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An improved method for digestion of metamorphic
and igneous rocks by mixed acids, and the determination of
major elements (except Si)

Akira FUJIYOSHI!, Kenji KUSUNOKI* and Rie SUZUKI'

Abstract Metamorphic rocks (consisting of anorthositic rocks and pelitic, basic and quartz-
feldspathic gneisses) and igneous rock reference samples of the Geological Survey of Japan
(GSJ) were decomposed with mixed acids by the method of Crock and Severson. The basic
and quartz-feldspathic gneisses and the GSJ igneous rock reference samples totally dissolved,
but the anorthositic rocks and pelitic gneisses commonly left residues.

To get a clear solution .of these rocks, Crock and Severson’s method was modified: bet-
ter results were obtained by repeated drying of the residues by adding a mixed solution of
HCl and HCIO., with a little more water in the process of the expulsion of residual fluo-
rine, instead of HCIO. and water.

The contents of Al, Fe, Mg, Ca, Ti, Mn and P in the metamorphic rocks and the GSJ ig-
neous rock reference samples were determined by means of an inductively coupled argon
plasma,optical emission spectrophotometer, and the Na and K contents by atomic absorp-
tion spectrometry.

The results of chemical analyses for the metamorphic rocks and JGS igneous rock refer-
ence samples decomposed by the modified method show the following things: the
anorthositic rocks and pelitic gneisses show an increase of about 1-4 percent in the total
amount of element oxides and about 4-9 percent in its increased total yield; the other
rocks, especially the basic gneisses and basalts, tend to show a small increase in their total
amount of elemental material, compared with those decomposed by Crock and Severson’s
method.

Key words: digestion method by mixed acids, residues, expulsion of fluorine, anorthositic
rocks, pelitic gneisses, basalts
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Table 1 Differences among digestion methods.
method in the first number of solution added to the dried residues

