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The analysis of vanadium in trace abundances has typically been accomplished by means of INAA [e.g., 
11, by SIMS [e.g., 21, or by XRF [e.g., 31. This contribution details a technique with which accurate and precise 
analyses of vanadium in concentrations as low as 70 ppm can be obtained by the electron microprobe. Results of 
analyses using this technique on basaltic glasses produced during partial melting experiments performed on 
chondritic meteorites are presented elsewhere [4]. 

Vanadium analyses were performed on a JEOL 733 Superprobe equipped with 5 wavelength-dispersive 
spectrometers and on-line data reduction. The instrument was operated with an accelerating potential of 15 KeV 
and a specimen current of 100 nA and 250 nA. 

Analysis of vanadium by electron microprobe is complicated by the interference of the titanium K81 X- 
ray emission, having a wavelength of 2.59391 A and an energy of 4.50486 KeV, on the vanadium Kal X-ray 
emission having a wavelength of 2.50356 A and an energy of 4.95220 KeV. This interference can be corrected 
for by subtracting the X-ray counts derived from the titanium K81 emission at the vanadium peak position from 
the total counts received at this position. The number of counts from the titanium K B ~  peak measured at the 
vanadium peak position is a fixed percentage (Figure 1) of the counts above background measured at the titanium 
Kal peak position. This fixed percentage of the total titanium counts above background at the titanium K81 
peak position is a correction factor that can be applied to all analyses in which vanadium and titanium are both 
analyzed under identical conditions. 

A correction factor was calculated by analyzing a series of vanadium-free basalt glasses with varying 
concentrations of Ti02. These glasses were synthesized from reagent grade oxide powders and melted in a one 
aunosphere gas mixing furnace. The selected glasses span a wide range of basalt compositions (Table 1). The 
total counts/second/nA at both the titanium and vanadium peak positions corrected for backgrounds were 
determined using the same routine used in analysis of unknowns (see below). Since vanadium is not a 
component in these glasses, the number of counts received by the spectrometer at the vanadium peak position 
were contributed by the titanium K81 peak. The cmection factor was then calculated as simply the percent of the 
total counts/second/nA of the titanium Kal peak measured at the vanadium Kal peak position. Each glass was 
analyzed five times and an average correction factor was calculated. Figure 1 is a plot of the average correction 
factor calculated for each glass versus the total titanium abundance for each glass. These analyses were performed 
during two separate analysis sessions at different specimen currents (100 and 250 nA), and with two different 
spectrometer slit widths (500 and 300 pm). The correction factor is taken as an average of the correction factors 
determined for each of the glasses (0.5904 %). Figure 1 demonstrates that the correction factor is constant and 
does not vary with total titanium abundance, beam current, or spectrometer slit widths. Similar analyses on the 
primary rutile standard resulted in a much different correction factor (0.%8 %) suggesting that the magnitude of 
the correction factor is sensitive to the matrix of the sample. 

AU analyses, including standards and unknowns, were analyzed using the same technique. In order to 
eliminate errors due to slight differences between the mechanics of different spectrometers, the same spectrometer 
(equipped with an LIF crystal) is used to measure counts at both the titanium and vanadium peak positions. Both 
titanium and vanadium were (a) measured under identical conditions for the same duration, and (b) backgrounds 
were collected during each analysis. Typical conditions were 250 nA beam current for 250 seconds and results 
were returned as counts/second/nA corrected for backgrounds. The beam current was decreased to 100 nA and 
count times increased for samples with high Ti@ concenh-ation in order to minimize error caused by detector dead 
time. Peak positions were determined by calibrating on a V2O5 oxide primary standard for vanadium and a rutile 
primary standard for titanium at the start of each analytical session. The measured peak positions of vanadium 
and titanium may vary slightly from one analytical session to another. In order to account for this source of error 
and to ensure highly accurate analyses, five well-characterized standard glasses were analyzed during each session 
(Table 1). From these analyses, a standard working curve was constructed (Figure 2) and the concentration of 
vanadium in the unknown samples were calculated. The origin was included as a regressed point for all working 
curves constructed. Included in this standard working curve (Figure 2) are the results of analysis of an Apollo 17 
(74220) orange glass bead containing 9.1 weight percent Ti02 and 120 + 10 ppm V [5] .  This point demonstrates 
that the analysis technique can be used to accurately analyze samples with high Ti@ and low V concentration. 

Approximately 550 counts (corrected for titanium interference) above a background of 4000 counts are 
obtained during a typical analysis at operating conditions of 250 nA beam current and counting for 250 seconds 
on a basalt glass containing 78 ppm V and 1.0 wt % Ti02. The maximum analytical uncertainty of this 
technique wa*s estimated by replicate analysis on a single sample. The results of the five replicate analyses on 
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this glass analyzed for 250 seconds per analysis at 250 nA beam current yielded a one sigma uncertainty of 15 5% 
total V. The results of five analyses on an Apollo 17 orange glass (74220) bead analyzed for 250 seconds per 
analysis at 200 nA beam current yielded a one sigma uncertainty of 13 96 total V at the 120 ppm level. 

A potential problem in analyzing trace elements with such high specimen currents and extended count 
times is the reduction of X-ray intensity due to the build up of contaminants on the surface of the specimen at the 
analysis point. This problem might be particularly acute when analyzing small samples with a narrow electron 
beam. In order to determine the effects of prolonged exposure, five replicate analyses were performed on the same 
spot on a 10 pm wide pool of glass from a partially melted sample of the Allende chondrite from the experiments 
performed by Jurewicz et al. [6]. There was no appreciable loss in X-ray intensity during 90 minutes of 
continuous exposure to a 5 pn electron beam with a current of 250 nA. 
REFERENCES: [l] Hughes et al. (1988) GCA, 52, p. 2379-2391. [2] Shearer and Papike (1993) GCA, 57, p. 
47854812. [3] Bender et al. (1984) J. Pemlogy, 25, p. 213-254. [4] Jones et al. (1994) This volume. [5] 
Hughes et al. (1989) PLPSC 19, p. 175-188. [6] Jurewicz et al. (1993) GCA, 57, p. 2123-2139. 

TABLE 1 
CHEMICAL COMPOSITION OF STANDARD GLASSES 

XV green XW 
(A) (74220) 
45.5 38.5 
0.38 9.1 
7.75 5.8 
19.7 22.9 
0.26 0.27 
17.2 14.9 
8.65 7.40 
0.14 0.37 
0.017 
168 120 

Tamayo 
975-2t 
46.3 
2.00 
15.9 
8.78 

9.57 
11.8 
5.16 
0.10 
353 

Tarnayo 
~12-5t 
49.7 
1.28 
15.5 
9.43 
0.15 
8.53 
12.3 
2.42 
0.03 
287 

t Major elements by electron microprobe, minor elements by XRF [4]. 
$ Fused Mount Royal Gabbro MRG-1 (Canadian Certified Reference Materials Project). 
* Synthetic vanadium-& glasses synthesized at 1 atmosphere at SUNY Albany Department of Geology. ** Diopside glass standard with 2.00 % Ti@ (Di2Ti) from The Geophysical Lab, Carnegie Inst 
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FIGURE 1 
Correction factor calculated from analyses of V-free 
basalt glasses. Circles with crosses analyzed at 100 
nA for 250 sec. with 500 p slit. Open circles 200 
nA, 100 sec., and 300 pm slit. Error bars std. dev. of 
5 analyses 
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FIGURE 2 

Example of a standard working curve constructed 
for every analytical session. Circle with cross is the 
XVII Orange Glass containing 9.1 wt % Ti@ and 
120 ppm v. 
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