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Fig. 1. Columnar sections of Gushikawa (O—30) and Bimatabaru
(O —31) soil profiles
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TAHVHERL, BREORBHIN VY LEABTHREER LIz, REBLIZ M F v T VEREORK
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LU VBBRIUEROEESITHONTIE, Table 2ICEEH TR LI,

HENA 3~ 10 BAHT A RMEORERE (1~ 48 TH REBE O 4BORLEHS,
20 FBOEBRELEHELLREY, BitBoRksH I RsE LEWERLET, CEC
10 vBBIERO TN OE L AS VEEAETR L. 5 1~3B TR, HELSTE~DY
BBt ~PRLET, BRARsENL LA RSO OROT AERNERL, BLEAKEE L
AR OEFBEATR SN, CRSOLEOBMEERD Ca BIZEK 2 me,/100g T Mg RO
BEE(, 1~6me/100g DHEM/NSVCEC LABKCTERERST 2EMGR L, BEM
DEMEERIKBAERE LTHIE 0@ L5 BER Lo 72, ) YEBRBUFEIZ 240 ~ 60018 /
100g TZOTFOR (K) EMOLIBUTERL, TRRERDT 3ERER LI,

5~6MORLBIIRET, BORBRALYY AESEET, FHEBEKTORA LTVBRELTR

Ui comot® (B) kaa'®sroEs? ofsicsBonrk, chootBmiz vy bt
DARHHG T0 BTEDESEELEEMEDED, £OBED L OMLABNE LS BETE AT
Uten 27, BREHED Mg BbiCalt kD% < K6~7 me/ 100g £ Lo CEC Za1H""")
PRKEED£h L FAICK 30 ~32 me/100g, AMRERS 1 BUTELALHRL, L Thb
RORKEEDICED Lo 2 LT vERENEKII FTORKEEEAM® 20 i2ENnIET, 1300
~1500mg,” 100 g %~ L7

BTROVOOIRKER (TH) BtaRne0 LoREBICHTHESRD 20%T, ME
B2 EREES R TESR U, COTETIR, BREEED Ca B9 20 me,/ 100g THED
REBEOELCRHAL, MglEhCaROESBBFTETHM L. SROIRKEBOERE R
a8 D oRREROEN S 0k —KT HBBAET L.

) Rtm&T 1 RIEVHER

B () OMEB LU FBHOXBEFRR (Fig. 2~6) &, WTFhbsMmnl, 4.
5BIUTEEENEIRETRL, ThooEMER ORI Table 3ICELHTRL .

1~ 4 BOEERE R (B) OHtamanki, XKROFROKH (Fig.2)bbnt Y Y#Y,
454, N—3%a54b—2054 rhIEELOA— %254 b — 474 OFRABRELY
BENENRE SN H4 Y VEEHIE, Ki+ 550°C IMBMEgic K& TRETH 7 A 0B
kT B, 454 M2, MgBLUKETORMEBICK 10 ADEFRHHEE LT E, /8=
#2354 2054 rpiER, KMIEETH14~10 ADEBILEVEHRES Mg TRETRON
FKETMBOABRICBRLA I IO A~NBEAE LINSE l \ i ‘

Fdace, BXUON—3Fa254 +—4 74 rFORHANE RS
Y13, Mg 5 LR THI2 AMHE ICE~ 272 R D#14~10 A
DL »E0BROEFRHSE LUK 550 °C LR
®ICH 12 AEOE -/ BEET HC LN L, ENEN
O LM MBREINIZ. ThoDEDMERIZ, KEILD
DI B 2O IIETEREICHR Y 5 RO LMK
PRESD LB Lo c TORERBTIRTRIZE <~
1Fa254 474 PORBRABBEYOMBHEEL, TO
REWIETALE (4 TRISICN—-IFa2F4F1

- 550°C

K—clay

Air—dry

Mg —clay

LM

| \— Air—dry
—s7u054 rhIEOLHELT, 4174 bBRU»N-IF 1814107 5 3.3A
274 POMEEHOERE GD, MICH Y VYL Fig. 2. Oriented X—ray diffractograms
ETro0%ETHS (Fig-4)o N—IF2 74 ML, of deferrated O—-30—1 clay

Mg 5 RETH 14 A OB HREEEE 5 KM L RETHI0A fraction
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Table 3. Summary of mineralogical analysis of clay and silt fractions
in two soil profiles

