ANEH# Humans and Nature, No.6, 73—85, September 1995

EEE FEINTHREOR—Y V5 a7HEYD

I S B BB AN S NIRRT DR ORHZLL

/LI S TN TR fix" "

Time Variations in the Ratio of Magnetic Grains to Total Grains Supplied with
a Drainage Basin revealed by Analyses of Boring-Core Sediments in the Low-
est Area of the Chikusa River, Hyogo Prefecture, Western Japan. Shigehiro
KATOHY, Tohru SAKIYAMA"*

We analyze grain-size distributions, types of minerals and rock fragments, and contents of
magnetic grains(weight percentages of magnetic grains smaller than 2mm in diameter) on a
boring-core sediment in the lowest area of the Chikusa River, Hyogo Prefecture, Western Japan.
For comparison with the core sediment, we carried out the same analyses on the present surface
deposit at a tideland off the river mouth.

The analyses and the established chronology of the sediment, first reveal time variations in
Mag-ratio, that is the ratio of magnetic grains to total ones supplied with a drainage basin.

The sediment is divided into (1), (2), (3), (4), (56), and (6) layers in ascending order. According
to previous studies(Tanaka,1981;Sato and Katoh,1995), sedimentary environments and ages of the
layers are as follows:the (1) layer is fluvial in origin and was deposited in the Early Pleistocene.
The (2) is also fluvial. Depositional ages of its lower and middle parts and its upper part are
from ca.40,000 to 25,000 yrs BP and from ca.25,000 to 15,000 yrs BP, respectively. For the last
3,000 or 4,000 yrs, the (5)layer was deposited as the foreset beds of the Chikusa River Delta and
the (6) was its topset bed.

The contents of magnetic grains in the (1) and (2) layers are considered to reflect the Mag-
ratio dirvectly, because of the similar sedimentary environments and smaller variations in the
mean diameter, than those in the contents. Thus, comparison of the average contents between
in the lower and middle parts of the (2) and in the upper part indicates that the average Mag-
ratio during the period from ca.25,000 to 15,000 yrs BP was one-third as large as during the pre-
ceding period.

On the other hand, the contents in the (5) and (6) layers were probably decided by the sedi-
mentary environments and the selective sedimentation in the sea. Since these layers show a
strong proportional relation between the mean diameter and the contents, we converted the same
average mean diameter as that of (1) and (2) layers into the average content, by using the re-
gression equation on the two factors. This value was regarded as the average Mag-ratio for the
last 3,000 or 4,000 yrs, indicating that the average Mag-ratio in this age was not much different
from that during the depositional ages of (1) and the lower and middle parts of (2).

As for the present surface deposit, the content is much larger than that calculated by using the
equation above, suggesting that the Mag-ratio is increasing largely at present.

Secondly, in view of the magnetic mineral content of the rock, the geology in the Chikusa River
Basin is divided into five rock facies:Cretaceous~Paleogene volcanic rocks(A), Pre-Cretaceous
sedimentary and metamorphic rocks (B), ilmenite-series granitic rocks(C), magnetite-series
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quartz-dioritic rocks(D), and magnetite-series granitic rocks(E). The basin geology of an inflow
tributary was selected among them, and the distance from the river mouth to its confluence was
measured on the 1:25,000 topographic maps. Thus, we show the arrangements of inflow tributar-
ies with each rock face as the basin geology along the main channel for individual rock facies.
Comparison among the vertical changes in types of the main minerals and rock fragments con-
tained in the sediment as magnetic grains, their source rock facies, and the above arrangements
for individual rock facies, reveals changes in inflow reaches of tributaries corresponding to
source rock facies of magnetic grains through the deposition of the core sediment as follows:
1The (1) layer (Early Pleistocene), an upstream reach from a 56km point form the river mouth
for the rock face (A) and that from 64km for (E); 2)The lower and middle parts of (2) (from
ca.40,000 to 25,000 yrs BP), downstream from 28km for (A) and a reach from 14 to 40km for
(D); 3)The upper part of the (2) (from ca.25,000 to 15,000 yrs BP), only downstream from 28km
for (A); 4) (5) and (6) (after 3,000 or 4,000 yrs BP), upstream from 64km for (E).

Key words: core sediment, magnetic grain, Mag-ratio, source rock face, inflow reach, Chikusa

River.
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Fig.1. Geological map of the Chikusa River Basin.

