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On the Chemical Composition of Bottom Sediments from Lake

Shinji and Lake Naka-umi, West Japan

(Studies on the chemical composition of sedimentary rocks, 2nd Report)
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Abstract

As a part of the serial geochemical studies of sedimentary rocks, the author has carried

out the chemical study of recent bottom sediments from the lakes filled with fresh and brackish

waters.

The total number of the observation stations was six, as shown in Fig. 2, of which three

stations were located in Lake Shinji and the other three stations were located in Lake Naka-umi.

Both Lake Shinji and Lake Naka-umi are located in the western part of Japan, and along
the coast of Japan Sea. The water of River Hii flows into Lake Shinji from its western side.
Lake Shinji and Lake Naka-umi are connected by River Ohashi, and Lake Naka-umi is con-
nected through Sakai Channel to Japan Sea. Therefore, Lake Shinji is filld with fresh water
and Lake Naka-umi is filled with brackish water. The areas of Lake Shinji and Lake Naka-umi
are 80km? and 104km?, and the maximum depths are 6.4m and 9m respectively. The surrounding

area of these lakes consists mainly of sandstone, shale, tuff and volcanic rocks of Tertiary age

and granitic rocks of Cretaceous age.

The chemical analyses have been done by the conventional chemical method and the contents
of Si0,, Al0O,, TiO,, Total Fe,O,, MgO, Ca0O, Na,O, K,0, MnO and P,O; were determined.

Judging from the chemical compositions of the bottom sediments, the author reaches the

conclusion that the SiO,« Al,O, contents are influenced by the topographic features of the
surroundings and the MgO-MnO-+Total Fe,O, contents are influenced by the sea water.
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Chemical composition of bottom sediments from Lake Shinji (Dry samples)

= OE W
. . Total : -y g, . ! Ig.loss- 1
% R | SO, | TiO, |ALO, | MnO| MO | Ca0 |NaO| K,0 | P, H,O+ Fe,0, | FeO
St No-| Teemy |0 | o | 00 T o0 | @ | o | 6 | 0w | oo | o TORl Gy (RO " ey
A I 57.30‘ 0.67l 18.49] 6.32 0.25 1.86' 0.79 1.83 1.89 0.131 10.47| 100 7.11‘ 3.36 5.0()l 1.18

” 12~30 \59.11 0.67| 19.58 5.77) 0.12( 1.83 0.69 1.72} 2.031 0.12) 8.36! 100 | 6.64] 1.72 4.65/ 1.00

» 40~55 ! 62.35 0.68 17.30, 5.33 0.08 1.69} 0.66 1.82 2.15) 0,10 7.84] 100} 5.65 2.19 3.93 1.26
B 50.16; 0.73) 23.02 6.30! 0.14 1.93 0.71 1.76] 1.86, 0.16 13.23 100 | 9.26, 3.97 4.85 1.30
” 33~48 | 52.94] 0.68 23.08 6.16 0.11] 1.81] 0.61] 1.57| 1.98| 0.14/ 10.92 100 | 8.62, 2.30 5.33 0.74
v 66~76 | 57.60] 0.72| 19.44 6.20, 0.08 1.84 0.57 1.67 2.05 0.13] 9.70 100 | 6.90, 2.80 4.69] 1.36

C 0~15 | 50.62] 0.69 24.05/ 6.26] 0.10
” 36~46 | 51.67| 0.67| 24.18 6.18 0.12
» 61~67 | 52.41] 0.74 24.34] 6.27) 0.11!

