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CLAY MINERALS OF SOME SO-CALLED DEGRADED
PADDY SOILS. PART 2

Nature of clay fractions of the Saijo soil, Hiroshima
Prefecture and the Kakuto soil, Miyazaki Prefecture

SHIGENORI AOMINE AND TosHIO HiGAsHI

In a previous paper (1) clay minerals contained in two so-
called well-known degraded paddy soils were reported. It was
shown that one soil derived from alluvial deposits of the Kurobe
River in Toyama Prefecture has dominant illite, and clay fraction
of the other soil, derived from weathered materials of granite and
siliceous sandstone in Kagawa Prefecture, was largely composed
of degraded illite. The results seem to indicate that the clay
fraction of the degraded paddy soil is illitic.

The purpose of this work is to make a similar investigation
on other degraded paddy soils to add further knowledge to the
nature of the clay in the soils.

We have to thank Mr. M. Sako of the Hiroshima Agricultural
Experiment Station and Mr. H. Matsuda of the Miyazaki Agri-
cultural Experiment Station for help in obtaining soil samples.
We would also express our thanks to the Ministry of Education
for its financial support.

MATERIALS AND METHODS

Soil samples used for this study were taken from two degrad-
ed paddy soils in Hiroshima and Miyazaki prefectures. Location
of the soils, depth of horizons, and brief characteristics of the
horizons are presented in Table 1.

Several physical and chemical analyses of fine earths and
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Table 1. Soil samples used.

Characteristics

ample

umber
Horizon
Depth

Ui e

Lacality: Saijo-machi, Kamo-gun, Hiroshima Prefecture
410 A; 0-13 cm1 Light grey sandy loam, arable layer

411 Az 13-20 Light grey sandy loam, plowing pan layer

412 Az 20-27 Light grey sandy loam, )

413 Bi  27-36 Y'ellowish'grey sand leam, with brown mottlings

414 Bz  36-45 Yellowish grey sandy loam Clay, with blackish brown mottings
Locality : Kakuto-mura, Nishimorokata.gun, Miyazaki Prefecture

427 A, 0-24 Grey loam

428 Az 24-36 Light grey silt loam

429 By 36-66 Light grey silt loam, with brownish streaks

430 B: 66-86 Light grey silt loam, with little brownish streaks

Table 2. I’hysical and chemical analyses of the fine earths.

Saijo soil Kakuto soil
s T e s .
o410 ¢ 411 i 412 | 413 | 414 | 427 i 428 429 430

o d ! ; o
Coarse sand (2-0.2 mm.) (%Ji 29.2 ‘ 3.0 | 395 405 123 | 73 60! 14 43
Fine sand (0.2-0.02 mm.} (25) 416 348 | 31.0 '26.2 1275 | 265 !21.3 184 204

Silt (0.02-0.002 mm.) (25) 329 | 214 | 181 187 |397.3 |48.7 525 |59.2 54.1
Clay (< 0.002 mm.) (%) 33| 128 | 114 146 :229 |17.5 202 |210 21.2
pH(H0} | 58| 621 69|78 76 5.3% 5.6 | 5.85 59
Exchange acidity (vl 06| 04 04 04 04 26" 22° 1.2 i 1.3
Hydrolytic acidity (v 96| 83, 29 28] 24183 127 |10.0| 63
_ !
Total organic carbon (C) (%) 1.28 | 109 043 029 042 232 092 0.5 044
Total nitrogen (N) (%) 0.16 | 0.13] 006 004 005 027 0.16 010 0.08
C/N I 8.0 84! 72| 73| 84 S.Eii 58 |57 | 55

Effect of air-drying® (p.p.m.} ;47 30 19 -+ 6 3 131 66 55 53
(%) 2.9 231 32 15| 06| 49 41 55 66

| ;
C.EC § (m.e./100 gm.)l 5.8 82 58 64 112 [13.0 115 131 9.7

Exchangeable Ca (m.e/100 gm.) 56| 62| 51 56100 45 34|59 56
Mg (m.e/100 gm) 02| 02| 02 | 03108 08 03] 0413

* Accumulation of ammoniacal nitrogen after incubation for 28 days in
waterlogged conditien at 28°C.
§ Cation-exchange capacity.
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mineralogical analysis of fine sand separates were carried out to

learn general properties of the soil samples.

are given in Tables 2, 3, and 4.
The tables show that these degraded soils differ from normal
paddy soils in that the content of Fe.O, and MnQO and cation-

Table 3. Chemical composition of fine earths -(;--2 fnm.).

