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SHIGENO, Jun, Katsutoshi JIJU, Masato FUJITA, Yoichi AZUMA, Michiharu GOTO, Akihiro
KANO, Mayumi JIGE, Masateru SHIBATA and Tatsuya KAWAI (2004) Paleoenvironment of the
Akaiwa Subgroup of the Tetori Group based on pedogenic sediments and sedimentary facies in the
Kamiichi and Tateyama area, Toyama Prefecture. Mem. Fukui Pref. Dinosaur Mus. 3: 1 —22.

Paleoenvironment of the Akaiwa Subgroup (Early Cretaceous) of the Tetori Group is analyzed from the
different types of pedogenic sediments and the sedimentary facies in the Wasabu Alternation of the
Atotsugawa Formation and the Shiroiwagawa Formation in the Kamiichi and Tateyama area, Toyama
Prefecture.

Pedogenic sediments are newly found from the Wasabu Alternation and the Shiroiwagawa Formation,
and dinosaur footprints are also found from the Shiroiwagawa Formation. Sedimentary environments of
the Wasabu Alternation and the Shiroiwagawa Formation are interpreted as a proximal channel area and
distal floodplain of a sand-bed river, and a gravel-bed river with high stability channels, respectively,
based on sedimentary facies analysis. [t seems that the pedogenic sediments from the Akaiwa Subgroup
were formed in the floodplain deposit with little intercalation of channel deposit. Pedogenic sediments
found from the Wasabu Alternation contain siderite nodules, and suggest a humid and reducing condition.
On the other hand, the Shiroiwagawa Formation has calcrete nodules and red beds and contains goethite
and hematite as iron minerals, all of which suggest the higher temperature (oxidizing) and lower humidity
(arid), as compared with the pedogenic sediments in the Wasabu Alternation. It seems that the climate
became warmer in association with lowering humidity during the sedimentation of the Akaiwa Subgroup.
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FIGURE 1. Geological map of the Kamiichi and Tateyama area (modified from Okamoto, 1985 in Yamada, 1988).
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FIGURE 2. Route maps of the Kamiichi and Tateyama area. Each location is shown in Fig. 1. A, Southern part of the Kamiichigawa-daini
Dam in the Kamiichi region. B, Upper stream area of the Shiroiwa River in the Tateyama region.
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FIGURE 3. Columnar sections showing the three sedimentary facies and their stratigraphic relation in the Wasabu Alternation (Section K)

and Shiroiwagawa Formation (Sections T-1, T-2, T-3).
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FIGURE 4. Outcrop photographs of the Wasabu Alternation in
the Kamiichi region. A, Alternation of sandstone and mudstone
(Facies II and I) in the lower part of the Section K. B,
Intercalation of the rhyolite sill (Yellowish horizon around the
scale bar) in the upper part of the Section K. Scale baris2 m.  C,
Rootlets of the Facies Il in the Section K. Scale bar is 10 cm

Yy a VKOBEHEEE LTS LIRADEHE» S
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FIGURE 5. Outcrop photographs of the Shiroiwagawa Formation in the Tateyama region. A, Alternation of sandstone and mudstone

(Facies III) in the Section T-1. Scale bar is 120 cm. B, Pebbly to cobbly conglomerate of the Facies I in the Section T-1. Scale bar is 15 cm.
C, Channel structure of the Facies I in the Section T-1. Hammer length is 30 cm. D, Reddish mudstone of the Facies IIl in the Section T-3.

Scale bar is 2 m.
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FIGURE 6. Siderite nodule in PN-1. Scales are in centimeters. A, Outcrop cross-section of a siderite nodule whose upper part continues to
a siderite vein. Light brown coloured tiny rhizoliths (R) are commonly included around the nodule and the vein. B, Polished surface of the
nodule. There are light-brown coloured goethite accumulates in cracks and surfaces of the siderite nodule and vein.

FIGURE 7. Pedogenic sediments in the PN-2 of the Section T in Tateyama Region. The sketch is shown in Fig. 8. A hammer at right side is
30 cm long.
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FIGURE 9. Various pedogenic features including an outcrop cross-section which has argillic nodules (A) and polished samples of argillic
nodule and material (B, C), siderite nodule (D), calcitic nodules (E, G, H), and red bed (F) in Section T (Tateyama region). Yielding horizons are
shown in Fig. 3. Scale bars are in 20 cm in A and in a cm in B to H. A, Nodular feature of PN-2 a horizon. Each nodule is 1-20 cm in
diameter. B, Nodule of PN-2 a. Note that the rather yellowish colour of goethite. Meshwork texture indicates tiny rhizoliths (R), which
corresponds the texture of Figs. 10-F and 11-A.  C, Brownish claystone of PN-2b probably of paleosol, containing many bright yellow brown
(L0YR6/8) grabules(right)and circum granular cracking filled with brown (10YR4/6) clay coating (left). D, Nodule of PN-2c. Note that the
grey colour which is different from PN-3.  E, Nodule of PN-3. The grey coloured concretion is covered with layered iron oxide and clay.

