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Striped Coloration in the Shinanogawa Loam Formation:
Stratigraphy and Environmental Conditions of Formation
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Abstract: Currently, outcrops cannot be observed at the Miho site, the type locality for the
Shinanogawa Loam Formation in Niigata Prefecture. However, in the provided outcrop photograph,
‘'striped coloration' is clearly visible, consisting of a 'broad units of coloration' and a 'narrow units
of coloration.' These divisions were identified by visual inspection for the former and by color
analysis for the latter. In the color analysis, digital data from the photograph was processed with
correction adjustments to accurately reproduce colors, producing color variation curves. The
threshold obtained from these curves was used to demarcate the narrow units of coloration. The
striped coloration was then correlated with the strata of the type locality, which was subsequently
compared to loess stratigraphy and marine isotope stratigraphy using the ages of several tephra
layers within the strata. Additionally, the formation conditions of the striped coloration soils at
the Miho site were examined from a pedological perspective. The findings revealed that the site
experienced the formation of "zonal soils” influenced by climate, "flat plane soils" associated with
topography, and the deposition of "loessial soils" as parent material. These soils were buried and
preserved in recurring cycles under the environmental context of the "passage of time."
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Fig.1 Outcrop of the Shinanogawa Loam Formation at
the Miho site (photographed by Hideo Watanabe).
The lowermost part of the formation is not
exposed. Arrows indicate the boundaries of the
broad coloration units. "Gs" marks the ground
surface, and the square denotes the measurement
zone (Mz) used for color analysis.
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Fig.2 Well-developed river terraces in the Tsunan area. T:
Taniage Terrace; M: Maibara Terrace; H: Honokisaka
Terrace; K: Kaisaka Terrace; S: Shomen Terrace; O1:
Owaniro | Terrace; O2: Owaniro Il Terrace. (Photo
by T. Yamanoi)
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Fig.3 Location map of river terraces and the Miho site
near Tokamachi. Base map adapted from the
Digital Web System of the Geospatial Information
Authority of Japan.
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Fig.4 Prototype color analysis curves of the striped
coloration using the HSB color model. Curves
are based on uncorrected image data. H: hue; S:
saturation; B: brightness.
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Fig.5 lllustrates the broad units of coloration (based on visual classification), and the color analysis curves derived from the B
component of the HSB color system. The curve showing the removal of the inhibition component value is presented
in (), while Gaussian blurring with o =2 and o =4 is depicted in (b) and (c), respectively.
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Shinanogawa Loam

Niigata Volcanic Ash Research Group (1981)

Type section
Colouer

Miho site
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coloration

1 [] Dark brown

Kaisaka Loam F.

[1Bright brown

DO
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D1

HEEE] TEITH THETIS

Maibara Loam Formation

B2

15

Colour leged for
the Shinanogawa Loam

Black
Dark Brown

Brown

W28 Yellowish brown

Grayish brown
Bright grayish brown

Taniage Loam Formation

Lithology of the Shinanogawa loam and tephra

Surface soil D Fine-grained loam
111| Dark colored zone Decolorized zone
[<=<] Scoriaceous coarse-grained volcanic ash
Pumiceous coarse-grained volcanic ash
Pumiceous fine-grained volcanic ash

Fig. 6 Classification of the broad units of coloration in
the Miho site loam and their correlation with the
type section of the Shinanogawa Loam Formation.
Blue lines indicate lithological correlations; red
dashed lines represent estimated correlations with
tephra layers.
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DIEVEEFTLRBROEBERHME L TWS . £ T, =
HROAO—LBOLEWEBRXSD (O, BER) EBOMD
2 AL RER (b) & D, BBRRDOERIGEE LT 72
BEDERZE >, BULERBRENEROTEDOE LB
Fr & ERAIBR (Cohen and Gibbard, 2019) (Xt
tbLfe (Fig7) .

