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58. DATA REPORT: ASSESSMENT OF THE PRECISION OF LEG 135 SHIPBOARD
XRF ANALYSES AND THE CONTAMINATION INTRODUCED BY CRUSHING
IN TUNGSTEN CARBIDE!

Janet M. Hergt® and Donald R. Sims, Jr.3

ABSTRACT

Statistical analysis of X-ray fluorescence data acquired during Leg 135 indicates that this instrument produces data of
comparable precision to good land-based laboratories. We also examined contamination of certain elements caused by crushing
during the use of the tungsten carbide apparatus. Although the concentrations of most elements are not altered during crushing,
the powders prepared on the ship should not be used in subsequent studies where key elements of the investigation include W,

Co, Ta, Pb, and low levels of Nb.

INTRODUCTION

Although a general description of the sample preparation, X-ray
fluorescence (XRF) operating conditions, and data quality are outlined
in the “Explanatory Notes™ in the Initial Reports volume for Leg 135
(Parson, Hawkins, Allan, et al., 1992), a complete presentation of the
replicate analyses of standards run over the duration of the cruise is not
given. In addition, the comments made regarding trace element con-
tamination of rock powders caused by crushing in the tungsten carbide
swing-mill are necessarily brief and generalized. In this short contri-
bution, we seek to explore these two issues in more detail.

SHIPBOARD X-RAY FLUORESCENCE
Precision

For specific details regarding the preparation of fused beads and
pressed powder pellets, the reader is referred to the “Explanatory
Notes” of the Initial Reports volume (Parson, Hawkins, Allan, et al.,
1992). The instrument used for the XRF analysis of whole-rock major
and trace element compositions is a fully automated wavelength-dis-
persive ARL8420 (3 kW) system equipped with a Rh-target X-ray
tube. The operating conditions are given in table 4 of the “Explanatory
Notes” chapter.

Major Elements

The results of 32 separate analyses of standard K1919 are given
in Table 1. Included in this table are the mean (u) and standard
deviation (g,,_,) of individual measurements, as well as the coefficient
of variation (€%), and an additional column illustrating €%/N2. This
latter parameter is the variance estimated for replicate measurements
and is pertinent to the major element analyses of the unknowns, as
these were all performed in duplicate (to reduce the errors involved
in weighing; see “Explanatory Notes™).

The maximum value of €%/2 is 2.7% (P,Os), whereas for Si0,,
ALO;, Fe,03, MgO, Ca0O, and K,0 it is less than 1%. The average
coefficient of variation for Fe,05 is 0.23, corresponding to a value of
0.16% for duplicated measurements. This compares favorably with
land-based XRF laboratories producing high-quality data; for exam-
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ple, average values of 0.37% (£%) and 0.26% (£%/\2) are reported
for Fe,O; by Chappell and Hergt (1989) for a similar assessment of
the XREF facilities at the Australian National University (ANU).

Hergt et al. (1989) present an independent estimate of the analyti-
cal precision of the ANU laboratory based on eight individual prepa-
rations of the standard W-2. Their values obtained for £%/2 are
included in Table 1 and compare well with the results of the shipboard
measurements. In many cases, the uncertainties estimated for the two
instruments are quite similar; however, for SiO,, TiO,, MnO, and
P,0s, the values deviate significantly. For example, for SiO,, the
uncertainty associated with the shipboard measurements is approxi-
mately twice as large as that estimated for the laboratory at the ANU.
Reference to Figure 1 indicates that significant drift occurred toward
the end of data collection during Leg 135. The SiO, values of K1919
clearly show a sharp increase, which results in the higher uncertainties
associated with this element in Table 1. If these last six results are
excluded from the analysis, £%/Y2 is reduced to 0.35%, which is close
to the ANU value.

