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% 7!< LY dissection of the Plain I . Bro LR
Postglacial stage Plain I Recent
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Wiirm glacial stage Formation of the submarine terraces . terrace
Plain II RENEE
Plain IT DHER & BRYT BRI B
Deposition and dissection of the Plain II t%i?’icéno

)R - T v AREKE f————

R/W Plain IIT O#&4F ‘
Interglacial stage | Dissection of the Plain III TREBRRE

Plain Iy | Shimoste
T | Plain IIl O terrace
) = Kk M Deposition of the Plain III
b
Riss glacial stage | Plain IV oO#:% & BT . Plain IV g’l%E g{aﬁz
Deposition and dissection of the Plain IV te?;;lce
IV F- ) ARGKEA Plain V OfEH | |
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Interglacial stage Plain V Kunohe
S Plain V OHEFRE terrace

Deposition of the Plain V

VT vk
Mindel glacial stage

ELvv oI UF
FK IR ) o E1/gssion
Interglacial stage

¥JV‘Y7KEE

Giinz glacial stage
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and the Pacific region of the main parts of the
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- = TAKENAGASY Hor1”
Tokuro- Okinawa-jima Ishigaki- | Iriomote: Contral part of
shima Northern part| Sog';}:tarn jrma jima Okinawa-jima
1
50 LR Mb (O~6m) |
Recent a I%wrgxn 53
deposits (7~10m) terraces
(I 6m)
BB &Iﬁ%ﬁﬁﬁ@q@ﬁ’i(ﬂ%
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err margin of the Plain III AR
Middle
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20~70ma® (15~50m) | TIb (15m)
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IS S| I A K 200~~400m (D 5 Upper
AALBE T, 160~250m) 200m )}/ F BB BT terraces
Ttokina |Plateausatthe Naha Stepped surfaces (1, 100m)
terrace |margin of moun- limestone, in accordance of
tainousregion, less than levels at 200~ [
160~250m 200m 400m |
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AZEHEYER RARBHLUE T
Kinoko Itokina corresponding terrace

corresponding
terrace

Bk A T AV g
Sea-level FELDOERK

W oy [ Red soil formation
LAY
1277277017 777774%)
RV Featn_RHEE

8208 Secondary deposit of red soil

Kametsu corresponding
formation

Fig. 1 #Htommii (1)— e 1—(1)
Forming epoch of the Red Soils (1)—[Hypothesis 1—(1)].

BEBEPKETE(HLETAESKRES (Fig. 1 2f), LhL, ZOBAICRKRO LS EEMEN
P$1EdEd2ohBL5ICBbLNS,

Z2p—2i, BHMBOMIFOESD»LRT, ERINAFELMEMOBEED, SABICEHMIN TS
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COBBEFRNTBHERO 2 2OBABEEIN S,

a) HWKEEOENEEZEZ LGS

sALHICEALE (FOBME) BEETALYIKE, CORBREDLIEVERNERERCHE-T
WG NIEE B0, BERECHeIRERINkic, B—EKER N TERELLAHERSEOE
WHEREZHEE2ARERIBEALEEDEEY (Fig. 1 2R), S¥T 51, AARZHOKRICK 55
PriZ e DRRLHICIEE D, AZEROHEN (REBOHRBOEE -» 2R LT BEMNFEELTY
TLbDERONEDT, BERZEAE»SRTH, COHEKH LV IV OHEMMSE R ON 2K FE
Z NI,

Lici > T, RO b) OBEEEEE LTI 5180,
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MY g
it | SABMEURE
corresponding "Ok”la‘_f?i'_e_sff’ff'_”_g_f‘iTEC"(D)
terrace 2T T -

) R e Sl e e S 71/} I /// /7 // v/
: Nt
down | R - :
\ ed soil formation
(A)
HEAEUE
Kametsu corresponding
formation
Fig. 2 FfatOAREE O—EERHE 1—(2)
Forming epoch of the Red Soils (2)— (Hypothesis 1—(2)].
A R AR YEO¥EKEER Sea-level at the red soil formation.
B : RAALBEEERLIE3EKER (F8) Presumed sea-level for swamping the Itokina
terrace.
C:HFLLWHBO#RE (FR) Presumed deposition of a new stratum.
D : #HatBoHRE ) Deposition of the yellow soils (parent material).
SpABELE T
ltokina corresponding terrace
T — (D)

FEtnErl

Red soil formation

(A), (B), (D) i& Fig. 2 AL
(A), (B), (D) are the same as in Fig. 2.

Kinoko corresponding
formation
Fig. 3 Hfatohmsl 3)—(EERH ()
Forming epoch of the Red Soils (3)— (Hypothesis—(2)].

BOHBEBEDTKRE (LY, Fig. 2 0LHCAZEBORE S RIFHOBIC L 2 EEBTEIN S,
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LR LW, FaLoERL, FEREELORBORBTIBOEKDS, T TRZOLHIORRICITHN
Tk EZ oM 5,

RGN 2) AARZMUBREERIADERETEELS

CTOEAFNED LF SN AEME LTI IR LERIEEE UT Z ORIICRRRBONKE
HEOLERERNEZZ ONBZCE, i, IR TORAEHOBEHAMLBHILDE L, Rk®IIEHE
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ERHYBLDEIDICHNC EBER SN S,
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0.03) X100 AR, Fibhb, LlD 2) Mb- EdBATHELEATN D, i, ERRH S T
otz 2 AOERIE DN T A4 BRBREEMA SRMBBLLITIELSZN, dL, ZOXSBHEMNSB -
ELTh, PRoERBRECE BRon2RAREELOMES, HREOBENIE, LR, R0
BRITERNE SO TIXEN TR EZL TN 5,

