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2 E EHUR S o0 BB Ao Fg AL RN I o T
%. REFEHROHETIZ S 04T 5.

B s, WERE, REWENLRY, TOMIZE
SHeM~FmMOLHEOEIKEBIBZ < HEND. K
T OYea SR LT A TR, TR & RIERIZ B
ETERD 2 » FTICAFEET 208, & & L IRk
AR~ RIS A L 0 Hild 5.

TEOMBIEYE (3% H OMKIEHE) 1%, 181 Hk & H
FRICEEEAmM2BAHEICTFET 2 (BB 3. 6 [X). AHUg
HOMOR L FHEOFHAOK T, HB~EIRAIC
oo TS, TBJIHRIC I~ 2 &, MR HEOBRIT/ N
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&<, HRALOFRE LK.
FEoRREYE (4% B OHKEYE) X, #BAmMS3S
OETIHFET S, BRI ERA TR, 0
HPHITME/ N L T DL AR E O TR0 5 O &
FR Ly E CORPFA T, HRI~EVRSE Lo TN D.
EHLR B2 b FHEARE TORILD B TIE, FHOFHE
Kl s o THRE L, ML 251382 5.
BE VWO HEORI4AM, fiFiR219m, F48208m,
AR EF237m, THEA229m (5 3. 3EDAmM28 L
AmA40-3D[) . HFEEH M TIX, HEHHHHHETIEE
AN E L, TR CE S NEUCHEY T 5. EBHEIR L
DB EEA~OMAL T8 TIE, M- TH LESH
WOT BN, TOETNE.
3) FHiiesmE (Ams)
WmE /b (1949) Ik B, NHUIEREETEERIC R
CTRERAE ST IIeaE ChNMITIERREICx ) o
MicEeEn 28ea s TMEEsE e mal (3. 1),
B CILEER AE PICRBT s Lz, Lo, Zo
REITREY TH D . BKAHEIC L > TTHESE B OB
Y2 B RS Uk (B9 5 &, FIEREE
L oEEAMESEAMEIDREICH Y, HMTITZh
SOEBEORICREL, BEEEOFIZIETRB LR (FF
WEfth 1981). /Nt av44 Y IRFI X MU O %t i3S Iz X -
TTEARL, BRIZE > TITY, THBCS B O - 1
ADHEREOWEICKHET 5 EF 2T, LaL, B
DWW T TS 8 SRR Ch 5 DITR L T,
EEBOW RIS — 4 A MNPE T, BUECIXGIEESE

BBz oh, MEOHMERREN S 252 L03m
HLITWAD.

L7eRoT, ZZTIETHESRELZ K=o 15)E &
LTI . RO L 9 I TS SEIT RER O FICH
57 O0HKIBHEDOLSTHD (Fnb 6FHOHK
JE ) .

R EETR T RATOERIE (5 3. 9K).
T AR T RO L EFI b 2 FHoN T4

A ARHURFE R OSBRI L0 B O SR Bl E
T, S OICRE T TS 5 LS EA mEs X Am69
ORNZRIET 5. FEHETILZ OB E AR
WRIZ 72 D708, MU BT TS 58 OAL B % w97
O, TNHHERESCIREN SO bAmsE LT
HLTW5.

B L L TRELHCEN DR D, WA TR ~HRL
WETT, LI UISBRE X IEE ch 5. BIbaomh
EEHLEALTVWDZ LSS, RBHORBET WYL
HY, BEEHEDORMEET S, BEITZTF v — b
B, WEWEO/NIMENSR 5.

TSI E O B, AmT78 (Ok) £TOREE - H4H
AL DWW TIE, Z O OEENRTD G FIZ [ h > T
PF DL L BICEIRARBIZTMO L OB RB LT
< (3. 6M). FEOHBIZIH > TEMELERD &,
AR O HORL ~ HURL TR A 17 (2 M 2 - CHUBL L LRVE IR
A, REWEICEDD.

TS EE O FALOHIBIZHOWTH D &, HMTIX
BB N THI > TV D2, FEIZHA» I L0 > T L

B3, 9K KR T R T OMBRORET 50H
T E TS 1900 A1 T



OfEfE» S TS B REIC L > TRAEIh Kb T
W MERESIR) . T2 b EMANE & T AmEeE 5 E 5T
EREA L2, BRREESHEI T 5. BAVILE T
TIMEE g R DR B II R P EIET 5.

BE #,»oaem)iim, TEIMIm, fHOR3. 5m, HER
38m, fEFiR43m, A 14m, EHR EfonTH 5.
B3 6 NSy ND K I ICHBER R T L > XIROE
EEL, BE-fFRECROEW. TS EE O R
BLITEEORAEREIL L T —HK L720.

A I K OVFE O AR 7 Huss 8% | L1 30 O T I 5 g s &
2O BAbA R OE LA OER oS, Bk
AT A~ BB ~ PRI AR T A &
NTW5 (KREE -/, 1949 ; KA, 1967 ; Tomida,
1989) . AILEALA L, NBEOEBEORE 2 /RTINS
VN CHITNED, 1982).

BYQNESREI=E NS AN
BE XEE2EORBEIX, W2 LMORAM, fEf
R742m, FA786m, EMIR LiE841m, FHEAS19ImM
Thd (3. 3%K). HEFHTIE, SEROEREIL, EH
REFEDODREFIRE THEIZH D> TR D L,
OMORTIIABL, SR LEROEIEDK ST

. BT ETCRE, ERR BT D TR~ 2o
TREE® D L LT s,

R EFE/R /Nt - P (1955) 13, KHE X v Beiie
HIZTOREMIEAZRE L TV D. 7ok, B0 R
JED BB EOBALA OFEHDRE STV D, FilEE
Aot aERricB L L, #EAMIMITIINIS/14
BARNRH Y, KB EEIEN. 17bicH 7= % (Oda,
1977) . AIKEF v 7L AEFIC XX R EE IZCNba
MNHCNIOWZHY T2 (ZH - &fF, 1998 ; &RITH,
2002) . b b A CIERERE D - FEIZEucyrti-
dium inflatumiF 7> 5 Lychnocanoma magnacoruta#y
WZH7D ORI - @fF, 1997). EERbr R ClikEE
e TERAANPD 5CENPD 5DIZHZ Y, Wa DBER
ITEEBAM24E AM29DRIZH D (FE - /MF, 1996 ;
P50 - @G, 1997). HEIEA (1981) 1E, RiEERE FEo
BEAMISFHITOIRE N LEEMEREOLA 2 HE L
TW5.

