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%o

Il.2.6.2 ¥} B B B

ARJFREI AR & CHIWTE &S HE N 2 iy O AR Z Mk U, JEBEXITEIC Bt R
LCofil, Dl LeMNETETBIiE NS,

AR AEE, BEUTRABIUHIRENSED, FLicTv— b BRUEK
HOL Y RRWEE, FMICEZ SR, &5 1 SROHEZ RS E 2T,
AREFOHERII NEH RNOBTH S, Ly ARAREZZ GO L L, BE -
HE (RS ) OMIEEDNSIEZ EFEL TWIRNWT L LILE > T, ZaHEEDNSIXHIE
N5, LA LKBIZOCHLETROX S, ZBEHOEDICUMEEZ ST E
%

WARHREZO URRE, #RA0 LR, ROICER, »DORERRE D/
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BEGECLNEL, ERMICHEEAD, BITMEEN UBECHEDE3C Lhb
%o EHEHE DR RV, REREORBICER, 055N <
U727 o CHIBBEO M C I3 LR IC 3 % ROENZ, 720K 3 5 ROBE
BB ENBL, WEOHEICH > T EGOFHIIE B NS T EADE L AL,

A RO LR 5 29 5, AR E TR A AR, ABREOT
5 (RH L0 L) TU, M1 RS B EEE O b ORS <, AU CIER RS
DRELEE DB,

T LRI L RIS TR L, % - MBS 500 C & & P83 AR
THo>T, SAMRICHR SN2 EIIE LOEHRIEE S < 0,

FREELLI ORI 5 & OOEHTRE R it P800 | LS, /NEAVEEE L T
BRI B DN, EBICIHIRL CREICBLT 5o % 7 BIRATE - 10k
BT DRI B OB B BN e, B ORISR « 5 — b - BEADES
MBED, % 5em L FOMMTH B, Aikh & CHROEATRMET R TRET
5%,

WA U B B, LB IR O S 1S3 > T R 78 R C
IKEERTIRTIC RO, AE4 30 km 1o B> CEBFE N, < ORIEED TR Y 3 i
STIEEE 200 ~300 mICHET B, T O E IEH LI Tl 2T U T IRR %
KITTIE 20 m IR E TR D, E70L/ T b BHRLULCIR AT 3. ARIZVDID
BRI L C CHPACIE S F v — B K OTIAE LD 5755, IEREPCAI,
FAB DRI A RED HTIC BT LT3 T ERBVH, ZHOF M Tk
BB VEEOERL, TO5BICEKREELE, H5VIKIRT, 8T CHREH
EETRL, HEMCARETHSC LARDENZEDED B, MREIKERETDT
b MR - R - - HOSES O RT . — RIS O
TlE, Fr— FORESH LU JLRERIES T, REOREDHEO LI
WKL T 200 HR NG, TBF ¥ — IR VAVIEGLETADH 5B,

Fy— FBXUAREE, FROEMS, HRASOHEMC 6Ly X275 LTH
RENMET Bo Fr— MERABERL, VENEEEHm AL 10 mE0E0
T, EFEMICH > THMEE <, EEIOBBEICHILT 5, 72 S K FE &
145 & OO O ORAICIE, YIEICHET 3 H0C, 275 < £ b 300 ~400 m
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ICEHS TBIENZBELTF v — F DD %,

ARALIEEH m WL 108m T, EMICESHEIEV. 2 @IRER, Kb
HThbh, HEWZTOMZIEG L TAMTH 2, REINENRS X TKHENARHBDA
REF, MOARKGEE® > BZRICT 2, $RbERENOEDBIKGEEZREL, X+
Ox hROA ROEEL TOAHRIKAINGETH D, HANRBRAIEDILAZET
%o ROILANWEEE NS,

| ]

Chaetetopsis crinata NEUMAYRE
AbtBax hRao R
Stromatopora (Parastromatopora) memoria-naumani YABE & SUGIYAMA
Str. (Parastr.) minutissima Y. & S.
Str. (Parastr.) mitodaensis Y. & S.
Milleporidum sp.
Actinostromaria sp.
R
Pycnoporidium lobatum YABE & TAYAMA
Lithothamnium sp.

NREOGRAEFRAZREL, £ 2 ~3cm OWE RIEIRMEEZRT, ZTOKIE
Milleporidium sp. D X F < bR+ FTH D, JE I Girvanella & b % 11K
WTHY, TOMHELENEOKEICEBEATH S, REHTOGIREDNTIE,
FEfREPCE RO, ZhTEZENMHICE L, FROBAaaEENThE D
HPCNMET o BEELTIHNCIZAIRER E > 2 AENEW,

AJEREOIE X, HH FId 3,500 mITET 50, HMEMEDREFTH 2 7DICED
BEIEAHTH S,

WES LURERM Y OREIX EMICIERNHTH D, —MBIEMERaH
M K CYEHAKIEICIE s 171 NNE-SSW Tdh b, H#HE 50° W Th %, IEH m
DEFEEBZ LR S EMWTE, X7/ RHEORR DR LD % WIS RERD AT # I8
WENBDT, PHICHURY 2 EMRSERIBIIRGGEZ L TWd LS NS, ERITRER
THEMEEALNDD, HfkRIEEDE L iz T eixl, E<BIfEND
TEMBAT, TOMOWIEIIME LA RERZR AV EHlEN S,

