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Free Sesquioxides in Representative Forest Soils
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EE STy o VBRIET: (Tamm #:29%) 5 3¢ Dithionite 7 (Menra-Jackson #1, LITF M-J
HEEgT) ZRWVT, FFKERL#EEY (ron hydroxide mineral), B{t#k§i# (Iron oxide mineral)
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ML FEML, lmm CEHEILZ it 2g % 250ml @ 57BN EICERL, Bk -~ vVIRIERK
(Y29ig32.5g BLUY~9BT VE=v 462 1g %4k 2.5 i@, pHS.20~8.27) 100ml %
Mz, WERAT lhrige SHBELAHEL, AEOHMEBICAME SR 1EL DE L%, Rk 50 ml
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RICBB XTIV =9 AOLBERETE - 720

2-3. TEBEO—RRA LN
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Table 1. ZEOKERILGEIEN, BRAGIEYL JOWTHEY» 5 Taum s LU
Menra-JacksoN FETHHENZ#H;B LT T I =T 4

Iron and aluminum extracted from various iron hydroxide and iron

oxide minerals and clay minerals by Taum and Menra-Jackson methods

& B =% P B & | Extracted (% on total FeyOg or AlyOg)
= kB Content of Amount
sample (%) of sample FesO4 AlyOq
Sample taken MEenra- Menra-
Fe203 A1203 ( g ) Tamm ]ACKSON Tamm JACKSON
s Bk 4 o8 7 0.25 0.80 24,2
Hematite : 0.10 0.98 29.0
&t & 8| ga 7 0.25 1.01 94,1
Goethite : 0.10 1.22 100. 4
bl A 4 617 0.25 17.1 93.5
Bog iron-ore ' 0.10 19.1 98.2
G S A B 7 70 510 0.25 1.69 86.0 0.65 5,01
Bauxite : : 0.10 1. 69 95.5 0.76 6,27
2 7 x ¥ (1. 86) 5.2 0.25 | (43.5) (75.3) | 57.9 21.0
Allophane : . 0.10 (50.0) (79.6) 68.7 29.8
A Y F A4 b 37.3 0.25 1,10 1.42
Kaolinite . 0.10 1,18 1. 66
Nw 4 F 4 b 3.2 0.25 , 1.20 1.69
Halloysite : 0.10 1,27 1.93
ETEvVEY BT F A4 b 17.3 0.25 1.16 1. 50
Montmorillonite . 0.10 1.33 1.84

* XBEFRABED & > BHEARFFEEAY ERGIICBEN Lic, FEO CERICE LThb b OBELET 5,
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AEHR L3I, FE UTEELHLHORMEV- W THOIRETH 50, ©OMMKE LB
HXE (2)20FRHBLUH LVEE A TN T S,

BEAEB OBUERT I Fig. 3 ICRLAEBDTH B, o DMK OIHGHOME L Table 3 i
R L TRV,

CNEDERDS B, KRFBROSDO—EISLEENWEIE, Table 2 [K/RTEBD TH 7o

#R Ui ik id, WITh b RERKEICIET %,

D EORIEBMAEICET 2 IR, THRAESLEFNERETRO XK, &< »o3Xaskld
DICABIC X BFRROBHELIZS LT bh, £BREY LORABMERY T, ZMLPRALNT
MR T O BEHERLEBEL SHT 2B DI, e, RETESHTOSEL, ERHTHRE
8 FREORLEBR AR o RN R T 2 1S D72 e BEO LR, FELAHIH 7248
B LICHA B R LERAENSTE S, HREEOH LD SKKRR® TRIFEBRET I LEERE
HALERE LTRAINEFETH B, b0 mi3iet & RO R/ GERE %D /I,
BAOKBE—AYOEAT T, BBk ris HEARER BT LTV 3 15T, it b B EDk

FTAOBITHREBINTN S,
I LS - T, TS BADRIERM OB 0
Wi, RETEOEBEZILLE D ED
T, &RICRBENIEHREE T 2 LENP
ROESDHETE2dDEEDNS.

ERA L BBHFK LD S BT, ZF ILLEIE
FIRICRETOHHEBRBLONE &, BLU
TELOLf, BEMELENS, FRERER
ML LTRD Uico £ DDA XU
i3, TRLRPPHEREREL T T
25, HLicRaE ORI D & 5 TR T

Location of selected soils. & AROREORRICE GEITEC SHR
(1) Shionomisaki, (2) Kano, (3) Anamizu, WOHR), DINLREOEHEMS LB L,

