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Secondary ion mass spectrometry (SIMS) has a wide range of applications in Earth

Science research, thanks to its high precision and sensitivity, and its capacity in direct

insitu micromeasurement. The technique is operated in ultra‐high vacuum (UHV) con-

ditions, especially for the measurement of volatiles such as hydrogen, or the water

content in nominally anhydrous minerals (NAMs). To minimize the water background

and obtain accurate and precise water contents in NAMs (eg, olivine) critical param-

eters such as presputtering time, field aperture (FA), dynamic transfer on/off, and pri-

mary beam current intensity were investigated for a CAMECA IMS 1280‐HR system.

When the chamber vacuum reaches approximately 2 × 10−9 mbar, we set the DTOS

OFF, raster size to 50 μm and primary beam current to 5 nA, and used 2000 μm FA

and 170‐second presputtering time. Consequently, an approximately 1.2 ppmw water

background and 3.6 ppmw limit of detection (LOD) were yielded, from analyzing the

San Carlos olivine. Meanwhile, the water content and homogeneity of a range of oliv-

ine minerals were characterized for potential use as reference materials for SIMS

water content measurement. Olivine water content calibration curve was also

established by comparing the Fourier transform infrared (FTIR) results with the

SIMS‐measured 16O1H−/16O− ratios. Accuracy and precision of water content mea-

surement were estimated to be better than approximately 10% in this study.
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1 | INTRODUCTION

Studying the Earth's water budget and the identifying of suitable res-

ervoirs for H (colloquially “water”) in the crust and mantle are long‐

standing problems in geology and have important implications on the

planetary evolution as a whole. Determining the water contents in

various rocks and minerals is important to understand the volatile

recycling processes (including degassing) in the crust and mantle,

which are closely linked to the evolution of the Earth's hydrosphere

and atmosphere. Nominally anhydrous minerals (NAMs) are a major

reservoir of mantle hydrogen, which possibly accommodates all water

in the depleted mantle.1
wileyonlinelibrary.com/jou
Fourier transform infrared (FTIR) spectroscopy is most commonly

used to determine the water content and its species in glasses and

minerals.2 It has the capacity to measure low hydrogen abundance

and to provide information on hydrogen species with very high special

resolution.3 However, the samples to be analyzed by this technique

need to be of such a dimension that allows wafers to be

manufactured, typically around 100 μm thick and double polished.

This requirement limits the application of FTIR to small‐sized samples

(<100 μm).4 Secondary ion mass spectrometry (SIMS) provides insitu

micromeasurements of elemental and isotopic compositions in

selected millimeter‐ to centimeter‐sized solid sample for almost all

elements in nature5 and is ideal for measuring the water content in
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NAMs.2,4,6,7 Moreover, SIMS can simultaneously yield water content

and oxygen isotope compositions, which are essential to trace the ori-

gin of water.2,4 CAMECA IMS f series and Sensitive High Resolution

Ion Microprobe‐Stable Isotope (SHRIMP‐SI) have been preciously

used for this purpose, with usually a relatively high background of

approximately 10 to 30 ppmw.3,4,7 This limits its application to NAMs,

notably olivine, whose has water content can be as low as 10

ppmw.1,8,9

Previous study by Turner et al.4 showed that a background of

approximately 30 ppmw (with vacuum of 7 × 10−9 mbar in sample

chamber) can be achieved for large geometry SIMS (SHRIMP‐SI). We

have further reduced that to approximately 10 ppmw by liquid nitro-

gen cooling of the sample chamber and by using tin‐based alloy for

sample mounting in our previous study,10 which yielded a vacuum of

approximately 2 × 10−9 mbar in the chamber. Our previous study (on

simultaneous measurement of water content and oxygen isotopes)

