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ApsTracr: Stratigraphical and mineralogical inspections for alluvial sediments obtained from
core borings at several localities along the Seto Inland Sea have for some years been carried into
effect. A part of the results and a few rcference to the relation of mineralic constituents to plas-
ticity have been prcscnted
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I. INTRODUCTION

Alluvial sediments, of marine origin, developed in the coastal plains in various
regions have so far been researched through mechanical treatments mainly from
- a standpoint of soil enginéering, whereas it seems the fact that few of the studies

have, though be subjected to severe interests for a long time, been referred to their -
relationship with geological factors such as the sources, mineralic constituents, en-
vironments of deposition and so forth. In view of this, the present author will, as
a part of mineralogical investigations concerning the problem in question, here-
‘under allude principally either to the stratigraphies of alluvial deposits developed
along the coastal regions of Seto Inland Sea within Hiroshima Prefecture or to the
relations of cohesive 'sédiments to their mechanical characteristics-and composi-
tions of clayey minerals. ’

Much thanks have to be dedicated to Professor Yoshiharu UMEGAKI, Institute
of Geology and Mineralogy, Hiroshima University, who gave the author valuable
instructions throughout this works, as well as to other members of the same insti-
tute, Assistant Professor A. Hask, Assistants M. NakaNo, A. SoEDA, and S. Naca-
tomr, and to Messrs. K. MATsuMura, President of Chigoku and Shikoku Recon-
struction Co., Y. SEcawa, S. AsmiBa, K. Mrvanara and other staffs of the same
company.
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II. STRATIGRAPHICAL ASPECT

The sediments considered to be included in alluvium in various regions plotted
in Fig. 1 are composed of the marine materials transported respectively by each
river running across the back lands, revealing varieties of facies ascribable to dif- -
ference of riverine and sea agencies appeared in the neighborhood of estuaries, as-
are stratigraphically listed in Table 1.
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. Fic. 1. Locality map
(1) Iwakuni Bay ,

The sediments deposited in the Iwakuni Bay seem to have not been influenced
directly by the Kono River, and consisted mainly of the upper silty, and lower
clayey beds mingled with gravels. The former is generally predominant in silty
materials, classified into sandy silt or clayey silt, and becomes thicker with remot-
ing from the coast (for instance, from 5.0 m to 21.2 m in thickness in this case)
and more rich in organic matters with approaching to the land, while the latter
shows a gentle slope toward the offshore.

(2) Hiroshima _ ‘

Street terrain of Hiroshima City is situated within the compound constructed by
several times repetition of reclamation on the typical composite delta of the Ota
River. Inspection of the data obtained from core borings indicates that composi-
tion of the related underground is commonly represented by the upper sandy bed,
the silty bed, and the lower gravelly bed lying on the basement.

The basement rock composed of granite is used to displaying the irregular sur-
face lying in depth and, especially in the vicinity of Hiji-yama, Shirakamisha,
Eba-yama, and Ogon-zan etc., soars above the landsurface as islets in the old
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Hiroshima Bay. '

-~ The lowermost gravelly bed composed of quartz porphyry, chert, slaty hornfels,
granite and so on is found lying unconformably over the basement and rich in
variation of width, while its upper part includes a considerable amount of silt and
is gradually transitional into the upper silty bed.

The bed composed of silt grouped into clayey silt and silty. clay according to
soil classification contains the fragments of shells together with organic matters
and is likely to reveal either less width (for example, ca. 20 m in the central part
and ca. 30 m in the offshore) culminating in pinching-out or more increase of
sandy components with approaching to the northern side.