2-6 FBIEBOERRME

BB LOMEPEALOREIERCEYE LT, PERELNEORERORFEIRE LTOHRE
T oA EEBES SUBKREEDOBRED 5, ALoRALEREER LSO EO BRRIEE Table
SIRLIEESICHEEL, Licd- ThiEIB 1 2R ERe L3ERAGLFEICIMT 560 TR
L7

—F, hEKROEBRICE T 2 LIEOMBENAHCHET 2 EHP ORI LhiE, FELREREE
Bk S B BB Bl s & bILARiL, EVA—VYRTOBSERFICIRT 774 MELRS
FTFHEND, CNLOMKICE Y 248 - [BENMZMEE Table 3 IWRTEEVTH S,

—%, BNEOBRIC X 3 I 0LY - [EEHIZRG (Table 3 2R) 1, MBRPEREOLE -£
YIS BE O PR~FE AT > THRET S, 7774 tHELOSMT 2 hEOEBEAFIY
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Table 3. REtofFELARME (FH), MBS IUBERERD
H#) - [EEM GRFH - IR, SUREWE X UEHD)

Bio-climatic conditions of the age of relic red soil formation

in the main parts of the Japanese Islands (presumed), Oki-

nawa and the eastern coastal region of China (after Martsui
& Karto®, the late Kojma?® and Kanno!®)

Nz 4] =] .
TSR o ok & | BREEE |
H b mean Annual |Daily accu-| # £ | £ &
tempera- precipita- | mulative Soils Location
Region P tare tion [temperature[Vegetation | distributed | (Latitude)
C) (mm) C10°0)
R —
e age of relic re - vergreen | .
soil formation in the a’t;%ut 1’503 000 > 5,000 | hardwood fi{lc il —
main parts of the ’ forest ed soils
Japanese Islands®®
7 Relic red
i & 20.8~ 2,000~ > 8,000 Ibid i °
. ’ s . soils, 24~27°N
Okinawa2® 24,5 2,500 Yellow soils
RE O PR > 1000 |5, 00 —
. s , 000~-5, 500 . Red soils, 070
Central subtropical | 18~22 | 7 b00) | (6,500) bid Yellow soils| 25~27°N
rh R o B P B "
South  subtropical 22(24) | > 1,200 [6»590~7,500 Monsoon | Lateritic | 5 )5oyy
zone of Chinal® (8,000) | forest soil
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R SRR

Fig. 4 HERBHEERLTREATORMNR (X
Vertical section of the summit plane of Mt. Yuwan,
Amami-6shima (Schematic presentation).
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E===—=—==3 L
F

H (Greasy)
Ag (With a dash of bluish gray)

B~Bg (Light yellowish brown)

G (Light grayish blue)

/// /// // Bed rock

Fig. 5 EZRY~G &i+#o Wil (EXRD (Fig. 4 2R)
Profile of ERY~G soil (Schematic presentation) (see Fig. 4).

Eroded terrace
gRY-soil

BT, S Deposited terrace
WALl LA

Bed rock

Red soil

Fig. 6 #ZEABBEELHEMEO® TR HEBOMMNN (EED

Vertical section of the gently sloped narrow branch ridge
in the vicinity of summit of Mt. Yuwan, Amami-6shima
(Schematic presentation).
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On the Genesis and Classification of Forest Soils in Okinawa

Tadashi Kurotoriv?, Hiroshi Kawapa® and the late Toshiro Kojma'®

Summary

1. Introduction

The study of forest soils in Okinawa was begun by Kuroror! in 1967 and 1968. It was
handed on to the late Konma in 1968. He devoted himself to it for many years. It was an
unfortunate matter that his study was discontinued by his sudden death in 1976. A part of
his data was fragmentarily reported but a greater part of them and his unfinished manuscripts
were left unpublished. They were edited by Kurotort and Kawaoa and appeared as a research
note in the Bulletin®®,

Okinawa is located in the humid subtropical zone and the forest soils in this region are
quite different from those in the main parts of the Japanese islands. Kurotort and Komma
proposed a temporary classifying system for the forest soils in Okinawa at the early stage of
their study. Recently, the Forest Soil Division of the Institute proposed a new classifying
system (1975) for the forest soils in Japan, including Okinawa’®,

The late Kojyma reformed the taxonomic position of the soils in his data by the newly
proposed system. However, the editors arrived at the following opinion that the newly proposed
classifying system was still unsatisfactory and incomplete for the forest soils in Okinawa at
the end of the examination of Konma’s data. They supplemented the Reddish Yellow Soils
(soil subgroup) and the Rendzina-like Soils (soil group) to the newly classifying system.
Furthermore, the authors were of the opinion that a more detailed classification of the Red
Soils (soil subgroup) and the Eutric and Dystric Dark Red Soils (soil subgroup) than that of
the newly proposed system would be necessary, but it has not been included in his note¥.
Though a detailed discussion on the genesis of the soils was also necessary, it was not included
in his note?® because of the lack of references on hand.

This paper deals with a discussion of the genesis and the classification of the forest soils
in Okinawa to answer these remaining problems.

2. Seil subgroup : The Red Soils

2-1. The newly proposed classification of the Red Soils in Okinawa.

The authors proposed to set the “soil family” between the soil subgroup and soil type as
a new intermediate classifying unit. Soil family is used as an auxiliary unit as needed and
it is set in the following cases : The soil is characterized by the marked effect of its specific
parent material or by the complex soil formation in current and past ages, etc.

Generally speaking, it would be possible to say that the soils in Okinawa strongly reflect
the effects of their parent materials and that the distinguished differences of properties among
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soils belonging to the same soil type and coming from different parent materials are recognized.
So the setting of the soil family would be efficient for the classification of the forest soils in
this region.

The newly proposed classifying system of Red Soils (soil subgroup) is as follows :

They are subdivided into the following three families.

D R{@)--- The red soils from diluvium.