AJE ORI TE DN S 13 % < DB HFH TN
5. K-ArEMRE L I#EEAMANGE L1173
Ma=+0.24Ma’’ & ¥ (Takahashi et al. 1999), Zuidf%
{EFERBFICEE S AFRE K< —8T 5. fEEIED (2000)

3. 3% REBROTHBFEHATEE B m)
R OR &2k & L TR

FADIR BeR Hii iR b SR ER FRER

BAEE (km) 0.0 2.2 3.7 6.1 9.4 10.4
Am98 CEEBEEK) 0 0 0 0 0 0
Am91 21 34 14 12 9

Am83 40 69 44 40 35 32
Am78 62 74 63 63 62 62
Am75 84 87 90
TR EEE LR 82 14 86 93 96

FHRBEHEREE 82 113 129 107 98 113
Am66 120 130
Am59 115 170 181
Am56 148 192 199 209
Amb53 172 220 233 244
Am43 99 323 351 402 337
Am40-3 169 351 381 434 362
Am38 192 395 432 492 431
Am35 246 467 499 552 491
Am28 303 570 588 671 591
Am20 331 659 708 743 661
Aml4, 13 350 679 133 167 1217
Am7 387 715 759 815 713
Aml (REEHEE) 415 142 186 841 819




AR O S BHEORBED T 4 v ar - FT oy ZER
ZEL- (Am19, 11.7+0.3Ma ; Am40, 8.5+0.5Ma ;
Amé61,6.3+0.5Ma;Am78,5. 7+0. 4AMa;Am94, 5. 2+0. 3
Ma).

INGORRERET D &, KEREOHBHIM I3
Ma-5Mall b7z ¥, /INEEIREEEIT11-9. 5MalZ,
TIRHEEE S X TM a8 IR 3 5. 7ok, TR/
s TR RIED (2002) OAKE T v /LA
EOFIEREE R EIchH D &S, ZHUIfEBEIENIC
Ko7 10vvar s by ZERELTAMNTH D,
Oda (1977) OFLIAEF CIXBFEER LE» 6%
O FEIME ST b, TOR—FIZHALTEH
RNV ETHD.
X EEHUEIZ VTN (1949) 23E0HEL L 72 FE IR
TS T, TEE 8 &k ORETEE B L, Bt
JEOXIZ Lo TARBEOREBIZEEND (3.1
). =L (1990) K OVERH - /IE (1990) OFf7IRE T
W, FHEL RERICEEND.

3.3 {#EE (Ky, Kym)

md M7k (1901).
A KA RIS L.
S Ao EREROAMI oM T D, FEHO

B REROBREC /NI AT 5. EETE, &
E stz syl B R & KREFERIC L - T
SRR, WEEICES. £z, EEERIOBEM,
ST, —Momgl iR (BFAaRR - &R87
B Lo THAERD KT

BF TMHOREEKOAOLZEELITEETHD.
AHILFT RO BRI ORI, JEEEII) Hik & FEE
WZF—E XA NPEOABTI2WHEOAEBEN LR D
T, REEE R LT REREOZ)E & A OE
WIZE > THEFICXAITE S, LrLl, ERL [T
WIEEE LR D BRI LD DO TEOBIITEEIC X
bRl b (5 3. 10). BCEHREIC L HEER
O, BEAMIS~ANIOMTHD (F 3. 11K,
% 3. 13[X).

A BB XS, B0 HIR ) b AR KR B O
BERILOMETIE, ¥—Ev4A MbEDOERBE LTS
WHEHHEBTH LM, mia Lo CasIZIesb A
WZEDD. ZORE, EBEO TEN OIS AT
k35, WHBELAEEOWHEYIX, SaLorEikm
OEAENERTIIKy LIV L EETERY, 201
kmTIiEKy21l (Hk) &720, 5P 5km O R
TIHAEERREOHEE~REREICR>TD (3.10
). EARFLAE L, JEEE L — R b RN D Dh
FHAI IR & Tl < .

W EEHE (km) E
EF@ HOR BR faFR SEI/IILR
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JEBBIERE
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3. 10[%
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ccflc's‘/'/? w1
o2 3 . Sil.
B ) (- Fe=10c. ZIFI

bl. ve. 23-grad.
~ZE

° . sil
.

EC. sl
I,
CRE % )

c. sil. m. 23F)

108 m. [RI<H®Z2

¢. sil.

£ 2L X~F—b
m. sil.

c.sih.
ve. AaFI

7
"< 23 £0~05-1 X3 sil. ,
50 2 ¢ g #E0~05H2T sl 50 ¢ sil.

T = B16~17f RITL X

I g o Rs e
X goon| € /Y%
of— 1 sd ygf(ii% pchs e
c. sil.
d ==F EJm.’W ST g 1, Kyg
xS ¢
= el

| oervzEn ¢. 133 zone

c. sil
c

22 grad. <—Ky2
. — 100

c.sil.

TF12-154 X2ALLX
¢. ZAaFI
ve, X3
A4 sil. ¥L-¥ grad. <
bl.22 sil.g Ky1

¢. sil. (R%)

13 An vi. sd.
J S = f-sdy—%2~Z2-sd- — 200
o 5 . sil.
15 (ot c.sil. m ZaFL g5 12 v‘; :Id
& 3 T 057 ¢ sil.
m. sil. c2ve- 24 grad. vi. sd.
26 c. sil. 16 c. sil.
O AN 3 2P ve. A3 grad.<—
; [~m. 238 sd. K- Am101
4 J:ﬁ 1.-sil’ 2 i—vc. 22FI)L zone (*‘E‘ é\)
. p./ngrad. [ f.sd. K—n =
: - sd. o .| k1525
12 23 sil, 47 c. sil. S e zaE
il. cuen i E3icoszy e
8 P e 61
c. sil.
10 | €. RIFI
A0 grad.
8 Ny x\;lLsilQb/—\:
S FETz=H) =
X b2 3 sl “—F EEEEeU A A 100 — 300
2 NSt silm, 227 2 g s h
X \13 sdy. sit™ ki (%ﬂa)
:% 3 Z 2 sil. FO~0.5 bl. = fm. XL 2X
7 :
c. sil.
= &= @4V, sd. L 55 c. sil. f. 2aFn
5] —— ; | csi xms
FreTEErd mf, 20
- .| Bitvezazn '_Anjg‘g_‘
or| E11tave mamn (5 ER)
c. sil.
m. aFN
fm.
+0-23 br,

bl.X3 grad.
45

c. sil.

B3R ISR R ORER A SEE IR R

e Z:LJTbI. <—Am98

o (B — 400

Am98 (@), Am99 (i), Am100 (Ef), Ami0l (BH), Kyl (i), Ky2 (L),
Ky3 (1=%), Ky4 (=23). ZyaWNiFEO=v 7 Fx—LA. LEIFE 3. 3KIRT.