requires the machine settings to be optimized for high‐precision mea-

surement, whereas the opposite may be better for low water content

measurement: For instance, dynamic transfer “on” of CAMECA IMS

1280‐HR is good for high‐precision measurement, whereas “off” is

good for low water content measurement. To minimize water back-

ground and to obtain more accurate/precise measurements of water

contents in olivine, several critical parameters, including presputtering

time, field aperture (FA), dynamic transfer on/off, and primary beam

current intensity were investigated in this study. Our approach has

minimized the water background and limit of detection (LOD) to 1.2

and 3.6 ppmw, respectively, as estimated from the analytical results

on San Carlos olivine. We also developed a set of olivine reference

materials for water content calibration, which covers a water content

range of 1.42 to 70.6 ppmw.
2 | SAMPLES AND ANALYTICAL METHODS

2.1 | Samples

To minimize the background of water, San Carlos olivine (about 1

ppmw H2O) was selected to optimize the operating settings. And the

water content and homogeneity of olivine samples including San

Carlos, KLB‐1, ICH‐30, and Mongok olivine were characterized as

potential reference materials. The San Carlos olivine sample was sep-

arated from an ultramafic inclusion from Arizona and had been widely

used as reference material for oxygen isotope analyses.11-15 A grain of

San Carlos olivine with size of 1 cm3 was used in this study. KLB‐1

olivine sample was from the Kilborne Hole crater in New Mexico. This

sample was used as the starting material for the high‐temperature/‐

pressure petrological experiments by Takahashi et al.16 It represents

an undepleted mantle composition, and it is available in large quanti-

ties. A grain of 0.5 cm3 in size was used in this study. ICH‐30 olivine

sample (size: 0.5 cm3) is an ultramafic xenolith separated from a spinel

lherzolite from the Ichinomegata crater, Oga Peninsula in northeastern

Japan.17,18 Mongok olivine sample is 1 cm3 in size and was purchased

from a mineral store in Burma. No geological information is available
about this mineral. Judging from its very MgO‐rich composition,

Mongok olivine may be crustal metamorphic origin possibly in skarn

environment.
2.2 | Analysis method

Major element compositions of the four olivine samples were deter-

mined with a JEOL JXA‐8100 electron probe microanalyzer (EPMA)

at the State Key Laboratory of Isotope Geochemistry, Guangzhou

Institute of Geochemistry, Chinese Academy of Sciences (SKLaBIG‐

GIGCAS), and the conditions are as follows: 15 kV accelerating volt-

age, 20 nA beam current, and 5 μm beam diameter. The ZAF correc-

tion procedure was adopted for data reduction.

Water content of the samples were firstly analyzed by FTIR.

Total vacuum‐type FTIR microscope by JASCO Company (FT‐IR‐

6100) located at the SKLaBIG‐GIGCAS were used. Because of the

vacuum system, LOD for H2O in this system is less than 0.1

ppmw.19 The samples were cut into tabular rhomboids of 500 to

3000 μm thick and polished on both sides. Samples were heated

in an oven at 80°C for at least an hour prior to analysis in order

to remove potential surface contaminated water. Inclusion‐free and

clear olivine from the four samples were analyzed with polarized

FTIR spectroscopy. Quantification of water contents in olivine from

the four samples was based on the total absorbance normalized to

1 cm thickness, using the calibration factor of Bell et al.20 for olivine

(Fo90) composition. Since the FTIR spectra of olivine exhibit strong

anisotropy, single crystals were measured from X, Y, and Z directions

using polarized light. X and Y directions were measured on one plane

of the doubly polished single crystals, and Z direction was measured

on another plane perpendicular to the X‐Y plane. Thickness of the

sample was measured by a micrometer. FTIR measurements were

repeated on 3 to 5 different points of the same crystal, and the

standard deviation (1SD, %) was calculated.

Typically, up to 800 scans were performed for each measure-

ment at 2 cm−1 nominal resolution to obtain spectra with a signal

to noise ratio of >1000. The method has been described in detail

by Sakurai et al.19

After FTIR analyses, all the samples were placed on a double‐

sided adhesive type and enclosed in tin‐based alloy, same as the

method described by Zhang et al.10 The alloy mount was

photographed under reflected light with an optical microscope and

then gold‐coated (approximately 30 nm thick) before the SIMS

analysis.

The SIMS analysis was performed with a CAMECA IMS 1280‐HR

at the SIMS laboratory in SKLaBIG‐GIGCAS. Before the analysis, the

machine (including the sample chamber without the sample mounts)

was baked at least 24 hours. After it cools down, the sample mount

was transferred into the sample chamber, which was then vacuumed

to 5 × 10−9 mbar starting the automatic liquid nitrogen refilling sys-

tem (generally takes 1‐2 hours). Although the IMS 1280‐HR had a

large chamber, the vacuum could reach an ultimate ultrahigh condi-

tion (approximately 2 × 10−9 mbar) when this alloy mount coupled
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with the liquid nitrogen cooling technique was used.10 A Cs+ primary