The results obtained

510.
AlQy
FEEO;;
Mnt}
Cal)
MgO
Ka()
NazO
Ti(e
e0s
Tgnition loss
Total

Table 4,

"

1 Saijo soil | Kakuto soil

| a0 ; a1 412 | 413 | 414 1427‘ %429‘ 430
(%) 6928 7083 | 7296 71.06 | 63.01 | 66.78] 6787\ 62,861 65.75
(#%)| 1381 1378 1294 | 1473 | 17.39 | 1482 1603 18.75| 1661
(%) 338 214 242, 517 | 7.32 303 241 38| 44
(@) 001 tr.  tr. | 005 012] 001 001 er.| 00!
(%) 080 077 111] 071| 091 230, 1.89| 1.22| 1.30
(95), 031 . 034 066 121 141 132 137| 074] 113
(%) 258 348 332| 3211 196 197 195 178] 232
(%) 076 160 145| 084, 072 214 209| 189 188
(%)| 050 048 052| 047| 087 | 051 042 052| 059
(%) 004 010 004 00l 0.03 020 015 007 007
(%)| 840| 610 397| 381| 618 | 760 595 7.93| 5.6
(%) 9997 9962 9939 |101.27 | 9965 1006810014, 99.58| 0923

Mineralogical composition of fine sand separates (0.2-0.02 mm.).

Heavy mineral (sp. gr. > 2.70) (%)
Light mineral (sp. gr. 2.70) (%) | 98.93 98.9

Magnetite

Rhombic pyroxene

Monoclinic pyroxene
Monoclinic amphibole

Zircon

Quartz
Orthoclase
Plagioclase
Microcline
(ilass

Saijo ol |

Yakuto smi

410 411 412 | 413 414 427 428 429 \ 430

08 1.3 14 55| 59 44
09.2) 987| 986, 945! 941 956
;e + ES A
* | | £| + ‘ ol I
- =] = = + . %
E + + 0 = *
+ + ™ S _
iy odtr) dbsp o, o=l o=
o w - - -
o1 S| o \I{ W
-I- : =1 x| - - -

o ‘ + | o

11| ‘ 1.1
|
:z:*" +
| £, %
+ =+
+ ! +
: Tﬂ?% #f
; St
P
[
+

: Flood (6045
4: Occasional (5 -1095), =+

i . Abundant (30-60%),
: Rare (1-5%3),

#: Common (10-30%),
+ : Vary rare (<1%), —

4.0
96.0

==

4
e
+

: None.
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exchange capacity are low, and the content of 5i0, is rather high.
The K,O content in the Saijo soil may be largely due to orthoclase,
and the considerable high content of Na,0O and CaQ in the Kakuto
soil may be due to the presence of glass and plagioclase.

The methods of preparing clay fractions and of analyses applied
were similar to those in the previous work (1).