They are the most common and widely distributed. They are the representative red soils.

2) R(p):--- The red soils from palaeozoic sandstone and phyllite (slate), etc.

Their distribution is rather limited. Their chemical properties and productivity in terms
of forest stands are intermediate between those of the R(d) and R(An), or rather nearer to
those of the latter.

3) R(An):--- The red soils from andestic materials, i. e. the Nagura Gravel Bed in Ishigaki-
jima and the tertiary and quartenary andesites in Iriomote-jima and Kume-jima.

Their distribution is rather limited. They are characterized by their dull red hue of the
B horizon in a wide range. The hue of a greater part of the R(An) soils is 2.5 and 5YR 4/8
(reddish brown) according to the Munsell color chart and it is the intermediate hue between
that of the representative Red Soils, R(d), and the Dark Red Soils (see 6) and its successive
changes reached to 2.5 and 5 YR 3~4/4~6 (red~reddish brown, dull reddish brown, dark reddish
brown~dark red) which is the range of the hue of the Dark Red Soils. They are lower in
C/N ratio and higher in pH value and rates of exchangeable base saturation in comparison
with those of the representative Red Soils. Though their hue of the B horizon and chemical
properties are rather similar to those of the Dystric Dark Red Soils (soil subgroup), the authors
attached an importance to the difference of their geomorphic surfaces (see 2-2 and 6) and free
iron form which suggested the effect of the relic lateritic weathering similar to that of the
Red Soils.

2-2. The genesis of the Red Soils.

The Red Soils in the main parts of Japanese islands had been believed to be one of the
zonal soils for a long time until the recent works by Omumasa, Kurorori and Kipacur (1957,
1963)8058) and a little while later by Marsui and Karo (1962~65)3%~3  They proved that
the Red Soils in the main parts of the Japanese islands were the relic soils formed at the
warm epoch (interglacial stage) in the Diluvial Epoch. Nowadays their theory is generally
accepted. However, opinions concerning the exact epoch of the genesis are still divergent.
The former researchers presumed that it was the Giinz-Mindel Interglacial Stage, but the
latter presumed the Mindel-Riss and Riss-Wiirm Interglacial Stages.

Kurotorr and Korma (1969)8 confirmed that the Red Soils in Okinawa were the relic soils
similar to those in the main parts of the Japanese islands. Their opinion ‘was based on the
following facts :

1) The Red Soils distribution was very rare in the mountainous region and it was limited
to certain geomorphic surfaces, i. e. the upper terraces covered with the Kunigami Gravel Bed
and the corresponding terraces (those covered with the Nagura Gravel Bed in Ishigaki-jima)
which were formed in the Diluvial Epoch.

2) The highest altitudes and the ranges of altitude where the Red Soils were distributed
were different in the main islands of Okinawa and they successively decreased and became
narrower from the northern to the southern islands in the order of Okinawa-jima, Ishigaki-jima
and Iriomote-jima (see Table 1).
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3) Their geomorphic surfaces, parent materials, morphological features and properties
were quite similar to those of the Red Soils in the main parts of the Japanese islands.

The geomorphic and geological studies of the terraces in Okinawa described hereunder
would be efficient to solve the problems about the genesis of the Red Soils in this region.

Nakacawa (1967, 1969)4®~50 pointed out the following facts in his geological studies of
Amami-gunto, the group of islands to the north of Okinawa :

1) The stratification of the soil horizon of the upper terraces, the Itokina and Kinoko
Terraces, were different from those of the middle, the Kametsu Terrace, and lower terraces.
In the former, the red soils with a deeply weathered gravel layer and bed rock were thickly
developed under the yellowish brown colored surface horizon (10~30cm in depth). But in
the latter the red soil was not detected.

2) The red soils on the Itokina and Kinoko Terraces were the relic soils.

3) A similar relation of the occurrence of the red soils and the terraces was also recognized
on other islands.

4) He cited the absolute ages of the Itokina and Kametsu corresponding Formations in
Kikai-jima dated by the Th2® and Pa20! method were more than 50X 10¢ yr. B. P. and over 6X
104 yr. B. P., respectively, and that of the Kametsu corresponding Formation in Okinawa-jima
dated by the C!* method was more than 3.4Xx10¢ yr. B. P,

Nakacawa (1961)4" divided the depositional plains distributed along the Pacific Coast of
the main parts of the Japanese islands into a coastal plain and four terraced plains, which
were termed, from the younger to older, 1~V plains and he confirmed their mutual relations
and the glacial chronology by the Pleistocene eustasy. He (1969)5 also expanded the subject
to the Ryukyu islands. The mutual relations of the terraces in the Ryukyu islands to the
main parts of the Japanese islands and their glacical chronology were briefly summurized in
Table 2.

Naracawa presumed that the Plain III which includes the Kametsu Terrace was formed at
the Riss-Wiirm Interglacial Stage.

The division of the marine terraces in the central region of Okinawa-jima and their
mutual relations to those in above-mentioned Amami-gunto after Takewvaca (1970)% were also
summurized in Table 2, The authors are of the opinion that his data suggested that the Ila
and II b Terraces which corresponded to the Kametsu Terrace and the Plain III after Nakacawa
would be formed at the Riss-Wiirm Interglacial Stage by their grade of coralline reef develop-
ment, etc,

Hor1 (1968)7 also divided the marine terraces in the same region as expressed in Table 2.

Summarizing the above-mentioned geomorphic and geological studies, the opinions of all
researchers well agreed that the Kametsu and corresponding Terraces were formed at the
Riss-Wiirm Interglacial Stage. Since all of their opinions are based on that the Shimosueyoshi
Terrace in the main parts of the Japanese islands corresponds to the Kametsu Terrace and
the Shimosueyoshi Terrace would be formed at the Riss-Wiirm Interglacial Stage, it would
be very reasonable that Kametsu Terrace would be formed at the Riss-Wiirm Interglacial
Stage. However, there is still a contraversy among the geologists and geomorphologists about
the forming epoch of the Shimosueyoshi Terrace, being either at the Riss-Wiirm or at the
Mindel-Riss Interglacial Stage.