It is worth noting that the analyses of standards are performed
frequently precisely to monitor this type of drift, and the data for the
unknowns run during this late-stage of the cruise could be corrected
by an appropriate factor. Even so, the drift is within 2 uncertainty of
the mean, and this small increase in the errors is unlikely to alter any
interpretations of the results.
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Figure 1. A plot of SiO, measured in the standard K1919 during the same
interval as the unknowns during Leg 135. The shaded rectangle represents the
region spanning the 1o variation either side of the mean. Although the last six
measurements fall outside this area and suggest some machine drift, they are
within 26 analytical uncertainty of the mean.
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Table 1. Replicate analyses of K1919 obtained over the same period as the data acquired for

unknowns during Leg 135,

T K919 Day SiO, TiO, ALO, Fe,0,

MnO MgO CaO Na,O K,0 P,0; Total

834 1 4930 275 13.66 1198
834 1 4993 275 13.63 12.04
834 2 4951 277 1345 1201
834 24921 275 1360 11.99
834 3 4981 275 1360 11.95
834 74979 276 1359 12.03
834 9 4990 273 1365 12.04
834 9 4976 275 1352 11.99
834 10 4982 277 1366 11.98
834 10 4984 275 1351 12.08
834 11 49.60 299 1368 1201
835 11 4946 299 1355 12.00
835 11 4916 297 13.60 12.00
836 13 4934 276 1354 12.05
836 14 4961 275 1365 1202
837 15 4930 273 1370 12.02
838 18 4935 276 1361 11.98
838 19 5000 275 13.55 1205
839 27 4959 276 1361 11.98
839 27 4963 275 13.56 12.00
839 28 4985 275 1350 12.03
839 28 5008 275 13.59 12.03
839 28 49.66 274 13.62 12.03
839 29 4959 277 13.57 1203
839 29 4978 275 1359 12.03
839 29 4959 278 1347 1200
840 42 5033 276 1349 12.02
841 43 5038 275 13.59 12.03
841 43 5035 276 13.67 12.04
841 44 5061 277 1345 12.03
841 44 5066 275 1350 12.06
841 45 5063 278 1348 1205
N=32

i 4979 278 1358 12.02
Civit) 041 007 007 003
% 083 247 051 023
N2 0.6 1.8 0.4 0.2
£%/N2 (ANU) 03 08 03 05

016 696 1130 236 035 028 99.30
017 696 1127 240 053 027 9995
016 696 11.32 240 053 027 99.38
017 695 1132 243 054 028 9924
016 672 1127 241 054 027 9948
016 689 1125 245 053 027 9972
016 690 11.27 244 054 027 9990
016 689 1132 242 054 027 9962
016 684 1125 237 0354 027 99.66
016 687 1126 246 053 026 99.72
017 7.04 1122 245 053 030 9999
017 691 1123 245 055 029 9960
016 703 1132 243 054 031 9952
017 681 1128 245 054 027 9921
017 696 1131 242 055 028 9972
017 688 1133 242 0355 028 9938
017 671 1137 238 0354 028 9915
016 692 1126 250 0354 027 100.00
016 691 1133 246 053 028 99.61
016 691 1133 258 054 028 9974
017 7.04 1133 246 055 028 9996
018 685 11.26 249 054 028 100.05
017 686 1129 247 054 028 99.66
016 698 11.26 246 055 027 99.64
016 690 11.25 247 054 028 9975
016 684 1131 254 054 027 9950
017 69 1130 243 054 028 10028
016 697 11.29 248 054 028 10047
017 692 1130 241 054 030 10046
017 693 11.27 243 054 029 10049
017 693 1129 252 0354 029 10071
017 7.02 1133 252 054 029 10081

017 691 1129 245 054 028
001 008 003 005 001 001
343 113 031 198 115 3.85
24 0.8 0.2 1.4 0.8 27
L1 0.6 0.3 1.3 0.9 1.9

Note: The “day™ is given from the start of the first day of analysis (January 1). The mean (i), standard deviation
(a[n = 1]), coefficient of variation (%), and variance (£%/A2) are given for these data. A row of the €%/A2
estimated for the XRF facility at the Australian National University (ANU) is included for comparison (Hergt

et al., 1989). Oxide data are given in weight percent.

Table 2. Replicate analyses of BHVO-1.

BHVO-1 Day Nb Zr Y Sr Rb Zn Cu Ni Cr b Ce Ba
834 -2 19 167 27 394 9 108 137 122 293 319 42 140
834 2 19 27 393 9 112 138 121 284 324 38 132
B34 3 19 192 26 393 9 108 136 120 300 322 36 151
834 3 19 193 26 394 9 109 134 122 281 314 31 155
834 4 20 194 27 393 9 108 135 122 295 323 40 158
835 7 19 193 27 392 9 112 136 121 285 318 37 155
836 12 19 193 21 391 9 109 136 113 279 383 43 151
836 12 19 193 27 392 9 108 137 122 306 314 3 163
837 14 19 194 27 395 9 108 136 123 288 312 38 154
838 16 19 193 27 397 9 109 136 122 303 324 32 172
839 20 19 194 Y 391 8 106 136 121 291 315 33 159