A : Cretaceous ~ Paleogene rocks, B:Pre-
Cretaceous sedimentary and metamorphic rocks, C:
ilmenite-series granitic rocks, D:magnetite-series quartz
dioritic rocks, E:magnetite-series granitic rocks, F:boring-
core site(BC-2).

(Simplified and compiled from Hyogo Prefecture(1961) and
Sakiyama and Tainosho(1995).)

volcanic

LOfERIC KO &, TR s i th T,
BEMERL O o 281G (LUF, REMERFOMAHE & IS
DOEHREALAHEE L, & 2 RIBO MBS & DL 5,
R ORI E P A X R DR R B 2 HEE T 5.
%I, MR T oMt o RO RKE, £ 0k
IRHIE 35 & O HUA X D R 5B & o hikh St 5.
BAPIIEE, TEEAEHROEYIMEICE T A
O ALIEFFE THUSRRRA — ol D REiS & AMIBHES L OA
OFFCBT 205 | (FFESE - ILRHEKR) o
TiTbNkbDTH 5.

FRIFOEOREE DEFX 5

THRE TR GREECEED) orbiEgi, Hrp (1981)
&0, MIEolc, FrEINEgE (Cg), REEMEE
(Ag), Rk LE (Ac) BXUKREEWE (As) D48
KBRS ST WS (Table 1).

TFE) 188 (Cg) REALDAEA 72k HIRE U g
515, FEEEEAGRERE (DL FN{E &S 30~50L1 F
N, ARgIESR)I (Fig.) T fm4 3 KM
JERgfE (HHrh - 5808, 1978) icxfth &, KBEFMRE &
BT SR O KB ERE i ic M 4 2 R E £ X on
TWwb (H, 1994).

FEEEEE (Ag) BNE10~40%2 RS WEETH 3.
A EEC i, F92.4~2. 57 FEATICE T L7 (RAARIE
1987) AEFHRAKILIK®, FI1.5~1.6 JERTICRE T L 72
(RAFE < B, 197D ZMFMBRABKENE & D,
Z OHERIH K4~ 15T R O iK% Th 5 & HE
EENTVD (H« B9k, 1984).,

R (Ae) B3Rt~ b 2 EIKE S Bk
HERE D SRERRL S 1, NEO~10%/R9. < OhEfic i,
#96,3004EFT IS LAc (HTHH « i, 1978) 74 & ¥
F7IngkEND (K, 1981).

FREEWE (As) RBINES~20Z/RdEH 5 Vi3 v v

Table 1. Stratigraphic classification of the core sediment
and its correlation with that of the alluvial deposits in
the lowest part of the Chikusa and Ibo Rivers.

BC-2 Lowest Part of Lowest Part of
Age Boring | the Chikusa River the Ibo River
Core (Tanaka, 1981) (Tanaka - Goto, 1978)
x10* the latter | (5) - (6) Ako Sand Bed Itatsu Sand Bed
yrsBP Post period layers (As) (Is)
Holocene
Glacial the first | (3) - (4) Ako Clay Bed - Aboshi Sand Bed
per fod layers (Ac) (Abs)
1 .
the Latter | (2)layer | Ako Gravel Bed Ibogava Gravel Bed
Last period (As) (lg)
4 — Late
Glacial the first
Pleistocens period
7 -
Last Interglacial
13
' Middle Pleistocene
69
Early Pleistocene (1) layer | Chikusagwa Gravel |Ohjinbara Gravel Bed
Bed (Ce) (0s)
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Fig.2. Columnar section of the boring-core(BC-2), its stratigraphic classification and correlation with that of the allu-
vial deposits in the lowest part of the Chikusa River, and some physical characteristics of the core sediment.

As:Ako Sand Bed, Ac:Ako Clay Bed, Ag:Ako Gravel Bed, Cg:Chikusagawa Gravel Bed, Kg:Kawago-daira tephra, K-
Ah:Kikai-Akahoya tephra, AT:Aira-Tanzawa tephra, dm:mean diameter, Wt:weight percentage of magnetic grains in

grains smaller than 2mm in diameter.
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Table 2. Sampling depth and Minerals and rock fragments occurring in the core sediment, as well as mean diameter
(d=) and weight percentage of magnetic grains smaller than 2mm in diameter(W.).

Qz:quartz, Fd:feldspar, Bt:biotite, Am:amphibole, Px:pyroxene, Gr:granite, Di:diorite, Po:porphyrite, Rh:rhyolite,
Pc:Pre-Cretaceous rocks, Double circles:very rich, circles: rich, triangles:rare.

