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Yoshihiro TokasHuiki, Moritaka Smmo and Kazuhiro Oxa:
Clay minerals and some of physical and chemical proper ~
ties of soil sediments eroded from reclamation land

Summary

Clay mineralogy and some of physical and chemical properties of
the soil sediments eroding from the reclamation land into a nearby
stream were investigated in order to accumulate data on the soil erosion
situation and for future measures of soil protection.

The soils of the reclamation land of Mahirabaru showed the proper -
ties of “Kunigami maaji” soils which were derived from slate and
Kunigami gravels. And they were red to yellowish, strongly acidic
and light clay in texture containing 30 % clay. The dispersion coef -
ficients of the soils were about 60% which fall in the category of easily
erosive soil. The CEC and base saturation percentage were about 75
me 7100g and 8%, respectively, and exchangeable magnesium contents
were 4 to 5 times than calcium contents. Generally dominated were
clay minerals small in base holding capacity. And the main crystalline -
minerals in the clay fraction were kaolin minerals accompanied by a
moderate amounts of chlorite/illite mixed -layer mineral, vermiculite -
chlorite intergrade mineral and a minor amount of illite.

The reddish soil sediments that had been eroded from the Mahira -
baru reclamation land into the Kushi - Okawa stream were almost
neutral in reaction in the first period. Their texture in the beginning
was mostly loamy sand containing 85to 95 percent of coarse sand frac -
tion except for the uppermost stream site near the reclamation land.
The loamy sand textures were found only in the middle and down
stream sites three month later. The CEC was about 1me /100g in
most samples, but the sample closest to the reclamation land showed a
higher CEC. Base saturation percentage of the reddish sediments was
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higher than that of the reclamation land indicating a supply of calcium

from the stream water.

In the clay fraction

identified were kaolin

minerals and illite in a large quantity accompanied by a small amount

of chlorite /illite mixed-layer mineral. Chlorite were identified only in

the middle and lower stream site.

Relative decrease in mixed - layer minerals and disappearance of
vermiculite -chlorite intergrade mineral in the reddish sediments
suggested some changes of mineralogical compositions from that of

the reclamation land.
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Table 1. pH, particle size distribution and texture of the reclamation land samples

Fine soil (< 2mm)

H )
Sample Mo ﬁ;?p—fa Coarse Pine Silt Clay  Texture
%*

928 N1 470 350 9.67 27.01 25.63 37.69 LiC
’ # 2 475 3.55 6.04 2203 33.13 38.80 ”
” ¢ 3 452 332 18.68 26.28 18.63 36.41 ”
r 1 4 470 340 16.41 30.96 20.54 32.09 ’
’ 7 5 478 350 5.23 25.87 20.56 48.34 HC
+ 16 48 361 10.17 18.37 34.04 37.42 LiC
’ r 7 460 332 1398 25.37 22.55 38.10 ’
’ » 8 482 3.50 14.86 24.34 31.24 29.56 ”
¥ » 9 475 341 5.85 10.81 32.36 50.98 HC
” » 10 499 3.58 26.14 3189 - 2091 21.06 CL
Mean 475 347 1270 24.29 2596 37.05 LiC

* On the oven-dry basis of the whole soil material.

B, v BLCEEES DS 2 NEMERTIZ, HC (Ef+1) 23k, CL (HEHL) 231 &b
AFNRFBECETFOZRIEID SN b, SAMICITEBSWISE, MPHK2A%, Vv bn6%,
K+ 03THOBIE L (LiC) D L#ERL 72,0

2) CEC, BR#EERS X CHEEMNE

BohisRiE Table 2ICEEDTRLI. BAMREHOBRICIE 2 EHMTHOCECRDPIEE
¢, 52~94me,/ 1008 DEHEICH D, Th > DFIMHEIZ T4Tme/ 1008 2R L 12, BRUEEHE O P T
IIMgEB %< 0.37Tme,/100g £5RL, Ca®PNa D4 ~5EEbED -l i)y, HEMMBIIZB HHT
BRUEERNEL DD o7 212, BEHTRBLOERIBY SN EMIREELL 7