EBMEOO-LBOLEVEEEX DD DB BFIF,
Fig7(EB) DES I, BEXEDL SBRICHFE CRIRY
DARBERESEIRNEROE5NS . ESICEDHTICL D B AL
DOZAHIRIEHED K D ICEBEDO— LBDBIRE
BEEDTHEHAXRBELTVWSEEZASNS . COMBEET T2
DERTRYSNIHETEEBREMAEART— (MIS)
DR E LT 5 S8BT EhRESoNS . 25 L
MHEROLLE T, 18 - BOE— 7 DS d 28EMAH 5
MIS >/ \—% B 2>l HIc iR LT (Fig.7).

BE, BBEBEEORAHSIALEKY 100 m DS T, E-
NA—LBOMEERICENAEEIN TV, BELBFRDZ
NS EEENTWS (£,2004) . COERET 7S GBI,
2000) THREELTHB &, B D DOZL BRI IERR L =R
B ERBNEISEGRLNFSNS (Fig7 B) .EBEEETD
B MIIELD 13 BEX TOXNLTHSH, & (2004) DI
BEBIO—LBTIEESITTIIO S3, L4 At EnTnsg &
fea EO— LD ™MID T 772 DOBETERD 0.36Ma (FF
A, 2019) EENBTEDS, ERADO—LBDR N
I& L4/S4 IBFRHAD S4 iR ESRICEH T HEEZ NS .

5. IXEBFO/RE

EEMEOO—LBOLVWEESIE, FEDELED
L(LR)&ES(EHLE)DBRBRICHLENzCET, £
DEHEREGILETH >fcEEZASNS BELEDLSERD
BRIZSIREZ S G E EBEEMIFSNTWS (Liu etal, 1985;
Kukla, 1987 75 &) . KFHEH (1997) 1L, FEIIDELBD LS
IR DICRIEET T L, S DIEREATH BB TIX
BEBEAMELC, L OFEAEIDOXERICIEBBEENSWNT EZBESH
lIcLTe. &, BE - #2H (1998) (£BEEMMEL S HREM D
R RIEMN O RE & 75 > TV SasBtiidnls, T#1{t
{ERICHESTHRER T X214 MR IANTZA FDIRMIE
DM THBHELTWVS.

UEDESBELID LS BREOFIEDS | BRECT DS
BEF (D) PEDFEIETDBHOEMEL (BBEHIE
W) HBIER(E D ERIC K BMb B a £/l T 5 (LA
BOEWEERICER S NIcEDEEZSNS . 2D LiEs
(2004) OISR/ — LABED YR L RIBIBLE L XI5
BT ELSELEMTESNS (Fig7 ) . I5HE,Fig7 D (b)
DEDIHEIR X TRDZEN D TIBLIER DR & KR
LIcdDEEZSND.

LR, WG EE LTEDNERICRELTWSD, ZDRF
BICHBRBRETE UV ARBORBKENREDHY (BEIEDH,

1985), FRELERZFRELIBARFADEN S TCRES
nicLSEBFIE, PEDELTEFICHLEENTVS (FUEIF
5, 2008).

HATIEERROEEH CRMLX (SHBH) Hds (K
#2000 . LHL, SNIEKRILDBEWAILIKICEREN LS
DT, LS hhEh LIcHB TIEEWL . TDIEHNBEARTHOER
TELTE, ERATIIFRERSNGELD, RILBAPHE
mEARZEE L L EKAG EDREGRBICER LI E
e TEFREL) DRESNTVS (fnFH - ik (1962)
&) . LHL, EFRBLIEZTORPICEEFTHIRDENT
EH5T, FRMROO-LEDOL SGHRRERLLELTD
BEIGEL. IS LI EDSHAEDA-LETIE, Bk
BEIOTHIE—MRECTIEE <, ERMROO—LBORE
THAHORMEDN DD . T2 THBGELIE, TEEREENE
RROO— LB TEMENTCODMERE , T5H5MRIR
BERBOEMRRICEYT 2FZGZRA L THELELD
5.

