxygen from sample return missions.
The AMC is, in turn, derived from the proven and successful SHRIMP SI multicollector design.
The AMC is a five head collector, although a three head version is available for customers on a limited
budget. Each head can have a Faraday cup or an electron multiplier. The moveable heads are driven
along the focal line by external DC servo motors, and internally across it by vacuum compatible
Squiggle motors (piezoelectric motors). These motors are under computer control.
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The multicollector is mounted on an x-y table, which allows it to be moved in focus (towards or away
from the magnet), through external motors which are under computer control. The focus and lateral
position are typically set during initial tuning for a given experiment, and are then remain constant.
The multicollector is connected to the flight tube by a flexible bellows. The air pressure acting on the
multicollector is counter-balanced by a second bellows at the rear of the multicollector, anchored to a
support pillar. As such, the focus drive motor load is significantly reduced.

Australian Scientific Instruments | Budgetary Proposal

Adjustments to the detector type (Faraday or CDEM) and slit size in the AMC are made by breaking
vacuum (ie removing the top lid). To facilitate a rapid pump-down, the multicollector and its turbo
pump are isolated from the flight tube by a gate valve. This approach allows rapid pumpdown after the
change in detector configuration.

Figure 8.1 | Plan view of the 5-head advanced multicollector with the ion beam entering from the top right. The axial
head is fixed, while the high and low mass heads move in and out across the focal plane, via servo motors.In the three had
version, the intermediate heads are not installed.

8.1.2

Head Configuration Options

The AMC can be used with three or five heads. The main three heads of the AMC are a central fixed
head (Axial or A), a moveable high mass head (HM) and a moveable low mass head (LM). The heads
move using internal bellows and external motor mechanism with a solid feedthrough, low capacitance
Faraday cup connection. Selection of the electron multiplier or the Faraday cup is done manually,
replacing one assembly with the other, on a dowelled carriage.
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Each head consists of a shielded cassette, in which either a Faraday cup, or a Sjuts multiplier is
mounted. To change detectors, the user opens the multicollector chamber, unplugs the shielded box
containing the detector and plugs in the other. The detectors are self-aligning behind the slits, and these
changes can be made by the customer, without ASI or agent input.
The three heads span a range to allow simultaneous lithium analysis at the low mass end (ie > 1:7), to a
close packing of about 1:80. For geochronology, the user can run the instrument as a single-collector
instrument, replacing the central head with an ETP multiplier.
After the SHRIMP SI was commissioned at the ANU, the scientific importance of 4-isotope sulfur
measurements became clear, from work by Farquar et al at the University of Maryland. Consequently
the AMC has been developed to allow 5 heads to be used, four moving and one fixed. The additional
heads are at intermediate positions between the central head and the high and low mass heads
respectively, and are called the Intermediate Low Mass (ILM) and Intermediate High Mass (IHM)
heads.
8.1.3

Electrometer Options

The AMC can use either the Hyder resistive feedback electrometer or the iFlex hybrid
resistive/capacitive feedback electrometer. These can also be mixed, and operate under computer
control for the selection of feedback resistor or capacitor. To minimise noise, these are operated under
vacuum, with active temperature stabilisation. The use of solid, low-capacitance feedthroughs from the
Faraday cup to the electrometer also reduces noise.
8.1.4

Multicollector Adjustments During Operation

The AMC multicollector detector configuration is set before the analysis is performed, so changing
between Faraday and electron multiplier is not possibly during the analytical session. The slit width
must also be selected before pumpdown. During tuning at the start of an analysis run, the focus and
lateral position of the multicollector are checked by the user and adjustments made via the computerdriven motors on the carriage.
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Prior to the measurement sequence itself, the moving head locations are computer-adjusted in
dispersion and focus and their positions recorded by the SHRIMP software.
The run table typically moves from the low mass species to the high mass species, so that the magnet is
stepped in one direction. At the end of the sequence, the field is dropped to the value for the lightest
measurement, and cycling automatically performed to overcome any hysteresis in the magnetic field.
For oxygen analyses, only the three ions of interest, 16O, 17O and 18O are measured, and the instrument
provides sufficient resolution that 17O is measured directly, separate to the adjacent 16OH peak. As
such, the heads do not move while undertaking measurements of oxygen.
Quasi-simultaneous isotopic analyses of multiple species is possible by alternating the field of the
analyser magnet between multicollector measurements. For example, 16O can be measured on the low
mass head with 18O on the high mass head, and a field switch can then put 32S on the low mass had and
34
S on the axial head, so that alternating ratios are collected on a 10 to 15 second switching schedule.

