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Abstract : Three new rock reference samples of the “Sedimentary rock series” have been
prepared by the Geological Survey of Japan (GS]), in February 1987. They are JLk-1 fresh
water lake sediment (Lake Biwa, Shiga Prefecture), JLs-1 limestone (Garo Mine, Nihon
Cement Co. Ltd., Hokkaido) and JDo-1 dolomite (Yoshizawa Lime Ind. Co. Ltd., Kuzuy,

Tochigi Prefecture).

Analytical data for major and minor constituents, received by March 1989 on these three
GSJ rock reference samples of the “Sedimentary rock series” have been preliminarily
compiled. Based on the data available (communicated and published), grand means,
medians, standard deviations (S.D.) have been derived for some constituents. First
approximate values for major and minor constituents have been proposed after the

evaluation of the statistical results.

Introduction

The Geological Survey of Japan (GSJ) has
been processing some series of rock reference
samples for major, minor and trace elements,
isotopic compositions and isotopic ages.

The first series of two samples JG-1
granodiorite and JB-1 basalt was issued in
1967 and 1968. Processing of the second series
of GS]J rock reference samples, “Igneous rock
series”, started in April 1981 and was com-
pleted in March 1986. Fifteen new rock refer-
ence samples are added to the list of GSJ
analytical program of rock reference sam-
ples. The 1986 values for major and minor
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constituents for this second series of samples
as well as for the first series of samples JG-1
and JB-1 have been reported (ANDO et al,
1987).

Processing of the third series of GSJ rock
reference samples, “Sedimentary rock
series”, started in April 1986 and the first
issue of three samples of this series was
completed in February 1987, which are JLk-1
fresh water lake sediment, JLs-1 limestone
and JDo-1 dolomite. Some other samples of
this series (slate, chert, and stream sedi-
ments) have also been issued recently and
they will be reported elsewhere.

This is the first compilation of major and
minor elements on JLk-1, JLs-1 and JDo-1,
GS]J rock reference samples of the “Sedimen-
tary rock series”. Based on the data available
(communicated and published) received by
March 1989, first reference values have been
proposed by the evaluation of statistical
results.
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Table 1 Sampling locations.

Reference sample

Sampling point

Lake Biwa,
Latitude:

Shiga Prefecture
35° 14' 42" N

Longitude: 136° 03' 14" E

Hekireji, Kamiiso-cho, Kamiiso-
gun,

Hokkaido (Garo Mine, Nihon

Cement Co. Ltd.)

Latitude:

41° 52' 26" N

Longitude: 140° 34' 20" E

JLk-1 Lake sediment
JLs-1 Limestone
JDho-1 Dolomite

Nagikubo, Kuzuu-machi, Aso-gun,

Tochigi Prefecture (Yoshizawa
Lime Industry Co. Ltd.)

Latitude:

32° 27' 16" N

Longitude: 139° 36°' 41" E

Fig.1 Locality of JLk-1, JLs-1 and JDo-1.
Note on the samples

The rock reference samples of sedimentary
rock series were sampled at the largest lake
in Japan and quarries of active mines, respec-
tively. Their locations are shown in Table 1
and Figure 1.

JLk-1, fresh water lake sediment was col-
lected at Lake Biwa, Shiga Prefecture. Sam-
pling point is about 3.8 km off the shore of

Takashima-cho, where the depth of water is
63m (Fig.2). The surface sediment of the
bottom of 0-20 cm was sampled, for which
Smith-Mclntyre grab sampler was used. Sam-
pling was carried out in support of the
research project entitled “Sedimentation. of
polluted lake sediment” (INOUCHI et al.,
1986), in August 1986, by TERASHIMA, S. and
INoucHI, Y. About 210 kg of watery sediment
was collected.

JLs-1, dark grey limestone was collected at
the quarry of Hekireji Deposit (450 m L),
Garo Mine (Nihon Cement Co. Ltd.), Kamiiso
-cho, Hokkaido (about 20 km west of Ha-
kodate). A geological description on Garo
Mine has been written by SAITo and KOIKE
(1983). The age of the upper member of
Kamiiso limestone is not determined clearly,
however it has been suggested as Upper
Triassic, from the observation of conodonts
(SAKAGAMI et al., 1969). About 300 kg of
rock pieces was collected in June 1986, by
IcarasHI, T. Geological sketch map showing
sampling point is given in Figure 3.

JDo-1, grey dolomite was collected at the
quarry of middle dolomite layer (120 m in
thickness), Nagikubo, Mitsumine district
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Fig.2 Geological sketch map of Shiga Prefecture, showing
sampling point of JLk-1 at Lake Biwako. Modified

from MATSUOKA (1978).

(Yoshizawa Lime Industry Co. Ltd.), Kuzuu-
machi, Tochigi Prefecture. A geological
description on Kuzuu carbonate rocks has
been written by WaADpA (1983). Permian car-
bonate rocks at the Kuzuu area consist of
three layers:lower limestone, middle
dolomite and upper limestone (total thickness
300 m). Major and minor elements on Kuzuu
carbonate rocks have been studied by FujiNU-
KI et al.(1982) and AizZAwWA and AKAIWA
(1987) in detail. Geological sketch map show-

ing sampling point is given in Figure 4.

In the geological sheet map “Tochigi”
(scale 1 : 50,000, FujimoTo, 1961), the distri-
bution of Kuzuu carbonate rocks is clearly
figured like a horse’s hoof in shape. About
300 kg of rock pieces was collected from the
nearly middle horizon of the dolomite layer,
in June 1986, by Oka1, T. and ANDO, A.
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Legend

ES"d MNeogene sandstone,mudstone,conglomerite and tuff
E== Paleogene sandstone,mudstone,conglomerite and tuff

Exr™d  Late Triassic limestone
ZZZ3 lLate Triassic dolomite
----- fault

Fig.3 Geological sketch map of Garo limestone mining district
(Nihon Cement Co.), showing location of JLs-1. Modified
from SA1To and KoOIKE (1983)

Processing of samples

About 210 kg of wet JLk-1 sample (H,
O+ :69.3%) was spread out in thin plastic
containers to be dried by an electric fan under
room temperature until the weight becomes
to constant. After 43 days, about 73.5 kg of
dried sample (H,O+ : 12.3 %) was obtained.
Then the sample was milled in a high-
alumina lined ball mill of 22 liter capacity

(for about 100 kg of silicate materials) with
flint balls, for about 10 hours. Finally about 70
kg of fine powdered sample(H,O+ : 9.9 %)
was obtained. During grinding process 2.4 %
of water was lost.