X-RAy ANALYSIS

X-ray diffraction data is given in Table 5 and 6. The diffrac-
tion pattern of any one clay sample from the Saijo soil is similar
to another, as seen in table 5. The diffraction pattern shows a
weak line at about 14 A, which is replaced by a line at 10-11 A
by treatment for 30 minutes at 600°C. or with ammonium
salt solution. These facts suggest that the 14 A line is attributed
to vermiculite. As a 10.2 A line remained after heating to 600°C.
for half an hour, the line is partly due to illite or relatives (1).
The 7.3 A line disappeared as a result of heating along with other
characteristic lines of halloysite. The 4.83 A line shows the
presence of gibbsite. In addition to these minerals some feldspars
are also recognized in a small amount,

Table 6 shows that the diffraction patterns bear resemblance
to one another, indicating no difference in the types of clay
minerals of every horizon examined. It is apparent that hydrated
halloysite and halloysite are the most prominent minerals in the
soil, and the ratio of the former mineral to the latter mineral
increases with depth. As a line at 144 A is lost by the treat-
ment with ammonjum salt solution, or heating at 600°C. for half
an hour, this line is not atiributed to chlorite, but to vermiculite.
A small amount of feldspar is also present,

Table 5. X-ray diffraction date of clay fractions (<2Zg) saturated with
ethylene glycol.

410 410% 411 412 413 414
d(A) i§ d(d) i§ d(A) ig d(A) i§ a(A) i§ d(A) i§
143 V1 143 ¥ 143 VI 143 VI 143 VI
102 10 {10.7 1k 102 1V 102 1v 10.2 1V 10.2 v
i3 1 73 1 7.3 M 72 1l 73 1

5.94 VI 594 VI 594 VI



269

4,83 V1 483 Vi 4.83 VI 483 VI 438 VI

445 1 444 T 445 1 4.45 1 445 1 ‘445 1

(4.16 A% (4.01 v’ (4.16 1% (4.16 v (4.16 v (4.16 v

357 Wl 357 W 357 357 T 357 W

322 VI 322 V1 322 Vi 3.22 VI 322 Vi 3.22 VI

254 WM 250 V 554 I 254 M 254 T 254 W
2.44 VI

233 Iv 233 IV 233 W 233 IV 233 Iv 233 Iv
226 VI

218 Vi . 218 V1 2.18 V1 218 VI 218 VI

) 212 VI

199 v 1.99 VI 199 V 1,99 Vv 199 V 199 V

181V 1.81 VI 1.81 V 1.81 V 181 V 1.81 V
1.67 VI

153 V 153 V1 153 V 153 V 153 V 153 V

1.49 1 149 V1 1.49 T 149 W 1.49 T 1495 1

145 Vi 1.45 VI 145 VI 145 Vi 145 VI

137 Vv 1.37 VI 137 V 1.37 V 137 V 137 V

129 IV 1.29 v 1,29 v 1.29 IV 1.29 ¥

1.24 IV 1.25 VI 1.24 IV 1.24 IV 1.24 IV 1.24 IV

¥ Heated for 30 minutes at 600°C.

§ i: Intensity, 1: Very strong, [I: Strong, IWl: Medium, I : Weak,

V: Very weak,

VI: Barely visibie,

(: Reflection broadened.

Table 6. X-ray diffraction data of clay fractions (< 2Zg) saturated with
ethylene glycol.

427
adA) i
144 vl
02 IV
7.3 1I
450 1T
401 I
364 YV
3.36 1T
3.21 Vi
3.02 Vi
284 VI

427%
d(A) ig

100 IV

. 449 I
4.08 IV

33 V
321 Vi

428

did) i§

144 VI
102 1
73 W
450 T
( 4m
364 V
3.36 T
321 VI
302 VI
2.84 VI

—

429 430
d(A) i§ d(A) i§
144 VI 144 VI
102 1T 10.2 1
73 Ik 73 IV
450 11 450 1

4,01 Hl ( 4.01 11
364 V 364 V
336 1 336 I
321 V1 3.21 VI
3.02 V1 3.02 VI
2.84 VI 284 VI
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(2.57 )il ( 2.59 - ( 257 I ( 2,57 1 ( 2.57 1
238 V 243 238 V 238 V 238 V
2.24 V1 2.23 V1 2.24 VI 2.4 VI TR
213 VI 2.13 VI 213 VI 213 V1
2.00 Vi 1.99 Vi 2,00 VI 2.00 VI 200 VI
1.82 VI 182 VI 182 Vi 182 VI 1.82 VI
167 IV 167 VI 167 IV 167 IV 167 Iv
154 Vi 154 VI 1.54 VI 154 V1 154 VI
150 T 150 Tl 150 I 150 1l
138 V 138 VI 138 V 138 V 138 V
1,35 V 135 V 135 V 135 V
130 V 130 V 130 V 130 ¥