39 19 194 26 395 10 111 138 123 281 304 33 155

39 19 193 26 387 9 109 133 122 278 295 34 164

39 19 193 26 388 9 108 132 122 288 301 30 160
840 41 20 195 26 390 9 108 134 125 291 300 35 145
841 41 19 196 26 391 9 108 133 122 299 295 33 158
841 42 19 196 26 390 9 110 134 123 287 294 28 161
N=17
n 19.12 192.06 26.53 392.12 9.00 108.88 135.35 121.53 289.94 315.12 34.94 154.88
Oin-py 0.33 6,78 0.51 257 0.35 1.58 177 2.45 8.47 20,49 425 941
% 1.74 3.53 1.94 0.66 3.93 1 ..45 1.30 2.02 2.92 6.50 12.16 6.07

Note: See note to Table 1 for date and analytical conventions. All elemental results are in ppm.

Similar tests do not support increased drift as the cause of the larger
errors associated with TiO,, MnO, and P,O; (although the data for
“Day 11" are unusually high for TiO,). In addition, these components
are not particularly low in K1919 compared with W-2; therefore,
detection problems should not be the cause of the discrepancy. At the
present time, it is not clear why these differences should exist.
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Trace Elements

The trace element statistics are based on the repeated analysis of
standard BHVO-1 and are presented in Table 2. Although the coeffi-
cient of variation of ~12% is rather high in the case of Ce, uncertain-
ties for the other elements appear to be quite acceptable. It should be
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noted, however, that the uncertainties estimated in Table 2 for the trace
elements critically depend on the concentrations of these elements in
the standard. For example, although uncertainties of <2% for Nb are
excellent at the level of ~20 parts per million (ppm), we cannot expect
to reproduce this standard of reproducibility when measuring Nb in
rocks close to (or below) the detection limit.

Clearly, it is of little use to measure standard materials with low
levels of certain trace elements routinely so as to approximate uncer-
tainties at lower abundances better; poor results could be related either
to low peak-to-background ratios and counting statistics or to prob-
lems with the instrumentation. The purpose of repeatedly measuring
BHVO-1, with its relatively high concentrations of various trace ele-
ments, is to monitor the behavior of the instrument and the calibration,
rather than to provide exact estimates of the uncertainties expected
for unknowns.

Accuracy

A brief comment on the accuracy is given in the “Explanatory
Notes™ (Parson, Hawkins, Allan, et al., 1992) using published values
for K1919 and BHVO-1 for comparison (tables 3 and 5 in the
reference cited). As BHVO-1 is used in the calibration of the trace
element program, the data acquired during Leg 135 do not offer an
independent test of the accuracy of the instrument. Instead, in the
course of investigating contamination associated with crushing, the
trace element concentrations of two samples measured on the ship
were repeated by inductively coupled plasma mass spectrometry
(ICPMS; see later discussion). The results of these entirely inde-
pendent analyses are given in Table 3 and are extremely encouraging.
The differences between the shipboard and land-based data generally
are less than or similar to the anticipated analytical uncertainties of
the XRF data, particularly in the case of Sample 135-834B-14R-1,
33-40 cm. Exceptions to this might include Ba, Ce, and Nb; however,
as mentioned already, these elements will be prone to greater uncer-
tainties when measured by XRF given their significantly lower abun-
dances in these samples compared with BHVO-1. In fact, given that
BHVO-1 contains 20 ppm Nb and the two samples have between |
and 2 ppm, the agreement is excellent. Clearly, a comparison between
single analyses of only two samples is no basis to test statistically the
accuracy of the trace element values obtained on the JOIDES Reso-
lution. It does, however, provide one example of outstanding agree-
ment between the shipboard data and a completely different technique
using quite independent calibrations and correction procedures.

Although the shipboard results are clearly of a high quality, it may
be possible to improve the accuracy of some elements by the incorpo-
ration of techniques outlined by Jochum et al. (1990). These authors
presented a method by which more accurate results could be obtained
by XRF for Nb and Zr present in low abundances in rock standards,
and they compared their results with data obtained independently by
spark source mass spectrometry. The recommended counting times for
collection of data on both peak and background appear to be similar to
that already employed on the JOIDES Resolution; however, Jochum
etal. (1990) also suggest monitoring small drift effects by the frequent
measurement of a glass disk doped with high levels of Nb and Zr, and
using these to correct the counts obtained on unknowns. These authors
also calibrated spectral interferences and made subtle corrections to
the baseline-subtracted counts (e.g., 0.0026 ppm Nb/ppm Y). It is
possible that application of techniques described in Jochum et al.
(1990) could further improve the already high standard of analyses
available from the JOIDES Resolution XRF facility.

