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Test Data for the Normative Calculation Programs

Morimasa Yosuir and Hideo HirRaNO

Abstract

Test data for the C.I.P.W. normative calculation programs were designed.

The input data were obtained by calculating back from the molecular numbers
(0.1 moles in most cases) of previously arranged assemblage of the normative
minerals. The molecular numbers of the chemical components of the minerals
were summed up for every component and divided by the molecular weights
to obtain the weight percentage for the input data. In this manner the test data
can be prepared easily for checking any parts of the processes in the programs.

The data nos. 1 to 4 (Table 3) are available for checking the part 1 of the
programs ending in case of sufficiency of silica (Fig. 1). Flows of the calculations by
these data are shown in Table 6. The data no. 1 is valid to check the flows of the
calculations for Al,O5, FeO* (total of MnO, FeO and NiO) and MgO components;
no. 2 is for those of K,0, Fe,0; and FeO; no. 3 is for those of TiO,, Na,O and
P,0s5; and no. 4 is for those of CaO. The data no. 11 (Table 4) is used instead
of no. 1 when the program has input of Cr,0; and NiO.

The data nos. 41 to 46 (Table 5) are used for the part 2 of the programs
composed of the processes in case of deficiency in silica (Fig. 2).

As to the processes of output of the result, calculations for dividing hyper-
sthene into enstatite and ferrosilite molecules, and for olivine into forsterite and
fayalite molecules are checked by the data nos. 1 and 11. The calculation for
dividing diopside into wollastonite, enstatite and ferrosilite molecules is checked
by the data no. 21 (Table 4).

As the normative calculation is based on molecular numbers of the chemical
components, the programs should also be checked with the aid of the molecular
numbers of the chemical components in the input data and the normative minerals
in the output data in Tables 3, 4 and 5. Therefore, it is desirable to add the process
of printing the molecular numbers at least during testing. As a character of the
test data, values of weight percentages of the input data and the output data
show several times (0.1 time in most cases) as much as the molecular weight
of themselves. The molecular numbers of the data can be checked in this way when
they are not printed out.

For the convenience of debugging, molecular weight of FeO* and apatite are
desirable to be calculated as follows: The chemical formula of apatite should be
written as 10/3 CaO-P,0; in case of the programs having no reading of F,. For
FeO* (=MnO+4FeO+NiO) the average value of the molecular weight (C,*)
should be adopted. C,* is given as

Cz*=C1P1+C2P2+C3P3;

where C{,C, and C; are molecular weights of MnO, FeO and NiO; P,, P, and
P; are the ratios of the MnO, FeO and NiO against FeO* (process no. 01 in Fig. 1).

When the average molecular weight is adopted for FeO%, the result agrees
with (A) in data nos. 1 and 11; and if not it agrees with (B). By these processes
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total of the weight percentages of the output data can always agree with those of

the input data:

In other words, when the totals have a difference, the program

is assumed to have some error in calculation or process.

L. $x2aM&E

CILP.W. v a3tEix, CROSS et al. (1902; 1903;
1912) L X > TREBICEESh, KFEOHEEL
AR S L CEBAITY FEE LT, BHETDHIEL
fThhTwg, FHEkRE OV T i3 2> WASHING-
TON (1917) 3 X OV & < i JOHANNSEN (1931) 7 &MiEE
LRINTWS, bRETOETOEE T, A
(1970), &b, - ABE (1975) 35 L OKALR - BT (1968)
7 ECEEEBREIN WS, BRI s 0 LT
1E, KFk (1975) 1w X 5 ORBERT, BEDEV.

7V RETEE, EETTS Leh v BT, R0
RoP I HEFEEVBIEBRLI IS, BFFIFEHC X
57077 AETE TR, DECERRRIERTETS S
B, TOXRARE LTE, WO IETHRL Tl 7 a0
TETHEFNELESEV., £2T, 7/ 5407 A b
TVREDX S BRFETHEBCTS> rPHEL LS.

7V AR TR, STREAETRICSKROSESD D,
TN HATELAETRCH T 2MELTF = v 71, —
CRETRV., Rk xiE, 7 AAMEREPOHETTT
CRIBN TV D EADOHTHEEFEE LT, HFR¥—
HLierbi\WsoT, TDOT w5 ANRFELTHS &K
Frxc&Ehv., EROGWELZHFE-C, TR 7 60T
RCOFETEEZF = v 7T 51005, NMY4ko “BL
WHLEE L BROGIT — 4 2EDREARLT, &
NIXEHRELTH B,

BRICEE LR, REINTVWABETFHEBCISE /L
LETHOBER BB L5, b TwT S
A3 ARERT S EEbhsKEOTh, AR5
Nz, COFEERS, TTFEHAIRTYWS 2 L AFE
TRTZADF = v 75, 132 LTEORERBELT
NTVWEPEETHS.

FLTEELE, COFET RS T AOBBECLID
KHET AT VEOLERZRD, LTRARNST A
P -2 BER LK.