F, Red bed sample of PN-4,whose outcrop is shown in Fig. 5-D. Right is upper side. Note the reddish colour, typical indication of hematite.
Drab-haloed root traces (R) are also common. G, Nodule of PN-4. Light grey coloured grabule is coated by brownish iron oxide and clay,
which is similar to E. H, Nodule of PN-5.



[
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FIGURE 10. Photographs of thin-sectioned pedogenic materials. Scale bars are 0.5 mm. PPL=in plane-polarized light, XPL=in cross-
polarized light. A, Siderite nodule of PN-1. The siderite crystal has an acicular radial characteristic. XPL.

B, Siderite vein of PN-1,

developed on upper surface of the nodule. The vein is also composed of acicular crystals. XPL.  C, Micritic fabric under the siderite vein,
which has irregular voids and resembles alveor septal texture. PN-1. XPL. D, Sparite cement in the siderite nodule of PN-1. XPL. E, PN-
2a nodule. The matrix has dark brownish goethite, which resembles alveor septal texture. XPL.  F, Root molds coated by brown clay

material (R) in a nodule of PN-2a nodule. PPL.

RLTWB EEDNS.

PN-3 (7, 2 3 >T-1 ; Fig. 3)

AHET TGO AV I ) — "R/ ¥ a—)V 7%, BB
EOMNTEITBIEHENEH > TOABEI BRI N
(Fig. 9E). [FkkD ik EId PN-4iIcE A H5N 5.
Retallack (1997) & ferric concretion DfIZFIH L, T

VA= VEIE I BN THRFICBE) LB EE N TAR
BRSO 7 )= g UDSREL, WERICIEI T SA
MEEIZ AT A NEDOHIRODIES B HEZF TV
3. ARG E, coRBEREMECZLL, FhdR
DIREEBIIIE L DB R BHEINEZVDT, BV
A—=VEIEEND KD, BB TR REN S M
Bk D LLEITE R ERRICE o e 8 EZ BN 5.
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G, Mottling of dark brown iron oxide in a nodule of PN-2b. XPL. H, Clay coating in a mudstone of PN-2b. XPL. I, Root molds coated by

brown clay material in a nodule of PN-2b. PPL.  J, Irregular cemented voids are developed in the micritic matrix, forming circum granular
cracking. PN-2c. PPL. K, Drab halo texture in mudstone of PN-4. Right side is upper. XPL. L, Nodule of PN-5. Iron oxide mottling and

matrix cementation are characteristic features. PPL.

PN-4 Qrillsf, 233 >T-2 ; Fig. 3)

AT TIEVDD S5 (red bed) DFEMNAHDN
5. PRt (7.5R4/2) DI EDRPNICHEE L (Fig. 5D),
BN SFIE L TIRHIEZZ S BATVWD EEZD
N5. WOPNSEAKEIN TR eMnD, Tk
B e HEREND D, FREILOGFEND EBHMhENS &
MR - EROHKUENE Z NS, KIBOREMOFE DD

BLELEE R TZX S5k, &IKE (1066/1) 7%
RLTW3 (Figs.9F, 10K). 2O X5 HmDZ{bik
drab halo &FHEN, LIXUISEHHEBEOPTEERINS.
Z DX 575 drab halo D TEM7zIT DUV TRetallack (1997)
I WIIRE R E FH DRI BB MY A Y O B 5 Tl < UIC
NREND L EITETHB T o7 EEZ 5N HNTDONT
WBARTW3. F/zdrab halo FENHICE XL AETTVT,
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MUAEFH ORISR R KD GRS > Te e EZ BN
%. 733 PN-3 LRIERICIKED /) V2 —)LEFENTVD
N, kit - By cEbDN T T (Fig. 96), K1/ Y
2 — )VIEIRICHIBKDE MK DIEFRIC > Tc L ER S
ns.

PN-5  QriuHis, 27> 3 >T-2 ; Fig.3)

AHE T, ERE3cmZEDOTEN /Y2 —)VHEIZ
N3 (Fig OH). AKX &, EnE RET
51&h, NERGHIEMOESAENBIEL, ZOIENHDES
DTG EEREDNZEHEY TEA Y FENTWVS

(Fig. 10L). SEMODO#E¢TIE, needlefibre calcite &
NZHIRERDOESENT Y 7 AD—EIcBREI NIz

(Figs. 11-C, 11-D). 7272 L, JEREAPN-2cDE DT <
ERZEDULHMDEZLTWVEN, BF 5L
Verrecchia and Verrecchia (1994) Ic&H 5 X5 7%, U
5N 72D needle-fibre calcite ICt2 X > MIEN LA LT
WBS TRV, EEZABNS. £z, HitOAL D
V— R THNIEX, needlefibre calcite < bV 7 ZAR{KIC
Ay ¥ 2 IRICIED > TV B ERTF DB TE 5 (CRE, 1995
E) B, PN-2cb BB TI MY 7 ZAD—H#Ic UnEigs
TNEWHEIE E UT, needlefibre calcite h/NEWT &H
SIIER DB 22 T2 LIEREEHE D L EDRNT &
NEZENS.