beam of 4 to 5 nA and diameter of approximately 15 μm, with an

impact energy of 10 kV was used to sputter secondary ion from

the samples. The size of the analytical area was 30 × 30 μm (15

μm spot size + 15 μm rastering). A normal‐incidence electron gun

was used to ensure a charged compensation during all measurement

sessions. The NEG was carefully tuned to yield a rounded and

homogeneous cover with a diameter of approximately 120 μm and

a maximum emission current of approximately 1 mA. The nuclear

magnetic resonance (NMR) controller was used to stabilize the mag-

netic field, which provided stability of 5 ppmw over 24 hours.21 The

contrast aperture, the entrance slit, max area, and the exit slit were

set at 400, approximately 60, approximately 80, and approximately

173 μm, respectively. The energy slit was set to 50 eV with 5 eV

gap. Although we focused on water content measurement, the oxy-

gen isotope compositions were also simultaneously measured with

the multicollector system to compare with our previous data2. Two

Faraday cup detectors, located on L'2 and H1 trolleys with 1010

and 1011 Ω amplifiers, and an electron multiplier of monocollector

were used to measure the 16O−, 18O−, and 16O1H−, respectively.

For 16O− and 18O−, 500 mm collector slits were used to yield an

approximately 2500 MRP with sufficiently flat plateau, while an

approximately 173 μm exit slit was used for electron multiplier to

yield an approximately 7000 MRP, in order to obtain a sufficiently

flat plateau and separate isobaric interference of 17O− on 16O1H−.

Analyses were carried out near the center of the mount to avoid

influence by the X‐Y effect11.
3 | OPTIMIZATION OF SIMS PARAMETERS

3.1 | Presputtering time

Sample surface is a large reservoir of water in NAMs as it is easy to be

contaminated by deposition of water molecules. Thus, presputtering

before the analysis is important for low water content measurement.
FIGURE 1 Effect of presputtering times on water content measuremen
signal in every cycle; B, results of different presputtering time vs 16O1H−/
The target analytical area (30 × 30 μm) is firstly rastered in a bigger

size (eg, 50 μm × 50 μm) to remove the gold coating or other surface

contamination. When the surface was not sputtered enough, such as

when presputtering time 90 seconds, the measured within‐spot
16O1H−/16O− ratio decreased as the cycle of analyses increased

(Figure 1A). The measured 16O1H−/16O− ratio of a single spot

decreased with increasing presputtering time, and a minimum was

reached after 170 seconds (Figure 1B). Therefore, presputtering time

was set to be 170 seconds.
3.2 | Field aperture

Redeposition of sputtered materials is another major source of water

surface contamination, which can be recognized by a higher OH−

intensity along the margins of the analyzed area.6 The blanking

technique can eliminate this interference in NanoSIMS 50L, which

integrate signals only from the predefined inner region of the

sputtering area. In IMS 1280‐HR, FA has similar function. It is a motor-

ized, continuously variable aperture consisting of two square aper-

tures moving symmetrically in a 45° direction between X and Y. The

FA size is an important parameter to minimize water background.

Figure 2 shows that the signal decreased rapidly after FA was acti-

vated. When the FA was set to 2000 μm, the measured
16O1H−/16O− is remarkably lower than that when FA = 2500 μm,

which means that the 16O1H− signal from the periphery of the ana-

lyzed area was blocked. When the FA was set to <2000 μm, there is

no discernible variation in 16O1H−/16O−. Therefore, FA = 2000 μm,

which limits the ion optical field of view to a smaller area than the pri-

mary beam diameter was selected.
3.3 | Dynamic transfer

The primary rastering system allows the primary beam to be

deflected within the sample plane over an area up to 500 μm. A

so large field image cannot pass through the FA even at low
t: A, typical results (set presputtering time to 90 and 170 s) about the
16O− ratios



FIGURE 2 Effect of field aperture on water
content measurement. The measured 16O1H−

ratios remained constant when the field
aperture is smaller than 2000 μm
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mass resolution, when the largest FA can be used. The dynamic

transfer (DT), basically a deflection device, is synchronized with

the primary raster signal to cancel the scanning of the beam at the

FA plane, while keeping the cross‐over fixed and to collect

secondary ions from a large scanned field. It is useful for

improving analytical precision as it can cancel topographic effect of

the samples and is thus widely used for 18O−/16O− or 30Si/28Si anal-

yses.22,23 However, how this function affects water content

measurement remains unknown. Session (1) in Figure 3 was set to

DTOS OFF, while session (2) was set by the DTOS ON. The results

clearly show that lower 16O1H−/16O− ratios were obtained

when DTOS was OFF. Moreover, when DTOS was OFF, a better

fitted calibration curve (Adj. R2 = 0.998 vs 0.981) was yielded

(Figure 3). Thus, DTOS was not activated to minimize water

background.
FIGURE 3 Effect of dynamic transfer on
water content measurement with the other
analytical conditions being held constant
3.4 | Intensity of primary beam current

The 16O1H− signal acquired on NAMs can be divided into two parts.