(4) Igaueno, (5) Hakusan-cho, ( 6 ) Kiyomizu-dera, R - . e ' e
(7) Kawamoto, (8) Fukuyama, (9) Mitoyama, BEDHEADS, KALHE (JIIALEL OE

a@

Fig. 3 3 K #® I @ B

(10) Mt. Omogo, (11) Ohmata, (12) Ohtaki, FEEOHBEBHIZT AL £ Th 2) BREH
(13) Daimon, (14) Niimi, (15) Wadayama,
*(16) Sekimiya, (17) Tosayamada, (18) Atami. HdEUTHE -0

oo ooiEHL, AELU s YMOERICL > THRES W b DTH 5, BIREMIH L TLD b OBEEET
%O

*2 AKX OB BOTE Y IV any, ¥ 7 avisE ORERKREOREE L AMBEOBENR LR
2o

*3 hBEOH LOBKREEOS KR, HEARS T EBEREOHRICK ~TED T ED SN, L HRFHIC
REDOTFETH 5,
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Table 2. 3 £ 8B O b ¥ W H
Chemical property of selected soils
[ f3 f0 B
= 5t fant=bidl R N BEWAE Exch. Rate of o
" Type : C/N CEC saturation | P
. £ . %
Soil s%il Horizon| (%) | (%) Ca0 | MgO %) (H:0)
(m. e./100g soil) | CaO | MgO
* X Am(Ry)| 8.40 0.29) 29.0| 29.2 | 6.02 2.51 20.6| 8.6| 4.80
Anamizu R | By (Rg)] 2.64| 0.10 26.4; 23.9 1.94| 1,42 8.1 | 5.9 4.60
By (Rg)| 0.65 0.03 21.7] 19.2 | 1.24 0.73] 6.5| 3.8 | 4.50
A-B(Y)| 2.1| 0.10 21 19.5 | 0.44 0.74) 2.3 3.8| 4.20
& Ig;uerfé* ¥ Y-R¢ |Bi(Ry) | 0.2 0.07y 3 18.1 0.19] 1.40| 1.0} 7.7 | 4.30
3 Ba(Ry)| 0.2 0.020 10 | 10.5 | 0.20] 0.91] 1.9 8.7 4.50
A-B(Yq)| 1.42] 0.07| 20.3 16.0 | 0.22 0.24] 1.4 1.5] 4.25
) Ys By (Yy)| 0.45) 0.02] 22.5/ 10.0 | 0.50] 0.50| 5.0| 5.0 | 4.50
Hakusan-cho By (Yg)| 0.40] 0.02) 22.0] 8.62| 0.40| 0.59] 4.6| 6.8| 5.20
W K % A-B(Yy) 2.23 0.07| 31.9 16.2 | 1.20 0.68/ 7.4| 4.2 4.60
2. OH&;Urdera Ye | Bi(Y)| 0.71 0,020 35.5 12.4 | 0.59 0.26] 4.8 | 2.1 | 4.55
y B;(Ys)| 0.46 0.02 23.0 11.8 | 0.76] 1.7l 6.4 | 14.5 | 4.80
Ay | 15.3| 0.76] 20.1| 40.3 | 0.26] 0.21] 0.64 0.52 3.65
Ohmata Poll B: 5.93 0.28{ 21.2 26.6 | tr. { tr. | — | — | 4.25
P-5 B-C | 371 0.21| 17.70 19.8 | tr. | tr. | — | — | 4.45
‘ A, 3.83 0.18] 21.30 24.4 | 0.71 0.22 29| 0.9] 3.80
Ohtaki Pwi-1| B 2.80] 0.14] 20.0 25.6 | 0.41 0.06] 1.6{ 0.2 4.00
P2 B, 1.69] 0.09 18.8) 18.1 | 0.18] 0.04 1.0| 0.2 4.20
5 Ay | 10.5| 0.51 20.6 48.3 | 0.24 o0.18] 0.50 0.37] 4.45
" Wad | Blo As | 8.43 0.34 24.8| 48.6 | 0,13 tr. | 0.26 — | 4. 40
adayama B 1.35| 0.08 16.7) 18.3 | tr. | tr. | — | — | 4.40
A-B | 4.4 0.260 17 | 25.4 | 2,67 14.1 10.5|55.5| 6.00
i& b= ”%ﬁﬁ DR B 2.3 | 0.14 16 | 26.8 | 1.22) 17.3| 4.6 |64.6| 6.30
osayamlada B-C | 0.8 0.05 16 14,4 | 0.62 13.0] 4.3|90.3| 6.80
" A 5.0 0.18 28 | 51.3 | 9.04| 7.84[17.6|15.3| 4.70
e DR | By | 25| 0.10 25 | 48.1 | 6.40 7.18 13.3|14.9 | 4.60
ami By 1.3 0.06| 22 | 47.9 | 7.25/ 7.35 15.1|15.3 | 4.75

) * e b DREHRAIBLEROBEEIC K - TR I N/, SITEEHE LEBERE (D22 0551 A UK,
* These soils are provided by the courtesy of Forest Soil Division of our Station, Tokyo, and their
analytical data are cited from “Forest Soil Profiles(2)’’22).

Z DO R EOMEMEER 11)~13) KRETHTH %,

The chemical property of other selected soils was expressed in reference 11)~13).

