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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract

NON-DISPERSIVE SOFT X-RAY FLUORESCENCE ANALYSES”OF ROCKS
AND WATERS. . | SR

A six énodé soft X-ray fluorescence spe¢frdmeter is
used to analyie the chemistry of.rocké and watérs. Ahalyées
are checked against neutron activatipn resulfé for sodium
and chiorine on the same sampies. Préliminary experiménts

indicate the possibility of 5% or better results when using

" an appropriate;accurately constructed caLibration solution.

The present.sample_size for water is 50 ul. _Thé water sample -

results support the empirical geothermometer of Fournier

a_nd Truesdell,‘i'.a‘nd the quartz geothermometer -fpf T )12500-
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Hot-spring, cold spring and rock sampleé_have been
colleéted from four geothermal areas in North-Central Nevada.

The samples have been analyzed_in order to compare three

chemical geothermometers, and to find if additional

‘chemical correlations could be established to determine

which geothermal area might have the best resourcevpotential.

Anaiyses'are performed with a previously?déscribed-

noh—dispefsivevaItiple anbde”spectrometer (Hebért;_197h). :

‘A schematic diégram of the spectrometer is shqwh in Figure 1.

Six anodes with filters may be rotated into pléce sequentially

withoutvdisturbing the vacuum. An important‘feature'of this

.arrahgement is.the amdunt of power thé sample:ﬁﬁét absord,

which iﬁ this case is estimated to be of thekéfder of,a‘

milliwatt perﬁsduape'cm; This low level,alloQé the nonfdestructive.
_ analysis of blastics and other.samples.which @ight Bé cpnsidéred

"volatile in more energetic dispersive spectrometers.

Rock samples are collected in kilogram quantities and

crushed in an ore crusher fitted with soft iron jaws. They are



then split to approximately 100 g samples and crushed with an
alumina jaw crusher and fed through an alumina disk grinder

. for reduction to particle sizes of 100 microns or less.

A:sma11 weighed pQrtithQf the final griﬁﬁ is then mixed
with éuweighed.portion~of Lin2 in a 1:10 sa@ple té LiBO2 welght
rafio. The mixture is fused, stirred énd_pOuréd into a ring
resting'on a vifreous carbon surfacef The ﬁolten glass 1is
pfeésed with a flat gold foil inlaid in a cqpﬁef.block uSing.
the apparétus_éhown in Figure 2.  The resuitént ringed glass
réills are then‘;nalyzedf The results for the major elemenfs
ﬁresentvébdvé the one peréent level are good fo from one to

four percent for a 2 minutevanalysis'time per»élement.

- Water sampies are collected with a pbrtéﬁle plasticvand
teflon‘filtéf unit Which_features a small hand éperated Qacuum
‘pump. The ﬁdﬁéﬁetallic construction reducéé déﬁfamihation_which
.might‘interfefejin neutron éctivation analyses:oh the same
samples. A filter pore-size éf 0.45 u ié used. Wide mouth

500 ml "Nalgene" bottles are used as containers. -

1
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For X-ray'fluorescence analyses.of Watér samples, a 50‘p1
portion of ﬁnkhowﬁ solution or standafd_calibration solution
is pipetted onfd fhe_cénter of an 0.02 cm thick'Lexan disk.
(Lexan ;s an aromatic pOlycarbonate plastic.)i Each disk has
a 9 mm diameter biréular scratch handscribed‘oﬁ center‘on the
_ back side. ‘Wh;nia disk is placed on a 1e§el§d'hot plgte surface
'ffor_evaporatiqh at 506 G,wifh the circular s¢£étch down, it
takes on.the,sﬁape of a slightiy dished flat;bdttomea saucgri_
A pipgtte rinsé-énd sampie,fiking solutioﬁ cénféining 1.20 g
spectfoséopicféfade Li_BO2 plusvl.oovg acetic écid per literl“v
is taken up éﬁd addedbto the sample droplet.T:Tﬁe samplevfixing
-solutiog has twb,drops (approximatel& 80 mg)tdf water soluble
glue,(Elmers.GIUe A11) per 50 ml added ju?t prior to use. The
samples may b;;fiXed on disks'in ﬁhe field of:éﬁ,the laboratory._

The portable:field evaporation unit is shown in Figure 3.

The reSulfing spofs on the Lexan disks ha?e>ah'area'of 0.7
‘cmz and a thickness of 2 to 5 u. Several'prepéred saﬁples along
with some blaﬁkrdiéks.aré shown in Figure 4.  A iist-ofthe'
elements analyzed and the sensitivity (3 standgfd_deviéfiohs) 

for a 2 minute analysis time for each element'is given in Table I,
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X-ray absorption ¢orrectiohs for thin Water residues are
made by assuﬁing homogeneity and apblying a méfhod éimilar'to
: that.described by Norrish and Chéppell (Norriéh, 1968) in: an
iterative mannéf. The X-ray absorption coefficients1of McMaster

et al (McMaéter;:1969) are used.