The upper sandy bed is coarser in grain-size on the northern side and more rich
in silty components on the opposite side. The very bed is, in parts, disappeared
in the offshore but reveals a local thickening at the estuary of the Enkd River.
~ Hase (1951) was of opinion that the alluvial deposit developed in the Hiroshima
‘ plain is divided into A (the upper) and B (the lower) beds comprising several
layers respectively, and certain kinds of shelly fossils are contained-in the latter -
composed mainly of clayey materials. In relation to this, Takahashi (1961) es-
tablished a view concerning the stratigraphy of alluvial deposit in the Héfu plam, «
indicating the possibility of division into the burymg and deposition period cor-
responding to that related to deposition of the A-bed, the Yiiraku-ché perlod 5
‘(J6mon) connected with that of Flandrian transgression causing formation of the -
B-bed in the middle of alluvial stage, and the swamp period.

Interesting is that on the basis of the results obtained from test borings at the
offshore of Hiuna in Kaita Bay, the bed, correspondmg to the lowermost one, found
covering unconformably over the basement is conspicuously thick and intercalated
~ with hard clay without shells. The bed under consideration is reasonably believed
to have not any direct relation to the silty bed mentioned above and rather to re-
present another cycle of deposition. Both plan and profiles traversing some
localities are shown in Fig. 2 and in Figs. 3 and 4.

3) Kure

The area locating at the southernmost end surrounding the Kure Harbor is the
sole one with no regard to pouring of any streems. Accordingly, the products are
considered to have been affected only by coastal current of sea water. The relief
of the basement in this area is specifically 1rregular and related to the land topog-
~ raphy cropped out in its neighborhood. ‘

The sediments covering the basement reveal considerably different order of de-
position respectively on the western side, as is shown in Table 1, and on the east-
ern side, as is illustrated in Fig. 5, but are generally composed of the upper gravel-
ly bed, the silty layer and the lower gravelly bed. Of three, the silty bed is greyish
blue in color and contains the fragments of shells, bearing a tendency of decreas-
ing its thickness toward the land and eastern side, and vice versa. The very bed is
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Kyobashi River

Komachi

Shirakamisha
Hakushima

Uj ina

Fig. 4. . N--S profile obtained:from the data of core borings.

grouped into that composed of silty clay and clayey silt, revealing an increase of
sandy components in its upper and lower parts or in the thinner parts. The upper
and lower gravelly beds are mainly consisted of granitic materials in their various
ratio and apt to disclosing lack in one or in the other. The lower bed happens to ;
be sporadically intercalated with clayey parts predominant in organic matters.
Panel diagram and contour map of basement relating to this region are illustrated
respectively in Figs. 5 and in 6.

(4) Takehara Harbor

The sediments in this region are of the estuarine deposits transported by the
Kamo River and, in the vicinity of the pier, composed of the upper silty bed, the
gravelly bed and the lower sandy bed. Of all, the silty bed grouped into that of
clayey silt and silty clay is used to bearing a homogeneous composition in grain-
size excepting its upper and lower parts with abundance of sandy components.
Gravels in the related bed are commonly consisted of rhyolitic ones including
about 50% of those with diameter of 5 cm=. '

(5) Mihara and Iiozaki Harbor ,
Both the sediments distributed at the estuary of the Nuta River, Miyaoki-ché,
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Mihara City and those developed at the estuary of the Wakihara River are re-
. presented by the upper sandy bed, the middle sﬂty bed, and the lower gravelly
bed, respective thickness of the former being larger than that of the latter. Most
of silty parts are dividable into those of silty clay and clayey silt. Thin layers
(less than 1 m in width) of somewhat hard clays containing organic matters are
found intercalated between the middle and the lower beds.

(6) Matsunaga Bay

Taking into account of some data resulted from test borings at several localities
in the Matsunaga Bay situated at the estuaries of the Fujii and Habara Rivers,
the sediments in the area concerned are divided into the upper silty bed, 13-15 m
=+ in thickness, containing the shelly fragments, the middle sandy or gravelly beds
accompanying clayey layers and the lower gravelly bed intercalated sporadically
with stiff clays. The first bed is almost homogeneously composed of clay and silty
clay in soil classification. The third bed may be correlative to the similar one
cropped out on the hilly lands surrounding the Matsunaga Bay.

