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Rare earth elements (REEs) in twelve standard rock samples have been determined by inductively
coupled plasma atomic emission spectrometry after separation of diverse metal ions with cation ex-

change resin.

These rock samples are old six standard rocks (W-1, BCR-1, AGV-1, GSP-1, JB-1, JG-I)

and new six standard rocks (JB-2, JB-3, JA-1, JR-1, JR-2, JGb-1) issued from the Geological Survey of
Japan. These samples are various types of igneous rocks, which show various shapes of the REE distribu-

tion patterns.

Geochemical characteristics of these standard rock samples will be discussed from the

relationships between rock types and the shapes of the REE pattern.

In recent years, inductively coupled plasma atomic
emission spectrometry (ICP-AES) has been extensively
used as a convenient and sensitive analytical method
for simultaneous multielement determination of
geological samples.!=® The determination of various
elements in the wide range of concentrations can be
carried out by ICP-AES without matrix matching of
the standard solutions.? The analytical sensitivities of
REEs have been also improved by ICP-AES.2-® Thus,
we have tried to perform simultaneous multielement
determination of REEs in twelve geological standard
rock samples issued from the Geological Survey of
Japan.

The determination of rare earth elements have been
receiving more attention in geological studies.” The
behaviors of trace elements such as REEs during the
process of genesis and differentiation of magma de-
pend fundamentally on the distribution coefficients
between melt and minerals.® On the basis of this
assumption, for example, mutual genetic relation-
ships of various rock types, such as tholeiitic and
alkali rocks, has been studied. Petrogenetic studies of
igneous rocks involve the determination of the history
of the sources of melts, the conditions of melting, the
chemical composition of the sources during melt,
melting process and so forth. Since REEs are the most
useful elements for such a geochemical study, precise
analysis of REEs and trace element modeling using
the element distribution coefficients (K4) in mineral-
melt systems have been examined.”? Then it has been
noted that REEs are significantly valuable for placing
limits on the applicability of proposed petrogenetic
models. Moreover, the REE patterns do not change so
significantly through the process of alternation and
metamorphism, because REEs belong to the group of
chemically resembled elements and are strong to
weathering.-1® Thus the behaviors of REEs during
the melting and differentiation of igneous rock are
explained mathematically by the Masuda-Coryell
plot REE distribution pattern!? which is the plot of
the REE contents normalized to chondrite abundance.

Genetic classification and characterization of
igneous rocks are commonly made by major chemical
composition as well as mineral compositions.13-19
Such classification and characterization, however, are
sometimes done by the survey of minor element
compositions, for example, first-row transition metal
abundance patterns,'6:1? Sr/Ca-Ba/Ca systematics,!®
incompatible element patterns,19:29 various ratios of
two elements® and so on. Among the studies of trace
elements for geological rock samples, the REE pattern
is most popular and useful. Hence, in the present
study, the determination of REEs in twelve geological
standard rock samples has been performed by ICP-
AES; JB-1 (alkali basalt), JB-2 (tholeiitic basalt), JB-3
(high aluminum basalt), BCR-1 (andesine tracky
basalt), W-1 (dolelite), JGb-1 (gabbro), AGV-1
(trachy andesite), JA-1 (tholeiitic andesite), JR-1 and
JR-2 (rhyolite), JG-1 and GSP-1 (granodiolite). The
analytical results have been compared with the
literature values,22:29 which have been mainly
determined by isotope dilution mass spectrometry
(IDMS) and neutron activation analysis (NAA).
Furthermore, the relationship between rock types and
the shape of the REE patterns of twelve rock samples
will be discussed according to knowledge of REE
geochemistry.

Experimental

Instrument. An ICP emission spectrometer used is
Jarrell-Ash model 975Atom Comp MKII with some
laboratory modification. The instrumental components
and operating parameters for the emission measurements
are summarized in Table 1. The analytical lines employed
are shown in Table 2. The calibration curves were made by
using low (blank) and high standard solutions.

Chemicals and Standard Solution. All the chemicals
used were of analytical reagent grade. All the stock solu-
tions (1000 pg ml—!) were prepared from pure metals or
oxides, and their concentrations were checked by the EDTA
titration method with XO indicator. Working standard
solutions for calibration curves were prepared by mixing the
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Table 1. Operating Conditions for ICP-AES
Measurement
RF power 1.1 kW

Gas flow rate

Observation height

Nebulizer

Spectrometer focal

length
Grating

Reciprocal linear

dispersion
Slit width

Integration time

Internal standard

Coolant Ar gas 181 min-?!
Auxiliary Ar gas 11min—?!
Carrier Ar gas 0.41min—!
16 mm above load coil
Cross flow type

75cm
2400 grooves mm-*!

