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Abstract  

Characteristicsofgrain－SizedistributionofglacialtⅢstakenfromtheWestKunlunMountains，  
WeSternChina，areanaまyzedandtheirdepositionalenvironmentsared主sclユSSed，lngrainsizecomposi≠  
tiorlgraVelandsandaredominant．Shapesofthecumuiativecurvesoftillsaredifferentfromnon  
－glacialdeposits．Grainsizedistributionofsuperglacial，englacialandlateralmorainetillshaslinear  
Telation on the Rosin－Rammler Law probability diagram，While terminal，meltout and basaltills  
devねteoもviouslyfromit．TbefirstpeakontbeたequerlCyCurVeSOfgralnSizedistributionofti11s  
OCCurSinpositionofgraveigrain仁3M－4¢）whilethesecondpeakisiowerinthepositionofsilt（4N  
6齢Obviousd壬fferencehasbeer10bservedforthemeans主zeそA缶）varioustypesoftilis．Thestandard  
deviation（句）ofti11sareabove4．0¢，Whilethenon－glacialdepositsarelessthan2．5¢．Theskewnesま  
（SkI）oftillshavepositivevalues．Thekurtosis（鞄）oftillsarelessthanlvOOwhilenon－glacialdeposits  
aregenera11yrmirethanl．00．ThesegrainsizeindicatorsincludingMatrixindexandAbrasionindex  
areveryheipfultodistinguis壬1、thedepositionalenvironme‡ltSOfti11s．  

1．tntroduction  

Part主ciecompositionsofsedimentsarepresented  
鉦omtheresu托sofparticiea王1alysisⅥrhicもaremainly  
Shownascumulativecurves，たeqt妃nCyClユrVeS，bisto－  
gramsofgrainsizedistributionandotherparameters．  
Theseresultscanbeusedasenvironmentalindicators  
and evidence of origin ofthe sediment＄，Duri喝the  
lasttwodecades，anumberofgrainsizedataoftilis  
bavebeenaccumlユはtedbasedonstudiesoftiilsusing  
advancedsedimentoまogicalmetbods，Whicbrevealtbe  
relationship between subenvironments and particle  
featuresofglacialdepo岳its，andprovide a basisfor  
Classif室cation oforigin andlandfor王nS Ofglacialde－  
posits（Sheeps，1953；LandimamiFrakes，1968；Bouト  
torl，1978；Ma，1980；Ha王dor父n，1981；WaぬgarldZba王唱  
1981；Ⅵru1983；Zhang1983；Lig才β7．，1986）．Itisproved  
thatthegrainsize oftillsis not onlylmpOrtantfor  
identifyingthesubenvironmentofglacialdeposition，  
blユtalsoglVeSaqlユalitat孟veorquantitativeindexfor  
classまfica最onofglacialenvironments．   

2－Samplingan〔‖aboratoryanalysis  

Duringthefieldworksinthel好estKⅥnl11nMoun－  
tains（35000’柵36020’N and 80030し81038’E），Samples  
bavebeentaken室ndiぎ短rentpartsofmodernmoraines  
and sections ofoldmoraines．Ingeneral，the coarse  
limit ofsedimentsisfixedat2mmト1¢）inlabora・  
toriesinCbまn乱‡n orderto check tbedistribution of  
COarSergrain＄，grainssmallerthan32mm（5郎were  
analyzedin tわis study，Ead samp王e vas separated  
into two parts：tbose bav主ng grain sizes of32mm叫  
0．063mm（－5鵬4¢）wereanalyzedbywetsiving，with  
anintervalofl／2¢；thosehavinggrainsizeslessthan  
O．063mm（4¢）vereanalyzedbypipeとtemetbodwith  
anintervalofl尋．‡tis quite ciear that the curve  
SllapeS and size paraIⅥeterS are determined by t！le  
coarseiimit（WangaムdZhang，1981）．Therさ女汀e，itis  
necessarytouseequalupperlimitofgrainswhenwe  
COmpareOnegrOupOfsamplestoanother．   
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Tabieユ．GraiI－SizecompositioIlOfglacial血pos主tsandotberdeposits．  
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Type of deposit  Gravel  Sand  
（％）  （％）  