6. mREBLTORMIRE

HREPHIOESRE LTDOWDS T (soil) (£, #
KRIBRICL YR - (bF - EMNEERAEZIT 5D, INb
ERIF—E L TT T TIE THBER) EPESN . BEEICHRSK
LIcRBAI T, TIRILERES S, IR IO EY B e
T25 1B ELTHEEL, ©HT THHIE] Lo TE
BENTWL (CTTOHIBIILET, BELBTD S(H
ITE)EULR)EERDG) LI > T, BEORMDERL
BLIEFHIEDT ETHY , ZDEMDEBRICIIHBEZRZDIH
BT TEEMOERNRARTHS . &, Uk, Z+E
DERT T0O0L] LT HXRBIETEMEREZ T T &
ERHET S .

T () FZORETGDLE, &g () £ (o) , #
0 8 (p) RUKRE () OFEROBEHEDLE TH
MEN, ROEANTRIFEN TS (Jenny, 1941).

S=f(cl,orpt, )

fefeL, B (0 13O TNTORIMZEERICHBS
RORBPHEFNEHIBERESEAZ2RT, OT7 77
2—ENEEED . KICRD () 1, [EDCR BT ERD T
H"CH5 .

6.1 U () ERHIc KB TEEHMEL DR
BREEILHEDEL D, Uk (c) DEBERRT 2 EE
Afc . [IBDEWC KV ERENS &I [REELTE] T
b5 FEOER CEEHE) ORFEETEIL, £ (o) 2R
ELTDORRERITENIG LT, dbmaEdtaR D i & & FEia
MITCIERBREDZABZED REV)UEL] &I, 4t
EDSEARDAETEELERM T CIE BEHFML , B



BERO—LEl

BHSIUNTHNT TDEERFLERM T Clk [HEBEHRM
T, AN FEORAEZEDIEATH N CIE [TR&EBL] H
FNZTNERIN TS (Tablel 1 TR, 1971 =4 - K47,
2005) . COEDICKIRICK > TEBDEGZ DB ETIENT
IiE, RBEINZDEROREE TR LIz 2E L
VERZERIT DT ENAARTHS . COKIEICKERT BT
BEDEM & ZDRBIFIBREECLEROES THY |, TD
RIS BIREZGZIEDD T 77 2—ThHHH (1), &
(p), BHE () hSEETEMA L.
Table.1 Climate-related vegetation zones (Kira, 1971)

and corresponding zonal soils (Saegusa &
Kimura, 2005) of humid regions in and around

Japan.
Climate-Vegetation zone Zonal soils
o E-1E £ F B w L
Arctic tundra Tundra soils
15
Subarctic Pisckible

needle-leaved forest

45
Cool-temperate deciduous

broad-leaved forest T . —

85

Warmth Index

Yellow brown
forest soils

Warm-temperate
broad-leaved forest

=

80

Tropical and

i Red yellow soil
subtropical forest yellow soils

6.2. 17 () BERIcKS EELT ] DR

R (N ZRHBEOSZRENGLTEDZ A TEERANIC
Fig8 [CY . REDTEIIERITEKD H B HPACIEEE
ENBZH5 , EMUNORER THEITT 5 . B THRNR
I TIIRAKOET B . 5 LIIBRATIFLEIIE
FROFEPER , HDVIE 2 RHEBWMAVEAL , [EREL]
© I2REL] SERENS 1 TR OEMIC K HEAR
& LT e BATERN S Nt 51T, RIS THBR 15
FreHEE Lfc 'EEL ) (Fig8 DEFA) THBH I LN
B EGS . ERMAOO— LB, ffZICIE T
PIRERE LI 2Hh 5 [TFEEL ] OFMREICH T, 15
wmAE] DERICES LT,

6.3. 841 (p) IckB TLREL] DR

BADEM EORMBOEEIFA—LELTHS (Figs) .

