LiBO_21Z & 2 & ke - Kk Do R DG kU
o DEEITLR(ERERS) L ZrOEE

S5 jpn

HARE

~FH: 2008-01-25

F—7— K (Ja):

F—7— K (En):

R E: RS, IR, ta, B, foK, IEE
X—=ILT7 KL R:

Firi&:

https://doi.org/10.14945/00000376




FRRE A HUBR RIS 28 (20014E T A)ITH~23H
Geosci. Repts. Shizuoka Univ., 28 (July, 2001), 17-23

LiBO; CKBEMAE « KAEDHBREDRTFTRY
ENOoDEETR HEFRZKRS) LIroER

e B -k Bl - SeRERE

Evaluation of methods for digestion of metamorphic
and igneous rocks using LiBO; and the determination
of major elements (except Si) and Zirconium

Akira FUJiYOSHI!, Kenjyi KUSUNOKI' and Rie SUZUKI

Abstract Pelitic gneisses and schists containing minerals insoluble in hydrofluoric acid
such as staurolite, andalusite and others, and igneous rock reference samples of the
Geological Survey of Japan (GSJ) were decomposed by the method of Crock et al. with
fuming process of hydrofluoric acid after fusion using LiBO, to remove Si which tends to
form a gelatinous precipitate. However, they often left residues.

To get a clear, stable solution of these rocks, the method of Crock et al. was modified:
better results were obtained by repeated drying of the residues by adding a mixed solution
of HCI, HCIO,s with a little more water in the process of the expulsion of residual fluorine.

The contents of Al, Fe, Mg, Ca, Ti, Mn and Zr in the metamorphic rocks and the GSJ
igneous rock reference samples were determined by means of an inductively coupled argon
plasma/optical emission spectrophotometer, and the Na and K contents by atomic absorption
spectrometry.

The results of chemical analyses for the GSJ igneous rock reference samples decomposed
by the modified method show the reasonable values for the major elements (except Si) and
Zr.

The results of analyses of the pelitic gneisses and schists, containning the minerals
resistant to hydrofluoric acid (HF), decomposed by both the modified method and mixed
acid show that this modified method is available in analyses of the major elements and Zr
for the metamorphic and igneous rocks bearing the minerals resistant to HF.

Key words: digestion method by LiBO;, residues, expulsion of fluorine, zirconium analyses,

minerals resistant to HF, zircon, staurolite, metamorphic rocks
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Table 1 Differences among digestion methods.

method m.the first number of solution added to the dried residues
fuming process repeated dryness
A — — —
B +5ml HF - —
C +5ml HF 1 20mIH,0+5SmIHCHSmIHCIO 4

Table 2 Analytical results of the GSJ igneous rock reference samples for each method of sample digestion. A, B, C:
methods of sample digestion using LiBO: (see the text and Table 1). D: method of sample digestion using mixed acids,
based on Fujiyoshi et al. (1996). R.V.: recommended values of major elements based on Ando et al. (1987), and
Ziruconium based on Itoh et al. (1992). XRF: values by XRF analyses based on Kimura & Yamada (1996).

Rock JB-1a (Basalt) JB-2 (Basalt)

Wwt%) A B C D RV.XRF A B C D RV.XRF
TiO, 1.29 1.23 131 1.31 130 1.34 1.16 1.17 1.17 1.15 1.19 1.18
Al O; 14.22 7.07 14.43 14.98 14.51 14.65 14.51 8.56 14.48 15.08 14.67 14.5
Fe,0; 894 8.35 8.99 9.18 9.09 9.16 14.41 13.81 14.12 14.50 14.33 14.2
MnO 0.15 0.15 0.15 0.15 0.15 0.14 0.23 0.22 022 0.23 0.20 0.21
MgO 7.69 6.08 7.77 8.10 7.75 8.02 4.64 4.01 4.59 4.75 4.66 4.69
CaO 963 3.74 9.83 9.80 9.23 9.57 10.17 4.3510.29 10.4 9.89 9.76
Na,O 290 2.87 2.77 2.79 2.74 2.80 2.13 2.20 2.06 1.99 2.03 2.07
K,O 1.33 1.28 1.31 1.36 1.42 1.37 038 031 037 0.39 042 0.42
Total 45.32 29.94 45.65 47.67 46.19 47.05 46.21 33.26 45.89 48.47 47.39 47.07