The authors examined the hypotheses on the epoch of the formation of the Red Soils in

Okinawa and the results obtained were described hereunder :
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Hypothesis 1. The stage of the deposition of the Kametsu and corresponding Terraces.

This hypothesis seemed to be reasonable at first sight. Taking a broad view of the matter,
the wide distribution of the Red Soils on the upper terraces and old stable geomorphic surfaces,
such as the gentle slopes on the hill tops, suggested that all of the terrestrial parts, including
the Kinoko and corresponding Terraces which were presumed to be formed in the glacial stage,
were expected to have received the baptism of the lateritization, the forming process of the
Red Soils. However, the following two points at least are questionable :

1) Considering the current state of dessection of the upper terraces, it would be natural
that the very abundant red soils were lost by erosion and they should be secondarily deposited
into the middle terraces, the Kametsu and corresponding Terraces. Though the inflow of the
red soils into the middle terraces would affect the genesis of the Dark Red Soils (see 6), their
effects would be limited only to the upper part of the soil stratum and it would be dispropor-
tional to the scale of erosion. Futhermore, the red soils were scarcely recognized on the
middle terraces.

2) The second question is the morphological features of the Reddish Yellow Soils (see 4).
They appeared on the stable geomorphic surfaces of the upper terraces, the Itokina and cor-
responding Terraces, where the Red Soils were most widely distributed. The Reddish Yellow
Soils frequently intercalated with the thin pebble layer between their surface yellow and the
next red soil horizons,

The fact that the gravels in the yellow soil horizon and the pebbles were fresh in com-
parison with those deeply weathered gravels in the red soil horizon indicated the later deposi-
tion of vellow soil on the red soil. The following two cases may be presumed to explain the
yellow soil deposition;

Presumption (a)——The case without the elevation of sea-level.

Though it was necessary to presume that the Itokina Surface must be a low land for the
deposition of the yellow soils by running water, it was nearly impossible that the geomorphic
surfaces under arid circumstances where the red soils were formed changed to low land after
the epoch of red soil formation, the Kametsu Epoch, without the elevation of sea-level (see
Fig. 1). As it was presumed that the dessection of the Itokina Surface started at the epoch
of its emergence upon the sea-level and the valley formation developed at the epoch of the
Kinoko Terrace formation, i. e. the early stage of deposition of the Kametsu Formation, so it
is nearly impossible that the new deposition of soil in a wide range occurred on this surface
from the viewpoint of the land development.

Presumption (b)——The case with the elevation of sea-level after the epoch of the red
soil formation at the Kametsu Epoch.

The scale of the elevation of sea-level in this case would be presumed as expressed in Fig.
2. As this elevation of sea-level meaned a warming of the climate, so only the deposition of
parent materials of the yellow soil proceeded in this epoch and the yellow soil formation was
presumed in the subsequent epoch when the sea-level lowered. If this was true, the remarkable
deposition of the later Kametsu Formation occurred or a new stratum was formed and the
breakage or burying of the Kinoko Formation took place. But these phemomena were never
detected.

Summarizing the above-mentioned considerations, it is very difficult to accept hypothesis
1. Soit is reasonable to presume that the formation of the red soils and the deposition of the
surface yellow soils of the Reddish Yellow Soils had occurred at the former epoch. In the
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authors’ opinion, if the red soil formation occurred in this stage, it would be only supplementary.

2) Hypothesis 2. The stage of the formation of the Itokina and corresponding Terraces.

The bases of this hypothesis are as follows : .

The highest elevation of sea-level in the Pleistocene occurred in this stage. The develop-
ment of the upper terraces and coralline reef limestones suggested also that this stage would
be under remarkably warm climatic conditions. The secondary deposition of the red soils
eroded from the Itokina and corresponding Terraces described in hypothesis 1 is well explained
with the emergence of the red soils on the Kinoko and corresponding Terraces which were
formed in the subsequent glacial stage. The occurrence of the Reddish Yellow Soils on the
Itokina and corresponding Terraces would be also explained by the small scaled fluctuations
of sea-level in the subsequent stages (see Fig. 3).

The palaeoclimate of the Pleistocene which closely related to the red soil formation is
presumed as follows :

Almost all of the geological references stated that the palaeoclimate of the Mindel-Riss
and Riss-Wiirm Interglacial Stages were supposed to be rather warmer but close to the cur-
rent climate.

On the other side, the information of the palaeoclimate from the data of the Osaka Group
in the main parts of the Japanese islands is also efficient. The Ma 8, the eighth marine deposit
of the Osaka Group, is well known as the key bed which indicates the warm climatic condition.
It intercalates several subtropical hardwoods and its just lower stratum yields Tomistoma
machikanense (tropical crocodile sp.). Though the presumption of its age is still divergent
going into the end of the older Diluvial Epoch, Giinz-Mindel or Mindel-Riss Interglacial Stages,
its absolute age was dated (0.3840.03) X10¢ yr. B. P. It is a little younger than the age of the
Itokina Formation, 50 10¢ yr. B. P., and much older than that of the Kametsu Formation, 6 X
10¢ yr. B. P. or more than 3.4x10¢ yr, B. P., as above-mentioned.

Summarizing the above-mentioned facts, the authors were of the opinion that it would be
most reasonably presumed that the epoch of the red soil formation was that of the formation
of the Itokina and corresponding Terraces just after their deposition. Furthermore, if there
were two formations of the red soils at the Itokina and Kametsu Epochs, the latter would be
supplementary.

2-3. The environmental factors of the genesis of the Red Soils.