fuming process | repeated dryness 1st 2nd

A _— 1 10miH,0+5mIHCIO, -

B _— 1 20miH,0+5mIHCH+5mIHCIO, —_

e} —_ 2 10miH,0+5mIHCI+5mIHCIO 20miH,0+5mIHCI+5mIHCIO,

D _ 2 20mIH,0+5miHCH5mIHCIO 30miH,0+5mIHCI+5mIHCIO

E +5ml HF 2 10miH,0+5mIHCI+5mIHCIO, 20miH,0+5mIHCI+5mIHCIO,

F +5ml HF 2 20miH,0+5SmIHCI+5mIHCIO, 30miH,0+5mIHCI+5mIHCIO,
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Table 2 Analytical results for the metamorphic rocks for each method of sample digestion.
Rock Anorthositic rock: @4%251}? anorchosicic rock: $40825¢8 anorthositic rock: $4082501C-1
Hethod| A% 1 c D Ex F A3 2 £ o £ Ft At B £ o E z
Ti0, 0.15 015 014 014 014 014} 015 014 014 0.16 018 Q.14 042, 0.42 0.41 042 0.42 042
AlOy 121,21 21.86 22.45 2248 21,74 2216 121,25 24.09 24.29 23.00 24.44 237712048 21.29 21.30 21.58 21.35 218
Fe0 072 073 072 073 069 073} 037 037 038 036 037 037} 33 34 33 345 239 20
¥ 0.03 003 003 003 002 003j 00 001 00 00 00 00| 007 00 00T 007 007 0497
Kg0 0.3 03 03 03 03 039) 009 009 013 009 009 009 t.58 159 1.58 1.62 1.58 1.63
Ca0 6.00 608 613 618 598 604| 565 587 603 589 6.00 58| 6.90 69 691 7.0 696 T7.13
Na,0 1.53 7.40 7.5 7.64 7.49 7.60| 7.44 750 7.64 7.5 7.63 7.47] 548 5.61 6.5 572 551 573
K,0 0.56 0.54 05 060 05 060) 028 028 032 032 030 032 1.33 1.39 1.3 1.38 1.36 1.40
P05 0.06 005 005 005 005 005}{ 002 002 002 002 002 002) 010 01N 0.10 010 010 0.t0
Total | 36.64 36.92 38.03 38.24 37.05 37.74 3526 38.37 38.96 3831 39.01 38.05|39.72 40.84 40.66 41.38 40.80 41.85
Rock Anorthositic rock: 94082501C-2 Anorthositic rock: 95102101A2 Pelitic gneiss: 940825018
Method At B c D E F At B ct D 3 F At B c D E F
Ti0, 0.23 022 022 023 023 022} 033 033 03 0.33 033 033 1.10 1.05 1.07 118 1.02 .18
Al0; | 16.58 18.53 18.41 18.39 18.76 18.60 | 18.43 20.21 19.82 20.34 19.54 20.19 | §9.10 20.33 20.60 20.19 19.97 20.56
Fe0 1.79 1.82 1.82 1.83 1.83 1.82| 2.84 295 2.8 295 2.84 295 567 553 562 608 541 610
¥n0 0.04 004 004 004 004 004 005 005 005 005 005 005 010 009 009 010 009 010
Ng0 0.72 073 073 073 073 073 123 124 1271 1.28 1.21 1.25] 1.567 1.48 1.53 170 1.46 168
Ca0 4.02 411 413 413 417 414 596 611 6.08 624 595 614| 6.46 6.27 6.51 6.74 6.26 6.84
Ka,0 516 53 529 540 539 532| 533 560 560 578 545 561 519 545 555 532 540 526
;0 2212 211 215 218 219 218 0.96 099 1.00 103 0.97 104 .72  1.66 1.67 1.86 1.66 1.85
P,0g 0.09 008 009 0.08 0.09 0081{ 009 008 008 008 008 008/ 03! 0.32 03 0.32 0.3t 0.34
Total | 30.75 33.05 32.88 33.01 33.43 33.13 3522 37.56 37.09 38.08 36.42 37.61 (41.22 4218 42.95 43.4%9 41.58 43.92
Rock Pelitic gneiss: 79073105 Basic gneiss: 65-476 Basic gneiss: 68080515
Methodi A% B# C D E F A B C D E F A B C D E F
Tio, 0.44 0.43 043 0.4 044 0.44 .26 121 123 1.21 124 1.241 0.90 0.91 0.9t 0.9t 0.90 0.92
A0y | 17.28 17.34 18.3) 18.50 18.68 18.32 | 18.42 18.12 18.59 18.93 18.61 18.71 | 18.58 18.5( 18.98 18.99 18.87 18.68
Fe0 414 408 407 406 418 408] 8.8/ 8.96 885 898 88 89| 855 864 862 862 0857 870
MrO 0.14 013 014 0.14 0.14 014} 014 014 0.14 014 014 014 014 014 015 015 0.14 0.15
Mg0 .16 1.48  1.15  1.14 .18 1.6 3.06 309 305 308 308 3.08| 479 484 483 48 480 4.87
Ca0 330 336 341 348 346 3.44| 851 853 852 883 865 873 970 9.42 965 972 9.5 9.68
Na,0 3.30 3.2 318 3.18 3.26 3.16 468 468 4.56 4.65 4.67 4.59 3.80 3.82 375 3.7% 315 3719
K;0 218 214 213 215 2.2 21 1.3 134 134 1.3 1.35 135 1.16 1.19 .20 1.18 1.20 t23
P05 0.25 024 024 024 0.25 0.24| 0.45 046 045 0.47 046 046 024 024 024 024 024 024
Total | 32.19 3211 33.08 33.32 33.80 33.15 | 46.66 46.64 46.73 47.71 47.09 47.25|47.86 47.71 48.33 48.37 47.98 48.56
Rock | Quatz-feldspathic gneiss: 850808088 | Quatz-feldspathic gneiss: 86080705A | Quatz-feldspathic gneiss: 91080203A
Method, A B ¢ D E F A B c D E F A B c D E F
Ti0, 0.04 004 004 004 004 004{ 026 026 026 025 02 025 010 009 009 010 009 010
A0y | 12.30 12,36 12.28 12.41 12.30 12.29 [ 14.63 14.56 14.53 14.45 14.56 14.52 { 12.79 12,39 12.61 (2.84 12.62 12T
FeO .88 0.89 0.88 0.88 0.88 0.87 1.89 102 1.9 1.89 1.80 1.88} 0.62 0. 61 0. 61 0.62 0.61 0. 61
Mn0 0.01 0. 0! 0.01 0. 01 0.01 0.01 0.03 003 003 003 003 003 001 0.01 0.01 0.01 0.01 0. 01
Mg0 0.07 0.08 0.07 0.08 0.07 0.07 0.43 0.44 0.43 042 043 042 0.11 0.12 0. 11 012 011 0.11
Ca0 0.94 094 094 094 094 094 223 2224 2223 219 220 22 0.65 0.64 0.65 066 0.65 0.64
Na,0 3.9 400 389 388 394 388 567 575 559 6546 553 546 288 28 274 278 276 269
K0 366 371 366 3.68 362 361 1.96 203 200 1.94 1.9 1.96| 535 522 518 528 516 517
P,0g 0.01 - 0.0t 0.01 0.01 - 0.09 009 009 00 009 010 - 0.01 0.01 0 0i - -
Total | 21.89 22.03 21.78 21.93 21.81 21.71 |27.19 27.32 21.07 26.72 26.95 26.83 | 2251 21.92 2201 2242 2201 2204