0.53 nm mm-~?
Entrance slit 25 pm
Exit slit 50 um
40 s

10 pg of Cd/ml

[observed at 228.8 nm (2nd order)]
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stock solutions into three groups, taking into consideration
of minimizing mutual spectral interferences among rare
earth elements. The combinations of elements for work-
ing standard solutions are summarized in Table 2. Stan-
dard IV contains internal standard element (Cd) and inter-
ferring elements (Y, Sc, Al, Fe, Zr, Cr), which could not be
eliminated by chemical separation mentioned below. The
internal standard was used to compensate possible fluc-
tuations in nebulization or droplet transport. In order to
minimize the variation of the nebulization efficiency due to
the differences of the viscosities of the solutions, the acid
content in each standard solution was adjusted to be 3 M
(M=mol dm~3) HCI so as to match those in the digested
sample solutions.

Sample Digestion and Separation Procedure. Rock
samples (0.5g) were digested by two methods such as
HF-HNO: acid digestion and Na2COs alkali fusion.® After
digestion, the samples were dissolved to 50ml with
1 M HCI. The solution was loaded onto a 20X1 cm column

of 100-200 mesh AG50W-X8 cation exchange resin. The
Table 2. Compositions of Mixed Standard Solutions for Calibration Curves and Analytical Wavelengths
Standard I Standard II Standard III Standard IV
Concn Wavelength Concn Wavelength Concn Wavelength Concn Wavelength
pg ml-? nm ug ml-? nm pg ml-! nm ug ml-t nm
La 10 398.8 Nd 20 430.3 Pr 10 422.2 Cd 100 228.8
Ce 20 418.7 Sm 10 442.2 Eu 10 381.9 Sc 10 361.3
Gd 10 303.2 Tb 10 367.6 Dy 10 340.7 Y 10 377.4
Lu 10 261.5 Ho 10 345.6 Er 10 369.2 Al 100 308.2
Yb 10 328.9 Tm 10 313.1 Fe 100 238.2
Zr 10 349.6
Cr 10 205.5
Table 3. Correction Coefficients for Spectral Interferences®
Element La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
La — 0.9 0.3 0.6 0.8 — — 0.6 0.2 0.4 — — — 1.7
Ce 0.6 — 15.7 1.4 10.9 — 0.7 5.7 1.7 0.6 0.7 1.2 — —
Pr 4.1 9.9 — 70.3 29.9 0.6 4.1 9.3 3.0 2.4 3.3 2.5 — —
Nd 6.6 22.7 3.73 — 8.0 4.6 3.8 10.0 4.5 2.4 5.4 19.2 — —
Sm 1.8 7.2 10.8 1.6 — 0.4 6.3 10.3 12.6 3.1 10.3 = 14.1 — —
Eu 3.5 2.7 0.5 2.7 0.9 — 1.9 1.8 1.5 0.6 2.6 3.1 — —
Gd 0.3 1.6 12.3 4.3 2.5 — — 1.0 46.7 4.5 1.0 117.0 — —
Tb 0.6 11.8 12.2 2.0 4.9 0. 30.0 —  14.9 7.4 5.5 50.1 0.2 0.2
Dy 0.6 129.0 2.0 2.4 1.2 0.1 7.0 80.6 — 0.8 2.7 13.6 0.4 0.2
Ho 0.6 1.0 — 0.3 2.2 — 139 3.0 15.8 — 1.0 17.0 0.5 0.5
Er — 16.0 — 8.9 0.9 — 5.3 34.0 11.0 1.3 — 15.1 —
Tm — 0.9 0.4 — 0.8 —  36.1 0.8 4.7 6.5 0.8 — 0.4 0.2
Yb 6.5 0.8 — — — — 5.7 1.0 0.5 1.6 15.0 44.1 — 0.
Lu 0.3 0.5 1.8 — — — 0.9 — — 0.8 — —
Y — 2.8 0.7 0.6 1.1 0.1 0.5 1.3 1.2 0.4 2.5 0.7 0.1 —
Sc 1.9 1.4 — 1.0 1.0 — — 3.2 1.3 0.4 0.7 — — —
Al — 0.7 0.5 — — — — — — — — — 0.7 —
Fe — 0.7 — — — — — 1.8 1.7 — — — — 427
Zr — 80.0 0.4 0.4 — — 1.6 1.1 12.2 2.3 0.6 17.8 — —
Cr — 0.5 0.4 0.2 1.4 — 13.9 1.4 8.3 — 4.6 — —