THEHEREYIH D/ 2 2 — )V DTE RN

/T 2=V B EDET L T D THIFAD KA
HTEIERENSD, ZORHIC K > TIBOM RN
ICEIERLIG2 DT, TORKIFHHZIHSMMCT ST Lid
HERIROECEEA S LTEETHS. LrL—HIC /Y
2—)VEWV o> TE TNE THNTZRIT TEHRA IR E DT
fEL, ZNZNERICR#ZE A RN, TN 5D
RZIHS MMNCT 2 I3 L. AHIBOYGS, 75
A4 K~/Ya—)V (PN-1 ; Fig.6B), #it8i¥y « #8805/
Y a—J)V (PN-2a; Fig. 9B), fiL8i% - $Ekdieird /
Ya—)V (PN3,5; Figs.9E, G), WiV7U—hr/Ja—
JV (PN-2¢,5; Figs.9D, H) D 4DICX7L, FhZEFh
IEDOWTIEINZEZ 5.

VTFIA N Y a—)liF, HRFEKICB N TEIEITNA
IKMBIG- L, %27 Z 11t (burial gleization) W& %
X GERBE T LGS (Retallack, 1997). AKJg D
BEZONREMHEEETERVD, KETEY T4/
Y a—)Vidh TIRENTHPADOEE TR SN, ZTOF
HEICHHOFENE L (Fig.6-A) TerREZ DL, &t
B FTOT I A HROFEE L HITHE K E N mTREEAE
V. TEERIRCGETTN AR NICHh > T kid, oY
3 VKW v g YTEHNS E2RITH T 0 BEY DR
&KL, REFEOHLV 7Y — e, KO EiR - 2z
R TR A OIS RN e B ERENS.

KRG80 « $HEKSE / 2 2 — VDA, ZFONIICHET
B 7ERy FT—ZIROME (Fig. 10E) DFEET 5.
T AUIBIZ R SRR L AR SRBEY A I RaKISE IR N
T, EEICXDAHEEINIZEDTR RN EEZENS.

COXS HERELIYEN /Y a—VANBEI LIz L ik
root mold 1D clay coating DIFTEMNS EHSMNTH %

(Fig. 10F). OB HIRNAZERICHDO X O &
T l, ZOMWMMN/ TV a—be UTHELIZO TR
m, EHEHILTWS. B/ Va—)LE LTORERRT
DMEHT LEHAS TR RN, /Y 2 —)VORIEIC
HNENET HHEEHE eh D, FiLIYNRELRT
FREKDEIIC X BIZHENFEAE L, FIRREIC IR TZBRINIC
MZKDNRZE L E SITH T 3Y70 EDTERT L T o 7o AlRENE
MH 5. MWEEHBIER T S GEREITH T8> b7
PRI DM R VIR D, HTR/KIE I TICA@E NIk
TG d2EZONS. Fhaidoksic/TVa—)v
MM TET S b (Fig.8), k& o k
TOEMNE S ETHRODKOTWNAIFAE LTz EHEE
ENB. o TTDXKI K%/ Y a—)VIETHEE K S RICTE
KENTZEDTHDEEZSNS. KiLiY) - eHEkainE
/T2, WEBIC OV TIRFAROEK 7 1 AHE
Zbh, TEERYROLEDOTHELEEILNS.

Fiz, VIV —F /T a—UicDOWVTiE, EENES
L7z &#E X 5% needlefibre calcite (Fig. 11-B~11-D)
xE, V) — MIREINEENRD b NS T, C
N TEPRERICERE N L EZ BN 5.

5. PN-1 (73 vK) T34/ a—)VOfEZ.
IRZFINIAA

PN-1 (72 aYK) DY FIA /T a—)licD0n
T - RFAFRNRZRIE Uz, WIEZTT o T2 A
B KD, REDODID S TERIRO Y T35 4 S OES

(Ksid ; Fig. 10B) B&XU, /Y a—IIVHOEINEZHe
B AT A b A h DRI (Kspa ; Fig. 10D) TH%.
ZIRTGA AV M/ Y a—VOENHICHEL, /Y
2=V E DR RIFHDENEEZ NS, ZhEN
mgZZ#H CHIDERD, Z2& RNARRIE 7% [ B K M Bkl 2
VAT LERIOE R IIHET Finnigan Mat Delta Plus & B
B ALEEEEE Finnigan Gas Bench IC X 01757z, #RHE
1 KJEDHeZE A LTz/SA 7 IVROH T, U Vi &72°C
THIRRHRISEE 5. ER L7 gt kZEIEHeF v V
THREEBICHAI R NI 716N, DEfEhiz
BICHBDIWFHANEAETNS. JEE AR D E 9T
oz, RN DIED o T2 T &b S RIEMEDREME(R £ 1X813
C, $8180M IHICKsidTO.17%0F5 K U0.42%0, KspaT0.09%0
BLUOITHTH . WiEfl% Table. 1IT/RY. 73, PN-
2 all DWW T B IRE & 3l A Fe DR BRI SR DR IE MR Tz
Yo, FEFMEIRsNGEI ST,

T T4 F DR - BERRNAAFHEIE ZE DRI 7K

M KRR OIE TR E L R0 S5 eMHENTWVS

(Ludvigson et al, 1998 ; Choi et al, 2003). ¥ T A1 +H
BENTWEEE LT, NOERMERSZ ST, WED
MG TIEEENBIO RV ENEITFLENS

(Curtis and Coleman, 1986 ; Wilkinson et al, 2000). &5
I, FV ) — b En UK R S W )
MR E DU VK S HRIRHBREIC DOV T DT — 2R 5
NzLNS AUy D 5.
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FIGURE 11. SEM photographs of pedogenic nodule from Tateyama region. Yielding horizons are shown in Fig. 3.

