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Abstract

The Paleopedological and sedimentological studies were carried out with clay
mineralogy on the middle Miocene Tokiguchi Porcelain Clay Formation distributed in
Hara Mine in Yamaoka-cho, Ena City, Gifu Prefecture, central Japan.

The main part of the Tokiguchi Porcelain Clay Formation, which mainly consists of
clay-sized sediments with the alternation of sand and silt sediments, was deposited in
stagnant water condition situated in lacustrine environment. The coarse debris flow
deposits, however, were predominant in the marginal area of the basin. This wide
variety of sedimentary facies is indicative of the diverse and highly undulated morphol-
0gy.

The immature paleosol correlatable to inceptisol, which was intercalated in the
debris flow deposits that buried the standing tree trunks, was formed in the marginal
area of the sedimentary basin. The mature paleosol correlatable to ultisol was predom-
inant on the emerged lake deposits. These suggest that the whole area of the sedimen-
tary basin was situated by a large fluctuation of the lake water level and ground water
table.
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Seto Group, Middle Miocene, paleosol, sedimentary facies analysis, clay mineral
assemblage
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Fig. 1 A) Distribution of the middle Miocene Seto Group and location of Fig. 1B
(modified from Todo Collaborative Research Group, 1985). B) Geological map
of Ena City to Tajimi City and the study area (modified from Todo Collabora-
tive Research Group, 1985). C) Locality of each column.
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Fig. 2 Sketch of outcrop of Seto Group in the study area and locations of columns (Fig. 3).
Note vertical exaggeration is 5X. Facies codes are same as Table 1.
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S N B trunk or standing tree fossil ’;‘ of ﬁ];_ &7
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Fig. 3 Comparison of columns at each location. For the location of each column see
Figs. 1C and 2.
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HEREAH 2 P 2 BB R B AR (Fig. 4A) 5 BE $10~250cm, AHEREHE X,
b % R P I B e Z Lo RS, 20 cn~%$010cm D 8 R R ID~ MR /D

F1g 4 Field photographs Facies codes are same as Table 1. A) High- den31ty debris-
flow deposit showing poorly-sorted gravel layer with abundant allochthonous

plant fossils (Facies 2). B) Channel deposit showing high-angled cross-beds
(Facies 4). C) Paleosol yielding abundant long root fossils (paleosol in profile
A). Note uniformly gray colored solum showing undeveloped soil horizons.
The parent material of this paleosol is low-density debris flow deposit (Facies
3) and stagnant water deposit (Facies 6). D) Dense root fossils and vertical
standing tree fossils (horizontal view of paleosol in profile A). E) Mature soil
horizons that overprinted on the stagnant water deposits (Facies 6). Abundant
root fossils are yielding (paleosol in profile C). The upper part of the picture
is lignite layer (Facies 7).
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%5F v — bRAEENER L, BESROEAL & EE IR OB THRANBET 5, N
TiREE L U CREERICRIS B R L 50D T L b H B, KREBSBAEIN B 2R,
M, B R D s h, RARER120cm, £ S200cm BLEOBEE LB b
&t (Fig. 4A). %7, MEAWEET 2O RET 2, REHIZ, HH3, 4,

6, 7 LIRS > THEL, HREHAL, 6 LEXBERTET S, AHERMIZIAILIZ
2 (2013) OHEFER c 1Y T 5,

AHEREAR I, F oMb & BRI RO e 2 U b iR B~ & v o 72, AR &
25035y TR WHEREY D SFERL S Do S > TARHERMIL, SAEDEW S L < 133
EO/NSWEEEDT 7Y 7u v L% 2 o b, AR Miall (1996) o HEf
#H Gei 1Y 5 3
HEREAE 3 ) SABENERIE YV M EM S BIE 10~200cm, AHEREIEIZ, WIKOE W
BY)Vbh~y )V b EEEEL, PROMEEED, FITMOERZ W UERROINE 2R
¥, BB, ARE~THAENERT 2, FICEEETHY, BNEREICEIEST 2, R
HNCBE~FRIRD DL U IS DMRAE T %0 ARHEREAHI, HEREAH 2, 6 CHARR R % b
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MINsIE->THDOENT WS,