Cleaned rock pieces (JLs-1 and JDo-1,
about 100 kg each) were broken with a sledge
-hammer to 5 to 10 cm ; crushed to 1-2 cm
pieces with a Jaw crusher (Retsch type BBZ/
A) ; milled in a high-alumina lined ball mill
with balls made of the rock sample to be
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Fig.4 Geological sketch map of Kuzuu-machi, Tochigi Prefecture, showing location
of JDo-1. Modified from FUJINUKI et al. (1982).

processed, for about 48 hours ; screened with
a 100 mesh steel sieve (JLk-1 was also
screened) : mixed well before packing in
glass bottles.

JLk-1 of about 70 kg was prepared with the
final packaging in about 900 bottles contain-
ing 70 g each. JLs-1 and JDo-1 were prepared
in about 100 kg, with the final packaging in
about 1000 bottles cotaining 100 g each.

Statistical evaluation of the data

We received 29 reports from 17 labora-
tories on 20 major constituents and 36 minor
elements for GSJ JLk-1, JLs-1 and JDo-1
samples. All reported data were analyzed “on
received basis” (not on dry basis). Code for
analytical method is given in Table 2. All
reported data were tabulated in Appendix
with references for individual data.

For some constituents of which number of
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Table 2 Code for analytical methods.

data available (communicated and published)
is more than five, mean, median and standard

Code Method o ;
v Atomic absorption spectrometry deviation .(S. D.) have be.en calculated with
cal ¢ ] the exception of some major elements (Table
alc. alculation 3). Because number of available analytical
con-IR-abs.  Combustion infrared absorption data is still a few, the mean values are not yet
spectrometry certified and to be considered as only prelimi-
Distil Distillation nary for all elements.
Fluo. Fluorometry H,0- concentrations of these samples are
o, _ 0, _ o)
Grav. Gravimetry 3.79% (JLk-1), -O.IOA(JLS 1) 'and 015%
(JDo-1). Accordingly, the analytical data can
Ic Ton chromatography be converted to “on dry basis” by multiplying
ICP Inductively coupled plasma optical the following factors on “received basis”
emission spectrometry data : 1.039 (JLk-1), 1.0010 (JLs-1) and
INAA Instrumental neutron activation  1.0015 (JDo-1).
analysis
DTA and electron microscope observation
Photom Spectrophotometry )
Vol. Volunetry The differential thermal analysis (DTA)
XRF X-ray fluorescense for the standard samples has been carried out
7 cntg. Gamma-ray counting by Supo, S. Obtained thermal gravity (TG)
b and DTA curves for JLk-1, JLs-1 and JDo-1
) are shown in Figures 5-7, respectively.
16 DTA
lO 1] B L T T T L] T T L T T 50
Total loss 10.8 %
8 } 4 40
T6
6 |- 4 30
é’ . L Loss 4.0 % 1 2 I~
~ 230 °C 8
> (8]
s 2 | 4 10 2
§ DTA Loss 3.1 % ;
w 0 - pu 0 o
= o
= 4+
E -2 4 -10 §
[
-4 ¢ - =20
-6 b 800 °C o J
6 1000 °C 5150 oc ] =30
Loss 0.3 %
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Fig.5 TG-DTA curve for JLk-1. Weight of sample : 100 mg, elevating temperature rate : 20 °C/min.

instrument : Rigaku Denki, thormoflex type 9500.
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Table 3 Means, median and standard deviation.

JLk-1 Major constituent (%)

Component Mean S.D. number Median Range

Si0e 57.50 0.928 9 57.08 56.84 - 59.31
Ti02 0.663 0.031 11 0.66 0.62 - 0.73
Al203 16.81 0.284 11 16.76 16.54 - 17.48
Fex03 4.52 0.642 4 4.44 3.83 - 5.37
Fe0 2.14 0.266 5 2.1 1.79 - 2.52
MnQ 0.285 0.017 12 0.26 0.24 - 0.296
Mg0 1.79 0.100 10 1.76 1.71 - 2.05
Cal 0.686 - 0.033 11 0.68 0.64 - 0.73
Nao0 1.030 0.087 14 1.05 0.78 - 1.105
K20 2.822 0.124 14 2.85 2.53 - 3.08
P20s 0.213 0.023 9 0.21 0.18 - 0.27
H,0* 6.31 0.357 4 6.25 5.95 - 6.80
H20" 3.71 0.332 5 3.7 3.30 - 4.17
T-C 1.50 2 1.48 - 1.52
S0; 0.208 0.126 3 0.275 0.06 - 0.282
T-Feo0s 6.98 0.288 13 6.96 6.63 - 7.45
LOI 11.35 1.18 5 11.92 9.31 - 12.18
JLk-1 Minor element (ppm)

Element Mean S.D. number Median Range

Ba 586 55 8 575 527 - 655
Ce 89.4 6.455 7 92 79 - 95.7
Co 16.6 3.47 10 17.85 8 - 19.1
Cr 74.15 11.3 10 70.5 61 - 96
Cs 11.0 1.63 5 11.8 8.6 - 12.3-
Cu 60.9 4.1 5 61 ‘ 57 - B87.5
Eu 1.35 0.15 5 1.28 1.26 - 1.62
Hf 3.97 0.56 6 4.01 3.4 - 4.9
La a1.7 2.77 7 41.7 38 - 47
Ni 34.86 4.14 7 33 30 - 41
Pb 42.42 4.57 6 41.3 38 - 50
Rb 145.8 14.18 6 147 121 - 185
Sc 15.45 1.3 7 15.9 13 - 16.2
Sm 8.17 0.80 6 8.22 7.2 - 9.5
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Table 3 continued

Sr 71.75 14.577 3 69.5 58 - 105

Ta 1.40 0.365 5 1.28 1.16 - 2.05

Th 19.8 1.01 8 20 18.1 - 21
3.69 0.65 ] 3.75 2.66 - 4.4

v 118.71 17.2 7 114 103 - 153

Zn 151.39 20.94 9 155 105 - 178

Zr 140.86 31.05 5 147 94 - 178

JLs-1 Major constituent (%)

