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SalineSoilsinNortheastThailand

TheirPossibleOriglnaSDeducedfrom FieldEvidence

by

SomsriSINANUWONG*andYoshikazuTAKAYA**

Abstract

TheselectedPro丘1esofsalinesoilsinthevicinityofKhorat,NortheastThailand,are
describcd･Geomorpho】oglCalinterpretationoftheprofilesmakethefollowingpolntSClear
regardingtheorlglnOfthesalt:
1)SomeshalesandsandstonesbelongingtOtheMahasarakamFormationoftheMesozoic
KhoratGroupretainin-situsaltevenwhentheyarelocat(さdaslittleas1to2mbelowthe
groundsurface.Thesaltisreleasedbyerosionandweal:hering. Thisisthemechanism
ofextractionofsaltfromthesourcerock.

2)OnlytheMahasarakamFormationseemstobeasourceofsalt.Otherrocks,including
theolderformationsoftheKhoratGroup,appearnottocontributethedevelopmentof
sa】initvinthearea,becausetheydonotcontainsa一t.

I Geolo皇icalSettin畠

PrecIPltationofsaltonthegroundsurfaceofNortheastThailandduringthedryseason

haslongbeenknown.Theextensivedevelopmentorrocksaltinthegroundatdepthesbelow

60m wasfわundbydeepdrillingsinthe1950'S.Therocksaltbedsareinterpretedby

geologlStStObelongtothemiddletolowerhorizonsortheMahasarakam Formationorthe

MesozoicX.horatGroup.

Sincethedistributionorsaltonthegroundsurfaceandtherocksaltbedsthemselves

showgoodcorrespondence,ithasoftenbeensuggestedthatthesurfacesalinityorlglnateS

from therocksaltbeds. Thisisnotconvinclng,however,becausefrom thehydrologlCal

viewpointtheverticalmlgrationofbrinebytheorderof60mfromtherocksaltbedstothe

groundsurfaceisunlikely,ifnotimpossible.

IftherocksaltbedsarenottheprlmalsourceofthesaltJtheremustbeothergeological
bodyorbodiescapableofreleasingSalt,toexplainthesurfacesalinityfoundincertainareas.ノ

Theauthor'sworkinghypothesiswasthattheso-Calledsalt-freeportionoftheMahasarakam

Formation,whichcoincideswiththeupperhorizonorthesamefわrmation,couldbethe

possiblesource. The丘eldsurveywasthusconcentratedonthestudyofchloridecontent
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東南アジア研究 12巻 1号

inthesoICalledsalt-freeportionoftheMahasarakam Formation.

Theresultsshowthattheso-Calledsalt-rreeportionoftheMahasarakamisinfactsalt-

impregnated･

ⅠI DescriptionofPro丘1es

i) illustrationbycrosssections

The丘eldoccurrencesofthesalinityareillustratedbytwocrosssections,onelinking

KhoratandBanKham (Figs.9and10)andtheotheralongtheNonThai-Chaibadan

highway(Figs･16and17)･Thecrosssectionshave14and13samplingsitesrespectively,
whosedetaileddescrlptlOnSareglVenSeparately.

ii) Determinationorchloridecontents

Thedeterminationsofthechloridecontentsofspecimenswasmadeinthe丘eldunder

thefollowingmethod;

1.putca･5ccofdistilledwaterinatesttube

2.addonedropof0.1N silvernitrate

3･soakapleCeOrthespecimenofca･0･3×0･3×0･3cm3,whosesurfacesarefreshly

trimmed.

Thecontentofchloridewasstudiedquantitatively.Thevisibleamountofwhitesilver■

chloridepreclpltateWa･SObservedwiththenakedeyeandthedegreeofthereactiontothe

silvernitratewasthercbvratedintosuchclassesasnil,veryweak,weak,moderateand

strong･

iii) Groundheight

Nospecia一surveywasmadefordeterminingtheelevationoflocality,sotheheight

recordedhereisnomoreaccuratethancanbeassessedfrom the1:50,000topographical

mapofseriesL-708.
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Fig･2 Localitymapforthecrosssection

linkingKhoratand Ban Khan

(SectionA)

[コ poddy
固 brush,wooda upJondcrops

[ヨlocoHydescr.bed

巨∃h･ghwoy
EヨsecondGlossrood

iv) Abbreviation

ThefollowlngabbreviationsareusedinthedescrlptlOnS･

(color) yellow:yl

gray:gr

red:rd

(texture) heavy:H

clay:C

sand:S

(reaction) Reaction:

weak:we

brown:br

white:wh

light:Li

loam:L

R very:v

moderate:md

strong:st

(others) Calcareous:Ca manganese:Mn

iron:Fe groundheight:G.H.