A hypothesis that the zonal red soils would be distributed south of Amami-oshima in the
Ryukyu islands was proposed at the early stage of the studies of the relic red soils in Japan.
It was based on the presumption of the palaecenvironmental factors of the relic red soils (see
Table 3).

On the other side, a review of the geographical distribution of soils at the east coast of
China stated that the red soils were distributed in the central subtropical zone with the yellow
soils and the lateritic soils in the south subtropical zone. The environmental conditions of the
regions and Okinawa are stated in Table 3.

It is very interesting that though Okinawa is warmer and more humid than the central
and south subtropical zones of China, the distribution of the zonal red soils is not recognized.

Furthermore, the forest soil distribution in Formosa surveyed by Kurotort and Nozv (un-
published) is very interesting and their outline is as follows :

The occurrence of the red soils is concentrated at the relic upper terraces and a part of

them occurs on the upper older geomorphic surfaces. Their altitudes fluctuated by the effects
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of the violent block movement of stratum, The younger terraces and younger geomorphic
surfaces of hill covered with the evergreen hardwood forests were occupied by the yellow
soils and not by the red soils.

Summarizing the above-mentioned facts, it is very interesting that not only the Red Soils
in the main parts of the Japanese islands but also those in Okinawa and Formosa in the humid
and warm subtropical zone are the relic red soils. Moreover, on the other side, it raised a

new question on the genesis and distribution of the relic and zonal red soils.

3. Soil subgroup : The Yellow Soils

The Yellow Soils in the main parts of the Japanese islands are interpreted to be the relic
soil which formed in the warm epoch (interglacial stage) in the Pleistocene from the diluvial
depposits.

Kurotor1 and Koyma®® were of the opinion that the Yellow Soils in Okinawa were formed
the current bio-climatic conditions., This was based on the following facts :

The Yellow Soils in Okinawa were of a wide variety from the young soil on the steep
mountain slopes to the mature soil on the gentle hillsides. Including the yellow soil which
overlaid the surface of the Reddish Yellow Soils (see 4), it was widely distributed over the
regions from various non-calcaleous parent materials in wide varieties except limestone. Its
unrestricted parent material and geomorphic surface were quite different from those of the
Red and Yellow Soils in the main parts of the Japanese islands and the Red Soils in Okinawa.
Its morphological characteristics successively intensified from immature to mature soils. The
relation between its soil type and topography was quite similar to that the Brown Forest Soils
in the main parts of the Japanese islands.

However, the authors’ opinion on the forming epoch of the Yellow Soil in Okinawa should
be reformed in relation to the forming epoch of the Red Soils (2-2) and it is as follows :

It was divided into two epochs, i. e. the relic warm epoch after the formation of the Red
Soils and the current epoch.

As stated in the above-mentioned hypothesis 2 on the forming epoch of the Red Soils (see
2-2), the parent materials of the yellow soils which overlaid the relic red soils of the Reddish
Yellow Soils on the upper terraces, the Itokina and corresponding Terraces, were deposited
at the stage of the small scaled elevation of sea-level after the red soil formation. The relic
vellow soil formation was proceeded following the subsequent lowering stage of the sea-level.

The yellow soils formed under the current bio-climatic conditions are widely distributed
in the mountanous region and they are the representative Yollow Soils in Okinawa.

The authors are of the opinion that the Yellow Soils in the mountanous region of Okinawa
belonged to the zonal soil which is located to the south of the Brown Forest Soils in the
southwest of the main parts of the Japanese islands.

The emergence of the zonal yellow soils in Kyushu is not yet recognized. The north
boundary of the zonal yellow soils is not confirmed because the detailed forest soil survey of
the islands of the Nansei-shoto except Okinawa is yet incomplete.

Though it is said that the zonal yellow soils are widely distributed in the central subtropical
region of the east coastal region of China, the bio-climatic conditions are quite different from
those of Okinawa as above-mentioned (see Table 3 in 2-3). So the decision concerning the

bio-climatic condition for the genesis of the zonal yellow soils is left for a future study.
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4. Soil subgroup : The Reddish Yellow Soils

The Reddish Yellow Soils was one of the subgroups of the Red and Yellow Soil Group.
It was newly proposed at the editing of the data of the late Kojma2%,

The soils which were overlaid with yellow soil in divergent thicknesses on the red soil
frequently appeared on the upper terraces and the gentle slopes of the hilly and mountanous
regions where the Red or Yellow Soils were distributed.

They were divided into the following three subgroups by the thickness of their surface
yvellow soil :

1) The soils with thin yellow soil less than about 30 cm in thickness were grouped into
the Red Soils.

2) The soils with very thick yellow soil, more than 1m in thickness, were grouped into
the Yellow Soils.

3) The rest in which the surface yellow soil was in the range of thickness from more
than 30 cm to less than 1 m were grouped into the Reddish Yellow Soils.

The authors are of the opinion that the Reddish Yellow Soils is a complex soil which
consists of the relic red and yellow soils. The forming epochs of both relic soils were discussed
in the forming epoch of the Red Soils (see 2-2).

A greater part of the Reddish Yellow Soils were characterized with the following difference
between the surface yellow and the next red soil horizons :

A thin layer of small pebbles which mainly consisted of chart was intercalated between
the yellow and red soil horizons. The gravels in the yellow soil and pebbles were fresh, but
the gravels in the red soil were deeply rotted. These facts support the above-mentioned authors’
oipnion of the genesis of the Reddish Yellow Soils.

However, the Reddish Yellow Soils which lacked such a difference under field observation
also often appeared. The other hypothesis that the upper yellow soil would be yielded by the
fading of the red soil which was affected by the current bio-climatic agencies similar to those
of the yellow soils formed in the current epoch may be possible. On the other side, the fainter
red hue which tinged with a yellowish tint in the uppermost horizon of almost all of the Red
Soils in comparison with that of their lower horizon seemed to support this hypothesis.