—LELO/MOERIZEY (KELROLEEME) |
EREDSDEEE (HIETY) |, BEEANUHDSDNILKTH
% .o LIicBMoERZRFDOBADO— LB LIZAILKD
BADD D EEF-ELTVS . ZONLKDEAICE L

TIEFHERA LD R LTI, MDA TAILIRD 100%DE
Mot DALkt ERpENT. ESALKD 50%
W EHS 100%FEE NMLRKEL] ERaENTD, 50%
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Smoller Amount of uplift Greater

s.: soils Lower Potential slope erosion Higher

Steep slope s.
+
Subsid Gentle slope s.
Flat plane s. Hﬂﬁi
FiEm+ x ;
Low plane s. L )
{E i#h + Loamy soil mixed brectia s.
Graved mixed loarmy 5. Morintain srea
Loamy s.
y Hill area

Wk Platform

(Terrace)
Sea Low plain

Fig.8 Soil classification based on topographic conditions.
Soil types within the rectangle represent
environments suitable for the formation of striped
coloration soils.

FBOBMOXDAIEARETCHY , MEEGHOE T [O—LE
T EEnTuwe GEEElEh, 2019) .

FRER - BREEiis DR T BOO— ABE LI L, $57k (1995)
IXZDEM (B8 ORRE (1) —Xe9EEAHEREY, 2)
NOBLH S DEMHO S DRE, 3) IENLERIH SO
EE, (4) KBERRDLBEAME, IChdE L, (1) IEET5IC(1)
aEAMUTEE L KRG ARRE &) Z 7 2V Ek
lIckUsesEnNzc77> (AT, K-Ah) , (Db aafEkbl
DERELTINBEET TS (51979 FE DML DK
SEBRITLBENGEE) KX L. TOXS /ML 5
ZO0-LBIXHABES AEBICGHERBRLIEZES (812772
DETIEEFREV) EZIHOFET —ZITEDVTHESH
lcLfz (Fig9) .

COREOAO—LBLEOESIENUK () DETELT BH,
ZDERKIE ()b Th5 . BAEHLEMEREEE 1 m LY
ToO—LBEIF Ma+ B)+ @) THBH, 1 mEBATH
2m F T, MURDEIEIE 50%R8 T, IEEHEHh 5D+
FC Y CRBEERMEE) & KBEHDS DL EAME (H L, 5,
1990) BEMERELD . LIcHAD T, 2 mRBDBFROO— LA
Gtk L AB (loessial soils)] & LTEDTES . fibl,
2m LU EDZBFATIE NI D 50% L EDRFHER & 55D
T, =EEH (2019)@[ 0% BEBE L C ALK E £ (volcanic
ashy soils) J ICXPRENS .

BH, R, EERADRBLICE TBERO—LA) &L
NZO0—-LBEDODEFEH SN, ZOFMERAERELH D
(B O— LAY )IL—2,1965) . @7 IL—7 (1965) D
TSRO — LIE Fig9 @ 2m U EDXEICIZIFNE D .
Thb, ZORT2mICEBEELELIE, ZNULEDEED
BRTEREREARE LTV TIEO— L) ORHREEOR
RICTBEDNTED. THLTRYB L, BRO—LEIEN
RSP E 75 & DFENILD M LR DHEFEZ KT, JLER
ITEEBHN\ &L SXE, A, BEGEEHLSDAILAEN
AlfekUpEL ) E LTHRESNS . £/, mBOw S - 2iE-
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Unit of thickness is in m.
I:l Volcanic ashy soils

KILRE +

Loessial soils

LRE+

Mino Site
~E ﬂ?fri R Y

A : Volcanoes which known ash fall eruptions in the last 50,000 years.

100 km

Az:Azuma, Ad:Adatara, Bn:Babdai, Nm:Numazawa, Ns:Nasu, Nn:Nantai, Ak:Akagi,
Hr:Haruna, As:Asama, Yt:Yatsugatake, Fj:Fuji, Hk:Hakone, Hg:Higashi-izu volcanic
group, Os:Oshima, My:Myoko, Kr:Kurohime, Iz:lizuna, Yy:Yakeyama, Tt:Tateyama,

Yk:Yakedake, Nr:Norikura, On:Ontake.

Fig.9 Thickness of loamy soils deposited over the past 50,000 years in the Kanto and Chubu regions.
Modified from Suzuki (1995). The figure represents the relationship between loam thickness

and volcanic ash content.