B RN T OB BIRGIREZ 580 T, 2iad b —ifiidyas
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WMTHD, LA LEHERERADNRL TRHEMICHEEL 5 20BN EAHTH S, T
DOJERICIIET 2 FRREICAE, T HASMEOHERE L TR LARMNICEL,
HEFICZVORERTHHH, LY DIRGPEE D FRERICETE O L FIch £4a L i
g5, BlbAaBRMAIREZ T & MRk IRCE I & ORI LA RIBR A
ROLNIHNT L, D2DOMEICK>T, KHEERAZ IS ERICET280
LFEABD, T LT OMG LR OMARE F, AERICE T B 2kE LT
WHELTVWBEDEHRINEZDOT, EHYaSkhZ R BREAPCS EARERO F
McHBELTWa T L Ekd,

1.2.6.3 =82 B ¥

= R BT E LR M 0 (2 MR LTS B, BHIC KD, LRI 5
93 FUORER &, M2 3 LEOREE LI 5N 5,

EEEE AR, ML HERRE L, TRZAEER 10 cm 2 6 > THRANE
LSHET 3, Whbids 7Y v SHEERMIC &> THbICHRE N5, BHEEHET
GRRICEH, RHEIE 1 ~2mm BOBA RS C LAZL,

SAMILES T, EEOAMCES 10 5m A 5E 10 m e K S E o J T
FATAICHBNG, Bk S Ic EROEMC IR B 2 & 6 S A TR
LR, CHUCH LTSRN~/ MHEETE, HROAMCEE R m b b 5 B
MEEICEEN, FREFTIBEEIR TS, M &S REkE —/ Wi LR,
ZUT, Wk — W L RHEIC T 5, $abs, =akAEOmHEETE
HIRERIA SR L, — WG 2 D T2 (b % 7, S5 OREYIRHE /5 T Tl B
HOFGENE L L T/ WA ST B, (LR O —/ W B 7 75 5 TH0
| HRIE CHEYIE & X N7z b DOROERIHNT 3,

FHIRER T S 50 LIEEEN5 5 UL, REATLOES ORICZOBLAH
BNB, COMEE, Fv— FOWENDESE 2 cm IE & ONIHA K - ET TS
LIzt DTH B,

REE ABEHREEE BEEE TR UBEB LD DA%, ChbREOE
DEL, BHthd Wik UTHET 5. BlE - DESEOEEO ST HIERO
EDICHLTZD, TNHHVTNEE 100 m DDODFE L L [FEWVH—OFE % /K
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L. SBEPSHEEROLOX VK TH2DRBMET S, 3D 5 H/IHLRICH
ST, HAERICIEE 57 < BB WEE 400 m OB EBHIRET 5, COWEE
B, WEEL RS UKL, A TH T, IRk O f B B T,
B — IS L, AR MR &b 3 T EHIOHCBE S B B, OREI
R mm DF ¥ — FPBEOMH A TR LS L3MEBE VS REEDT
B%, SANBEDSAFNICAMI T, AFORILEE 1552 M, & H8
FHC & - TZHET B ARA 500 m IC B3T3, KAK - MO RO s i
T BRHCARE, AT 400 m OB E & O, M TR L CHEEAE
JEICBAET %, &K D BEHOBIHSUIHMEEBICB O TRICE L, E2JEH
Beke UTHNE, EICOMT2801FE, ZLTHENMYNIELTWSEEZILN
BOT LAE S, BBOEGHZOEANS S,

FTEIE /51 /5 O EUTR S — B HBE DAY IFEAICIE, JEE 300 ~400m
T, EFICEEIEE T B HBAEAT B0 ORI A R AL
DA L % - T2 BT 3 L CAh 5, A LF—EOREC X 58 ELTH
HL7z60DT, HEEEICZES AV EEbNns,

BT 70 B R E B % 2 O PRI I3, 3 B R EA & b h
BEBL LA DEI E N REMA G E N5,

B C 1 L 5 & BB & & M7 B D& 72 & DI S 5,

WS L OHERE —AEEWE - HEBXCTOEEMN 5% 5 WA HE T
HoT, BENEVTZDICFOHEMEITE L IEDM SRV, —EmIZ NE-SW T
CTOHAMEKILE - RO HRFOHIFIC K <HbNTWS, EHRHE 50° NW AT
5%, BEENTIRORRSERE Lok - BREET S, Ui U #6075
HRRE TR T, %< OLMMIRE 5 5 SMASRBITH D, 7 LTI
ST BB DA, BINC /S B R & D & RS & OZ B DR AN 75137
LWOT, MRk e U Ciiiisc 53 LR N5, MITHEES R TH % 0
T, SAEROERETEES E R TS, HENT O E AR 5400m, 5HF
4,600m, &t 10,000m THEH, HOEIRZE>E/NEWVWTH A5, ENKIEIC
BOTEELEHOM UV AICIE, W E NI TIE P & N7 EOHAA
AAT, BERAERTHC ENB B, COXSRELE, A EWT - KAH K
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HBXIUHE BlcHENS, LB TFOEOEHEEEERHE & 259 5 WiERTIC, #
2 HFEHBNE OGS E & BJE & 25T B (MEKICIEER) ICThZnigy
T %, plcHEii s X OEREIEZY > TNNW-SSE ICE WEEND 5, XlERH
ISR Uz 2 DOWIERL X /- KR —REl e 25T 2 EmMEZY > T, RiE
WA DAL PE 2 AL PEICE 2 WifE 13 C OFDUHE LR E D TH %,
ZRBEREMaZEL LRV T, TOMERRERHATHS, LIrL=ZAFHD
EEIEZOBEEN, WHEEREEGORENEN S B REERICIGEICLITL %, L
MNoT, ZBBHRY 2 7R72GCHERID L RALELTHLL, —SHEKD
LDEERD,