125 V 125 V 126 V 1.25 V

* Heated for 30 minutes at 600°C.
§ i: Intensity, I: Very strong, [: Strong, Hl: Medium, IV; Weak,
V: Very weak, V]: Barely visible, (: Reflection broadened.

DIFFERENTIAL THERMAL ANALYSIS

Differential thermal curves obtained are shown in Figure 1.
In general, all curves are similar to each other and have three
endothermic peaks and one exothermic peak, But some differences
are observed in detail between the two soils. In the Kakuto soil,
the temperature of the peak of the first endothermic reaction is
10-20°C. higher than in the Saijo soil, and on the contrary, that
of the third reaction is 5-:5°C. lower than in the latter. Further-
more, the thermal reaction between 100°C. and 200°C. (the first
endothermic reaction) is more noticeable than that between 500°C.
and 600°C (the third endothermic reaction) in the Kakuto soil;
but the opposite is true in the Saijo soil. These facts suggest
that the clay fraction of the Kakuto soil contains some amount of
allophane with hydrated halloysite and probably halloysite (4).

The curves of the Kakuto soil have a small endothermic peak
at about 300°C., which is probably due to gibbsite. The exother-
mic peak at about 900°C. of the Kakuto soil is rather dull and
has a narrow amplitude, which may be due to contamination with
allophane (4). It is worthy of notice that the exothermic peak of
the curves of the Saijo soil is at an evidently low temperature
(865-885°C.) as compared with that of halloysite.
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DEHYDRATION ANALYSIS

Dehydration curves of the
Na-—clays brought to equil ~
ibrium with humidity above
50 per cent H,SO, at room
temperature are given in
Figure 2. The curves are
divided into four parts, viz. N
below 100°C. between 100°C.
and 400°C., between 400°C.
and 500°C., and above 500°C.

The difference between
the amounts of weight loss in \
each stage of the two clays
is apparently observed except
in the fourth stage, but the -
total loss is nearly equal in
the two clays and shows ~
about 17 per cent in weight.
The clay fraction of the
Kakuto soil lost more water ™
in the first and second stages
than that of the Saijo soil, &
whereas the circumstance is
the reverse in the third stage.
The curve of the Saijo soil
bears close parallel to that of
'hydrated halloysitic clay, al-
tl?ough the x-.ray analysis in- Fig. 1. Differential thermal curves of the
dicates a considerable amount Na-clays (<2p).
of non-expanding three-layer
mineral with halloysite.

Abrupt loss of water in the third stage (between 430°C. and
470°C.) of the clay fraction of the Kakuto soil shows the presence
of kaolin mineral. Unlike the clay of the Saijo soil, the curve of
the clay of the Kakuto soil indicates much loss in the first and
second stages. It suggests the presence of a considerable amount
of allophane in the sample. On the whole the clay fraction of the
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Kakuto soil is believed to be largely composed of kaolin and
allophane.

Weight loss in per cent

0w

1 1 1 L }
400 600 B0O 1000
Temperature “C

Fig. 2. Dehydration curves of Na—clays (= 2n).

CHEMICAL ANALYSIS

Tahle 7 gives results of fusion analysis and cation-exchange
capacity of the Na-clays (< 2#). The data shows that the clay
fractions differ from clays of common paddy soils (3) in that the
content of iron is markedly low. These results, together with
those of the previous work (1), suggest that the low iron is a
general characteristic of the clay of the degraded paddy soil. It
seems that this is more noticeable in the upper horizon.

The content of K,O and MgO is less than 1 per cent in every
clay sample with the exception of sample no. 430. This suggests
that the samples do not contain much threelayer clay mineral.