Component Mean . S.D.  number Median Range

Si0s 0.141 0.052 10 .~ 0.115 0.08 - 0.25

Ti0 0.004 0.004 ! 0.0015 0.601 - 0.01

Al,0; 0.021 0.0087 10 0.02 0.0098 - 0.04

T-Feo03 0.0166 0.0029 13 0.0186 0.01 - 0.02

Mn0 0.0018 0.0005 8 0.002 0.001 - 0.002

Mgl 0.604 0.056 12 0.605 0.52 - 0.71

Cal 55.25 0.425 12 55.18 54.56 - 56.26

Na,0 0.027 0.037 9 0.007 0.001 - 0.1

K20 0.009 0.0092 10 0.0061 0.0028 - 0.03

P20s 0.0361 0.01196 8 0.03 0.029 - 0.08

Ho0" 0.155 0.049 2 0.155 0.12 - 0.19

Ho0" 0.1 0.023 5 0.09 0.08 - 0.14

€0, 43.70 0.43 5 42,94 - 44,02

S0; 0.0327 0.0023 3 0.034 0.03 - 0.034

T-C 11.98 1

LOI 43.61 0.494 4 43.765 42.61 - 43.95

JLs-1 Minor element (ppm)

Element Mean S.D.  number Median Range

Ba 503.9 161.39 7T 515 207 - T49

Ce 8.18 17.81 7 1.55 0.23 - 48

Co 0.0497 0.023 5 0.054 0.0103 - 0.0703

Cr 4.204 1.158 5 4.3 3.1 - 6.

Sc 6.19 15.09 8 0.031 0.0292 - 37

Sm 0.797 1.457 5 0.185 0.026 - 3.4

Sr 285.25 43.087 8 284.5 188 - 320

Th 0.40 0.84 5 0.03 0.020 - 1.9

U 1.798 0.28 6 1.825 1.41 - 2.1

Zn 4.58 2.81 7 3.2 2.02 - .5

l
r
|
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Table 3 continued

JDo-1 Major constituent (%)

Component Mean S.D. number Median Range

- Si0, 0.211 0.069 10 0.215 0.05 - 0.32
Ti0 0.004 0.0044 4 0.0015 0.001 - 0.01
Al205 0.0162 0.0070 9 0.015 0.008 - 0.03
T-Feo03 0.0205 0.0056 12 0.021 0.007 - 0.03
MnO 0.0062 0.0093 9 0.0062 0.004 - 0.007
Mg0 18.75 0.62 12 18.675 17.75 - 19.97
Cal 33.98 0.444 12 34.01 33.28 - 34.65
Naz0 0.0438 0.0497 9 0.016 0.006 - 0.14
K20 0.00565 0.0064 3 0.003 0.0012 - 0.02
P20s 0.037 0.0097 8 0.0345 0.03 - 0.08
H.0* 0.33 0.062 3 0.31 0.28 - 0.40
Ho 0" 0.14 0.0255 5 0.15 -0.10 - 0.16
€0, 46.57 0.57 5 46 .87 45.65 - 47.01
S0 0.023 0.0042 3 0.022 0.02 - 0.028
T-C 12.76 1
L0l 46.49 0.82 6 46.75 44.86 -  47.1
JDo-1 Minor element (ppm)
Element Mean S.D. number Median Range
Ce 2.996 1.15 5 2.47 2.2 - 4.98
Cr 9.14 2.739 5 7.49 7.2 - 13.5
Eu 0.178 0.05 5 0.173 0.131 - 0.259
La 7.92 0.546 6 8 7 - 8.52
Sc 3.616 8.517 6 0.1435 0.123 - 21
S 1.26 . 0.865 5 0.89 0.807 - 2.8
Sr 116.38 14.232 8 118.5 85 - 134
U 0.88 0.157 ] 0.92 0.67 - 1.04
Zn 34.45 4.829 8 35.3 23.5 - 39.5

Abbreviation for Table 3: T, total; LOI, Loss on ignition.

DTA curve for JLk-1 (Fig.5) : An endoth-
ermic change was observed, minus peak
maximum at about 120 °C and 540 °C, owing
to the evaporation of layer water and crystal
water. An exothermic change was also obser-
ved, plus peak maximum at about 300 °C,
owing to the combustion of organic materials.

DTA curve for JLs-1 (Fig. 6) : An endoth-

ermic change was observed, minus peak
maximum at 946 °C, owing to the decomposi-
tion of calcium carbonate (CaCO;2CaO+
CO,).

DTA curve for JDo-1 (Fig.7) : Two en-

dothermic changes were observed, the first
minus peak maximum at 752 °C, owing to the
decomposition of magnesium carbonate
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Fig.8 Skeletons of diatoms (center) and a thin plate of mica (left). Instrument :
JEOL 100 C transmission electron microscope.

Fig.9 Halloysite tubes and irregular thin plates of montmorillonite.

(MgCO,2MgO+CO0,), and a second minus  cal results as CaMg(CO;), : 84.5% and |
peak maximum at 939 °C, owing to the decom-  CaCO; : 155 %. )
position of calcium carbonate. Mineral com- The clay fractions of JLk-1 have been
position of JDo-1 is calculated from analyti- studied with a JEOL 100C transmission elec-
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Fig.10 A hexagonal crystal of mica.

tron microscope at an accelerating voltage of
100 kV by MARUMO, K. Features identifiable
in transmission electron micrographs are :
(1) skeletons of diatoms (Fig.8), (2) mica
crystals recognized by their well-defined hex-
agonal habit (Fig.10) and thin plates with
sharply defined edges (Fig.8), (3) halloysite
tubes (Fig.9), (4) irregular thin plates of
montmorillonite. Among these -features, (1),
(2) and (3) tend to be common in the coarse
(1-2 ym) fractions. The thin plates of mont-
morillonite are much increased in fine (<0.2
pm) material.
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Appendix
Table A-1 Analytical data with reference for individual data.
JLk-1 JLs-1 JDo-1
Major
% Method Code % Method Code % Method Code
Sio, 56.84 ICP B-309 0.08 XRF B-304 0.06 XRF B-304
57.00 Grav. B-229 0.11  Grav. B-213 0.18 Grav. B-229
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Table A-1 continued
JLk-1 JLs-1 JDo-1
Major