Sample Mineral constituent *
no. Clay fraction Silt fraction
0-30-1 Kt, It, Vt =Ch, Vt /It Qz >335 Fd
v -2 ” Qz
» =3 Kt, It, Vt —Ch ”
n =4 It, Vt > Kt ”
# —5 It, Mt > Vt, Kt Qz >> Fd
” -6 ” Qz >>> Fd, Cb
- It, Mt>Vt, Vt — Ch, Ch, Kt Qz >> Fd. Cb
0-31-1 Kt, It> Ch /Vt Qz > Fd
v -2 ” ”
”n -3 ” Qz >>Fd, Cb
| Mt, It > Vt, Vt — Ch, Kt ”
#» -5 It > Mt, Kt, Vt, Vt— Ch Qz >> Fd
” -6 It > Mt, Kt, Ch, Vt—Ch > Vit Qz > Fd, Cb
” -1 ” ”
” — 8 ” ”

* Abbreviation : Cb = cristobalite ; Ch = chlorite ; Ch/Vt = chlorite / vermiculite
irregular mixed — layer mineral ; Fd =feldspar ; It =illite ; Kt = kaolin
minerals ; Mt = montmorillonite ; Qz= quartz ; Vt = vermiculite ; Vt —Ch=
vermiculite — chlorite intergrade; Vt, It = vermiculite./illite irregular mixed

—layer mineral

@ ‘

5 15 25 35 45 55
26 (Cu, Ka)

For legend see Table 3.
Fig-3. X —ray diffraction patterns of the Gushikawa (O—30—1~—7)
silt fractions (Random orientation)
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DEFRSREICEA LBFT 32 EDbAEENI. TR oD LED S TRA~DG TOMLEHERD
AT HERE, TRAERERICE 3R EEMORILERE TR Lo Y MBSO | REDMBRII,
chETo EHHE<v-V" 0 BRe-v" PO p L mgiciz LA SRESTENY T, REECR
SROETE B Lo BER X BEFRN (Fig.3) ©3.35 A FEOEH#, £A13.20 A MED
A5 52 NENRAE SN,

REE (5~6/W) OXBEHN (Fig. 5) o, €0 LEOEERBOEN LIH SHICRA
D, TEMLEMELTEYEY) nr 4 bpEEsh, MY o0pwaR K) BEER

|} |

!

—— ]

550 °C 550 °C
K—clay
K—clay
Air—dry
Air —dry Mg —clay
Mg— clay )
, | ™ Air —dry L ' Air—dry
1814107 5 3.3A 1814107 5 3.3A

Fig. 4. Oriented X —ray diffractograms of  Fig.5. Oriented X—ray diffractograms of
deferrated O —30 — 4 clay fraction deferrated O— 30 — 5 clay fraction

BOBEATR Lo EvEYOFA M, Mghits Vo —B%RICK 18 A Mt OB 2 EHFr#R
DBEETZCEDORAEI N COLBTRA T4 FEEVE Y nF 4 FEERTEY T, fC
—3%a254 FBXUNZY VEHOBMAELIZ, £ LTI REDOEERIERT, ZOMICEAP7 Y
Z b5 4 b OVDBRERE Uz, v BRSO XREHRN (Fig-3), 4.04 A MEoBfrE»57 Y X
FoX5 4 MIRIEI N BERBTROVDOWIRKAEBSKRICBRE INIMEEITD 7 054 by
C$4a54 b—sn54 MR, BXOYAL MESTOAAYA M Fawd ppe 00 4
WTFNAREINL L OB TH %,

BTEOVOYHRIEE (1) 13, XREHH l‘] |

OK# (Fig.6) 15, chE TORRER™ >
LREBICA 74 roEVyEY DFA POKLEHOE
KA G, it/ s—3F 254, N—=3IFa254
—sua54 v, 7954 bBLUHZY VED

DBERE UTco £ LTV MBS D | REEDIAGEDLE Pe0c

kA ED, BICEREZ ) R T4 P BLBEEL K-clay
P28, chETIRLUBLERAEIN TS ALH A b Air—dry
o raeq MBSO e n LR S -7 Mg —clay
(Fig.3)s H | 1 Air—dry

— } }
1814107 5 3.3A
Fig. 6. Oriented X —ray diffractograms of
deferrated O—30 —7 clay fraction
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HEERERHT S 1 ~5 MELMICHFRET, ROBREMEET 25 MOBT ) 4 U b LUK 2
HHORBH Vv bEBET IRMERTE, VISV DW I EERMORYELER LI T s To
EFEMED 1 ~3ME 4~5WTIR, BILPHICELVERSED OGN, | ~3BHPRL~HLE
T, 500 - 30 DEBEMMOREMRICHIT DB Lits, EMAICE L RERBE L LEDD T8
DU TR T BERRR SN D ~120 COTERTODEDOEE DRBELA F 9 7 1
RERHICHIR INC EERRT 2, BREREDCa & Mg 0A4Riz 1me 100g UTFT/h& L,
CECi36~Tme/100g, ) YMBIRGKIKIIN 55008, 100 82 2h E0R L, 2MHici2EEL
FHOVTNGEDO - 30 DEERELIR (B) 1B L7,

