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Aあs蟹act3The　Siwaliks（Miocene　to　Pleistocene）distributed　along　the　southem　side　of　the

Main　Boundary　Thrust　in　Nepal　are　composed　ofconglomerates，sandstones，mudstones　and

Iignites．The　Lower　and　Middle　Siwaliks　showvarious　kinds　ofcyclic　repetition　in　their　litho．

facies　and　sedimentary　structures．A　generalized　unit　of　the　cycles　consists　of　sandstones，

mudstones　and　lignites　from　bottom　to　top．The　sandstones　are　well－stratified　and　frequently

cross－bedded　while　the　mudstones　exhibit　massive　aspect　occasionally　with　lenticular　bedding。

In　the　unitシe我ch　Iithofacies　gradually　change　into　overlying　one　whereas　the　boundaries

between　units　are　mostly　discontinuous　and　erosion翫L　These　cyclic　sedimentation，sedimentary

structures　and　fossil　evidence　suggest　the　Siwaliks　to　have　been　deposited　in　coastal　environ．

ments　ofa　fピesh　water　basin．

　　　　　　The　conglomerates　of　the　Middle　and　Upper　Siwaliks　ofthe　investigated　area　do　not

contain　any　High　Him＆layan　rocks　such　as　gneisses　and　granites．The　composition　ofthe　con－

glomerates　combined　with　theわalaeocurrent　data　reveals　the　sediments　to　be　derived　mainly

from　the　Lesser　Himalayasjust　north　ofthe　Main　Bomdary　Thrust。As　in　Pakistan，uranium

deposits　are　expected　to　occur　in　the　Siwalik　sandstones　in　Nepal．In　most　places，however，the

Siwaliks　would　have　less　possibility　of　umnium　occurrence　because　the　Lesser　Himalayas　do

not　contain　big　granite　bodies丘om　which　uranium　minerals　are　supposed　to　be　originated．In

the　High　Him乱layas，granitic　rocks　are　widely　distributed，and　three　big　rivers　ofNepal　have

percolated　through　them　and　transported　the　sediments　into　the　Siwalik　basinfrom　the　ancient

time．It　seems　to　be　more　e銃ctive　to　concentrate　our　uranium　prospecting　to　the　area　where

these　rivers　have　descended　into　the　Siwalik　basin．

亙舩troduc憾o距

　　Since1950，when　Nepal　opened　its　country

to　fbreigners，the　govemment　has　made　eHbrt

to　search　fbr　natural　resources　to　develop　the

country．So勉，no　economic　mineral　resources

have　been　fbund　except　fbr　an　enormous

amount　ofcarbonate　rocks　and　crushed－stones

fbr　construction。As　people’s　lifヒis　rapidly

modemized，thecountryissuf驚ring丘omgreat－

er　shortage　offhel』Recently，uranium　deposits

were　fbund　in　the　Pakistan　Siwaliks，and　the

＊　This　paper　is　published　by　pemission　of　the　Department

　　　ofMines　and　Geology，Nepal。

＊＊Minerameposits　Department

go〉emment　of　Nepal　came　to　be　concemed

about　them。

　　The　Department　of　Mines　and　Geology　of

Nepal　has　started　the　uranium　prospecting

prqject　fヒom　且scal　year　l980－198L　The

author　had　a　chance　to　participate　in　this

prqject　and　surveyed　the　Siwaliks　ofWestem

Nepal　in　l98L　Uranium　deposits　in　the

：Pakistan　Siwaliks　occur　in　the　sandstone　beds

and　are　supposed　to　be　a　Himalayan　source

（MoGRAL，1974）．If　the　Siwaliks　represent

Molasse－1ike　deposits，originating丘om　the

uplifting　Himalayas　where　gneisses　and　gran－

itic　rocks　with　relatively　high　uranium　content

came　to　be　exposed　on　the　surface，it　is　highly

possible　that　uranium　in　the　Siwalik　sediments
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was　also　derived　fヒom　those　rocks。In　th玉s　point

of　view，the　author　has　carried　out　the　sedi－

mentological　investigation　of　the　Siwaliks　to

evaluate　the　possibility　of　the　occurrence　of

uranium　deposits・

s苞響鼠繭9置a畷》恥y

　　Along　the　fbothills　of　the　Himalayas，the

Siwaliks（Miocene　to　Pleistocene）are　distribut－

ed　on　the　southern　side　of’the　Main：Boundary

Thrust（Fig．1）。They　are　generally　thought　as

the　Molasse－1ike　sed．iments　associated　with

the　Himalayan　Orogeny．The　name，Siwaliks，

was　derived　fヒom　the　Siwalik　Hills　near　the

Dehra　Dun　north　ofHardwarin　Uttar　Pradesh

of　North　India（MEDLIGoTT，1864）．The
Siwaliks　of　the　type　area　are　subdivid．ed．into