Englacial till 
S明治rglacialtill  
Meit（〉ut ti11  
Basal tilt 
Temina】moraine till  
Lateralmoraine till  

63．14  29．20  
45．83  37．52  
36．96  33▲18  
30．35  29．13  
46．14  34．53  
64．02  34．19  
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Modem ti11s  

1．79  
Terminalmoraine till  
Terminal moraine till 

01der tills  Terminalmoraine till  
bteralmorai王1e till  
Basa王tiil  

35．47  41．42  
50．72  33．48  
39▲98  33．24  
51．61  32．32  
29．13  34．10  

14．77  8．34  
10．15  5．65  
16．11  10．74  
11．46  4．61  
18．88  17．89  

Esker  
Non～glacial Glaeio¶”fluvial  
deposits  Aeolian  

Fluvial  

6．40  86．04  
45．30  53．38  
4．79  95．21  
65．24  23．10  

3．32  4．24  
l．こiJT  

O  O  

lO．66  0．97  

3．2．Cァ㍑ダガぶ由g cぉγぴgS  
ユ之j．Cお印おお≠g影gご録柁6Cumtilative・plotistbemost  
COmmOnWaytOillustratethefeaturesofgralnSize．It  
CannOtOnlydirectlyrepresenttherangeofgrainsize  
distributions，grading compositions and sorting de－  
greesofsediments，but also permitscumulative per－  
CentageS tO be obもained from c11mulative curves as  
Weil；育om these tbe grain size parameters can be  
COmputed．The dlmulativecurves ofthe tillsinthis  
regionareflatandwidespread，andthegraderangeS  
arefrom32mmtolessthanO．002mm（－5M94），Which  
is obviously different from nonglacialdepositsin  
Tablesland2（Fig．1a，b）．Differenttypesoftillshave  
dif良rentshapesofgrairlSizecumulativectlrVeS，For  
example，thecoarseparticlefractionsinlateralmor  
rainetill，Superglaciaトti11andenglacialti11aremuch  
higher，being19Catedonthcupperpartofthediagram：  
Onthe contrary，meltout tills and basaltills arelo－  
CatedonthemiddleaIdlowerpartsoftbediagram，  
respectiveiy，duetothegraduaii11CreaSeOffinepar－  
ticle fractions．  

3．Grain size characteristics o†t‖s  

．■J．J，凸JJれ／＝、け叫｝りざ／晶〃  
Therangeofgrainsizeofthetillsiswidespread，  

COVeringnearlyallgrainsizes，fromboulderstofine  
Clay，btlttbecoarseparticlesizeisdominant（Tablel）．  
In血ecompositior10fmatrixmaterial（㍊nd，Siit，and  
Clay），thesandcontent（－1－4¢）is30－40％，Silt（5M  
8¢）1020％，andclay（8≠）5－18％．Thedifferences  
between various types and ages of tills are distin－  
guishedfromthedistributionofgralnSizeoftills．For  
exaiⅥple，thecontentsofsandsandgravelsarebi≦かest  
in englacial，SuPergiacialand王ateralmoraine tills，  
lowerin meltout and terminalmoraine ti11s，and  
lowestinbasaltills．Onthecontrary，thecontent of  
Siltandclayisjusttheopposite．Thismeansthatthe  
process ofdepositionis obviously controlledby the  
WayOftransportationanddepositmedilユm．  
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獣疫－1a・Grai－ユーSizecumulativecurveofmひdernglacialdeposit＄慮   
1：Basalti】1，2：Meltout till，3‥Termina王moraine ti】l，4：   
Terminalmorainetill，5‥Superglac主alti11，6ニEnglacialtill，  
7：Lateralmorainctill 