. 2.6.4 K@ B 8

AJETEARIT PG 75 O [l 2 3, YEHAWTE RO D WEIC & > TEEN T, BIR
WCEZBEHPICHPAZTNTHMT %, HAHEREORET 2, BELICHE LS
EMDBEED, BRICHPHMEFRZZT, MEL TR ENDRLEND 5. Wiz
JEEIE A 2 B B W I Tk T 2 ICE L, T OBFHEN I REilEToE e, 2o
HOYEIAWIEOIEENC K 3510 AH OB e 2 TELEDEEbN 5,

WEEKAOTHZH, RFROPFOCHRENTVE T ENZ 0, KR
<, OMfisTHsM, FBOMZXRITLED D, HAIGERIKOTHSH, &
ftLcFaal— @, FIEABORKREZT S, —icERE NE-SW, #RHE
50° NW WA TH %A%, IS A BERIE T ld 7 < T, BRIl WiE 248 0
BLUTWD, LIeh> THIEDORIT 5K RHTH %, T 2RI KRAGEHHE» 5
L7 C, WERER 25k < U TRBERED, B EALHRENTO ARV =AEEEh
W FRICERH ENTHEMCH LTV 5,

ARBRED S BEEREHOTNERE, HIZEFRMNICHENT 2 ZaBHOR e
EHDPHELIT 20T, AR =AREEOR EERO UEARIHHST ORI E#ED
TEICHE L, ZOMERHMRIEE L0 HEMAGV LEHE=HTHE EEZT
B,

IR /7 DKL < ICHKIED B > T, BYEEIS HEHICEH L TV 5, KE
W OBk L1 & A E—FL, (LERDEROML TH 5B,
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Na' 2,219, K69, Ca"19, Mg 0.5

Cl' 3,040, SO,” 7, CO,” 360, HCO, 1,100 (Hifi7 mg/L)
(AFTHR AT E 75HT)
. 2.7 % & = %
IN.2.71 = R B &

AERAE RETHNEIC 0 U, S CIROEIIER 5 I E A g O H M e 72 A
Al L, HUTRAEHRICE>TYSNTW S, & FEIOEERBE N SbE -
IRileE - JemZf T EEIE ST > URYE - BEE L 2D, 1 DOWRREZRd, H
K id T nz 3By LTRY,

FURE OMEMERIZIEEH 50 m TH S, NESEICHAMHOERD I E, K
RO DRETHHEENS, NMEAOE ETRHEH»SHR Lz DN 21
KRS ORI AN ER U TR OENEEETH 2D, LA > THEANE
<7zY, Fv—b -« HEHDA - HEEAFOMNEZE T, BEOBMMEWETH S,
AR ORI - AT TR RAERIIEEAICZLL, Rk TREENS, 1
I, TRIaV LR T, S, BURTH B, AR, R E
HBR7Z G, YEMEREOMEZWE T 25T, AEIEOMAIEZ DR E OfEIC
Ko TEE NG, BRSO AIESF OEIG O,  FljEEE (1l O itk e D dE h o
Je P IER, ML ORIEFEDEG O ED S REF RO RILAZES 25, oD
REICHRA DL DZ R L TWEY, COILEREE EAICH > TSRS BE 2 #%
TARENOJE AT %,

FBOVEA I ATEREDO TARZRK L, JEEHKI 350 mICET %, BLICREDDE
D, TNRHHELETREGTROTVLRATH LD, L OBEHTTEERICHENT
W3, MEET, BHICES, NMIKICE S THE LSV, —iB Tl RRCRE LR i
2R %, MICHERWLINESZRE T LIck>T, ENICEHERALNS,

LEOMEAEIZEEHK 50 m T, ERLOIREED HikieA 7 id AR E I 2
TRIERLT 5, BERZHOBZW TR >HBR LD T, LB ZIE
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%, ML LTIEFv— b « HEMA B L CHEDANZ {, Insi/haelT, #
KUFTHO, ESHEENTV S, MRS « BRIEKR B XU E
EET, GNTAE O ZRNHEYIENC X, PEOJ SR & OMLED BT 5,
Z T TR AEBAROIRE AN AL 75> THYEPICELHEIC A DIAS, T D AL
ENBEILT 2DNHBEND,

ZOUERH I E R HE 2 2 <GB DT, ZOMEIX <D LI RHTSH B0,
Zfk & UCER NNW-SSE, R W OHBFHETH %, 72> LW/ DR 5
N, MEOEILETNTVS,

ARERHIRNTBNZ KPR L [ g & b N s,

BEELS

. 272 XF¥E#

ARIEBEE, WK - —/ ERHRED T 2 RS 3 BT =R 0k R ©
BB, “RERELAT, 70 LEBOBEREER ZMEEHE BT SRETSH D
TR & > THRENTO S & 318, “RBEHC—FELTE XM, S
KB TN B DT, T > 1CKHI LTz, 5713 77 BH AN O RO H B
Slhe LTHS LHBONRBICHEN LTV 310 240,