The authors could not necessarily dismiss this hypothesis.. Further detailed studies in the
future on the parent materials, texture, etc. of the latter type of the Reddish Yellow Soils

are necessary for the solution of this question.

5. Soil subgroup : The Surface Gleyed Red and Yellow Soils

5-1. Outline of the problems on the genesis and classification of the Surface Gleyed Red
and Yellow Soils.,

The Surface Gleyed Red and Yellow Soils are divided into two groups, i. e. the Surface
Gleyed Red and Yellow Soils (gRY-so0il) and the Bleached Red and Yellow Soils (gRYb-soil).

The opinion that the former group is the red and yellow soils formed by the strong surface
gleyzation is satisfactorily supported by its topography, morphological features, physical and
chemical properties and vegetation. There is no divergent opinion on their genesis.

On the opposite side, the latter group is the red and yellow soils with the bleached horizon
which is very unique. Though divergent hypotheses on the genesis of the bleached horizon
have been proposed, all of them are yet unsatisfactory as an established theory. The clarifica-
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tion of the genesis of the bleached horizon is the urgent problem for the establishment of a
solid classifying system for this group.

5-2. The distribution and topography of the Surface Gleyed Red and Yellow Soils.

Almost all of the Surface Gleyed Red and Yellow Soils are distributed on the upper ter-
races and the gentle slopes of the hills from quartenary deposit (the Kunigami Gravel Bed)
in the central and north parts of Okinawa-jima. The distribution of the slightly bleached
Surface Gleyed Red and Yellow Soils in a small area was also recognized in Ishigaki-jima and
Triomote-jima but it was strictly limited.

It is very important and interesting that the distribution of this subgroup is restricted
to a certain territory. The topographies of both the groups of this soil were divergent as
follows :

The Surface Gleyed Red and Yellow Soil group appeared on the ill-drained flat or rather
concaved plots on the upper terraces and very gentle slopes of the hill tops but the Bleached
Red and Yellow Soil group appeared on their marginal plots.

5-3. Previous hypotheses on the genesis of the bleached horizon of the Bleached Red and
Yellow soil group——a brief review.

Several hypotheses on the genesis of the bleached horizon of the Bleached Red and Yellow
Soil group have been proposed. In spite of the hot arguments on this problem, a definite
conclusion has not yet been reached. A brief review is described hereunder,

1) At the time of the first discovery of this group (1965), the bleached horizon (Aj) was
supposed to be formed by the strong podzolization and it was classified into the subtropical
podzol. It was based on the following facts that its clay content and the iron content of the
clay increased and the SiOy/Als03 ratio decreased in the B; and B; horizons in comparison with
those of the Aj; horizon.

However, some doubts were proposed later to this hypothesis because of the lack of the
humus and iron accumulation in the next lower horizon of the bleached horizon, the smaller
development of the A, layer in comparison with those of the podzols in the main parts of the
Japanese islands and its discorporation to the grade of the development of the bleached horizon.

Furthermore, the marked difference of the free iron form of the B horizon in comparison
with that of the podzols in the main parts of the Japanese islands, i. e. a less acidic oxalate
soluble iron content and a very low free iron activity grade, were confirmed. They were the
negative data for the current podzolization.

Considering these later results, the authors were of the opinion that, though the podzoliza-
tion in the geological epoch was not necessarily negative, that in the current epoch seemed
to be negative. The authors were of the opinion that if the podzolization occurred by the
effects of the very cold climatic conditions in the geological epoch, i, e. the glacial stage after
the red soil formation, no wonder that its effects, even divergent in grade, must be widely
recognized on the Red Soils in Okinawa. However, no indication of clear evidence of the
podzolized horizon on the Red Soils in Okinawa except this group was negative for this pre-
sumption.

2) Kurorort and Konma (1969)8 confirmed the following facts :

The strong or medium e-« dipyridil reactions for the ferrous iron were recognized on the
Bleached Red and Yellow Soils in all districts in their wide survey without any exception and
the reaction was more positive in the upper horizon than in the lower one.

Furthermore, considering the field observation of the stagnation of water in the upper
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horizon after precipitation, the impermeability of the lower horizon and the topography of
this group and the warm subtropical climatic conditions, the occurrence of the surface gleyza-
tion would be reasonably presumed.

From these results, they were of the opinion that both the groups belonged to the surface
gley soil. They also proposed that the bleached horizon was yielded by the surface gleyzation
and the detailed mechanism was as follows :

The advanced progress of clay formation by the violent weathering of the parent material
and the clay deposition since the geological epoch and the topographical effect, i. e. the flatness,
yielded the ill-drained horizon. Consequently the reductive condition in the humus rich A
horizon would be yielded by the temporary stagnation of water under these circumstances.
As the dead water yielded, the iron of the soil was reduced from the ferric form to the soluble
ferrous form and the clay became dispersable, It was reasonable to presume that such clay
and iron moved by the gradual transverse movement of the soil water along the gentle slope.

The loss of iron and clay yielded the grayish white (bleached) horizon of the Bleached
Red and Yellow Soils.