BEEORREX, PhR~MeEEExTEE L, —HE
AL 7o TV 5, JREBOTICE, BEXEBIHEND.
a. W& Ky)

WEBOWEIL, ESlem~2mD 4 —E XA bk
T, WAk~ TR SN ETH D, ER(LEEEATRL,

WER TESHE, AR/ D, JES50em% i
FTIEWDETYH FEIEPRADOH A X TH D,
WimbD Z &b H 5. UIE LIS EEAS S L b ~Hiikr
AN, ZORICERDIEEREEOBERNIE- &
DLARWZ EndD. UL, Hff @ ciiids L,



ZOEEFILIE B S HAITE B,

HERME G & LTI, RIRHER, EATZEHE, convolute
lamination, dish structure’s &% — v %14 MIHEH
RIEERHOND. EDICIREBEEZ GO L E .
BARLATY T ORFEZLEFHLIENLIXLIET, &
SICEFLOE/ZZIIZ < Abn 5.

FATHRARTZL ST, #—EFA MNPEDEBT LW
MBHHEEE 2> TWABOE, A Mk TIINE) | s Bhsz
T HMBEERET T, TOWEMTIIREERD BEICE
b RHIEHHOR T IRFETIE, F—E4 1 Mba
EEClRED EEIE, EERE L - PO EKy17~Ky
262 Ky28~Ky3lDOE¥ETH L (F3.10M). =HIZ
FOBERTIXEBDABIL, HEERTO#EKy21
(Hk) ~Ky24@¥i2fg/ L, Fi & v A cixiesE
272 5.

TesE EROERIC > TH X — B4 A MbE T E
T, WICEBNREND. AR FHOMOR
-FFREOEEKY7, KySfHENZ 5 T, #I%< i
WS, E10ecm~2m DI B EET 5.

b. & (Kym)

TE TS OVBAEIE,  RERSY O HUIE, T ki~ Mk A Tdh
5. MR L CHPEIRE & 72D DI, TSRO B BT
I & HE O s LA A & a1 BRI 2T T o kT
H5 (H3.10K). WTHBHREAIZE 7o TREEMN
RIS LTWD. BFEAFE T, Ky26L Y B
MBS 5. mELfhT oMK BRI, mE)l LT
Kyd~Kyllofich 52, Zh kvl skmitdbdm o
AHLA O 2 REROAE T, MRAEEITXS 5k
A7 (Ky28) F THEA 0 i Ti~H MmN EedfE &
7Y, BELEFELIEDS LTS,

c. BIRE

WEREIC IR L RIS, 23U TEIKE, BAk
KA, T~V AR, MRIERIKE 7e & 2O BRI 8
DIFET S, BIRAEEOES OB, EHE bICKEHE
LIFEIERILTTHD.

TEEB TS, #8 Kyl~Ky2l (Hk tuff) OBTIZ,
JE S ¥em~80cmELE D 2 2 Y TEK S A% < 17 E
T5 H 3. IIKICIRIERE & Ktk o5 5T D% K
HEEFE L TORLTWS. ZOWICE, JEE3~13
cm DRIV B & R JHRI ~ K IIEER 2 U T BEK A 0N %
W, ZD% IX T L~4empr s Tov kYA X OHRL A
Y FEIKE (Ra ) 7 R E A asil.) Lo T
W5,

Fz, AU TEIKEIZR > T U A HIKESH
i~ IR EHRIEE IR E SRR BN D . [~ K Bk ke
BOBIID IR, BICEFIENLORR LS. f
ZI1E. Ky6iZ/EWERSy Tém, Kyl4TiXi2miZiET %
(Wb ER) . 2B IEERE TR O EWVEIKEE T
»HbD.

BRI OKyY21 (Hk tuff) ~Ky28DfiiL, Ho &
BRI EOEICE . £ORERNPKy21 (Hk tuff) T
b5 (FEI.12K). ZORBIZTHORESI150~195cm
DT~ A EEKAE & FEERDIE & 10~22cm D Uk 111 A
Y TEIRAENS 2D, Ky2lD T FRIR AL, &7
B FRBRAZBELTL- & bENTw S FEKETH
5. ZoIw A RIKEE, AT &S Tl il 4R RR
AR E T, @RPAGEEL, Baain
LRGN T~ > ARITBIET Dk 1E— RALRES
DEIWCRZD. L<IZ, FTEHO10emiZILk - ¥—7T
b5, B3 2R T LI, FEICITTEATES, BE
IR BEHERRB O OND. £, & EHICITSIKE~
IREMRIEK SN ER Y, kL L CIERLEERZ R L
X —E XA N E L. L, fEfE (2002) 2R
5 E91T, Ky2l (Hk tuff) 1ZRRIC 7z > TEERY
—Thh, ESOBEICTROMBEZITLALEELTE
L7, BEOX—EXA NI DLERSTWS. THEl
DHLAR « B — 72508 501%, BT KILKEIRO FTREME S & 5.

B3 12K RT L 91T, Ky2lommEEZE ki, =
~ VAR A, AT U TEKE L BI/NE WA, ALk
i, dbicmo TRIEZB LS. JAEOJRE bk
fbL, WEIREIZ/R> THWDEOT, ORI 7%
MoltEZEz2zbN5. Ky2lo a3~ U A EIKAED EICH
ZYess IS, FRHLRI~ KUY A ZDORIRDZE A o 1= A
S U TRINEAET 5. ZhiE, BRI AKLKSHEFIZAY
W - HREL7=b o EZLND.

WEEREPEICIE, ZDIFKy24, Ky250 kL 9 RE &
2~3mIZET DK A~ K ARG IR S DFIET 5.
Ky28lL, JEX70~150cm THEEREOHFHTH - & HEN
2 Y TEIKETHD.

IEBRE LE, Ky28~Ky33mBliciE, P& mEicS
FEOBEREDRENDD, E0bOiEev. N b
DL LTIE, Ky3l, Ky320 X 512, MRHRI~ K 1LHEH
AXDA®, KV E, KA, BEaRhEh T 7L
FRAY T bl b A IVEIRERBTFET 5.
BE W EFAETom, FHOR186m, FEF196m,
FR169m, @EE) ERI6IMTH D (F3. 4FK). HE
Wi <X, FERS R BEWA, HORMLEE B E
TIRIEFRUEES. HORPSEFEICHI > TBEITR
WL, PLUTICR%.