Table 2. CEC, exchangeable bases and base saturation percentage of the reclamation

land samples

Exchangeable -bases Base

CEC satu-
Sample No me,/100 g Ca Mg Na K ration

me /100g ——— %
9/28 No. 1 7.13 0.04 0.29 0.08 0.01 5.89
. v 32 7.46 0.05 0.26 0.03 0.01 469
’ ”3 941 0.02 0.23 0.07 0.02 361
’ v 4 6.94 0.11 040 0.13 0.04 9.80
» L) 8.93 0.08 0.44 0.11 0.02 728
’ ”6 7.57 0.28 0.68 0.12 0.04 14.80
4 v 7 7.72 0.04 0.34 0.11 0.02 6.61
v » 8 5.84 0.08 0.25 0.03 0.01 6.34
v r 9 8.52 0.09 0.40 0.06 Cotr 6.46
’ 710 5.19 0.06 0.39 0.06 0.01 10.02

Mean 747 0.09 0.37 0.08 0.02 7.50
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Table 3. Dispersion coefficient (ratio) of the 3) HEEHK(R)
reclamation land samples Table 3 IKEEDTHELERL Y
Sam-ple No. Alg) B(g) X% S EARY (R) 3K50~85% D FEHIC
»0 3 Zh o DFEHIIME0BERL 770
9/28 Nl ii ggg 2(3)8(7) BEAE D Z A+ M0 5 BRI (R) 13
’ ’ . . .
” v 3 2.80 331 8459 13~66?6, TREED TR TO
4 v 4 1.93 3.02 63.91 HERETIZ, THKEHIZSHERIO%
’ "5 261 4.30 60.70 Pk, g3 1ml FOHMESB5%
Y 76 191 3.27 5841 . R N -
" .7 9.45 337 7270 UTE: ARy’ ﬁHfC;n&i’. SNCi ()=
¥ v 8 165 281 58.72 RERM T BTH SN BERIDLLD
¥ v 9 2.27 452 50.22 K&z &b, LEOANoREE
’ *10 113 2.00 56.50 REBHTES, €LTELL L HEA
TEETFRUI, chonT i, B
A : Fractions less than 0.002mm when dispersed BB HOF ) —2ELPTVEE

with dist. water only. v —-VDOEHICEIL—BT 3

B : Fractions less than 0.002mm when dispersed
with completely. 4 FL sk
X : Dispersion coefficient (ratio); A/B x 100 R T B 55 0 X BET R

iZR&K L TFig. 4 ~Fig. 6 iILT;RL ,

T

[} §50°C
|
105°C K-clay

Fig. 4 Fig. 5 Fig. 6

Fig. 4. Oriented X-ray diffractograms of No 9 sample of the reclamation land
Fig. 5, Oriented X-ray diffractograms of Na 2 sample of the reclamation land
Fig. 6. Oriented X-ray diffractograms of No6 sample of the reclamation land

ENENOEF ROKED SFE L 7o k5L SLWAR 2 Table 41CF &b TR L 720

R L O LRI TIZ LA EHBIL, VTN CEC REANDENEYDHFY) v
M (Kt), 4154 P (It), W—3IFa54 b =204 vihBEHEH (VL -Ch) , 7954 +/
4154 MBS (Ch/I) BaBIN 30, AFBEORFOBOH>ENSDBDICIIEFOER
BB b tze 8OORMDIZEA LI, KEETRETH T ADEF K550 CHsnBsic iy 3
BEOKIBERT, Mg UKL O ZNEHICHIZA O EHF B2 % ¢ F KB LBED
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Table 4. Clay mineral compositions of Ch /It K ﬁh;{:fﬂﬁ’é‘t‘%‘\]M«»lO}id)mE o [@ #7488

the reclamation land and Ku- Mg fi+HRETIRE ond, KitnMniEsick
shi ~Okawa samples

ICI0A NEAE LA O BITT 240 Vt-Ch,
+ L UMg & U K& +0 %08 ic %10 Ao @52

DR LIS O [thikEfk L 7o (Fig. 4 Do

ch s oREtoftic, Vt-Ch, Kt s EEHYT,
Ch/It, It pspatkd 23Rk (Fig. 5)&It , Kt s
FikT, Ch/Llt psPifitd 538 (Fig. 6) eh<
1> SN,