WHitEE OBIZE TI1E, EREEOR TEEBE I RRETH S, 221, argillan (&
ok T ORI ZRIICERZ W LEE L TTE L2 5 % % W | Brewer,
1976) Vv b HRD SN D, HEDEFERT RO m TSR 1232 35S (sepic
plasmic microfabric ; Retallack, 2001 ; Brewer, 1976) 1%, AJ@Z3 T insepic plas-
mic (BFHERTSW N UrFEL T wn) 12, BEIZEH T masepic plasmic

(FTHERE L ERICFEE) S mosepic plasmic (T EREL—E CHER L TF
) ICHHT 5,

Tu7 7 ANB I ARTT T 7 AL, FHILHEEOILILEE (e 4) O NEREEEICAIE
5, ZITIX, HEBHG6 (YHERY) =R & Lok s ons,

FESMBEAHEHBETH D, BABRICBWTARE (BE5cm) 283055 CTHRHARTE
5o 722L, BABOHETHREZ LY, MTLEBETOMIETOBEIRD oLs 2
», ABE (JEE10cm), Bw g (EE20cm) OFESHETE 5, iz, drLEREH»
SHITIZFD > THU S, KI100cm ERSEEAZET 2, RIEAOEREIZ 1ecm Ak
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Fig. 5 Paleosol profiles. psol ; paleosol. For the horizon of each profile see Fig. 3.
Paleo-exposure surface (orange colored line) is used as a reference plane of
the profile.

WET %, 7z, KFAHME 2 mOEHICER 1cm ML EOREE % 5 AHER L7z, A+
HIERE X, 7 (BIRIHEEY) cEbLILTw 5,

oSS OBIZ T, BE MG N L EEEE Fig. 6-A,B), 73 +-%4% 7
argillan (Fig. 4A) 288%» 54 %, sepic plasmic microfabric i, AfH, BWJE'E: 3 in-
sepic plasmic IZfHX4 9 %,
a7 7 ANC KT 7 AL, FILHEROILILEEREE (i 4) OTELV3~5
m LB %, &2 TIE, HEREME 6 (MR 2R & Lz g o s,
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TESMEEHEETH Y, O~AE (EE10cm), BE (EE40cm) BEH 5N 23

(Fig. 3D ; Fig. 4-E), O~AETIX, # mm EiZEh 25RO EESAR TR &
N2, £E200cm I RSBEAXEECET 2, RILGOERIF3.5~6cm Th b, &
7z, KRFHIIA 2 mOHFFICER 1 cm ML EOBUEAI0RDE R 2 HEZR L 72, A 13EER
JE1X, HEREAH 7 (BIRMIHEREY)) cEbh T2,

OIS DB TlE, R LG PR EEE RO 55, Sepic plasmic microfa-
bric IZ clinobimasepic plasmic (R ERELNEIL 2w 2 FANCFEE) CHLT 2

(Fig. 6-C),
a7y AND ARTOT 7 ANVIE, HEL OBEO TR I VNS mEMiE by T EL
THBREENE & OFRESHETE TE2ED S, 22T, ZOHIELTAL Y HIED-
1, HiT#ED-2 £ X4 L CidHd %,

Flg 6 Photomlcrographs of thm section. XPL ; cross-polarized light, PPL ; plane-polar-
ized light. A) PPL. Illuviated clay with laminated structure showing intermittently
precipitation of clay (Bw horizon of paleosol in profile B). B) XPL. The arrow
shows clay coating with highly birefringence (argillan; Brewer, 1976) around
skelton grain (Bw horizon of paleosol in profile B). C) XPL. Clinobimasepic
microfabric (network of highly birefringent streaks in two preferred directions and
at a low angle ; Brewer, 1976, lower Bw horizon of paleosol in profile C). D) XPL.
Siderite (Sd) nodule (paleosol D-2 in profile D).
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WHAEED-1 AL, HEEMES QLERHEEY) 28ME L Tnd, WRAREN K
THIENHERRE SR L > TELS N, WIKTRAWER E %> TWwahs, Eam
WA #FRT & 2, A HEEEICE T 2 IRPIREAIE, SO EIERm» ST
BV, BESH110cm OB FHEBYCHAAEL TET 2, Zh kD, Kb 1383w E
1z & 2 B3 b E BUEY O G2 X 2 MR OMRE LS D K U THE L 72 compound
T3 (Kraus, 1999) t¥WiT& 2, A HBEOLEMEITTAHARTH Y, TE2E
HKOERT 5, %72, BEEOcm ZERIAMEAEZSECET 5,