A, Root molds (R) within a nodule of PN-2a of Figs. 9-B and 10-F. Scale bar is 100 um. B, Needle-fibre crystals of nodule in PN-2c. Note that
the crystal seems to be composed of coupled rods of calcite, which indicates fungal biomineralization (Verrecchia and Verrecchia, 1994).
Scale bar is 10 um.  C, Nodule of PN-5, which may indicate needle-fibre crystal network in the matrix. Scale bar is 100 um. D, Enlarged
photograph of Needle-fibre crystals of C. Scale bar is 10 pm.

TABLE 1. Oxygen isotopic data on a siderite nodule from PN-1 of Section K (Kamiichi region). Ksid: siderite vein on a siderite
nodule; Kspa: sparite cement vein in the siderite nodule. Fractionation factor is calculated from equation of Carothers et al.
(1988) for siderite and Clayton et al. (1975) for calcite, and are used to assign the pore water §"*O.

T . Fractionation Ksid Ksid Ksid pore Kspa Kspa Ksid pore water
em?%r; YT Factorfor | 8%0% | 8"0% | waterd®O% | 8°0% | 8°0%o 50%o0
siderite (PDB) | (SMOW) (SMOW) (PDB) | (SMOW) (SMOW)
30 1.031065 —84 22.2 —8.60 —200 10.2 —16.97
25 1.032255 —84 22.2 —9.74 —200 10.2 —17.98
22 1.032999 —84 22.2 —10.45 —200 10.2 —1861
20 1.033509 —84 22.2 —1094 —200 102 —19.04
15 1.034829 —84 22.2 —12.20 —200 10.2 —20.17
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FRFE IR

BRI, IRIKICHET BT 51 RO IE—4.9

% (PDB) %Z/RY —/T, HILYA A ME—42%0

(PDB) Z/RL, ZIEFAHEDMENEEN. BB
FRORZBFNARLE DA OMER & o722 &1E, T OEN R
FEYEREYI DT & 72 B U T REBR/K DY ER B DB a2k
THILERET S, CTNETIKETEEAILY 1 OB
HEFENAMEIEHRIC K O KRELSEILT 57, RERMIA
EZZE LWV EWV I Z L DRIHNFSN TS (Cerling,
1991 ; Mora et al., 1996 ; Lee and Hisada, 19997% £).

Mozley and Wersin (1992) &> 754 h DWEE « k3%
FMRIC DN T I NETICMEINT— 22 E e, i
PEERDE D LB LEJFEDOE DI TR U TV S H, [
FEIFEORZFNMAKICDONT, 2RI — 8% & b K&
{, EDEZRTEDHNLZVEIERLTWVWA. [EOfEZR
FTIREE LT, REOEEMD A 2 U ERMEIC K > TH
fREN, BaBOBWRENAZ L U TERT 255
HITTVDB. Thuck LEDRERNALLIX, BEYOM
EYNC K B0 5 & T2 5 ENTREDIKITIAMR L T21%IC
REEHEE LTk L7 L ZRmLTW5 (Mozley and
Carothers, 1990). BDMEZ/RSIHE L LTI, Hifgbh
TOMEMIC X 23D EDREITR, WlEDEIT

(Mozley and Carothers, 19907% £) I & 5 GOk,
F 23R TR DORIKERHL S TO A XV DOBIENEZ S
N5,

AKJED—4.9%0~—42% I FEDMEZ/RL, A& ARG
EHBS UTAFERBBOMEE LTIMET £, &z, XX
> DOREITHOKDEE, HERYIE 723t kO b Tl
C% (Whiticar et al, 1986) T&h5H, TOTLEAEER
HLUTEKWV. PN-1EETEIESKIEOERN DR, &5
ICHIKIE— RN HITKIC EEANTREBIRE DN B U5 L <R
TEEEZDE, MR TOMREELED. ¥ T714 b9
VYA SOWEE & 725 U T B R BEIRRE DO IND A 4
ZALE LT, ZMioshREOEmZs &k d, HEg
LR TOMEMC X 2 ZMDFOETHE > EEHDZ S
Thb.