LB EER Oda (1977) (T LAVEARE TR A FL A
{EBERBFEONLITHABNISZRWVWLINICHY L, ABEH
WP/ BT RN B B Z LT B T2 L, KitE
DETHEARTZ X HIE, ZHUIREBHICFRERARZSH D &
THAREF v 7 bAEFIC L A/RE K L.
BREIEH (2000) 1FKy21DT7 vy var - hT v
EREZHEL, 4.250.2Marx 7=,

®E b (1949) ROV=FUED (1990) OFE-IRVES
J& IR, BEH - /NE (1990) OFFTIRE B IEREIC
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7] FaoxT
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%3, 12[%

TEEE PO BEIKCE #EEKy 21 (Hk) OHRKK

2917 Bk w. 1.1, 15

~| L1535 m.~ve, R3FN

?mr‘~\\‘\\\\
- dust?

m. sil.

m. sil. 8-207 Y X2FIL

4 |
o] Letagn ot AR
36 || Ereezve a0 o[ —

TFo-4tfa.

—100

gr.f.if. & 32
— | /Y2E gr. . alt.

.M. sil. m./S3FN 45

\J:U-31.
&4 £0-35702 Tonv, 73

—200

—300
#2NA Fo-0sil. #L#
“I~-em. sil.

Ky2UX 1 EOKLEEA 2 ) TS (7 U 4ay) L 1@OIv VA RIRE1 LR 5. 2EOBOBREKE S B #kid 5.
Hy aNIFEBO =y 72—, LHNIE 3. 3EIRT.

TINS5 EBbRD N, WTREOEFZENP IR D
TIEMEIZIERETE vy (B3, 158).

bh D

3.4 %Y (An, Ank)

g Mk (1933).

B FETEEM TR BRI, 2T REOD
L LFo/NT4.

o AHIBEBOERER ORI L. RKE O
tE RER ORI A R O#EER IS 20T TH oA
T5. WETIE, HEREMB O S KE TR O
FICHMmT 2. £, EEBEAMIEOREF AR O6
T 5. BINFmB T, LTEISFEMmIc L - T
BN O RS, FREROWMEIIH > THAM
T5.

BF TOoEEE & I3EE. b3 kit o RiEE

IC K- TS (BIEAES) ICEDLND. ARHEE R
OEELOM T, HEE EIIUBLRIIRAERN LA
0, BEZELTIRHBITEMICE > TGRIITE 5.
FRRVETIE, &2 - HERWEOENMEEITVTb
REOHEBT HE5M0T, HEORMIERBICE -
WBIEND. # 3. 13KITITRE - VR E B R O BEIK
HEEAERL TS, EEBANNS ERLEHETHD.
BUZIE, WEERZ EHuk o BT Bk BT %
EBER EREAWBEDEEORE LTRLTWS.
Ao REE & oFERIE, BEAESICLREEN
K&, Wa - BEED LR BEENREN LR DR
JEEETAGARHAETHD. LavL, AHuPER DL
WHIPH T, BREINTICE - =R E R B NREW
ERWIEND Y, RICHEAR S BEE L ELOSMEN D
510, BEHRITHAECE RS - REAMICRZD.
WoT, ZZTHHBICLIBERORSPMEILRD.



$3. 4%

T E O TR R R REEE (B m)

EEEE R F AR L LCEHAL

EFE HHDR IR FEFR EENLFE
BERE (km) 0.0 6.4 8.5 10.1 15. 1
Al (REBEE) 0 0 0 0 0
Ky31 9 14 19 14
Ky30 14 18 23 32
Ky29 18 24 30 37
Ky28 23 31 35 48
Ky27 31 40 48 74
Ky26 7 44 54 57 90
Ky24 16 60 7 70 104
Ky21 29 87 95 102 123
Ky17 32 106 11 112 132
Ky11 42 127 144 127 146
Ky8 52 154 160 140 157
Ky7 53 164 167 144 158
Ky4 64 175 189 158 164
AT9S (EBBEE) 76 186 196 169 169

ZE D LRI, AnlT9fHRICH %.

PIF, ZEE FEiTs#EAn1~ANSODM, FHEx

An80~An158MfH, #IZANIE8~ANITIDE & LT
Rl 5.
B AU D b BERE O RS BT T, K
JE EEITREAEAICL2EROTZORIMLTND (5
3. 14 . BIIHPROBEAMEN B ETIE, BEAEAIC
LD RBRIIRE D LLEE FRABENA T 5. K
HIE P D TR CIELE B Of b EEAHEAL T
5.

LB DO RIE, s EWERENLRY, ZOh
IR A NEEEN D . AMIBHEG DL ) RFHET, &
JE8 FEICZ — XA M EEEORIRAENEND.
S WEERIC T CIE, ZWE Eiamgies, REw
BROBEN R D, AR TIXLIFE L AR
Wi (Ank) & LTRAST 5. LIS, SHEEEEA
MR A B8 o) TRt T 5.

1) £ (An)
a. EARUBERSE

T OJRE EWEIRAY, FEARMICKE - EEmE
DHLOLFLTHD. HEIE, LHEOLONRETHDS
MPNEETTHD.

HRL~HLRIJE S S, AHURASOLE R - THIcAF
E£75 (3. 14X . TEEIEEICm - THREBL,
HRRAEICED D, RS TIE, BB FB~hiEo
RAEDWEIEN D72 Y, R ~HRLE A 13 Tt L

EO—BICERO HND DI, WHEFOHREIC /B E, T
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Geology of the Futtsu District
By
Terumasa NAKAJIMA* and Mahito WATANABE*

(ABSTRACT)

GENERAL REMARKS

The Futtsu district lies southwest of the Boso Peninsula in the Kanto region, Japan. Two main rivers, the Koito River and
Minato River, drain the district.  Both rivers initially run north, turn to the west in the lower part and flow into the Bay of
Tokyo and channel of Uraga Suido.  The district has gently undulating land.

It is mostly covered by hills below 350m, called Boso Hills.  The marginal area north of the lower Koito River is occupied
by uplands that are at the southernmost part of the Shimosa Uplands widely spreading on the Kanto Plain.

A thick sequence of Neogene to Middle Pleistocene marine sediments is distributed over the Boso Hills (Fig. 1). It is
separated by the Kurotaki Unconformity into the Awa Group in the lower part and Kazusa Group in the upper part. The
Middle to Late Pleistocene marine and non-marine sediments of the Shimosa Group cover the Shimasa Uplands in the north.
The Shimdsa Group overlies the Kazusa Group with an unconformity. The formations of the Shimdsa Group are widely
distributed, but are much thinner compared with those of the Awa and Kazusa Groups.