the：Lower，Middle　and　Upper　Siwa1圭ks．The

：Lower　Siwaliks　which　are　called．Nahans　in

the　Simla　area，are　wide－spread　along　the

Kumaon　fbothills．They　show　an　altemation　of

massive，soft　green－brown　sandstones　with

chocolate　to　green，somewhat　concretionary

clays（GANssER，1964）。The　purple　or　red．

aspect　ofthe1。ower　Siwaliks　is　usefhl　to　d．istin－

guish圭t　fヒom　the　overlying　Middle　and　Upper

Siwaliks．The　Middle　Siwaliks　consist　ofthick，

massive，rather　soft　micaceous　sandstones　with

subordinate　clays，and　the　Upper　Siwaliks

include　mainly　coarse　clastic　deposits　such　as

boulder　conglomerates，ordinary　conglomer．
ates，grits，sands　and　earthy　clays．

　　These　lithological　fもatures　of　the：Lower，

Middle　and　Upper　Siwaliks　are　persistent

丘om　the　type　area　to　the　Kali：River　at　the

Nepalese　fヒontier（MIsRA　and　VALDIYAシ1961）。

In　Westem　Nepa1，the　Siwaliks　are　widely

exposed　around　the　Dang　area　west　of：Butwa1。

The　investigated　area　lies　at　the　eastem　end　of

the　Dang　belt．The　Siwaliks　in　this　area，as　a

whole，are　composed　ofan　altemation　ofsand－

stones　and　mudstones　with　intervening　conglo－

merates，1ignites　and　limestones，and　can　be

subdividedinto　the：Lower，Middle哀nd　Upper

Siwaliks　as　in　the　type　area（Table　l）。The

I。ower　Siwaliks　are　characterized，by　quartzose

fine　sandstones　interbedd．cd　withred．d。ishbrown

and　greenish　grey　mudstones　while　the　Middle

Siwaliks　consist　of　arkosic　fine　to　coarse　sand－

stones　with　intercalations　of　greenish　grey　to

dark　grey　mudstones．In　contrast　to　these　two

parts，the　Upper　Siwaliks　contain　mainlycoar』

ser　sediments　represented　by　conglomerates
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Fig．1　Distribution　ofthe　Siwaliks　in　Nepal　and　investigated　area．
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Table　l　Stratigraphy　ofthe　Siwaliks　in　the　Sithdhara　region　west　ofButwaL

Age

お
き

3
ム
8
8じぱ　　の
Σ唱
08
宅ε
額眉
署属

Formation

UpPer　Siwaliks

Middle　Siwaliks

Lower　Siwaliks

Thickness

450m十

2700m

2650m十

Na．wakot　Group
（undi伍erentiated）

Lithology

Pebble　and　cobble　conglomerates，fine　to　very　coarse　sandstones，

subordinately　pebbly　mudstones　and　sandy　mudstones

bedded　fine　to　coarse　arkosic　sandstones，greenish　grey　and　dark

grey　mudstones，1ignites，pebble　conglomerates，occasionally
limestones

bedded丘ne　to　medium　sandstones，reddish　brown，purplish，

greenish　grey　a、nd　dark　grey　mudstones，lign圭tes，occasionally

limestones

M＆in　Boundary　Thmst

black　carbonaceous　shales，dark　grey　dolomites，purplish　shales，

pinkish　quartzites

and　SandStOneS．

且）　瓦owe蜜s量w認麗駄s

　　The　fbrmation　is　well　exposed　on　both

aanks　of　the　Kusum　Khola　Syncline　in　the

southern　part　of　the　prqject　area（Figs．2an（i

3）．Another　narrower　belt　of　the　fbrmation

occurs　along　a　E－W癒ult丘om　the　Rapti　River

to　Sit　K．hola　in　the　northern　part　of　the　area．

　　The：Lower　Siwaliks　consistmainlyofbedded．

丑ne－to　medium－grained　sandstones　ofgreenish

grey　or　brown　color，sometimes　mottled　with

redラwith　intercalations　of　reddish　brown，

purplish，greenish　grey　and　dark　grey　mud－

stones．Occasionally，1ignites　or　muddy　lig－

nites　overlie　the　mudstones　or　are　intercalated

in　them。Thin　beds，Ienses　and　pockets　of

limestones　are　subordinately　fbund．

　　The　sandstones　of　the：Lower　Siwaliks　are

generally　very一且ne．　to　fine－grained　while

medium－grained．sands　are　less丘equent。They

have　much　quartz　grains　with　minor　micas

and　small，red　and　black　rock　fヒagments，and

high　carbonate　contents　in　the　matrix．Most　of

the　sandstones　are　well－bedded，and　show　cross－

bedding　and　various　kinds　of　current　ripPle

lamination．Thickness　of　one　unit　is　lO　to

200cm．

　　The　grain　size　ofthe　mudstones　ranges　fヒom

coarse　silt，sometimes　sandy　silt，to　clay．

Usually，the　mudstones　exhibit　a　grad呂tion　or

multiple　gradation．The　contact　of　the　mud一

stones　w孟th　the　underlying　sandstones　is　grada－

tiona1．The　reddish　coloration　is　characteristic

of　the：Lower　Siwalik　mudstones　and　a　usefUl

criterion　to　distinguish　them　fヒom　the　Middle

Siwalik　mudstones．Calcareous　concretions　of

l　mm　to10cm　in　diameter　are　fヒequently

fbund　in　the　mud．stones。In　part　the　mudstones

are　calcareous　and　contain　thin　beds　or　lenses

of　limestones』Lenticular　lamination，parallel

lamination　and　bioturbation　are　partly　recog－

nized　in　the丘esh　outcrops　of　the　mu（istones・

　　The　lignites　are　sometimes　muddy　and

sandy　with　we11－preserved　plant　fbssils．Fine

parallel　laminationis　predominantin　thembut

current　ripPle　lamination　is　rare・

　　The　thickness　of　the　I。ower　Siwaliks　is　esti－

mated　to　be　more　than2650m．

2〉M鯉曲S量輪鵬s

　　The　sediments　of　this　fbrmation　are　widely

distributed　in　the　prqject　area。They　are

repeated　fbur　times　mainly　by　the　strike鉛ults．

In　the　southern　area　they　occupy　the　axial

part　of　the　Kusum　Khola　Syncline（Figs。2

and3）．Three　other　Middle　Siwalik　belts　of

the　northem　area　show　north－dipping　mono－

clines　with　partly　inverted　strata　along　the

魚ults．

　　Thefbrmationis　composedofbeddedfine－to

coarse－grained　arkosic　sandstones　intercalated

with　greenish　grey　and　dark　grey　mudstones

（Plate　I－a）』Lignites，pebble　conglomerates
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Fig．3　Geological　section　across　the　Siwalik　fbothills　between　Solendhara　and　Khairbhat　N＆ka。