V) Descriptionofpro点IesalongcrosssectionA

Loc.1 ChangwatofhceofNakhonRatchasima

Accordingtolocalpeople,mostofshallowwellsinthenorthernhalforthecityproduce

salinewaterwhilethoseinthesouthernhalffreshwater

Locs･2&3 BanChohoICa･9･OkmNofKhoratalongtheKhorat-NonThaiHwy･
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Fi畠.3 AnFJ-W crosssectionthroughI-ocs.2良3

G.H.:175m (loc.2)

1) Khorat-NonThaiHwy

21 pond,20×30m2;watershowsmdR

3) hotlSecompoundWithmanygardentrees

4) bushcoveredslopewithmanyhalophyticbushessuchasHamdeang,HamProm

andHamJPhz';saltcrustsareubiqultOuSinandalongwadi-likescars

5) paddy丘eldswithriceplants140to160cm tall

6) waterloggingpaddyもeldswithriceplants160to170cm tall

7) similarto(5)

8) bushandwoodcoveredhillock

Augerhole(Loc.2)

0.0-0.2m :S;mdtostR

-0.4m :SC;weR

-0.6m :do;weR

-0.8m :do;wetomdR

-1.Om :do;weR

Augerhole(Loc.3)

0.0-0.2m :LiC;VvweR

-0.4m :do;noR

-0.6m :do;noR

-0.8m .･do;noR

-1.Om :do;noR

-1.2m :do;noR

Loc･4 14.8kmN ofKhoratalongtheKhoraトNonThaiHwy

Groundsurface:月atandspaciouspaddy丘elds;700/.transplanted,25% unplanted

becauseofshortageofwaterand5% broadcasted.G.H.:168m

Augerhole(Loc.4)

0･0-0･2m:LigrSCwithbrmottlings;weR

-0･4m:grC;wetomdR
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-0.6m:do;weR

-0･8m:grHCwithbrylmottling;weR

--1･Om:dobutwithprofusebrylmottlings;vweRLOC･_4%
偏､

O
｣_-__

. iJ . . ベ ‥ 5 .

2OOm

Fi色･4 AnE･W crosssectionthroughIJOC.4

1) clumpsofNan daeng,NamJPh'andNanProm

2) unplantedricefields;manypartsarecoveredbydriedupalgae(seeFig･5)

3) clumpsofSahae(Combretumg〟αdranguZare)

4) Sc2'rAu∫marsh

5) transplantedriccfields,partlywatertogging

6) creekca.10m wide,0.5m inbankheight:watershowsmdR

i(

1

.

.I

Fig.5 Aclose-upviewofasaltcrustncarLoc･41

Saltcrustoftendevelopswiththesandseamslikethoseshownhere.

Loc.5 BanDon,ca.6kmSofAmphoeNonThaialongtheKhorat-NonThaiHwy

Surface:undulatinghilltop,Coveredbygardentreessuchaskapokjackfruit,mango

andbamboo.G.H.:ca.185m

0.0-2.0m:non-beddedhomogeneous丘netomedium S;noR

Locs.6良7 BanHuaNong,3.5m SofAmphoeNonThaialongtheKhorat-Non

ThaiHwy.G.H.:ca.170m

Augerhole(Loc°6)

Surface:rice丘eldwithcommontreesandbushesincludingHam daeng;nosaltcrust

O.0-0.2m.･丘netomedium Swithprofusepinkquartz;weR
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mosc)icofbushclndpcLddy
fl'eld;L-5rnelevoledfrom
lheQdjoinlngPQddyoreo

Fi色.6 Thcvariationofsaltcontentwithinashortdistance

-0.4m:S,butslightlyclayey;vweR

-0.6m:Swithcommonylcloudymottlings;vweR

--0.8m:Swithfewylcloudymottligsandveryfew Mn-pisoliths(¢3m/m);
vweR

-1.Om:SwithmanyCa-nodulesandcommonylmottlings;vweR

Augerhole(Loc°7)