A.B,CDEF: the methods of sample digestion (see the text).

*: with residues
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Table 3 Analytical results for GSJ igneous rock reference samples

s B EF - SeKER

for each method of sample digestion.

Rock Basai¢: JB-2 Bssait: JB-Te Srenite: JG-2

Yethod| A B C . D E F A B [ 2 £2 e A B [ D E £

Tio, .18 116 113 L5 117 L1 1130 1.26 1.29 1.3 .26 1.3 0.04 0.04 004 004 004 95

Al,0; 1 14.82 15.00 15.00 1508 1516 1514|1467 1463 14.92 14.98 14.78 1501 12.36 1253 12.33 1249 12.37 1245

Fe0 12.96 12.74 12.93 13.06 12.98 13.12| 819 1798 8.21 827 7.91 832 08 085 085 0.8 08 087

M0 0.23 022 023 023 023 022{ 045 015 015 015 015 0.15] 002 002 002 002 002 002

Mg0 473 463 471 475 473 478 7.98 779 6800 810 7.73 814} 004 004 003 003 003 003

Ca0 10.22 10.03 10.28 10.38 10.26 10.15( 9.67 9.47 9.74 9.80 9.69 9.8 072 070 071 072 070 072

Na,0 1.97 1.%4 197 199 1.99 201 272 266 274 279 274 280 338 349 350 352 34 349

K,0 0.33 032 039 03 038 04 1.3 1,36 1.35 1.36 1.33  1.3T] 472 474 474 476 474 44

P,05 0.08 009 009 008 00 008 024 023 025 023 023 026 - - - - - -

Total | 46.52 46.13 46.73 47.11 46.98 47.02 | 46.26 45.59 46.65 46.99 45.82 47.21 | 22.16 2241 2222 2244 2222 22 38

Rock Granodiorite: JG-la Peridotite: JP-1 Andesite: JA-2

Method] A B c D E F A B c D E F A B c D E F

Ti0, 0.23 0.24 023 023 024 024| 0.00 - - - - - 0.64 0.65 0.64 065 065 066

A0 | 13.64 14.48 14.32 1412 1451 1412 0.63 0C64 0TI 0.66 0.67 0.70|16.04 1595 16.06 16.21 16.18 16.28

Fe0 1.7 1.78 175 .73 1.76 1.75| 160 T.17 1.2 1.31 7.31 1.6l 5.43 548 540 542 550 547

Mn0 0.06 90.06 006 006 006 006{ 013 012 012 009 012 012 011 0.1 0.11 0. 11 0.11 0.1t

Mg0 0.69 0.70 0.70 0.69 0.69 0.69 4518 43.33 42.54 43.17 4334 4474 714 124 713 T19 123 130

Ca0 216 225 221 233 228 220 0.5 0.5 0.5 058 05 057 634 6.3 6.33 650 644 653

N30 a2 3.40 3. 40 3.4 3.39 3.33 0.03 0. 06 - 0.04 0.04 0. 05 2.9 3.04 2.87 2.93 2.95 2.04

K0 390 409 406 399 410 397 00t - 0.04 003 002 004 .70 1.1 1.712 1.74 1.73 1.73

P,0g 0.07 007 007 007 007 o007 - 0. 01 - - - - 0.14 014 014 014 0.14 014

Total | 25.71 27.07 26.86 26.56 27.10 26.43 | 54.18 51.89 51.18 51.88 52.12 53.83 | 40.45 40.69 40.40 40.89 40.93 41.16
Lit. value for GSJ reference rocks

Rock | JB-2 JB-la JG-2 J6-1a JP-1  JA-2 AB,C.D.EF: the methods of sample digestion (see the text).