AL IBOBBDH B LT T v 3

5. HETBOBBER LM ORI

AN

Table 3 WKRTLBYTH -7,

7,

HLE#CLo

Tamm B XU M-J] EAAEOERBILVOEER, BILU Tavn B XU M-] BHEOHkE X U7
WI=TLADH—TF bbb, SBIUTNVI =Y AOTEWRE (activity grade)——0O#il% Fig. 4 B

KU B ITR L,

Gk OEMEE R ScuwerTMANN IC X 5 T,
o Wi A ik O 8k /Dithionite B AIAME D #k——4H1E FesOs (Tamm/M-])—4%2F O TREN T3 Gk
@ activity ratio®, active iron ratio” $FEUdH 5)o SEDTEMEE IZHEESE DK Bk D8 D HER,

HEHEGR OFERE OIS REEZRTHEEL LT, By -

aging
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Table 3. £ +E» S Tamm 3l L Menra-Jackson FEIC L s THHEINZBBE LU

Iron and aluminum extracted from selected soils by Tamm and MEeura-

2 3| :ttgz—?:{ Jg' é Fe2os A1203
S Kt Type & fr Thick-

. of . ness MEeaRA- Menra-

Soil soil Horizon (cm) Tamm J AcKSON T/M-J | Tamm JacKSON T/M-J
J% & £ :Red soil
Bl it A-B(R)| 20 0.30{ 7.82| o0.04| o0.64! 223! 0.29
Shionomisakil®’ Rs B; (Rg) 30 0.12 8.75 0.01 0.58 3.00 0.19
Pl B: (Rg)| 10 0.24 | 10.2 0.02| 0.69] 2.01 0.34
i g A-B (Ry)| 18 0.14| 6.68| 0.02| o0.51 2.49 | 0.20
KanotV Rs B; (Ro)| 20 0.28] 5.59| 0.05| 0.40 1.51 0.26
Pl B: (Ry)| 47 0.19| 6.52| 0.03| 0.54 1.52 | 0.36
% " Am (R)| 2~3 0.78 | 5.13| 0.15 1.24 | 2.21 0.56
" Anamizu Ra B; (Ry)|17~18| 0.18| 4.65| 0.04 1.o4 | 2.57| 0.40
B: (Ry)| 24 0.18| 5.23| 0.03 1.27| 2.39| 0.53
B o Lo A-B(Y)! 10 0.35 2.47 | 0.14] 0.66 1.52 | 0.43
Ioauenci | Y"Re | Bi (Ri)|15~20| 0.08 | 4.43| 0.02| 0.48 1.96 | 0.25
g - By (Ry)| 30+ 0.07| 4.27| 0.02| o0.51| 1.81| o0.28
#H & £ : Yellow soil
0 Iy A-B (Y| 12 0.18| 2.99| 0.06| 0.40 1.25 | 0.32
B Ys B; (Y| 40 0.09| 2.86| 0.03| 0.35 1.24 | 0.28
Hakusan-cho By (Yo ! 55 0.13| 3.44| 0.04| 0.46| 1.45[ 0.32
o K % A-B(Yy)| 12~14| 0.23! 2.42| o0.10| 0.37 1.17 | 0.32
Kivomizu-dera Ys | B; (Yo| 20 0.13| 2.31 0.06 | 0.29| 0.69| 0.42
4 By (Y| 18 011! 2.81| o0.04| 0.28| o0.82| 0.34
Bkt : Brown forest soil

J| N A 10~13 | 0.31 1.20| 0.26| 0.56| 0.94| 0.60
Kawamotol®1 Bs B; 17~20 0.22 1,21 0.18 0.55 1.00 0.55
Po B, 40+ 0.22 1.23| 0.18| 0.74 1.07 | 0.69
. T A, 18 0.27| 0.80| 0.34] oa73| o.84| o0.87
Ibid 1010 B A, 20 0.31] 0.90| 0.34| o0.67| 0.85| 0.79
P4 D A, 22 0.33 1.00 0.33 0.77 0.98 0.79
B 20+ 0.31 0.81 0.38| 0.89 1.16 | 0.77
bt i Am 3~8 0.37 1.56 | 0.24| 0.55 1.05 | 0.52
Fukuyamalo1 Ba By 13~15 0.20 1.56 0.13 0. 64 1.13 0.57
G-11 B. 30+ 0.15 1.33] o0.11 0.55 1.03 | 0.53
i T A 7~9 0.16 0.80] 0.20| 0.33| 0.70| 0.47
Ibid, 1010 (Im)-Bo| B 20 0.12| 0.83| 0.15| 0.31 0.73{ 0.43
G-7 B: 25+ 0.13| o0.82! 0.16| 0.31 0.62| 0.50
g L A 6 0.49| 2.54| 0.19] 0.53| 0.57 0.93
Ibid.12 Bs B: 24 0.22| 2.60| 0.09| 0.40| 0.58| 0.69
po-P5 Bs 30 0.17 | 2.53| 0.07| 0.39| 0.53| 0.74
= T Ay 20 0.48 1.93| 0.25| 0.37| 0.45| 0.82
P pig Bp |AsCupper)| 20 0.50| 2.26| 0.22] 0.46| 0.63| 0.73
b1 Ag(lower)| 20 0.54 | 2.42| o0.22| 0.40! 0.75| 0.53
pn- B 20+ 0.49| 2.24| 0.22| 0.32| 0,62 0.52
— —_ H-A 7 0.96| 2.06| 0.47 1.05 1.24 | 0.85
S Mitoramal® th B B, 27 0.91| 2.48| 0.37| 0.88| 0.91| 0.97
togama (r)-Bs B, 19 1.03| 5.28| 0.20| 1.19| 2.51| 0.47
- C 204+ 0.56 | 4.00| 0.14| o0.90| 2.18| 0.41
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TNI=TU A
Jackson methods
(% on dry basis)

Site

1w HE REMRE, WL
Alti- Parent material
tude (m) Forest

Gabbro,
60 | Pinus
densiflora

Dilvium and
40 | (Volc. ash)
Ibid.