-

L7100 0.83] 1.67) 1.86 0.14] 12.07, 100 | 8.96/ 3.11 5.08 1.06
.70, 0.61| 1.58/ 1.96, 0.16) 11.17; 100 | 8.93 2.24 4.91 1.14
.75‘ 0.62] 1.51 1.95‘ 0.16/ 10.14) 100 | 8.24] 1.90 5.23] 0.94

_

Chemical composition of bottom sediments from Lake Naka-umi (Dry sampies)

H i
B [P 0. | {Total | |‘ i | Ig. ! Ig loss-1
St. No W i SI0, | TiO; 'ALO, MnO | MgO | Cal Na,0' K,0 | P,Os loss  Total H,O+ (ti O+);Fe203 FeO
O em) |00 | 00 | R S 0 | B | OB m) | B | ) | G0 [T e (9
D { 0~15 | 46.38 0.52 21.43 5.29 0.40 2.84 1.38 4.47 1.94 0.13 15.22 100 |10.99 4.23 | 3.95 1.21
”
v | 80~100] 48.07 0.58 21.48 5.79 0.28 2.64

0.87 3.36 1.94

0.13 14.96 100 | 10.10' 4.86 | 4.27 1.37
| i

E 0~15 | 47.60 0.60 20.28 5.55 0.39 2.69 2.28 3.2 1.92 0.12 15.19 100 | 8.91 6.28 | 4.05 1.34
» | 15~30 | 48.53 0.58 21.02| 5.58| 0.33 2.60| 2.35| 3.01 1.87] 0.10( 14.03 100 | 8.87 5.16 | 4.40 1.06
v | 30~40 | 48.90 0.57 22.20| 5.30| 0.20| 2.68 1.71| 3.21| 1.98 0.10/12.97 100 | 8.92 4.05 | 4.08 1.18

60~75 | 48.030 0.57) 22.24] 5.23 0.29 2.56 1.071 3.471 1.93‘| 0.12 14.49 100 | 10.35 4.14 3.47 1.58
Il
|

F 47.40, 0.54 18.51 5.21] 0.53 2.87 2.54 4.74 1.91 0.14 15.61 100} 8.07) 7.54 3.82 1.25
v 40~65 | 49.45 0.67 20.97, 5.25 0.19 2.52 2.85 3.29. 1.91' 0.10 12.80L 100 | 8.42 4.38 | 3.99, 1.13
” 70~80 | 50.44 0.56; 20.23 5.13! 0.16 2.45‘ 3.90‘ 3.25‘ 1.87‘ O'IOK 11.91‘ 100 | 7.08 4.83 ] 4.04/ 0.98
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Recalculated chemical composition of bottom sediments

SN | B B SO, | TO, | ALO, | 1% MnO | MeO | CeO | NaO KO | PO, '
1 1 |

Cm) | &) . (%) | @) e (%) @ | o ® @ @
A 64.49 0.75 | 20.81 7.11 0.28 1.99 0.89 ! 1.45 2.08 0.15 100
” 12~30 | 64.84 0.74 | 21.47 6.32 0.14 1.94 0.76 1.47 2.19 0.13 100

” 40~55 | 68.05 0.74 | 18.89 5.82 0.09 1.76 0.72 1.53 2.30 0.10 100

B 58.45 0.82 | 26.82 7.34 0.17 2.08 0.83 1.12 0 2.17 0.18 100
” 33~48 | 59.87 0.77 | 26.11 6.97 0.12 1.94 0.69 1 1.17 2.20 0.16 100
” 66~76 | 64.28 0.80 | 21.70 6.92 0.09 1.94 0.64 1.25 2.24 0.14 100