SHIPBOARD SAMPLE PREPARATION
Crushing in Tungsten Carbide

Whole-rock samples analyzed aboard the JOIDES Resolution are
carefully selected so that any variation in composition between and
within sites is documented. Also, the rocks are typically chosen from

Table 3. Comparison between analyses of splits
from the same powders by ICPMS and shipboard

XRF.
135-834B-14R-1, 135-839B-36R-1,
33-40 cm 26-31 cm
Shipboard Shipboard
ICPMS  results ICPMS  results
Ti 1.55 1.75 0.68 0.8
v 269 289 299 346
Cr 88 87 24 25
Mn 0.16 0.17 0.16 0.18
Ni 34 36 23 20
Cu 58 63 86 97
Zn 71 73 68 75
Rb 48 5 6.0 6
Sr 180.4 180 1822 185
Y 38.6 39 19.9 21
Zr 1437 147 320 44
Nb 1.99 2 1.09 2
Ba 25 43 67 84
Ce 14.35 16 5.25 15

Notes: All data are given in ppm except for Ti and Mn, which
are given in weight percent oxide. ICPMS = inductively
coupled plasma mass spectrometry.

the most petrographically fresh areas of the core. For these two reasons,
the powders prepared during each cruise represent an attractive suite
of samples for additional land-based analytical work. Limitations
resulting from time constraints and the large volume of analyses
performed at sea requires a rapid sample preparation technique (e.g.,
83 samples were processed from pieces of core through to whole-rock
major and trace element analyses over a period of 57 days during Leg
135). Therefore, although agate and alumino-ceramic crushing appa-
ratus were available on the JOIDES Resolution, these methods are far
more time consuming, and the tungsten carbide mill (being signifi-
cantly quicker) was routinely used. Clearly, rocks crushed in tungsten
carbide will become contaminated with W; furthermore, it is known
that contributions from Co and Ta are also likely, and Nb is a possibility
(Joron et al., 1980). The exact quantity of these elements introduced
into the rock powders during crushing is rarely examined in detail, but
it probably varies from one set of apparatus to another. In addition, it is
not clear what the contribution might be from other elements (e.g., Pb).

The levels of many trace elements are particularly low in most of
the igneous rocks recovered during Leg 135 (e.g., Hergt and Nilsson,
this volume). Clearly, before additional work is conducted using the
samples prepared during Leg 135, it is desirable to assess more care-
fully how the concentrations of some elements may have been affected
by contamination. The results of our analyses should be equally appli-
cable to the powders produced as far back as Leg 111, during which
the use of this same mngsten carbide swing mill was employed.

Method

To identify which elements may be introduced during crushing, a
quantity of Spex specpure SiO, was crushed in the mill under the same
conditions and for the same period of time (i.e.. 1 min) as the basaltic
unknowns. We acknowledge that differences may be present between
the absolute abundances of elements introduced into the basalts and
our test silica as a result of the different abrasive properties of the two
materials. Other studies have sought to eliminate this by comparing
splits of the same samples prepared in agate and tungsten carbide (e.g.,
Frey et al., 1991). In a similar manner, we have compared the data
from two samples powdered on the ship with additional samples taken
from exactly adjacent pieces of the core. As with the shipboard
preparation, these adjacent samples were ground free from saw marks
and ultrasoned in pure water. The pieces were then cracked in a
carefully cleaned agate mortar and pestle, with clean, interior pieces
handpicked for analysis using a binocular microscope. Sample 135-
839B-36R-1, 32-37 c¢m, an aphyric rock, was also crushed for 10 min
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in an agate ball-mill, whereas Sample 135-834B-14R-1, 28-32 cm,
is a glass sample and was not further processed.