[EAIETALN

Cerling (1984) I X Hi, THEREEHEOEELERNIAL,
JRFTINZEFIKOFER E XS FIET 2 L EN 5. williETHL
DHARFNSIEHEE L BORANCHIE L TV EZ BN

(Matsukawa et al., 19971Z /), 24D RIK D EE R RIN A
XS BIE OISR S IR L IFIXE UiE (— 8 %o~— 6 %o ;
SMOW) Th ok &EZ 5N TWVWS (Mizota and
Kusakabe, 1994 ; Kim and Nakai, 1988 ; Lee and Hisada,
1999). AHIKICBIF BT T A b/ Y a—)VOBEFNIA
i, IRIRKICHET BT T4 D7 1E—84% (PDB)
™G — T, A8TA4 bt RAXMFI—200% (PDB) 7%
R U7z, Fii#E % Carothers et al. (1988) DX 1000lna=
313X10T * =350 b BEXURICEB T 5T T 1 b EIKD
i@ fractionation factor Z 3K, ZHUTHIET 5 [IR/KZ
AR L, %#&ZClayton et al.(1975) OS5 ALY A b+
EIKDENCDWTHBRICZENZE NGRS 5 &, Table 10D

X2k %. FHERRETEHOMYENISHS L, H
ARPNTIETFEREYRHICE U, siafEiig ERE Tldan
D, HETHEZEEDLZ2RENMNEZILNT VS

(Kimura, 2000). 78PN A B E, TZhEEL
TWizZ &5 (Kobayashi, 1998 ; Azuma, 2003) j#fE 7
KENH -T2 EMEZ D, RICBIEOBRAEBHIERUT
FERPEESIR20°C £ 9% &, fractionation factortd1.033509
LD, BREOH I/KOMEIEZZNZFN—109%38 X T—19.0
% (SMOW) &7%. BEBEDANTA A NDHEIZ
HEODIKL, BOMEHKOR R TOMEZRL TS L
EZbHbNS. TRUIHUTHEDY T4 b OEIZEHEED
IR BHEBOME D IZDRMEMNE DD, IFIEFEEED LA
WILZESTWTC, YT I54 /Y a— VBRI Ol Z R 17
LTCWABAREMEN D 5.

RILOMETIE, WEMDPEE L THRz> T4 LD
BE, MAEMOEENC X O BEERA AL ERRK & kR
K5I TIA RO L, Carothers et al. (1988)
DORK O HEMBMEDICTNE L ENH S (Mortimer and
Coleman, 1997). UH UBRFRNAKICIE 5D ENEWVIGES
EEYIC K BRI ZFNEEEFEETIIENEINTNS

(Ludvigson et al,, 1998 ; Choi et al.,, 2003).

SN 1Y TINVDOBDOWETH 212D T, WEZHER
WNTERVD, ZHOTTIA M a—IVEETB &
W&, BRIERIIIWANVYT A R /Y 2 —)UITI3idEkE
Nah > IeHEREICOWTDIERERSZ T ENTES XS
IKx3EEZBNS.

6. LT ER R E A

SERR15HE10H23H, it ow 7 > g T-1 £ T-3

(FHENEB) 1BV, 4EFENSBED EHLAZH
R U7 (Fig.3). EHEFP-4 TlX, WEESAEOMME
AEOTEmICEMEAMREEN TV S (Fig. 12). =
FBEHEOREDOLDEEZ NS, 5D 1 DNEEAER
%L, B (?) OEMEHLEREL, EESORIETH
RHBE R WEARTH B, HITEEMIREDRIDMES N1
Ny 7 ) I FhifgORgIRaREMIE L, SaDmt
KX TEREINZEDTIIENT &R LTV, 5Hll
TE3EHORE XL, EHIE3em, EHIE4Ocm. FHI
BDOE X15cm+, mAME15cm, HlfEDE £13cm, KA
M812cmTdh 5. HIFREIYI OS5I DOV TiE, HIlrh s
THHETH 2D, BOENILNT &5, BHEICE SN
K2 BHVTUENRDENENT &b, BlEEEZS
NN, BEEOTREMELETENR.

JEHEFP-1, FP-2, FP-3 CTIEXBENHEICH T AR L
EaEOBERICEALA () HENL, BEAfbkADT
TIDT 2 FHEMOEERICI > TR, ZEL TV

(Fig. 13).

7. HERIRH

AHETIEEYY 3 VT, T2, T-3 (WIdhEHE
JNEJE), K FEREED ) ISR 5N5 5,
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FIGURE 12. Natural cast of the dinosaur footprint found from
the lower surface of a sandstone bed of FP-4. A, Photograph of
the dinosaur footprint. B, Outline of the dinosaur footprint.

JEHOFENS 3DOHEREM T, 0, MEHANLE. R
ICFNZTNOHERBHO TR L e id .

HERHE T

F & UTHS RO, KEEEh5k0, LY XRER
FEIROMRN S, MESZ L & 5B TH 5. HEifE
MO P TIE FUOHBEZKE T 0ALF v )b
FHENFED SN, Jeds, HIREDBIEEZZATVS.

B D S AL SR E N, BEOEIKEIEO
v (Fig. 5B). EDOHBERERH Fem~8HmT, LI
UIE LA b T 2. AREETE, MRS s
WK em~ 1 mOEZTTHEN, NIHICIZERY 3 em
Dz ZLT Ehdd. Fr 2 IUHEIC KD MIDRE
W tem~#mic B &5 (Fig. 5-0).

