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Determination of the mineral compositions of the Toyoma slate
and the Nachiguro shale by electron probe microanalysis

Fumitoshi HIROWATARI and Nobuo KATAYAMA

Abstract

Chemical and mineral compositions of the Toyoma slate and the Nachiguro shale,
both of good quality as expanding shale, have been investigated by means of electron probe
microanalysis. Analalytical procedures for the whole rocks and constituent minerals were
scanning analysis and spot analysis, respectively,

The chemical compositions of the whole rocks are shown in Table 1,
with the average of 277 shales. Compared with the average,
poor in CaO.

together
they are rich in SiO, and

Constituent minerals are identified under the microscope, by the electron probe
microanalyzer, and X-ray powder method. They are quartz, plagioclases, illites, and
chlorites, and small amounts of sphene, apatite, pyrrhotite and carbonaceous mineral are
included.

In the Toyoma slate, the plagioclase belongs to albite (AbgsAn;s), while the Nachi-
guro shale includes various kinds of plagioclases, such as albite (Aby;AN;), andesine (Abgg
Ang), and labradrite (AbgAns). Illites of the Toyoma slate are similar to muscovite
according to chemical composition, while those of the Nachiguro shale are in agreement
with illites in sediments. These characteristics of plagioclases and illites indicate that
the Toyoma slate has been completely recrystallized, while the Nachiguro has not. This
fact is conformable to their geological occurrences, fabrics, and physical properties.

Chlorites, both of the Toyoma and the Nachiguro, are Fe-chlorite, the latter be-
ing slightly richer in MgO. Chemical compositions of quartz, plagioclases, illites, chloriles
in the Toyoma slate and the Nachiguro shale were compared in Tables 2, 3, 4 and 5. On
the basis of the chemical compositions of the whole rocks and constituent minerals, the
mineral compositions of the Toyoma and the Nachiguro were calculated as shown in Table
7, and the results are compared with the average composition of 277 shales given by Wede-
pohl(1971) in Table 8.

Quartz and silica minerals are remarkably richer in the Toyoma and slightly richer
in the Nachiguro than the average, and both are deficient in carbonates, as inferred from
the chemical compositions of the whole rocks. It seems that the recrystallization of illite
resulted in the relative increase of quartz content and decrease of illite in the Toyoma

slate.
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Photomicrographs of the Toyoma slate and the Nachiguro
shale. a, Toyoma slate; b, Nachiguro shale.
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Fig.

Photograph of composition image
by EPMA and sketchs of constit-
uent minerals of Toycma slate.

a, composition image; b, distri-
bution of quartz and plagioclase;

c, distribution of illite and chlorite.
Qt, quartz; Ab, albite II, illite;
Ch, chlorite. ;
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Fig. 3. Photograph of composition image
by EPMA and sketchs of constit-
uent minerals of Nachiguro shale.
a, composition image; b, distribut-
ion of quartz and plagioclase; c,
distribution of illite and chlorite.
Qt, quartz; Pl, plagioclase II, il-
lite; Ch, chlorite.
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Table 1. Chemical compositions of the Toyoma slate, the Nachiguro shale,
and average of 277 shales
Toyoma slate Nachiguro shale Average of
(EPMA) (C.A)) (EPMA) (C.AD) 277 shales*

SiO, 62. 56 61.70 65.73 65.21 58.9
TiO, 0.74 0.66 0.63 0.12 0.78
A1,0; 17.12 17.99 15.84 13.99 16.7
Fe 0, 2.89 0.96 2.8
FeO 5.54 3.91 5.47 4.49 3.7
MgO 1.92 2.05 2.26 2.26 2.6
Ca0O 0.68 0.52 0.94 1.42 2.2
MnO 0.07 0.16 0.05 0.09
Na,O 2.07 1.85 1.82 1.02 1.6
K;0 3.41 2.39 3.62 3.08 3.6
P,04 0.18 0.16 2.97 0.16
H,0* 4.34 S0,1.13 4.12 5.0
H,0- 0.66

C 0.73

CO, 0.01 13

94.04 100. 08 97.76 100. 08

(C.A.), wet chemical analysis; analyst, OmoORI, T. (1968), for Toyoma slate; analyst,

ANDoO, T. (1952), for Nachiguro shale.