The negative data against the surface gleyzation hypothesis were proposed from the
moisture regime measurement of this soil by Armutsu (1974)2,

From the results of the annual field measurement of the moisture regime of the Bleached
Red and Yellow Soils (§RYb-1), Arwmursu confirmed that the moisture regime of the Aj
(bleached) and B; horizons of this soil was not so wet as that of the wet podzol in the main
parts of the Japanese islands and even if it temporarily reached the overwet moisture regime,
it never remained for a long time,

The powdery H layer also seemed to express the arid moisture regime of this soil. The
morphological features of this soil in which the iron mottlings were lacking in the A; and
Ajs_¢ horizons and scanty in the B; horizon were in marked contrast to those of the Surface
Gleyed Red and Yellow Soils in which abundant iron mottlings were detected in the Ag and
B, horizons?. The authors were of the opinion that it suggested the removal of reduced iron
by the transverse movement of the soil water in the bleached horizon of the Bleched Red and
Yellow Soils. Consequently the arid moisture regime of this soil is not necessarily negative

for the surface gleyzation hypothesis.
3) Armurtsu (1974)® was of the negative opinion for the surface gleyzation hypothesis on

the basis of his moisture regime measurement as above-mentioned and he proposed the following
hypothesis on the genesis of this soil :

It was very difficult to interpret that the A; and A; (bleached) horizons were formed by
only the reduction due to the overwet moisture regime. Considering the grade of the develop-
ment of the bleached horizon, the formation of the very compact bleached horizon seemed to
be preceded by the surface gleyzation. Even though, if the surface gleyzation occurred, it
would not be the main forming agency. Considering its moisture regime, texture and physical
properties, it was very difficult to interpret that the dispersion and movement of the clay
reached to the Bg horizon.

He proposed the following hypothesis on the mechanism of the formation of the bleached
horizon based on the above-mentioned considerations :

The grayish white hue of the bleached horizon appeared due to the silt and fine sand
which were rich in quartz after the loss of clay by some mechanisms. The slight swelling
and shrinking of the soil horizon were repeated at the B; horizon and its vicinity, and the
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materials rich in silt and clay of the A horizon filled the cracks from the shrinking and they
formed the pan by the compression at the swelling. Thus the silty horizon was formed in
the B; horizon.

4) The hypothesis proposed by Mirtsucdr et al. (1977)% was as follows :

The lessivage at the early stage of the formation of this soil, presumably in the geological
epoch, would be most efficient for its genesis and the podzolization and surface gleyzation by
the impermeable horizon which were yielded by the lessivage would be the supplementary
agencies. As the lessivage was popularly recognized on almost all soils, including the Red
Soils, in Okinawa by the other soil researchers, so the authors had a doubt as to why no
indication of the evidence of the bleached horizon on the Red Soils was recognized except
for this group of soil.

Summarizing the above-mentioned facts, the genesis of the Bleached Red and Yellow
Soils has not yet been elucidated. The authors strongly hope for the development of the study

of this problem in the future.

6. Soil group : The Dark Red Seils

6-1. Brief description of the classification of the Dark Red Soils,

The Dark Red Soils is a newly proposed soil group in the classification of forest soil (1975)
by the Soil Division of the Institute. This soil group is divided into three subgroups, i.e.
Eutric, Dystric and Volcanogenous Dark Red Soils by their base saturation and genesis.

Eutric and Dystric Dark Red Soils are from limestone, serpentine, ultrabasic and basic
rocks, etc. Their hue of the B horizon is a dull reddish brown~dark reddish brown which
is lower in chroma and value in comparison with those of the Red Soils. The rate of base
saturation (exchangeable Ca plus Mg) of the Eutric Dark Red Soils is high; it gets higher
in the lower horizons and it reached to more than 50% in the B horizon. That of the Dystric
Dark Red Soils is less than 50% in the B horizon. The volcanogenous Dark Red Soils are
formed by the hydrothermal process of the volcanic activities.

The soils which were from the mixture of base-rich and non-basic parent materials in
different ratios and presumed to be directly or indirectly affected by the lateritic weathering
activities are widely distributed in Okinawa,

The fact that the genesis of the Eutric and Dystric Dark Red Soils from the base-rich
parent materials is not yet clarified yields very difficult problems for the taxonomic classifica-
tion of the soils in Okinawa. '

The morphological features and chemical properties of the soils belonging to the Eutric
and Dystric subgroups were affected by their parent materials and they were rather widely
divergent. Consequently, the authors set the “soil family” in the same way as the subdivision
of the Red Soils as above-mentioned in 2-1.

The newly proposed classifying system of the Eutric and Dystric Dark Red Soils is as
follows :

Soil group : Dark Red Soils

Soil subgroup : Eutric Dark Red Soils

1) eDR(ls)----- The Eutric Dark Red Soils from limestone.

2) eDR(ls+An), eDR(Is+S1), etc.:-+-- The Eutric Dark Red Soils from mixed parent materi-

als with limestone and non-calcareous rocks, e, g. andestic rocks, palaeozoic schists, etc.
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Soil subgroup : Dystric Dark Red Soils

1) JDR(s) - The Dystric Dark Red Soils from limestone.

2) dDR(Is+An), dDR(Is+p), dDR(Is+d), etc..--- The Dystric Dark Red Soils from parent
materials mixed with limestone and non-calcareous rocks, e. g. andestic rocks, palaeozoic rocks,
diluvial deposits, etc. ) »

Their detailed data were not vet sufficient but features from the data on hand are briefly
summarized as follows :

1) eDR(s)---- The A horizon is well developed and rich in humus. The pH values of
the A and B horizons are nearly neutral, 6.7~7.7, the Ca + Mg saturation of the A and B
horizons are extremely high and Ca is very dominant.

2) eDR{ls+ An)----- The A horizon is well developed but poor in humus content. The
pH value is 6.2~6.5 and the Ca + Mg saturation is rather lower than that of ¢éDR(ls) and its
relatively high ratio of Mg to Ca is characteristic,

eDR(1s + Si)------ The development of the A horizon and its humus content are similar to
those of ¢éDR(Is). The pH values of the A horizon are slightly acidic, 6.35~6.65. The Ca +
Mg saturation of the A horizon is high and Ca is dominant but it gets lower in the lower
horizon and Mg becomes more dominant than Ca.

3) dDR(s):-- The development of the A horizon is generally poor. The pH values of
the A and B horizons are less than 6.0. The Ca+ Mg saturations are lower than those of the
eDR subgroup and the ratio of Ca to Mg is high in the A horizon but frequently low in the
B horizon.