8.2

Single Collector

The basic collector configuration is the single collector, as used on the Geoscience Australia machine.
This has an ETP discrete dynode multiplier behind a user-adjustable slit and retardation lens. A Faraday
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cup can be introduced into the beam in front of the ETP multiplier, under computer control, via a 2position pneumatic actuator.

Figure 8.2 | Photograph of single collector, sitting on motorized table (for focus), which in turn sits on a frame which
houses the IPCS. A gate valve isolates the turbo pump mounted below the table.
In order to measure different masses, the magnet is stepped over the different mass positions in the
‘run table’, the list in the computer of the species to be measured.
The single collector has a continuously adjustable slit driven by a manual micrometer on a vacuum
feedthrough.
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The ETP pulsed output is counted in an amplifier-discriminator-gating circuit in the ‘Ion Pulse
Counting System’ or IPCS, and the data read into the control computer via the fibre optic control bus.
The Faraday cup is read out by an advanced electrometer (Hyder electrometer) with three feedback
resistors (1010, 1011, 1012 Ω) and the option of a feedback capacitor for low level signals (iFlex
electrometer). These resistors and capacitor are selected under computer control, via the fibre optic
control bus (fibre optics are used to eliminate ground loops in the instrument). The electrometer
amplifier is temperature-stabilised, and evacuated, for the highest stability and lowest noise. The
electrometer output is converted from voltage to frequency, and read by the IPCS as a pulse stream.
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Figure 8.3 | Solidworks model of single collector, with beam entering from bottom left. The green unit is the manual
micrometer for slit adjustment and the grey cylinder behind it is the pneumatic actuator for the Faraday cup mechanism.
The ETP multiplier and retardation lens are behind that.

8.3

SHRIMP Multi-Collector-N (original SHRIMP multicollector)

The 5-channel SHRIMP II multi-collector (MC-N) was developed at the Australian National University
with two main design aims; simultaneous collection of lead isotopes on electron multipliers at the high
mass end, and simultaneous measurement of the three oxygen isotopes at the low mass end. In 2008,
the spacing of the Pb isotope multipliers was decreased to allow for U and Pu isotopic analysis by the
(South) Korean Basic Science Institute (KBSI). This configuration was then sold to the University of
Granada (Spain) and the Polish Geological Institute. It consists of a central triplet of electron
multipliers, and high and low mass heads, each with a Faraday cup and an electron multiplier. The
central triplet can be withdrawn from the beam axis, and replaced with a Faraday cup, or the beam can
be reimaged onto an ETP multiplier via a transfer lens.
The head nomenclature is as follows;
-

The high mass head is called HM;
The low mass head is called LM;
The central triplet heads are AH (axial high), AA and AL (Axial low);

Key design features of the MC-N multicollector are;
-

-
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-

-

All adjustments can be made without breaking vacuum;
Most adjustments are made under computer control (excluding central Faraday cup insertion,
withdrawal of central triplet, which are manual and only done periodically when reconfiguring
the instrument) ;
The system has one axial ETP discrete dynode multiplier with retardation lens, three Faraday
cup channels, and five continuous electron multiplier channels;
Each channel has one of three selectable slit widths, using laser-scribed slits. The slit assemblies
can be changed by users, and users can request custom slit configurations for particular
experimental requirements;
All multipliers can be changed by users, without the need for a service call. They are selfaligning.
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Figure 8.4 | Cross Section of the 5-channel multicollector. The ETP detector is at the top right. The central Faraday
cup is mounted on the lid, and is not shown. To insert the central Faraday into the beam, the axial multiplier triplet is
withdrawn with the grey micrometer shown at the top.
8.3.1

Details of Central Triplet

Australian Scientific Instruments | Budgetary Proposal

The central triplet assembly consists of three Sjuts continuous electron multipliers packed closely
together on a moveable skid, with associated stainless steel conversion dynodes, in a shielded enclosure.
This assembly is moved behind the set of three slits, which define the beam positions. The slits are
mounted on a vertical stepper-motor driven stage, which allows one of four slit sizes to be selected.
These are typically 100, 200, 300 and 400 microns, but may be different, and may be different for each
channel. The user can change the slit shim for each of the three channels, without needing service
support from ASI or its agent. The AH and AL slits can each be independently moved by up to 2 mm
away from their closest packing, by ‘motor-mike’ actuators, which are also under computer control.
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Figure 8.5 | The MC-N multicollector, with the beam entering from the top right. A Sjuts electron multiplier is shown
in the blue inset image.