All of the samples were dissolved in ultrapure reagents prepared
in the isotope laboratory at the Open University. Exactly 100 mg of
each sample were digested in twice-distilled concentrated HF and
HNO; (prepared using sub-boiling Teflon stills) in screw-top Savillex
capsules. These were placed on a hotplate set at approximately 150°C
overnight and evaporated to dryness in covered teflon pots under
heating lamps and a flow of clean air. The residues were dissolved in
a further 2 mL of concentrated HNO; and again evaporated to dryness.
Care was taken to remove the samples from the heating lamps before
they turned brown from the oxidation of such elements as Fe and Mn.
Although these metal oxides (and others with similar geochemical
affinities) could have been redissolved using HCI, we avoided the use
of this acid as this would have resulted in spectral interferences during
the analysis of the final solutions. After an additional 2.5 mL of HNO;
were added, the capsules were capped, wrapped in Parafilm, and
carefully transported to the chemical laboratory at Durham Univer-
sity. Here, the solutions were spiked with a mixture of Bi, Rh, and Re
(used as internal spikes for the drift corrections), and made up to 50
mL with Millipore water in polypropylene volumetric flasks.

The solutions were run on the VG inductively coupled plasma
mass spectrometer (ICPMS), and the results are presented in Table 4.
An average total procedural blank has been included to illustrate the
increase in concentration of certain elements resulting from the
reagents used. The other analyses have already been blank-corrected
using these values.

Results

Given the nature of the tests, the results are not altogether simple
to interpret. To begin with, the comparison between crushed and
uncrushed silica must be viewed differently from the two processed
rock samples. For example, although the crushed silica has approxi-
mately 50% more Cr compared with the uncrushed material, the
reagent blank itself is of similar magnitude. This means that the blank
correction was very large, and so the difference between the two silica
samples is unlikely to be significant. Also, the calibration for Cr at
these low levels is far less precise compared with the statistics for Cr
contents of ppm. With problems such as this in mind, it would appear
that there are really only clear indications of contributions to Co and

Nb. Small deviations in Ni and Cu (£ Ba = La) may or may not be
real; they are certainly not large relative to the concentrations meas-
ured in the basaltic rocks from Leg 135 (e.g., Table 3, and Hergt and
Nilsson, this volume).

In the comparison between the shipboard and land-based analyses
of the whole rocks, different complications should be considered. To
begin with, the sample pairs are from adjacent parts of the core, rather
than precisely the same piece of rock. Small changes in microphe-
nocryst contents for example would produce real (but geological)
variations in some elements. In addition, both rocks processed on the
ship were crystalline, whereas Sample 135-834B-14R-1, 28-32 cm,
is a glass and Sample 135-839B-36R-1, 32-37 cm, is an aphyric rock.
This means that, although the glass sample was only chipped before
being weighed. the aphyric rock needed to be crushed (in agate) to
make the material homogeneous and the sample representative,

The results are broadly consistent with the silica test in that Co (as
would be W and Ta) is clearly introduced during crushing: however,
the contamination is far lower in the case of the basaltic rocks (~24
ppm for rock crushing compared with >150 ppm in silica). Curiously,
Nb contamination appears to be an irregular occurrence. Although the
rock sample from Site 839 and silica show an increase of between
approximately 1 and 2 ppm, the sample from Site 834 shows little or
no Nb contamination. The sample from Site 834 is also unusual in that
the Cr content is elevated in the sample crushed in tungsten carbide, as
are Rb, Sr, and Cs. It is possible that the latter may be explained by a
small amount of alteration increasing the levels of these elements in
the crystalline rock, compared with the glass; however, this does not
explain the lack of Nb contamination in this sample.

Clearly, the Co and Nb contamination is (or can be) significant,
and powders prepared using the tungsten carbide mill during Legs
111 and onward should not be used for the determination of these
elements. In contrast, all other elements presented here appear to be
free from a significant crushing blank, and the shipboard powders
should be adequate for future studies involving these elements. We
note here in agreement with Joron et al. (1990) and in contrast with
Frey et al. (1991) that we found no evidence for the introduction of
Zn caused by crushing in the tungsten mill.

In addition to those elements listed in Table 4, demonstration of
the Pb contamination is particularly important for those considering
using these powders for either Pb-isotope work or investigations
requiring accurate Pb contents. For example, Pb broadly shares the

Table 4. Comparison between silica and Leg 135 rock samples prepared by
crushing in the shipboard tungsten carbide mill and split (or adjacent) samples
prepared without the use of a mill composed of tungsten carbide.