40 Sandstone (ter.),
Ibid.

Granite,

255 | Ibid.

Dilvium,
240 | Thiq,

Andesite (ter.),
Evergreen
broad-leaved
forest

140

Quartz
———— | porphyry,
Chamaecyparis
obtusa

500
Granite,
Pinus
densiflora
450

490
Clayslate
(palaeozoic),
Chamaecyparis

400 obtusa

Shale
(mesozoic)
Cryptomeria
Jjaponica

300

J— 9 —

Fe; 05(M-J)
20— Fe; 0. T/M-J 5
(%o
154~

u Fe, 03 T/M-J10%
10t+=

- Feq03 T/M-J20%%

Fe, 03 T/MJ
) 50

0 05 1.0 Em) 1,‘5
Fe, 03T
Fig. 4-(1) Tamm #H L0 Menra-Jackson FEEO[FAD
FeqO;, BLU FeO3 T/IM-T [ (D
The amounts of iron hydroxide and iron
oxide removed from soil by Tamm and
Menra-Jackson methods and Fe,O3 T/M-J
ratios.
@ Red soil, O+ Yellow soil, A Brown forest soil,
FAGIIEED Brown forest (reddish), @ Dark red soil)

Fe,03{M-T)

10
(/o)

Fe, 03 T/M-J 20%

Fe;0; TM-J
50 °/s
s )
A
Bt a O
P Fe; 03 TM-J
100°/s
0 Y N .
V-3

" L . { . L L T} 1 1 1 "I B L L 1 1

1 2 3 (%) 4
Fe, 05T

Fig. 4-(2) [E LE (@ 1Ibid. (2)
(@ Podzol, A« Black soil)
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Table 3. (03%) (Continued)

n " = xit) E FeqOg AlOg
; B Type | B O | Thick —
. of : ness Mzenra- . EHRA- -
Soil soi] | Horizon (cm) Tamm T AcKson T/M-J | Tamum Jacxson T/M-J
— = it Ay 5 0.78 2.47 0.32 1,43 1.87 0.76
— e A 15 1.08 3.29 0. 33 1.86 2.72 0.68
) _ 2 . . .
Mitoyamai> | (1)=Bo | g 28 128 | 33| 039| 1.71| 242| 0.71
B, 20+ 0. 64 2,81 0.23 0.90 1.54 0.58
B EV LV GE FY b8  Podzol (Podzolic soil)
H-A; 10 0.85 1,64 0.52 0. 54 0.79 0.68
i) el i P A, 7~10 0.50 1.04 0. 48 0.22 0. 40 0.55
Mt. Omogolb2 bl B: 5~ 7| 370 5.04{ 0,73 354! 363 098
B; 10~15 0. 67 2.05 0.33. 1.77 2. 40 0.74
X A, 6 0.93 2.62 0. 36 0.61 0.91 0. 67
Ohmata Poq B: 15 2.31| 3.73] o0.62| 1.82| 2.28] 0.80
Ps Bs 30 1.05 2.01 0.52 1. 49 1.81 0.82
x i A, 7 0.19 0.98 0.19 0. 47 0. 38 1.24
Ohtaki Pwy-1 B 13 1.29 1.42 0.91 0. 80 0,37 2.16
P2 B, . 15 1.55 1.90 0.82 0.77 0. 45 1.71
2 4 4 3 : Black soil
* ik A; 12 1.92| 4.99| 0.39| 4.60| 4.35| 1.06
Daimon!? Bl Ag 16~18 1,66 5.19 0.32 4,44 4,54 0.98
P14 B 204 1.74 6. 09 0.29 3.85 4,02 0.96
o5 = A, 5 0.82 1.21 0.68 2.66 2,90 0.92
Niimitd Blo A, 27 1.14| 1.68| 0.68| 4.62| 593| 0.78
P17 As 18 1.03 2.18 0. 49 4,83 5.64 0.86
B 20 1.03 2.07 0.50 4,23 4,36 0.97
e m it Ay 18 1.55 3. 66 0.42 3. 60 4.50 0. 80
Wadavama Blp A, 18 0.70 3. 69 0.19 2.59 4,67 0.55
- B 20 0.77 4. 33 0.18 1.14 1,78 0. 64
% 3% 4 4 : Dark red soil
X = A 12 0. 69 7.20 0.10 0.55 1.56 0.35
Sekimiyall DRo(d) B 11 0. 49 8.65 0.06 0. 66 3.68 0.18
P1 B, 25 0. 66 19.5 0.03 0. 66 1.74 0. 38
A-B 12 0.56 10. 1 0.06 0.61 2,79 0.22
£ E ol | DRs B 22 0.77 | 16.5 | 0.05| 0.89| 2.60| 0.34
¥y B-C 30+ 0.74| 7.20| 0.10] 0.43| 0.46| 0.94
A 4 0.76 5. 69 0.13 1.82 2,81 0. 65
B . 1| DRs B; 12 0.74 5.64 | 0.13 1.61 2.70 | 0.60
Atami?® B, 17~25 0.53 4,33 0.12 1.07 1,93 0.55
B-C 20+ 0. 66 4,81 0.14 1.75 2,67 0. 66
Remark. Soil classification is as following:
Moisture regime
) Dry weakly dried Moderately moist
(Soil group) (Type of soil)
R: Red soil Ra, Rs Rec
Y: Yellow soil Y=
B: Brown forest soil Ba, Bs Bb
BI: Black soil Blo
DR: Dark red soil DRo(d)
(r)-B: (Reddish) Brown forest soil (Subgroup) (r)-Bp