Surrace:paddy点elds･vithsaltcrusts;palmyrapalm,Nandaeng,Nam2h'andSahae

areCOmmOn

O.0-0.2m:grLS;wetomdR

J).4m:do;wetomdR

-0.6m:do;wetomdR

J).8m:grS;wetomdR

-1.Om:do;WetomdR

Loc.8 AmphoenonThai(ca･29kmN ofKhorat)

Surrace:Alargepond(morethan1ha)infrontofthebusterminal,whosewaterlevel

is1to2m higherthantheadjoinlr唱paddy丘elds.G.H.:ca.172m

Water:mdR

Loc.9 2km N ofAmphoeNonThaialongtheNonThai-BanKhan Rd

Surface:ashallowerosionalvalleyoftheHuaiSamThi且(50mwideand1minbank

height)formedintheMahasarakam Formation;veryslightlyundulating

paddy丘eldswithmanypatchesofsalinecrusts;halophyticbushessuchas

NamdaengandNamPromarecommon･G.H.:ca.169m

Loc.10 BanNonPhutsa:ca.8kmNofAmphoeNonThaialongtheNonThai-Ban

Kham Rd

Surface:slightlyundulatingpaddy丘eldswith manytreessuchasSahae(Combretum
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guadranguZare),Khoil(StrebZu∫asPer)andPut∫a(Z2'zJPAu∫).G.H.:ca.
167m

Augerhole

O･0-0･2m:compact,darkbrLS;noR

-0･4m:compact,ylbrSL;noR

-O･6m:compact;brLwithmany丘ne(1m/m)Fe-andMn-concretions;noR

-0･8m.･do;noR

-1･Om:accumulationofCa-nolules;noR

Locs･lland12 13anThanonPho;ca･llkmNofAmphoeNonThaialongtheNon

Thai-BanKhaRd

Surface:veryslightlyundulatingpaddyBeldswithsaltcrusts;themarglngZOne

hetweenahillock(3to4nlhigh)andaneluvialvalleyG.H.:ca-167m

Fig.7Atongue･shapedsalt
crustexter]ding. from
ahillock

Augerhole(loc.ll)

0･0--0･2m･･lightbrg･rCwithbr点brousmottlings;vweR

-0.4m:lightgrL;vweR

-0･6m:grLiC;wetomdR

-0.8m:lightgrCwithfewtocommonbrmottlings:weR

--1.0m.･grLiCwithprofuseylmottlingsandcommorlMn-concretion(¢0.2-

1.0cm);WetomdR

Loc.12 SameasLoc.ll

Adugpond(20×20m2,1mdeep)whosewaterlevelisnearlysameasthegroundsurface

oftheadjoiningpaddy丘eld.

Water;noR

Redsandstoneandloamwhicharedugoutfromthepond丹oorshownoR

Loc.13 BanDonYai,ca.19kmNofNonThaialongtheNonThai-BanKhan Rd

Surface:veryslightlyundulatingpaddy丘eldswithfewtocommon(50-150minterval)
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standingtrees･G･H･:car176m;salinecrustsareoccasionallyfound･

Outcropalongtheroad

O.0--0.3m:ylgrS;mdR

-0.5m:darkgrcompactC;mdR

-1.Om:brgrS;mdR

-1.6m:darkgrCSwithfewCa-nest;mdR

Loc.14 BanNongSamrong;2.5km SofKingAmphoeBanKhan alongtheBan

Kham-NonSung

Surface:slightlyundulatingkenafaeldswithfewpaddyfieldsinlowerpositions･G･H･:

ca.177m

Fi色.8 ShaleandsandstoneoftheMahasarakamFormation,whichlocateca.2m

belowthegroundsurface,retainrichsalt

l) verydarkbrgrHC;noR

2) do,butlighterincolor;wetostR

3) accumulationofMn-pisoliths

4) kaoliniclayerwithprofuseCa-nodules;mdtostR

5) whiteCwithcommonrdconcretionsandcommonCa-nolules;mdtostR

6) rdgrshalewithwhstrips;mdtostR

7) brsandstone;stR

vi) DescriptionofcrosssectionA

a) A hillcomposedoftheKhokKruatFormation;saltfree

b) A low hillorterraceunderlainbytheMahasarakam Formation. Theborder

between(a)and(b)issupposedtoextendineast-Westdirectionjudgingfromthe

distributionorsaltandfreshwaterwells

c) ThealluvialvalleyoftheLam KhlongBoribunandLam Takhlong;saltcarried

inanddistributedbythestreamsandotherminorcreeksform patchesofsalt

crtlStSinplaces

d) AMesozoichill;thenear-surfacelayer1to2mthickisusuallycoveredbyloose
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⑤

f
i

1.
頑

1
1
度

a

FiB･9 Thecrosssection,betweenKhoratandBanKhan,showingthepossibledistributionofsalt