% Method Code % Method Code % Method Code
'57.02 XRF B 215 0.11  Grav. B-228 0.20 Grav. B-213
57.08 XRF B-239 0.11  Grav. B-229 0.20 Grav. B-228
57.08 Grav. B-266 0.11 Grav. B-276 0.20 Grav. B-276
57.09  Grav. B-228 0.12 XRF B-239 0.23 XRF B-239
57.14  Grav. B-227 0.16 Grav. B-214 0.24 XRF B-210
58.93 XRF B-210 0.16 Grav. B-266 0.24 Grav. B-214
59.31 XRF B-304 0.20 XRF B-210 0.25 ICP B-309
0.25 ICP B-309 0.32  Grav. B-266
TiO, 0.62 Photom B-266 tr XRF B-210 tr XRF B-210
0.64 ICP B-309 0.001 ICP B-214 0.001 ICP B-214
0.65 ICP B-226 0.001 Photom B-229 0.001 Photom B-229
0.66 ICP B-197 <0.002 ICP B-197 <0.002 ICP B-197
0.66 Photom B-229 <0.002 Photom B-228 <0.002 Photom B-228
0.66 XRF B-239 0.002 XRF B-304 0.002 XRF B-304
0.67 Photom B-228 0.01 XRF B-239 0.01 XRF B-239
0.67 XRF B-304 <0.01 Photom B-266 <0.01 Photom B-266

0.70 XRF B-215

0.73 XRF B-210

Ti 0.38 INAA B-308
Al O, 16.52 ICP B-309 0.0098 Photom B-213 0.008 Vol B-229
16.45 Vol. B-229 0.010 Vol B-229 0.01 XRF B-210
16.71  Vol. B-266 0.02 XRF B-210 0.010 Photom B-213
16.73 XRF B-239 0.020 ICP B-214 0.013 AA B-228
16.76 XRF B-304 0.02 XRF B-239 0.015 ICP B-197
‘ 16.82 XRF B-215 <0.02 Vol B-266 <90.02 Vol B-266
\ 16.82 ICP B-226 0.02 XRF "~ B-304 0.02 XRF B-304
1\ 16.86 AA B-228 0.021 AA B-228 0.022 ICP B-214
! 17.00 XRF B-210 0.028 ICP B-197 0.03 XRF B-239

17.48 ICP B-197 0.04 ICP B-309
Al 8.8 INAA B-308 0.0136 INAA B-308 0.0094 INAA B-308
T-Fe, 0, 6.63 Photom B-229 0.01 XRF B-210 0.007 XRF B-304
6.66 XRF B-239 0.014 INAA B-232 0.014 INAA B-232
6.66 ICP B-309 0.015 AA B-228 0.020 AA B-228
6.72 XRF B-215 0.016 ICP B-197 0.02 XRF B-239
6.79  Photom B-266 0.016 AA B-213 0.021 ICP B-197
6.84 AA B-228 0.016 ICP B-214 0.021 AA B-213
6.96 INAA B-232 0.016 Photom B-229 0.021 Photom B-229
7.11 INAA B-277 0.017 Photom B-276 0.022 ICP B-214
7.20 ICP B-226 0.02 XRF B-239 0.022 Photom B-276
7.38 ICP B-197 0.02 ICP B-309 "0.03 XRF B-210
7.45 XRF B-210 0.02 XRF B-304 <0.05 Photom B-266
<0.05 Photom B-266

Fe, 0, 3.83 Calc. B-229

4.33 Calc. B-239

4.55 Calc. B-228

5.37 XRF B-304
FeO 1.79 Vol B-304 <0.01 Vol B-229 <0.01 Vol. B-229
2.06 - Photom B-228 <0.1 Vol B-239 <0.1 Vol. B-239

2.1 Vol. B-239

2.23 Vol B-266

2.52 Vol B-229
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Table A-1 continued

. JLk-1 JLs-1 JDo-1
Major
% Method Code % - Method Code % Method Code
Fe 4.92 INAA B-287 0.0114 INAA B-287 0.0164 INAA B-308
5.10 INAA B-308 0.0137 INAA B-308 0.0173 INAA B-287
MnO 0.24 AA B-266 0.001 Photom B-229 0.004 XRF B-304
0.25 XRF B-239
0.25 ICP B-309 0.001 XR¥F B-304 0.006 AA B-228
0.26 XRF B-215 0.002 ICP B-214 0.006 Photom B-229
0.26 Photom B-229 0.002 AA B-228 0.0062 AA . B-213
0.27 AA B-228 0.002 AA B-266 0.007 ICP B-197
0.27 XRF B-304 0.0021 AA B-213 0.007 ICP B-214
0.28 INAA B-277. 0.0023 ICP B-197 0.007 AA B-266
0.29 ICP B-197 <0.01 XRF B-239 <0.01 XRF B-239
0.296 ICP B-226
Mn 0.198 INAA B-287 0.00158 INAA B-308 0.0046 INAA B-287
0.200 INAA B-308 0.0049 INAA B-308
MgO 1.71  Grav. B-229 0.52  Grav. B-229 17.75 ICP B-197
1.71 XRF B-239 0.53 ICP B-309 18.24 XRF B-210
1.73 ICP B-309 0.56 Vol B-276 18.26 Vol B-214
1.75 XRF B-215 0.57 Vol B-214 18.40 AA B-228
1.76 ICP B-226 0.59 ICP B-197 18.56 XRF B-239
1.76 AA B-228 0.60 AA B-266 18.63 Vol B-213
1.78 ICP B-197 0.61 XRF B-304 18.72 Grav. B-229
1.80 XRF B-210 0.62 Vol B-213 18.81 Vol B-276
1.84 XRF B-304 0.62 AA B-228 18.94 ICP B-309
2.05 Vol B-266 0.64 XRF B-210 18.96 Vol B-266
0.71 XRF B-239 19.97 XRF B-304
Mg 0.41 . INAA B-308 11.9 INAA B-308
CaO 0.64 Vol B-229 54.91 Vol. B-213 33.28 Vol B-266
0.65 XRF B-304 55.02 AA B-228 33.52 ICP B-197
0.66 XRF B-239 55.08 XRF B-304 33.59 Vol B-276
0.66 ICP B-309 55.09 XRF B-210 33.71 XRF B-239
0.68 AA B-228 55.12 Vol B-276 33.90 Vol B-213
0.69 XRF B-210 55.24 Vol B-266 3412 AA B-228
0.70 XRF B-215 55.26 XRF B-239 34.22 Grav. B-229
0.73 ICP B-226 55.31 Vol B-214 34.31 XRF B-304
0.73 ICP B-197 55.50 ICP B-197 34.40 XRF B-210
0.73 AA B-266 55.68  Grav. B-229 34.49 Vol B-214
56.26 ICP B-309 34.65 ICP B-309
Ca 0.48 INAA B-308 39.0 INAA B-308 24.0 INAA B-308
Na,O 0.78 XRF B-304 0.001 FE B-229 0.006 FE B-229
0.96 ICP B-226 0.002 AA B-228 0.009 AA B-228
1.01 ICP B-197 0.0024 AA B-213 0.010 AA B-213
1.03 INAA B-277 0.007 ICP B-214 0.01348 INAA B-232
1.04 FE B-229 0.008 AA B-266 0.016 ICP B-214
1.06 XRF B-215 0.05 XRF B-239 0.02 AA B-266
1.05 AA B-228 0.07 XRF B-210 0.08 XRF B-239
1.06 AA B-266 <0.01 ICP B-197 <0.10 ICP B-197
1.08 INAA B-232 0.1 XRF B-304 0.1 XRF B-304
1.10 XRF B-210 0.14 XRF B-210
1.10 XRF B-239
1.10 ICP B-309
Na 0.71 INAA B-308 0.00143 INAA B-308
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Table A-1 continued