Figure 8.6 | View of the MC-N multicollector from behind the instrument. The motor drive rack is on the left, the
magnet in the middle and the multicollecotr on the right. The MC sits on a motorised table which moves across the beam
and in focus. The air pressure on the bellows is balanced by the rear bellows and mounting post. The high mass head servo
motor is the yellow and black item on the bottom right of the multicollector.
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The central triplet design was originally designed for a minimum of 1 AMU spacing at mass 208 and
has subsequently been upgraded to allow closer packing for the simultaneous measurement of 239Pu and
240
Pu, in order to make the SHRIMP a powerful instrument for nuclear forensics. This variant was
originally shipped to South Korea, and is now standard. The central triplet slits moves under computer
control to allow the high mass axial (AH) and low mass axial (AL) heads to move up to 2 AMU from
the central fixed multiplier (AA).
The central triplet can be moved away from the beam by a manually-driven actuator. The slits remain in
position, and the central slit is reimaged onto the ETP multiplier behind the multi-collector.
Alternatively, the central Faraday cup can be lowered into position behind the central slit. The triplet
withdrawal mechanism and the Faraday insertion mechanism are manual, because the reconfiguration is
only required occasionally, while head positioning is computerized because it may be required to change
during a single measurement across a multi-component ‘run table’.
As such, the user has the options of;
8.3.2

Three central Sjuts electron multipliers for 3 channels of measurement, or
One central ETP multiplier for one channel of measurement, with or without a retardation
potential (for energy filtering against scattered ions); or
One central Faraday cup.
Details of High and Low Mass Heads

The high and low mass heads combine a Faraday cup and a Sjuts continuous dynode electron
multiplier. Each head is on a solid tubular assembly with an internal gold-coated copper rod, which
forms a highly stable electrical connection from the Faraday cup to the associated electrometer, to
reduce noise and optimize step response. The electrometers for each Faraday (Central, High and Low
mass) are identical to those for the single collector or the AMC multi-collector, and may be Hyder
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resistor-mode electrometers or iFlex resistor/capacitor mode electrometers. Each head consists of a
motor-driven slit assembly, the Faraday cup, and an electron multiplier. This combination is supported
on the solid rod with internal electrical connection, and an edge-welded bellows assembly provides the
flexible vacuum feedthrough. Outside the vacuum envelope, a powerful Baldor DC motor on each
head assembly moves the head across the focal plane, from a minimum head packing of 2 AMU with
respect to the AH and AL heads, out to masses 18 and 16. These motors provide rapid movement
during each measurement run, with a repositioning accuracy of several microns.
The Faraday cup or electron multiplier for each of the HM and LM heads is selected via a computer
controlled pneumatic mechanism, which either moves the Faraday cup into the beam in front of the
multiplier, or moves away to expose the multiplier. During operation, the HM and LM heads may be
configured as Faraday-Faraday, Multiplier-Multiplier, Faraday-Multiplier or Multiplier-Faraday. The slits
on each head are independently selectable under computer control.
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Figure 8.7 | Detail of the low mass head, with the blue stepper motor providing in-vacuum, computer controlled slit
changing. This assembly holds both the electron multiplier and Faraday cup, selectable under computer control.

Fgure 8.8 | Detail of the ETP discrete dynode electron multiplier at the output of the multi-collector. This is
functionally equivalent to the single collector ETP configuration.
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8.3.3

Multi-collector Carriage

The multicollector is mounted on an x-y table, which allows it to be moved in focus (towards or away
from the magnet) and across the focal plane, through external motors which are also under computer
control. The focus and lateral position are typically set during initial tuning for a given experiment, and
are then remain constant.
The multicollector is connected to the flight tube by a flexible bellows. The air pressure acting on the
multicollector is counter-balanced by a second bellows at the rear of the multicollector, anchored to a
support pillar. As such, the focus drive motor load is significantly reduced.
8.3.4