[:ヨMohosorokomFrEヨKhokKruotF-r. EコA=uvium m EIuvium E∃ResidiurT-
Fi色･10 ThecrosssectionbetweenKhoratandBanKham,showinggeomorphologicstructure

sandandsaltfree,whilethedeeperportionwhichiscomT10SedofMesozoicshale

andsandstonemostprobablyretainssalt

e) ThealluvialvalleyoftheLam ChiangKrai;Saltcarriedinbyalluviationisrich

throughoutthevalley;mostlycoveredbypaddyBelds,butlocallycoveredbysaline

wasteandScirpusmarshlikeatLoc.4

∫) A Mesozoichill;similarto(d)

冒) Ashallow alluvialvalleyoftheHuaiThaKhae;similarto(e)

h) A Mesozoichillockwithverythinsandysurfacelayers:Theextentionofthe

salineMesozoicrocksnearthegroundsurfaceissuggestedbythehighchloride

contentofthewaterinapond(Loc.8)whichisdugonthehillock

i) A Mesozoichill;apartofthisiscoveredbysandytoplayersbutotherpartis

coveredbyred-coloredlatosoトlikeclayeylayers

j) AshalloweluvialvalleyengravedintheMahasarakam Formation;thenear-surface

laverO･3to2･Om iscoveredbyvarylngCluvialmaterialsrangingfrom sandand

loam (likeatLoc.ll)togrumsolic(?)clayeysoils(likeatLoc･10):Someparts

arestronglysalt-affected(asinLoc.ll)butothersaresaltfree(asinLoc.10)

k) A swellypartoftheMahasarakam Formationarea;thougheluvilum develops

locally,theyareusuallythin:RocksoftheMahasarakam Formationcropoutor

locatt-Cryneartothegroundsurfaceandsomeofthem occasionallyretainrich

l13



東南アジア研究 ]2巻 1号

⊂]poddy Eヨ br]sh,wooda upTondcrops E] loccti-ydescrlbed
Fi色.ll Localitymapforthecrosssぐ(､tionalongtheNonThai-Chaibadanhighway(SectionB)

in-situsalt(likeatLoc.14)

1) A swalyportionofMesozoicterrainwitheluvialmaterials;similarto(j)

vii) Descriptionofpro丘lesalongcrosssectionB

Loc･15 BanKhokHinTang;7･7kmSW oftheT-junctionbetweentheBamnetNarong

RdandtheNonThai-ChaibadanHwy

Surrace:slightlyundulatingwoodland･G,H.:ca.230m

0.0-1.0m:slightlyweatheredbrrdshale;noR

Loc･16 1kmSofBanRutTalat;4･7km SW oftheT-junctionbetweentheBamnet

NarongRdandtheNonThai-ChaibadanHwy

Surface:slightlyundulatingkenaf丘elds.G.H.:ca.225m

Augerhole

0･0-012m:grbrvfine

-0.4m:vlbrvfine

R

R

O

0

n

n

●ヽノ
●ヽ
ノ

S

s

一一0.6m:一ightbrLS;noR

-0･8m:dn)butslightlymorereddish;noR
-1.Om:do;noR

WaterinaPOnd(60×120m'2)locatednearbyshowsvvvwcR

Loc･17 1km Nll'JOf工JOC･16alongtheNonThai-ChaibadanHwy

StlrraCe:Slightlyundu一atingbtlShlandwithrevpaddypatchesinswales.G.H.:ca.