R PEE - REARGEDMUKZEEHE LIRS N
BSNLKBLEBEERIENDS . 25 LTEDENSEE - &
R DLIKE L) OREIE TEARO—LE) THY ,
[LABEL] oznd MERINID—LE] ThaI Lz
LTHERL.

BMHONMUKEL THD &, ThICEENZIMEL T2

BICHEL , e TEOBZRRY 2 EIFRES T (R
(DY, 2019) . Ko, MLIKDEAIC & B HERREDIENIE
REDTDHELBERZRET HRIEENDH S . Fig b
SERMAOO—LBEMIEILABLTH S EHFHI
n5H, REMEOERIIO—LBOHERE (18 HEH
D) 1, B (2000) (€% 30mm/1000 £F (1.5m/5 54 )
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EENTWVBHE, LAELXTH ST EHBERENS . fBIR
BOEROBME LT L RABLEDBELGMARGICEDD
ENESBOMEZERFEVD, ERMAD L AELEM
DHFEIITH Y, ALIKEBROIMEDOHENDELS, &
BEOERDEATIBICH O EEZONS .

5H, BMICL 2 HEOX D Z AT UN B MA fe2E i
(RFep) &LT, BEZEDRS Figl0 iRl COKT, %
FERo EEL) io TLABL] €T, EEtaon—
LETOBMERICET TRMESN S TBX D ZTRY .

Volcanic ash s
SRS T \{ul:arn&iﬂw s
i KT+
Aeolian s. Loamy s. L
BAEE A—-LHL Loessial s.
Transported s. LW+
(allocthonous 5.) || tSSndy £ e #
une sand s,
ot ||| UML) PHL@BEDL)
material Aeolian and Gravel mixed loamy s.
82 # (p) | Subagueaus s. BELDOo-LANE
Residual s. B - kAt Loarmy soil mixed breccia s
(Weathred s.) O—LMEELDMEL
{autochtonous 5.)
Muddy s. B+
MWL (BEL) | Subsqueoss [Csamys BRT
(Biiete L) = ;:I'Iéiwi“‘ Gravely s. g +
=3h W + Peatys. EBEHEL
|__ Collapse s,
it
|__ Glacial =.
AL

Fig.10 General soil classifications related to parent
material. Soil classifications within the rectangle
have the condition for the formation of the
striped coloration soils.

6 .4.850 ( t ) BERICEKD THIBEHERE | DRR

B (1) I ESCDHBERDETCDT 7 7 2 —IHEBT 5 .
COR, 84 (p) HIRMMD AEL] THa L, RLE
FEEORB S EBICRILERGEICKY ABCEGEDLE
BEMIITEAENSD, KEL (ARB) ORM - EEANY
REND TEOHRISEL GV MO0 — LB LIFH]
DL DICHEBE TR EBLOBM THDE LD S,
B () [SRMLEOMERE, I505 , [LE#RER ) DR e
LTIERY 3. bbb, TOAAZXALIFHERERICESN
T, EELEB O IO A RETIEEEFRZRIT O DO%
DEEZBLUTCHIGHHEL LGS EEBIT, TDTAIC
BEODEET (HtL) ZBOMRELLLIEICHS . D
T ENEERE () DB TERNICC WIREN, TIEHRE
ELTO MgREEL) iERENT.

7. EfEtREIKEREHRE
BTN e 2 BEMOER & DRED ) TR SR DG
REBLTOERZL DD L, BREELBOERIE THH
B, FEEEmLE ], TV REL ] O 3EDEADREET
TEREBICHOT, D ODZTNHOFHE LIcT &I BEDTH
% (Fig.11).
ERMAOO—LBOBKREBTOREMRIZ EEDEEY

Flat plane s. Loessial s.
(Parent material)

(Climate)

RFEL
(&12)

s.:soils

Formation of striped coloration soils
BREELORER

Fig.11 Conceptual model of environments necessary
for the formation of the striped coloration soils
include the development of zonal soils that
reflect the climate, loessial soils as the parent
material, flat plain soils in terms of topography,
and the passage of time required for stratification
of depositional soils.