4) dDR(ls+d) and dDR(Is+d+p)--:-+- The development of the A horizon and humus
content are generally poor. The pH values were low and less than 5.0 except for that of the
A horizon of the latter. ‘

The data of dDR (Is + An) and dDR(Is + p) were not on hand.

6-2. The genesis of the Dark Red Soils in Okinawa.

Kurotort and Kojma®® pointed out that the soils from Ryukyu limestone (the Dark Red
Soils and the Rendzina-like Soils (see 7)) were mainly distributed on the terraces which were
lower than those where the Red Soils were distributed. Later, the land classification map of
Okinawa Prefecture (1 : 125,000), including the geomorphic, surface geological and scil maps,
expressed the following facts : » _

A greater part of the Dark Red Soils from Ryukyu limestone was distributed on thg middle
limestone terraces (40~100m in altitude) and a small portion of them on the upper terraces
(100~200 m in altitude) and lower limestone terraces (less than 30 m in altitude). This dis-
tribution of the Dark Red Soils is quite similar to the distribution of the Ryukyu limestone.
Furthermore, the Dark Red Soils were also detected in a small area in the mountanous and
hilly region from palaeozoic limestone.

The upper, middle and lower limestone terraces correspond to the Itokina and Kinoko,
Kametsu and lower Terraces after Nakacawa as above-mentioned in 2-2, respectively, from
the view point of their altitudes.

On the other side, the free iron forms of the Dark Red Soils in Okinawa were quite similar
to those of the Red Soils in the same region and the main parts of the Japanese island which
were the relic soils but they were quite different from those of the Yellow Soils in Okinawa
and the Brown Forest Soils in the main parts of the Japanese islands which were formed

under the current bio-climatic conditions!”sV,
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These facts suggested the hypothesis that the Dark Red Soils in Okinawa formed in the
same geological epoch to that of the Red Soils.

A little of the Dark Red Soils in Okinawa was distributed on the upper terraces but a
greater part of it on the middle terraces (Kametsu and corresponding Terraces). On the
other side, the distribution of the Red Soils were mainly restricted to the upper terraces as
above-mentioned in 2-2, Such a difference of the geomorphic surface of both the soils seemed
to be quite negative for the possibility that they formed in the same geological epoch.

The authors were of the opinion that the puzzle of the similarity of the free iron forms
of both the soils would be interpreted by the secondary deposition of the relic red soils from
the upper geomorphic faces (upper terraces) into the middle limestone terraces (middle ter-
races). At that time the red soils which had inflowed were affected by the calcium eluted
from the limestone in different grades. Some of them which were near the porous coralline
limestone bed were strongly calcified and the rest which were mixed with sand, gravel and
fragments of limestone were proportionally affected by the ratio of the fragments of limestone.
Consequently they were converted into the Ca-rich (eDR) or Ca-poor (dDR) Dark Red Soils.

This hypothesis was supported by the following observations :

The above-mentioned relation of the geomorphic surfaces of both the soils and the strong
red coloration of sea water by the eroded red soils by heavy rains of the present time would
support the possibility of the secondary deposition of the eroded red soils from the upper
terraces into the middle limestone terraces. The Dark Red Soils which expressed the un-
eveness of the pattern of the horizon development induced by the inflow of the red soils were
often detected. The mixing of the extraneous parent material in the dark red soils which
seemed to be the residual soil was often observed.

Though the other hypothesis that the above-mentioned features of the free iron form of
the Dark Red Soils, i. e. its high content of the dithionite soluble iron and very low free iron
activity grade, were induced during the very long ages since the epoch of the Kametsu
Terrace formation to the present time, may be presumable, but the authors were of the opinion
that it would be almost negative because similar features were not yet detected on the surface

yellow soil of the Reddish Yellow Soils in Okinawa,
7. Soil group : Rendzina-like Soils

The name of the Rendzina-like Soils was given to some divergent soils from various parent
materials in Okinawa by the previous researchers and consequently it has been rather con-
fused.

Kurororr and Kawapa set the Rendzina-like Soils as a newly proposed soil group at the
edition of the data and unfinished manuscripts of the late Kojma?®,

The name of this soil group was given to the slightly acidic~slightly basic soils from
limestone without B horizon (A-C soil) or with yellow~yvellowish brown immature B horizon.

Their dark colored A horizon was well developed and rich in humus. The concept of
this soil is the same as that by Kumapa3”2® and Kawapal® on soils in the main parts of the
Japanese islands.

A greater part of the Rendzina-like Soils was dotted on the rather convex plots of the
coralline limestone terraces where the Eutric Dark Red Soils were widely distributed, and the
rest was detected in the region from palaeozoic limestone.

The morphological features, chemical properties and forms of humus of their A horizon
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which was affected by their parent materials were quite similar to those of the Eutric Dark
Red Soils. However, the lack of the dark red colored B horizon characterized their morphologi-
cal features. This could be interpreted by the following cases :

At the formation of the Dark Red Soils by the secondary deposition of the red soils from
the upper terraces into the middle coralline limestone terraces, the rather convex plots would
not be affected or the deposited red soils were eroded out and the limestone bed was exposed.

The living of many earthworms in the A horizon and the abundance of their pellets at
the uppermost part of the A horizon also characterized this soil group.

Moreover, the fluvial Rendzina-like Soils from the calcareous parent materials with
abundant pebbles were also detected but they were rather rare cases.

The forming epoch of the Rendzina-like Soils is presumed to be the same or a later epoch
that of the Dark Red Soils.

The authors were of the opinion that a greater part of the Rendzina-like Soils in Okinawa
would correspond to the mull Rendzina after Kusiena2® from the viewpoint of their morphologi-

cal features.