and　limestones　are　also飼und　in　it．

　　The　sandstones　of　the　Middle　Siwaliks　have

a　wide　range　ofgrain　size丘om　very　fine　sand　to

very　coarse　sand．Occasionally　pebbles　of’the

：Lower　Siwalik　sandstones　and　the　Nawakot

Group　distributed　in　the　Lesser　Himalayas，

and　intrafbrmational　mudstone　clasts　occur　in

the　coarse－grained　sandstones．The　sandstones

show　more　or　less免1dspathic　and　micaceous

character　responsible　fbr　their　arkosic　aspect。

The　concretionary　bands　are　developed　parallel

to　the　bedding　plane　in　some　places。Thethick－

ness　ofone　unit　of　the　sandstone　ranges　f｝oma

免w　centimeters　to　a免wmeters．Thinsandstone

lenses　and　pockets　are　also　fbund　in　the　mud－

stones．On　the　丘esh　outcrops　in　rivers，cross－

bedding，current　ripPle　lamination　and　other

sedimentary　structures　are　well　visible（Plates

I－b　and　II）。While　on　the　exposures　of’hills　and

ridges，these　sedimentary　structures　are　not

recognizable　because　ofweathering．

　　Color　of　the　Middle　Siwalik　mudstones　is

usually　greenish　grey　and　in　more　carbonaceous

parts，dark　grey．The　redd．ish　or　purplish

color　is　rare．Except　fbr　the　di飾rence　in　color，

the　Middle　Siwalik　mudstones　have　almost　the

same　fヒatures　as　those　of　the：Lower　Siwaliks．

　　Thin　lignite　beds　usually　occur　on　the　top　of

the　mudstones　and　less丘equently　in　them

（Plates　III－b　and　IV－a，and　Figs。4tg7）．In

the　upPer　part　of　the　Midす1e　Siwaliks，pebble

conglomeratesappearas　thic欺bedsin　t与e　sand－

stones　or　as　thin　Ienses　in　the　mud．stones．The

limestone　beds　hav6been　seen　at　a　fヒw　places。

Thec・1・rislightgreyin丘6曲・utcr・psbutin

weathered　state　it　has　orange　tint。They　are

well　banded　and　display　chrrent　ripple　lam孟一

nation　in　places（Fig．7）。

　　　The　contact　between　the：Lower　and　Middle

Siwaliks　is　confbrmable　and　gradational　with－

out　any　sharp　change　in　lithology．The　fbrma－

tion　reachs　a　thickness　of2700m．

3）　町P聖er　S且w謡置ks

　　In　the　northern　part　of　the　prqject　area，the

UpPer　Siwaliks　crop　out　along　E－W一魚ult　in

a　narrow　belt　of　about　O。6km　in　width（Fig。

2）。Thefbrmation　consistsmainlyofpebbleand

cobble　conglomerates　with　ane－to　very－coarse－

grained．sandstone　intercalations（Plate　IV－b）．

Subordinately　pebbly　mudstones　and　sandy

mudstones　occur　in　the　lower　part。The　con－

glomerates　are　we11－bedded．and　a　unit　bed　is

a　fヒw　decimeters　to　a　fヒw　meters　in　thickness，

In　f｝esh　outcrops　they　are　compact　and　tinged

with　pink　color。The　matrix　contains　calcare．

ous　medium－to　very－coarse－grainedsands。The

pebbles　and　cobbles　are　subrounded　to　rounded

andlcmtolmindiameteLTheyarecom－
posed　of　fine－grained　sandstones　of　the　Lower

Siwaliks，grey　dolomites，white　quartzites　and

purplish　calcareous　quartzites（Plate　V－a）．In

a　outcrop　at　the　Sit　K，hola　distributary，the

ratio　ofthe　components　is　as　fbllows。

　　　Sandstones　ofthe　I。ower　Siwaliks　＿50％

　　　Greydolomites＿＿．。。＿．＿＿＿＿30％

　　　Whitequartzites＿＿．．．＿＿＿＿＿＿13％

　　　Purplish　calcareous　quartzites　＿＿＿7％

　　Except　fbr　the：Lower　Siwalik　sandstones身

these　rocks　are　commonly　distributed　in　the

Mahabharat　Range　of　the：Lesser　Himalayas

north　of　the　investigated　area．

　　The　sandstones　are10to50cm　thick　with

pale　brown　and．grey　color．They　occur　f｝e一
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quently　in　the　conglomerates　as　thin　lenses　and

pockets．The　average　grain　size　is　medium　to

coarse　sand・Cross－bedding　an（i　current　ripPle

lamination　can　be　visible　in　the　sandstone　and

conglomerate　also。

　　A　pebbly　mudstone　bed　of3to4m　in　thick－

ness　was　fbund　in　the　Sit　Khola　distでibutary．

The　pebbles　embedded　in　the　sandy　mud

matrix　are　l　to　IO　c血in　diameter　and　consist

of　the　same　rock　types　as　the　conglomerates。

　　The　boundary　between　the　Upper　and

Middユe　Siwaliks　is　gradationa1，with　the

mudstones　of　the　higher　part　of　the　Middle

Siwaliks　becoming　coarser　and　sandy　with　th三n

pebble　conglomerate　intercalations．The　ac－

curate　thickness　of　the　Upper　Siwaliks　is

unknown　in　this　area　as　the　upper　partis　lostby

the　strike　fault，but　at　least450m　are　present。

Ge⑪且⑪9量¢s重朧c蝕騰

　　As　the　result　of　fblding，the　Siwaliks　are

exposed　repeate（ily　across40to50km　in　the

Chitwan　andi）ang　areas（Fig．1）。Between

theseareas　theyfbrma　narrowbeltofonly5km
in　width　near　Butwal　and，the　fblds　pinch　out

intoasystemofthrust飽ults。Intheinvestigated
area　the　fblds　in　the　Dang　area　are　still　trace－