a) The correction coefficient is expressed as the analyte concentration (ng ml-!) equivalent to the background emission
intensity which is provided with 1 ugml-! of major element.
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column was first eluted with 130 ml of 2 M HNO3 solution.
The REEs on the resin were then eluted with 50 ml of
6 M HNOs, and the eluent was taken in a Teflon beaker.
The eluent was then evaporated to dryness on a hot plate.
The residue was dissolved again with 5 ml of 3 M HCI, in
which 10 pg ml-? of Cd was added as an internal standard.
These procedures were carried out for both acid-digested and
alkali-fused samples in the same manner. The solutions
were then used for the determination of REEs by ICP-AES.
Major elements (Al, Fe, Ca, Mg, Na, and K) and interferring
elements (Mn, T1i, V, Be, and Th) could be removed from the
sample solutions through the above procedures. When
removal of Fe was insufficient, Fe was further removed from
eluted solution by solvent extraction with MIBK. Total
yield of the whole procedure was 96—98%. Cadmium was
chosen as the internal standard, because its emission profile
in the plasma was similar to most REE profiles and it had
no spectral interferences with the selected REE emission
lines. It was also noticed that Cd originally contained in the
samples were eliminated during the cation exchange
separation.

Correction of Spectral Interferences. The influences of
background emission intensities due to major elements were
investigated by observing the intensity profiles near analyti-
cal lines of minor and trace elements. The profiles were
obtained by moving the entrance slit horizontally. The
profile measurements allowed to distinguish the emission
signals caused by major elements (spectral interferences) or
impurities. The spectral interference due to other REEs and
interfering elements such as Zr, Sc, and Cr were estimated
as the correction coefficient expressed as the analyte concen-
tration (ngml-!) equivalent to the background emission
intensity which was provided with 1 pg ml~! of each major
element. The correction coefficients of REEs and other
diverse elements for spectral interference correction are
summarized in Table 3.

Results

The detection limits in solution by ICP-AES are
listed in Table 4, where the detection limits are
defined as the analyte concentration corresponding to
twice the standard deviation of background emission
when the standard solution samples are nebulized into
the ICP. The detection limits in rock sample are also
listed in Table 4, along with the Leedey normarized
values of REEs in Chondorite The detection limits in
sample are evaluated from the detection limits in
solution in case that 0.5 g of rock sample is digested and
diluted to 5 ml. Ascanbe seen in Table 4, the detection
limits in sample are below the Leedey Chondrite
abundance levels of REEs except Pr and Tb in geo-
logical samples. This means that the present exper-
imental method is applicable to the determination of
REEs in geological samples. After background correc-
tion, blank subtraction and spectral interference cor-
rection were carried out to obtain the analytical values
for the standard rock samples. All the analytical values
forREEsin JG-1, JB-1,AGV-1,BCR-1, W-1, and GSP-
1 are summarized in Tables 5 and 6. Good agreement
between the acid-digested and alkali-fused samples can
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be seen in terms of both AGV-1 and JB-1, and also the
present data in five standard rocks except JG-1 are
almost consistent with the literature values determined
by NAA and IDMS. From these results it can be noted
that the present method is suitable enough for the
simultaneous multielement determination of all REEs
except Tb and Tm. The analytical values for Tb and
Tm were prone to serious interferences with the
coexisting other REEs.