NEOGENE and QUATERNARY

The Neogene sequence consists of the Awa Group of the Middle Miocene to Pliocene and the lowermost part (late Pliocene)
of the Kazusa Group. The Quaternary succession consists of the Kazusa Group and Shimosa Group of the Early to Late
Pleistocene. The Plio-Pleistocene boundary is recognized between the Tomiya Formation and Kiwada formation, the
lowermost and lower part of the Kazusa Group, respectively. Among the terrace deposits distributed along the Koito and
Minato Rivers, the older groups, the Futtsu I to Il Terrace Deposits, seem to be latest Late Pleistocene.

Awa Group

The Awa Group extensively occurs south of the lower Minato River with a small presence in the north. It is made up of
athick sequence of marine sediments deposited on the continental self and deep-seafan. It consists of shale, mudstone, sandy
mudstone, muddy sandstone, sandstone, and flysch sediments with regularly alternating mudstone and turbidite sandstone. A
variety of tuff beds are intercalated in mudstones and muddy sandstone.

The Awa group can be lithologically divided into four units, which are the Kinone, Amatsu, Kiyosumi and Anno
Formations in ascending order (Fig. 2). Below the Kinone Formation, the lowest unit of the Group (Kanigawa Formation)
is present in the Kamogawa district in the southeast, but it is not exposed in the Futtsu district.

Kinone Formation : The formation is distributed along the axial part of an anticline (ShikomaAnticline), which is present
in the southern part of the district. It consists mainly of dark gray shale, which might be deposited in a somewhat closed
deep-sea basin, White to light gray fine tuffs are often intercalated in the shale.  The turbidite sandstone is generally rare, but
its thick beds can be found only at the core of the anticline. At the top of the formation, the shale grades upwards into bluish
gray mudstone of the Amatsu Formation.  The thickness of the formation is about 380 to 550m.

Amatsu Formation : This formation lies on the north and south flanks of the Shikoma Anticline and is again found in the
other anticlines that are present fnrther north. It mainly composed of bluish gray mudstone deposited on a hemipelagic mud
belt of the continental shelf. The mudstone tends to coarsen toward the west changing into sandy mudstone and muddy
sandstone.  The coarse-grained rocks of sandy mudstone, muddy sandstone, sandstone and conglomerate can be recognized in
two horizons of the formation (Kominato Tuff Member and Senbatake Conglomerate Member). The lower horizon of the
Kominato Tuff Member includes many tuff layers that indicate a time of intense volcanic activity.  The upper horizon of the
Senbatake Conglomerate Member unconformably lies on the underlying beds in the western part of the district. The
westward-coarsening of the mudstone implies that the basin becomes shallow to the west.

*
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Fig. 1

Geologic map of the Futtsu district and surrounding areas
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Fig. 2 Summary of the geology of the Futtsu district




A variety of pyroclastic rocks, mainly tuffs are intercalated in the Amatsu Formation.  They include new kinds of tuffs
different in composition with those of the Kinone Formation and its underlying units in which white and light gray fine tulffs
and pumice tuffs predominate.  One of the new tuffs is scoria tuff composed of fragments of andesite and basalt and their
volcanic glasses, which is represented by markerbeds Aml and Am98.  Another type is a mixture of white minerals of volcanic
glasses, pumice and feldspar, and dark minerals of scorla, pyroxene and hornblende. It has the appearance of granitic rocks
or salt with parched sesame, called “Gomashio” in Japanese. The succession of various tuff layers makes good marker beds
useful for detailed geological mapping. The marker bed of Am78 (Ok tuff) composed of 7 to 8 “Gomashio” tuff beds, can be
traced over the B?s? and Miura Peninsulas.

The thickness of the formation ranges from 4156mto 819m. It decreases toward the west and south.

Kiyosumi Formatio : It occurs north of the Amatsu Formation with a small distribution southwest of the Shikoma
Anticline.  Although it is made of thick flysch deposits dominated by turbidite sandstones to the east, in the Kamogawa
district, the formation rapidly thins into the Futtsu district accompanied with decreased thickness of each turbidite sandstone
bed so it changes into a mudstone-dominated flysch (muddy flysch).  The turbidite sandstones pinch out west of the district,
and the Kiyosumi Formation turns to the mudstone facies like the Amatsu Formation with a further decrease in thickness. A
conspicuous tuff marker bed is Ky21 (Hk tuff) composed of a “Gomashio” tuff bed and lapilli scoriabed. The “Gomashio”
tuff with athickness of 1. 4 to 2m is also a widely traceable marker bed like bed Am78 (Ok tuff). The formation is 76 to 196
m thick and rapidly decreases in thickness at the west coast of the Futtsu district.

Anno Formation : The formation consists mostly of mudstones with a variety of tuffs like the Amatsu Formation.  In the
neighboring Kamogawa and Otaki districts, they have flysch deposits, but their turbidite sandstone beds decrease in thickness
and number into the Futtsu district like the Kiyosumi Formation.  The mudstone coarsens upward from the medium-silt-sized
mudstone in the lower part through coarse and sandy mudstones into the muddy sandstone in the upper part.  The top of the
formation is occupied by fine to medium sandstones.  This facies change corresponds to the one from the mud belt on the
continental shelf to the shallow water sand belt near the coast. The sedimentary basin of the Awa Group, therefbre, becomes
shallow at thetop. The deposition of the group was completed at the Kurotaki Unconformity.

Although the upper part of the Anno Formation is largely eroded out by the Kurotaki Unconformity in the Otaki district,
the erosion decreases westward into the Futtsu district so there remains the un—-eroded upper part of the Kunawa Sandstone
Member. Many kinds of tuff beds can be found in the formation like the Kiyosumi and Amatsu Formations.  One of the
characteristic tuffs is a graded scoria tuff bed with a thickness of 30 to 70cm, which is underlain by thinner pumlceous tuff
layers. The tuff marker beds of An2, An46 and An158 belong to thistype. The upper graded scoria tuff might be deposited
from turbidity currents because other features typical for turbidites can be recognized. The lower pumlceous tuff layers are
generally well-sorted or often reversely graded. It suggests that they are submarine fallout ash layers.

The thickness of the formation varies between 125m and 386m. It largely decreases at the west coast like the Kiyosumi
Formation.  The amount of the erosion by the Kurotaki Unconformity reaches 70 to 200m.

Kazusa Group

The Kazusa Group lies over the Boso Hills between the lower Minato River and lower Koito River. It is built up of thick
marine sediments showing a cycle of sedimentation. The lower part consists of shallow sea sandstones and conglomerates, and
overlying mudstones deposited on the mud belt of the continental self. The middle part is occupied by thick Hysch beds
deposited in a sedimentary basin of the continental slope, and the upper part repeats the lithologic succession of the lower part
in inverse order, that is the mudstones and overlying shallow marlne sandstones and conglomerates.  This vertical facies change
exhibits an environmental change of the basin (shallow—deep— shallow) from bottom to top.