Crushed Unprocessed 135-834B- 135-834B- 135-839B- 135-839B-

Chemistry  silica silica
blank  powder  powder

Sc 0.10 0.12 0.16
Ti 0.00 0.00 0.00
v 0.23 0.27 0.25
Cr 1.13 1.55 1.05
Mn 0.00 0.00 0.00
Co 0.06 152.60 0.08
Ni 0.8 343 0.88
Cu 0.66 276 1.46
Zn 459 333 4.69
Ga 0.02 0.02 0.02
Rb 0.03 0.05 0.07
Sr 0.25 0.80 0.37
Y 0.01 0.59 0.36
Zr 0.14 0.96 0.61
Nb 0.01 2.13 0.02
Cs 0.00 0.01 0.01
Ba 0.49 1.16 0.41
La 0.01 0.07 0.02
Ce 0.02 0.07 0.05
Pr 0.01 0.02 0.01
Nd 0.02 0.06 0.03

14R-1, 14R-1, 36R-1, 36R-1,
3340 cm* 28-32cm 26-31cm* 32-37cm
36,90 34.20 37.20 44.00
1.55 1.72 0.68 0.79
269.00 274.00 299.00 354.00
88.00 68.00 24.00 27.00
0.16 0.16 0.16 0.19
55.30 31.60 57.90 34.30
34.00 35.00 23.00 28.00
58.00 57.00 86.00 92,00
71.00 83.00 68.00 83.00
17.00 18.00 15.00 17.00
4,80 1.30 6.00 7.50
180.40 162.10 182.20 211.90
38.60 41.00 19.90 22.50
143.70 140.60 32.00 38.40
1.99 1.76 1.09 0.29
0.16 0.05 0.11 0.15
25.00 25.50 67.00 88.10
4.66 4.60 2.08 2,38
14.35 1549 5.25 6.71
2.46 2.28 0.88 1.06
13.65 1247 545 6.97

Note: Tungsten carbide mill samples denoted with an asterisk (*).
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same geochemical behavior as Ce so that during partial melting and
subsequent fractional crystallization processes, the Ce/Pb ratios may
be little changed. It has been shown that in ocean ridge and ocean
island basalts, the Ce/Pb ratios are relatively uniform and average
approximately 25 + 5 (Hofmann et al., 1986; Newsom et al., 1986).
This contrasts with the ratios observed in rocks from the continental
crust and island arc magmas, which are typically very low (e.g., ~4:
Taylorand McLennan, 1985; Sun, 1980). The Ce/Pb ratios of magmas
generated in the backarc environment are clearly of interest given
their association with extension (as in the ocean ridge environment)
and yet their proximity to island arc magmatism.

Because of the importance of this element in petrogenetic model-
ing, the magnitude of the Pb contamination in the silica samples was
assessed using isotope dilution techniques at the Open University. The
mean Pb content of the silica crushed in tungsten carbide is 0.45 +
0.04 ppm, compared with the concentration of 0.02 £ 0.01 ppm Pb in
the uncrushed material (errors are given as 1 standard deviation). This
indicates a Pb contamination of approximately 0.43 ppm. Unfortu-
nately, it has not been possible to repeat the experiment with the rock
samples, and it is necessary to assume that a similar order of contami-
nation would apply to the basaltic rock powders.

Given that the Pb content of the basalts recovered during Leg 135
is typically less than 1 ppm, and can be as low as 0.4 ppm (Hergt and
Nilsson, this volume), Pb contamination of this order is considerable
and makes use of the powders prepared on the JOIDES Resolution
unacceptable for detailed Pb work.

SUMMARY

The precision of major and trace element XRF analyses of un-
knowns run during Leg 135 was monitored using the standard rocks
K1919 and BHVO-1, respectively. Statistical analyses of these data
indicate that the results are as precise as can be produced in good
land-based laboratories.

The contamination introduced into rock powders during sample
preparation (using the shipboard tungsten carbide swing mill) has
been tested and quantified. The results indicate that in addition to the
W, Co, and Ta contamination expected, Nb and Pb contributions may
also be significant.

We would conclude by suggesting that the major and (most of the)
trace element data produced on board JOIDES Resolution are of
excellent quality and are more than adequate for use either with or
without other data sets produced in land-based studies. Although the
shipboard data are adequate for most geochemical applications, a note
of caution is recommended to those who conduct additional analytic
work using the rock powders prepared on the ship, as these are likely
to be contaminated in certain elements as a result of the crushing
apparatus employed.
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