Recently it has been pointed out that the proposed
values for heavy rare earth elements in JG-1 are not
consistent, depending on the analytical methods. The
values for heavy REEs in JG-1 obtained by NAA were
about twice as much as the proposed values which
were determined by IDMS technique.23:29

The present authors also pointed out in the
previous paper® that the values of heavy REEs in JG-1
did not agree with each other, when the different
decomposition methods were employed. As can be
seen in Table 5, the values obtained by the alkali
fusion preparation are about two times larger
compared to those obtained by the acid digestion. The
present values of REEs by acid digestion are almost
identical with the values?® formerly certified from
GS]J, which were mainly determined by IDMS with
acid digestion treatment. On the contrary, the REE
values for the alkali fusion are consistent with those
obtained by NAA.29 These facts suggest that heavy
REEs are enriched in some minerals which can not be
completely decomposed by acid digestion. JG-1 is
porphric biotite granodiorite, in which zircon is
usually found as an accessory mineral. It is well
known that zircon (ZrSiQOy) is not easily decomposed
by acid digestion2® and enriches heavy REEs.” In fact,

Table 4. Detection Limits (in Solution and in Sample)
and Leedey Normalizing Values

Detection limits Leedey
normalizing
Element in solution in sample  values
ng ml~ vgg™ vg g™
La 4.4 0.044 0.378
Ce 21.2 0.212 0.976
Pr 18.7 0.187 0.136
Nd 15.0 0.150 0.716
Sm 12.4 0.124 0.230
Eu 0.8 0.008 0.0866
Gd 25.6 0.256 0.311
Tb 11.6 0.116 0.0589
Dy 14.2 0.142 0.390
Ho 3.4 0.034 0.0888
Er 3.6 0.036 0.255
Tm 11.0 0.110 0.0385
Yb 0.4 0.004 0.249
Lu 0.9 0.009 0.0387
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from the determination of Zr in JG-1 decomposed by
two different methods, it was found that Zr contents in
JG-1 are 38 pg g1 in acid digestion and 118 pg g-1in
alkali fusion, while the recommended value of Zr in
JG-1is 111 pg g=1.29 The difference of Zr values for
JG-1 obtained by two decomposition methods may
correspond to mean chemical composition of zircon
which can not be dissolved by acid digestion. Then,
GSP-1, JR-1, and JR-2, in which zircon is known to
exist as an accessory mineral, were also decomposed by
alkali-fusion method.

Discussion

The analytical values for 12 standard rock samples
are summarized in Tables 5—7. As can be seen from
these values, the concentrations of REEs in rock
samples are characteristic, depending on the types of
rock samples. Thus the geochemical features of
standard rock samples will be discussed with emphasis
on the REE patterns.
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Fig. 1. REE patterns of BCR-1 (andesine tracky basalt)
and JB-1 (alkali basalt)
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Fig. 2. REE patterns of JB-2 (tholeiitic basalt) and
JB-3 (high aluminum basalt).
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The REE patterns normalized by the Leedey
normalizing factors are shown in Figs. 1—6, which
were figured from the analytical data in Tables 5—7.
Generally the REE patterns provide smooth curves
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Fig. 3. REE patterns of JA-1 (tholeiitic andesite) and
AGV-1 (trachy andesite).
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except for Eu. Since Eu exists as the di- and tri-valent
ions, it often shows some anomaly. Thus, these REE
distribution patterns including Eu anomaly are useful
to discuss some geochemical or geological character-
istics of rock samples as well as their origin and
classification.

Basalt. Masuda analyzed several basalts from
Japan and found that basalts can be classified into
three groups, based on general petrographic character-
istics and REE patterns?’-29; alkali basalt, tholeiitic
basalt, and high aluminum basalt. Alkali basalt
shows the REE pattern, in which light REEs are
usually enriched, as is seen for JB-1 shown in Fig. 4.
On the other hand, tholeiitic basalt contains less light
REEs and show the rather flat pattern through all
REE elements, which is seen in JB-2. The difference
of these two REE patterns may be interpreted as
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Fig. 6. REE patterns of JG-1 (granodiolite) and GSP-
1 (granodiolite).
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follows. As has been known,® tholeiitic basalt magma
and alkali olivine basalt magma have different
genesis. The difference of the shapes of REE patterns
mainly depends on degree of partial melting of upper
mantle, when magma is generated from upper mantle.
Already, this assumption has been elucidated by high
pressure experiment in laboratory.8:3%:3D Most models
for the formation of tholeiites assume about 20—30%
melting of upper mantle peridotite with various REE
contents, which reasonably explains the REE contents
in tholeiites.3? Tholeiites with low REE contents and
flat REE distribution in Leedey-normalized curves are
assumed to melt from primitive mantle with little or no