Zr(ppm) 130 144 138 125 146 140 46.5 54.0 49.2 444 514 42.0
Rock JG-1a (Granodiorite) JG-2 (Granite)

Wwt.%) A B C D RV.XRF A B C D RV.XRF
TiO, 0.24 0.24 0.24 023 0.25 0.25 0.04 0.04 0.05 0.04 0.04 0.05
ALO; 14.32 13.03 14.09 14.12 14.22 14.30 12.48 12.28 12.81 12.49 12.41 12.60
Fe, 05 1.97 197 198 192 2.05 2.04 093 095 0.95 095 093 0.93
MnO 0.06 0.06 0.06 0.06 0.06 0.06 0.02 0.02 0.02 0.02 0.02 0.02
MgO 0.70 0.71 0.68 0.69 0.69 0.63 0.06 0.05 0.04 0.03 0.04 0.01
CaO 2.26 1.19 235 233 2.13 2.18 0.74 0.62 0.73 0.72 0.80 0.69
Na,O 3.54 3.59 347 334 341 343 3.73 4.02 3.57 3.52 3.55 3.59
K,O 4.17 4.07 4.04 3.99 4.01 4.02 5.03 4.87 4.75 4.76 4.72 4.72
Total 27.06 24.66 26.71 26.68 26.82 26.91 22.93 22.75 22.29 22.53 22.51 22.61

Zr(ppm) 106 126 117 34 121 124 95 114 109 71 101 111
Rock JA-2 (Andesite) JR-1 (Rhyolite)

wt%) A B C D RV.XRF A B C D RV.XRF
TiO, 0.65 0.67 0.67 0.65 0.67 0.70 0.11 0.10 0.10 0.10 0.10 0.11
ALO; 15.36 8.41 15.43 16.21 15.32 15.94 13.01 12.90 13.41 12.40 12.89 13.02
Fe,0; 6.03 599 6.13 6.02 6.13 6.55 0.89 090 090 0.83 0.95 0.87
MnO 0.11 0.11 0.11 0.11 0.11 0.11 0.10 0.10 0.10 0.10 0.10 0.11
MgO 7.22 458 7.05 7.19 7.68 7.93 0.11 0.12 0.12 0.12 0.09 0.09
CaO 6.46 2.66 638 6.50 6.48 6.54 0.74 0.63 0.73 0.74 0.63 0.71
Na,O 3.31 3.27 3.17 293 3.08 3.14 3.96 3.70 4.02 3.99 4.10 4.10
K,O 1.77 1.71 1.69 1.74 1.80 1.85 4.55 4.55 4.58 4.48 4.44 4.50
Total 40.30 26.79 40.01 41.35 41.27 42.76 23.38 22.91 23.87 22.76 23.30 23.51

Zx(ppm) 107 120 114 104 119 115 86 103 96 89 101 98
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Fig. 1 Oxide contents versus digestion method for the GSJ igneous rock reference samples. A, B, C: methods of sample

digestion using LiBO; (see the text and Table 1).
Fujiyoshi et al. (1996).
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Table 3 Analytical results of the pelitic gneisses and schists containing the minerals resistant to hydrofluoric acid for

each method of sample digestion.

A, B, C: methods of sample digestion using LiBO:;

(see the text and Table 1). D:

method of sample digestion using mixed acids, based on Fujiyoshi et al. (1996).