(1) FIRUSFRITEICH S 55 FHGEE 10 ~20 m OREHE % /3
5%, BAROEICIE, ZaEtEEZtHERPSHhRLUZERDbNSED
MM ERIMNC 2 <, ZOREZIIIFICRE 20 ~30 cm I 5 F ¥ — M RHEEESD
NS FEND, COLICRINEEAB Y, JEE 10 mWST, FEOBEN 5
(L33, BBk, HORHT, HHEERT ., HBEHELICRENSAED, RO
EIEBIEL, EEIE80 m ThB, HEHRE, WEET, I HH
LB, REHOLO L E 57 ANTH S,

(2)  FEHBOLOIIE  FHEF v — M EEE T 3MERA HR O E
T, EALCH > TRBICIMBEICEL L, B 20 m WS CH 3, BERFELTL
TV, FESZMEECHHICEBREDOADNSED, EX 100mNNTH %,

(3)  KHEE  EESOREND > ES T 5.

(4)  HVEBEE AFBEO FERICY 24K, MEMORE S EUBEN, £k
I B B E I SR E DB T B
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(5) A=FERMOA  WiEICH > TK 50m D2 LT NNE-SSW D E 1T
HIRBOREEB XTREDDINT 5, TNENABEO MBI U LHEOEDTH
%o

fbfa e UTIEAREOIRO B, NEE RO EOWETICRFRRD N %
TBETTH-> T, BRZIRT ZICEDRWVA, MEILREEOMZRIC XL, REk
FAHNEBO TEICHE L, ZoMER it (F) T3,

KPER TR EADEINRIZ T ENZVDT, FLWHIEMGEZ DD 5EW0A,
MO L TW5, 7o U FaloSBHMICE I 2R 2R 51, (1) TIE40°E
Mok, (2) TIE10°EMWAL, (3) (4) TR BIcHICHKEL, (B) Tld40°WHHT
HY, BT ZHIHIEOME TR, WETRECHFML, ke LTtz s
BBHEICH B LEZ BT LN TE S, HHEHBLC=AgERE VI NEliE
THEL TV,

WX

||.2.7.3§§|J§2¥

FKHJERHITHHBN O E =RDS> B, KPERHOE LICfISED0THD, H
WOPENINL S FT %o ARERHITFTIKOES & RRw LRI IR GRS & 7Y,
ZTNETNEE 10 ~30cm ZUTHET 5027V v YRR N 5755, To >
UIARBRRICEE 3mIciE L, MBI I 2 ARERED N T34 A E
KRBT Lt H b, HEOMRERICIE LIE LIZHYOLER OILaD, e RFERbTic
BIEANALN S, FIRFEAPHBTRIEESH Im OHGRIKEDNIET B,
FHEHOEEIEIK 40 m TH 5B,

NLORFERE L DBIFRICOWTIE, () KFHBEOREM NS> TENSD D, £
CTRPER OIS & KEERF O HJE & D2 /RS EBEN L L HSNEN, B
HTEOEEMN 10 m ANDEND B &, (1) REHOINO R TIImfERIE— R
BRI 2R, KABHORK M2 R AP OMANE L BEETHET L
IC&oT, MEHRIREICHS LHEEND.

KAJERHZZ < O DA Z RV > 2kl LTRE 272 L TWwa. mRbi
ek, Z oML EE MK ORRGEICH B, L LEND, ZOHTOHN
AL CEERTICHN TNELT 2 AR T, LI 40° NIHCBRIL TV
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DT, EhE LTREMERHNTSH D, ZOREOKEIDWIEIC K> TR, &
HIFHORT 7 BEEED T 2HBD FICEIET BICES> D TH S, LTI D
RS, KPFEBOMMEEE L IRk LT 1 DOREAMEICEL, Hii
DRMAERED AL, Z DD ORFIERED Al & D G W & > THIH S T
FLETATHZ I ENZL,

FHEBERHIALIEBIC K > T ENTZEDTH > T, ZTOWFUICT K AUS K 1H
FORINERED EEICH U, Z ORI gty F) tbhs,

TARMTIRLE T CAUERE D RIKEES D SIRAICED, BN s TS LA
— R 2R g OIS L, SIS TR RTERE LiioBEERE, Ty
BDOKHERIC K > THE S N, TOMICHRBMEDZEDENS,

<Bi
I.2.74 8 E B &

BEERHIKIE R R BT, g - AT L G —ERA © 3 i
KIS/ %o BRILRERIC & > TRA 5 KT EBIUCREEICK ) Eh, KI7EE
Flih B BINT I VR - A BES S PRI B NG, T LTR/
R HICIE Turitella s-hataii Nomura, Caltellus izumoensis YOKOYAMA 50D
fbazadh, BEBEBOMERRIERTE (F) LEhTwna,