T AT — 2 OFERIEE 2x, /v AFTEB LR
SOEAFE S LT MIIEE L, BEHTNEH
WOMBEDLREENREDLPUDHETHZLETD
5. IS oM E bR (ki) Whfl, &k
HTELDENEDOEHCSTERZRMICERIL CHE
Ly, ThETANTF—4 375,

ZOFECIINE, /A AFEOBERICHE - O

IERROER T, /A ASEDOMSEbERERTCE
DL ENTESL, LT, #Iillisdber TR
FThiE, DERNMNROF - 28T, /A AFEOTRT
OFENBETROBERT = v 7 %, BHIT U DR
XI5 EMWTES.

LT, 2oF AT —20EREEES, Hb¥T/
LNAFTED T w7 2 v S DELITOWT b,

2. JNALEETASFLOER

FALNF—ZOUBPCXETLD, /ALFHE vS S
ADEELIMFITONWT, EESBHMARKL T w7 2%
BlichR3, 2T, 747 v EEHRT5EHICR
STEHFTCEITL, /A LFEROFAN, 2T
TR 5.

2.1 JILAFHEEZER

FEOHPMART 777 A1, EERXABFIECEY
FOILTHS. BEHT 2804 L hboNES - L%
REIVOGTE, LLTENDLEERTIRILhOTTF
BEEE IRTRT.

HEomheE 1 KB X0E 2 MicrT. HEAOES
MiOEFSTRT. HEL, H1RCRIhHERZ S
w75 AHIRER, F2REREING SORMREBERE X
&

T w7 AR TN, (EESEEA L 2 Of|
(LT, ANMEEREZVS) #RFoFTFETHD, £
(T, AHEAREVS) KEZT, /LAERE
IR AS, SIEOBEALRE I M LU0 2 RICRTIR
RN HE - THBRBY,

%, MnO & NiO % FeO itmz 5. ZORGM%Z
BIF, FeO* X FbF. FeOF itxi5 % MnO, FeO kX
O NiO kb Py, Py 53X Py 2FE LT (T
201 E721% 02). ThBIRHITRTHES.

T /T AR, 2 BOLERSOEOK L,
FORERDIETH 2B OFIER 1ME LTy T r—F
ViRTBE, TrS7ABRERILING. FIRT*E
ZOFfTRB IhIC Y b,

DT, BHEN5 /7 L ASEMEE 1 RER LLIEST
.

1) HhET, Al2Os—an—C :H 5Dk, AleOz & an D& A E
Y —HBEOENHEL, ToERY Coxx) —RARDZ L HHK
T5.

0->TiOz 1%, TiOz ® 2%V —% 0 KF5 2 LERKT 5.
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B1E TAYFT K THILERG L/ VAGHOGTE
Molecular weights of chemical components and normative minerals for

the test data.

oxide M%ii;ﬁ%ar Fe,05 159.692 Ca0 56.079
Si02 60.085 FeO 71.846 Na,0 61.979
TiO2 79.899 MnO 70.937 K20 94.195
Al,03 101.961 MgO 4o.304 P,0s5 141.945
Cr,0; 151.990 NiO 74.699
Normative mineral Formula Mgéizﬁ%ar
Quartsz Q | Si0: 60.085
Corundum C A1,03 101.961
Orthoclase or | K20°A1,03-6310, | 556.666
Albite ab | Na,0+A1,03°6310, 524,450
Anorthite an | Ca0+Al1,05-23i0, | 278.210
Leucite lc | K20°A1,03-4310, | 436.496
Nepheline ne | Nap,0+A1,03°2310, 284.110
Kaliophylite kp | K20°A1,03-2310, | 316.326
Acmite ac | Na,0-Fe, 054310, 462.011
Sodium metasilicate ns | Nap0-310> 122.064
Potassium metasilicate ks | K20Si02 154.280
Wollastonite wo | Ca0+S810, 116.164
Diopside(di) C Enstatite en | Mg0+Si0, 100.389
Hyp?ﬁ;ghe“e ”{ Ferrosilite fs | Fe0+Si0, 131.931%
Forsterite fo | 2Mg0-3i0, 140.693
Olivine(ol) __{%ayalite fa | 2Fe0-510, 203.777%
Calcium orthosilicate cs | 2Ca0-8i0, 172.243
Magnetite mt | FeO-Fe;y03 231.538%
Chromite cm | FeO+Cr,0; 223.836%
Hematite hm | Fe,03 159.692
Ilmenite il | Fe0-Ti0, 151.745%
Titanite tn | Ca0+T10,31i0,. 196.063
Perovskite pf | Ca0-Ti0, 135.978
Rutile ru | TiO, 79.899
Apatite ap | ca0-p,0s¥* 328.875

* FeO* OFHATFR Co* M BAL, ThibofErEunic.
This molecular weight is not used when average molecular weight Cg* is
used for FeO* (=MnO+FeO+NiO).

