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The new CSIRO-GEMOC Nuclear Microprobe (NMP) features a number of technical
advances for high resolution, high sensitivity microanalysis. It was designed at the CSIRO
and developed as collaboration between the CSIRO, the GEMOC key-centre at Macquarie
University and the MARC group of the University of Melbourne. For imaging applications, it
also features a software system using a powerful algorithm called Dynamic Analysis,
developed at the CSIRO for unmixing elemental signatures in proton induced X-ray emission
(PIXE) data, to provide a tool for rapid quantitative imaging of trace and major element
spatial distribution in minerals. This paper reports on the performance of the NMP and
examples of its application over the past 6 months since completion.

System Overview The NMP uses a new design that closely integrates the beam forming lens
system with the chamber, microscope and detector systems (Fig. 1) to provide good focussing
performance and large solid-angle
detectors while featuring a high
quality normal-viewing
microscope coaxial with the beam
[1,2]. The key to this design is a
unique magnetic quadrupole
quintuplet lens system, a
distributed 5 lens configuration,
which uses a novel design for each
quadrupole. Further features of the
new probe include: large area X-
ray, y-ray and particle detectors,
digital signal processors,
electrostatic on-demand beam-
switching and scanning, Questar
long-range normal-viewing
microscope with coaxial reflected
light illumination, CCD camera
and remote control, computer-
controlled sample goniometer
(X,Y,Z,6,(t>), sample-change
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Fig. 1 Top view of NMP target chamber showing the close lens-
detector-target geometry and general layout.

vacuum-lock, anti-vibration mounting, and efficient beam shaping using computer-controlled
object and divergence limiting slits.

Quadrupole Lens Design A distinguishing feature of the new lens system is the design of
each quadrupole lens, developed as collaboration between CSIRO and the MARC group,
University of Melbourne. The quadrapole yokes are shaped with pole-tip extensions, which
bring the quadrupole fields 30 mm closer to the target. Also, to accommodate unrestricted
detector access at 135° to the beam, the yokes have cutouts between poles for symmetric
detector ports. The cutouts permit these ports to fit between coil windings, and four cutouts
are used to maintain four-fold symmetry. The result is an effective working distance of 80
mm despite a large yoke outer diameter of 270 mm and an ample bore of 14 mm [3].
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Quintuplet Lens Configuration The lens configuration uses a unique separated quadrupole
quintuplet, with a coupling of +A+A-A-A+B. The drift spaces between the first 3 quadrupoles
have been used to reduce spherical aberration, especially the cross-terms, increase
demagnification, reduce lens excitation, and
approach equal demagnification in the X and
Y planes. This configuration has a
demagnification of 67 in X and Y (despite a
short overall system length of 4.7 m), low
total spherical aberration for this
demagnification, and has all its significant
aberration contributions concentrated into
xl6n terms.
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Figure 2 Scan across a grid bar of a 2000 mesh
Cu grid, using 480pA of 3MeV protons.

Beam Shaping Controls Computer-
controlled object and divergence limiting
slits control phase-space acceptance. The
object slits are formed by polished W rods
and allow the slit-gap to be continuously
varied from 0 to 1200 Jim. There are also
fixed apertures of 1, 2 and 5 mm. The
divergence slits are positioned at 2.6 m
following the object slits [2].

The lens system has most aberration terms concentrated into terms of the form xl6n [3]. This
means that controlling the ratio of 0/<j>, via the divergence slit gap ratio X/Y, can be used to
control the degree of aberration in the focussed beam-spot, at constant beam current. To
facilitate this adjustment, the computer control of each slit-group is done via a graphical user
interface on the Amiga control computer. Slider controls can manipulate the X/Y ratio, or
adjust X and Y slit gaps together at constant X/Y, or control object and divergence slits
together. Once set-up, this enables the user to simply slide one control to the desired beam
current.

Cl Cu Br

Figure 3 PIXE images of a 70 urn fluid inclusion in quartz (100 x 100 um2 scan area). Note the
large cubic halite daughter crystal (high Cl, low K, Mn, Fe), the sylvite crystals (high K and Cl) to
the left of the halite, the hematite crystal (high Fe) and a small chalcopyrite daughter crystal on the
far right (high Cu, Fe). Images also obtained for Ca, Zn, Rb, Sr, As, Ba and Pb.