(7) Fukuyama
The materials covering the F ukuyama delta constructed by the Ashida River
seem to represent a gradual variation in facies from sand, through sandy silt, and
to clay. Scrutiny of the data obtained from Miyoshi-ch6, Fukuyama City and
Fukuyama Bay evidently points to that the sediments composing the delta are clas-
_sifiable into the upper silty bed of soft property, 10-18 m in thickness, involving
the fragments of shells and the lower gravelly bed accompanied with clayey parts
of comparatively stiff characteristics in considerably good continuity, the latter
being assumed to be correlative to those exposed on the landsurface in the environs
of Fukuyama City.
The silt included in the upper bed is dark greyish in color and classified into
- sandy silt, clayey silt, and silty clay, whereas the stiff clay in the lower bed is pale
bluish grey to greenish grey in color, almost less than 3 m in width and, in severe
sense, grouped into sandy silt associating abundance of the fragments of wood and
fibrous organic matters.

As a result, most noticeable may, as are observable in the eastern dlStl‘lCtS of
leoshlma Prefecture, be the existence of the lower gravelly bed accompanylng
- the clayey layer of stiff- propcrty, the latter being for the present regarded as a
part of diluvial dep051ts but remained to be inspected in more details basmg on
the determination of absolute age. Furthermore, clays of the similar property,
compnsed in the sandy or gravelly bed covering directly the basement, are to be
correlated to that mentioned above Panel diagram within this region is glven in-
Fig. 7.



Fig. 7. Panel diagram of Fukuyama Bay
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Tasre 2. Locavrrty AN CLASSIFIGATION OF THE SPECIMENS

Depth below | Proportion (%) of : ... | Liquid |Plastici-
sligixggn Locality | the sea Classification| Dex/:(s:xcty limit |ty Index
P bottom (m) | Sand | Silt |Clay ' g (%) (%)
1 Iwakuni Bay {14.00-14.70 | 23.0 | 63. 5113.5 Sandy Silt 2.65 76.6 41.8
H Hiroshima Bay | 4.00- 4.50 | 9.0 | 68.0 | 23.0 | Clayey Silt 2.71 95.8 35.2
K Kure 7.00- 7.65 | 16.0 | 60.0 | 24.0 | Clayey Silt | 2.73 89.1 50.9
T Takehara 15.00-15. 74 ) '
M Mihara 7.60- 8.20 | 5.0 50.0 | 45.0 | Silty Clay 2.70 99.9 57.5
F-1 Fukuyama Bay | 3.50- 4.35 | 17.0 | 69.0 | 14.0 | Sandy Silt 2.76 | 119.8 80.1
F-2 | Fukuyama Bay | 9.60-10.40 | 26.0 | 37.0 | 37.0 | Silty Clay 2.75 66. 1 40.2
dcpth 1 H K T
e m-
5 _ ;
= Silt \Sand
~10 L1
L]
15 ; Gravel g Clay
o with organic .
- 20 ,//‘ maui'rs Gragite
L
- 25 . "4 with shells
-30 ; W horizon of sampling
a Clay
b Sandy clay.
¢ Silty clay
d Clayey sand -
e Clayey silt
f Sand
&€ Silty sand .
h Sandy silt
i Silt
10
[}
S

F1c. 9. Diagram for grain-size classification defined by Mississippian Committee
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III. MinerarLic CONSTITUENTS

(1) Specimens provided fbr researqﬁ
All the specimens were sampled by

means of thin-wall tube from boring

holes at undisturbed state. The locations,

the depth of sampling, the grain-size of ..

the specimens and so on are show in
Table 2 and Fig. 8.

For reference, classification diagram

based on the rule given by the Mississip-
pian Committee of Soil Engineering is
.indicated in Fig. 9.