R TIX, 3Ca0-P20s5°1/3 CaFy (T8 336.208) & ffibicl.
In this paper, this formula is used instead of 3Ca0O°P205°1/3 CaFq (molecular

weight, 336.208).

mt REIBLed L, FeO* oBEE L MO %1% T,
gk MO r%Ebd ({78 115), MgO o MO xf
T o5& Py kB (712 121 ¥ 7213 122). chbid
IO EvW5.

wo BXO di 2EMLcbET, ThETCELE
NS HELED SO 2 F LD TELTIL (i3
135). ZOFE MO & SiO, oFhFhofkEst MO
£2Si0: DRI HIIE, FEENCER TR T T 5.

BB, B TE X BA 5 B0 SO,
R VIES, Tihbh MO>2Si0. (T 15) L5 E
EONITH S, ZTTCIRERSNEEDE, b
5 & Si0: QAT VEMEEZ T, LOBRHE IS
Si0; b &z ol 1D, WRD MO 2RINT 5,

BB TV, FRINBYD - FILESN B8 -
BEnERE ol BXW ol Kffibhsd MO 0% Bruiat%k
CERRET 5, WRT S 8MmEHRON & RNHGEER
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Process No.
(Minerals)

wE W EFRA®

Chemical
components
(wt)

0
MnO Fel NiQ
Ol e ~P1s fogr P2y Fogw *Ps 02 [P 1+P2Ps
1
=
[0+ memories for minera[gJ
1% (i
TiOp>i 1 FeO¥*>i|
H FeO¥*-i |+Fe0* 12 Ti0p=i1-Ti0
0+Ti0, 0-+Fe0*
T T
2 (ap)
21 22
3 (cm)
3 Cr,03>cm
FeO*-cm-Fe0*
4% (or,ks)
41 K20-or 42 Al 203>or
[Al203-0r>Al203 K20~or-+ks
5% (ab)
Na20+ab
Al,0,+ab
51 |Al,0,-ab>Al,0,4| 52 23
0>Na0 Na, 0-ab+Na, 0
L
6% (an,C) < CaO»Al20;
?
Ca0+an
Al203%an .
61 62| Al,03-am-C
Ca0-an>Cal 05Ca0
[ I

®

* TN —F VLD TR RTR

(% 28% % 6 %)

©)

7% (4n,ru) @ no
yes

Ca0~>tn
TiOg>n .
71 72 TiOz~tn+ru
Ca0-tn-+Cal 0-Ca0
I i
8 no
yes
9 @
ves 92 |"irong data"|
10% (ac,ns)
?
~ yes
Fe,03+ac
o1 g o202 102 | Na,0-acsns
e,03-ac+Fe,04 8oFe,0,
I N
11* (mt,hm) <EeO*>Fe,0 —
2
FeO*smt
Fe,0 gomt
[N a g 112 Fe ,0 ;~-mt>hm
FeO*-mt>Fe0* 203Fe0*
T T
15 Mg0+Fe0¥*-MO
12 MO>0 no
?
yes
121 0 sy 122 0Py
13% (di,wo) @ no
yes
MO+di .
131 Ca0-di-wo 132 SN
0-MO

135 Si02-6(or+ab)-dac-2(an+di
! -ks~ns-tn-wo>Si02

]

14 (hy,Q)

152

Possible to make up a subroutine.
HB1IW /raitEomh (Frr 7 ARRER)
Flowchart of the normative calculation program (Part 1).
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9

i51 Si0,>0l
MO-2o0 [+MO
16 (pf) @ no
yes
MO-2+n->MO MO
161% ol+tn~ol 162 TT-*pf+L
g::ﬁf tn-pf+tn
17 (ne) MO>8ab
?
" yes
i MO
T0=8a b0 6ab—5~ 2LoS
ol+dab-o! ab-N
171% el 172 SN L,
0+ab 4
N-ab-ne ii:
18 (le) MO>4or no
?
L e |
MO
MO—Zor=H0 bor-7 LS
ol+2Zor-ol or+K
te1¥ or+lc 182 S-4K
O»or 2
K-or=+lc
19 (cs) MO>wo+2d i
?
wot2di=+S wot2di->S
MO-~25-MO wotdi->C
191 wotdi scs MO+d i-+M
z 1921 192z | AL MLy
I+ wot3d1i | 7
olt =5 —0 C-di o
0rwordi 2
M-di SL
) 2
20 (kp) MO>4>“°—_‘ 0o
?
. yes
4lc- Egz +=S (:i:)
Ik
202 52K Lo
S akp | 21 [ottirol]

"Not enough Si02 T
to form kaliophy!ite" <:::)

Process
for
output

End

* 7 —F A AR TRE
Possible to make up a subroutine.

W2l s AsEEON (F e ST A %EH)
Flowchart of the normative calculation program (Part 2).
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Equations concerning to Part 2 of the normative calculation program.