Multicollector Adjustments During Operation

The MC-N multicollector detector configuration is set before the analysis is performed, ie the number
of channels of Faraday and electron multiplier, and the slit selection for each detector. During tuning at
the start of an analysis run, the focus and lateral position are checked by the user and adjustments made
via the computer-driven motors on the carriage.
During the measurement sequence itself, the head locations are computer-adjusted as required during
the sequence of measurements in a run table (the table with the list of species to be measured and the
integration time for each species). Typical run tables have 10-15 species, so the multicollector head
spacing may change several times during the run. These changes are rapidly made, automatically, as part
of the measurement sequence, and to not require operator involvement.
The run table typically moves from the low mass species to the high mass species, so that the magnet is
stepped in one direction. At the end of the sequence, the field is dropped to the value for the lightest
measurement, and cycling automatically performed to overcome any hysteresis in the magnetic field.
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For oxygen analyses, only the three ions of interest, 16O, 17O and 18O are measured, and the instrument
provides sufficient resolution that 17O is measured directly, separate to the adjacent 16OH peak. As
such, the heads do not move while undertaking measurements of oxygen.
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Isotopes
B
C
O
Mg
Si
S
S
Ca
Ti
Fe
Fe
Ni
Cu
Zn
Ga
Ge
Se
Zr
Mo
Mo
Mo
Ru
Sn
Sn
Ba
Ba
Lu/Hf
Re/Os
Pb
U/Pb (1)
U/Pb (2)
U/Pu (1)
U/Pu (2)

LM
10
12
16
24
28
32
32
40
47
56
52
60
63
66
69
72
77
90
95
90
95
99
117
117
132
135
172
185
204
204
232

AL

175
187
206
206
234
238

AA

17
25
29
34
33
42
48
57
54
61
65
68
71
73
78
91
97
92
98
101
119
124
137
137
176
188
207
207
238
235
239

AH

HM
11
13
18
26
30
36
34
44
50
56

80

97
101

128

177
189
208
208

179

212
254

236
240

Table 8.1 | MC-N (MC-N) 5-head multi-collector settings.
The LM position is exchangeable between a Sjuts electron multiplier and a faraday cup without
breaking vacuum
The AL position is a Sjuts electron multiplier
The AA position can be a faraday cup, a Sjuts electron multiplier, or a ETP electron multiplier
The AH position is a Sjuts electron multiplier
The HM position is exchangeable between a Sjuts electron multiplier and a faraday cup without
breaking vacuum
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Element
Li
B
B
C
C
C
C
O
O
Mg
Mg/Al
Si
Si
Si
S
S
S
Cl
K/Ca
Ca
Ti
Ti
Cr/Mn/Fe
Fe/Cr
Ni/Fe
Fe (Ni,
Cr)
Ni/Fe
Cu
Zn
Ga/Ge
Se
Rb
Sr
Sr (non
rad)
Zr
Mo
Mo (Zr)
Ba
Nd/Sm
Eu

Low
Mass

39
40
46
45
52
52
54

Intermediate
Low
6.2
10.25
10.25
12.25
12
12
12.5
16.5
16
24.5
25
28.5
28
27
33
33
32
35
40
42
47
46
53
54
56

52
56
60
66
69
74
81
80

54
58
61
67
71
76
83
82

82
90
92
90
132
140
147

84
92
94
92
134
142
149

6
10
10
12
11.8
11.6
12
16
15.75
24
24
28
27
26
32
32
31.5

Axial
6.5
10.5
10.7
12.5
12.5
12.3
13
17
17
25
25.5
29
29
28
34
34
34
37
41
43
48
48
54
56
57

Intermediate
High
6.75
10.75
11
12.75
13
12.6
13.5
17.5
17.5
25.5
26
29.5
30
29
35
36
35

High
mass
7
11
11.4
13
13.2
13
14
18
18
26
27
30
31
30
36
36.5
36

42
44
49
50
55
57
58

44
46
50
51
56
58
60

56
60
62
68
72
77
85
84

57
61
63
69
73
78
87
87

60
62
65
70
74
80
89
89

86
94
96
95
136
144
151

88
96
98
97
138
147
153

90
98
100
100
140
149
155

Table 8.2 | AMC 5 Head Multi-collector settings.
All positions can all accommodate a faraday cup or Sjuts electron multiplier, changed manually.
The central position can also take an ETP multiplier.
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