Im-B: Intermediate soil between Immature soil and Brown forest soil Im-Bp
Podzolic soils are as follows; Ppp----- Dry podzol, Ppy------ Dry slightly podzolized soil,
Pwey-1---+- Wet podzol (iron type)
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Site

H IS
Alti-
tude (m)

R, FoL
Parent material
Forest

180

Shale
(mesozoic)
Cryptomeria
Jjaponica

950

600

1,500

Rhyolite and
Volcanic ash,
Coniferous forest

Granite
porphyry,
Chamaecyparis
obtusa

Quartz
porphyry,
Ihid.

1, 480

Volcanic ash,
Larix
leptolepis

680

Ibid.,
Chamaecyparis
obtusa

250

Ibid.,
Deciduous
broad-leaved
forest

370

Serpentine,
Pinus
densiflora

Ibid.

Andesite

lava
Chamaecyparis
obtusa

Al 05-(M-J)
= Al O3 T/M-J 20%
30 Al 03 /M-J 50%
A)
" L]
- R A
L *
A
. B
20 . * r AL O3 T/M T 100 *%
A
- L]
i A
C a
- o Y = R ry
1.0 A
A 'S
N Aa
{ B
L A
2
A S T T T S S SN ISR S S S |
0 05 10 15 (°)20

AlOsT

Fig. 5-(1) Tamm BB L Merra-Jackson FER7AD AlgOs,
BLU AlOs T/IM-T (1)
The amounts of aluminum oxide removed
from soil by Tamm and Meura-Jackson methods
and AlQO; T/M-J ratios (1).
(@ Red soil, Q-+ Yellow soil, A Brown forest soil,

60

L) AL s
ALO, T/M-T 20% 1305 T/MI 50%

Al O3 T/MJ
100%

40t~

Al 0, T/MJ
150 %

Al20; T/M J
200%

4 1 1 1 1 1 ]
0 10 20 30 40 50 (°1Y60
Al 05T

£ Ibid.
(@ Podzol, /A« Black soil, ©----Dark red soil)
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TR RS OEE &L BRBSRILD, HREO#kIcE 5T occlude SN THVRVIEREDOT VI = ¥
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DOHBEICE, BREOET occlude SNIEREDOT VI =¥ 413, Tamm HEICK > TSz
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) EREOWIN S RROFBEE L, #
: N BEUOTWVI =9 LOTEWE, BXU
3 ) FeOs-1 (Tamm ZETIE @ FelOg) &
15p

AlOy1 (Taum 2EATED AliOp) 13,
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HENZIZEREEOMAER U 72 KL A

Y=124 X +034

0 (#= 07813 1=76) 1, fho HEBICIENTOBE DB UL
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v DS Sh B
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KEWODHERLE S L —HT 5o

R EH B E IR 5 &, FeO3
K : -1 % & O ALOsT RVIb [
r BEOVv~wThokeds, Fels-u-p

— " s 1 1 . L . 1
0 Qv 02 03 04 05 Qa6 07 F(:?O](T/M(ﬁ) (M—J H&W{é@ Fe;,Og) io’.:tU) A1203
Fig. 6 H44 D Fe03 (T/M-]) & AlQ; (T/M-1) @ ~m-p (M- BT © AlQOs) 13,
B Q% BFEKECE TS r=0.291) . R
I NI = Zo
Correlation between Fe;Op (T/M-J) and AlLO, (TM e EOTHWY w5 1cid o720 3%
-J) of selected soils (Significant r at 1% level=0.291). 7z, $kDOTEMEIR, BELMWMEER LT

05
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On the Free Sesquioxides in Representative

Forest Soils

- Hiroshi Kawapa®® and Toyoaki Nisuipa®

Summary

1., Introduction

The determination of free seéquioxides and their hoﬁzontal distribution helps to confirm
the type, the direction and the extent of the genetic process of soils. They may be also effica-
cious as aids in determining the criteria of some soils or some horizons,

The acidic oxalate extraction (Tamm method) and the dithionite reduction (Merra and
Jackson method) were often used for those objectives®?161920 1t was said that the acidic
oxalate method extracts the amorphous sesquioxides, and the dithionite method the amorphous
and crystalline iron oxides. It may be true in relative comparison but some researchers were
doubtful of nearly complete dissolution of crystalline iron oxides by the dithionite method due
to the low solubility of iron from hematite and goethite, the prevailing iron oxide minerals
in soils. Besides, in the writers’ opinion, the information on the dissolution of aluminum by
the dithionite method is insufficient. The free aluminum in soil is one of the important pro-
blems in this country due to the wide distribution of free aluminum rich allophanic soils from
volcanic ash. ) '