151 hy+MO=0l 152 hy+ ol=S
hy+201=M
hy=25-M, ol=M-S.
161 +tn+2MO=pf+ol
171 ab+8MO=net4ol 172 2ne+6ab=$§
net+ ab=N
ab=SZEN, ne=N-ab.
181 or+4MO=lc+2o0l 182 4lct6or=Ss
let+ or=K
or=§:i5, lc=K-or.
2
191 2wo+2MO=cs+ ol 1922 ol+2di+ c¢s=§
2di+4M0=cs+30l di+2cs=C
201+ di =M
._25-C-M C-di M-di
di= s CS=—>—, ol= 57—
201  lc+4MO=kp+20] 202 41c+2kp=$
ITct+ kp=K
|c=S=2K | _4K-S
—z » PETp
AREFZIE2RCAT.

For process number, see Fig. 2.

SEEEETBRA C: CaO, K: Ky0, M:

THETFBRRLTRICE LDT, HF2RTHET.

BAMOTRD 5B, 161, 171 X 181 1%, ki
BREBWEARCERELT, EYAIIERE2EDDL L,
P TN—F VLT D LBTESL, Eo2ROhTxH%
DI 72b DR, ThicHcs,

2.2 F—=H0HAH

HEORRBE N L afiyoE AL (BLTF, Bh
EAHE VD) CHFERET CERIL (UTF, HhE
BHEWVS) REZTT— 20l H (FIRD) 235,

TR ADEBRERCT HidE, ANEERD
B LHNEELOAFRT — 2 I 5TF—FHT5 X5
i, 2ED2O00MEL L TR TENEE LW,

1) ap oG5 TR, 7 vy RRHSOANZ LEVIEER
13, B1EOLSIZ

I—P?Cao . PzOs

ELTHS.

XY, ap O HNERLOTH I EHE

MO, N: Naz0, S: SiOs.

2) FeO* 05T &K FeO OFFEZLTOEEMS
&, MO %X NiO 045 & & FeO 05 TEDED
G712, HOTEERRTHhS., ChEFET 5201,
IR 01 F721% 02 TRDHLR Py, P2 3L Py %
AvT, 2X0RT FeO* 05FE C* 25kH 5.

Co*=CP;+CP3+CsPs .

g, C, G, BXC G i, £hrh MnO, FeO
KL NiO 0FFETHS., FeO* &L UMD
BEIEOEH I, FO 05FEDO»bVIT C* 2{f

5. BB OWTIE, 3.2.2 EHTHNRS,

3. FREF—%

3.1 (L &ikae

FTANF =21, BHTRE ) A AR OMAEbE
% /7 v SEVE OB o TSI ERIR R B 2 TREE
L, £HHOENLEIEREDSDICDOVT 0.1 E L EE
DTH5H., FUMELERFCHEL, BT Eicast
LzdORHSFEEZEHIC, ANBELLCHS.
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T AN -2 fbh i R, EEME - AL
Hd g (IUPAC) 28 1973 4RIC/ERL L e % R L 7z GR
WRYAE, 1976). WY # 5{bZks (Bt onTF=z
VE, MIEAA X D/NRRAT 3 W kicsu®, thid e

/N AEMOGFEEZED (B1K).

KRRENDFETER, AR X > TH LT ORI B2,
FTAFT =2 THOLRTVWARETRLESHERAL
7RI 7 AEEIT LSS, COBRERBRCTNEAE

F3FE FAVF—% (xD 1)
Test data (1).

No. 1. 2. 3. y,
Input data

wt mn wt wt mn wt mn wt mn
Si02 96.14 1.600 90.13 1.500 78.11 1.300 77.51 1.290 | SiO,
TiO» 7.99 .100 23.97 .300 k.79 .060 | TiO,
Al,0; 40.78 400 10.20 . 100 10.20 .100 18.35 .180 | A1,0,
Fe203 15.97 .100 47,91 . 300 15.97 .100 Fe,03
FeO 14.37 .200 7.18 .100 7.18 .100 FeO
MnO 14.19 .200 MnO
MgO L.o3 .100 8.06 .200 L.84 .120 | MgO
Cal 5.61 .100 5.61 .100 24.30 L1433 20.19 .360 | Ca0
Na20 6.20 .100 6.20 .100 18.59 .300 3.72 .060 | Na,0
K20 9.42 .100 18.84 .200 5.65 .060 | K,0
P,05 14.19 .100 P,05
Total 214.70 194.13 192.51 135.05 Total
Output data