BREIND, D0 EXp LTeR EMOEBLIL, ZNLITD
BBETEEXBLTELS . Thabs, REMBIFEKEDH
BICHEEL, TEBEAKROMTIETCHSG5E, RELR
BROIET TR EN2BBHMLTHS. LHL, TN
EEEORBLTHSI ORI EHEREINTNS . (B
BE LD S0 IciEy aRy LI LT TREL Hds
EWS (AR, 2007)) . 7 ORY X ORMEAEIFHEXADEFBEE -
Wt E T CTaBER DR F CH SRR D O — LE
ToBMO—&ICmbY , BigziEks L TEBLLTVSE
DTH3 (LFH,19%) . bLaHfERIIO—LBORLT
BlE% < DESGESDIBEL TCEH Y , ZTHLIFEED
MEEEBREEAHELTWS . LIichA> T, RBHEDZ O
N7 TDOBISEERICKZHFEETICEDEBTIFEL.
DT &L, B Jenny(1941) D TIBF R D EATITE
(o) ZEREWFRNC, () DFMENICE b (h) ERZEAN, A
EHNTEBERICEERS X, Bt ESE [3EH L E]
TR BN ThHBHT @R LTHERL.

FEHD

ERIA—LEBDODERAMOERE RIS, KNMEBORKDOE
BHREEICCIBENDEDT, HEREER] LA TR
s Lie (Figl)  E@, I CIEBEWN 1 ROEEZHR
WRICT D LIFBEVD, BRHSDEERDICMA , XE
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SEHTCIERBLEEWNVBIREEICEL , &Bohic L 25 EHhIE
D EREEHT .

BREEIEZEEO L [[RWEEE &, B0Rd& 5 [T
WEBS] ICXDENE . BOMDBEEE, HENEEHDL
S5TIEEL, A ERSET MBI 2. BoNfcE®
iR ISR BEm A B AVRARDERBTDEERIRD
1 RRIGEBIENEFINDG . BEEOBRBAIFERNEEBEDR
SoE FraAMUKERZE S IL—,1981) & DNt A BEREIC
L7z (Fig6) DA T, BEXEBLEEEELODERBR EMEL
fe. 25 LTESNEEEID—LBDEBREEICEL T
LIRlcxEdons.

1. MeREBIE TEWEB®] TR0 rNEE®]
ICXOEhfc. [RVWEfEEIFBEX S CIEEEER] (D)
CTEBE®IB) L, ZNEN3HT D6 KaENnsk.
FOEBTHIIBEAIT CEBHEEZE (I OITHX A E
niz (Fig.s).

2. TEVEER] ET7720FEREBVTELEBDL S
BRICHEE Lz ZOER, BIFELBD LIC, D IFE
TEOSIcENENHIST S (Fig7) .

3.EREERIF, ELTRO LS BEAKRICER I NS
TB5E5IE, EZHICLITEEEDEEA ML
febDEEZENS .

4. FNEET ] ZRIFT HEBMHEISEFRMAERAT—
¥ (MIS) DA—TITHISY BEleEED B S (Fig.7) .

LUELRIHDEEDHTHSD . LHL, INETHEADEKE
ITHAEBELTEBO LS BRICHE SN 2HEIFIZFEAETD, DT
DT, TORFIREEBILT DHIRFE DIRBE TR T NIZDTIL
BWD? DRFEBHNET S . COEBAEKRS AW eHITE,
BEROERLNSDERZWESE LIz ThUFERINIIO—LA
B GERtEa0O—LB) TORREBEIBOEMARE (%
) ELTNRDEBHICNA . TNODERIFLUTICE &
HENS .

5. 59@EZRE LT, /BRI Lz TR TE]

DEARIRIEICH DTz (Table 1).

6. MFERE LT, BB S L TKROEELZIT
[TFIEmLT ) OFERREICSH >z (Fig.8).

7. BMERE LT, TEBICEEASZ D NUKES L
FEEHEW TLREL] OFEARIREICSH > 1z (Fig.10).

8. KEERE LT, L5 3 ZRNERICEITT 2R
ML C THEfiER ) & L COBREBESNERS
nte (Fig.11).

# O RRRETOEIFERICIERmOO— A
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