Sample No. Magnetic grains Non-magnetic grains Volcanic
and dnm W glass
Depth(m) (mm) (%) |Qz Fd Bt Am Px | Gr Di Po Rh Pc [ Qz Fd Bt Am Px | Gr Di Po Rh Pc
Surface 0.46 476 |O © O A @] AA|IOOAA O A A
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A3, BEABEZW,

(2) 8 M (P-27~P-22) T3, WMR F0% i
BETHHERPROAS EREROS AR THY, (b
Mafoaah BLUAR, EAFREAEGTREV,
(@) @ EH (P-21~P-17) TId, BEMER T O KHEH
WEBOEORT, YR ELThHERbTrICEET N
%, '

(5) B FHBoP-8, P-9TI}, S@Fh sMMR T0I1F
EAETRTHUMF TH 5. T DJFEHEDORMR T3,
FICHEERSE % (B9 5 PG B L A E, DEOA
%, BRATHE, I0bild, MKBEEOKRTHL L
©, ZEOKNHTZZAEMS L (Table 2) o, F
7okElREB NS, —F, (B) ELE (P-6, P-4)
T3, MR ORI B EHOS AR &K, K
ATH 5.

(6) & (P-3, P-2) B MM b, Fhio (B)
@ B & FEvkic, fEaoaqh 8L 0%, kA%

ELvs. oM icAlA, BAKME X OMRERO
WHILSZENED, CholdT7FICHKT LD L
AoNb.

TROKEHERY T, MR O R A3 b A
DEARBLUAR, KA, BENTH 2.
2.Z OfhORLT

(D« (2) BEELT, KT OREPHRBCER & LR
BREROEARNTHD, ARBIXVROLDBZNITIKS,
(2) @ LT, EHEROHREHCIBANVEDE

LFDPREEEND,

(5) « (6) BTRIMh Wafh &b b%Ll, zho
BAK, BAE, 7 oREEASNDEARE, AA
X LT 5, PIOTRBRFCERENZ V. A e LT,
MRS EEREBINZ G 5.

FEORBEHRY B, ERaHOSAN EAK, K
LOBKEEED B,

Pl bicail <z, W 2mkd 2 F28h, aah
DR DOIERIZAL %, Table 3I2/R7.

FRINERICH SR FORIEXERE

AT T, MR OMBX ORI L EHEE T 5
OIS, TRk E KT 25> DiE (Fig.1)
IR BRIFHS, FNEFNTRIIARKD EDXET,
B I N TV A DA ST 5,

BUME IS T 2T 0% < 1d, AR - 7cbd T
BEBEONEER T S L0 b, HRO K% 5 2Lk
AEUTHB s TR EAKENSE., LEkh-T, &
HERROK T OB ERD 2 2 &3, 2hEFho
HE % ot & 4 5 o, TR ICH - 72 Bed]
ARDBIEEFAZRTHDEEZOND. ZITAET
i3, SODHIEDZNZ A FRIBHE &3 2 AR,
TRENNAG IR S BLY A KD 7e.

1. Ak



WAL O HLE L DR REEAL

Table 3. Simplified vertical changes in the main minerals
and rock fragments occurring in the core sediment. Qz:
quartz, Fd:feldspar, Bt: biotite, Am : amphibole, Px:
pyroxene, Gr:granite, Po : porphyrite, Rh: rhyolite, Pc:
Pre-Cretaceous rocks

Stratigraphic Sample | Magnetic | Non-magnetic
Classification No. grains grains
Surface Gr Gr
Qz, Fd, Bt Qz, Fd
6) P-2
P-3 Gr
Qz, Fd
Upper P-4 Qz, Fd
P-6 Am, Px
)
Lower P-8 Am, Px
P-9
P-17 Rh, Gr,(Pc)
Upper P-19 Rh Qz, Fd
@
P-22
Lower P-24 Po, Rh
P-25
p-27 Rh, Gr
m p-28 Gr, Rh
P-30 Qz, Fd