ぎig・1b・Grain”Size cljmulative curve of ol尋er t妻iまs arld non ）  
glacialdeposits．1：Basaltili，2：Termiぬimorainetil】，3：  
Terminalmoraine till，4：Lateralmoraine till，5：Fluvial  
Sedimcnts，6：Eskersedimen隠7：Glaciofluvial▲SCdime血S，8：  
Aeoliansediments．   
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3．2．2．伽∂α∂fJ砂c〟門ノβぶげ助ざわ7一月α肌用Jgγ上α紺〆  
tilLsTheparticledistributionsofclasticrocksbroken  
by physicalveatbering or mechaTlicaicrushi了－g Ob－  
serve血enonnOrmaldistributionoftheRosin－Ram－  
mlerLaw．Forexample，theparticlecompositionsof  
industrialsmashed debris（North ShanxiResearch  
Team，ChengduCollegeofGeology，1976），man－made  
crushedcoalandfeldspardebris（Wang andZhang，  
1981），tyPicalprimetill（Mu，1985ラ，Slユperglaciaidebris，  
engIacial debris and avalanche cone debris form a 
straightline on the RosinーRammler probability  
graph．Grainsizeanaly＄isoftillsinthisreglOnShows  
that coarse and medium fractions superglacial，eng・  
1acia王，andiateralmorairletillsfolloⅥFRosin’sdistriblト  
tion（Fig．2a，b）．Ingeneral，tbecoarsefractionsoftills  
haveonlybeenmechanicauycrushedbyice，butunder  
transportationoveralongdistanceandstrongabra・  
sion，thecoarse debrisisgradually groundinto fine  
fractions，therefore，the coarse fractions of glacial  
depositsわIiowtbeRosin－RaIⅥmlerLaⅥr，buttbefine  
許ain fractionsseparate如）m払e Rosin’s distribu－  
tion．  

Orain sIZe（¢）  

3・2・3・FYequeng CuTVeSIngeneral，frequencycurves  
Oftillsarebimodalorpolymodal．AllthefreqtlenCy  
CurVeS Of tillsin洩is region are poiymodai．The  
COarSe－fraction peak（first mode）isdominant：itis  
generallyatthepositionofgravelgrain（4一山－14），  
withonlyafewatthecoarse山mediumsandposition  
（0針Thesecondmodeislowerandatthepositionof  
COarSeLmediumsilt（4－6郎（Fig．3a－d）T Theresults  
are simiiar to thosein other reg10nSin China and  
abroad．Haldorsen（1981）pointed out that thelimit  
betweenmatrixanddebrisofsedimentsliesatvl¢．  
Under crushingand abrasion，threeclastic fractions  
areobtained，i．e．polymineraldebris（－6－1¢），Single  
mineralgrains（－1－6▲5さ〉andabrasionpartを6．5－9針  
Thusthemode oぎー4－1卓Ofgrain sizefrequency  
CurveSOftilisisinthe range ofpolymineraldebris，  
Whilethe4－6¢modeisintherangeofsinglemineral  
COmpOSition．Thereisalimitingsizerangeforeach  
individualmineral，andthelimitingsizerangeofea（：h  
mineralisdifferent▲TheliIⅥitedsizeraIlgeSOfigneous  
andmetamorphicrocksareiargertbant壬10SeOfsedi－  
mentary rocks，and thelimited range of some soft  
rocks are even smallerinclay grain size．For most  
mineralsinalimitedsizerange，thepeaksareconcen－  
tratedinthe4…6感range．  

ユ．て．（；…ナナ／∫たtl♪′川…J（か・椚耽／〃血小心一‘川（′（7柚7／ん肌  
／仙ん・．l・  
3．31GYainsizepaYameterThemaingrainsizeparaq  
meters are Mean size（脆），Inclusive Graphic Stan－  
dardDeviation（萌），InclusiveGraphicSkewness（S＆）  
and Graphic Ku托osis（馳）．狼indicates the‡nean  
grainsizeofthesediments，i．e．theamotlntOfencrgy  
COnSumedin the process of deposition．01repreSentS  
SOrting ofthe sediments：Sma11er the value of olthe  
betterthesorting．Shrepresentstheasymmetryofthe  
peakinthefreqtlenCyCtlrVeS，1Ⅳhen5鞄＝0，thepeakis  
Symmetry；Wbenさ鞄＞0，t壬Iegrainsizeisconcentrated  
in the coarse fraction，and the skewness curveis  
positive；WhenSkl＞0，thegrainsizeisconcentratedin  
thefinefractionandtheskewnesscurveisnegative．  
鞄representstheratioofsortingcoefficientsattail  
andmiddleofthecurve，Vhicbdeterminest壬1eCOnVeX－  
ity of tbe ctlrVe peak；When鞄ニ1，the clirVeis a  
normaldistribution，When鞄＞10r鞄＜1，thecurve  
Peakissharporflatrespectively．  