JLk-1 JLs-1 JDo-1
Major
% Method Code % Method Code % Method Code
0.82 INAA B-287
K0 2.70 INAA B-277 0.0028 AA B-213 0.0012 AA B-213
2.75 XRF B-239 0.003 AA B-228 0.002 AA B-228
2.77 AA B-228 0.003 FE B-229 0.002 XRF B-304
2.7 XRF B-215 0.003 XRF B-304 0.003 FE B-229
2.178 FE B-229 0.005 FE B-214 0.003 AA B-266
2.85 XRF. B-210 0.008 AA B-266 0.004 FE B-214
2.85 AA B-266 0.01 XRF B-239 0.01 XRF B-239
2.86 ICP B-197 0.02 vy cntg. B-273 0.02 XRF B-210
2.86 ycntg. B-273 0.03 XRF B-210 <0.10 ICP B-197
2.87 XRF B-304 <0.10 ICP B-197
2.91 ICP B-309
3.08 ICP B-226
K 2.10 INAA B-308 0.006 INAA B-308
2.42 INAA B-287
P,0s 0.18 XRF B-304 0.029 Photom B-228 0.03 Photom B-229
0.20 XRF B-215 0.030 Photom B-213 0.03 XRF B-239
0.21 ICP B-197 0.030 Photom B-214 0.034 Photom B-214
0.21 Photom B-228 0.03 Photom B-229 0.034 Photom B-228
0.21 Photorm B-229 0.03 XRF B-239 0.035 Photom B-213
0.21 XRF B-239 0.03 Photom B-266 0.035 Photom B-266
0.21 Photom B-266 <0.05 ICP B-197 0.04 XRF B-304
0.217 ICP B-226 0.05 XRF B-304 <0.05 ICP B-197
0.27 ICP B-309 0.06 ICP B-309 0.06 ICP B-309
H,O* 5.95 Grav. B-228 <0.02 Grav. B-228 | <0.02 Grav. B-228
6.2 Grav. B-239 0.12 Grav. B-229 0.28  Grav. B-304
6.30 Grav. B-304 0.19 Grav. B-304 0.31 Grav. B-229
6.8 Grav. B-229 <0.2 Grav. B-239 0.4 Grav. B-239
H,O" 3.30 Grav. B-304 0.10 Grav. B-228 0.10  Grav. B-304
3.52  Grav. B-228 0.08  Grav. B-229 0.13  Grav. B-228
3.71  Grav. B-=229 0.09 Grav. B-239 0.15  Grav. B-266
3.87 Grav. B-266 0.09 Grav. B-304 0.16  Grav. B-229
4.17 Grav. B-239 0.14 Grav. B-266 0.16  Grav. B-239
LOIL 9.31 Grav. B-210 42.61  Grav. B-309 44.86  Grav. B-309
11.36  Grav. B-309 43.73  Grav. B-228 46.58  Grav. B-228
11.92 Grav. B-239 43.75  Grav. B-266 46.71 Grav. B-213
12.000 Grav. B-228 43.78  Grav. B-210 46.79  Grav. B-210
12.18  Grav. B-266 43.81  Grav. B-239 46.90  Grav. B-266
43.95  Grav. B-213 47.10  Grav. B-239
Co, 42.94 Vol B-229 45.65 Vol. B-229
43.8 com-IR-abs. B-239 46.4 com-IR-abs. B-239
43.86  Calc. B-228 46.87 Calc. B-228
43.87 Calc. B-276 46.90  Calc. B-276
44.02 Calc. B-214 47.01 Calc. B-214
T-C 1.48 com-IR-abs. B-228 11.98 com-IR-abs. B-282 12.76  com-IR-abs. B-282
1.52 com-IR-abs. B-282
Org.-C 1.2 com-IR-abs. B-239
Inorg.-C 0.25 com-IR-abs. B-239
SO, 0.06 XRF B-239 0.03 XRF B-239 0.02 XRF B-239
(T-S as SO,) 0.275 com-IR-abs. B-228 0.034  Grav. B-213 0.022 com-IR-abs. B-282
0.282 com-IR-abs. B-282 0.034 com-IR-abs. B-282 0.028 Grav. B-213




JLk-1, JLs-1 and JDo-1, GSJ rock reference samples (Ando et al.)