C 0~15 | 57.99 0.79 { 27.56 7.17 0.11 1.86 0.95 1.34 2.07 0.16 100
” 36~46 | 58.56 0.76 | 27.41 7.00 0.13 1.83 0.69 1.25 2.19 0.18 100
” 61~67 | 58.68 0.83 | 27.26 7.02 0.12 1.88 0.70 1.19 2.15 0.17 100
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g T o , Total Py T -
¥ B | SiO, | TiO, | ALO, MnO | MgO | CaO | Na,0O | K;O P.O;
StNod Ty | o | | [FED T | | e | @ | @ | @ Total
D 0~15 | 57.42| o0.65| 26.53| 6.55| 0.49] 2.8| 1.70| 1.50| 2.17| o0.16] 100
v | 60~75| 58.181 0.69 26.94| 6.33| 0.35| 2.61| 1.50| 1.33| 212| 0.5 100
» | 80~100 58.58| 0.71| 26.12| 7.06| 0.28| 272! 1.06| 1.17] 2.14| 0.16| 100
E 0~15 | 58.41| 0.74| 24.84} 6.80| 0.48| 2.76| 2.80| 0.86| 2.17| 0.14] 100
v | 15~30 | 58.33| 0.70| 25.26| 6.71| 0.39| =2.67| 2.82| 0.92| 2.08] 0.12| 100
v | 30~40 | 58.07!1 0.68| 26.36| 6.40| 0.35| 2.72| 2.03| 1.11| 2.17] 0.11| 100
F 58.88 | 0.67| 23.00' 6.47| 0.66| 2.90| 3.16| 1.93, 2.16| 0.17] 100
v | 40~65| 58.17| 0.78| 24.677 6.17! 0.23| 2.61| 3.35| 1.81| 2.10! 0.11| 100
» | 70~80 | 58.54| 0.65' 23.48| 5.5 0.8, 2.54| 452| 1.97| 205 0.12] 100
B6FE I H Nalk K wTR I Mg GHEB
Extracted Na and K Extracted Mg (calculated value on the base
= E of standard sea water)
a7 B = === ==
- Na,O K,O a7y b=y
St.No. | REHS | "oy | w» st No. | i | NED | st No. | sy | e
(em) Cem) @ | (o (%)
A = ® | 052 0.0 A | = m®/| o009 D 0~15 | 0.50
” 12~30 0.36 0.03 p 12~30 0.06 | 4 60~75 | 0.37
” 40~55 0.39 0.04 ” 40~55 0.07 « 80~100 | 0.37
B ® 0.72 0.00 B | % B 0.12 1 E 0~15 | 0.40
” 23~48 0.51 0.03 " 23~48 0.00 | 15~30 | 0.35
” 66~76 0.52 0.04 p 66~76 0.09 p 30~40 | 0.36
c 0~15 0.46 0.05 c 0~15 0.08 F | & /& | 050
" 36~46 0.45 0.03 v | 36~46 0.08 v | 40~65 | 0.28
” 61~67 0.40 0.03 p 6167 0.07 P 70~80 | 0.25
1
w__ = D, BAKIIEIEOKDE RS OF 100% & LT
s 4 -
St. No. | EIRHA §%) %g HE LI LD TH S, Shud “BEHEEOLSMERIC
> ;“’“)15 YR ST DI DT ALERR O & A—TEto b o
v leowms | 217! o ThB. FHETIREKNEBKE 5o THALTWS
" 80~100 2.18 0.17 b, REHICEKREEN, B L DEEIR T
0~15 2.37 0.14 BRENRDD, BERIZOBBER LD, HiTR
S ol Il el RBHHIC X - T BB Na0, K,0, MgO nffi%
4 o~ . . -
% B 5 07 016 7%, 10®S® Total 231001275 X 5z & bicst
p 40~65 1.63 0.12 BLELELDTHS,
" 70~80 1.47 0.10 Na,0, K,0, MgO nHERE > & DT TI% -,

FADTDEIER LR - Tco FEEOHENCIZE D/NT
BEELBATYS,

4. HEEOSFER

{LZEoFERTER O “BEEPEE AL EE K E>Sv
Ty (1968) LR—FHETTR T,

{LEEMREEI R, LR, BERLTFT,

BB X 5 E 3 RITAEFE L base K LETH

HECHE LA HDEMET 570, EELEY
— A=K 5g I, BEAK B, BHALLL
®) 100ml iz, Tw 55A»LEAL, 2 HEEH
BL (oL 2L EniRA) EBREEROTEE
g, DHLTZBEFRO Na,0, K,0 228585k kv
R, ThEHE6RITRT.