Table 6. Analytical Results of Standard Rock Samples®

BCR-1 W-1 GSP-1

Found? Ref. 22 Found® Ref.22 Found® Ref. 22
La 22.1 25.0 10.3 10.9 182 183
Ce 50.5 53.7 23.0 23 428 406
Pr 6.7 6.9 3.3 3.2 54.5 51
Nd 29.1 28.7 14.5 15 186 190
Sm 6.4 6.58 3.5 3.5 26.1 26.8
Eu 1.8 1.96 1.1 1.11 2.3 2.36
Gd — 6.68 — 3.9 12.8 13
Tb — 1.05 — 0.65 — 1.36
Dy 5.4 6.35 4.2 3.9 5.5 5.4
Ho 1.1 1.25 0.73 0.81 — 1.2
Er 3.3 3.61 2.2 2.3 2.2 2.5
Tm —_ 0.59 — 0.34 —_ —
Yb 3.1 3.39 2.1 2.12 1.8 1.7
Lu 0.45 0.512 0.31 0.34 — 0.22

a) All values are in pgg. b) Acid digestion. c)

Alkali fusion.

Table 5. Analytical Results of Standard Rock Samples®)

JG-1 JB-1 AGV-1

Found®  Found® Ref. 23 Found®  Found® Ref. 23 Found®?  Found® Ref. 22
La 20.3 19.9 22 36.7 36.1 36 34.1 35.7 38
Ce 43.6 42.9 43 63.5 63.7 67 71.6 64.9 66
Pr 4.85 4.49 2.3 6.76 6.26 8.7 7.42 7.25 6.5
Nd 18.8 18.1 20.6 25.3 24.6 27 32.0 30.8 34
Sm 4.36 4.38 4.5 4.90 5.04 5.16 5.63 5.93 5.9
Eu 0.66 0.65 0.69 1.54 1.51 1.5 1.56 1.60 1.66
Gd 3.82 4.42 3.9 4.85 4.73 4.80 4.62 4.64 5.2
Tb — — 0.63 —_ — 0.47 — — 0.71
Dy 3.20 4.45 3.2 3.96 3.75 4.1 3.36 3.23 3.8
Ho 0.55 0.95 0.57 0.73 0.70 0.7 — 0.55 0.73
Er 1.68 2.96 1.60 2.19 2.15 2.23 1.91 1.67 1.61
Tm . R _ —_— I — P — 0.32
Yb 1.63 3.03 1.5 2.00 2.10 2.1 1.96 1.68 1.67
Lu — — 0.23 — — 0.3 — — 0.28

a) All values are in ugg-!. b) Acid digestion.

c) Alkali fusion.
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Table 7. Analytical Results of New Standard Rocks from GSJ®

JB-2» JB-39 JR-19 JR-29 JA-1D JGb-1»
La 2.3+0.1 8.0+0.2 19.440.6 16.5+0.8 5.3+0.3 3.44+0.1
Ce 6.6+0.1 21.0+0.3 46.9+0.9 41.0+0.7 13.3+0.6 8.6+0.2
Pr 1.2+0.1 3.2+0.1 5.84+0.2 5.5+0.1 2.1+0.1 1.14+0.1
Nd 6.2+0.2 15.4+0.4 24.8+1.0 25.0+0.4 11.0+0.8 5.5+0.3
Sm 2.2+0.1 4.2+0.1 5.7+0.2 6.6+0.2 3.4+0.1 1.4+0.1
Eu 0.82+0.01 1.3+0.1 0.25+0.08 0.20+0.04 1.15+0.06 0.60+0.02
Gd 3.11+0.1 4.6+0.2 6.6+0.2 7.8i0.9 4.6+0.3 1.50+0.05
Tb 0.58+0.06 0.70+0.09 — .3+0.2 — —
Dy 3.7+0.3 4.4+40.2 5.9+0.3 7 7+0.1 4.0+0.2 1.440.1
Ho 0.83+0.03 0.84+0.01 1.124+0.02 1.7+0.1 0.88+0.03 0.32+0.02
Er 2.5+0.1 2.5+0.1 3.7+0.1 5.2+0.1 2.7+0.2 0.9140.02
Tm — —_— — — _ _
Yb 2.5+0.1 2.5+0.1 4.2+0.2 5.3+0.1 2.7+0.1 0.90+0.02
Lu 0.38+0.01 0.374+0.01 0.62+0.06 0.84+0.05 0.40+0.05 0.1440.02

a) All values are in pgg-l. b) Acid digestion.

enrichment of the light REEs relative to the heavy
REEs.3®  On the other hand, the model for the
formation of alkali basalt assumes about 0.8—2.9%
partial melting and 4.5—5% garnet content in
residue.3® Garnet, with its very large mineral/melt D
value for heavy REEs3) must also be present in the
residue left after partial melting. BCR-1, which also
belongs to alkali rock,?? have the REE pattern similar
to JB-1, as shown in Fig. 1.