(A) (B)
Q 5.99 .100 5.99 .100 1.80 .030 | Q
C 10.18 .100 10.18 (o]
or 55.67 .100 55.67 55.69 .100 33.39 .060 | or
ab 52.46 .100 52.46 52.46 .100 31.48 .060 | ab
an 27.83 .100 27.83 16.68 .060 | an
ac 46,22 .100 46.20 .100 ac
ns 12.19 .100 ns
ks 15.42 .100 ks
wo 13.94 .120 | wo
wo 11.62 .100 13.95 .120 | wo,
.en]di 10.04 .100 12.06 .120 en]di
fs .00 .000 .00 .000 | fs
en 3.33 .033 3.33 10.03 .100 en
£s}bY 3.72 .066 2.75 £ 1Y
fo .70 .033 .70 fo
ratol| 1356  .067 13.62 ratol
mt 23.11 .100 23.15 23.14 .100 mt
hm 15.98 .100 hm
il 15.13 .100 15.17 15.16 .100 il
tn 19.62 .100 11.75 .060 | tn
ru 7.99 .100 ru
ap 32.88% ,100 ap
Total 21k4.70 214.88 {19k.13 192.51#% 135.05 Total
Molecular ratios
MgO .200 667 .000 1.000 | MgO
MnO . 4oo .000 .000 .00C | MnO
FeO .loo .333 1.000 .000 | FeO
or .hoo 1.000 .000 .400 | or
ab .hoo .000 1.000 .4oo | ab
an .200 .000 .000 .200 | an

wt: precentage weight; mn: molecular number.
No. 1 T, FeO* 04T RERFBHFE Co* 2RALLEAIL (A), Z5 Tt (B) ofER2Es
In no. 1, output data will be as same as (A) if the average molecular weight (C2*) is used for FeO*, and (B) when
it is not used.
ap D4FRI 3Ca0-P205+1/3 CaFe A LICHE, ThLh * OfEn 33.62, ** OfEir 193.25 Lizs.
When 3Ca0+P205-1/3 CaF3 is given for the formula of ap, values of ap (*) and total (**) will be 33.62 and 193.25,
respectively.
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Test data (2).

WEMRAH F 8%

"6 %)

DERF LI RRDIDT, T ul T rEEHOMA
WS,

DOEE, FERELLEFSNEAD, £7 %
CX55HEOmNE, £ 1NBI0E 2 MeRTiE
FRBFZTHRRS, T rs 5 AR ORERE 2
6 RiTRT.

No. 1 X 58MEIIE, 78 11-41-51-62-72—
111—-132—-152 DJEic# L., il, or, ab, an, C, mt, hy

FXO®ol 23, £ 0.1 EABEHEINS, 20T — £,
AlLOs BT BEIENFTE (U, 2hbd AbOs
Dy, EEVS) OEd, FeO* X MgO o

MOz T 5HEE o, 1IIfTRTO FeO* @
SFREOBIE, hy & ol BUNESSLIC /s %
HIZ oW TOERDTES,

No. 11 %, CrOs 3 Xt NiO DAJ BT BT
DF—&7T, No. 1 ofthicflis. cm 0.1 =D
NBRLIE Nk, No. 1 LR UHRES 0.

No. 2 X BEH8IE, T 11-42-71-101-112
—132-142 L #¥e. FDEE or, ks, ac, mt, hm, di,

hy XY Q 28, £ 0.1 EAEMENRS. 207 -4
EEHIC KO, FerOs 5 XU FeO* (No. 2 Gix, W
W FeO LRU) oiihamkd 3.

No. 21 %, No. 2 O ANIFSGH B FeeOs & NaO

VK- DDTHS, ZOF —&x, WHFRT
di % wo, en BXO fs i, 7% hy # en BX®
fs WENLNG BT 5RO RIS .

No. 11. 21.
Input data

wt mn wt wt mn
SiO, 96.14 .600 90.13 1.500
TiO, 7.99 .100
Al,0, bo.78 .b4oo 10.20 .100
Cr,0,4 15.20 .100
Fe,0,
FeO 10.78 .150 7.18 .100
MnO 10.64 .150
MgO k.03 .100 8.06 .200
NioO 7.47 .100
Ca0 5.61 .100 5.61 .100
Na,O 6.20 .100
X,0 9.542 .100 18.84 .200
P20s
Total 214,26 1k0.02
Output data

(A) (B)
Q 24,03 .hoo
¢ 10.18 .100 10.18
or 55.67 .100 55.67 55.69 .100
ab 52.46 .100 52.46
an 27.83 .100 27.83
ks 15.42 .100
wo 11.62 .100
en]di 6.70 .067
fs 4.4 .033
enyy 3.33 .033 3.33 13.38 .133
rs’ Y 8.78  .066 8.75 8.79  .067
fo}ol b.70 .033 b.70
fa 13.67 .067 13.62
cm 22.h2 .100 22.39
il 15.21 .100 15.17
Total 214,26 214,11 | 140.02
‘Molecular ratios
MgO .200 .667
MnO .300 .000
FeO .300 .333
NiO .200 .000
or .boo 1.000
ab .boo .000
an .200 .000

No. 3 It X 551 &I, T2 12—-21—41-52-72—~
102132142 LiEde, Z iR il, ap, ab, tn, 1y,
ac FEX Q B4 0.1 =ALEINXNS, ZOF—4
13, TiOs, NaO L8 PoOs dWholikk s, 1A
TRTO ap OHFEOFIROLMET BHEEL
2,

No. 41z X 3513, 1712 12—41-51-61-71—131

No. 11 DR (A) $XT (B) koW Tii#E3®Eo No. 1 LEL.
(A) and (B) in no. 11 is same to no. 1 in Table 3.