AR R TN BE I IS AR A —FURA I O AICFE I U, 2 D5y TIERTTE 2
IS %, LUFSHIX C EICdidd %,

(1) BHEHE AN ORI EON MG BN 77 S A E, —/ 8ERe
DHWIHIETEHINS 2 HIKICE 5K EN S,

s i NETEAHEROREOMADHE L FHEL, FEEE 300 micifv,
CTNEFHCH 77 s WS, SR LT BB E OB R O Z O
MRiAR S, Mici3frs - TS - v — MEOBZ, dhimw» USRI O™ TRAS
LIcaDTH %, E-ie UTREBREZIRUBROESLNESETENS,
HA I WES DA ARAIGE CHEN, R ERIcZ v, COMOmAIEEICI
LTl <, 77 BAROETH R ZE> THERRBIZET 5, AEEOEEE
W YIS NTEL L TWaEL,

—/EMIB TR EAEEORIR A 2 R EAICE> T, KAEMNEE 100 m LT %
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& o THT %, RIEHBOK 10 m IZ/NEITE AN AN DAL, ThXD kI
WIS KT %o —fRIC T OMIR ORYEIZBLR, MEH T, UL T3 TAR
M2 T %, TR ST NER Z RS RN H % .

TS ORI 2Rk LTRSS ENT 2720 TH>C, FLAERHEiZRET,
RO R ERE - KEERE L IMEMICRR 5, W7 SR OWEE, W7 g
OIS B HBLO VRGN E OEBMEICH B, WiEH OIS TR L 7z Hibiic
DT BEEEOHM, IO T 2 REAMBEOSA XD BT, RilEick-
THIETIECHMI S OWEZEF> TWVWd, COMEOEAEZPRLE 150 mZ
57, ZRKICETNEDENMNCKENDTHA S,

(2) HETILA COMKOKEORERIENT I VETH - T, M7 s
EEORKA—EHZRTEZN, [EX1E 20 m AN TEMCHIS, k> TE
WEHzZ2 L, C LICHIOE FOITE TREBESHMEEA LRV, T OMEEIZ
EREICEBEEHZ N REEICEY, MEAHOE FTR=8B O E D RIZHICE
ATHERRDEL, EANGIEEICHEORE S 2D L ThEIcBIed 5,

NG IUMEED FICIE R BEWENE, COMERKEANZZL, ERAUREICH
EEET 2, BEIER/ERHETE 100 m NAMTET 5,

AMX DO KRTTEGFEICHE RS 5. 0O WPl EWE TU SN TV B, W
JEOSINC & KI5 T8 RO ERMEE N G BB T 2HMahH250DT, INbOWE
DWEAFE L TRELIEE R,

(3) tREAR—RRW COHKX T, HETICEE 30 ~40m DT I VAN D
%, MEEROBEBLICEZAREROBS - Mitks, MIcFv—th5kd, SRS
OEIFEK/ EWEDRE, ZTOEIIE 100m WA EHEE NS, MEH, KAMH
T, RERWEZGT 5, K/ BEE LA - THAREICRLL, BEEAININC
o THid 2RIk, HEREENCNTHY, EIF 100 mINTHZ, Tk
D EATIGRICEIE S - Jeds - A EN DR SMERTH 5. KEHNTIEZD—HAV
K7z HDTHfid 2ITmER, TOMXOBRERMEE, A2z T EGICE-S
THICHER T 5. ARITD S AN 2 & S HEICESWEND > T, Thick
S TZOWBE TR AR =AM LT 50, MEHEON RN, S5HRT, T
Wifgd SIEEELWEAEZEDED TR,
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.2.75 ¥ ® &

TRER Y TRRED/NERDH D, EER 1.5m, N60° W ICES, Al
A, BEHEOHREZRAETH 5,

WE—REL - REOOTF X VRGO

R - Bl - kG - TR - BRI 5720, [RHE

Wit s

I.2.76 X B®BAEEBE

KRS E & X R F 0D )5 st i i 04 9 %6

AERFEEH A0 m THY, BLICHBOOWN5E5, REMIHICEHR, 0O
=R RTEHER O AN ETHD, ZOMMBAEEH S, FEANS 10 m
DFICIEER 5 m DNV FF 0 MEMTTEL, AU 5 TS & TE N
260N 5,

KEWEREZ, mMucE<ERL, FicX > TRREMD 5 W IdEERIE - =
BEMZWEL, Tt oRmEz bE S, AEREZY2E LW0KEI K
o

AN TSI TEEZ L, Z OHrE R RTINS H) TH %,

IR A D F b2 B 3T 2 1 B WE S BT R IS > T 5D, NS IKHEIA
JE DRI LT HEDTHS S,

. 2. 8 OB X TIEHIKE

.8 2.1 #A & &

T ORISR EE EOHIERE L DI K- THIRICBIF S N, T Lic&H
JNDETRAHE LA TEHIBIC X <BbN, FlemaicliEmig - iitS2H889 2
TEFIC &> THEREE NS, XIEAN TIEE RN A BT 60° L EOZMEICT
WAERT B, READOHESTIE 45° EICER T 5, MEILixDZEDORIN LD 5L
FTE, MEMNIEFICHEZD, KESWETAEHD, HEFNIIOFRFLIETIE
STe>UHAEICEES 5 LU,
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GO TARMSE TR 2 L, TWE & ORI IFEROE A E 2B BIASL,
Te SO ARBRED DAL T 0% BIEHSNZWIEIE B EZYID, ZOH4t
RgICISEI L2 EWETH %, L LA SWIENG T, ARSI CHEREIL
LRI JERE N, FIA IR KIS TIEOLER OB SR E N, hb
RS U CRESIRZ 2 U, NG TR F v — S OMEMEES N7z & DD ERE L TV
Do &S AR EINE RIS ERD E NG, F e ARG O W
HICH 2 AEIBR N TOEVDT, TOMERITBOIELEILZEDTH- T,
RRILRESAMER L7z C & DB 5 K D1, T{AEBEHERGTIC 3 TICSEROM SN T &
FEoTWeDTH B, T U TREERROMBEIE IR Z LW E OEH hIc iR, ¥
ZHLME=ARICHZDTHA S,