Thecalculatedresultsofgrainsizeparameterof  
tillsinthereglOnareShowninTable2．Theyshow  
tbat tIle meaIISizes of giacialsediments and11011  
Mglacialsedimentsaremixedandwidelyspread．But   

＄4  32  ユ6  8   4   2  i  ¢．5 8，25 ¢．まヱS ¢▲絹30′831  
Grai托5ize〈苗m〉  

Fig．2乱GrainpsizeRosin－RammlerLawcurveofmodernglか   
cialdeposits・1‥Basaltill，2：Meltout till，3：Terminal   
moraineti11，4：Superglacialtill，5：Englacialti11．  

糾 3Z 16  8  ヰ  2 1 05 025 0125 00630・P3i  
GraiれSIZe（mm）  

Fig．2hGrain－SizeRosin－RammlerLawcurveofoldertillsand   
nonmglacialdeposits．1：Basaltill，2：Terminalmorainetill，   
3：Lateralmorair把ti】！，4：Termi11almorainetili，5ニFluvial   
Sediments，6‥EskersediInerltS，7：Giacio一仇vial双曲Ⅵe王】tS，8：  
Åeoliansediments，  
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Grain size（¢）   

Fig・3乱Grain▼Sizefrequencycurveofmodernglacialdeposits   
fi）・1‥Meltouttill，2：Term主nalmora童net軋3：Superglaciai  
t亘王王．   

ー5 坤3 －1 1 き  5  7  9  
Grain sjze（¢）   

Fig－3bYGrain－Sizefrequencycurveofmodernglacialdeposits   
（2）、1：Basalt軋2：E‡感acialt軋3：Lateralmorainetiiま．  
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ー5 －3 －1 ま  3  5  7  9  
Grain size（¢）   

Fig．3c．Grain－Sizefrequencycurveofoldertills．ユニBasa圧軋2：   
Termi－1almora主net乱3ニTerminalmorainetill，4：Laterai  
moraine t主l王 

ー5 …3 －11 3  5  7 9  
Grain size（¢）  

Fig・3d．Gra王n－Sizefrequencycurveofglacialandnor卜g‡acia！   
deposits．1：Eskersediments，2：Giacio一員uvialsediments，3：  
Terminalmoraineti軋4：Termirla王m（）rainetiii．  

Tabまe2．Grainsiヱe ParameterSOfglac≦altills andnoIトgiacia王deposits．  

Mean sjze Standerd Deviation Skewness Kurtosis  Type of deposit  Matrixindex Abrasionindex  
（戯こゆ）   （の：¢）  （餓∫） （鞄）   

E】瑠1acialtil】  
Superglacial tift 
Meitout till  
Basal till 
Teminalmoraine till  
Lateral moraine till 

－1，53  2，82  
－0．53  4．24  
1．25  4．63   
2．25  4．76  
1．09  4．25  

叫1．77  2．56   

0．29  l，14   
0．46   0．95   
0．26   0．84  

鵬0．05   0．80   
0．23   0．86   
町・ト1 11．丁（i  

0．58  0．26  
1，05  （）．29  
1．44  0．60  
1．74  0．81  
0．95  0．26  
0，56  0．05  

Modern tills  

mOralne  Temir王al   ti11  ユ．00  4．39  
仙0．62  4．04  

1．ユユ  4．54  

い．ご1  1．両1  
0．5（）  0，91  
0．27   0．87  
0．29  （き．9l  

1．58  0．36  
0．86  0．30  
1．24  0．49  
0，85  0．36  

Temirlalmoraine til王  
01der tills Termir）almorairle t董il  

Lateralmofaine till  蜘0．48  4．20  
Basa王till  2◆20  4．94  0ィ29   0．67  0．55  1Ⅰ82  
Esker  