The writers wished to get information on the form of free sesquioxides of the represen-
tative forest soils in this country. This being so, they examined the dissolution of iron and
aluminum of various iron oxide and alumino-silicate minerals by acidic oxalate and dithionite
methods at the outset. Then they examined the free iron and aluminum in red soils, yellow

soils, brown forest soils, podzols, black soils and dark red soils.
2. Analytical method

2-1. Free iron and aluminum

Acidic oxalate extraction after Tamm?® is as follows:

2g of soil, pass 1mm sieve, in 250 m/ centrifuge tube is shaken for 1hour in darkness
with 100 m/ of Tamum reagent (32.5¢g of oxalic acid and 62.1g of NHsoxalate per 2, 5liter of
water, pH 3.20~3.27). Then the suspension is centrifuged and the soil is treated with the
same reagent for second extraction. After second extraction soil is washed with 50 m/ of
reagent and centrifuged. Extractants and washed solution are collected into a volume flask
and filled up to the volume with water. An aliquot of it is digested with HNOs-HCIO,~H,SO,
mixture. Iron and aluminum are determined by the reagent ferron??,

Dithionite reduction after Merra and Jackson method!” (M-J method for short) is as fol-

lows:

Received August 14, 1974
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40 m! of 0.3 M Na-citrate solution and 5m/ of 1M Na-bicarbonate solution ‘are added to 4
g of soil, pass 1 mm sieve, in 250 m/ centrifuge tube. The suspension is heated at 80°C in
water bath and then 1g Na-dithionite is added. The mixture is stirred and periodically for
15 minutes. After the end of digestion 10 m/ of 2 N Na-sulfate solut@on. is added for the coag-
ulation of clay and the suspension is centrifuged. The soil is treated with the same reagents
two more times. Then it is washed with Na-citrate solution and centrifuged. The extractants
and washed solution are collected into a volume flask and filled up to the volume with water.
Iron and aluminum are determined by the same reagent.

2-2, Total iron and aluminum

Selected iron oxide and Al-silicate minerals are fused in Na,COs; After removal of SiOg
total iron and aluminum are determined by the same reagent.

2-3. Chemical properties of soil

The chemical properties of soil are determined by the same methods described in the
writers’ previous papersl®iVid, '

2-4, Differential thermal analysis

Differential thermal analysis is treated with the selected minerals, less than 100 mesh, with
the heating rate of 10°C/min.

2-5, X ray diffraction

X ray diffraction is carried by powder method under the following conditions: Target;
Fe with Mn filter, 35 KV, 20 mA, slit system; RS 0.3 mm, scanning speed; 1/min., chart speed;
1/min,

3. Dissolved iron and aluminum from various iron oxide and

aluminosilicate minerals by TAMM and M-J methods

The DTA curves and X ray diffraction patterns of selected minerals in Fig. 1 and 2 con-
firmed the following facts: ‘

The degree of crystallinity and purity of hematite was remarkably high. Goethite was in
relatively high crystallinity and it admixed a small amount of hematite and lepidocrocite.
Bog iron ore consisted of goethite in low crystallinity. Bauxite contained a large amount of
gibbsite in high crystallinity. Other clay minerals, allophane, halloysite, kaolinite and mont-
morillonite, expressed their characteristic DTA curves, respectively.

The dissolved iron and aluminum from selected iron oxide and Al-silicate minerals by
Taum and M-J methods are expressed in Table 1.

The following facts were confirmed on Tamm method:

The very low dissolution of iron or aluminum from selected minerals except bog iron ore
and allophane, less than only 1.7% of total iron or aluminum, well agreed with that by the
previous researchers®”®1629  However, the dissolved iron from bog iron ore, low crystalline
iron oxide mineral, increased up to 17~19% and a large part of aluminum, 58~69%, was dis-
solved from allophane, amorphous Al-silicate.

The following facts were confirmed on M-J method.

The very low aluminum dissolution, less than only 295 of total aluminum, from kaoline,
halloysite and montmorillonite coincided well with that by the previous researchers®7®16, The

iron was almost completely dissolved from bog iron ore and goethite but only 24~29% from
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hematite. The solubility of iron from hematite and goethite by the dithionite method is con-
troversial. Some rgsearchers recognized almost complete dissolution of hematite and goethite?
10 and high dissolution of iron from goethitel®. Against them, others pointed to only low
iron dissolution from these minerals#”16). In the writers’ opinion, the differences of degree of
crystallinity of iron oxide minerals would affect iron dissolution.

It is worthy of note that though the dissolved aluminum from allophane by this method
reached to 21~30%, it was remarkably less than that by the Tamm method. A similar fact
was found by Canadian researchers'® on the amorphous Al-silicate. It may be a weak point A
of this method for the determination of free aluminum.

The aluminum dissolved from bauxite by thié method was low, only 5~6% of total alu-
minum. McKeacue ef all® recognized no dissolution of aluminum from gibbsite by M-J method.
If standing on their opinion and dissolved from bauxite was assumed to be from admixtures
of amorphous free aluminum, the remarkable increase of dissolution of aluminum by M-J
method than that by Tamm method was inconsistent with the above-mentioned aluminum dis-
solution from allophane. A similar tendency as bauxite was observed on the selected soils
with a few exceptions as described hereunder in Section 5.