Table A-1 continued

JLk-1 i JLs-1 JDo-1
Minor
ppm Method Code ppm Method Code ppm Method Code
Ag 0.199 AA B-266 <0.1 AA B-266 <0.1 AA B-266
As 26 INAA B-308 (0.1) XRF B-239 0.112 INAA B-308
27 INAA B-229-2 0.136 INAA B-308 0.12 INAA - B-229-2
28 XRF B-239 0.15 INAA B-229-2| (0.3) XRF B-239
Au 0.0036 AA B-268 0.00003 AA B-268 0.00004 AA B-268
0.0053 INAA B-308
0.0082 INAA B-229-2
Ba 527 ICP B-226 207 XRF B-304 6 ICP B-197
530 INAA B-277 445 ICP B-197 6.0 INAA B-308
535 XRF B-239 510 INAA B-308 6.7 XRF B-239
563 AA B-266 515 INAA B-232 25.2 INAA B-232
586 ICP B-197 | 546.5 AA B-266 |<30 XRF B-304
640 INAA B-308 555 XRF B-239 56 AA B-266
648 INAA B-232 749 INAA B-277
655 XRF " B-304
Be 4 AA B-266 <1 AA B-266 <1 AA B-266
Br 8.1 INAA B-308 0.119 INAA B-308 0.57 INAA B-308
9.3 INAA B-229-2 0.80 IC B-238 0.60 INAA B-229-2
1.2 1C B-238
Cd 0.65 AA B-266 0.15 AA B-213 0.63 INAA B-308
0.159 INAA B-308 0.64 AA B-272
0.16 AA B-272 0.65 AA B-213
0.195 AA B-266 0.85 AA B-266
Ce 79 INAA B-287 0.23 INAA B-308 <1 XRF B-239
82 XRF B-239 0.69 INAA B-232 2.2 INAA B-229-2
89 XRF B-304 0.74 INAA B-229-2 2.3 INAA B-308
92 INAA B-229-2 1.55 INAA B-287 2.47 INAA B-232
93.8 INAA B-232 1.64 INAA B-277 3.03 INAA B-277
94 INAA B-308 4.4 XRF B-239 4.98 INAA B-287
95.7 INAA B-277 48 XRF B-304 | <30 XRF B-304
Cl 190 XRF B-239 <5 XRF B-239 26 IC B-238
5.8 IC B-238 90 XRF B-239
Co 8 ICP B-226 0.0103 INAA B-277 0.114 INAA B-229-2
<10 XRF B-239 0.05 INAA B-232 0.148 INAA B-308
13 XRF B-304 0.054 INAA B-229-2 0.166 INAA B-287
17 ICP B-197 0.064 INAA B-308 0.17 INAA B-232
17 AA B-243 0.0703 INAA B-287 <5 AA B-266
17.8 INAA B-308 <5 AA B-266 | <10 XRF B-239
17.9 INAA B-232 | <10 XRF B-239
18.3 INAA B-229-2
18.5 AA B-266
18.94 INAA B-277
19.1 INAA B-287
Cr 61 INAA B-308 3.1 INAA B-308 7.2 INAA B-308
67 AA B-266 3.27 INAA B-277 7.3 INAA B-229-2
68.5 INAA B-277 4.3 INAA B-229-2 7.49 INAA B-277
70 ICP B-226 4.35 INAA B-232 | <10 XRF B-239
70 - XRF B-239 6 AA B-266 10.2 INAA B-232
71 INAA B-229-2| <10 XRF B-239 13.5 "AA B-266
71 AA B-243
74 ICP B-197

— 43—
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Table A-1 continued

. JLk-1 JLs-1 JDo-1
Minor
ppm Method Code ppm Method Code ppm Method Code
93.0 INAA B-232 ’
96 XRF B-304
Cs 8.64 INAA B-277 0.01 INAA B-232
10 AA B-243 0.021 INAA B-308
11.8 INAA B-287 0.0253 INAA B-287
12.3 INAA B-308
12.3 INAA B-232
Cu 57 ICP B-226 0.23 AA B-213 1.3 AA B-213
58 XRF .B-239 0.27 AA B-272 1.3 AA B-272
61 1Cp B-197 4.5 AA B-266 <5 XRF B-239
61 AA B-243 5 XRF B-239 5.5 AA B-266
67.5 AA B-266
Dy 5.72 INAA B-277 0.030 INAA B-277 0.83 INAA B-308
7 XRF B-239 14 XRF B-239 0.97 INAA B-277
7.3 INAA B-308 11 XRF B-239
Er 3.81 INAA B-277
Eu 1.26 INAA B-229-2 0.0051 INAA B-229-2| 0.131 INAA B-287
1.28 INAA B-287 0.0058 INAA B-308 0.145 INAA B-229-2
1.28 INAA B-308 0.0072 INAA B-287 0.173 INAA B-308
1.32 INAA B-232 0.01 INAA B-232 0.18 INAA B-232
1.62 INAA B-277 0.259 INAA B-277
F 650 XRF B-239 18 XRF B-239 214 XRF B-239
38 Photom B-213 250 IC B-238
39 IC B-238 | 260. Photom B-213
Ga 18 INAA B-287 <1 XRF B-239 <1 XRF B-239
21 INAA B-308
22 XRF B-239
Gd 4.9 INAA B-308 (0.8) XRF B-239 1.8 XRF B-239
5.4 XRF B-239
Hf 3.4 INAA B-229-2 0.0074 INAA B-308 0.0169 INAA B-308
3.4 XRF B-239 0.06 INAA B-232 0.604 INAA B-277
3.92 INAA B-277 0.282 INAA B-234 1.8 XRF B-239
4.10 INAA B-232 (0.8) XRF B-239
4.1 INAA B-287
4.9 INAA B-308
Hg 0.30 INAA B-308 0.048 INAA B-308
Ho 1.52 INAA B-308 0.164 INAA B-308
I 25 INAA B-308
La 38 XRF B-239 0.119 INAA B-308 7 ICP B-197
40 INAA B-308 0.145 INAA B-277 7.7 INAA B-308
40.69 INAA B-277 0.154 INAA B-229-2 7.8 INAA B-229-2
41.7 INAA B-287 2.5 XRF B-239 8.20 INAA B-277
42 ICP B-197 8.3 XRF B-239
42.2 INAA B-232 8.52 INAA B-232
47 INAA B-229-2
Li 48 AA B-243 <1 AA B-266 <1 AA B-266
50.5 AA B-266
Lu 0.52 INAA B-287 0.03 INAA B-232 0.044 INAA B-277
0.58 INAA B-277 0.031 INAA B-277 0.045 INAA B-308
0.65 INAA B-308 0.06 INAA B-232
0.66 INAA B-232
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Table A-1 continued