The Kazusa Group is well developed in the Otaki district, but it becomes mostly thin in the Futtsu district with the thinning
of turbidite sandstones in the flysch beds. The mudstones generally coarsen toward the west and change to fine sandstone
through sandy mudstone and muddy sandstone.  The Kazusa Group of the Futtsu district is characterized by the occurrence
of a submarine canyon and its fillings in the middle part.  Turbidity currents flowed down through the canyon to supply the
thick turbidite sediments into the basin. The shallow marine sandstones and conglomerates are well developed in some
horizons of the upper part of the group.

The Kazusa group is formed by ten lithologic units, which are the Kurotaki, Tomiya, Kiwada, Otadai, Higashihigasa,
Umegase, Kokumoto, Ichijuku, Chonan and Kasamori Formationsin ascending order (Fig. 2).

Kurotaki Formatio : It is composed of shallow marine muddy sandstone, sandstone and conglomerate, which unconforma-
bly overlie the Anno Formation of the Awa Group.  The boundary between the two formations is the Kurotaki Unconformity
that is a regional unconformity recognized over the Boso and Miura Peninsulas.  The conglomerate, which essentially lies on
the unconformity, is the basal conglomerate of the Kazusa Group. West of the Futtsu district, the conglomerate on the
unconformity is sometimes replaced by coarse sandstone.  As the Anno and the Kurotaki Formations have similar lithology
(muddy sandstone and sandstone) around the unconformity in the central part of the district, the contact of the formations
seems to be gradual and conformable.  The thickness of the Kurotaki Formation is rather variable, ranging from 0. 7m to 96
m. Itisusualy inthe order of 60 to 80m.

Tomiya Formatio : The lower part is mainly muddy sandstone and the upper part is sandy mudstone in which a variety of



tuff beds are intercalated. The formation is the thickest in the central part of the Futtsu district where the most complete
succession can be found.  From this part toward the east, the Tomiya Formation is overlapped on the Kurotaki Formation.
As aresult, the lower part of the Tomiya Formation is missing at the eastern end of the district and most of the formation to
theeast. The thickness of the formation is 35 to 71m.

Kiwada Formatio : It consists of mudstone, sandy mudstone and muddy sandstone deposited on the mud belt of the
continental shelf accompanied with slumped beds and tuffs.  The sandy mudstone and muddy sandstone occur in the lower part
of the formation and coarse to medium mudstone in the upper part. The formatlon coarsens westward to be dominated by
sandy mudstone and muddy sandstone.  Tuffs are frequently intercalated as the underlying formations except for the Kinone
and Kurotaki Formations. Many tuff beds exist between marker beds Kd23 and Kd38 in the lower part of the Kiwada
Formation.  The number of tuff beds, however, rapidly decreases above marker bed Kd8 in the upper part of the formation.
The Plio-Pleistocene boundary can be found near marker bed Kd38 at the base of the Kiwada Formation based on the study
of biostratigraphy, magnetostratigraphy, oxygen isotope stage and radiometric dating. ~ The thickness of the formation is 50
to 100m. It generally decreases toward the west and north.

Otadai Formatio : It has typical flysch deposits.  Many types of flysch facies comprised of sandy flysch, normal flysch and
muddy flysch can be observed in the Otaki district where it is well developed. In the Futtsu district, when the turbidite
sandstones of the flysch deposits decrease in thickness or pinch out, the formation becomes muddy flysch and mudstone facies.
A few tuffs are intercalated in the mudstones.  The marker bed O7 is alight gray fine tuff about 30cm thick. It is a good marker
bed to trace and study individual turbidite sandstone beds forming the Otadai flysch deposits. It is easy to find bed O7 because
of few occurrences of tuffsaround it.  The thickness of the formation is 126 to 207m. It decreases toward the west.

Higashihigasa Formatio : It is distributed in the lower Minato River and extends to the upper Koito River toward the east.
It is deposited in a narrow trough elongated from east to west.  The formation is made up of thick turbidite sandstones, which
are generally coarse-grained and pebbly. A slumped bed is present in the middle part. Because there are no tuff markersin
the formation, it is used as a good marker bed to determine the stratigraphic position. At the base of the formatlon, the
underlying beds are deeply eroded into avalley. The erosion occurs from the middle part of the Umegase Formation to the
lower part of the Kiwada Formation.  The eroded valley might be an ancient submarine canyon (Higashihigasa Submarine
Canyon), which was filled by the Higashihigasa Formation.

The lower part of the formation can be correlated to the Otadai Formation and lower part of the Umegase Formation, and
the upper part of the formation to the middle and upper parts of the Umegase Formation by the above-mentioned slumped
marker bed.  Turbidity currents might flow down through the canyon toward the east into the basin to build up the thick flysch
deposits of the Otadai and Umegase Formations.

The thickness of the formation is estimated at about 200m.

Umegase Formatio : It is mainly distributed south of Mt. Kanozan and also found in the core of the Isonezaki Anticline
to the northwest. It is composed of sandy to muddy flysch south of Mt. Kanozan. The sandy flysch is more developed in the
Otaki district to the east.  The lithology changes into muddy flysch and mudstone facies to the west accompanied with the
pinching out of turbidite sandstones. The mudstone of the formation coarsens upward and westward, and turns to coarse and
sandy mudstones.  The upper part changes into muddy sandstone and fine sandstone facies near the western coast.

The Umegase Formation in the core of the Isonezaki Anticline is the upper part of the formation, which consists of sandy
mudstone and muddy sandstone.

The formation south of Mt. Kandzan is also folded (Seri Syncline and Terao Anticline).  The Higashihigasa Formation
occurs along the Seri Syncline. The flysch sediments of the Umegase Formation distributed north and south of the Seri
Syncline might be overflow deposits from the Higashihigasa Submarine Canyon or deposits near the mouth of the canyon.

It is difficult to measure the total thickness of the Umegase Formation because the Higashihigasa Formation partly covers
it.  The thickness from the base to the middle of the formation (to marker bed U7) is 214m, south of the Higashihigasa
Formation. The thickness from the middle (from marker bed U6) to the top of the formation is 246m, north of the
Higashihigasa Formation.  Both the upper and lower parts of the formation decrease in thickness toward the west.

Kokumoto Formation : It follows south along Mt. Kanzan. It also occurs in the core of the Isonezaki Anticline as the
Umegase Formatlon. East of the Futtsu district, the Kokumoto Formation is conformably overlain by the Ichijuku
Formation. It is, however, gradually eroded by the Itijuku Formation toward the west on the southern foot of Mt. Kangzan
In the west, the whole formation is completely eroded out, and the Ichijuku Formation directly lies on the Umegase
Formation. The Kokumoto Formatlon consists of thick flysch deposits in the Otaki district to the east. The turbidite
sandstones of the flysch thin out into the Futtsu district, and the lithology changes to the facies of mudstone, sandy mudstone,
muddy sandstone and fine sandstone deposited on the shelf mud belt or more shallow environments.  The formation coarsens
upward and westward, the same as the Umegase Formatlon.