High aluminum basalt is aluminum-rich tholeiitic
basalts whose composition of AlOs is over 17%.
Generally high aluminum basalt shows chemical
characteristics between alkali basalts and tholeiitic
basalts.3® This can be seen from the slope of the REE
pattern of JB-3 which is between those of JB-1 and
JB-2, shown in Figs. 1 and 2.

Andesite and Ryolite. Andesitic magma is general-
ly formed by fractional crystallization of plagioclase,
amphibole, pyroxene, or magnetite from the more
basic melts.35:39  Such crystallization models are
common to explain tholeiitic trend. Tholeiitic
andesites formed by crystallization have trend to show
the flat pattern in Leedey-normalized curves. Its
abundance of REEs is slightly increased, but the
shapes of the REE patterns do not significantly
change during forming andesitic magma from
basaltic magma by crystallization differentiation.
Then, AGV-1 (trachy andesite, in alkali series) shows
the light REE-enriched pattern, while JA-1 (tholeiitic
andesite) does rather flat REE pattern. This can be
seen in the REE patterns shown Fig. 3.

JR-1 and JR-2 were collected from the same
sampling location, and so their REE patterns and
major chemical compositions should be similar to
each other. This trend can be seen in their REE
patterns shown in Fig. 4. In addition, negative Eu
anomaly is remarkably observed for both JR-1 and

c) Alkali fusion.

JR-2, which are interpretated in terms of Eu?+
depletion in the melting process owing to the
crystallization of Ca-feldsper. Since oxygen fugasity is
very low in magma chamber, some part of Eu exists as
Eu?+ which has similar ion radius with Ca2+.37.38 The
D values of REEs (except Eu) for plagioclase/melt are
low, and then the concentration of REEs (except Eu)
in melt slightly increases through crystallization
process of plagioclase. In general, Eu is concentrated
in plagioclase rather than other REEs when it
precipitates from the magma. Thus the differentiated
magma may develop larger negative Eu anomalies
from original magma that may have little or no Eu
anomaly.

Plutonic Rock. Dolerite (W-1) is hypoabyssal
basaltic rock and gabbro (JGb-1) is plutonic basaltic
rock. W-1 and JGb-1 generally have the properties
between alkali and tholeiitic rocks, and they show
small slope in the patterns with light REE-enriched
abundance. Positive Eu anomaly is clearly seen in
JGb-1, while it is not in W-1. It can be explained that
magma of W-1 have been mixed with Eu positive
substance such as anorthite.10.39

In JG-1 and GSP-1, light REEs are significantly
enriched with negative Eu anomaly. As is well
noted,®® the origin and genesis of granite is very
complicated.41+42 The range of granitic melts can be
determined by melting a variety of sources (mantle
basaltic magma, intermediate and felsic magma,
sedimentary rocks etc.). Petrography and exper-
imental petrology of granitic rock indicate a wide
range of mineral parageneses due to differences in
magma compositions, temperature, pressure, and
contents of dissolved volatile species. In addition,
granitic magma are very viscous, and so the
assumption of complete separation of crystals and
magma is not realistic. Then, it is still difficult to
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propose an exact model using the REE pattern to help
explain the petrogenesis of granitic melts. The REE
patterns of JG-1 and GSP-1 cannot be well interpreted
only by the present REE data.

Conclusion

The concentration of REEs in standard rock
samples have been determined by ICP-AES. The REE
patterns obtained from the present analytical data are
useful to discuss the geological properties of standard
rock samples along with the origins and genesis of
these rock samples. From these experimental results
and discussion it can be concluded that these standard
rock samples can be used as the references in analysis
as well as in geological or geochemical characteriza-
tion of rock samples when their REE patterns can be
obtained by proper analytical methods.

The present authors express sincere thanks to
Hiroshi Shimizu and Kiyoshi Iwasaki for their
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