* after WEDEPOHL (1971)

Chemical composition of quartz,
silica minerals in the Toyoma
slate and the Nachiguro shale

Table 2.

Nachiguro

Toyoma slate shale

silica

mineral quartz

quartz

Si0, 99.4~100.5| 92.7~95.0 | 98.7~101.5
Al,0, 0.0~ 0.6 0.4~ 0.9 | — —

99.4~101.1| 93.1~95.9 | 98.7~101.5
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Table 3. Chemical compositions of plagioc- Table 4. . Chemical composition of illites in
lases in the Toyoma slate and the the Toyoma slate and the Nachi-
Nachiguro shale guro shale
’Slig,fg ma Nachiguro shale Toyoma slate |Nachiguro shale
Si0, 65.7 68.30 60. 85 54.12 Si0, 43.6 43.3 54.3 57.8
TiO, 0.08 TiO, 0.30 0. 48
ALO; | 21.5 19.75 25.95 28.37 Al,04 25.5 27.0 27.7 24.5
FeO 0.8 0.44 0.20 0.89 FeO 3.3 3.9 4,15 4,14
MgO 0.14 0.02 0.08 MgO 211 2.23| 217 2.4
CaO -~ 0.86 0.88 7.13 11.08 Ca0 1.85 2.23 0.34 0.32
Na,O 9.8 9.89 7.54 5.99 Na,O 0.18 0.26
K;0 0.38 0.19 0. 42 K,0 10.6 10.7 6.95 7.60
l 98.6 ‘ 99. 80 ’ 101. 88 101.03 HO® 4.2 42 4.81 181
90.26 | 93.56 | 100.90 | 102.05
Chemical formulas of plagioclase;

Toyoma: Nao'gAll_lsiz,gO&o
(Nay.5:Ca0.04Ko.00) (AlypaFeq.0:Mo.01)

0.90 1,08

(Si2.99A10.01) O8.00
e
8.00

(Nay.64Cao.35Ko0.00) (Als.ooFeo.01)

Nachiguro .
(Sis.a6Al0.34) Os.00
P

S—
8,00

(Nag.52Ca0.64K0.02) (Alp.ssFeo.0sMo.01)
1,08 0.99

(Si2.44A10.56) 08.00
Y
8,00

BEoBEad e RS0 &850, BKicHL
Si0; 255, KO & HBEED 1 74 ORI
¥ Deer et al., 1962).

(MHrwe R =&
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T ARARR (BEELMEAETH) OFE2E2T
B, —fRIT 4 T4 MCEBRRRKEWV. DI RN
DREND D3 HEZEY, 2EPAEHE L. 85
Ric/bSER & LR 2R Y. [WEROFHER 2 B
SEZ L, O(OH),s & LTEHE L. HO
BEEETH B

MEETIX (B3 a,c), BRIEBNTEL D
X<, REXIF34X124T, XTI LR
7 2 —=RBETNT BEFHEROLD). 474 b

LIEIEEUAE I TEEORAICEIT AL I TH 3.

DTNCIAT 8 BREY, 2@2FKHe L. E5E

Chemical formulas of illites;
Toyoma: Kjo(Als,sMgo.sFeos) (SissAlys)

- o~
4,2 8.0

04 (0H),

Nachiguro: (KyaNag:) (Als,:MgosFeo.s)
—_— e —

13 s 42
(Sir.3A10.5) O30 (OH)
N——
8.0
CALEERE AR & bR TR T

TiE R BT 2 &, BOILIWEHRTH 578, B
KOFHHERITE AT Fe 3205 <, Mg 2%
RPINE D Th B, —fROHEERORIEGD/LEE
$ERRICHELIT % (DEER et al., 1962).