In the writers’ opinion, these facts suggested that the occlusion of free amorphous alu-
minum with crystalline iron oxides checked its dissolution by Tamm method as described in
detail in Section 5.

From the above-mentioned results, the writers reached the following conclusion:

Taum and M-J methods are efficacious for the relative comparison of sesquioxide form.
The amorphous sesquioxides are dissolved by the Tamm method but the dissolution of amorphous
aluminum is obstructed by occlusion with crystalline iron oxides. The amorphous and a large
part of iron oxides are dissolved by the M-J method. The dissolution of amorphous aluminum
oxides by this method is less than that by the Tamv method. Moreover, the degree of crystal-
linity of iron oxides affects the degree of their dissolution. The crystalline aluminum oxide,

e. g. gibbsite, is not or may be only slightly dissolved by this method.
4. Selected soils

The locations of selected soils are expressed in Fig. 3 and their sites are briefly added to
Table 3. The chemical properties of a large part of selected soils were already given in the
writers’ previous papers!®11®, Those of newly added soils are expressed in Table 2.

The locations of selected brown forest soils are the hills and low mountains in southwest
Japan, and they belonged to the warm-temperate evergreen broad-leaved forest zone.

The weakly eroded or rather immature brown forest soils due to the strongly repeated
human destruction of forests from ancient times are widely distributed in this area. Moreover,
the reddish or yellowish brown forest soils, one of the subgroups of brown forest soil, are also
rather widely distributed. They are from the parent materials formed under the similar
weathering process to the relic red soil, and the hue of their low horizons are more reddish
or yellowish than those of normal brown forest soils. In the opinion of the soil scientists of
our station, they are the progressive soil from relic red soil to the brown forest soil by the
biotic agencies under the current climatic conditions. 7

Among the selected brown forest soils Mitoyama soils belonged to the reddish brown forest

soil, and other soils to the rather immature brown forest soil.
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5. Sesquioxide form of the selected soils

The amount of free iron and aluminum and activity grades of iron and aluminum of se-
lected soils are expressed in Table 3, Fig. 4 and 5.

FegOs (Tamm/M-]), the iron activity grade after ScawertMann?®, is used as a relative index
of aging and crystallinity of free iron oxides.

" The writers proposed the aluminum activity grade, Al,O3 (Tamm/M-J), as a relative meas-
ure of non-occluded part of amorphous aluminum with crystalline iron oxides. The more
dissolved aluminum by M-J method than that by Tamm method on the selected soils with only
a few exceptions is similar to bauxite mentioned above in Section 3, would be interpreted by
the obstruction of amorphous aluminum dissolution by Tamm method due to the occlusion with
crystalline iron oxides. The significant linear correlation between FesOs (Tamm/M-J) and AlyOg
(Tamm/M-J) (»=0.786%*, n=76) in Fig. 6 would support this opinion. However, the aluminum
activity grades may be rather exaggerated due to the less dissolution of amorphous aluminum
by M-J method than that by Tammu method.

The free sesquioxide form for selected soil groups was as described below.

5-1. Red soil and yellow soil

The red soils in this country are the relic soils formed in the middle epoch of older dil-
ivium (probably Giinz-Mindel interglacial epoch) under the warm climatic conditioni®192D,
Though the genesis of yellow soils is not yet clarified in detail, it is supposed to be a relic
soil formed by the similar forming process to red soil, too.

The free sesquioxide form of red soils and yellow soils is similar, and it is characterized
by very low levels of iron and aluminum activity grades, FesOs-1 (dissolved FegsOs by Tamm
method) and AlgOg-1 (dissolved AlgOs by Tamm method). Most part of free iron oxides are
crystalline and a large part of amorphous aluminum are occluded with crystalline iron oxides.
Their lateritic genetical process in ancient times is confirmed with these characteristics.

The low iron activity grades of red soils agree well with that after Nacatsuxal®20,

Though FeqOs-1 and Al,Os-1 of both soils are of similar level, the FeyOs-(m-1) (dissolved
aluminum by M-J method) and Al,Og—M-j) (dissolved Al,Os by M-J method) of red soils were
higher than those of yellow soils. Moreover, the iron activity grades of red soils are slightly
higher than those of yellow soils except Am(R;) layer of Anamizu soil. It is a mycelial layer
and very rich in carbon in comparison with other red and yellow soils. The remarkable in-
crease of its iron activity grade reflects effect of the current climatic-biotic agencies as brown
forest soils as described below.

However, the above-mentioned differences between the red and yellow soils suggest delicate
differences of their genetical processes but they are left for future study.

No clear horizontal variety was recognized on Fe;Os-1 and Al;Os-1 and iron activity grades
of red and yellow soils except Anamizu soil (Ra soil) and Igaueno soil (Y-R soil).