Staurolite schist

Garnet-staurolite

Corundum-andalusite

Rock schist -biotite gneiss
(AF68070206) (79073105J) (94082411A)
wt%) A B C D A B C D A B C D
TiO, 096 097 0.77 0.78 099 0.99 098 0.87 2.09 2.14 1.84 2.02
ALO; 16.27 16.27 16.24 8.19 16.20 16.72 16.57 13.00 27.80 25.65 27.03 19.79
Fe,0; 7.61 7.66 7.77 5.93 10.73 10.78 11.16 10.10 13.93 13.99 13.62 13.45
MnO 0.14 0.14 0.14 0.12 0.41 041 040 039 0.17 0.18 0.16 0.16
MgO 1.03 1.03 0.98 0.95 1.63 1.64 1.66 159 296 250 2.85 2.88
CaO 1.99 1.72 1.99 2.07 1.86 2.09 1.95 1.92 5.07 3.03 5.00 4.84
Na,O 1.11 0.99 1.03 0.89 1.14 1.05 1.16 095 2.60 240 254 2.30
K,O 0.27 0.19 0.22 0.18 1.39 1.27 1.40 1.31 4.72 4.42 4.50 4.49
Total  29.38 28.97 29.14 19.11 34.35 34.95 35.28 30.13 59.34 54.31 57.54 49.93
Zr(ppm) 185 213 195 268 156 170 167 312 362 395 381 3.0
Garnet-biotite Garnet-biotite Corundum-spinel
Rock gneiss-1 gneiss-2 -biotite gneiss
(95102011A1) (95102011A2) (95102011A3)
(wt.%) A B C D A B C D A B C D
TiO, 099 0.99 1.00 098 099 1.02 1.02 0.99 1.97 197 159 1.83
ALO;  19.37 17.92 19.26 19.31 20.18 18.56 19.67 19.93 24.44 21.89 22.25 22.10
Fe,0; 856 8.58 8.66 874 8.82 8.69 882 892 10.60 10.67 10.61 10.46
MnO 026 0.26 0.25 0.27 033 030 028 030 0.15 0.13 0.14 0.13
MgO 221 2.01 2.15 222 2.41 2.04 230 234 330 234 3.15 3.42
Ca0O 233 1.56 2.32 234 2.14 154 216 2.12 3.67 2.87 3.71 3.57
Na,O 3.56 3.34 3.51 3.43 3.31 3.07 329 3.04 4.63 433 435 436
K,O 273 2.58 2.66 2.84 3.10 295 3.07 3.16 3.13 294 2.89 3.01
Total  40.01 37.24 39.81 40.13 41.28 38.17 40.61 40.80 51.89 47.14 48.69 48.88
Zr(ppm) 198 231 236 2.5 203 233 227 23 517 551 506 5.5
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Fig. 2 Oxide contents versus digestion method for the pelitic gneisses and schists containning the minerals resistant to

hydrofluoric acid. A, B, C: mcthods of sample digestion using LiBO; (see the text and Table 1).
digestion using mixed acids, based on Fujiyoshi et al. (1996).

NazO‘f'KzO‘
KU Ttoh & Yamada (1996) 2 & 2400 X SRtrEE
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BloaghiisR & 1R TH 5 (Table 3, Fig. 2).

D: method of sample
Total: Al:O; + Fe,Os + TiO; + MgO + MnO + CaO +

T3 =Y LD U CREREEEERR D S i
BOLWTIR, HEBOESRbSWEERL, KRICHIEC,

AL IEAE L 73 3 (Tables 2, Fig. 1). AEBOER, Ttoh

et al. (1992) iZ X 2 HEEE(E (recommended values) M
UTtoh & Yamada (1996) o X A XRFiEL 0 b &Ml
T, HECoOfEE, HHER OXRIME & HLOEA
Y. Fr, FECOERABEACHEL L HI0KAEW
%, HEBOMEIZHHECOME L 5-10% 075 W EAE R
7. BERME - FEOHE b 33RO BEA R4
(Table 3, Fig. 2). D Z &3, LiIBOJUT kK 23RBS
RICk 2NRAEREET D L7 v LKEBRICAT TV
AR X DERIIABSELIEARLTVE EEDbN
B, &7, BB B HFEBL O ILED LW HECD KM
DURWEERRT C &g, BEEFEICXD Yoz A
BHLLERONBIEEZRLTVAS LA,
FEILRICHE L TRAMIC X 3 9#FEDOE & LiBO,
Tk 2 RFEOER LS &, KECEEEE O FE
$LIBO:ic & 2 HiEBLIA M O % /R4 (Table 2,
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Fig. 3 Histogram of C value/D value in Zirconium content for the GSJ igneous rock reference samples. C: method of
sample digestion using LiBO; (see the text and Table 1). D: method of sample digestion using mixed acids, based on
Fujivoshi et al. (1996).

140
312 }
T 100 }
Saob
o 60
3 O
G 20 f
o Lmmm . wem . : : :
1 2 3 4 5 6

sample

Fig. 4 Histogram of C value/D value in Ziruconium content for the pelitic gneisses and schists containning the minerals
resistant to hydrofluoric acid. C: method of sample digestion using LiBO, (see the text and Table 1). D: method of
sample digestion using mixed acids, based on Fujiyoshi et al. (1996). 1: Staurolite schist. 2: Garnet-staurolite schist.
3: Corundum-andalusite-biotote gneiss. 4: Garnet-biotite gneiss-1. 5: Garnet-biotite gneiss-2. 6: Corundum-spinel-
biotite gneiss.
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