(5) 20Dk
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Table 5. Chemical compositions of chlorites
in the Toyoma slate and the Nachi-
guro shale

Toyoma slate |[Nachiguro shale
Si0, 25.7 28.9 26.97 | 30.80
TiO, 0.14
Al,O4 22.6 21.9 21.01 | 18.54
FeO 28.6 25.1 24,97 | 23.10
MgO 8.7 11.1 14.03 | 14.20
CaO 17 0.3 0.10 0.12
Na,O 0.13
K;0 0.2 | 0.7 | 034 122
H;0 10.8 11.5 13.04 | 13.19

98.3 99.5 | 100.60 | 101.30

Chemical formulas of chlorites;
Toyoma: (Feq Al sMgs1) (SissAlss)
| S N —
11,1 8.0
045 (0H) 16
Nachiguro: §Fe4.39Mg4.39Alz.se) (Si5.08A15.34)

—— Y

11,64 8,00
045 (0H) 45
Table 6. Chemical composition of sphene
in the Toyoma slate and of pyr-
rhotite in the Nachiguro shale
sphene pyrrhotite
SiO 29.5 Fe 58.8 59.9
TiO 39.6 S 39.5 42.6
Al 0, 4.1
FeO 27.6
100.9 98.3 101.5
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Table 7.

Toyoma slate

[R¥E Rl il Bk

the Nachiguro shale

Calculation of mineral composition of the Toyoma slate and

wt. % 1(-::&181:1 ab. i1l chl. sp. +ap. po. qt. remainder
Si0, 62. 56 1.041 0.198 0.235 0. 057 0. 009 0.542
TiO, 0.74
Al,O, 17.12 0. 336 0. 066 0.170 0. 056 0.044
FeO 5.54 0.077 0.018 0. 047 0.012
MgO 1.92 0. 048 0.018 0.030
CaO 0. 68 0. 009 0. 009
Na,O 2.07 0. 066 0. 066
K;0 3.41 0.072 0.072
P,0; (0.014)
S (0.012)
1. 649 0.330 0.513 0.190 0.018 0.012 0.542 0.044
mole % | (100.0) 20.0 31.1 11.5 1.1 0.7 32.9 2.7
Nachiguro shale
wt.gs | Cation | gy ab. ill. chl. po. |ap.+sp | aqt.
Si0, 65.73 1.120 0.013 0.180 0. 442 0.038 0. 008 0.439
TiO, 0. 63 0.008 0.008
Al,0q 15.84 0.318 0. 008 0. 060 0.245 0.035
FeO 5.47 0.078 0.027 0.030 0.014
MgO 2.26 0. 057 0. 027 0.030
CaO 0.94 0.017 0.005 0.012
MnO 0.16 0.002
Na,0 1.82 0. 060 0. 060
K,0 3.62 0.078
P,04 0.16 0.002 0.002
SO, 1.13 0.014 0.014
1.755 0.026 0. 300 0.819 0.133 0. 028 0.030 0. 439
mole % (100.0) 1.5 16.9 46.1 7.5 1.6 1.7 24,7
Table 8. Comparison of mineral compositions of the Toyoma slate, the
Nachiguro shale, and average of 277 shales
Toyoma Nachiguro average of 277 shales (Wedepohl, 1971)
Quartz+silica mineral 32.9% 24.7% 20%
Illite 31.1 46.1 45-55 (+expanded clay min.)
Albite 20.0 16.9 10-15 (plagioclase>K-feldspar)
Anorthite — 1.5
Chlorite 11.5 7.5 14 (+kaolinite)
Sphene+apatite 1.1 1.7
Pyrrhotite 0.7 1.6
Calcite+dolomite — — 3
Remainder 2.7
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