CapERKEI L. £ OR, 1951 480 A $h
TBOLmN (FEAEWNLT 20 REEY) BF
BEREALTh, TAYT -2 LofioFhiy, TiET
i1 L% 0.0003 3 X OV HhEELL 0.003 IRETH -
7o, Lk®o T, RARTFREOBRWITEH TE 5,
FAVF - &, BHI3RICET No. 1 »5 No. 4 %
HALT5, EaRERT No. 11 Lt No. 21 3%
nFN No.1 88X No. 2 2ZEFBLAdDTHS. &
NHICX 5T, vl I AFREEOT A S vRITS.
%5 #icad No. 41 25 No. 46 13, No. 4 @ SiO,

=142 L. T OHRE, or, ab, an, tn 534 0.06 &

Ny, wo IO Al A& 0.12 B, Q 2 0.03 4
HiLEns, coF—#ixkdic CO oithg it
LIERER $ 0,

No. 41 5 No. 46 ©F — £ vx, SiO: LIS D k51x
No. 4 L UfZM >, 6 XK Tlx, SO DDtz
WLlic, TRBDF - R XTI RI T 2O T
RCOHIE%, HiChikTE 3,

No. 41 W X 251% 1, 1712 15 £T1F No. 4 LT
T, LIk 151516162 L iEds. FHEERS No. 4 21t
RN5&, Q MBHEEL, tn 2 0.03 TATERL, Lo
<< pf 2 0.03 TALE|XNh S,
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HER FAIF—% (xD 3)
Test data (3).

No. 41, 42, 43, 4y, 45, 46,
Input data )

W mn wt mn wt mn wt mn wt mn wt mn
S102% 73.90 1.230 64.89 1.080 54.08 .900 48.67 .810 43,26 . 720 36.05 .600 |Si0,
Total 131.44 122,43 111.62 106.21 100.80 93.59 Total
OQubput data
or 33.39 .060 33.39 .060 16.69 .030 or
ab 31.48 .060 15.72 .030 ab
an 16.68 .060 16.68 .060 16.68 .060 16.68 .060 | 16.68 .060 16.68 .060 |an
lc 13.09 .030 26.18 .060 26.18 .060 13.08 .030 [lc
ne 8.54 .030 | 17.05 .060 17.05 .060 17.05 .060 17.05 .060 |ne
kp 9.49  .030 |kp
wo 13.94 .120 13.94 .120 13.94 .120 6.95 .060 wo
WO 13.95 .120 13.95 .120 13.95 .120 13.95 .120 6.97 .060 wo
en]di 12.06 .120 12.06 .120 12.06 .120 12.06 .120 6.02 .060 enldi
fs .00 .000 .00 .000 .00 .000 .00 .000 u‘OO .000 8.4 p fs
fo .23 .030 U5 .060 |fo
ratot .00 .000 106 .000 |falel
cs 5.18 .030 15.51 .090 20.68 .120 |cs
tn 5.84 .030 tn
pf 4.10 .030 8.15  .060 8.15 .060 8.15 .060 8.15  .060 8.15 060 |pf
Total 131.44 122.43 111.62 106.21 100.80 93.59 Total
Molecular ratic
or .4oo .500 .500 .000 .000 .000 jor
ab .hoo .250 .000 .000 .000 .000 jab
an .200 .250 .500 1.000 1.000 1.000 |an

* 8102 PSDATIEILSE 3580 No. 4 R,

Input data for other components are same in no. 4 of Table 3.

No. 42 £ X BEMEE, 78 16-161-17>172 21
. RREZAERL RS L, n 378%L, pf 120.06 =
NCAERT S, ab 23 0.03 EAERL, 4o T ne 3
0.03 EALEHRING,

No. 43 i X 55181z, 1118 17-171-18-182 2

e, EREMBE LIRS L, ab »HAL, ne X 0.06
ELCERET S, or ¥E 0.03 EARERL, fhoT le

2 0.03 TALEHXNS,

No. 44 T X 55151z, 78 18—181—+19-192—1921
LT, WEREME LS &, or i3k L, lc 25 0.06
ENICHEET S, wo 23 0.06 EATERFL, Ko Tcs
2% 0.03 EALEHINGY,

No. 45 1 X A5y, {718 191921922 X s,
HEEAMWB L HARB L, wo B4k, di 22 0.06 T
WCERT S, FLL ol 45 0.03 TAEHIN, o X
0.09 &L THEINT 5.