2 AFEFA—NOEME6 10 A 16 AIEMHA HoR

{b5PtE &5 SRR

D pH, Hi¥EKE XU LK

108168 RAZEZ =D SRR L e RH RO
A Table 5ICEEBDTRLI, BEESDNZ
W R SBEOREV EHALITT, WIFhdETF
DERIAHONZH, WMHKRLOpHIIE KT H
O EIZRITDBEASHHAEIRL, ®IKDIT

Sample No. Mineral constituent
9./28 Nol Kt >ChIt, Vt -Ch>It
” 2 Vt-Ch, Kt >Ch/It,It
" v 3 Kt >Ch /It , Vt-Ch> It
" v 4 ”
U n5H u
" "6 It, Kt >Ch/It
v v 7 Kt >Ch /It >Vt-Ch>It
i r 8 "
" r 9 Il
" v i0 v
1016 No2 [t>Kt >Ch /It,Ch
" 10 "
" # 20 It , Kt >Ch /It
1./13 No.2 It >Kt >Ch /It, Ch
r 710 "
v v 20 It, Kt >Ch /It
Abbreviations : Ch=chlorite, Ch/It

AFNIHEREOMB B RBIN, T DRKIATIE,

=chlorite /illite mixed layer mineral, & LR T oA L HpH (000889 52 278 L 720
Kt=kaolin minerals, It=illite, Vt -
Ch=vermiculite ~chlorite intergrade

mineral

KRR AR O T O TR EA LHB 285~
B%%E LY, K EHATSL (PEE)D L EZIR
L3 hd LS (WER L) O £l TH - 70

Table 5. pH, particle size distribution and texture of Kushi- Okawa samples of Oct.

16
Fine soil (< 2m)
pH c Py T
: | oarse ine . ex-
Sample fo H,0 KCl sand sand Silt Clay ture
% *

1016 No. 2 7.15 6.50 86.89 5.84 351 3.76 LS
" v 4 6.39 5.60 92.22 3.05 3.34 1.39 ”
" ” 6 6.80 5.86 95.43 0.71 1.12 2.74 "
" n T 6.99 5.85 9517 1.03 1.42 2.38 u
" v 8 6.22 5.20 90.97 3.38 3.07 2.58 ”
" » 10 6.90 6.20 83.65 4.69 6.23 5.43 y
" v 12 7.36 6.65 92.22 2.35 3.20 2.23 4
" ” 14 732 6.65 88.24 3.21 4.81 3.74 "
" v 16 7.20 6.40 90.10 5.58 1.73 2.59 u
" v 18 6.32 5.61 89.84 3.39 3.99 2.718 "
" z 20 5.20 3.98 51.01 16.75 17.02 15.22 SL

*On the oven-dry basis of the whole soil material.
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2) CEC, M¥MiEERS X UHEEMME

Table 6 ICRREZLHDTRL. B EFHAORRHIEKM T HOKBICEHELL T, CEC 02#
4me /100 ¢, EHMEMg B0:Ca MLV B, HEMUBEREL NS Do CHERTE, D
BETROTNOSAMMORYMIIBLUT 2EAZR L. COMBOMMRLIR, BLaRow3 %%
AU, CEC#f1me /100 ¢ ATk, BEHRMCa@nt Mg BV 2 ERB{  HEMTE 050%% L
TER L ROKGHE TR - 1,

Table 6. CEC, exchangeable bases and base saturation percentage of Kushi - Okawa
samples of Oct. 16