5-2. Brown forest soil

Among the selected brown forest soils, the remarkable increases of FeOz-(v-p) and Al;Og-
M-p) of Mitoyama soils, especially their lower horizons, in comparison with other soils are
noteworthy. They are due to their parent material formed by the similar weathering process
to red soil. However, their iron and aluminum activity grades are of similar level to other

soils.
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The type of soil and the degree of maturity of selected brown forest soils affected their
iron activity grades as described hereunder. However, though a sinﬁlar tendency is observed
on their aluminum activity grades in some soils, their differences among soils were not dis-
tinguished as a whole.

Comparing with the surface horizons, the iron activity grades of relatively matured Bp °
soils, e. g. Mitoyama P 3 and Kawamoto P 14, are more advanced than those of immature Bo
soils, e. g. Fukuyama pn-1 and G-7. Those of Ba and Bs soils are of similar level to those of
immature Bp soils except H-A layer of Mitoyama P 1. Moreover, the iron activity grades
clearly decreased downwards from surface in Ba and Bs soils but their horizontal changes are
gradual in Bp soils except Fukuyama G-7, especially immature Bp soil. In the writers’ opinion,
these facts suggest that the degree of biotic agencies, e.g. accumulation of fallen leaves, lit-
ters and herbaceous residues, their decomposition and humus formation, etc., under the current
climatic conditions affect the iron activity grade. These biotic agencies are more sufficient in
Bp soils (colluvial soil) on the lower part of hill and mountain slopes than in Ba and Bs soils
(residual soils) on the upper part of hill and mountain slopes due to the more excellent growth
of vegetation and favorable moisture regime of soil. The better water percolation in Bp soils
than in Ba and Bs soils helps the biotic agencies downwards from surface horizon.

The ranges of iron and aluminum activity grades were 0.07~0. 47 and 0. 43~0. 97, reépecti-
vely.

Nacatsuka pointed out that the yellow brown forest soils and the brown forest soils are
clearly divided with the borderline of 0.40 for iron activity grades and yellow brown forest
soil (less than 0.40) is an intermediate soil between red soil and brown forest soil (more than
0.40).

The selected brown forest soils by the writers and yellow brown forest soils by Nacarsuxa
are the forest soils on the hills and low mountains in warm-temperate evergreen broad-leaved
forest zone in southwest Japan. The iron activity grades of selected soils by the writers well
agreed with those yellow brown forest soils after Nacarsuka. The writers’ results suggest that
the genetical processes of both immature and reddish brown forest soils are similar and pro-
ceeding to the normal brown forest soil by the biotic agencies under the current climatic con-
ditions. '

The horizontal varieties of FesO3-T and Al,Os-T in selected soils are not distinguished ex-
cept reddish brown forest soils.

5-3. Podzol

The form of sesquioxides of selected podzols is characterized by the eluviation from A,
horizon and the illuviation to B; and By horizons. The iron and aluminum dissolved by Tamm
and M-J method in Ppo soils (dry podzol) are as Ay,<B; >By and max. accumulations are found
at B, horizons. The migrations of iron and aluminum are more distinguished in Poy than in Poy.
The iron and aluminum in corresponding horizons of Pw soil (wet podzol) were less than those
of Pp soils. The free sesquioxides except AlgOs-(m-1) are as A,<<B;=<Bj in Pw soil and max.
accumulations are found in By horizon. The different mode of sesquioxide migration between
Po and Pw reflected the difference of water percolation between both soils due to their moisture
regime and topographical factor.

The remarkable increase of iron and aluminum activity grades in B; and B horizons in
comparison with those in Ay horizon was found in Pw soil. A similar tendency, not so distin-
guished as Pw soil, was found in Pp soils, too.
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The above-mentioned characteristics of sesquioxide of podzols, especially B horizons, well
agree with those of the previous researchers®1,

The more AlyOs-T than AlyOs-(M-1) in Pw soil, especially distinguishéd in B; and By horizons,
confirmed the less dissolution of amorphous aluminum by M-J method than by Tamm method
as mentioned above in Section 3.

5-4  Black soil

The sesquioxide form of selected black soils from volcanic ash is remarkably different from
that of other soil groups from non-volcanic ash origin. Remarkably abundant AlsOs-1 and
Al303—(M-p in black soils with the only exception of B horizon of Wadayama soil which is not
so distinguished are characteristic. It is due to the allophane, particularly rich in volcaneous
soils.

The rather widely different FesOs-1 and Fe Os-(M-)) among profiles or horizons were ob-
served. It may be due to the difference of the origin of volcanic ashes. The horizontal dis-
tribution of iroﬁ and aluminum dissolved by Tamu and M-J methods expressed no certain ten-
dency.

5-5. Dark red soil

The classification of dark red soil is not confirmed. The soils with dark reddish colored
B horizons from ultra basic or basic rocks or from the parent materials formed under the ef-
fect of volcaneous hydrothermal alternation are provisionally summed up as dark red soil.

The low iron and aluminum activity grades, similar to those of red and yellow soils, cha-
racterized the sesquioxide form of dark red soils. However, their ranges of FesOs-1 and Al
Og-1 were larger and their horizontal distributions of FesOs-(M-1) and AlOs-(M-)) were more
widely extended than those of red and yellow soils.

No certain tendency was found on the horizontal distribution of dissolved FesOs and AlOs
by the Tamm and M-J methods.
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