Si0,/AlQ, ratio of the Saijo clay fractions is nearly equal to
2, which corresponds with that of kaolin. The ratio is well above
3 in the clays of the A horizon of the Kakuto soil. As shown
later, this high ratio is partly due to the presence of diatom
skeletons.

Cation-exchange capacity of the clays was usually low in the
samples of the Saijo soil, and rather high in the samples of
the Kakuto soil,



Table 7.

Chemical composition of Na-clays ( <2/2).
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S0
Al:Oy
Fe:03
MnO
Ca0
MgO
K.
Ti(:
Pulls
H0(-+}
H:O(—)
Total

Saijo soil

Kakuto soil

410 ‘ 411 ‘ 412 | 413 ‘ 414 | 427 438 429 ‘ 420

Molecular ratio (Si0:/Al.Q)3)
C. E. C. (m.e./100 gm.)*

(%) 42.73 41,62 40.90 38.37 39.76i 53.12)

(%) 33.68,
(2) 3.06
(%) 0.06
(25) 0.29
(%) 0.79
25) 0.94
(%) 0.70
(%) 0.04

1.60
0.07
0.20
0.77
0.75
0.47
0.08

3.46
0.09
0.33
.90
0.78
0.53
0.07

(25} 12.78 11.65f 11.84
(95) 406 4.37, 3.96
99,13 97.43 98.40

| 215 197 195

324 485 309

#* Cation.exchange capacity (oven dry basis).

5.75| 3.80
015 0.20
0.29! 0.41
0.88 091
0.71 0.87
072 0.77
0.06 0.04
12.07 12,51
398 4.30
‘97879716

1.87 2.01
303 326
| -

ETHYLENE GLYCOL RETENTION

3.12‘
0.0:
045
0.67
0.96

|
0.69
0.09

10.57 10.93
7.1 3| 6.66
9,69 95.30

3.94

47.9 50.5

. 0.66

2.01
0.02

0.77
0.78
0.36
0.08

3.18

2.61
0.05
0.53
0.86
0.76
0.72
0.04

10.00!

9_52l
9556] 9

49.58‘ 40.96‘ 41.96
35.85 35.54‘ 34.84/33.59 22.86, 26.45 29.51 30.06

3.59
011
0.49
1.27
1.70
0.77
0.04
9.74
6.40
6.13

2.36 2.37

50.1 394

Ethylene glycol retention data is shown in Table 8. Internal
surface calculated from the ethylene glycol retention is 109-147

Table 8. Ethylene glycol retention by Ca-clays (<24}

Ethylene glycol retention after 24 hours

Heated at 500-C.

Sample
uimber Unheated
mg./gm.

410 554
411 47.8
412 453
413 51.7
414 61.0
427 76.0
428 76.3
429 85.6
430

594

mg./gm.

99

13.7
11.5

7.3

25.7

15.9
17.5
189
134

Difference

mg./gm.

45.5
341
338
14.4
35.3

60.1
58.8
66.7
46.0

Internal
surface

sg. m./gm.

146.7
110.0
109.0
143.2
113.8
193.8
189.6
215.1
148.3

square meters per gram of the clay of the Saijo soil, and 148-215
The latter

square meters per gram of the Kakuto clay fraction.
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figures appear to be too large for kaolin. They are probably due
to not only hydrated halloysite, but also allophane (2).

ELECTRON MICROSCOPY
The electron micrographs of the Ca-clys (<24} are shown in
Figures 3 and 4. Some elongated tubular particles are commonly

vtyg 'v g"y& * ¥
!‘ﬁ ?f@ %{ *ey

Fig. 4. Electron micrograph of Ca-clay (<2u) of Kakuto soil 430.
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found in all micrographs. The particles are undoubtedly halloysite
or hydrated halloysite. Besides the particles, well-outlined fakes
and aggregates are observed in the Saijo soil, and the Kakuto
soil has numerous hair-like particle and a few large skeletons of
diatom with a few flakes and aggregates.