MgO (3 iE#EnEk o Na, Mg ofaakt»s, BRI Lz
Na,0% icf4+5 MgO % 2 EH Lz, B7TRICHE
EERT
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Vertical distribution of chemical constituents in bottom sediments
. st.D-B-CoZ{LBIIDIV,
5. MEEOLPHERM Total Fe,0,:st.F«D+E+A«C Bl &ind
5.1 {LSHEROEL %o
BORDOEEHL LTHHAEITRLS, Mg0O:st.C-A-B-E-D-F JFEINT 5,
51.1 {EOOKED (FR) st.C-A+B,st. E«D:F L 200BERLDN, &
25 3 I HERRC B RO 0 B F, AEBACERI L7 Bkl HEBOB{LEED IR,
BERRLELOTEHE, REORITOEIE>ED X TiQ,:st. D F.-E-A-C-B plFictnt 3,
S B, MnO :st. C-B-A-E-D-Folgic#mn+s, &
Si0,:st. D.C-E-B-F A OlEHMT 5, =V E 20N
st. A I st. 1T HREEIZ B, P,O,:st E<A.C.D:F-BplHz#int+s, &
fao st. FOZEILR T DI, {LRZD v,
ALO,:st. A F.-E.:D-B.C Iz #ini5, Na,0:st. E-B-C+«A-D-F DlEC#mMT 5,
st. A« F « E@OE{LBIIEBEIS -, KO0:st.C-A.F-E:D-.F olic ®Wim+s, &
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TP+ 5, st. C.BD-Aj; st. B-A, & A>5:D ° &£

LERZ . 1. .

Total Fe,0, : FT~#IN3+ 5, st. D 5] K0OR
FFADT 5, st. BeC-A-E-F; st. A D& olon@e © %0 °

ILERZV,

MgO : F~H#ini5, st. C . s . .
T+ B, st. F-D-E-B-A 2 N9g0 0

Ca0: U AL THEDDILRRHRH S LB A% o &’ °

n5, Cag @ ' :

T8Ny 5, st. F -
F~EDH+ 5, st. E:D-C-A-B o,

Ti0, : R~ 5, st. CeD e
FHOT 5, st B-A-E .
ATV I b, st F A v .

MnO : T~ %, st. FeD-E-A.B; st. F 3% e

{LERZ, MgO (9%

LR P, st. C
P,0, : F~#f1¥ 3, st. C S
F~HD+ %, st. E«D.C-F-B; &L &IZ 1 x% o o o

LI, . . ,

Na,0 : F~#ifiF %, st. F+A-B.E g Tt
T T B st D C 1.4 g

K, 0 : T~ %, st. A Z{LERDE, ¢1 "o o
TAFDT B, st. F BILERDE, O
BILRD ., st. E-D-B.C y

5.2 Si0, & & MRS E DB i %
554 R Si0,% 2R, #MMCERIOBE “ . ‘ .

Flloo Si0, MBI 57~59% OB S » & %<, 65 AL2Oy (%)

BEHBRBLOE st A DHTH B, ;:A;{‘ .

Si0, % oEImT 4% H AT OB = 5
ALO, : A+ 35, 4 st .
TiO, : #4435, st. D-E 22 .
WA+ 5, st. F Z: o
NIy 0, st. B-C /94
BlLBODE D, st A v . ' °
Total Fe,0, : BT 5, st. E 80,5 i o
RT3, st. A-B.C
ATV 7 b0, st FD Feiationssss betmen S10n merecntocs and ston
MgO : {4+ 35, st. A-B chemical components
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Variation of the chemical components of bottom sediments and typical shale
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Wbt s, st. AB

NRZYr7Ho, st. D
MnO : #jnt+5%, st. E-F

WA+ 5s, st. A«B.D

ZILorH o, st. C
SiO, B &R & DBERER LML 5L, ERR

M FRoEmR~bh 5,
Si0, o#Ehniz > TNt 5 @ Tio,
WA+ 5 ALO,, MgO, CaO, Na,0, P,0;, MnO
Biho iz b o K0, Total Fe,O,
5.3 {eEHERE(LOEHE
IROZECDORKFH L LR EH 8 RITRT
B8E  HRH/OLLHELE

Variation range and precentage of chemical

components
et Y -
D %{(130/%)3 # ' %5%@ = (1,,5 -
S$i0, ' 57~68 5759 2
ALO, 18~28 23~28 5
Total Fe,0, 6~7 1
TiO, 0.6~0.8 0.7~0.8 | 0.1
MgO 2~3 : 1
Ca0 N E 3
Na,0 P1~2 1~1.5 0.5
K0 | 2 0.3
P,O; b 0.1~0.2 0.1
MnO |‘ 0.1~0.6 0.1~0.4 | 0.3