Data Acquisition and Analysis Data Acquisition uses the MicroDAS interface, developed
by the MARC group at Melbourne University. For every event recorded by a detector, an
E,X,Y triplet is saved, tagged by the detector number, as a record of the energy (E) and
coordinate (X,Y) of the event in the image area. This event data stream is analysed using a
new GUI version of the CSIRO GeoPIXE system for quantitative analysis of PIXE data in
order to image element distribution using Dynamic Analysis (DA). The latter is a powerful
algorithm for unmixing elemental spectral signatures in PIXE data, in order to project
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quantitative images of trace and major element spatial distribution in the sample under study
[4,5].

Performance The theoretical performance of this new configuration [3], suggests that sub-
micron beam spot-sizes at lOOpA beam current can be achieved, at the low brightness of the
CSIRO tandem accelerator (~lpA/[um2.mrad2.MeV]). A spot-size of 1.3u.m was obtained on
the first day with beam (Figure 2), at a beam current suitable for trace element work (480pA).
As the acceptance of the system is increased, and the beam current grows to ~20nA, the
modelling suggests a slow rate of spot-size growth with a spot size of ~3u.m possible at these
high currents. This is observed in practice with the spot-size growing to only 1.8u.m at lOnA,
an ideal current for trace element imaging in silicates (eg. Figure 4).
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Figure. 4 Quantitative DA PEXE images of a carbonatitic melt inclusion in clinopyroxene from
the Slave Craton, Canada (1.4 x 1.4 mm2 scan area, Q = 138.4 U.C). Images also obtained for Mn,
Cu, Zn, Ga, Ge, Br, Zr, Nb, Ag, Th, Ta, La, Ce, Sn and Pb. Average concentrations over the
inclusion sub-region include: Fe 2.75%, Sr 0.6%, Rb 48 ppm, Zn 17 ppm, Ga 3.0 ppm and Br 0.5
vvm. Detection limit for Ga. Br is 0.24 com.

NMP applications Several features of the new NMP are proving very useful for efficient
geological application: (1) High beam currents into <2um beam-spots for high sensitivity. (2)
Large area, close geometry, Ge X-ray detector for high efficiency. (3) Quantitative PIXE
imaging using Dynamic Analysis. (4) High quality normal-viewing microscope optics. (5)
Convenient computer control of sample stage and beam-shaping. These result in high-
resolution images of more than 20 elements per sample (eg. figure 4,5), detection limits in
extracted areas for many elements below 0.3 ppm (eg. figure 4), analysis and imaging of REE
(eg. figure 5), in situ imaging of the contents of individual fluid inclusions in minerals (eg.
figure 3), and the analysis of precious metals in sulfides (eg. figure 6).

The Future Ongoing development is being directed towards: (1) Light element detection
using proton induced y-rays (PIGE). (2) The integration of the PIXE analysis software and the
Dynamic Analysis approach with the new data acquisition system to enable on-line unmixing
of PIXE (and later PIGE) image data for the real-time display of quantitative images. (3)
Development of methods to cope with the volume of data generated by the new NMP (-3-6
Gbytes per month).
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Figure 5 Spectrum extracted from a sub-region of a scan area containing a kimberlitic melt inclusion
in xenocrystic clinopyroxene from the Slave Craton, Canada (1.4 x 1.3 mm2 scan area, Ge X-ray
detector). Images also obtained for Cr, Mn, Ni, Cu, Zn, Ga, Ge, As, Br, Rb, Sr, Y, Zr, Mo, Ag, Th,
Ta, Ba, La, Nd, Sn and Pb. The detection limits for elements such as Ga, Ge, As and Br is 0.3-0.4

. and for Ce is 6 oom. Charee for the sub-resion enclosing the inclusion is 47 uC.

Figure 6 DA PIXE images of a 2 x 2 mm2 section through an epithermal sulfide ore vein in
quartz from the Emperor Mine, Fiji (acquisition time 45 minutes). Note the gold-silver tellurides
(on right in Au image) and trace gold zonation at 200-6000 ppm. Gold zonation follows As in
general terms, but not in detail. Images also obtained for Fe, Ni, Zn, Se, Sr, Y, Sb and Te.
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