One part is contributed by the surface contamination, and the other

by sputtering of the samples. The former is mainly dependent on the

vacuum conditions and the latter on the intensity of the primary

beam current. Thus, higher primary beam would help to reduce the

effect of water background. This relationship has been observed pre-

viously when a NanoSIMS 50L was used to measure the water con-

tent, which showed a negative correlation between 1H−/18O− with

primary beam current.6 To test the performance of CAMECA IMS

1280‐HR, the San Carlos olivine was measured using various inten-

sities of the primary beam ranging from 2 to 10 nA. The measured

results show a negative correlation between 16O1H−/16O− ratios

and primary beam currents (Figure 4A). When a log scale was used



FIGURE 4 Intensity of primary beam current vs 16O1H−/16O− ratios measured on San Carlos olivine. The measured 16O1H−/16O− ratios are
negatively correlated with the primary beam intensity. A, Linear scale and B, log scale
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for primary beam, a linear correlation was observed (Figure 4B). The

ratio decreased rapidly when the primary beam current increased

from 2 to 5 nA. When the primary beam current was over 5 nA,

the 16O1H−/16O− ratio does not vary much (Figure 4A). Considering

that high primary beam current would cause a depth‐/charge‐related

instrumental mass fractionation (IMF),23 a medium‐level primary

beam current (4‐5 nA) was selected for the water content measure-

ment in NAMs.
4 | RESULTS AND DISCUSSIONS

4.1 | EPMA quantitative analyses

The major element compositions of the four olivine samples were

determined by EPMA, and the results were listed in Table 1. The SiO2

and MgO contents of samples are of 41.87 to 43.17 wt% and from

48.13 to 56.34 wt%, respectively. Intragrain variation is <0.52%, indi-

cating good homogeneity of SiO2 and MgO contents in these samples.

Contents of other elements are generally below 1 wt% (Table 1). The

Mg# (100 × Mg/(Mg + Fe)) of the samples (except Mongok: Mg# =

98.98) range from 89.33 to 91.07. Mg# of San Carlos olivine sample
TABLE 1 Electron probe microanalyzer (EPMA) results

Sample SiO2 FeO* MnO NiO

San Carlos Mean 41.32 8.80 0.13 0.3

Range 41.10‐41.51 8.64‐8.91 0.08‐0.18 0.3

KLB‐1 Mean 41.22 10.41 0.14 0.3

Range 40.87‐41.42 10.07‐10.70 0.12‐0.17 0.2

ICH‐30 Mean 41.47 9.22 0.12 0.3

Range 41.33‐41.68 8.81‐9.38 0.09‐0.16 0.3

Mongok Mean 42.86 1.04 0.02 0.0

Range 42.57‐43.17 0.98‐1.10 0.00‐0.06 0.0

Note. Fo = 100 * Mg/(Mg + Fe). FeO*: all Fe as Fe2+.
ranges from 88.57 to 88.80 with a mean of 88.71, and the mean

Mg# of KLB‐1 and ICH‐30 samples is 89.35 and 90.49, respectively.
4.2 | FTIR results

FTIR spectra were obtained with a polarized transmission model from

three mutually perpendicular planes of the olivine blocks (Figure 5).