The reprpducibility observed for 45 analyses on 19 different
samples was-ﬁetﬁer than 5% for chlorine and'12;7% for sodium |
at concenﬁrations ranging down to 10 and 20 ?pﬁ resbectively.
Comparisons with neutron activation results'fﬁrtthese elements
_indicate agreemept within the éXpeéted uncertaiﬁﬁies for‘mést

samples.

In order to test for the possibility of water contamination

—

by leaching of container walls, or of a changélih water composition

due to platingfout of any components, the wallé,and bottoms'of
several polyethylene and Nalgene cbntainers were analyzed
directly. Samples were prepared by cutting and carefully making

disks of the container walls.
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The X-ray spectra observed are shown in Figure 5 and Figure 6
along'with é typical water standard and a Lexan blahk. Spectra

(a) and (b) in Figure 5 are of a polyethylene container that

held hot. spring waterlfor'over one year and an empty identical

type containef. The magnesium (Mg) peak in the’Figures is due

to the exciting radiation and the large lump to.the right is’
due to scattered bremsstrahlung. Spectra_(5c) and (Sd) show

the same situation from the insides of "Nalgene" bottles. The -

increased signais in (5c) corresponds to roughly % drop of hot

"~ spring water residue which probably remained‘after'emptying

the bottle for testing. Figure (6a) and (6b) show a similar

i '

situation for “"Nalgene" where'leSS residue»is épparent. Some

variability in Nalgene lot compositions is suggested by a

~comparison ofvthe_bottle spectrum in Figure?(Sd) and thosé‘

shown in (6a) and (6b).

Figure (6¢) and (6d) illustrate a'typical_magnesium'anode
run on a water sample calibration solution andfafblankvrun'for
a Lexan disk plué distilled water and fiXing;éolution. Our-'

silicon'analysesvwould'be improved if a rbll‘of.Lexan could be



~found with less silicon in it. The magnesium anode is used for
sodium analyses only. The peaks seen at higheryenergies are

"bréméstrahlung‘eiéited.

_ Figdre 7fillu§trates a comparison between-the,éuartz

‘ geothermometefvand the sodium-potassium geofhefmometer; The
agreement is pobr. vFigure_B éhows'the resuiﬁé'for_the sodium-
potassium-calcium geothermometer of.Fournief énd Truesdell
(Fournier, 1972) as compared to the quaftZ'gepfﬁermometer. - The
-upper points 1a$e1ed 8 should be B for Bradysi_;They are in
good égreemenf wifh the maximum measured dowﬂ hble teﬁperature
"observed atlthé time*pf drilling (212° ¢). ”Tﬁe.points labeled
10 are aiso:infégréement with the maximum‘ddﬁh.hblé temperature
of é series:df:&élls drilled 150 miles to'the.eést at Beowawe

and measured at 214° C at that time.

It appears that while there may be some problems at low
temperatures, the higher temperature results for_several hot'
spring sites are in general agreement and may be representative

of the temperatures at depth of hot spring resef&girs.'
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Table I. Elements analyzed and the observed sensitivity (3
standard deviations) for typical 2 minute per element analyses.

Element Sensitivit m
Na 5
Mg B
Al 5
Si _(Sioz) 10
P 8

s (s5 8% 50,7) 8
Cl b
K | 2
Ca 2
i | 2

Cr . 2




~———2.54 cm——

Anode
( one of six )

I

| <—Electron gun

Electron flux

Filter ( one of six )

e

Aluminum window

Detector

CBB 754-3036

Figure 1. A schematic diagram of the non-dispersive soft X-ray fluorescence spectrometer.
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Figure 2. Molten glass sample press.
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Figure 4.

XBB 745-3564
Evaporated water and fixing solution spots on Lexan disks along with some blank disks.
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0O NaMgAlSiP S Cl K Ca O NaMgAlSiP S Cl K Ca

Intensity —

O NaMgAlSiP S Cl K Ca O NaMgAlsSiP S Cl K Ca

Energy —
XBB 754-3350

Figure 5. Observed spectra for plastic sample container walls. Intensity full scale is 5x10* counts
per channel, and the highest X-ray energy is 7 keV.
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Figure 6.

O NaMgAlSiP S Cl K Cca O NaMgAlsip S Cl K Ca

O NaMgAlSiP S Cl K Ca O NaMgalsiP S Cl K Ca

Energy XBB 754-3349

Observed spectra for Nalgene container walls are shown in (a) and (b), while those shown
in (c) and (d) are of the calibration solution and a blank. Intensity full scale is 5x10?
counts per channel and the highest X-ray energy is 7 keV.
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Figure 7. Sodium-potassium geothermometer results plotted versus those for the quartz geothermometer.
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Figure 8. Sodium-potassium-calcium geothermometer results plotted versus those for the quartz geothermometer.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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