able．

　　The　K．usum　K．hola　Syncline　in　the　southem

part　of’the　area　is　a　direct　extension　of　a　big

syncline　fヒom　the　Dang　area．The　southem

flank　ofthe　syncline　is　somewhat　gentle　but　the

northern　flank　has　steep　inclinations　near

vertical　or　even　inverted　in　some　places．In　the

Kusum　Khola，a　longitudina1魚ult　exists　along

thesynclinalaxis（：Fig。2）。The　northemmargin

of’the　syncline　is　also魚ulted　along　the　Siling

Khola　but　this　longitudina1魚ultmayrepresent

an　anticlinal　axis　because　the　M：iddle　Siwaliks

north　of　the　fault　are　dipPing　north。The　strata

in　the　northem　part　ofthe　area　are　monoclina1

＆lthough　they　are　steepened　or　inverted　along

飴ults　in　places．

　　In　the　prqiect　area，five　longitudinal　faults

are　fbund　including　the　Main　Boundary

Thrust（MBT）。All　of　the　longitud．inal　faults

may　be　genetically　similar。In　the　Jhimruk

：Khola，the　MBT　strikes　in　N700W　which　is

a　general　trend　of　the　Himalayan　f士ont，and

dips　with800toward　north．Thus，the　MBT
apPears　to　be　a　reverse魚ult　or　steep　upthrust，

but　generally　it　is　interpreted　as　a　gently＿

dipping　thrust　which　represents　a　deep　crustal

fヒacture　produced　by　underthrusting　of’the

Indian　plate（LE　FoRT，1975）．

　　The　northem　sid．e　of　the　MBT　is　the　Lesser

Himalayan　black　carbonaceous　shale　with

intercalations　of　dark　grey　dolomites，and　the

southem　part　well－bedd，ed　very　fine　sandstones

of　the　Middle　Siwaliks，Along　the　MBT　the

black　shale　is　sheared　and　becomes　graphitic　in

the　lO　to30m－wide魚ult　zone　but　the　Siwalik

sand，stones　are　not　af琵cted　by　the　MBT。

　　Any　big　transverse　f乞ult　is　not　noticed　in　this

areabutin　some　outcrops，minor魚ults　striking

oblique　or　perpendicular　to　the　general　trend

of　the　Siwaliks　are　fbund．

Se《髄聡皇e聡愈⑪亘ogy

　　There　are　fヒw　contributions　to　the　sedimen－

tology　ofthe　Siwaliks』BoRDET（1961）d．escribed．

the　Middle　Siwaliks　east　of　the　Arun　Gorge　in

Eastern　Nepa1，and　noted　that　one　cyclic　unit

begins　with　coarse　sandstones，which　grad．e

upwards　into　cross・bedded　mica6eous　sand－

stones，and　ends　with　greenish　to　blackish

clays．Asimilar　cyclic　development　ofsedimen．

tary　beds　was　reported　fヒom　the　Lower　and

Middle　Siwaliks　exposed　between　the　Yamuna

and．Gola　Rivers，Uttar　Pradesh，North　India

（PARKASH：6♂α1。，1974）．

　　The　depositional　cycle　described　by　BoRDET

（1961）　is　observ嗣ed　in　the　in〉estigated　areεし

together　with　many　other　incomplete　or　com－

plete　cyclic　depositional　sequences．Although

GANssER（1964）note（i　that　regular　cyclic　sedi－

mentation　seems　restricted　to　certain　horizons

within　the　molasse－1ike　Siwaliks，the　whole

sections　of　the　Lower　and　Midd．1e　Siwaliks　in

the　prqject　are＆show　cyclic　sedimentation。As
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will　be　mentioned　below，cyclic　sedimentation

in　this　area　exhibits　many　variat量ons　fヒom　a

complete　cyclic　sequence。The　cycles，there・

負》re，100k　Iike　irregular　at　a　glance　but　af㌃er

recognition　of　the▽arieties，it　can　be　noticed

that　the　succession　built　of　the　repetition　of　the

cycles　fbrmed　under　the　similar　sedimentary

enVironments。

且）　Se魂量職e醜電箆置y¢y¢畏£s盆聾認甑雌㊧§

　　The：LowerandMiddle　Siwaliksshowsimilar
litho魚cies　in　spite　ofsome　diHbrences　in　color－

ation　ofthe　mudstones　and．in　mineral　compo－

sition　of　the　sandstones．The　upper　contact　of

the　mudstone　with　the　o〉erlying　sandstone　in

these　two　fbrmations　is　usuallysharp，abruptor

erosion＆1while　its　lower　contact　is　gradational

（Figs．4to8），Also，in　many　cases　lignite

layers　overlie　the　mud．stones　with　transitional

contacts（Plate　IV－a）。These　fもatures　can　be

interpreted　as　a　kind　of’the　progradational

vertical　sequence　beginning　with　the　sand－

stones　grading　upwards　into　thc　mudstones＆nd

then　into　lignites。　In　this　sequence　other

sedimentary　fヒatures　also　change　regularly

丘om　bottom　to　top，Based　on　the　vertical

change　of’the　sedimentary　fbatures，　several

types　of　lithofacies　units　or　cycles　can　be　distin一

guished　as　fbllows．

町謡電Sl

　　This　unit　is　a　complete　seguence（Figs。9and

lO）．The　lower　part　consists　of　we11－bedd，ed

且ne－to　coarse－grained　sand，stones　which　show

cross－bedding　and　current　ripple　lamination

（Figs．4to7and　Plates　I－b　and　II），Current

ripPle　lamination　is　predominant　in丘ne　sand－

stones　and　coarse　siltstonesl　sometimes　climb－

ing－ripple　lamination　is　well　d．evelopedin　them

（Figs。5and6）．The　sand，stones　grade　upwards

into　the　siltstones　at　the　top　where　current

ripple　lamination，small　scale　cross－bedding

and　Hne　parallel　lamination　are　visible。CoP－

cretionarycalcareous　bands　also　occurin　them．

In　parts　the　sandstones　become　coarser　and

conglomeratic，occasionally　containing　mud－

stone丘agments　of　l　cm　to3m　in　diameter
（：Fig。6）。The　coarse　or　conglomeratic　sand－