5.4 RASOLSHEROILE

HHEOEEE BT 570, BMECERT 2 Hb
L, e BB DOYE%E B> T, FHRIT L DK
DNEIELTELDEE S XITR Uiz, BEDTc b CLARKE
F. W., WasuinceToN H.S. (1924) iz X 5 H BN}
e b B LT,

st. A o st )BT, Si0, &<, ALO, »34>
v, MnO-MgO-CaO Ti5HEH (st. A-B-C) i
(st. D:E-F) LFHHC PN AERCS 5,

5.5 XRELTHREODLEK

FKDIEZ st. &in b, EKEL FAEEZ ZhTho
BOZ S IHATE b DRE 6 MICT Lz, #ERiC i
HEE R LR, st. A Lst. E oficid X BB H -
THIEREL Y, EShic Wi AbroRE:
Bz T 500N, EBEKD Cl-iXkst.A L st.E
OETHRBICHEINLTw5, MALOIFHCEL T3 %
Dk, KB, TELD st. C-B-A CREW) Th-

Ji} 5 g o
Gereral direction )
o water flow

C B A E D F
Shematic profile of sampling points
20000

T akE
Japan Sea
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CLUimg/L)
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Mn0 ©6}
Total Fe09s;

Mn0 {00}
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NaZ006  K,0(%) TiO,(5e
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| L
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Total
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AL,05 (%)

Si0, (9%)

e~ K LBIT- - 4>Y7U (Upper-most core sample)}
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Variation of the chemical components of bottom
sediments in the direction of water flow
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Average chemical composition of bottom sediments at each sampling station

ot No. | SiO: | TiO, [ ALO, | £ | MO | MeO | CaO | NaO | KO | .0
‘ (%) (%) (%) oy 1 (%) (%) (%) (%) %)
A 65.79 | 0.74 20.39 | 6.42 0.17 1.90 0.79 1.48 2.19 0.13
B 60.86 | 0.80 24.88 | 7.08 0.13 1.99 0.72 1.18 2.20 0.16
C 58.41 | 0.79 27.41 7.06 0.12 1.86 0.78 1.26 2.14 0.17
D 58.07 | 0.68 26.53 | 6.65 0.37 2.72 1.35 1.33 2.14 0.16
E 58.27 | 0.71 25.49 | 6.64 0.41 2.72 2.55 0.96 2.14 0.12
F 58.53 | 0.70 23.72 1 6.20 0.36 2.68 3.68 1.90 2.10 0.13
BOE H A o b % M K
Chemical composition of rocks
; Hornblende| Leuco f
Sample biotite granitic  |Granodiorite, Granite I
hybrid rock )
areal ratio of 7 % 0 % % 9% 57 o
exposure \
no. of 5 4 s 5 Calculated ‘Source rock
samples A* I B**
SiO; (%) 66.78 76.80 66.79 75.48 72.74 73.05
TiO, (%) 0.54 0.20 0.53 0.21 0.31 0.31
AlO; (%) 15.71 13.12 17.16 13.64 14.65 14.72
Fe,O; (%) 2.01 0.57 1.62 0.75 1.05 L 2.90
FeO (%) 2.13 0.38 2.15 0.52 1.04 f ’
MnO (%) 0.10 0.03 0.08 0.05 0.07 0.07
MgO (%) 1.70 0.29 1.65 0.31 0.75 0.75
Cal (%) 3.64 0.61 3.63 1.23 1.96 1.97
Na, O (%) 3.65 3.08 3.10 3.46 3.34 3.35
KO (%) 2.69 | 4.19 2.59 3.88 3.49 3.51
P05 (%) 0.11 ! 0.02 0.14 0.05 0.07 0.07
H,O+ (%) 0.66 0.35 0.25 0.19 0.26
H;0— (%)i 0.28 0.36 0.31 0.23 0.27
QHH* 24.50 52.47 28.13 37.42 34.50
C 0.42 1.92 2.97 1.62 1.96
or 15.90 24.76 15.30 22.93 20.63
ab l 30.88 15.28 26.23 29.28 28.26
an i 17.41 2.92 17.16 5.81 9.33
en I 4.23 0.72 4.11 0.77 1.87
fs i 1.54 0 1.87 0.24 0.66
mt 2.91 0.74 2.35 1.09 1.52 |
hm 0.06
il | 1.03 0.38 1.01 0.31 0.59
ap 0.24 | 0.04 0.31 0.11 0.15
* 4 EOEFOEKESC areal ratio of exposure 4 FUAE L1 Do
* A0 HO:xB =L O 100% & L7zd @,
L AR OB 12 L o o
BIRTIiE st. CoB<A D X 5 mHEEOBEmET AL A
6. BEEEEZOLEEKOLE