The thickest part of the formation is 129m in the eastern end of the district.

Ichijuku Formation : It is a big lens directed from east and west and dipping gently north.  The Ichijuku Formation is
developed in Mt. Kanozan. The sediments are cross-bedded sand beds deposited on the shallow marme sand belt. They are
coarse—-grained and often pebbly, and not consolidated. =~ The underlying formation contacted at the base is the Kokumoto



Formation in the east and the lower part of the Umegase Formation in the west. The Kokumoto Formation and the upper
part of the Umegase Formation are eroded out within this distance.

The thickness of the formation is more than 250m around the summit of Mt. Kandzan. Near the western coast, the
formation largely decreases in thickness and is partly eroded out by the Nagahama Sand and Gravel Member of the Kasamori
Formation.

Chanan Formatio : It occurs only on the northeastern foot of Mt. Kandzan.  In the Otaki district, the formation is mainly
composed of flysch deposits and changes to mudstone facies to the west. It coarsens in the Futtsu district, resulting in the
facies of sandy mudstone, muddy sandstone, siltstone and laminated fine- to medium-grained sandstone. Marker bed Chl can
be found in the uppermost siltstones. The formation is eroded out by the overlying Nagahama Sand and Gravel Member of
the Kasamori Formation on the northwestern foothill of Mt. Kandzan.

Kasamori Formation : It is subdivided into the main part and three members. The main part is distributed northeast of the
Koito River and a direct continuation of the Kasamori Formation typically developed in the Otaki district. It consists of sandy
mudstone and muddy sandstone with thin intercal ations of fine sandstone.

The Nagahama Sand and Gravel Member occurs at the lower part of the Kasamori Formatlon. It is distributed along the
northern foot of Mt. Kandzan from the Koito River in the east to the western coast.  The other distribution is found around
the Isonezaki Anticline.  This member is made up of unconsolidated sands and gravels in many places It overlies the chijuku
and Umegase Formations with a channelized and erosional contact at the base.

The Sanuki Mudstone Member is in the middle part of the formation. It occurs between the lower Koito River and southern
foot of Mt. Kanozan. The member is chiefly mudstone with thin sandstone intercalations.  The upper part of the member
coarsens into sandy mudstone and muddy sandstone north of the Isonezaki Anticline. It also changes into sandy mudstone
and muddy sandstone in the east.

The Sunami Sandstone Member is present in the upper part. It follows south along the lower Koito River and is
unconformably covered by the Jizodo Formation of the Shimosa Group.  This member consists of a thin alternation of fine
to very fine sandstone and sandy mudstone or muddy sandstone.  The Sanuki and Sunami Members grade eastwards into the
main part of the formation.

The recognized tuff marker beds are bed Ks15 in the Nagahama Sand and Gravel Member, beds Ksl1. 5A&B/Ksl11/Ks10
in the Sanuki Mudstone Member and bed Ks5 in the main part and Sunami Sandstone Member.  The thickness of the main
part of the formation is about 70m.

Shimésa Group

The Shimosa Group occurs generally over the Shimésa Uplands.  In the Futtsu district, it is distributed not only on the
Shimosa Uplands north of the lower Koito River, but also in the Boso Hills south of theriver.  The group is constituted by
the repetitions of a sedimentary cycle that starts from non-marine mud and gravel, and ends with shallow marine sands. Each
sedimentary cycle is now assumed to be generated by glacial eustatic movement. The formation boundary can be found at the
base of the sediments deposited during a glacial low sea level period. The Shimdsa Group is composed of six units, which are
the Jizodo, Yabu, Kamiizumi, Kiyokawa, Kioroshi and Anesaki Formationsin ascending order (Fig. 2).

The Jizoda Formation consists of cross-bedded sand/gravel beds and mud beds in the lower part, and cross-or parallel-
bedded fine to coarse sand beds and aternation of muddy sand and fine sand beds in the upper part.  South of the Koito River,
the formation fills a narrow and long erosional channel on the Kasamori Formatlon and is spread out toward the north from
the channel mouth in afan shape. It overlies the Kasamori Formatlon with a definite unconformity.  Tuff markcr bed Hy4
isfound in the upper sand bed.  The total thickness seems to be more than 40m.

The distribution of the Yabu, Kamiizumi, Kiyokawa and Kioroshi Formations is limited to the Shimosa Uplifts north of the
Koito River.  Each formation has an erosional contact with the overlying formation at the base of the next sedimentary cycle.

The Yabu Formation has a bioturbated sandy mud bed of afew metersin the basal part, on which cross-and parallel-bedded
sand beds of about 20m thick liein the east. In the west, it is composed of cross-bedded sand/gravel beds of 1 to 2m on the
channelized and eroded surface of the Jizodo Formation.  The sand/gravel beds are overlain by a masslve muddy sand bed and
alternation of mud and fine to very fine sand bed, of which the total thicknessis 15 to 20m.  Tuff marker bed YbO is recognized
in the lower part.

The Kamiizumi Formation consists of sand/gravel beds and a muddy bed in the lower part and sand beds in the upper part.
The maximum thickness is about 20m.  Tuff marker beds Km8 and Km9 have been found in the upper part.

The Kiyokawa Formation base is sand/gravel beds of 1 to 2m on the erosional surface of the Kamiizumi Formation. It has
mud beds or alternation of sand and mud beds of a few meters thick on the sand/gravel beds.  The sequence from sand/gravel
to muddy beds with a thickness of a few meters is repeated at the top of the formation.  Tuff marker beds Ky1 and Ky3. 5 have
been confirmed in the formation.

The Kioroshi Formatio is built up of basal sand/gravel beds a few meters thick on the eroded surface of the underlying
formations and a 1 to 3m thick mud bed. The upper part of the formation is fine sand beds a few meters thick The Kioroshi
Formation unconformably overlies different formations of the Shimosa Group.  Tuff marker bed Kol (Tau-12) has been
recognized in the lower muddy bed of the formation in the Kisarazu district.
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The Anesaki Formation is distributed mainly over the Shimasa Uplifts north of the Koito River, but a small distribution can
be found south of the River. It is an altemation of 0. 1 to 3m thick cross-bedded sand/gravel bed and 0. 1 to 2m thick muddy
bed. The depositional surface of the Anesaki Formation forms the terrace surface of the Shimosa Uplifts.  The top of the
formation is overlain by the Younger Kanto Loam with tephra Hk-OP at the base.  The thickness of the formation is a few
metersto 10m.