CEC E xchangeable - bases Base
Sample No, sat'u-
me /1008 Ca Mg Na K ration
me /1008 %
10/16 Na2 1.55 0.69 0.39 0.05 0.02 74.19
" v 4 1.53 0.47 0.29 0.05 0.02 54.25
v 46 121 0.44 0.25 0.08 0.03 66.12
" v 7 1.07 0.35 0.22 0.04 0.01 57.94
v "8 1.10 0.26 0.21 0.12 0.02 55.45
" »10 1.69 0.70 0.39 0.05 0.02 68.64
’ v 12 1.35 0.60 0.34 0.04 0.02 74.07
’ *14 1.68 0.75 0.45 0.08 0.03 77.98
" v 16 1.17 0.45 0.29 0.04 0.01 67.52
" #18 1.48 0.51 0.25 0.04 0.02 55.41
’ » 20 3.89 0.18 042 0.06 0.02 17.48
RO C o /X 7} 1)

XREFROKHIZ, ROBASTFEL ABERBAROLDEBEALHEULLDOT, T TIREKE
Lo

MR D% I, Table 4 1ICRL7EY 1 AI3ARBERDEIZEAE—K LU 2o & DT
12, BRI DOTEEAICVE - Ch OBEENED SN - e

3 AEF)NIOBMSTE A 13 BEREEORL 34 &35 abmER

D pH, RZFMRE LUK

1 A1I3RICERIR L 2o i AR LB ORRIZ T LB T Table TIRFE L. CORERPICIE, BEDkE
VB ERMAROMHAR LD PH dHIEEREL D IZIZPHERL, ot SORMOBERIIRBIEES 312
FLTH -1

NEMERIZ, REFMADTCROMEATREREESLRBDON, FIEOLSO M CLD #ic
ZAELTHLP v P ERMNIERIC 57t B ERF DD 4 AT TIRRBERKICHL O DE(LH
BHon, WHFToBHREIN: (Fig. 7 ),

2) CEC, BEftMEERS L UEEMME

RRIZE LD T Table 8ILR Lo RICBNAMHKRLOBB I SELSROBMIC L > T,
LROIHMATRANE I D S CECHMBEAREL LD, B LHOROMATII5Eme /100 ¢ 251
L7co BMHEEARCEEMNECEME LTE, FIEIEABEKCa E0sMg L0 26EHL £,
BEAEN0ED 2 NIBENL LOBEEMAEER L. T2 THHAIKD S DEEDOHRBMNTRBIH
7o
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S Na 20 Nol18 MNal6 Nal4 Na12 Na8 No 7 No 6 No 4 Na 2
100
= B F ‘ ﬁ o
o 4 %
80
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Fig. 7. Changes of particle size distribution from the upper to lower stream in
Kushi -Okawa by the sampling time

A is the mean value of particle size distribution in the reclamation land samples.

B is the particle size distribution of Oct. 16 samples from Kushi- Okawa

C is that of Jan. 13 samples.

Sample No. starts from the lower stream site.

Table 7. pH, particle size distribution and texture of Kushi ~- Okawa samples of Jan.

13
pH Fine soil (< 2m)
Sample No
H,0O KCl Coarse Fine . Tex -
’ sand sand Silt Clay ture
% *
1713 No.2 7.21 6.55 91.60 2.20 2.45 3.75 LS
" v 4 7.01 6.15 93.11 244 2.98 1.47 y
¥ 76 7.25 6.35 93.28 1.12 293 267 4
y v 7 6.70 5.88 94.68 0.79 231 2.22 4
” v 8 5.99 4.75 87.70 4.03 474 3.53 4
z # 10 7.21 6.55 92.38 1.26 3.23 313 "
” v 12 7.40 6.75 87.96 3.10 4.95 3.99 ”
" v 14 7.52 6.65 79.17 2.82 11.34 6.67 SL
v r 16 6.71 5.75 74.80 7.24 10.12 7.84 v
u r 18 6.34 5.40 21.37 30.25 29.02 19.36 CL
u » 20 6.90 6.30 4563 28.44 17.87 8.06 SL

