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Abstract : In-situ trace-element analyses on minerals are especially useful for charac-

terization of geological materials. We explored optimistic conditions of a inductively

coupled plasma mass spectroscopy with laser-ablation sample introduction method (LA-

ICP-MS) for in-situ quantitative trace-element analysis of geological materials on thin

section. The sampling with an excimer laser with energy density of 8 J/cm2 is appropri-

ate for in-situ analysis of minerals on thin section based on ablation hole morphology.

The rate of material removal is estimated from deep holes on a glass after 500 shots with

energy on sample surface of 8 J/cm2 to be approximately 0.2 μm/pulse. 150-200 shots

might be available for a sample prepared as normal thin section (30 μm in thickness). All

data were obtained by ablating in He gas prior to combination with the dominant Ar car-

rier flow because ablation in He minimized post-ablation surface condensation, resulting

in high sensitivity. We examined the relationship between the size of laser-ablation hole

and sensitivity of analysis in conducting in-situ simultaneous quantitative LA-ICP-MS

analysis of 37 elements including rare earth elements (REEs). The diameter of laser

beam can be as small as 30μm to obtain sufficiently good dataset for trace-element con-

centrations of minerals from thin section.

Introduction
The inductively coupled plasma mass spectroscopy has an advantage for timesaving

analysis both for solution and solid materials. Combination with the laser-ablation sample
introduction method (LA-ICP-MS) enables us to make in-situ trace-element analysis on
small solid materials. In-situ trace-element and isotope analyses on minerals are especially
useful for characterization of geological materials (e.g., Zack et al., 2002 ; Villaseca et al.,
2003 ; Kabashima et al., 2003 ; Cox et al., 2003 ; Tiepolo et al., 2003). The LA-ICP-MS
analysis has been usually conducted on thick sections (e.g., Grégoire et al., 2003 ; Hinchey
et al., 2003). Analysis on thin section of minerals and rocks is strongly required in order to
combine with petrographical characteristics under the microscope. This will greatly en-
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hance the scientific merit of the result of LA-ICP-MS analysis. We try to explore optimis-
tic conditions for in-situ quantitative trace-element analysis of geological materials on thin
section by a LA-ICP-MS equipment installed at the Incubation Business Laboratory Center
of Kanazawa University in FY 2002.

LA-ICP-MS instrumentation
The analysis was performed by a quadrupole ICP-MS (Agilent 7500s by Yokogawa

Analytical Systems, Japan) equipped with a laser-ablation microprobe (MicroLas : GeoLas
Q-Plus by MicroLas, Germany) (Fig. 1).

The GeoLas Q-Plus uses an argon fluoride gas mixture to produce 193 nm laser light
and is equipped with a homogenizing, imaging optical system. The ablating spot size
ranges from 4 to 160 μm, depending on the size of the aperture used. Due to the homoge-
neous illumination of the aperture, the energy density on the sample surface is constant at
all beam sizes, leading to a flat top beam onto the sample surface. The fluency on the sam-
ple surface is changed by the discharge voltage of the laser (28 kV, approximately 60-150
mJ) and by using a beam splitter. This results in energy on the sample up to 35 J/cm2.

The ablation cell now in use allows using a normal thin section (2.8 cm x 4.8 cm)
with two potentially internal standard glasses (e.g., NIST SRM 612 and 614, which are

Fig.1 Schematic diagram of the LA-ICP-MS system.
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synthetic calcium-，sodium, aluminosilicate glass doped with a range of elements at nomi-
nal concentrations of 50 ppm and 1 ppm, respectively) to be loaded and analyzed in a sin-
gle uninterrupted session. We can move the sample at an interval of 1μm by X-Y-Z stage
controller in the cell. Incorporation of a high-quality CCD camera into the laser system al-
lows use of transmitted-and reflected-light optics to find points to be analyzed. The abla-
tion process can be viewed using a LCD monitor incorporated into the system. The sam-
ples used in LA-ICP-MS analysis are polished well on the surface irrespective of their
thickness.

Experiments and Discussion

3D shape of laser ablation hole
The 3D shape of laser ablation hole was examined in detail on glass chip with 6 mm

thickness. The holes were made on the glass by 500 and 1000 pulses of laser shot (10 Hz
and beam of 100 μm across) with different energies from 6 to 12 J/cm2. The holes were cut
vertically through the center and were observed under the microscope (Fig. 2).

In the case of the laser shot with energy of 6 J/cm2 the diameter of horizontal section
of the hole tends to diminish downward (Fig. 2). In contrast to this the hole slightly in-
creases its diameter downward in the case of the laser shot with energy of 12 J/cm2 (Fig. 2).
The horizontal section is almost constant in size in the holes made by the other laser shots
(8 or 10 J/cm2).

The relationship between the depth of holes and the number of laser pulse is shown in
Fig. 3. A linear relationship can be obtained by using the laser with 6 J/cm2, possibly indi-
cating that the degree of progress of sampling from the surface is almost constant with time
of laser ablation. The increase of the hole depth is less accelerated with an increase of en-
ergy of laser shot with the other energies (Fig. 3), suggesting that the amount of sample
evaporated from the surface is not so effectively increasing with a further increase of en-
ergy of laser. The sampling depth per one pulse in 500 laser pulses is 0.15, 0.20, 0.21 and
0.23 μm for the energy of laser of 6, 8, 10 and 12 J/cm2, respectively. As the ordinary thin
section has a thickness around 30 μm, less than 150 to 200 laser pulses will be necessary
for sampling from solid materials that have similar physical properties (especially absorp-
tion) as glass.

The sampling as precise as possible for location on thin section will be indispensable
for in-situ analysis of minerals that may have heterogeneity and are involved in formation
of complicated textures. Eggins et al. (1998a) refer to the downward tapering of the hole
with an increase of pulses by using an excimer laser as in our system. In the present study
the hole keeps the horizontal shape even after 1000 pulses of an excimer laser with energy
of 8 or 10 J/cm2. Combined with the constant amount of sampling with time at the condi-
tion, the sampling with an excimer laser with energy of 8 or 10 J/cm2 is appropriate for in-
situ analysis of minerals on thin section.
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Fig.2 Cross sections of the holes made by laser shots (500 and 1000 laser pulses) on the glass surface.
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