2) Dz erentzal thermal ana’ 515
( by

As are evident in Fig. 10, prehmmary
tests for both specimens with respective
grain-size of less than 4 ux and 70 mesh

reveals almost the similar results in the -

case of F-T. In consequence, experiments

were carried out for the specimens with |

grain-size same as the latter in the heat-
ing rate of 10°C/min. It is .deducible

from the data obtained for all specimens’

that the endotherm at 150°C is related
to dehydration,- the broad exotherm at
200°-500°C, as are conspicuously appear-
ed especially in the cases of I, H, K, and
M, to ignition of organic matters or to
content of iron oxide, the endotherm at
550°-600°C. to conversion of quartz and
to content of kaolinite, that at ca. 700°C
to 2:1 structures of montmorillonite or

mica group and the exotherm at 900°—

1000°C to coexistence of the latters.

(3) X-ray diffraction

The air-dried specimens, generally
less than 70 mesh and partly less than 4
u in grain-size, were subjected to X-ray
diffraction at various states. The ap-
paratus and experimental conditions are

el

100 200, 300 400 500 600 700 800. $00 1000°C

C 100 200 3?0 400 500 500 700 800 900 IOOO'C

Fic, 10. DTA diagrams of some clayey materi-
als obtained from several regions.

1. Quartz, illite, kaolinite group and chlorite
with bulk of organic matter. H. ditto with-
out montmorillonite. K,T,M,F-1, ditto. F-2
Quartz, illite, kaolinite group and trace of
chlorite. F-T. Quartz, montmorillonite, illite
and kaolinite group.
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. as follows:

~ X-ray diffractometer: GX-2B type of Shimazu Man. Co.
X-ray: Cu Ka, Filter: Ni, EMF and current intensity of X-ray tube: 30 KV, 15
mA, time constant: 2.5 sec for 1000 cps and 5 sec for 500 cps, scanning speed: 1°
(26)/min, rotating speed: 1 cm/min, divergent slit: 1.5 mm, receiving slit: 0.2
mm. ' :
X-ray diffraction data obtained at room temperature in all regions concerned are
listed in Table 3. :

Specimen I from Twakuni:

At an ordinary state without any treatment diffractions at 14.6 A, 100 A, 7.1
A, 504, 448 4,355 A4, 2. 95-2.94 A, 2.57 A, and 2.40 A etc., suggesting the co-
existence of quartz, feldspars and clayey minerals, are characteristically conspicu-
ous in their intensity.

With heating of the specimen for an hour, d1ﬁ'ract10n at 14.6 A indicates a
gradual decrease both in intensity and in 26 at 150°C and 300°C and almost dis-
appears at 450°C but restores its intensity in somewhat deviated position (13. 9 A)
at 600°C, the behavior being congruent with that of chlorite. That at 10.0 Ai is
nearly invariable with the same treatment, suggesting the content of illite without
halloysite.. That at 7.1 A discloses a variation in intensity at the temperature
through 450°C to 600°C and culminates in conspicuous diminution and broaden-
ing, pointing to mingling of kaolinite group. With heating at 750°C -spacings
corresponding to illite are remained not disappeared.

Basing on that swelling of the spacing from 14 & to 17-18 A is not ascertain-
able even through immersion of the specimen in ethylene glycol, content of mont-
morillonite is hardly expected. Treating the specimen with hydrochlorxc acid,
diffraction pattern at 14 A completely disappears probably on account of destruc-
tion of chlorite structure, while those at 10 A and 7 A remains though to a slight
extent and seem to imply a small amount of kaolinite group. The result obtained
through heating of the specimen in 1 N-ammonium nitrate for 10 min. is negatively
reflected on diffraction for inspection of vermiculite. X-ray diffraction patterns
are presented in Fig. 11. ‘

From the data mentioned above it is concluded that the clayey specimens sampl-
ed in this region are composed of illite, kaolinite and chiorite, among which the
last is regarded as a sort of so-called clay chlorite because of its destructibility at
lower temperature.

Specimen H from Hiroshima:

Ordinary procedure at room temperature gives the spacings representing clayey
minerals at 144A 101A 72A 448A 357-—356A 2.93 A and 2.57 A etc.
together with remarkable ones of quartz and feldspars.