Non嶋glacical Glacio｝luvial  
deposit  Aeoliam  

F】11ヽ壷l  

】－58  1．81  
－0．87  1．72   
0▲17  0．26  

－1．43  2，49  

－】－0．02  1．62  13．96  0．04  
一】0．10  1、14  1．21  0－02  
wO．65   ¢．85  19．88  0  

tl－1ご  1－ユ9  0．52  い．▲柏   
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the difference between different types of tills are  
obvious．Themeansizeofbasaltills，includingthefine  
sands，meltout tills and terminalmoraine tills，is  
medium sands，Whilethe englacialtills，Superglacial  
tills andlateralmoraine tills vary from extreme  
coarsesandstofinegravels．Butthereisnoobviously  
differencebetweentillsofdifferentages．Thereisan  
obvious difference between sorting coefficients of  
glacialsedimentsandnon－glacialdeposits・Mosttills  
havecoefficientsabove4．00¢，butthecoefficientsof  
non一glacialdepositsarebelow2．50¢；thismeansthat  
the sorting oftillsis poor．The values of skewness  
vary widely，from－0・02to O・50；Skewness oftillsis  
positive，eXCeptformodernbasaltills，buttheskew－  
ness of nonglacialdepositsis negative，eXCept for  
fluvialdeposits．The difference of kurtosis between  
glacialsedimentandnonglacialdepositsisnotvery  
clear：ingeneral，thekurtosisoftillsismostlybelow  
l．00，butthatofnonpglacialdepositsisabovel．00・   

3．3．2．Matrtrindexandab7tLSkmindkxTheseareused  
asindicatorsofabrasionleveloftills，Whichisimpor－  
tantforsubclassificationoftillsandstudyofglacial  
sediments．Thematrixindex and the abrasionindex  
are：  

4rCharacteristicsofgrainsizeofglacialsedjments，  
anditsenvironnlentalimportance  

Grain size data of sediments can be used to disL  
tinguish environments in which the sediments are 
deposited，SuChasaeolian，fluvial，1acustrine，marine，  
muddystreamdeposits，andigneousclastics（e．g．Mu，  
1985）．Similarly，thegrainsizecharacteristicsoftills  
canalsobeusedasindicatorstojudgethesubenviron－  
ments．In recent years，SOme enVironmentalor sub，  
environmentalindicatorsonplotteddiagramsofgrain  
Sizeparametershavebeenworkedoutbasedonparti－  
cleanalysisofmodernsediments，theenvironmentsof  
whichareknown．Ithasbeenprovedthatthediagram  
is successful in determining paleoenvironments of 
Sediments．Thegrainsizeparameters（耽，句，Sk．，鞄  
MatrixindexandAbrasionindex）（Fig．4a－e）inthe  
West Kunlun Mountains have been plotted on the  
diagram．It・isquiteclearthattheboundarybetween  
glacialsedimentsandnon－glacialsediments onthe  
diagramisdistinct；eVen Subenvironments ofglacial  
sediments canbe classified onthe plotted diagrams．  
Amongthesubenvironmentofglacialsediments，basal  
tillsaresignificantandoccupyacertainpositionon  
the plotted diagram，Whichisidenticalwith Mills’  
（1977）resultsinvalleyglacialsediment．Basaltillsof  
Valleyglaciers are significantindicators ofglacial  
crushingandabrasionintheprocessoftransportation  
anddepositionunderanicemedium．   

sand＋silt  MatrixIndex   gravel   
silt  
sand  AbrasionIndex＝  

Thestatisticalresults ofmatrixindex and abra－  
sionindexofthesedimentsinthisregionareshownin  
Table2．Thisshowsthedifferencebetweenthematrix  
index and abrasion index of tills and non-glacial 
sediments．Thematrixandabrasionindicesofmodern  
tills are O．56－1．74and O．26－0．81respectively．The  
indicesofnonglacialsediments（exceptfluvialdepos－  
its）arel．21－19．88andOrO．04respectively．Boththe  
matrix and abrasionindicesofglacialsediments are  
highestinbasaltills，medianinmeltouttillsandend  
morainetillsandlowestinenglacialtills，Superglacial  
tills andlateralmoraine tills．Comparison of allre－  
sultsinTable2showsthatdifferenttransportmedia  
caused different types of abrasion．Under anice  
medium，the abrasionis differentindifferent trans－  
portedzones．Infact，thelongerthedistanceoftrans－  
portation，thelongertheabrasionindex．  
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Skewness（SKl）   