220m

Anoutcroponthebankorapond(50×150m2)

0･0-0･7m:slightlyinduratedpinkquartzS;noR

---0･8m:AccumulationofMn-pISOliths;noR

-1･1m:slightlyindulatedpinkquartzsand;noR

-1･5m:ylgrandbrmixedweatheredshale;mostlynoRbutpartlyvvvweR
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Waterinthepond;VVヽrwcR

Loc･18 1･5kmSW oftheT-junctionbetweenthe_BamnetNarongRdandtheNon

Thai-ChaibadanHwy

Surfacel.swampyriceflCld.G.H.:ca.209m

Augerhole

O.0-0.2m:brgrfineS;noR

-0･4m:darkgrlaminated丘neSwithLiCandpeat;vweR

-0･8m:lightgrCwithfew Mn-pisoliths;Vv weR

-0･8m:grCLwithcommonMn-pISOliths;vvweR

-1.Om:do;VvweR

Loc･19 TheT-junctionbetweentheBamnetNarongRdandNonThai-Chaibadan
Hwv

Surface:Khlor唱LamPinganditsbrush

coveredlevee.G.H∴ca.209m

l) Water;mdR

2) ylgrtream sand;weR

3) levee;no臥

4) bluishgrshale;mdR

m

｢
ヒ

Fi色･12 Theout(､roPOfLo(､.19

Loc.20 BanKhok.4.5kmNEoftherトjunctionbetweentheBamnetNarongRdand

theNonThai-ChaibadanHwy

SALTconfenf

Fi虫.13 TheoutcropofIJOC.20.Gray(､olored
shaleoftheMaha.qarakam Formation

retainsrichsillt

Surface:aquarrylnSlightlyundulatlngbushlandwithkenafficlds.G.H.:ca.208m

l) 一ightbrgrv氏neS;noR

2) CompactCS;vvvwcR

3) AccumulationofMn-pisoliths;vwcR

4) compactgrclayeySwithmanyFe-andMn-pisolithsandfew Camodules

(¢tll)t()3cm);mdR

5) grshale;stR

Loc.21 ca,9kmNW ofBunNong13uaKhokalongtheNonThai-ChaibadanHwy

Surface:anoutcropataquarrvforroadgravel,inslopingandtlndulatingbushland･

G.H.:ca.210nl

l) darkbrgrHCwithCa-nodules(grumsolic?);noR
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iGL 再

C)/?ぐ ＼

oY/＼ ＼3､

[･2 旦＼一都 /＼ ト ,oom Fig･14 ThcskctchofLoc･21し_. ___p_一一J

2) MixtureofCa-nodules,shalefragments,Mn-pisolithsandkaolinicclay:only

shalefragmentsshowvvweR,othersnot

3) rdsiltstone;mdR

Loc.22 ca.8km SEofBanNongI3uaKhokalongtheNonThai-ChaibadanHwy

Aponddugonslightlyundulatlngbushlandwithfewpaddyandkenafaelds･G･H･:

ca.250m

Water;noR

Loc･23 ca･1915kmNW ofAmphoeNonThaialongtheNonThaトChaibadanHwy

Surrace:undulatlngbushlandwithrevpaddypatchesinswalyposition･G･H∴ca.200m

Smallsaltcrustsareinpaddv茄elds

Loc･24 BanPakham;2kmSEofLoc･9alongtheNonrrhai-ChaibadanHwy

Surface.･alargesaltcrustonverys]ightlyundulatingpaddy丘elds.G.H.:ca.190m

Augerhole

O.0-0.2m:pinkishgrS;mdtostR

-0.4m:ylandpinkmixedS;wetomdR

-0･6m:grcoarseS･,wetomdR

一一0･8m:lightpinkS;wetomdR

Fi虫.15 Thevariationofsa】tcontentineluvium
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Locs･25良 26 15kmNW ofAmphoeNonThaialongtheNonThaトChaibadanHwy

Surface:ashallow eluvialvalleylntheMahasarakam Formation

Augerhole(Loc･25:Swampybrushlandsurroundedbypaddy丘elds.G.H.:ca.186m)

0.0-0･2m:laminatedlayersorblackC andpinkquartzS;mdR./

--0.4m:do;mdR

-0.6m:grSwiththindarkgrCscans;wetomdR

-0.7ITl:grS;wetomdR

O.7-- ･.accumulationofCa-nodules

Augerhole(Loc.26:paddyBeldwithfewbushClumps.G.H.:ca.185m)