Heat treatment causes the contractmn, and rapid decrease of intensity, of the
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Fie. 11. X-ray diffraction patterns for the specimens I
C: Chlorite (clay chlorite) I: Illite K: Kaolinite
group. F:Feldspar Q: Quartz

1. untreated 2. 150°C 3, 300°C 4.450°C 5.600°C
6.750°C 7.E.G 8. HClI 9. NH,NO;"
1.3.4.5. 6. 500 c.p.s.
2.7.8.9, 1,000 c.p.s.

5 Sec.
2.5 Sec.

spacing of 14.4 A at 150°C, its
vanishing at 300°C, and reap-
pearance of 14.1 A to an ex-
tremely slight extent at 600 °C.
In this case, diffraction at 10.1 A
becomes somewhat stronger and
remains even at 750°C,°associat~
ing appearance of 5.0 A related
to the secondary diffraction. That
at 7.2 A completely disappears at
600°C.

No variation of spacings and
no expansion from 14 A to17 A
in the procedure with ethylene
glycol seem to suggest the ab-
sence of montmorillonite. Treat-
ment with hydrochloric acid re-
sults in disappearance of 14 A
and broadening of 7 A The
effects of ammonium nitrate are
not confirmable on all spacings
but for weakening of 14 Ata
certain extent. '
~ Scrutiny of the results makes
it clear that the specimens under
consideration comprise kaolinite,
illite, and chlorite considered to
be grouped into clay chlorite or
vermiculitic chlorite. X-ray dif-
fraction patterns are shown in
Fig. 12.

Specimen K from Kure

Feeble diffractions manifesting
the presence of clayey mmerals
at143A 101A 72A 446A :
3.55 A, 2.58-2.56 A, and 2.37 X
etc. together with characteristic
ones of quartz and feldspars are
discernible through ordinary pro-
cess at room temperature.

Thermal cﬁ'ects on 14 A yleld
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10 20 30 0120)

10 20 30 1926)

F16. 12, X-ray diffraction paterns for the specimen H.
1. untreated 2. 150°C 3. 300°C 4.450°C 5.600°C

6.750°C 7.E.G 8.HCl 9.NH,NO,

1.2.3.4.5.6. 500 c.p.s. 5 Sec.
7.8.9. 1,000 c.p.s. 10 Sec.

-an extreme decrease in its inten-

sity at 150°C and are of almost-
no use for recovery of intensity .
even at higher temperature up to
600°C. Diffraction at 10 A re-
veals a striking increase in its in- -
tensity at 600°C and becomes
more stronger at 750°C. That at
7 A remains at the temperature
up to 450°C but disappears at
600°C. Test with ethylene glycol
concerning the swelling of 14.3

A clearly denies the presence of

montmorillonite. = With hydro-

~chloric acid, the spacing of 14 A

disappears, that of 10 A marked-
ly weakens and that of 7 A re-
mains to be not disappeared.
With ammonium nitrate all spac- -
ings are invariable. X-ray dif-
fraction patterns are indicated in
Fig. 13.

These data suggests the con-

“tent of kaolinite group, illite and

chlorite of the same property as
are mentioned in the precedings.

Specimen T from Takehara:

Diffractions of the spacings re-
cognized commonly in clayey
minerals are appeared through

‘ordinary procedures. Heating of

the specimens contributes to re-
markable weakening of 14.4 A
as well as to new formation of
8.5 A at 150°C, to nearly com-
plete vanishing of the former as
well as to strenghening the in-
tensity of 10.1-10.2 A at 300°G,
and to development of 10.1 A ac-
compamed with fading of 8.5 A
and 7.1 A at 450°C whlle, at
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Fm 13. X-ray diffraction patterns for the spcmmen K.
1. untreated 2.150°C 3.300°C 4.450°C" 5.600°C
6.750°C 7.E.G. 8.HCI 9. NH,NO,

1.2.3.4.5.6. 500c.ps. 5 Sec.
7.8.9. 1,000 c.p.s. 2.5 Sec.

600°C, diffraction at 10.1 A only
is distinct, that at 8.5 A is very
weak and those at 7.1 A and 3.56
A disappear.