stone　usually　occupies　the　bottom　of　the　single

graded，sandstone　bed．The　thickness　of　in－

divid．ual　s＆nd，stone　bed．s　is5cm　to5m．As　far　as

the　author　obser〉ed　in　long　outcrops　along　the

strike－trending　ri▽ers，the　individual　sandstone

beds’can　be　traced　over　one　hundred　meters

（Plate　V－b），

　　The　middle　part　of　the　unit　is　mudstones

↓pebbiyc。arsesandst。n

，↑medium　mudstone

S2fine　to　medium　sandston

↓・cross－beddlng．

下muddy　Ilgnite

MI　massive　greenish　grey

↓mudstone

SI

　muddy　Iignite

　greenish　grey　mudstone

　calcareous　concretions

　CalCareOUS　COnCretiOnS

　veryfinesandstone
　with　current　ripPle

　　　　iamination

2

【amlnated，bedded
fine　to　medium　sandstone

↓　purpIish　mudstone　lenses　grey　mudstone

隅li習i』
　　　　　　mudstone

3

⊥

↑
　muddy　Iignite

　grey　Coarse　mudstone

　fine　sandstone
S1　　　　　　　　　　　　．

↓
　　　　　　　　　　　　ひ9’混・ご・・1．・・レ・、』・
　cross－bedding
　　　　　　　　　　　　　｝　　一　　一　　一　　　　　　　　　　　　　一　　『　　＿　　　一　　　　　　　　　　　　　一　　　一　　一
　　　じ　maSSlve
　pebblycoarsesandstQne

T　muddy　llgnite　medium　mudstone

↓greyc・arsemudst・ne

　muddy　Iignite

　greenlshgrey
　sandy　coarse　mudstone

Sl

！
　fine　sandstone

↑graded

　muddymedlumsandstone
　　　　　　　　　wlth　pebbles

モ
　sandysiltstone
　finely　Iammated　coarse　silt－

　stone
　￥muddy　iign貢e

10mO

5

0

Fig。4　Columnar　sections　of　the　Siwaliks。

1。UpPer　part　ofthe　Middle　Siwaliks，Sit　Khola。

2．UpPer　part　ofthe　Middle　Siwaliks，Sit　Khola、

3．Upper　part　ofthe　Middle　Siwal曲，Sit　Khola。
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ア
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　　　　　Fig。5　Columnar　sections　ofthe　Siwaliks。

Middle　Siwalik3，．Sit　Khola．

Middle　Siwal趣，Rapti　RiveL
Upper　part　ofthe　Middle　Siwaliks，Distributary　ofthe　Sit　K五〇1a．

which　grade　upward．s　fbom　coarse　siltstones

or　sandy　siltstones　to　fine　or　medium　siltstones，

sometimes　up　to　claystones　at　the　toP・Len－

ticular　bedding，bioturbation，we11－preserved

molluscan　shells　and　calcareous　pellets　of5mm

to20cm　in　diameter　can　be最）und　in　the　mud－

stones　（1》1ate　III－a）．Occasionally，the　upPer

part　ofthe　mudstones　displays　Hne　lamination

ofcarbonaceous丘ne　silts，and£he　sun　crack　can

be　fbund　on　the　top　surface。The　upper　part　of

the　Unit　Sl　is　occupied　by　lignites　or　muddy

lignites（1》1ate　IV－a）．This　part　is　usually　finely

laminated．and　between　the　laminae　wel1－
preserved　plant　fbssils　occur。

　　The　thickness　of　the　lower　sandstone　part　is

variable，r乱nging　fヒom　a　fヒw　centimeters　to

about20m．Themiddlemudstones　varies　fヒom

a驚w　centimeters　to5m　in　thickness　and　the

upper　lignite　thickness　is　in　the　order　ofcm　to

dm，exceptionally　reaching　l．5m．

u㎞t　S2

　　This　is　an　incomplete・sequence　where　the

upperligniteportionismissing（Fig。10）．We11－

bed．d．ed．sand．stones　fbrm　the　lower　part　of　the

Unit　S2，and　graded．massi〉e　mudstones　rep－

resent　the　upper　part．The　character　of　the

Unit　S2is　almost　the　same　as　that　of　the　Unit

SI　except　fbr　the　absence　of’the　upPer　lignite

bed．The　total　thickness　of　the　Unit　S2〉aries

between　a　fbw　meters　and　about20m．
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　　　　Fig．6　Columnaτsections　of　the　Siwaliks．
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Fig。7　Columnar　sections　ofthe　Siwaliks．

Middlepart　ofthe　Middle　Siwaliks，Nangal　Khola．

Lower　part　ofthe　Middle　Siwaliks，Kusum　Khola。

Lower　Siwaliks，D圭stributary　of　the　Agge　Khola．
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町盛電S3

　　This　type　exhibits　a　thick　sequence　made　up

ofbedded　sandstones．Itmightbe　an　extremely

incomplete　sequence　in　which　the　mudstone

portion　is　absent．The　sandstones　of　the　Unit

S3have　the　same　sedimentary驚atures　as　those

of　the　Units　SI　and　S2．

U誠慮Mll

　The　Units　S2乱nd　S3are　truncated　types
while　this　type　is　a　b＆se－cut　type　which　lacks

thelowersandstonepart（Figs．9and．10）。A
pile　ofrepetition　ofthis　unit　looks　likea　simple

alternation　of　the　mudstones　and　the　lignites

（Fig。5）．In　this　case，the　contact　between　the

lignites　and．the　overlying　mudstones　of　the
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Fig。8　Columnar　sections　ofthe　Siwaliks。