JLk-1 JLs-1 JDo-1
Minor
ppm Method Code ppm Method Code ppm Method Code
Mo 2.05 AA B-266 <0.2 AA B-266 0.59 AA B-266
Nb 15 XRF B-304 <1 XRF B-239 <1 XRF B-239
16 XRF B-239 <4 XRF B-304 <4 XRF B-304
Nd 35 XRF B-239 0.133 INAA B-308 4.8 INAA B-308
35.6 INAA B-232 <1 XRF B-239 5 XRF B-239
39 INAA B-308 1.74 INAA B-232 5.05 INAA B-232
5.99 INAA B-277
Ni 30 XRF B-239 0.30 AA B-213 3.0 AA B-213
32 ICP B-226 0.36 AA B-272 3.0 AA B-272
33 AA B-243 0.47 INAA B-308 3.5 INAA B-308
33 AA B-266 |<10 XRF B-239 |<10 XRF B-239
35 ICP B-197 | <10 AA B-266 |<10 AA B-266
40 XRF B-304
41 INAA B-308
Pb 38 ICP B-197 2.4 XRF B-239 2.1 XRF B-239
39 ICP B-226 <6 XRF B-304 <6 XRF B-304
<10 AA B-266 |<10 AA B-266
39.5 AA B-266
43 XRF B-304
45 XRF B-239
50 AA B-243
Pr 7.30 INAA B-277 <1 XRF B-239 1.17 INAA B-308
8.4 INAA B-308 2.8 XRF B-239
9. XRF B-239
Rb 121 AA B-243 0.163 INAA B-308 2.0 XRF B-239
145 AA B-266 2.9 XRF B-239 5 XRF B-304
147 XRF B-239 7 XRF B-304 |<10 AA B-266
147 XRF B-304 |<10 AA B-266
150 INAA B-308
165 INAA B-277
S 230 XRF B-239 | 110 XRF B-239 80 XRF B-239
(T-S) 1100 com-IR-abs. B-228 | 135 com-IR-abs. B-282 86 com-IR-abs. B-282
1130 com-IR-abs. B-282 136 Grav. B-213 112 Grav. B-213
Sb 2.1 INAA B-229-2] 0.0162 INAA B-308 0.035 INAA B-229-2
: 2.1 INAA B-308 0.017 INAA B-229-2! 0.036 INAA B-308
Sc 13 XRF B-239 0.0292 INAA B-287 0.123 INAA B-229-2
15.2 INAA B-229-2] 0.03 INAA B-232 0.134 INAA B-277
15.7 INAA B-287 0.031 INAA B-229-2| 0.138 INAA B-308
15.9 INAA B-308 0.031 INAA B-308 0.149 INAA B-287
16 ICP B-197 0.032 INAA B-277 0.15 INAA B-232
16.12 INAA B-277 37 XRF B-239 21 XRF B-239
16.2 INAA B-232
Se 0.455 Fluo. B-242 0.0568 Fluo. B-242 0.0327 Fluo. B-242
0.85 INAA B-308 0.050 INAA B-308
Sm 7.2 XRF B-239 0.026 INAA B-308 0.807 INAA B~277
7.5 INAA B-287 0.182 INAA B-277 0.83 INAA B-308
8.14 INAA B-277 0.185 INAA B-229-2| 0.89 INAA B-229-2
8.3 INAA B-308 0.19 INAA B-232 0.95 INAA B-232
8.35 INAA B-232 3.4 XRF B-239 2.8 XRF B-239
9.5 INAA B-229-2
Sr 58 ICP B-226 | 188 INAA B-287 85 INAA B-287
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Table A-1 continued

JLk-1 JLs-1 JDo-1
Minor
ppm Method Code ppm Method Code ppm Method Code
59 AA B-266 265 XRF B-304 114 XRF B-304
68 XRF B-304 287 ICP B-197 115 ICP B-197
69 ICp B-197 296 AA B-213 118 AA B-213
70 INAA B-308 300 XRF B-239 119 INAA B-232
71 XRF B-239 309 INAA B-232 120 XRF B-239
74 AA B-243 317 AA B-266 126 AA B-266
105 INAA B-232 | 320 INAA B-308 134 INAA B-308
Ta 1.16 INAA B-287
1.23 INAA B-229-2
1.29 INAA B-232
1.29 INAA B-308
2.056 INAA B-277
Tb 1.20 INAA B-277 0.0038 INAA B-308 0.092 INAA B-277
1.31 INAA B-308 0.0045 INAA B-287 0.138 INAA B-308
1.39 INAA B-232 0.15 INAA B-232
0.159 INAA B-287
Th 18.0 INAA B-287 0.020 INAA B-308 0.032 INAA B-229-2
18.5 INAA B-308 0.023 INAA B-229-2 0.045 INAA B-308
19.10  y cntg. B-273 0.03 INAA B-232 0.05 INAA B-232
20 INAA B-229-2 0.043 INAA B-287 0.104 INAA B-287
20 XRF B-239 1.9 XRF B-239 (0.4) XRF B-239
20 XRF B-304 <6 XRF B-304 6 XRF B-304
20.42 INAA B-277
21.0 INAA B-232
Tl 1.07 AA B-266 <0.2 AA B-266 <0.2 AA B-266
1.7 Fluo. B-284 <0.05 Fluo. B-284 <0.05 Fluo. B-284
Tm 0.66 INAA B-308 0.058 INAA B-308
U 2.66 INAA B-277 1.41 INAA B-277 0.67 INAA B-277
3.3 INAA B-308 1.54 INAA B-308 0.73 INAA B-308
3.6 XRF B-239 1.8 INAA B-229-2 0.84 INAA B-229-2
3.90 ycntg. B-273 1.85  ycntg. B-273 1.00 INAA B-232
4.30 INAA B-232 2.09 INAA B-232 1.0 XRF B-239
4.4 INAA B-229-2 2.1 XRF B-239 1.04  ycntg. B-273
\% 103 XRF B-239 2.7 XRF B-239 2.3 XRF B-239
104 AA B-266 3.1 INAA B-308 3.2 INAA B-308
111 ICP B-226 |<10 AA B-266 |<10 AA B-266
114 INAA B-308
120 ICP B-197
126 AA B-243
153 XRF B-304
w 2.7 INAA B-308 0.21 INAA B-308 0.26 INAA B-308
Y 39 ICP B-197 (0.1) XRF B-239 11 XRF B-239
43 XRF B-304 <6 XRF B-304 14 XRF B-304
44 XRF B-239
Yb 3.95 INAA B-232 0.0161 INAA B-308 0.326 INAA B-287
4.08 INAA B-277 0.021 INAA B-287 0.34 INAA B-308
4.4 INAA B-308 1.8 XRF B-239 0.432 INAA B-277
4.6 XRF B-239 0.58 INAA B-232
2.4 XRF B-239
Zn 105 INAA B-287 2.02 INAA B-287 23.5 INAA B-287
143.5 AA B-266 2.8 AA B-272 34 AA B-213




JLEk-1, JLs-1 and JDo-1, GSJ rock reference samples (Ando et al.)