THIAE IS OBISE T, RS OR H BRSO 51 2 23, sepic plasmic microfa-

bric IZ#4 578,
d D -2 ARH AL, HEREAH 6 (WIMERRY)) MM L L, HEREH T QRIUHHEREY))
WEbib, O~AJE (BE# cm), BE (EE25cm), BwlE (EE40cm LA E) 25
Ho5h, O~AETHE, FmmECEN 2RO EESPARTHED 55, K50
cm L EOBYEAEEZEL, 2o OBEZEIFRAK0.8cm TH b, £z, KFEHM 2 mDEiFH
WHER 1 em L EOER20R DR 2 fER L 72,

IS OBIZE TIE, ERE R RS, vy P2RECED SN, Kt
S E, 72372 3TbDbbdH 5, F7z, sepic plasmic microfabric X O~ A @ T inse-
pic plasmic &, BJEIZ$H\» T clinobimasepic plasmic &, Bw 812 B\ T masepic plas-
mic N T 2, £7z, O~ABICT, ROV TI7A4 v/ Ya—na@vons (Fig
6D), Zi5iE, BHAEDORILTET 2 L5 LB iz & b abiwicy, 18R
B TN THER L 7o RO R VW,

V. LSS ER

&7 T 7 A NVICFET B I D & BRI L 7 3BHE D W TANE T & & ST ALaAk D
XAREFTO 21T - 720 KSR O 1IEERN TORE NG £ Fig. 71077,

REFHMEFREID XRD O OFER, +XTCORKCHE, EfA, EREETEY, Bk
Kit, 24V FA bPDOE— BB SNz, k12, U7 7 ANVDOHTEED-2
DO~ABIZD &, RBIEFVIOE — 7 BB oIz, HFIMHEID, ZOC—23v T
TA N/ Va—NVIZERT S LB bbb, 707 7 A VADOETEEIE, &E010~35
% w2, #I50~80% EAEN ED L, a7 7 A BOEHLEREZ, 2508
20~40% %R D3, #940~60% ZHENED B, 07 7 4V COETIEREIL, &5
DHJA0~50% 2R L8 (2 A4V A4 b, BEMERN Y 25, $20~45% % F3s b
B, O~ABTEEANKB0%E2ED 2, a7 74 VDOHTHEED-1, D-2 &%
12, EOI10~18% &R LS, T0% LA EZGIER LY, LIENTOHYFRLLE
EAHAIZ—ETDH %,

EFAIEEND XRD 40 OFER, WFoetiskic omd 2 L O 8 ok 581X, 44
DA MEEREL, PEOBEMEN Y, BN, SMKRINGE, TuT 74
VA, B, COEHEEZ, it (<2um) FOIFEAERLA ) F A MoK
Nz, 70774 VDOELEED-1, D-2 &bz, ¥toT ok, »4
U FA N, MR, EREEEMNIZIZRETH S, 2, ETOHTEEZH



38 HEHE 7 - ALERE < HHEFER

5:? _ @%““ _ fb&f &':? @% 55&1«;
& Py S I SF FELF
W ry WAL

iy 10

a [*:I =" T e —

E' g — i [ r-:a Lo

X

4

{1 I

Vi o |
£ —{ f—

oan ﬂlh e
~bulk mineral composition-
= Expansive elay mineral

Kaolinite .

| ; Mica clay minerals “clay fraction { <2um)-
Quartz =— Expansive clay minerals
Feldspar B Kaolinite
Siderite Mica clay minerals

Fig. 7 Mineralogical profiles of each paleosol. Kln ; Kaolinite, ECM ; Expansive Clay
Minerals. For location of the profiles see Fig. 3. Other keys are same as those
in Figs. 3 and 5.