That the immersion in ethyl-
ene glycol results in the weaken-
ing of diffraction to more or less
extent but does not in expansion
of 14 A to 17 A evidently signi-
fies the absence of montmoril-
lonite. Treating with hydro-
chloric acid, diffraction at 14.3
A disappears, and those at 10.0
A and 8.5 A together with broad
one at 7.1 A remains. Treatment
with ammonium nitrate brings
about the decay of 14.3 A and
the faint emergency of 10.5 A
and 9.1 A probably due to inter-

- calation of ammonium radicals

between interlayers. The spacings
corresponding to the latter two
and t0 8.5 A appeared with heat-
ing at higher temperature are to
be scrutinized in more details. X-
ray diffraction patterns are mani-
fested in Fig. 14.

These results are not so much

different from those obtained in

the precedings concerning other
specimens.

Specimen M from Mihara:
. The specimens in question give

L nothmg other than feeble diffrac-

tions pointing to ill crystalhmty
at ordinary state.

Heating of the spemmens at
150°C manifests almost no varia- -

_tion of diffractions in their inten-

sity and position and that at 300
°C causes the fading and broad-
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£ P % e  ening of 14.3 A as well as
somewhat stronger diffraction
at 10 A and the settling of 8.4
A 7.9 A and 7.3 A-72 A i n
the past larger than 7.2 A,
while the similar treatment at
450°C does almost perfect lack
of 14.3 A, the prosperity of
10.0 A and 8.4 A, and the
broadening of 7.2 A toward
larger side in A.

Only noticeable variation of
diﬁ'raclions can not be con-
firmed due to ‘the effect of
ethylene glycol. That the
agency of hydrochloric acid is
effective for complete disap-
pearance of 14.3 A but indif-
ferent to the presence of 10.0

: A, 8.4 A and 7.2 A seems to
give a clue to mingling of
kaolinite group. Treatment
with ammonium nitrate is of
‘use only for weakening of all

: o . spacings. X-ray diffraction
6 M\Fl ‘ - patterns are shown in Fig. 15.
' ' o ' The results thus obtained

-are almost similar to those in
‘the foregoing cases.

7 M M ‘ .- Sample F-1 from Fykujama:

. Diffractions for the speci-
' : » mens at ordinary temperature
' . are too faint to distinguish one

g ‘ v from another. Behavior of the
' : spacing at 14 A is of obscurity

at higher temperature. The
spacing of 10 A becomes -

10 2 30 40(20)

Fic. 14. X-ray diffraction pattems for the spemmen T ¢ in intensit ith heat
1S1 1 cat-
L. untreated 2.150°C 3. 300°C 4. 450°C stronger in mtensty w a

5.600°C 6.E.G 7. HCl 8 NH,NO, ing at 600°C and 750°C, while
1.3.4.5. 500cps 5 Sec.. that of 7.0 A remains at the -
2.6.7.8. 1000cps. 2.5 Sec. temperature up to 450°C but
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Fie. 15. X-ray diffraction patterns for the specimen M

1. untreated 2. 150°C  3.300°C 4. 450°C

5.600°C 6.E.G 7.HCl 8. NH,NO,
L.3.4.5. 500 c.p.s. 5 Sec.
2.6.7.8. 1,000c.ps. 2.5 Sec.

disappears at 600°C.

. Effects of ethylene glycol on
the spacings in the range larg-
er than 14 A are ambiguous in
spite of apparent diffractions

" at10.1 A and 7.2 A. Diffrac-

tions at the latter two together
with 4.5 A display the decrease
in intensity in the case of be-
ing treated with hydrochloric
acid. The spacings at 14.1 A,
101 A, 7.2 A and 4.5 A evi-
dently remain even with use
of ammonium nitrate. X-ray
diffraction patterns are dis-
played in Fig. 16.