Lower　Siwaliks身Distributary　of　the　Agge　Khola．

Lower　Siwaliks，Distributary　of　the　Agge　Khola．

Lower　Siwaliks，Agge　Khola，

10m

5

0

next　units　is　sharp　or　gradual　but　the　contact

ofthe　lignites　with　the　underlying　mudstones

is　gradationa1．The　thickness　ofthe　Unit　MI　is

50cmto3m．

置∫麟電M2

　　This　is　a　repetition　ofthe　graded　mudstones．

Sometimes，it　is　closely　associated　with　the

Unit　M1．

U盛重Cl

　　Near　the　boundary　between　the　Middle　and．

Upper　Siwaliks　the　conglomerate　layers　appear

in　thesandstonepartofthe　Unit　SI　and　S2，The

conglomerate　layers　sometimes　produce　chan－

nel　shapes，and　have　eroded　away　the　underly－

inglayers。In　such　a　case，the　upperand　middle

parts　ofthe　Units　SI　and　S2are　missing　so　that

the　succession　is　composed　ofan　altemation　of

conglomerates　and　sandstones・In　the　UpPer

Siwaliks，thick　bedd．ed　conglomerates　with

intercalated　sandstones　are　predominant。The

sandstones　show　the　same免atures　as　those　of

the　sandstones　in　the　Units　S1，S2and　S3．This

litho鉛cies　may　be　regarded　as　a　coarse－grained

type　of　the　Unit　S3．Here，it　is　named　Unit　C1

（Fig．10）。

U魍龍s　S’1，S，2，腋’1鼠聡組腋’2

　　Although　it　is　a　general　rule　fbr　the　above－

mentioned　units　that　the　boundaries　between

the　units　are　sharp　and　abrupt，　there　also

exist　exceptional　examples，where　the　contacts

are　more　or　less　transitional　through　a　thin

re〉erse　grad，ed，zone．This　reverse　graded，zone

can　be　find　in　the　succession　built　of　the　Units

S1，S2，MI　or　M2．In　the　case　of　the　Unit　S1，

the　upPer　lignite　layer　is　covered　by　claystones，

siltstones　or　sandy　siltstones　with　a　grad．ual

c・ntact．Theclayeyandsiltylayersarea免w
decimeters　in　thickness　and　show　fine　paralleI

lamination　in　many　cases　but　massive　layers

also　occur（Figs，5to8），This　fine1＆yers

change　into　the　medium－to　coarse－grained

sandstones　of　the　next　units　through　the〉ery－

fine－to　fine－grained，sandstones　with　current

ripple　lamination．The　thickness　ofthe　re▽erse

graded　transitional　zone　is　much　smaller　than

that　of　the　normal　graded　units，The　Units

S2，MI　and　M2can　also　be　o〉erlain　by　the

sandstones　of　the　next　units　with　the　reverse

graded．transitional　zone。Here，the　Units　S1，

S2，MI　and　M2扁th　the　transitional　zones　are

named　S’1，S’2，M／1and　M’2，respectively．

2）　恥量§P¢躍s題且P認麓ε置聡⑪奮s㊧戯醗㊧醜苞s

　　The　Siwalik　sand，stones　often　show　cross－

bedd。ing　and　current　ripple　lamination　which
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Fig．9　1dealized　complete　sequence　ofthe　Siwalik　deposits。

give　us　infbrmation　on　the　palaeocurrent　di－

rections．Imbrication　ofpebbles　and　cobblcs　in

the　pebbly　sandstones　and　the　conglomerates

is　also　a　good　indicator　of　the　depositional

current　directions．

　　Figure　ll　shows　the　cu1Tent　d．irections　in　the

Siwalik　deposits．　Although　the　collected，

samples　are　not　enough，the　southward．supply

ofsediments　is　suggested　as　a　whole。In　regard

to　each　fbrmation，the　Lower　Siwaliks　ha〉e

a　fヒw　data　of　transverse　c皿rents丘om　north，

the　Middle　Siwa1玉ks　show　the　currents　toward．

south　and　east，and　the　uppermost　Middle

Siwaliks　and　the　Upper　Siwaliks　reveal　west．

ward　currents．No　northward　direction　has
been　observed　in　the　prqlect　areεし。（〕onsidering

this　together　with　the　occurrence　ofthe：Lesser

Himalayan　origin　pebbles　and．cobbles　in　the

Middle　and　Upper　Siwaliks，it　may　be　sa免1y

concluded　that　the　hinterland．which　supplied．

the　sediments　into　the　Siw＆1ik　basin　existed　to

the　north　of　the　basin．

3）　s㊧戯鵬e聡電箆留y　e聡覧慮躍⑪魍職㊧聡電
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Classi且cation　of　the　cyclic　units．

　　The　Siwaliks　cover　the　Sub－Himalayas　ffom

Pakistan　in　the　west　to　Assam　in　the　east　with

a　stretch　ofmore　than3000km．The　litho飴cies

is　not　so　dif琵rent　over　most　ofthe　area．As　fbs－

sils　of丘esh　water　molluscs　and　mammals　were

fbundfヒomsome　places，the　Siwaliks　havebeen

regard．ed　as　Huviatile　sediments　deposited　fヒom

a　big　river　or　a　network　of　rivers　（PILGRIM，

19195GLENNIE　and　ZIEGLER．，19643JoHNsoN

and　VoNDRA，19725PARKAsH6渉α」。，1974），

However，the　unifbrm　lithofacies　and　the　con－

tinui呼of　individual　beds　along　outcrops　sug－

gest　the　Siwaliks　not　to　be　fluviatile　sediments．

Besides，the　Siwaliks　in　the　investigated　area　do

not　contain　any　land　indicators　such　as　soils，

silts　and　clays　with　rootlets　which　are　com－

monly　associated　with　the　sed．iments　ofrivers，

alluvial　fhns　and　deltas（REINEcK　and　SINGH，

19751READING，　1978）。　Thus，　these　facts

suggest　that　the　Siwaliks　are　the　sediments

deposited　in　a　big倉esh　water　basin　lying　be－

tween　the　Indian　continentand　the　Himalayas，

　　The　sedimentary　cycles　and魚cies　of　the

Siwaliks　such　as　S1，S2，S3，M1，M2and　CI　seem

to　be▽arieties　derived　fヒom　the　similar　sedi－

mentary　environments・The　Unit　SI　represents

a　typical　series　of　sedimentary　processes　in　the

Siwalik　basin（Fig．9），and　the　other　units　are

lacking　in　some　ofthem．

　　Cross－bedding　and　current　ripPle　lamination

occu腔ing　in　the　sandstones　of　the　Units　S1，

S2ラS3and　CI　can　originate　in　several　genetica1－

1y　dif驚rentways。In　most　cases　they　are　a　result

of　the　migration　of　small　and　megaripples，

dunes　and　micro－d．eltas。In　other　cases　they　are

the　result　of　scour　and　channe1＿且11免atures　and

deposition　on　th、e　point’bars　of　small　mean－

dering　channels　or　on　the　inclined　surfaces　of

beaches　and　bars（R．EINEcK　and　SINGH，1975）．

Taking　their　areal　extent　into　consideration，

the　Siwalik　sandstones　may　ha〉e　been　depo－

sitedin　the　coastal　environment　ofthe　basin．As

a　whole，the　complete　sequence　demonstrates

a　progradational　one　and，toward　the　top　the

sediments　become　shallower魚cies．

　　The　mudstones　show　upward－fining，and
are　finally　overlain　by　the　lignites　with　we11．