The spectra with similar shapes and an integrated area variation within

10% (1SD) were considered as homogeneous, and their average value

was used to calculate the total water content. The FTIR analytical

results and calibrated water content values for all the olivine samples

were shown in Table 2 and Figure 5. All the analyzed samples show

highly oriented absorption bands at 3700 to 3300 cm−1. The back-

ground was subtracted using a spline curve fitted to the spectra and

all the peaks between 3700 and 3200 cm−1 were integrated. As all

spectra in the olivine crystals are similar irrespective of total absor-

bance, the water site is the same regardless of its content. However,

the absorbance of the Mongok olivine was markedly different from

that of the other three olivine samples with an absorbance at 3595,

3612, and 3675 cm−1, which may be attributed to differences in the

hydrogen substitution mechanism in the olivine lattice, led by differ-

ences in pressure, temperature, and/or composition. The water
CaO MgO Total Fo

6 0.06 49.89 100.63 91.07

4‐0.38 0.05‐0.07 49.48‐50.07 100.50‐100.84 90.90‐91.25

5 0.06 48.43 100.68 89.33

8‐0.41 0.06‐0.07 48.13‐48.85 100.50‐101.09 89.00‐89.72

6 0.05 49.31 100.58 90.59

1‐0.39 0.04‐0.05 48.99‐49.69 100.25‐100.80 90.43‐91.03

2 0.02 55.90 99.88 98.98

0‐0.04 0.01‐0.04 55.23‐56.34 99.42‐100.54 98.90‐99.04



FIGURE 5 Fourier transform infrared (FTIR) spectra of (A) the olivine samples and (B) the San Carlos olivine sample

TABLE 2 Fourier transform infrared (FTIR) results

Sample Ax,
a cm−2 Ay, cm

−2 Az, cm
−2 Thicknessa,b Thicknessb,c H2O, ppmw SD, %

San Carlos 1.45 0.38 0.39 0.289 0.216 1.42 6.5

KLB‐1 1.31 2.84 0.71 0.098 0.042 11.2 3.5

ICH‐30 2.8 3.7 3.5 0.071 0.057 28.9 10

Mongok 13.9 33.1 7.78 0.166 0.084 70.6 2.5

aA is the integrated area, which has been normalized to 1 cm thickness.
bThickness of olivine in directions X and Y. The unit is mm.
cThickness of olivine in direction Z. The unit is mm.
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contents were calculated to be 1.42 ppmw for San Carlos, 11.20

ppmw for KLB‐1, 28.90 ppmw for ICH‐30, and 70.60 ppmw for

Mongok.
4.3 | SIMS results

Four olivine sampleswere analyzed through the optimized conditions in

three sessions at different time. Detailed 16O1H−/16O− results are listed

in Table S1 and summarized in Table 3. The average of measured
16O1H−/16O− ratios for the San Carlos, KLB‐1, ICH‐30, and Mongok

are 2.31 × 10−6, 3.68 × 10−6, 8.64 × 10−6, and 1.49 × 10−5, respectively.

Oxygen isotope analyses of the KLB‐1, ICH‐30 and Mongok during

this study were referenced to San Carlos olivine, for which a δ18O

value of 5.27 ± 0.10‰ (reference to SMOW) is assumed based on

published values.14,15 The average normalized δ18O value for KLB‐1,

ICH‐30, and Mongok is 5.11 ± 0.42 (2SD), 5.16 ± 0.44 (2SD), and

24.52 ± 0.51 (2SD), respectively. It is noteworthy that the δ18O value

(24.52 ± 0.51, 2SD) for the Mongok olivine is much higher than that

for mantle. The petrogenesis for such high value of δ18O, high Fo
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(99.00), and high water content (70.6 ppm) for this sample remains

unknown but suggesting its crustal metamorphic origin.
4.4 | Water content calibration

The SIMS analyzed 16O1H−/16O− ratios were compared with their

water content data obtained by FTIR in this study to establish the cal-

ibration curve. The equation for the water content calibration curves

([H2O] = a × [16O1H−/16O−] + b) were defined (Figure 6). Three analyt-

ical sessions were performed at different times and the results were

shown in Figure 6. All the sessions have had similar calibration line,

carried out at different times and with different tuning parameters.

The values of a are 5.28 × 106, 5.30 × 106, and 5.26 × 106, respec-

tively, with an average of 5.28 × 106. Meanwhile, the b values are

−11.10, −11.02, and −11.41, respectively, with an average of −11.17.