The fact referred to already
clarifies the mingling of kao-
linite group and illite into the
specimens but there is a room -
for further 1nspect10n of dif-
fractmn at 14 A,

Speczmen F-2 from Fukuyama:

Of all spacings emerged at
ordinary state, that of 14.5 A
disappears almost completely

~with heating at 150°C and the

others increase their intensity
at 300°C to 450°C, whereas

“that of 7.2 A decays almost

thoroughly at 600°C but that

~0f 10.2 A remains at 750°C.

- Invariability of diffractions
with use of ethylene glycol
seems to imply the absence of
montmorillonite. Basing on
that nothing other than slight
broadening of 7.2 A and weak-
ening of 3.51 A is not ascer-
tainable as effect of hydro-
chloric acid, the specimens are
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Fre. 16. X-ray diffraction patterns for the specimen F-I.

1. untreated 2.150°C 3.300°C 4. 450°C 5. 600°C
6.750°C 7.E.G 8. HClI 9.NH,NO,

1.3.4.5.6.© 500c.ps. 5 Sec. ’

2.7.8.9. 1,000 c.p.s. 2.5 Sec.

considered to involve mainly kao-
linite group associated with
scarce amount of chloritic min-
eral. Treatments with ammoni-
um nitrate result in a general in-
crease of diffractions, broadening
of 10.2 A, emergency of 4.93 A
regarded as a sort of secondary
diffraction, and appearance of
3.96 A 3.77 A 3.69 A 352 A
and some others probably due to
intercalation of ammonium radi-
cals between the interlayers of
illite or hydrous mica. X-ray

~ diffraction patterns are revealed

in-Fig. 17.

It thus follows that exclusive
of allusion to ‘quartz and feld-
spars, the specimens in question
are composed mainly of illite and
kaolinite group accompanying an

extremely little amount of clay

chlorite.

Specimen F-T from Fukuyama:
With heating at 150°C, feeble
diffraction at 26 A and broad
ones at 17.1 A to 15.5 A almost’
disappear, those at 10.5 Ato 101
A converge on the sharp one at
10.1 A and those at 7.2 A and

3.77 A increase their intensity.

At 300°C and 450°C, diffractions
at 10.1 ,Z\, 7.2 A and some others
indicate the increase of intensity,
while at 600°C, those at 7.2 A
and 3.58 A disappear and at 750
°C, that at 10.1 A remains not
disappeared. As far as the heat
treatment i§ concerned, diffrac-
tions at 26 A may be ascribed to
a sort of mixed layer structure
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. Fi6. 17. X-ray diffraction patterns for the specimen
) F-2
" I untreated (—70 mesh) 2. ditto (—4x) 3. 150°C
4.300°C 5.450°C 6.600°C 7.750°C 8.E.G
9. HCl1 10. NH;NO,

1.2.3.4.5.6.7. 500cps 5 Sec.
3.8.9.10.  1,000c.ps 2.5 Sec.

of 17.1 A-15.5 & with 105 A-
10.1 A, easier destruction of 15.5
A at lower temperature to the
presence of montmorillonite, dif-
fractions at 10.5 A-10.1 A to hy-
drated complex of illite, and that
at 7.2 A to kaolinite group.

Of due significance is the
marked swelling of spacings re-
presented by 17.1 A—IS.S A in
some per cent through effect of
ethylene glycol due to the re-
markable content of montmoril-
lonite. Acid treatment is effec-
tive for fading of the conspicuous
spacings of 17.1 A-1554, while
diffractions at 10.1 A and 7.2 A
remain though to a slight extent.
Treating with ammonium ni-
trate, emergency of broad and
weak diffraction in the range
surrounding 13.1 fo&, due to inclu-~
sion of ammonium radicals be-
tween interlayers of montmoril-
lonite, and feeble diffractions at
10.2 A and 7.3 A are surely ob-
served. X-ray diffraction pat-
terns are given in Fig. 18.