Il. 2. 8. 2 YtERWfE & AiEE

JERAWT R RN A9 BOCHE B KU E RO S B K TEROARIC K -
THIRISEI SN, Femdicdiz 2 ERIRO 872 LI LIEES Th 2B 5 &M
HENnz, WEIEEKRELTRAKETH S, MificBWTEDEL T, MIZBIRD
SIS 2R, T ORMMITHE =R T %,

JTHE O PRk K Uz XU 2 TE L, Th T = ROKHEHBL TR
JEREEYS TV, LA LAEND, CTOMmBiEOIMINCH % AR OIHERE
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(Abstract)

GEOLOGY

The area mapped is constructed chiefly of the rocks which are
characteristic of “the Outer Zone of Southwest Japan”, such as
crystalline schists, Paleozoic and Mesozoic sediments, and basic to
ultrabasic igneous rocks. The zonal distributions and the intense
foldings of rocks, which are common in the Outer Zone, prevail
also in this area, but these structures are disturbed by conspicuous
faultings in later times.

In the southern part of the area mapped the Neogene Tertiary
and Pleistocene deposits are exposed showing gentle structures.
The extensive and typical occurrences of these deposits are known
in the districts adjacent south and east of the mapped area.

Crystalline schists

The crystalline schists belong to the so-called Sambagawa and
Mikabu, or the Nagatoro metamorphic complex.

They consist mostly of black- or green-colored tectonites. The
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black-colored ones are usually represented by highly fissile graphite-
sericite-quartz schist or phyllite. On advanced metamorphism black
schists increase in siliceous nature. In some weakly metamorphic
parts occur schistose clayslate and sandstone which retain the ori-
ginal sedimentary textures. The green-colored rocks are composed
chiefly of epidote, chlorite, actinolite and albite in varying propor-
tions, and contain green hornblende sporadically. Some weakly
metamorphosed rocks carry pyroxene and soda-lime feldspar which
are the relict minerals from the original rocks. In case of special
metamorphism, both of the black and green schists carry large
rounded or eye-shaped porphyroblasts of albite which give spotted
appearances in hand specimen.

A belt which is presumably a tectonically disturbed zone runs
with northwest trend along the River Atago in the southwestern
part of the mapped area, and this belt divides the terrain of the
crystalline schists into the northeastern and southwestern parts.

The northeastern part covers the major part of the crystalline
schists terrain. The rocks in this part have generally north-north-
west strikes and westward dips. They are mostly crystalline schists
remarkably metamorphosed. The southwestern part of the crystal-
line schists terrain possesses an extensive area in the west adjacent
map. In that area the rocks are arranged in zones with east-north-
east trend, and are, on the whole, more weakly metamorphic than
those in the northeastern part. In the area mapped there occurs
only the eastern edge of this part, and its structure is disturbed.

Each of the two parts is further divided, tectonically, into
several zones, as follows :

Atago zone : —This zone is the western half of the northeastern
part of the crystalline schists terrain. It is composed mostly of
quartz schists, siliceous black schists, spotted schists, and non-spotted
black and green schists. Piedmontite-bearing schist, schistose
limestone, serpentine and talc schist crop out as small lenticular
bodies.
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In the southern part of this zone the rocks are weakly meta-
morphic and phyllitic, whereas they seem stratigraphically equiva-
lent to some of the above noted, remarkably metamorphosed schists.

Tatsuyama zone : —This zone is the eastern half of the north-
eastern part of the crystalline schists terrain and is bounded from
the Atago zone by a strike fault. The composing rocks are black
schists and green schists which are remarkably metamorphosed in
general. Hornblende is contained in some of the green schists.

In the southern part of this zone, however, the rocks turn weakly
metamorphic phyllites, schistose clayslate or schistose sandstone.

Funatsuki zone : —This zone is the northernmost of the south-
western part of the crystalline schists terrain. Green-colored rocks
including epidote-chlorite-albite schist and amphibolite are predo-
minant, the remainders being small patches of black schists. Some
of the green schists contain pyroxene.

Shizutama zone : —This zone represents the central parts of the
southwestern part of the crystalline schists terrain. It is constructed
of repetitions of black and green phyllites, and is cut by many in-
trusive bodies of diabase and peridotite-serpentine. The green phyl-
lite commonly contain angular fragments of pyroxene and soda-lime
feldspar in the matrix of epidote, chlorite, albite and other minerals.

Ishigami zone : —This zone is the southernmost of the south-
western part of the crystalline schists terrain. The rocks in this
zone are weakly metamorphic. They comprise black phyllite, schist-
ose clayslate, schistose sandstone and a little green phyllite. They
are considered to be the schistose equivalents of the Paleozoic Miya-
koda formation.

Chichibu Paleozoics

The Chichibu Paleozoics are divided into two formations, the
Miyakoda and the linoya, which are conformable in apparently as-
cending order.