DisCuUssION

From the results obtained in this work and those of the
previous paper (1), it is apparent that the clay fractions of so-
called degraded paddy soils do not always have a similar mineral-
ogical compogition. For instance, illite is prominent in the Nyuzen
s0il. On the other hand, the clay of the Kakuto soil is largely
composed of hydrated halloysite and allophane. Of course these
minerals are not confined to the degraded paddy soil. Special
characteristics were not observed in the properties examined with
the exception of low amounts of iron and manganese.

There is no doubt that the degraded paddy soil has developed
by suffering from severe leaching while in a water-logged con-
dition. It means that iron and manganese are noticeably eluviated
from reduced A horizons and some of them are deposited in
oxidized B horizons. The eluviation from the surface soil is clearly
observed not only on a profile, but also in the chemical composi-
tion of the fine earths or of the clay {ractions. Such a phe-
nomenon is also usually recognized in the normal paddy soil which
has the low level of the permanent water-table, and it is not confined
to the degraded paddy soil. The difference between the degraded
and normal soils is a problem of the amount of iron content in
the A horizon.

A low content of iron in parent materials allows the paddy
s0il to easily deteriorate into the degraded soil. The soil samples
examined contain noticeably less iron in the fine earths than in
the normal soil. This suggests that the low iron content in the
parent material has been one of the most important factors in
the degradation of the sample soils. The iron content of the clay
fractions in per cent was found lower than that of the fine earths
suggesting that the iron had been severely leached from the soil
mass.

A low content of iron in the clay fractions means the presence



276

of less iron or iron rich mineral, such as hydrous mica, chlorite,
and montmorin.  Indeed, no appreciable montmorin at all was
recognized in the clay fractions of the sample soils examined.
This may be another characteristic of the degraded paddy soil.

*

SUMMARY

Soil samples examined in this work were taken f{rom {wo
well-known degraded paddy fields which are located at Saijo-machi
in Hiroshima Prefecture and Kakuto-mura in Miyazaki Prefecture.
The former soil was derived from weathered granite, and the alluvial
deposits of valcanic ejecta have developed into the latter soil.

Clay fractions less than 2 microns in diameter were separated
by the sedimentation method after removing organic matter with
hydrogen peroxide. The clay fractions were examined for minerals
by means of the x-ray, thermal, chemical, electron microscopic,
and ethylene glycol retention methods.

The clay of the Saijo soil was found to be largely composed
of halloysite and degraded illite with a small amount of vermiculite,
gibbsite, illite, and feldspar.

Predominant hydrated halloysite, halloysite, and allophane were
found in the clay fractions of the Kakuto seil. In addition, some
vermiculite, gibbsite, feldspar, and skeletons of diatoms are also
contained in small quantities. A large amount of hydrated halloy-
site is contained in lower horizons compared with halloysite, but
this relation is the reverse in the surface soil. A suggestion is
offered that this may be due in part to drying in the surface soil.

No special characteristics were found in the clay fractions of
the degraded paddy soils with the exception of the low iron con-
tent. However, low manganese and no appreciable montmorin
may be other characteristics of the soils.

REFERENCES

1) Acomine, 5. and Higashi, T. 1955 Clay minerals of some so-called degraded
paddy sovils. Part 1. Nature of clay fractions of the Nyuzen soil, Toyama
Prefecture and the Yokita soil, Kagawa Prefecture. Jour. Fac. Agr. Kyushu
Univ, 10: 251264,

2) Aomine, S, and Yoshinaga, N, 14955 Clay minerals of seme well drained
volcanic ash soils in Japan. Soil Sci. 79: 349-358.

3) Kawamura, K, and Funabiki, 5. 1934 Studies on the soil colloids of our
country. Part. 1. Jour. Sci. Soil and Manure, Japan 8: 406-416.

4) Sudo, T. and Osaka, J. 1952 Hydrated halloysite. Japanese Jour. Geol. and
Geography 22: 215-220, o