It thus results in that the speci-
mens under consideration are
characterized with contents of
quartz, feldspars and clayey min-
erals such as montmorillonite, il-
lite, hydrous complex of illite,
kaolinite group and mixed-layer
minerals composed between mon-
tmorillonite and illite. |
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F16. 18. X-ray diffraction patterns for the specimen F-T
- M: Montmorillonite
L. untreated (—4p) 2. ditto (—70 mesh) 3. 150°C 4. 300°C
5.450°C 6.600°C 7.750°C 8.E.G 9. HCI 10. NH,NO,
1.~7. 500c.ps 5 Sec.
8.~10. 1,000 c.p.s 2.5 Sec.
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IV. Prasricrry oF COHESIVE SEDIMENTS

As an initial step of finding out the factors controlling the mechanical property
of alluvial deposits, characteristics of cohesive materials such as silty or clayey
sediments obtained in respective regions were subjected to scrutiny specifically on
the basis of liquid limit (Lw) and plastic limit (Pw) or plasticity index (PI). The
relationships between Lw-and PI regarding the specimens in question are, as are
plotted in Figs. 19-24, nearly linear, whereas establishment of this relation in the
soils contained within the single drainage region was previously pointed out.

The relation is generally formulated as follows:

. Pl=m(Lw —a),

where m represents tangent of the angle between PI and Lw, and @ the distance
of the line intersecting at PI=0 from the origin, both being the constants defined
due to the conditions of respective localities. As are listed in Table 4, similar ten-

TasLe 4. m AND a rorR Eacu Locarity

Locality m a
Iwakuni 0.80 28
Hiroshima 0. 66 20
Kure ~.0.67 : 17.5
Mihara ' 0.93 o 33
Fukuyama 0.84 ' 25
ditto (stiff clay) 0.76 20

dencies situating near the Casagrande’s line ‘A’ are confirmable in all cases and,
in consequence, seem to imply after mechanical classification that the cohesive
materials in question are enclosed within the area representing inorganic silt under
high compression, organic silt to inorganic silt under medial compression, and
organic silt. It is of course that concentration areas are really different one from
-another for respective localities and sampling horizons even at the same locality,
as are surely observable in the examples obtained from Fukuyama concerning the
upper alluvial silt and the lower clay of stiff property.
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V. SuMmMARY

(1) Typical stratigraphy of the sediments dealt with in this investigation is com-
posed of the upper sandy bed, the middle silty bed and the lower gravelly bed
covering unconformably the basement but, with remoting from the estuaries
the second becomes predominant without, or in stead of, the first. In the cases
of certain localities such as Hiroshima, Hiuna, Matsunaga and Fukuyama, the
clayey layers of stiff property are often intercalated within the lowest beds
without the fragmental shells and distinguished from overlying silty beds in
their environment and stage of deposition.

(2) Inspection of the data obtained through heat treatment and procedures with
certain reagents clearly indicates that quartz and feldspars are most common as
mineralic constituent composing the silts, and illite, kaolinite group, and clay
chlorite or vermiculite-like chlorite destructed easily through thermal effect fol-
low as clayey minerals.. It seems general that clayey minerals from Iwakuni
and Hiroshima are better in their crystallinity than those from other localities.
Special allusion to montmorillonite is considered indispensable, since the samples
of shale, a part of the Miocene formation, constructing the hilly lands situated
at Fukuyama City are characterized by the presence of montmorillonite, illite, -
hydrous derivatives of illite, kaolinite group and mixed-layer minerals between
montmorillonite and illite, and seem to play an important role in deposition of
the alluvial silty beds as their sources.

(3) To be remarked is that plasticity diagrams rcpresentmg silts and stiff clays
obviously illustrate either local features or vertical difference in mineralic com-
ponents due to each horizon at the same locality. '

(4) As the problems necessiating further researches, the relations of chemical and
physical properties of solid particles consisting cohesive sediments, their second-
arily obtained characters such as absorbability and exchangeability for ions and
soluble salts, variation of their structures, ratios and kinds of mineralic constitu-
ents in the sediment concerned, proportion of grain-size distribution and so forth
to plasticity as well as to other mechanical factors connecting closely with
strength of the sediments still now remain to be solved.
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