preserved．一plant　leaves。This　fact　does　not　mean

the　basin　deepened．upwards，but　means　it

rather　shallowed．The　lenticular　bedding　and

the　sun　crack　occurrence　of　the　mudstones

suggest　mud　flats　or　lagoonal　environments．
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　The　sand．stones　of　the　Siwaliks　must　have

been　d．eposited　under　the　conditions　of　more

active　currents　orwaves　in　the　somewhat　deep－

er　part　ofthe　basin，compared　with　the　mud－

stones　and　lignites　which　seem　to　have

accumulatedovertheshallowerpartofthebasin

under　the　calm　and　stagnant　conditions．The

progradational　change　of　the　sequence　suggests

that　the　s我nd．stones　hlave　been　fbrmeαthrough

the　prograd飢ional　burying　of　the　basin（Fig．

13）．After　the　accumulation　ofthe　some　sand－

stonebeds，aflatandshα110wplatfbrmemerged．
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Fig．12　Sedimentary　environments　and　depositional

　P「ocess・

along　the　coast。As　fine　materials　camot　be

easily　dispersed　seawards　in　this　condition，the

environments　became　suitable　fbr　the　depo－

sition　of　muds，In　the丘nal　stage，the　water

condition　became　much　more　stagnant，de－
cre亀sing　the　depositional　rate　of　clastic　mater－

ials，and　the　lignites　settledoverthe　mudstones．

　　In　the　case　of　the　incomplete　sequences，

some　ofthe　environments　or　processes　involved

in　the　complete　se級uence　are　missing，but　the

change　in　their　d．epositional　environments　are

essentially　the　same　as　that　of　the　complete

sequence．As　already　mentioned，the　units　are

usually　co〉ered　by　the　sandstones　of　the　next

units　with　sharp，erosional　contacts．This

means　transgressive　overlyingofthe　next　cycles

took　place　discontinuously．In　other　words，

relatively　r乱pid　water　level　rising　or　subsidence

ofthe　basin　must　ha〉e　occurred．According　to

Curray　（1964），the　progr＆dation　process「e齢

presents　the　stable　water　level　stage（Fig．13）。

The　succession　of　the　Siwalik　deposits，there－

fbre，indicates　episodic　water　level　rising　or

subsidence　ofthe　basinl　in　the　Siwalik　case　the

latter　might　be　the　case．

　　On　the　other　hand，the　reverse　graded　tran一
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Fig．13　Depositional　processes　ofthe　cyclic　units　shown　on　the　Curray’s　diagram．
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sitional　zone　ofthe　Units　S’1，S’2，M／1and　M’2

corresponds　to　on－1ap　or　retro－gradation（Fig・

13）。Such　sequences　are　produced　during　a

slowandgradualsubsidence（depositional
transgression　in（〕皿ray’s　terminology）・Figure