Tig, 1019 1,30 004 0.25 <0.01 0.67

A0, | 14.67 14.51 12.41 1422 0.62 1532 Lit. value: Literature value from Ando et al. (1989).

FeO 12.91 8.19 0.84 1.8 750 552

MnO 0.20 015 002 006 012 011 *: with residues

Mg0 466 7.75 004 069 4472 7.68

Ca0 9.80 923 0.8 213 05 648

Na,0 2203 274 35 341 002 308

K0 0.42 1.42 472 4.0 - 1.80

Py0s 0.10 0.26 - 0.08 - 0.15

Total | 46.07 45.55 22.42 26.70 53.54 40.81
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Fig. 1 Oxide contents(wt%) versus digestion method for the metamorphic rocks and GSJ igneous rock reference

samples.

+MgO+MnO+Ca0+Na:0+K:0+P.0s.

A, B, C, D, E, F: methods of sample digestion (see the text and table 1); Total: ALOs+FeO+TiO,
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BREETEAMANOFEDDLDIZADSLDIZHANT,
AEZIN=TTEOBILWD > HALO:, CaOliFeO% s
DHDIZHRCHEEREN%RY (Fig. 1, Table2 ).
F/=, ZOBULMOMBETIIF 1 — 4 %ML, Bt
MOEEIFT4—~9%TH> (Table2 - Fig. 1 DEMN).
R-T, HNEEEE - REFHRAETRIZOFEERN
LLENRHS.

B, C, DoF&EIZ-2WTIE, BEC TIIBEWD
FETI3HDRHDM, D TRTRTEEW NN
(Table2 ). —FH, {LEDHEI S, Fig. 1, Biz&S
BRI T ABIEMORET O RELFig. BB LM X
S, FESBESIZELTE, B, C, DOFEDER
BRERLGNZWS, REFFRESZELTEB»5C
ZLTCDNERETEDM M %ERT (Fig. 1 0EX -
Table 2 ).

ADFETEFEYOTVWERRE, KIUE, TtHE, &
EERFRKE, GEERBRFREIZOWTE, FOoRFET
HAEEDHEOBEEREZRERILWNA, #FLR3
EXRRE, BRILE, EEMERFRE DLEDHEDALO,,
CORUKBRHMNDOFEDLOND LEWEEZRT
(Table2., 3, Fig.1 ®%&M). Crock & Severson DJF
ETHRERFWORVWLDTLERED Si0: & Ignition
lossZ 0 Z 7= EtHDBR EDDH DHBF A FEE LAY, =
OEIZFNIZRIE L TWB2d LI,

A& 512, DOFER, I XTEEDL,
LG —BIIHEHCT I LEWVERZRTZEND,
ZOFERBRWESIZEA.

BPT7 vt kEBZNZ5H5E (EEF) 0o
iZ, Table2 « 3 &Fig. 1 DILZEZIEIRT XD IZ,
FOHREDOHBPEEWE MER/RT (Table2 « 3, Fi
g 1) ZTOERIBLEERIZ7 vIb KEBENZ-EEZFD
FENLBETHAIEERT. MX2WDOFEDD
DEHRT, FOFEDOORFELEFIZBAL ToH
BIXIZEAEEDLINRNWI EEZRT. -T, EHIZ
7 v b KFEBEEMZ 2 EDHEHBENTLIZI2ELT
WBZEERLTWA., 7 v b KEBCHEHEE % 96
TB5ELE, BARBEBADIIRETHY, FLTE
U3, ROEWE TR T, ZRWERETHER X
NEIEBMTHHADENWSIZENEBBINTHSD

(LANGMYHR & KRINGSTAD 1966)2%, 4 [ElDERITF
DEBNELNWZ EEZRLTNWS.

COZRBOBIEBMEREZBALBE® 2 5121,
DRRU-ERGEMICIER - BEFBEL LEWEY
KEMZ T, OVBLTCOBRBREENEH THDHI &
ZRLTWA.

W BERFOREEBKIZIITableDFR %, BER
BFRICEEREFE > Tz, #HA¥EDR
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Fro% B, RE CHELICZHERLAAEE
HBEZEEVENW . INODHXIZE BRHOER
£Y5.
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