0.0-0.2m:brgrS;vwetoweR

-0.4m:brgrSIJ;weR

-0･6m:ylgrI-;vweR

-0.8m:do;vweR

-1.Om:ylgrSwithcommonMn-concretions;vvvweR

-ー1.2m:do;VvvweR

Loc.27 BanBungNoi;9.5kmNW ofAmphoeNonThaialongtheNonThai-Chaibadan

Hwy

Surface･.aquarryin bushland.G.H.:ca･185m

0.0-0.4m:darkbrgrC(grumsolic?);noR

O.0-1.1m:mixtureofCa-nodulesandrdsandstonefragments;partlywetostR

Fi虫.16皮 17 ThecrosssectionsalongtheNonThai-Chajt,adamhighway.Ishowing.the
possibledistributionofsaltandthegeomorphologlCSfru(･turcrespc(､tively
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1.ト2.0m:redsandstone;mdR

viii) DescriptionofcrosssectionB

m) ArollinghillcompoedoftheKhokKruatFormation;coveredbyDzjterocarPu∫

treesandbushes;Occasionallvbrownishredshaleandsandstoneoutcrops;nonor

negligiblesaltindicatioll

n) AneluvialdepressionintheterrainoftheMahasarakam Formation;saltcrusts

arenotrare,andsuchhalophyticbushesasNam daengarecommon

o) A hillockin thetcrrain oftheMahasarakam Formationcoveredbykenafand

bush;thenear-surfacelayers0.5to2.0miscoveredbvsandwhichisfreefromsalt,

whiletheunderlyingshaleandsandstoneretain salt(asinthecaseofLoc･20)･

Accordingtolocalpeople,nowellscan1)eutilizedfordrinkingpurposeonthis

hillockbecauseofhighsaltcontent

p) .p,imilarto(n)

q) ThcareaoftheMahasarakamFormationabuttingtotheKhokKruatFormation;

coveredbybush.:Shaleandsandstoneoutcropsoftenretainsalt(likeatLoc.21)

r) Arollingbushlandwithkenafandcassava丘elds.･Surfacesoilsaremostlyyellowish

grayandlocallvreddish:nosaltindication.ThisistheareaofKhokKruat

Formation

s) AneluvialvalleydevelopedontheMahasarakam Formation;coveredbypaddy

丘eldswithcommontomanybushclumI)S;patches()∫saltcrustarecommon

t) Anisolatedhillockinan eluvialvalley;slightlyundulatingandcoveredbycassava,
kenafandbush;nosaltindicationonthegroundsurfacebutsalt-retainingMesozoic

rocksexistveryclosetothegroundsurface(likeinLoc.27)

u) Transitionalzonebetweeneluvialvalleytoalluvialvalley;veryslightlyundulatlng

paddvGeldwithfew tocommonstandingtrees;Occasionallysaltcrustsonthe

groundsurface

III Conclusion

Basedonthefieldevidencesdescribedabove,thefollowingsaremadeclear.

Thes_Ourceofsalt

TheorlglnOfthesaltisintheupperpartoftheMahasarakamFormation,oftenreferred

tohithertoasHsaltイreeH.TheSaltwIlichisassociatedwithsomeshaleandsandstone

intheMahasarakam Formationstartstobereleasedduringtheprocessofweatheringand

thusentersthecirculatinggroundwater･ThismechanismisshowninaschematicplCture

ofFig･18.

Theoccurr与nCeOfsalt

Inmanycases)theoccurrenceofsaltshowsakindofzonalarrangement,thezoneof

hilltop,zoneofhill-footandzoneofplaintOnthehilltopanditsadjoiningsideslope,
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A//

監司 Inloclportion

既習 portioninprocessofweolhering
⊂コ Alreodyweolheredportll0n

巨 êShL̂P.r̂e_gnn=GAn]
rocksbelonglnqtO
TheMohosorclkclm
Formolion

E二コ EluvIEum

ぐ/二BrineCndsoft
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saltoccursonlylnthedeeperhorizonsthanca.2masseeninlJOC.AofFig.18,whilealong

thebaseofhillslopessaltusuallyaccumulatesonthegroundsurfacethroughseepageofthe

groundwater,formlngSaltcrustsduringdryseasonasshowninLoc･13ofFig･18.When

waterflowsfurtherawayfromthefootofhills】opcsitpenetratesintothesandygroundandノ

saltalsothenmayaccumulatesatcertaindepthesbelowgroundstlrfaceasinLoc･CofFig･18･
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