HEREFHTIE 2 7 > 3 > T- 1 OHERD S 18, T- 2 O,
T-3DHEICHET 5. HERMHOIE X EE 7> 9 VT-1
THIO0m, 27> a>rT-2TH2m, £7>a>T-3TH
4mTH3 (Fig.3).

e

FIGURE 13. Outcrop showing a cross section of a dinosaur
footprint (?) of FP-3 in the Shiroiwagawa Formation. Scale bar is
10 cm.

HERSAH I

T OHEZH 0 AT REEES & &% 5 MRS, M
BaEMLEZHEMETHS (Fig. 4-A).

RS, MBS OWIKE IR SEN SRET, LU
P o ZOBERNEEND. —fRICFERE EHR TR
Bekxy, BEOBEEEELEND S, HEHOEEZ
Btem~KI3mTH3. b ITRRBRERPRDHENS
TEehH B, ARUREHOREHIZREBHED DIV MY
FETD.

HERAH I 1327 > a VKO T CHEFICHKEL, BT
2mbl FICET 3. 72 g VKO FECIEAMERIFHIZ I
bU, by arTl, T2, T-3TRIELAEHE
L7 (Fig. 3).

HEREAR I
BEEFLREIWEEREDHENN SR Z2HBHTH S
(Fig. 5A).
REDEINIENS AR ERLTH D, HAMDIRELS
OO THAREDLEDED 5. HWIKDEWLE DITIE AT

WEHNRDENE D 5. BEDOHEEIZ1ISMUL T

THZH, BEHhELLCET2mb FIcFET BN

H5. BEOOITHKG, BKE, KRt (Fig. 5D) @
EOMNRHENS. DS BIAKM, PKORAORSICIE T

Bt Y 2 — Lo DR DR (Fig. 4C) & EN 3
TERHS. BKEDOREIRET, MtahEatc
ENDD. FRWHIKEOJRERE L Z D L OMER—EOER

MR RAEAD RO ENE T ENH 5.

W HIRID SR TR IZ B <, FAMRI RS C
ENZV, HEOEXIZ 1 mU T TH 5. MBS HER
T OMRYE L 13550, FhZH DAL R BREEIR
72750,

R 7> 3 VK, T-1, T2, T-3Z@L C—fi%
MICRDBEND. Fick 7y 3 VKO B, T-1, T2, T
3TIELHET S (Fig.3).
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HERERH DY A 7 )V

Yoy a UK, T1, T2, T-37%ZKEMT 213/
FROHEREY 1 7LD D ENSG. TNEDY A 7 )V i
OHERZATAHBI T TGO 5EEY, Z0 EER
AR OHERAHII A E /25 & VWS 2D TH%. (Fig. 3)

Y7y g VKRR I SHED, Z0 FEICHERE
HIIAERZ LWV YA 7IVhRSENS. KT g
DO TETRMEL OHEREY A 7 )VIE 1 m~35mDEE % L
L, COIBHBHIOEDZEXZEFem~K 2me
TEoTW5., £leRktv s g0 FETRHEEY 1 7V
3m~5miU EDEX LD, L4 DY A T )IcEBNTHE
FHIDOLEDBZEIHKEL RS,

Y7y a T, T2, T-3TRIHEBHIICHKBED, *
O FEBICHERBMHIIAE R 2 E WY A 7 IVHED 5N S.
FTHEDRIMLTNDB 728, TREMRY A 7V e iskd 5
CTEETERVLD, F15Mm~20mL FOEXEE DX ST
HB. Ficv A7)V FEICHGET ZHERMH 1 OEX13H
2m~#J10m™T, Z O FEIC &7k B HERHH I Em~10m
MEDEXZED, ¥ >3 0T-1, T2, T-3%ELT,
HEREY A 7 )VHICHEREAR TS 5 8 B B S AV R Z .

8. & %

T EMEHER YD & B BT DL

L O JFHEPN- 1 X LY 7oA b Y a—
BEHT TN SNE T SHEITKIZOD>TVS
XoRBRENEZ NS, VTFIA4 GEHEE) 12DV T
BFZNETHINREEERES (1978) Y, FHUBHHERES
HOBGUIRESH, HAVIFEIHFTEMRE E L TREE-
FRENE - IHRED SHE L, AR IR cERBE Fo
YRV BN A9 2 T L bR T WS, #HRiG-
e (2002) IEHREREAIRE /Y 2 — )V DR 1T
W, XN RO LR EENRVEERV LERIRD >
TIA FOFERER L. SREOFHE TIZEHEPN-1 T
DOREFBETYTIA b /Y a—)VITRHEN SR —i
SHREERDEERE S Nz (Fig 10-A, 10B). 7272 LXRD%)
#riZ, PN-1 B X UPN-2aDEEH L M IT> TWVAERVD
T, 5H%OEICKD, it HiTzIicy T A
kY a— VIR ENSAREMIE S E TE R,