l3shows　the　depositional　process　of　each　unit

in　the　Siwalik　sediments　on　the　Curray’s

diagram．

　　Contrasting　with　the　Lower　and　Middle

Siwalik　sediments，the　Upper　Siwaliks　have　the

coarser　sediments　such　as　conglomerates　and

sandstones．These　coarse　sediments　seem　to　be

a　reflection　of　the　beginning　of　the　rapid

Himalayan　uplift　and　d．enudation。The　Siwalik

basin　might　have　had　a両oining　mountainous

hinterlands　which　resemble　the　present：Lesser

Himalayan　view。The　coarse　detritus　such　as

pebbles　and　cobbles　which　are　commonly　seen

along　the　fbothills　of　the　Lesser　Himalayas，

would　have　reached　the　coast　of　the　Siwalik

basin。The　landscape　of　the　Upper　Siwalik

hinterlands　must　have　considerably　dif驚red

丘om　those　of　the：Lower　and　M：iddle　Siwaliks

but　the　sediments　ofthe　Upper　Siwaliks　might

have　been　deposited　in　similar　coastal　environ－

ments．

Ur題盛魍鵬P置⑪spe¢電置踊9

且）　Res魍旦電s

　　In　this　field　survey，the　author　tried　to　search

fbr　uranium　deposits　and　to　measure　the　radio－

acti〉ity　of　the　Siwalik　rocks。For　detecting

uraniunl　deposits，nine　geiger　counters　and　one

scint皿ation　counter　were　used．Detailed．geo－

10gical　route　maps　on　a　scale　of1：3，500were

made　to　know　the　extent　ofthe　sediments　and

describe　radioactivity　measurements　of　the

rocks　in　each　outcrops．If　more　detailed　mea－

surement　was　necessary，the　author　recorded

l：20columnar　sections　and．in〉estigated　the

dif琵rence　of　radioactivity　between　rock　types・

　　The　radioactivity　measurements　along　the

main　routes　are　shown　in　Hgure　l4。M：ost　of

the〉alues　indicate　only　a　background　one　a血d

any　abnormally　high　radioacti〉ity　could　not　be

fbund。The　maximum　radioactivity　is　three

times　as　much　as　the　background　value．Such

values　were　recognized　in　some　lignites，coarse

sandstones　and　conglomerates。Usually，the

mudstones　do　not　show　any　high　radioactivity．

In　the　Sit　Khola，wood　fヒagments　in　the　chan－

nelized　pebbly　sandstones　of　the　Middle

Siwaliks　showed　twice　to　three　times　as　much　as

the　background　value。

2）　　S聰gges重量o聡s露o童電；題躍ge慮a欝e観s

　　Recently，uraniumdepositswerefbundin　the

Siwaliks　distributed　along　the　Dera　Ghazi

Khan　District　of　Pakistan（BAsHAM　and　RlcE，

19741：MoG1｛AL，1974）。Uraniumlenses　occurin

the　cross－bedd．ed，串andstones　with　the　inter－

calations　of　siltstones，clay　pebbles　and　quart－

zite　conglomerates　ofthe　Middle　Siwaliks．The

lenses　contain　uraninite　and　co伍nite　in　the

non－oxidized．zone，and　tyuyamunite　in　the

oxidized　zone．These　uranium　deposits　can　be

classified　as　the　peneconcordant　sandstone　type

deposits（DAHLKAMp，1978）．The　lithofacies　of

the：Lower　and　Middle　Siwaliks　in　Nepa1＆re

essentially　the　sanle　as　the　Pakistan　Middle

Siwaliks，so　that　we　can　expect　the　same　type

uranium　deposits　in　the　Nepalese　Siwaliks・

The　source　area　fbr　the　Pakistan　Siwaliks　lay　to

the　north，and　a　possible　source　ofthe　uranium

is　thought　tg　exist　in　the　Himalayas（BAsHAM

and　R．IcE，1974）。Also　in　Nepal，the　source　of

uranium　is　supposed　to　be　in　the　Himalayan

rocks，especially　in　granitic　rocks　which　have

much　higher　uranium　contents　among　com－

monly　distributed　rocks＆nd　are　widespread　in

the　High　Himalayas（Fig。1）．

　　The　Siwalik　sediments　in　the　pr切ect　area

were　supplied　mainly　f｝om　the　Lesser
Himalayas　although　the　arkosic　character　of

the　Middle　Siwalik　sandstones　suggests　some

inflow　of　clastic　material　fヒom　the　High

Himalayas．The：Lesser　Himalayas　north　ofthe

area　has　no　granitic　rock　occurrence，and　any

pebbles　of　the　granitic　rocks　are　not　contained

in　the　Siwalik　sediments．These魚cts　m乱y　be
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the　main　reasons　we　could．not　find　any　indica－

tion　ofuranium　occurrence．

　Hence，we　should　pay　greater　attention　to

the　areas　where　the　big　ri〉ers　descend　f｝om　the

HighHimalayas．The　bigriverssuchasthe　Sun

KosiラKali　Gandaki　and　Kamali：Rivers　might

have　been　originated　in　the　ancient　time。亙f

they　drained　the　big　granitic　bodies　ofthe　High

Himalayas，uraniummayha▽etransp・rted
into　the　Siwalik　basin，and，precipitated，in　the

permeable　sediments　near　the　mouth　of　the

rivers。Thus，the　areas　where　the　big　ri〉ers
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cross　the　Siwalik　hills　have　the　greatest　pro－

bability　ofuranium　occurrence．
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西部ネパール，シワリーク層の堆積作用とウラン探査

中　嶋　輝　允

要　　旨

　ネパール南部のMain　Boundary　Thrustの南に沿って分布するシワリーク層（中新世一更新世）は，礫

岩，砂岩，泥岩及び亜炭からなる．下部及び中部シワリーク層には，岩相や堆積構造の周期的な繰返し

が観察される．周期を示すユニットには，いろいろあるが，もっとも一般的なものは，下から上に，砂

岩一泥岩一亜炭の順に重なる．砂岩層は，一般に，よく成層し，しばしば斜層理を示す．これに対して，

泥岩層は塊状で，時に，その中に1enticular　beddin9がみられる．ユニットの中では，各岩相の境は漸

移的であるが，ユニットとユニットの境は不連続的，すなわち侵食面であることボ多い．周期的な堆積

の仕方や堆積構造，含有化石などから，シワリーク層は淡水性の沿岸堆積物であると考えられる．

　調査地域の中部及び上部シワリーク層の礫岩には，片麻岩や花闘岩のようなハイヒマラヤの岩石が含

まれていない．このような礫岩の組成と古流系に関するデータは，シワリーク層砕屑物の供給源が，主

にMainBomdaryThrustのすぐ北側のレッサーヒマラヤにあったことを示している．ネパール・シワ

リーク層の砂岩層には，パキスタン・シワリーク層と同様のウラン鉱の産出が期待されるが，ネパール

のレッサーヒマラヤには，ウランの供給源となりうる花闘岩類の分布が狭いので，ウラン鉱の産出する

可能性は一般に少ない．一方，ハイヒマラヤには花嵩岩類が広く分布していて，ネパールの三大河川は，

その中を通ってシワリーク堆積盆へと砕屑物を供給してきた．したがって，ウラン探査は，これらの川

がシワリーク堆積盆へ流入する地域に，的を絞った方がより効果的と考えられる．

（受付：1982年5月10目1受理：1982年8月2目）
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　Khola．

b．Cross－bedded　sandstones　ofthe　Middle　Siwaliks　in　the　Siling　Khola．
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　a．Calcareous　pellets　in　the　mudstone。The　Middle　Siwaliks　in　the　Kusum

　　Khola．
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b。Bedded　sandstones（right）and　a　massive　mudstone（left）with　overlying

　lignites，The　Middle　Siwaliks　in　the　Kusum　Khola．
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a，Lignite　layer　overlying　the　mudstone　ofthe　Middle　Siwaliks　in　the　Sit

　Khola．Note　the　sharp　boundary　of　the　lignite　with　the　overlying　sand－

　stone（right）．

b．Conglomerate　ofthe　Upper　Siwaliks　in　the　Sit　Khola．
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a，Conglomerate　ofthe　Upper　Siwaliks　in　a　distributaryofthe　SitKhola．SK＝

　Lower　Siwalik　sandstone，Dm：grey　dolomite，Qμ：white　quartzite，Pq：

　purplish　calcareous　quartzite・

b。Bedded　sandstones　of　the　Middle　Siwaliks　distributed　along　the　Kusum

　Khola．