BLC, EIRERLEE &R TSRV O 1 EA T O REZH FFED 5 s,

VI, EE

1. HiFORLEOHERE

WFgebigic oA 9 2 LI P 8 o R Z, FcHEREMH 2 (BEET 7 7 o v K
V), HERHH 6 GHHEREY)) »ofan s, KRIEE, HERHO KR EfEE T <,
W OHERAM M2 R TREEZE L Tt H 2 oNn5, HRH2 (ERET7) 7
o v HEREY) X, LIMOEREET S, 51, HREHE4 (Fr R mn LoN—OHER
) X, TMoVv Yy XROMEERT B, Lo, ZOMMNOFERER, 7Y 70
VI K BHERBEN T~ v v MIROHIELWNRIC & > TTE AL H 5,

AEH OO AR E A % &, AJTHIER, HlL#is & bz, FEiE EHEREA 2
(BT 7)) 7a v HEREY) Neil, JUECHRMHEG6 MR 235 2 tHAIC
b5, WFeHIR T, Mo odbicfh > CTHREOIE AR, oML T\, LB ->T,
W OAKFI AL, BEE» S OIMCEEL Cw2 eF 2z ohd, ElE LBl
ML, M2 (GEET 7)Y 7uviEY) BEBLZ0SOBENEL k52 en
5, TAamsE s eI usy v VEEREREICho o EFz oD, i, HER
M2 (BEET7Y) 7av ) 13, ECNERSEROTA~A-EE» SRS h, 8
O ERDOEE, RA120cm, £ S200cm LA_EO#EE LS a2 B s ok
B, Lehi-> T, WIEHBIC O T 2T 7Y 7 a v YIS, HERRLE, HEEoTt
W EICFE L Tk 32 &0 2R 3 2 REED b 2,
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2. TixOETEOHTIFRE

WFeIs Iz M6+ 2 LI O LB Ic B W T, EROEHERFEL TV 5E 2 EMNIHS 5
Eigolze EDIINDIE, FEEHE, IMOEVICL > T, ZOFREELREPEL -
TWwb,

a7y AVAICEES L, HEH3 (BEET 7Y 7 u v HEEY), HEREMH
6 (R, WWHERE 2 (BEET 7V 7o vy 2R ELTwS, 2hs
1, AR LES ML, AR A (EERK 2 om), RIEE L IR #RE OR 15
R, Bkt a®E (10~35%) IO ons, Lo, REH: Lz
LEWEERE 2 Cwic e FE 2 oh b, 1277 L, BIEROE S 13K AI50cm 12 K& 3,
—f1Z, TR 2T, KL D FETiZEEE T (Retallack, 2001),
HZRE U7 1R B W THIPELS $ THEF T % (=8, 1989), L7coi-> T, HITK{L
1%, HHIERE D S TRAEAD R EH150cm Ich o/ E 2 o5, KifHED
EKHE FwcBwT, HEH?2 (GBEET 7)Y 7o v YY) BT ARE2HEE L CHEREL v
%, 2D ElX, HRATOEE L LB T 7Y 7uyoF LR T 5 2L %
RIBLTED, »OBERICHEEN I ER2RLTWS,

a7y ANVBIZFEET A I8, HRMHG6 MR R L Tw3i, LES
AGIET R TR SR 3 25 e 5 © 2 B E13#920~409% & IR A 72 v, &% & 100cm
WZRSHBEARET 2 DT, A AR YE, HHIRmIEH TAME DA% 5100
ecm kD LizhoceFEzohb, £, BESENEE PR IERES 230287
argillan 2L, 707 7 A VAWRKFEETLI2HIELID S, TORBEREE»> 0wz
%o

Tu7 7 ANVCIHET ZHTEX, HEH6 (R 2RMELTws, Kbt
i, ARz LB, BERMba, MRS O L EENE, SEEOR W 1EE
(clinobimasepic plasmic), #1840 @5 TOEIEGH340~50% %7~ 3 & 5 Wik o
DNEB T 2R ERR MO o n b, 512, BEAREX200cm 2R, &7 7
7ANDOHEIERTRORELERE2RT, ULLD, ZonERHKRNFGZEED G
HHETH Y, BENL EDORREMICHRT 258V 18 b v LR LR R c Rt &
R TR INIEFEZOND, 612, AFLEE, Hl0cm ® O~AE, $40cm D
BECTR#OT o s, HLOEOFEE, WL BEOFKEIL, AEVEROTT WL
T IBEEETO L Y N—Y 2 EAOHT (LEANTOIYOIAS L Zhic k> T4
Ul L GO TG HREAEEH L R e U CERT 2 187 X @)
F, 1988) BFERL Tnwb, IO DR LY, AdEEIX, Soil Survey Staff (2006) @
ultisol IZFM T % L2 2,