Vo THRBEMEOF TRk S, HhigidiEX -

BORDINDBERY, RKOLAFPEHTH S Z LR

ReExzbhb,
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BT LBbIB,

GO EE L AL 0EEETRE R UG

THRbLLELDTHS, CaO ITRER AFVYXEHS
2, ZTNEEBRCREOBFEEGA T b B2 D
h3, CaO 2T L LTRA—E A 3 L\
2%,

S2ET O = HI A O FEE L g0 Z A O THE L R
BrohBEPETR, H8MLABCEHEDL LIORPE
HMThd, CaO ZBRVTIRHAL HEAZRLTY 32,
MgO & MnO OZ{LEICENR DD,

BOBOOENEE XL MBTD, BELER, K
BOBEEDOEAA—% > M hbid g E10KITRL
feo HEEBODR WL OB R B R3B EL SO, K0,
Na,0, ALO,, P,0,, Ti0,, Total Fe,0,, Hi%ic%\~
Lol MgO, MnO 2% 3%, MgO, MnO itk inZs
LERTOFRCTREHFEOLDOTH S,

Wio Si0,, ALO,, K,0, Na,0, 7 FIzERA T

St.A
—--——= §5t.B
—-— §5t.C
Total
Ti0, Al,04 Fe,0; Mn0 Mg0 P,0g

Cal Nago KZO

TR A L OEMEE /LR kR

Deviation of the abundance of chemical components in the bottom sediments of

Lake Shinji from that of the source rock
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Deviation of the abundance of chemical components in the bottom sediments of

Lake Naka-umi from that of the source rock

Eb, MHICAZHEEDCHEVERTIVEVX B,
L7z - TH#T MgO & MnO 23k #imL T
5 ERE, BN TR, TR B L
Tl HIELBRREELbhS, Zhi3E 6o Cl-
BoO®ME ¥ bz MgO, MnO 2itnL , Fe,0, 235
THZLREERD, ZThbD 3 BATHRET 58581,
WKOFEBERZTRT V2 X5,

MgO, MnO 3 X ¢ Total Fe,0, & {bix, 78844
NEMETDH LR, KU, KBORENEHEOILE
HBRIC X B HMRBROPFEO—HKTH B, T ORM
i, SBTEbAIMEERERE L —FEBET5T
ETHB.

11 Wi SRER, HBoEVEE L BEMORS

EL DEER Uiz, MilE bEEMCILEL T Si0, &
K, O 284754, ALO, & MgO BRZ\v, THIXT &
LEEMIVELDOPZ NI EERL T3,

1. £ & &

FAEH 8 W, HH#EF 3 BN IR TIEREEHIRICER
L, BMIAL £ To 3 077, Gt 18 EOREIC
2W»T Si0,, TiO,, ALO,, Total Fe,0,, MnO, MgO,
CaO, Na,0, K;0, P,O;, #4#iL, /L&, SiO, &
B 0 BIRE X OEE L Bbh 2 BT OLFHR & 0
L & T o Teo CORRMBOEEL b, HE—
I L2385 LR B U B R R o2 R Ic X > Th /e
bENBUDEREREL T2 LW OREE ZRITR
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Deviation of the average abundance of chemical components in the bottom sediments of
Lake Shinji and Lake Naka-umi from that of the source rock
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