The Miyakoda formation is represented by a small outcrop of
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massive sandstone in the area mapped, whereas the formation con-
sists of clayslate and sandstone at the type-locality situated in the
west adjacent map.

The linoya formation consists of clayslate, chert, limestone,so-
called “ Schalstein ” and a little sandstone. Limestone appears as
thick beds, but yields no fossils because of crystalline nature.“ Schal-
stein ” includes not only basic tuff but also diabasic massive rocks.
In the eastern part of the linoya formation, all of the above-noted
rocks gradually bear schistosities and turn to black phyllite, quartz
schist, schistose limestone and green phyllite, respectively. The tran-
sitional line between the non-schistose and schistose parts traverses,
with northwest trend, obliquely to the stratigraphical trend.

Diabase and Gabbro

They occur as elongated bodies nearly concordant along schisto-
sities or beddings chiefly in the Shizutama and Ishigami zones of
the crystalline schists terrain as well as in the area of the Paleozoic
linoya formation.

The rocks are green and are somewhat metamorphosed. They
are mostly dense diabasic and partly granular gabbroic in appearance.
These two are commonly in transition, but some of the gabbroic
rocks clearly cut the diabasic ones. Under the microscope, large or
small, blastoporphyritic grains of augite with rounded or embayed
outlines are abundantly seen in the matrix of minute to cryptocrys-
talline crystals of zoisite, serpentine minerals and occasional tremo-
lite. Some of the rocks contain also hornblende as a blastoporphy-
ritic constituent. Plagioclase or even its pseudomorph is commonly
absent, thus the original igneous textures are hardly observable.
Some marginal parts of the rock-bodies which occur in the area of
the crystalline schists bear schistosities.

The geological age of the rocks is obscure, but it may be, at
latest, not later than the completion of the metamorphism of the
crystalline schists.



Peridotite and Serpentine

Peridotite is composed of olivine and subordinate amounts of
pyroxene. It is more or less serpentinized.

Peridotite and serpentine occur as large or small, lenticular or
irregular bodies particularly in the Shizutama zone or in association
with the diabase and gabbro. The age of occurrence is obscure,
but some part of the rocks, at least, are intrusives intimately related
to the diabase and gabbro.

Inui Group

This group consists of black clayslate, black siliceous slate and
a little intercalations of sandstone. The clayslate and the siliceous
slate are somewhat phyllitic and show undulated beddings, along
which minute lenses of chert intervene. Because of these lithologic
characters the Inui group is discriminated from the Mikura group.
The two groups are in a zonal arrangement in northeast trend and
are bounded by a strike fault from each other.

The geological age of the Inui group is unclear. Because of the
stronger disturbances of rocks, the Inui is probably older than the
Mikura in age.

Komyo Group

In this group sandstone and clayslate are predominant. They
alternate in varying thickness. The sandstone locally turns conglo-
meratic. Other constituents of the group are numerous small lenses
of chert or limestone and a persistent layer of so-called “ Schalstein ”,
i. e., basic pyroclastics mixed with diabasic massive rocks. Some of
the limestone bodies are of reef-limestone crowded with corals, stro-
matoporoids and calcareous algae, these fossils being typical in the
“ Torinosu limestone ” known in the Outer Zone of Southwest Japan.

The presence of the limestone of the Torinosu type indicates a
part of the Komyo group, at least, to be Jurassic in age.



Mikura Group

This group is a thick, geosynclinal sediment composed monoto-
nously of sandstone and clayslate (or shale). Thinly bedded alter-
nations of sandstone and clayslate (or shale), the flysch-type deposits,
are common.

The geological age is not clear, but is tentatively assumed to
be Cretaceous.

The Mikura group is divided into the following successive two
formations, which are probably older to younger, reversely to the
apparent inclinations of strata.

Tand formation : —This formation is mostly of rhythmic alter-
nations of sandstone and clayslate, in which individual layers are
10cm = thick. Clayslate beds, more than 10 m thick, are included
in a certain parts, whereas sandstone layers, several meters thick,
occur in others. The former facies is named the Tand type and
the latter the Ichinose type. The two facies change to each other,
laterally.

Harada formation : —In this formation, each of sandstone, shale
and rhythmic alternation occurs as beds several hundred meters
thick. The rocks which exposed in the more southern areas, that
is, on the upper horizons are more coarse-grained in general.

Fusuma Group

This group occurs in the wedge-shaped block bounded by faults
in the southeastern margin of the area mapped. The constituting
rocks are sandstone and shale, and they are heavily crushed parti-
cularly near the faults. The uncrushed parts quite resemble the
upper part of the Mikura group. The Fusuma group probably cor-
responds to the uppermost part of the Mikura group or the lower
part of the Setogawa group exposed near the River Oi east of the
present district. The Fusuma group is tentatively considered to be
of Cretaceous or Paleogene age.



Futamata Group

The Futamata group unconformably covers the Komyod group
and is cut away by a fault at the top. It is about 450 m thick and
consists of basal conglomerate and sandstone, siltstone and mud-
stone, and upper conglomerate and sandstone. These rocks are suc-
cessively conformable and show, as a whole, a complete cycle of
sedimentation. The structure is roughly westward monoclinal,
though small disturbances prevail throughout the group. The group
has been correlated with the lower part of the Oigawa group in the
east neighboring district and assigned as older Miocene in age.