No. 46 1z X EHEIE, 7/ 19-191-20-202 i
Tr. RERBEATER S B & di 1 37EEL, Lo 28 0.03
T A, ol 1k 0.06 AT, cs ik 0.12 E T
Fhehinl, HLL kp 28 0.03 T LEH SIS,

3.2 FRIFTLOEE

7 nEERE, EABORETHERDL, TRIT A
DD, EABOBERIEER L TITRERERI Y

2) cs OftDIC akermanite #fF5 ¥ L H %5 (Cross ef al., 1912;
KA« BH, 1968). & & T, WasuingToN (1917), JOHANNSEN
(1931) DOFFHRICEE - .

FTAMT—ZiTh, AFELFEEHPEALEBERLT
HBEDT, TALFVEELTE, ZhbDERMRIS
NBX5, 7/ 7 A0F ez <R CENEEL
v,

TS ADEBIE, JAATERS ANTRES
) EHATRIST TS,

3.2.1 7 A AFHEERS O

B, 7 v 7 7 AWk owT, F—% No. 1
(Cr:03 XU NiO 0 AA%EH27 777 ATiE No.
11), No. 2, No. 21, No.3 3 X% No. 4 % {ifi - T/Hlk
#ET5. BEIRCOVTIE, B “hE b BET
LCoBiT5. HBEHosKE, No. 41 55 No. 46
FCHR CDOEFZAALTITY, £F—2 8k “hd
0”7 BETLTCrLO2ENELR X S51T 5.

R OWTE, DEOFIETIHNDS,

1) ANBERTEY DRV E TP D, O¥IT,
ANELBEETF AT -2 LHRS,
AHENBEDNES OV, (LS (BbH) 5T
BBESTVERDTHS. FFRELLOEYFEVOFTH
BHND.

2) HAET<AFAZRTIORBRVLHND,
HAOER< 1 FRATEREDIE, XNHEOR XS
B femil, LT ol A FRARBEDE, RS
F ABEETD ol DR LiALZ TN Baik EaEE
Thb.

3) HAXNgmOMEbER, TANT —F &
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WEBEHRAHL (E28% 5 6 %)

WEE TAINF—ZFARLIL7 v T AREROFEORN EER

RN L]

Flows of calculation by the test data and formed normative minerals

in Part 1 of the program.

Data No. 1. 2. b, 11. 21.
Process
No.
1 11 il ¥ | | ¥
12 | | il ¥ ¥ |
2 21 + ¥ ap + ¥ ¥
3 31 ¥ ¥ ¥ cm ¥
i 41 or | or or ]
42 | ortks | | or+ks
5 {51 ab | ab ab |
52 I l ab I | !
6 (61 | | an | 1
62 C+an [ | Ctan |
7 71 | ¥ tn ] ¥
72 ¥ | tntru | + |
10 [101 | ac | | [
102 | | ac+ns | ! |
11 [111 mt | | mt +
112 | mt+hm v | |
13 131 | | wo+di | ]
132 v di | 4 di
14 1k42 | Q+hy Q | Qthy
15 152  hy+ol hy+ol

¢ COBEESA, SIEEIh.

This process is executed, but no minerals are formed.

[ CofFBRIEELRL.

This process is not executed.
FABREFCOVCULE 1 RBR

As to process numbers, see Fig. 1.

—FHLTWEPENS,

G B A DERE- TV, HHIEEROASHE
SEANE, FHEABRRYBES. WHBEELO AT
—FHLTwhiE, [fxoRRoMEcERl, —EDR
BB TR (Ei3eEK) LTwby, /A adb
HHOCBR LRI EIEOMR 2B L b5,

4) BER2OWTEERRFIE, BT kEeT A
PR RSB TS REERITOVT—HLTY
g, HERSERELVWC RS, B AR ER
TRV SHER, WHERILEZT AT -& &1k
~%, No. 13Xt No. 11 ¢, FeO* 0¥ Bic Co*
ZENLTORIEHRRE I ED (A) &, £5Thy
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INAHET RS ABTF ALY 2 OER (HHFE - FHER)

i (B) & —FT 513 Cdh 5, b L—FKLATThid,
3) LRI NERLAR 2T A T —F &L HNB. &
B S v, FHEHSORD, ARtR—-FELTw
7o b, BIWEROFEREL NS,

3.2.2 /VAREHSORFERE

N AEETREOE TR B b r 2 R R =
VEBRD,

TAMT =& LREERMES S EFIFEL, HOW
We, ThbOLBRSZHAE, gk, A
B THREDNREETHD.

1 EADRVICE - THOTI, TR 7 ADES
CAEET 5 2 L RAHIRB VT, 3.1 fith<7r “Re
DFEN EVIEZLNL T, T—H LTS, ¥
DT — 2 CHEHOBEBNPEDONSE > (TR EWDR)
ZHREN, coPOBRSTEE 2T, FEHEERLZSID
TPL., Tr7 7 22BEFPLIPOED, ELWHED
HTwaTRE THAKRT 5.