Table A-1 continued

JLk-1 JLs-1 JDo-1
Minor -
ppm Method Code ppm Method Code ppm Method Code
145 ICp B-226 2.92 INAA B-232 34 ICP B-197
148 XRF B-239 3.2 AA B-213 34.6 INAA B-232
155 ICp B-197 4.1 INAA B-308 36 INAA B-308
156 INAA B-308 7.5 AA B-266 36 XRF B-304
160 CAA B-243 9.5 XRF B-239 38 XRF B-239
172 XRF B-304 39.5 AA B-266
178 INAA B-232
Zr 94 AA B-243 <1 XRF B-239 9.33 INAA B-232
131 XRF B-304 12.0 INAA B-287 11.0 INAA B-287
147 INAA B-232 14.5 INAA B-232 <1 XRF B-239
153 XRF B-239
178 INAA B-308
Fukasawa, T., Ozaki,' Y., KUNUGISE, A.,
References for individual data HamajmMa, Y. and SakamoTto, K. (1987)
Neutron activation analysis of geo-
B-197 YosHikawa, K. (1987) Private communica- chemical reference rocks. The 31st Sympo-
tion, Geological Survey of Japan, Tsu- sium on Radiochemistry, Abstracts of
kuba, Japan. Papers, p. 70-71.
B-210 TANEMURA, S. (1987) Private communica- B-238 IcHikuni, M. (1987) Private communica-
tion, Kyoritsu Bunseki Center, Nagoya, tion, Tokyo Institute of Technology, Yo-
Japan. kohama, Japan.
B-213 Aizawa, S. and Axatwa, H. (1987) Private B-239 Ovrszowy, H. A, SUMNER, R., HEGARTY, ],
communication, Faculty of Engineering, SmiTH, P. and FURZEMAN, P. (1987) Pri-
Gunma University, Kiriu, Japan. vate communication, Government Chemi-
B-214 Kato, K. (1987) Private communication, cal Laboratory, Brishbane, GLD, Australia.
Central Research Institute, Mitsubishi B-242 TawMARL Y. (1987) Private communication,
Metal Co. Ltd., Ohmiya, Japan. Faculty of Engineering, Konan University,
B-215 YosHIOKA, A. (1987) Private communica- Kobe, Japan.
tion, Central Research Institute, Mitsubishi = B-243 MvYASOEDOV, B. (1987) Private communica-
Metal Co. Ltd., Ohmiya, Japan. tion, Vernadsky Institute of Geochemistry
B-226 TERAKAWA, S. (1986) Private communica- and Analytical Chemistry, Moscow, USSR.
tion, Geological Survey of Japan, Tsu- B-266 CaLBOsO, Fe, de CasTRO, M., BUuGAaGao, R.,
kuba, Japan. MaMoON, R. and MAacAaLALAD, E. M. (1988)
B-227 Oxkai, T. (1987) Private communication, Private communication, Petrochemistry
Geological Survey of Japan, Tsukuba, Laboratory, Quezon, Philippines.
Japan. B-267 KosHIMA, H. and OnisHI, H. (1988) Private
B-228 TERASHIMA, S. (1987) Private communica- communication, University of Tsukuba,
tion, Geological Survey of Japan, Tsu- Tsukuba, Japan.
kuba, Japan. B-268 TERASHIMA, S. (1988) Determination of
B-229 Suzuki, S. (1987) Private communication, gold in sixty geochemical reference sam-
Japan Chemical Analysis Center, Chiba, ples by flameless atomic absorption spectr-
Japan. metry. Geostandards Newsletter, vol. 12, p.
B-229-2 FukusHIMA, H. (1987) Private communi- 57-60.
cation, Japan Chemical Analysis Center, B-272 Aizawa, S. and AKAIWA, H. (1988) Private
Chiba, Japan. communication, Faculty of Engineering,
B-232 Kamioka, H. and Tanaka, T. (1987) Pri- Gunma University, Kiriu, Japan.
vate communication, Geological Survey of  B-273 Komura, K. (1988) Private communica-
Japan, Tsukuba, Japan. tion, Low Level Radioactivity Laboratory,
B-234 Mivyamoto, Y., AoTa, N, KosanDpa, S, Kanazawa University, Tatsunokuchi,




B-276

B-277

B-282

B-284

Bulletin of the Geological Survey of Japan, Vol. 41, No. 1

Japan.

Okal, T. (1988) Private communication,
Geological Survey of Japan, Tsukuba,
Japan.

MrivamoTo, Y. and Sakamoto, K. (1988)
Private communication, Faculty of Sci-
ence, Kanazawa University, Kanazawa,
Japan.

TERASHIMA, S. (1988)

kuba, Japan.
Kosuma, H. and OnisHr, H. (1989)

Private communica-
tion, Geological Survey of Japan, Tsu-

Fluor-
imetric determination of Thallium in sili-
cate rocks with Rhodamine B after separa-

B-287

B-304

B-308

B-309

tion by adsorption on a Crown Ether
Polymer. Analyst, vol, 114, p. 615-617.

WakaBayasHI, F. (1988) Neutron activation
analysis of Japanese standard rock sam-
ples 11. Bull Nain. Sci. Mus., Tokyo, Ser. E,
vol. 11, p. 9-16.

ROELANDTS, 1. (1988) Private communica-
tion, Univ. Liege, Belgie.

Hirar, S. and Suzuki, S.(1989)
communication, Musashi Inst.
Kawasaki.

GOVINDARAJU, K.(1989) Private communi-
cation, Centre National de la Recherche
Scientifique, France.

Private
Techn.,