a7 7 ANVDOEEED- 113, ML (BEFRMEREY) 28 &L Tnsd, K
4313 compound I+ (Kraus, 1999) TH VY, fi+EEEFEL T 54, LEH
ORI EREHI0~18% L VET, HOKFLE->TWwa 2 ens, RUbRHOE W 15
Fzohd, £z, HHED-21%, #HEHE6 WHEY) 2RMEL w3, 1EsE
PILERBE CH v, BE 2B E (E&50cm P L), ks ok L ERSE, ~v
v b, FELLHEIEFBICRE O o, 2720, EtaREda MLteaR;



40 HEHE 7 - ALERE < HHEFER

10~18%), MR 2R 2 S %5, D EX D, Ad -8 Uy, HiRmizd %
& b50em #MI AL & D EAIcEHLTEY, LEbEHoTwieFzons,

PUEZZzED, T2l L8R LB ORBESEGVIHICH NS &, a7 7 f)n
C, 7uz7rAVDOEHLED-2, Yur774 VB, Yu7r74)VA, a7 41D
DOEHTED-1 %%, FilL7 & 52, WO LK O/ & T, B sdticms
STTAFYIVDET 4 AYNEHREGIC o1 b FZ 65, I bFICAIE T %S
TORTHICEWT, REET 7)) 7a vV OEET 2 FEICkENS 707 7 L L
ADW IR, ZOREREME Y, 2D &id, EARIPEHBINLTuEMOZT
i, HIRAEPHEMC L > TEDLILT L, HEEAEEL ko7 2 L E2RT, A,
JLchET 2 4 0BT, WHEY LickET 2 707 7 AV CoOH X, 205
EEENPRLDE N, 2025, OB OB T 4 X Z VI HERES T, HREY
ARV R 2 L, HEES R L e F 2 o b, DX D, wryeiEicsy
i3 % LI B 18 O i I FGERRE O KSR OEN L, HEEY) O BHGEHE 158 < s
ENTWwiEeFzohb,

72720, ETRMERY) O T 2 G0 & YIS H T 5 T 4 A Y Vi
bz, £&150~200cm OREADEEICET 2, Lo T, WS & b Ic 1 x i
TN EHEE F150~200cm ML EDOFESICAE L, LR S eFH 2z ohn
%, Hl) (1991), BEHIEH (2000), HHlEIZA (2004) &, 7 1R 1B o HEREAR fEAT &
1T, NS U 72 WREE T, RPN BRI S TE BRI TRALA T HERRBREE % 18
TLLTW3, Lo UATIRORER, HEEOBI» SHinificisnwTd, HHK
MLDOEEINKE L, MBI LB PHBIE D RS NI 2REB T 5, FEREDOS
Hix, RIE—Z3 R A3 2 O g O HEREY:, W DR © bIRE S
LT3 (Hatano and Yoshida, 2017), 2D XS K& I AL 2L I+ 2 H =
AL E LT, BRI OFREEZEHE M) OE X 112 & 2 /NI BIE O FAE « DS
Fzo6Nb, LL, ZOXIANY MOEMARNLERZIZFEAEFRENTES T,
SHOMBLETH %,

VI #EE

s B U RGBS T L R BT A LN 5347 3 2 FRES Rt O 1 OB £ J& 1 D T, HERRAH
B, i LEERCEK, YD - MM 1T o 7o, F ORI TICER SIS,

(1) WresEc A6 3 2 1R O P 48 O HERTBRER 1T, HiARBO Hl$ 2 HERDG 10 ¢, HE
A OB TIE L ARPSHEBEICHE SN 2| h > 7o LRTOEEZ 2 HER
EF v RVDIBEIC & > T, HEREGIZMMICE CHIERECH - 72,

(2) BT BRI, HRESMBROET C Pams e S 2 ST, R
TEEDR S, EEEE D S BT HIE T ultisol M DR L 7z TEEBTERL S 1L
TWwiz,

(3) MBIz I h ot T 4 AZ VR HIETY, HELRHTKUEFH LS -
120 Z D728, HERZRHIEMAL W UHLERICHEKIRIZEEINCTFEY 3, R L
Z DWW - HZPEALDSE D R S Tz TREME 2 7R 3
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