@ﬁ@4~5§ﬁ%@¢%@iﬁmm~rvwr@ﬁiﬁlﬂﬁﬁ%b(.m@@lm%lﬂitg
WHR LS B ORI EORBOET Lz, BERBERDCa & Mg OARGA 10 RICE L A L,
HIC4MTRCal e Mg RO LTS S me/ 100g L% LS, 5MTIRAIEH Ime,/100g IKlKF
BRADBR NI, CECODROMML. 4MTE L oro 2 LT 1 EUTOEMEE BR800~
%0m/1%gmﬁ¥mmbtvy@&u%ﬁﬁ£§ﬁbr,coiﬂ@ﬁﬂﬁ%&m,L%@HE
B & ROBKE DTN SR LT L OB HTH 3.

6 ~8 MORKEBOBLRE R, %60 TMEL VNI TCEE L RKEm 519 nene .
RETRIZUEGS 205 LBMICRIHIED X EHT 3RMOE SN0 T > TORKERIIE+
BRI 10HBFTHB 0L, BTy MESDTO BHRTE L B0 v VEREOBEAT Ui,
Thefhic, BRUEGEOKSRIUEC, BRBEED Ca R 16 me, 100g TMg BOK 2me,/
100g £V »7uDE> 7. CEC 1419 me,/100g THEEDRKEE™ Doz n & b ki icls
VBT L7,

2 HEHBEU 1 XUHER

HETR B ORLLL0 L BHO XRES 1] | , r
B (Fig.7~11) i, "FhbBBma1, 4, 5 \J%¢~J_MJKN%O€
BXUEMEELMORKE LTRLA, \Mﬁj |

¢ s TORERME (1~3 ) OMLEvmasI2, 300C | K-—clay
XMEHE (Fig.7) ORBb 514 ) V8B LU 105°C

174 PsFEkELEDBC LTIk, RORBEREO €
NIBBILIW, *—3%254 =205 behig
MEHELT2054 b—N—3F 254 FOFREH]
BRMLOOEET 500488 TH 2. COBORBEE 0l - Air—dry
Yo EERM € NICHR T B LM hICELE T 2003, 1814107 5  3.3A

INFITIRBEBRONBVESCEPNZ, 7 0
T4 b ==+ a574 FORKRABEEDIZ, Mg
KIRESICKELIAEOWTFho XKEFND,
%DO —-30—-1 (Fig.2) oxhEiREEY, 14 ABLU10 AMSEICE hEh o BB B4 S
én,KHiEﬁﬁ&UM%ﬂETMAt10AWﬁ@ﬁ@ﬁ%@ﬁ%ﬁﬁKﬂ—i*;?4b@ﬁ
E%%&T%ﬁmwﬁén.KHiﬁMﬂCM%%E%K%IZAWﬁ@%%K@ﬁﬁwﬂwénéc
ERLREEEN, Y SO 1 REYMKIZ. XMEFR (Fig. 8) Ol > 2 0E TS £
NICART 3 LML AR, AXESTEEYTHICOBRDOERE 7 Y X b5 4 b bl Lss,

Air—dry

Mg —clay

Fig. 7. Oriented X—ray diffractograms of
deferrated O—31—1 clay fraction
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\ | Fd 1 Il 1
4
) | ! ! :
5 l .
l | ! ! |
6 co
| | | | | !
5 15 25 35 45 55
26 (Cu, Ka)

For legend see Table. 3.
Fig. 8. X —ray diffraction patterns of the Bimatabaru (O - 31—-1
~6) silf fractions (Random orientation )

I
L lM 550 °C
550°C ‘\/‘/

|
300°C K —C]ay

|
‘ 105°C
\\U K—clay Air—dry
. L Air—dry Glycerol Mg —clay
Mg —clay .
1 4 Air—dry U~ ! Air—dry
1814107 5 3.3 1814107 5  33A
Fig.9. Oriented X-ray diffractograms Fig.10. Oriented X—ray diffractograms
of deferrated O — 31 —4 clay of deferrated O— 31—5 clay
fraction fraction

o 4~5WMOEERMEO XGEFN (Fig-9, 10) O%#iz, 20 LBOEARMOENERIHF
LSRRy, FEHLIGYZIE )0 A4 bPA4541 FCEDMICN—IF2aTFAL b, N=3FaT
Ab—sa54 MBS EUHA Y VEMMHEE L. €0 SRRV DY 3 BIEDR (K)
glO121818,16) 12 b e L CRBIL, € £ FORKE MOKERICHH L EUT 3HMET
Lo —HZ20 Y0 b B3, XREFE (Fig. 8) DKl SEENTHRT, HICRES2 Y 2 bt
54 bR LT EOM & RBROESMBRAET Lo