WHE A BREIRIL RV CEBRETT 5 ek, &8
DODHNBEEILRPENSDOEFTOEL, T STHET 5
TAVT = ZDEOTNEERLVICT S, TALF —
£ OWHE HE2RS £ 13D 0.1 =X, £hbo
SFEDO.IEE LCERICEDLNS., 32028 1
woiE, HAEEROAOTHhE, BRI RS ER
VIR D D 0. 15 E2RT & 0B R,

PlEogmsd, 2.2 it X5 ANERLEH
NEBLEDLNZTNEH 2T — 2 CIbT —F X% 3
L, BROBOHWMIBRAS TS, TOMNENE, /A
HECAREHAMECHEVIRhE D, il wr s
IVIERESIIESTLPISELELONS.,

3.2.3 HAITROSAK

7 N REVEERWCER D BV T L RIEPD DB,
DEDL S BEBRETS.

1) HAEBRZEEHCOVTT AT —& &N
%, No. 1 Xt No. 11 izownTii, R (A) -
X (B) bbbt —FHLTFEIWY, —FLTW
nIE, HATRECEERZL, ARRETT5. —HL
TWEWSDORBIE, SENOFTTERE > TS,

2) No.1 #7213 No. 11 ', hy #en X fs 1€
SRELUTRRT SLBEORMRETS. chbDF—21T
X %L en 0.033 £, s 0.066 E/L% X fo0.033
N, fa 0.067 EALBREHXN5,

3) No. 21 v di % wo, en XL fs LHMET 54
HoEKRET 5. wo 0.1 £/1, en 0.067 EA K I fs
0.033 TABREHINS,

£ZFAMF— &Ik, MgO :MnO : FeO: NiO o+

AEteRs Xt or:ab:an dEAKILFET L. /4
A oor I ab OGFEL, BEFELLTCVWLGTE
D2EXHR > TVWBDT, BEOQOEAIE/ LADELE
TRDLT L, 20r:2ab:an LR 5OTEELTET 5.

4. ¥ & &

CIPW. /JLAEE TR /T ADIDICERE LT
A LT =2, HEOERENINERE LV AEND
WMAasbE T LHEPRICEDT, ThE b LT ANME
FHELTRD 5 HEERD 5. coFEINE,
SEOEOEEOEIME 2V TO L » & WY LT A b
F—2REHLRTESL, SEEbI AR 2o CO
FrOESBANTESL T v/ 5 AT LTS, ik
R7eR D HT, TANF—R22E5 LN TES. i
MBAbEESELEL, BH L SlinwT -4, &
RABTROTRCERETEL X5, EHELRTE
rERR.

INBDFA LT —XTFA L TE 5D, CLP.W.
I N AFEOBRICH s THENRRIE T2/ 5 4 TH
E, EFDXo5%83DTH L, Trs 7 L0ERRR,
AT 5 EBOBERCIERB L. T v s 7 ATR
ALTVwAEFEDEVDEETE 5.

TAYT — 2 OFMMEE, SEFLIMEBNhS e
ZAEHLT, bo bk dEENTHAS. Lo Ltk
LEbhTWwWs w5 A%, b LUECERLEED
FA LTV ThRLTWEWSEDIZDOWTEE, DT A
VAR AREERTTOTS. ARIhTWE Y
WAEIE T BT 5 ADW Onik “hED” 2ETBHZ
LR, BEEOTF -2 2BUTS»BL5.

FALVT—ZDMBEDOD S5 —21%, TSI AREL
W EWSHHRIRILTE, £0 7 v/ 7 AOERTCEGRT
57w AAT v TRABIVGTF -2 HOV VAL RIE
LTEBIL TV B2 iRT 5L TED. Chig,
HERHEROEAR ST, L RSLETHS.

RBIZ, 7AMF—X RN ELR, 2K) OF]
Rk T, /AAFET w75 ABBRHTEDB XS
oz WHHHRT, L RELMFERKTOT v/
F IV DOWTIHRS,

= FREEEL, B REC ARV ERL TS,
S AHE LD 2HL T/ AARE RS FLLTA
FF -2 BER LI, EELDOT RS T A, 2.5 %
RY— FOEICR -7, WERe LickdieLss
BEE 7o D, EWRIED - L5V,

3) We a—Vy by — PR 20 BEHEE (VoAxH 1453)
L2t 3%

61—( 411)




WEBAEWMAR FE8E ¥ 6 %)

B R, 7V ASTERRILTRENNITESES
ALy, L LETER, BYLERT TV o2
WHrzENTES EIN, 2X) T, FlEEORE
LITHBADET, WS ORERY - TEHETS2E3
TES. SIROFERDLEWTRIZER LT X v,
By (1962) i X, HAEEXILZHY 1,000 [HO{LFS
WD S5H, 7V AREOHE v AEHRIh SO 8
Bll, ns REHENZHDE I cs PEHENLOE
5 FlEWVIRETHSE. BEoTkRETnIIE, fEET
LNAHEOT v ST IV BAREE RS,

ZOWMEICKE LT, SFTHEL/NFRFREICEEE
R 57,

51 B XM
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