Younger Terrace Depositsa d Alluvium

The sediments younger than the Shimésa Group include terrace deposits of the Late Pleistocene to Holocene, the Futtsu
Cuspate Foreland Deposits, the Koitogawa Delta Deposits, coastal sand dune deposits, and flood plain and beach deposits.
These deposits are Holocene in age except for the terrace deposits.

The terrace deposits are those of the fluvia terraces distributed in the Koito and Minato Rivers.  Four terraces can be found
in the Minato River and five terraces in the Koito River. The terraces are divided into the Futts I Terrace to the Futtsu V
Terrace in descending order. The Futtsu 1 Terrace to the Futtsu Il Terrace were formed at the end of Late Pleistocene, and
the Futtsu IV Terrace and the Futtsu V Terrace during Holocene. The Futtsu V Terrace deposits filled the valley of the main
rivers in the Boso Hills during the age of high sealevel in the Jomon Transgression (5, 500 to 6, 000y. B. P.).  The present rivers
are flowing inside of the terrace and deeply dissecting it.

The cape of Futtsu-Misaki isformed by the Futtsu I Cuspate Forela d Deposits, the prototype of the cuspate foreland, and
the Futtsu II Cuspate Foreland Deposits, younger deposits developed outside of the prototype.  The surface of the Futtsu 1
Cuspate Foreland Deposits continues to the Futtsu V Terrace. It means both of them were formed at the same time.  Many
ancient tombsinA. D. 5thto 6th century lie on the Futtsu I Cuspate Foreland Deposits.

Many coastal sand dunes occur on the south coast of the cape of Futtsu-Misaki. The Koitogawa Delta was progressively
developed up to recent years as well as the Obitugawa Delta.  Two or three fluvial terraces lower than the Futtsu V Terrace
can be recognized in the lower reaches of the Koito and Minato Rivers. They were formed during the time of regression after
the Jomon Transgression.

GEOLOGICAL STRUCTURE

The formations of the Awa and Kazusa Groups are repeatedly distributed from south to north by the folds with an axis of
E-W or ENE-WSW. The lower formation of the Kinone Formation in the Awa Group occurs along the anticline in the
southernmost part of the district (Shikoma Anticline), and the middle and upper parts of the group are mostly north of the
anticline. Theanticlineislike ahorst, but in fact it is bounded by reverse faults.

The wavelength of the folds developed in the Awa Group is 0. 25 to 1km between the adjoining anticline and syncline except
for the folds of short wavelength in the Kinone Formation.  The folds in the Kazusa Group are characterized as more gentle
with a0. 7 to 4km of wavelength.  The folding becomes moderate toward the north.

The faults prevailing in the district are characterized by a fairly complicated fault system and divided into eight sets of
normal and reverse faults. The normal faults are much more frequent than the reverse faults.  Each fault set has a conjugate
counterpart with the same strike.  The normal fault sets include the E-W-trending, NE-SW-trending, NW-SE-trending and two
N-S-trending fault sets.  The N-S-trending and NE-SW-trending normal fault sets are often transverse faults crossing the fold.
The reverse fault sets consist of the E-W-trending, NW-SE-trending and NE-SW trending fault sets. The E-W-trending
reverse fault set has steeply dipping and gently dipping faults (thrust faults) and is sometimes associated with the anticline. Al
of the fault sets exist in the Awa and Kazusa Groups.

Although the above-mentioned fault sets can be found as many minor faults in the outcrops, few faults have a big
displacement that can be detected on a geological map.  These big faults occur mainly in the Awa Group.

Numerous minor fnults are developed in the Kinone Formation and lower part of the Amatsu Formation so that the strata
become discontinuous and are extremely deformed.  The ruptured strata indicate that a change into a melange took place.

ECONOMIC GEOLOGY

Construction Aggregate-Sand and Gravel

The sand and gravel are used in concrete, mixed with cement and the important aggregate for construction in the Kanto
region including the capital city of Tokyo. They are the most important mineral resources in the Chiba prefecture. The
operations are chiefly concentrated in the Futtsu district. ~ Almost all the sand and gravel of the district come from the pebbly
sands of the Higashihigasa Formation, Itijuku Formation and Nagahama Sand and Gravel Member of the Kasamori
Formation in the Kazusa Group.

The annul production of the sand and gravel in the Chiba prefecture is about 11 million m® in 1998 and occupies 75% of
the production in the Kanto region. It is 15% of the total production in Japan, and Chiba prefecture has the most production
of sand and gravel. The 2004 production of the Futtsu district comes from 23 operations, small miners, which include six
operations in the Higashihigasa Formation, twelve operations in the Ichijuku Formation and five operations in the Nagahama
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Sand and Gravel Member.
Natural Gasand lodine

Natural gas and iodine are also important mineral resources in the Chiba prefecture.  The prefecture is the second largest
of Japan in the production of natural gas, which isannually 450 million m®.

Chiba prefecture is one of the world largest producers of iodine.  The annual production is about 6, 000t.  Natural gas and
iodine are both dissolved in brines of the sediments of the Kazusa Group.  The major occurrences of natural gas and iodine
are the Kujiikuri coastal plain and Otaki district.  Small natural gas fields and some natural gas indications have been found
in the westem part of the Boso Peninsula along the Bay of Tokyo. The exploration and production have been done on a small
scale, but now stopped.

Natural gas is occasionally found in underground water from wells drilled for hot spring in the Futtsu district. It is usually
not enough for commercial use, but is sometimes utilized for individual use.

Hot Spring and Underground Water

There are over 100 sources of hot springs in the Chiba prefecture.  Most of them are about 25° C or lower.  Hot springs of
the Futtsu district almost all come from drilled wells, which are scattered around the cape of Futtsu-Misaki, Mt. Kanozan and
Kanaya at the foot of Mt. Nokogiriyama. They mostly belong to the Na-CI-HCO, type. The pH values of the hot spring
waters are 7. 4 t0 8. 6. The major ions are Na™ (584 to 4, 912mg/1), Cl~ (955 to 7, 720mg/I) and HCO,™ (651 to 1, 200mg/
). Inaddition to high HCO,™ content, the hot spring waters have higher contents of NH, ™ (9. 8 to 44. 8mg/I) and 1~ (2. 1
to 26. 3mg/1), and lower content of Mg®" (49 to 110mg/l) compared with seawater. The chemistry is similar to brinesin
the natural gasfield.
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Back Cover Photo : Cross-bedded sandstone in the Ichijyuku Formation at Ichijyuku
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