—J5, L OPN- 2 a Tl EHELEE & RS L EE & £ <
BN Vo —IVBREL TW5. XRDAHTHEE D
KT B L, SDETAYTIA MHIBIRINT, $kk
W FICHEIEI DRI N TE EEZBNS. DT
EMBPN-2ald, PN-11CK 5N\% L LNGERETH %
EHENENG. F2lZL, MIEMEZ LG/ Y a—LD
DHDHETICEZ D, PN-2bT clay coating AMEIZEE 1
5T ehb, KiLHYIORFImOBE) ZE | TRED
BoKkiZH oz EHERIE NS, E5IC EAiDPN- 4 TR
EREERTE, OHh SR L CREDBEFRL TWS &
AbNBT b, TORETIEXDER - BROFEMFIC
HoteT bPEZSENS. PN-5TidHIV T U — MR
7% needle-fibre calcite WZ L ASNS. IV 7 VU —FZ
AR BERBETHABNS (Strong et al, 199272 8) AV, FA

IS IR D D R SE TR I WS 2 B0
(Goudie, 19737 £). M IC BT E 2AMICHE &
DEBINCEATSGRTTN TS > T2 L BbNBEZFT R IC
AT B TS (Fig 3), dkDRiE Eiciigi#ic
TolbEZENED, EAcd IHEy, AR HERE
BHEIREICER, BRI Tl e EZENS.

HERTERBRIC DWW T

A HIE R A O F U T RS TR BRI S W1

OB T2 LhHIENTWS. HIZXTTN - iR

(199D (& & IR SRR EHUS O FBUS RIS DU CHEREFH A%
WrZE1175w, RE TR OUERD R IR, WRE, 1w,
R EHRBE LIz LTWwa. g LEmMEEICmT %
FRETERD & 3R LA, BN A, EYIIEOE
B, BEBIXUCRBEEIMEAGRRDN->THED, HERFFD
B e UGAERLOBEEIZ EAEZ SN TS (B
R A A, 2002). &% 7z Shigeno (2003) & &
IR O FEUERHS DWW CHERHHT 217780, Tl
W OARE T EFEOHERERSE D HIRF D S AT T H >
L LTW5.

A OFERT HIE, HS)BEICEES b2 HER
MUY OROREYS, ZEEAka, Tk / Ya—)
EEATVS. Fl-datolE i REemo Fic HERHH

[, IAWEKD, E5ICZFD LICHBHIIAELZS L0 D
HERRY A 7 VDR DR L Z2Rd . LLEOF#ERAN S, HERH
I, DO EHERY) (channel deposit), M
B HEREY) (back swamp deposit) PL2RGTAEEHERE Y

(crevasse splay deposit) m 5 7% % 0 i & HE &5 ¥
(floodplain  deposit) THdEEZ BN, HEREY A 7LD
BOR UITIREMN UIE LIRNIBZZE Z 5 T LI & D ifigkHE
B EEERYD EE UBKE NI EZ DT ENT
X5, F7/URTFCODICK % & —fRICHREE DD K E
WIE EHERI ORI R E L, KPRBEOETIHERT 2
L TATIEIRBEHEREYOEIRIERE L, HEMOkEE KR
TVEEZLNTWVD. ThbHDRzERICWVN, {t 7
Ta VOHRREZHEET 5.

I a KIFRICAONAHERIE T IEE 7 2 a3 > 15
DEDXDESHKTHAZ D, XOKRHBKETIERIC
EWVFIREE THERE L 7 2 & EZ B NS, TDOXI AR
BRIE LI UIRNIE 2 28 A HERH RO AN 2k LTz, L
WUENRLE T Y g VKO MBTIEHERY 1 7 )VicBWT
HERFHE T OIRBEHEREI ORIEDRE N &h 5, (BN
BEoREIHREN TV EEALNS. V¥ a3 K
D_EFICFEET B OHERTH TIX R S BNz, TERR
Bz EONRBGIIRICK DR SN2 eMEZ LN
3. X720 RICHE 2 HEREH T OO MR 3 LLERAY
BELFEL, KO EMICH DIRRRRE Lz &
EZ2bN%. UEOghb sy a VKO IZE
DFRHEREY) (bed deposit) Z & D)1 (Y& ; sand-
bed river) THD, FHMTKDERIGEL, EHTEE
W SEENIZIERICZ (L Lz 2 e VE 2 515 (Fig. 14-
A).

7 arvT-1, T-2, T-3WHERHLIZ 3 L3 29
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FIGURE 14. Reconstructed models of the depositional
environments of the Wasabu Alternation and the Shiroiwagawa
Formation in the study area. Not to scale. A, Sand-bed river
environment of the Wasabu Alternation B, Gravel-bed river
with stable channel of the Shiroiwagawa Formation.