* On the oven-dry basis of the whole soil material.
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Table 8. CEC, exchangeable bases and base saturation percentage of Kushi - Okawa
samples of Jan. 13

CEC E xchangeable - bases Base
Sample No, . sat}l -
me,/100g Ca Mg Na K - ration

me 100 g %
1/13 N2 2.07 0.98 0.47 0.07 0.02 74.40
¥ v4 1.15 0.38 0.28 0.05 0.01 62.61
¥ * 6 1.17 0.45 0.28 0.03 0.02 66.67
’ 7 1.11 0.35 0.23 0.05 0.02 58.56
’ ,8 141 0.29 0.22 0.05 0.02 41.13
¥ »10 1.53 0.67 0.38 0.05 0.02 73.20
. r12 1.38 0.60 0.34 0.07 0.02 74.64
’ f14 1.77 0.74 0.42 0.07 0.02 70.62
’ r 16 2.60 0.79 0.46 0.08 0.02 51.92
’ 218 5.21 1.57 0.78 0.15 0.02 4837
’ «20 3.58 1.31 0.30 0.09 0.01 47.77

3) KLk

RBEMBROBR L3, Dl L CRT AR L iRk Eic>NT, BEBS0 XBREFR%E €
n&€t Fig. 8, Fig. 9 BXUFig. 10iLR LB MO EL SRE L -4 %3 Table 4
KRLABO TH 2,

EFROKHIZI IHAE bICOThd X EUT 31, BTFHE PRMA TiRIt Kt 8 EHKT,
Ch/It offic, Mg % UK #+RETHI4 A DEHF #2550 CMMLERICHLETICEET 3
¥#BD2s o534+ (Ch)pifkL7 (Fig. 9, Fig. 10 ), B EHMATIRED FiMS & 121258
BRI L7bs, Ch OREIREETH -7 (Fig. 8) . SEORREKHIFIE D £ 1 & AROEYM
KAERL, HAMICE T 2 RREBRAOEIZBD SNiTh ot £ LT, MMFKTOM-SMERI

1T T T T 1

. IR |

- |
\/h e %\M L.“"“ U ‘ @C
\Mj \?c - Jk;lddw\;: h):ikdvd Tw

Ai
Gly-
Mg-clay Gly- Mg-clay
cerol
Air- dry | Nir-dry
S t + i } + S } 1
B4 10 7 s 13K W07 5 3x B4 10 7 5 asn

cerol

Fig. 8 Fig. 9 Fig. 10

Fig. 8. Oriented X -ray diffractograms of No. 20 sample of Jan. 13 from Kushi-Okawa
Fig. 9. Oriented X -ray diffractograms of No. 10 sample of Jan. 13 from Kushi-Okawa
Fig. 10. Oriented X -ray diffractograms of No. 2 sample of Jan. 13 from Kushi-Okawa
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B #

EPEERBO LRI FEET 2L, RSP EEREE BT 28Rt \EEe—-Y/T, K60
BONBFEM (R £ TS AT BOKEEE U, LYK ERIT¥DOLICERL, CEC i34 7.5
me /100g THEME Mg Bi2Ca BL WA BEL, HHMANBE RN S BER Lo KititYHRiZ R
SREHONSOEHNET, Kt s EeM %S UthicCh /I, Vi -ChhskEpel, It MEEL 7o

BERRHLE C 2 2 AEA4 —)IlICi L iRz, TREEoHBREICEVTHInsépH i/
BEAEHHAERLU Iz, NEMERIIR ERBANUNTIIED8~BET, WIFNLLSOLHERL,
3 ABICR EREZD OB AL >RABO SR Shi. CECIRIZEAE 1 me /100 g AI#R%E R
U, btz &t o CECIKER L, HliRTICRBERECa LS h, EERME
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