TR AFAT 2 HRIREREO. Lkt 2L L O KR Ic> 0T,
O SO TR O & OFERE (kn) & FEOME %
skeb o, WRIRIFEO. 1kl E O XA R & LD i3,
ARANOTHHHBICB VT, ThosoXEO LD sH:

wEHREWEENE (RE /MG, 1983) 12 TH 5.
At A OR OO0 o Ok, 2755 T2 01K LT,
FE8mm (200m) FARED 7 4 284 5 — A OTEHAIL 2.
XWBmOME L, LItk L TR,
TRENNBEOWE L, ShaTIcE 0 2 HIESY O fE
FPRICEHT A &, Hiid~E il klEE (A,
FAWRHRS - BEHR (B), F 7 vEILRIEMS
(O, WSRO REHRBESE (D), B & WK
Rk EH (BE) oboiekKilah s (Fig.). £I T,
175y o e B SER] (el ek L B4,
1961) It EhE A2 N S5>DMEICE B Izig,
T o &5 IENICERE Lz, £ LT, SR
DPIERA 2 [[—HIEK FicR U, XFEE S5 2 H %
5O OHIE Oy 53R, FIBHE & L 7o, HIRimES
REEZRP, HWHEERMTICNET 2 Xk T, Wi
BEBOMEIC L -ThEY SN, TDLDREFRITD
WU, WIEAICED SN AME T X TERIBIE & L
72, LT, RF2kmXE T &, 5o0EZFNFNIC
SWVWT, JHEEFBRHE &3 2 XHEOAK O %R
72 (Fig.3).

2. R

THENRE TR, 5> I33I1F RS ES L,
TR AR RN A 12 EREIEARICE 42 (Fig D).
D, 5ODHEBDFNFNERBME &4 5K
DOMAXEIE, WE & IcARICET % (Fig.3).

P~ —fKILEE (A) 2RBME & 4 5%
Wild, #28kmili & » FHXE & #56kmit s & v EKX
MITHAT 5. LHHERWRS - ZREH B) » 561

20 T T T T T I !
- BEVN=LNEH[E [N
2 | |
I
3
5
g
E
2

Distance from the river mouth (km)

Fig.3. Downstream changes in numbers of inflow tributaries for each 2km interval for individual rock facies.
A:Cretaceous~Paleogene volcanic rocks, B:Pre-Cretaceous sedimentary and metamorphic rocks, C:ilmenite-
series granitic rocks, D:magnetite-series quartz dioritic rocks, E:magnetite-series granitic rocks.
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BRE N 3Xikid, ZOMo22~58kmXAE Eb 5, F
y VESERIERE (O Bafmsskd, ZhzkiER
HHE &9 237, 15.6kmiths &39. Tkmith 5 ¢, £ HhF
NIRRT OHWAT BT EEW,

WKL R A PR B S EH (D) & WEERILR AL S 1A
(B) 13, gk~ ds =i klia] (A) g

a
A P-28,30
12 o p-22~27 0182
B P-17~21
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9
6l a
=
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Fig.4. Relationships between mean diameter(d.) and
weight percentage of magnetic grains in grains smaller
than 2mm in diameter(W.).

a:samples from the (1) and (2) layers of the core sedi-
ment, b:samples from (5) and (6) layers of the core sedi-
ment and from the present surface deposit at a tideland.
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XETHAT 5.
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(RS OE A F OBEHE & L, TR IERt
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Table 4. Source rock facies of the main minerals and
rock fragments of the magnetic grains.
A:Cretaceous~Paleogene volcanic rocks, D:magnetite-
series quartz dioritic rocks, E:magnetite-series granitic
rocks, T:air-fall tephra in origin.

Source
rock facies

Sorts of
magnetic grains

Minerals
Qz: quartz
Fd: feldspar
Bt: biotite
Am: amphibole
Px: pyroxene

—A A mmm

Rock fragments
Gr: granite
Rh: rhyolite
Po: porphyrite
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e
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Table 5. Change in the ratio of magnetic grains to total supplied ones and in the inflow reaches of the tributaries

supplying magnetic grains with their source rock facies.

A:Cretaceous~Paleogene volcanic rocks, D:magnetite-series quartz dioritic rocks, E:magnetite-series granitic

rocks.
Core Change in the ratio of Inflow reaches of the tributaries
Age magnetic grains to supplying magnetic grains
deposits | total supplied grains and their source rock facies
—downstream upstream—
+ +0 - l
Present Surface 64km- E
Late Holocene 6) !
after 3,000 or 64km- E
4,000 yrs BP ) |
Latest Pleistocene | (2) I
15,000-25,000 upper A 0-28km
yrs BP |
T
Late Pleistocene (2) A 0-28km
25,000-40,000 |ower , | .
yrs BP H4 D APkm
I
56km- A
Early Pleistocene | (1)
64rm— E
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