6~8 MO bW 3 RKEMO XREFN (Fig-11) ol&id, chiTICRE LRRER"™
1616) 1 2 nic k CEEBI L, TEMEEBIZOTNGA 54 boEvE ) nFf bHET, ficHdY
V¥, 2uasA4 b, N—=IFa2F54 +b—70541 rhfERE LU -1Fa T4 FENENEES
Nieo T7 U0 MESO | REDKRSARICEESTELENT, MICREP2 ) A be5 4 bRl
Lic. 2LTE > Th, %SoBRTEORKER (1) LRk, BEEoms > YrzLaLan
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thantc Fa<q r2aLy4 FOREIFTBRIZEED Shish o7,

~ JU Gh;vcerol
e p= Alr —dry

1814107 5  33A

Fig. 11. Oriented X-ray diffractograms of deferrated
O —-31-6 clay fraction
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Summary

Two soil profiles were selected in the middle and the northern parts of Okinawa Island in
order to characterize physical, chemical and mineralogical properties of the soil in relation to the
underlying deposit materials. And special attentions were payed to peculiar layers interlain for
genesis and mineralogy. These two profiles consisted of acidic red and yellow soils which were
locally called “Kunigami maaji”, Kunigami gravel and marl (or mudstone) in descending order.
One soil profile (no. 0-30) was located at Gushikawa, Gushikawa-shi of the middle part of Oki-
nawa Island and the other profile (no. O-31) was at Bimatabaru, Nago-shi of the northern part.

In the both profiles the layers of “Kunigami maaji” soil and Kunigami gravels which contained
quartzite were red to yellowish, strongly acidic, and of light clay to sandy loam. The upper
layers were considerably low in exchangeable bases, CEC, base saturation and phosphorus absorption
coefficient. The major crystalline materials in the clay fraction were kaolin minerals, illite
and vermiculite-chlorite intergrade, and the minor ones were vermiculite, and illite or chlorite and
vermiculite irregular mixed-layer mineral. In the silt fraction the primary mineral quartz was the
major constituent, and also found were feldspars and/or cristobalite in a minor quantity.

On the other hand, the lower layers consisting of marl deposite at the both profiles showed
grayish color, slightly deposit at the both profiles showed grayish color, slightly alkaline reaction,
and clay loam to silty loam texture. They contained a small quantity of free calcium carbonate
and effervesced with dilute hydrochloric acid solution. The CEC and phosphorus absorption coef-
ficient were comparatively high and exchangeable calcium was much higher than magnesium. The
major crystalline materials in the clay fraction were illite and montmorillonite accompanied by a
minor amount of vermiculite, vermiculite-chlorite intergrade, chlorite and kaolin minerals. The
primary mineral in the silt fraction was mainly consisted of quartz accompanied by a small
amount of feldspars and cristobalite.

At Gushikawa profile (no. O-30) a peculiar red colored thin layer was found between Kuni-
gami gravel and marl deposit. It was assumed that the red layer was formed by a translocation-
accumulation process of the materials from overlying Kunigami gravel to the present position. The
red layer was strongly acidic and of heavy clay. Exchangeable magnesium was higher than
calcium, and the CEC and phosphorus absorption coefficient were much higher in this layer than
those in the overlying layer of Kunigami gravel. Neither the intergrade nore the mixed-layer
minerals were identified in the clay fraction, and quartz alone was identified in the silt fraction of
the red layer.

The mudstone deposit overlain by the red layer was quite similar to the color of previously
mentioned marl deposit. But it carried some properties of acid sulfate soil, namely it was strongly
acid and contained more exchangeable magnesium than calcium and showed texture of light clay.
Accordingly a remarkable difference was recongnized between the mustone and marl deposits by
the contents of calcium carbonate. It was assumed that changes of substances and sedimentation

condition had caused the difference in the deposits of mudstone and marl.
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At the Bimatabaru profile (no. O-31) thick layers containing quartzite gravels were found
between Kunigami gravel and marl deposit. These layers were red and yellow in color, clay loam
to loam in texture and acid to slightly alkaline in reaction. The major crystalline minerals in the
clay fraction from these layers were illite and montmorillonite accompanied by a small amount of
vermiculite, vermiculite-chlorite intergrade and kaolin minerals. In the silt fraction identified were
quartz in a large quantity and feldspars and cristobalite in a small quantity. Any of physical,
chemical and mineralogical properties of the layers were intermediate between the Kunigami gravel
overlain and the marl deposit underlain. From these findings suggested were the mix up of
Kunigami gravel and marl deposit to form the interlain deposit during sedimentation. It was also

assumed that montmorillonite in the interlain layers was originated from the marl deposit.