WICEWHEREY 1 7V 2R T &5, UEREREDNEM]
MR L, HEREIRIC W T [FRES O HER A LD 7
ST ENEZLNDG. ek g T-1 EEICEE
N3 LLERANEOHERERE T (330]) 1 RS DAL DY LLIRIN 22 5E L
THD, REHEREDDNELMAELRS L TERENZE
EZbNb. IhoDgkhbtryarT-1, T-2, T-

3 IHEEE D RHEREY) 72 & D)1 (B 5 gravel-bed
river) BREETER I N, ZOFHBONME X LLKRNZE L
TWwikkeEZAb61% (Fig 14B).

T Va— ik a VKO ERBX TRV a
YT-1, T-2, T-3OHRMHIIOHBHEIC T 5. T
N+ Y2 —)idt 7y g YK ES TR
SEEN I ER) N OINERHER S Ic S N, oY a Yy
T-1, T-2, T-3 CIFHRBONME DN E LY
FNOILEEHREY I EENS. TS OBEREREEEIZ T
BRIREEO BB D L, BEEREED R
BHITHB VI RATHITET S (Fig. 1. TOEIH%&
EREE T IRKIC X B REBS QUGN ET S 2 e h
5, JEEEYERYIC T ER N E CTeDTH A .

IREHERO RIS DOWT
AR I3 TRMERT B8 TS & - 1= HERES

WEENRE TR, R otERgicas b Lizc &
TSR, FREHERHIC BT % T DX S R0
JRRE UT, [RENRSIRELDERRIC 31 % HKEREE
DELMNEZENS.

& USRI OIEFE AR ICHK U7 R g,
SURDENR, R Tho LTEZFDX S B lE RS
THEHEMIIER S N ThHAS. TDHT D
HANREOHERRICIRICHEEIE LI LIEKRK FIc@BEH L
febEZ5NS.

—75, FHEREBIZS T4 b/ Y 2a—IVDIEED 5
< EBRINICEICHIKEICH > Te T eV R B, 1
JINCERICHB T 2 Z0 X 5 RRE L Uikt &n
Ez256NM3 (Fig 14A). £150D L T ANHERAEICIR
CEPAN TV — )TV a—bDX 5%, KOEIR, kR
SRR TRHUIES RO > THEST, effe LT
T BRI ORI AENNEE K D & TH - 72A]
AEMEAYE .

bk ens, ki, Mo RS i R
RIS BFZEE, ERANOSUREb 2R &R 5 T
EMTES. Yabe et al. (2003) (ETFHAEYIREIC 1) B4
YA OZN S, FRETEREOHERRC I KRN &
B, LIz LTWVS. AR TER L - Ra i Eht
KB BRIREIE, T O &I TH 5.

9. ¥&®

1. ZRENROTHER A BRI B E D 5 418
TYTIA N/ Va—)URREN. 2 T5A4 L/
Va—)VEINEXTHRICANVZ )=, AU—F, A
KB/ Y 2—)Vix 8 LTRIBENTEATREMEN B
. T Y 2 — )V B OERRBIERIC K 5 /¥ 2
—IWEXBILTe BT, HHzgSIc 2NV ) —
CIKE LI HIBICZ WS TS/ P a— )b z2KnT
BT L, HERBRETIIFEICANTHS EEALN
%.

2. VFTIA R Ta—=0D5L, ARG AV ED
Fe R IE N RIS R DR IER Z KL T30, ik
RICHET BT T4 MIFIEEE L T 5 AR
NH5. VT T4 MEIFBRICH U T B2 e 53y
ThrTehd, VT34 /Va—IVORIEICED
WE X TELNGED > I RUEIC DV T OERNME S
NBZAHEEND .

3. kit oOREREEN SRS ONTZYTIA /Y
2=V, @ Gl SERETERESNzC®
RLTW3. Flnbigo s B, 53R 5N
TeARtE, AV U—k Y a—ld, KR &
R B OREETERINEZCEERLTVS.

4. PREHIOHEIL 3 DOHERA 1, I, MICKH TE S,
Tl D 2 — IV OREYIROIEMOTF(E, HERGH
DY A7)V G, HEREM T, ) OFESHEREY),
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HERSH IS ILE RS CH B e EZ2 5N, #HEE
fFofzar, bl &t 7y a Vil 3 HEfEH
DY A 7 )V & ZF ORI BRI A8 OHEFEER B 137D
B DO TFHEBA TS X O TR & BN -0 T
Ho, AE)IZEEOHFEREI TR ONMEDLE LTz
EEMIThotzEZIONS. EhttgElk/ Va—
IV [FRESHERER DA A DD I OO R HERE P i
PHTHEVIHTHBEL TN 5.

5. MERTHJEICIE iR, e nd TR YR
5N, HAISRBICIE & - e R T HPEHER
MhR»ENE T LMD ,ﬁ*ﬂﬁ@f%ﬁ@ﬁm?
M E NG - T OB LG TR D BRI
£2EDTREL, KMROEICLBEEZENS.
IO BT R ORI BLIE & a1 2 OHERE
ORI, X DRHEREND, KD - miRas
EANDZALDE LT ENEZENS.

o

AWF 29 BICH T2 D IRGR AR ER AR
OEEMR LI EELMGRZ LTVl JRER
FREEGEHEWFERI O m b A RIS SRR EIC B 72 D,
BIEEZ WV, RRBGHEDRICIEZIDT
Brz Ve lZE, ARRRBRESEE SN T 5Tl
ERICEZERSPEEEORMTHIG 1 2 linik., £k
UK - &/ IRB ANOMILTESEFRZIE U, HERE
DARIIFZZLLDEEZ I > TWI2niz, DDA 4
WKELS BHLZHL LT 5.
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