Odaira Group

The southern end of the fault traversing between the areas of
the Komyo and Mikura groups splits into diverging faults embrac-
ing a wedge-shaped trough, in which various groups of the Neogene
Tertiary are exposed. The Odaira group which crops out at the
marginal parts of the western half of the trough represents the
lowermost of the Neogene. The lower part of the group is made
up of conglomerate, sandstone and siltstone, and the upper part
is of mudstone. This group is equivalent to the Futamata group,
but is treated with another name because of the separated sedi-
mentational basins.
leda Group

This group covers the major part of the western half of the
faulted trough. It is composed of flysch-type alternations of sand-
stone and mudstone, nearly 400 m in total thickness. Together with
the underlying Odaira group, it forms a roughly symmetrical syncline
with an axis of north-south trend, but the eastern wing has sunk
down by faultings and has been hidden under the overlying Kurami
group. The Odaira and leda groups may be disconformable, although
they are bounded by faults on common exposures. The leda group
is correlative with the upper part of the Oigawa group which is
older Miocene in age.



Kurami Group

The distribution of the Kurami group extends farther east beyond
the eastern half of the faulted trough. The Kurami group is un-
conformable to the leda group but this relation is not actually ob-
servable because of a presence of faults.

The Kurami group is divided into the Amakata and Matsuba
formations in ascending order. The Amakata formation consists of
conglomerate, sandstone and mudstone. The conglomerate at the
base is variable in thickness, up to 300 m thick in the west and
practically absent in the east. The Matsuba formation comprises
tufaceous mudstone, mudstone and sandstone.

The group has suffered many block movements, but shows a
gently monoclinal structure as a whole and does not join in the
foldings observed in the Odaira and leda groups. The Kurami group
is middle Miocene in age.

Basalt

A small dike of basalt carrying titaniferous augite cuts through
the Futamata group.

Dainichi Sandstone

This bed is composed mostly of sand, carrying gravel at the base
and a bentonite layer, 5 m thick, near the base. It rests unconform-
ably on the Kurami group or older rocks and gently inclines
southwestwards, suffering no remarkable faultings. It is older Plio-
cene in age and is the basal part of the Pliocene series known in
the Kakegawa district, southeast of the mapped area.

Quaternary

Ogasayama gravel : — This gravel bed is heavily dissected so as
to have lost the original flat surface. The distribution is up to 250 m
above sea level. The typical occurrence is known in the Kake-
gawa district, and the age of the bed is informed to be older Plei-
stocene.
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Mikatagahara gravel : —The Mikatagahara gravel measures
more than 70 m in maximum thickness in the area mapped and
consist of gravel intercalated with sand layers several meters thick.
The flat surface is well preserved and the highest occurrence of the
gravel is nearly 150m above sea level. This bed is younger than
the Ogasayama in age.

Tenrytigawa gravel : —Two sets of terrace deposits, at least,
are observed along the River Tenrya and its tributaries. The upper
is comparable to the Mikatagahara gravel in altitude and the lower
is situated several meters high above the alluvial plain.

Alluvium : —Even along the large rivers such as the Tenrya
and the Keta, alluvial plains are ill-developed within the mapped
area, because these rivers are of the entrenched meandering natures.

ECONOMIC GEOLOGY

Cupriferous Pyrite

Cupriferous pyrite deposits are embraced along the schistosity-
planes of the crystalline schists in the Tatsuyama zone, especially
in its eastern part where green schists occur in abundance.

The Minenosawa mine is now working. The ore deposits are
in green schists. The main ore deposit is 800 m in horizontal length,
170 m along dip-side depth and 4 m in average thickness. The ore
shoots pitch down with 7° southwards, similarly to the general pitch
of the lineations seen on the country rocks. Because of the low-
angled pitch the ore shoots are vertically not persistent as compared
with the horizontal extentions. The ores are massive or banded.
They consist of pyrite intimately mixed with chalcopyrite and spo-
radically with magnetite, pyrrhotite and spharelite. The wall rocks
adjacent from the ore deposits are chloritized and are cut by irre-
gular veinlets of quartz. The raw ores contain 0.9% Cu, 1.3% Zn
and 18% S in average. The production in 1951 amounted to about
3,600 tons of copper concentrate (12%, Cu) and about 21,000 tons of
pyrite concentrate (45% S). Exploitation on the main ore deposit



is almost finished and prospectings are carried out in the surround-
ing area, especially for a ore body at the northerly extension of the
main ore deposit. The prospectings have been troubled by many
faults and surface land-slides.

Limestone

Limestone of the Paleozoic linoya formation is very large in
amounts. Some of the limestone bodies having facilities of trans-
portation are quarried to roast into lime powders.

Other Minerals

Other mineral resources are not economically important. They
are as follows:

Manganese ores occur in chert or “ Schalstein ” of the Komyd
group. Soft pure parts of talc schists occurring in the Atago zone
are mined on small scales. A quartz lode cutting across the schist-
osities of black schists in the Tatsuyama zone was once quarried as
silica stone. The bentonite occurring in the Dainichi sandstone was
once worked.

Land-slips and Land-slides

In the area composed of the pre-Tertiary strata, rocks are com-
monly fragile or soft owing to schistosities, cleavages, closely jointed
characters, pelitic natures or heavy disturbances by tectonic move-
ments. Because of these geological features this area is apt to suf-
fer accidents of land-slips and land-slides.
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