Fig，4b．Plots ofinclusive graphic skewness versusinclusive   
graphicstandarddeviation．1：01dertill，2：Moderntill，3：   
Basaltill，4：Non冊glacialdeposits．  

－2  －1  0   1   2   3  
Mean s主ze（Mz）  

Fig・4a・Plotsofmeansizeversusinclusivegraphicstandard   
deviation．1：01dertill，2：Modernti11，3：Basalti11，4：Non   
－glacialdeposits．  

6
 
 
 
 
 
2
 
 
 

1
 
 
 
 
 
 
 
 
1
 
 
 

（
叫
鍼
）
 
 

U
苫
d
巴
叫
 
 

ハ
わ
 
 
 
 
2
 
 

1
 
 
 
 
 
▲
l
 
 

芯
滅
）
 
 

リ
コ
d
空
品
 
 

0   D ●  十  
－ニ▲・．㌧●．  
◆こ・■ニ◆▲◆；  

∽
芯
○
〓
⊃
J
 
 
 

む
＞
叫
の
n
【
O
U
l
 
 

0
0
 
 
 
 
 
4
 
 
 

ハ
V
O
 
 

S
叫
S
三
し
コ
メ
 
 
 

む
ヱ
め
n
l
U
∈
Ⅰ
 
 

・●・▲i・・  

＋－1 ●－2 ◆－ 3 0¶4  

‾一1－；・ご I い・・・i・・．・、  
王nc】u5jve graphic  
Skewness（SKl）  

Fig．4d．Plots ofin（：1usive gTaphic skewness versusinclusive  
graphickurtosis．1：01del－till，2：Modcrntill，3：Basaltill，4：  
Nonglacialdeposits，  
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deviation（8ェ）  
Fig・4c・Plotsofinclusivegraphicstandarddeviationversus  
inclusivegraphickurtosis・1：Oldertill，2：Moderntill，3：   
BasaItill，4‥Non∴glacialdeposits．  
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Fig・4e．Plotsofmatrixindexversusabrasionir］dexoftills．1：Oiderti11，2：Modernt軋3：Basaltill，4：NonAacialdepsits．   
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5．Conclusions  

T‡le許alnSizecharacteristicsofg重acialsedimerltS  
intheWestKunlunMountainsareobviouslysignifi－  
cant．ThedifferencebetweengralnSizecharacteris－  
tics（graingradingcomposition，grainsizedistribution  
curvesandgrainsizeparameters）ofglacialandnon  
－giacialsedimentsaredisti‡－Ct・Grainsizecbaracteris－  
ticsofdifferenttypesandagesoftillshavedifferent  
features too，Thismeans that theglacialsediments  
have undergone different crushing and abrasion in 
differenttransportationzonesundericemedia，Which  
formed different grain size distributions．Tills of  
dif毎rent agesbave similar grain size distributions  
because the transportation medium and deposition  
processaresimi1ar，  
Modes¶4 1¢ and4－6¢ on the frequency  

curves of tillsin the study region reflect specific  
transportationaland depositionalenvironments by  
glaciersinwbichmecbanicalcrushingaれdat汀aSion  
are dominant．  
The diagrams of grain size parameters are not 

onlysuccessfulindistinguishingglacialsedimentsand  
othersediments，butalsosubenvironmentsofglacial  
deposits．B鴫tbeplotteddiagramsofMatrixiTldex  
andÅbrasionindexaremorelユ班毎1in毎dgingglacial  
depositsubenvironments，  