The slope, intercept, and adjusted R2 of the calibration lines

established at different times were largely similar. This indicates good

stability of the analytical method.
4.5 | Analytical precision and accuracy

The analytical precision was evaluated as the internal precision of

within‐spot analysis (2SE) and external precision (reproducibility) of

spot‐to‐spot analysis (2SD). Internal precision of a single spot analysis

(for 16O1H−/16O−) was determined by the reproducibility of data

cycles for one analytical spot (standard error of the mean), which

ranges generally from <0.1% to 1.0% (2SE) and follow the Poisson

error theoretical trend (Figure 7 and Table S1). One spot of KLB‐1,

three spots of Mongok olivine (three of 30 spots) and most spots of

ICH‐30 (17 out of 30 spots) had low precision beyond three times of

Poisson theoretical error. Previous studies17,18 have shown that

ICH‐30 is heterogeneous with many minute fluid inclusions and

records very complex thermal history prior to its final entrapment by

the host andesitce magma. Thus, we interpreted that such large errors

are probably related to the microinclusions, which are too fine to be

detected by transmissive/reflective spectral imaging.

The external precisions of 16O1H−/16O− are all better than 8% and

can be better than 1% (2SD, session (3) except ICH‐30, Figure 8 and

Table 3). The external precision is mainly controlled by the stability

of primary beam, the vacuum condition of the chamber, and the het-

erogeneity of the samples. As shown in Figure 8, there is no significant

correlation between the primary beam stability and the 16O1H−/16O−

external precision, which indicates that the influence of the primary

beam variation negligible. Although ICH‐30 yielded similar external

precision to the other three olivines in sessions (1) and (2), its external

precision in session (3) is clearly lower than those of the other three.

Considering its low internal precision and complex thermal history,

we suggested that the heterogeneity of the sample ICH‐30 likely

responsible for such low external precision. The remarkable difference

of external precisions between different sessions can only be imputed

to the unstable vacuum of the sample chamber, although no variation

has been recorded for (data not shown).



FIGURE 6 Water content calibration curve
for secondary ion mass spectrometry (SIMS)
olivine analyses

FIGURE 7 Internal precision of SIMS water
content analyses for olivine

FIGURE 8 Theoretical error and within‐spot
measured error versus the signal intensity
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The internal and external precision of oxygen isotope measure-

ments of San Carlos olivine is <0.41‰ (2SE) and <0.53‰

(2SD), respectively. We noted that both of them are marginally

higher in the San Carlos olivine, while 1.5 to 2 times in the other
three olivine samples than that of normal oxygen measurement

(<0.32‰, 2SE and <0.30‰, 2SD)24 or simultaneously high‐precision

measurement of water content and oxygen isotope (0.40‰, 2SE and

0.40‰, 2SD).2
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To assess the analytical errors, all the olivine samples were treated

as unknown to be calibrated using the calibration curves established in

this study, and the results were listed in Table S1 and summarized in

Table 3. The final error of each spot in Table S1 was calculated by

quadratic addition of the uncertainty of the calibration line and the

SIMS‐measured internal precision of each spot. Uncertainty of the cal-

ibration line was evaluated as the average of the difference between

the calibrated SIMS water contents and the FTIR results, which range

from <1 to 9.35% (1SD). This difference is taken as the accuracy of

SIMS water content measurement. Therefore, the accuracy of the

water content measurement was estimated to be better than approx-

imately 10% (1SD).
4.6 | Background and LOD for SIMS measurement

Background and LOD can be evaluated based on 2SD and 6SD of

background measurement.25 It is difficult to find a completely

water‐free sample for background measurement and the zircon

91500 (used as “dry zircon” by De Hoog et al25) was reported to con-

tain 56 ppmw water.2 As earlier work and this study indicated that

San Carlos olivine contains about 1 ppmw water,26 and we took that

as “dry” and calculated its 2SD and 6SD for background and LOD

evaluation (for the analytical procedure established in this study),

which yielded 1.2 and 3.6 ppmw, respectively.
5 | CONCLUSIONS

The background of water content measurement by SIMS is closely

related to the vacuum condition, the FA size, the primary beam cur-

rent, and the presputtering time. The minimum water background

(1.2 ppmw) is achieved when the chamber is vacuumed to approxi-

mately 2 × 10−9 mbar, DTOS is turned OFF, and a 5 nA primary beam

current, 2000 μm FA, and 170‐second presputtering time by a IMS

1280‐HR is adopted. The water content and homogeneity of four

olivine samples including San Carlos were characterized for use as

potential reference materials for SIMS water content measurement,

which covers a water content range from 1.42 to 70.6 ppmw. Olivine

water content calibration curve has been established by comparing

the FTIR results with the SIMS‐measured 16O1H−/16O− ratios on four

standard samples. The accuracy of water content measurement by

SIMS is estimated to be below approximately 10% in this study.
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