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$TRLCTURECONTTOL OF $0ME ROMORFHIC €ت PROPERTIE$
O٢ DRINACE NETWORK : AN M USTRATTONم١1 FROM THE
FLIEG0 RI%'E BASIN, MULA RذA, KOUTHKAST SPAl

.u mmAryس3 A part of Ihe Piego Riser haRin, Fل la area, Sauا heasl Spair
has heeN $tudied i an attemp t٥ rulate the sTruture funLlion to 1h٤

of drainage nlwork. buscd enTircly on fieldeororphie prpcrlieع٩ 
mesured data, Ihe reنk tionships wnd ompariinsن bewEcn variahles have
heen reognise wiuh the Aid af twa ١Yps af tatistical م analyss ; Eaissen
Dirtribuuiur FunEiun and Aulysis of Variane. The 1rurureeuhLrel of
umc drainngc und slop cfaratnistics, as qtsere in the field andن 

reveaked from thE anahysis, ha6 hcn denunstاةr ed wnd disu«+cd.

:lntrddu3loMلا. 

The itluenee of geoloز iu 8teturt a landRorms is widely acknewledg­
d. Na1 On!y re ن the majs phEnomena on the tarhsurfAcc predominamtly
of ٢Iruuurl arigin, Fut mةIy of the IHinmr haLdtbms are cntrolled by
٤:lugi 5TrueEIr {Redding, join٩, fotds And tnulrs) threIgh the actlon ٥f
:٤١٨١$ sf dgradation precgssEs «nermplex roUk masse9 (Dcsiardin9, 1952;
Melto, n ؤ!لا9,)1 this eteRt, i1 i% kNOwWn that varvu% feutures af drainagr
parIEI١١, for ٤٢artgf¢ : "pr&fErred ''rirtaien ب ٥f ٤trcun chane4,
6e٤T7: ٤ اذذ of rarrOWirg or lلa widenin of valleys weil فه sم thE wto!e

,raIfugc patrTmn itself may imly strong $truturAi cnntro! {Ver Steegك 
I٩4٦; Parvir, I950; TaIor, 19}; Hmward, 1967}. csides, 1n the prouvs
af'dainadevelopment un an wfeA uouergdig dissetiun, the srams, in
eTcral, hi8,tre adjsLed ta strudwre thrauEh the ditferential iFfluee of

re9istan and nonresigtant rks, In tlis Eonretion the Rrage of dEyelop»
ment ol' n dnaiagg netork is8n imporant fav±@r govemnity Itte cxtenl 1g
whieh underlyiag sIncture٩ AffeL the drAin:g€-p;4teIn proptnLics. 8 im
miain rain5ge Jines, it 1s su ل kNOwn tha1 minor tribytAry walleys sbow
-trong control by stnueure atrributes, mainly joint trendt tHobb1905و, ;
Brow, 199; AghOssy, 1970). The present invesligation is e ط upea thi
finding, wnd 4tlemps to cauabllsh ±tatistlcal rehatioNwhips and tompArissns
betwEen quantitAtive gclogic strcture parameterg and getmophic pre
perizg of drainge netwatk based entirly on ldع£ mcsuremnentAnd
bxrvAliaN5.

 مه4 إ ب

 ر ا



The physfca! srtIing1إ 

W41$ 4B1, ١7" ٦- 8hl 3 T٤١١٤١١٤a ,''د ير] ١der ء itvrsr tiut ا ١٦H١١ لا٠n
i} Wit, ١١٤٠-٩٩'٦٩٢'١١٥٤٦٧٩١\:٤٧٤٩٠٠٦١٦٤ !i٦ Hki u ييج l&١i٧-r weh i ٤٤٤ ذ
٩١١u١١F٠٩;٦١١ 4٠٠'٢'٤i٠5٠١٠٤t ٤1٨٨١i:٤?٤ul. Fiي!٢,:٦, l ;:٠ 6١٤naHl ':٩١١١nl1 ٦١

١١٠٤٠١hi١١١١٠١,-٤٤١Hi٠١٠٠- ة١١٤١١-٠'٢١٤٠٦٢٠}٠٢:٢١١٢٠:٥,'١٦-١١٩.:i:٤2١٩١31٩ل٤

t١l3٠106٠٤2٢ :،٤٠٤"١٩ جن٠٢,Hl٤:٢١٤-٤٢٠٦١١١٩٤٤٢٠٢٧١٠٦١٩٤٠١ لا:٢١٩٤١١٢٤٤٠ بع٤٤٤١٤٠٦٢:٠٤-١٠

i:١٠٤٠٢١٠٠i٦!١١١١٠ {ذ٤١٠١:٠١٢٠,١r:1wlUn :alia١٦٠i:,i١ ايت،>[١١y٢٤uالل١ 

id در ; ١vi101Ii;:>١l, J٠6ه l١١1٧٧١:٢٤ د١;٢١/١ct٤٩i٤١٩١,١١٠:١١١١٩٠٧١+٠11

٣;I١١٩١٦١٤٢١١٩-٤٧٥٤ ن٢٩-4\١00٤-46 إ].'٦٤٤٩

- r١:i18l٤١1٠٠٠٤٤
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١.1٠١ ticelogy

1h٤ hlk o٢ thU irta {dmprives chasUiE seuimenIary Fwks ml OligOUe11E
:ue {lig. 2]. 'lhEs ٢uk$ #te pudvNir:InFy tnhsIUes ؟ l ا0: ta١l٩ wltic/1
٤١١٠ i١٤rel:tl in a Lhin!y hedlrltl 9٤u1ي٢'١+ e&, T1 nly «l Ire !Itl1y1»"s
٠١١٦١١ s١٢١١٠٩٤١٢٤١١ lUaturc٤ i٩ ha%su1 ١IRnI sH١:ti٢٤:٦i١ w!١ieh١ i, ١٤١٦٠١١٤١l ١١١l٤ ,ر١

١'٠٠\:٤l٠

١[١٤٤1١٠٤l l١١٠١٠٦:٧iHHpl١٠١:١٤ll٤16١ نة٢'١h1٧lI Urv'٩4٢١cthlryi٠ مع\
١١٤»!، eri[٤ll Mi١٤e١!Ucere Erز ides drig the lte 4Jli١١١١٤ ه

١.٤١i; ٦٤ 8١ piny i5 re8pewihle Finr ٢l١٤ K٢'er] tlip ٤l٠٤٤١٤٦٤d٩١٢٠١١٦٤١٠١١٠3٤١٠Lrl
·01٠:.١\٧1 ٤Gupt 6+iUD {&usud ١Ir1rAnus } anEieli١٤٤;١١tl ٩٤١٤l١r١٠'+
(١;١١ .2} 1،nin4$ cIH5tilu٤ اخ١ in١١٩٢l٤L١١٩ +I٢٧1U١١ l t٤:HI٩,١n١{١lt} ٠١١١
0٢٠٠\٠\١١٩١٩٤١١٠ Ahf٢٤hcn7١tun١١١٦١h٩٢٥udy i١١a. lw8 nI:i١$٤١»٦l ١٤

iا:١ ,}.in {{hllie. ,0iIls"" +ز19 ralhr Rhan tld% ''Ipgraplieا٢': ز 
٤١i٤٦.٤٠١٤١l١7) , li١١iI ji١0[I»1,r٠i٩٩١ti١٩٢y {l١+1 ل٤٤hi١ ،ر٩l، 'iا+ 

١١١0١٧١٦٠٩١: d١ join!¢ {D11 au Lrike لا jcinIv {51 , ز wliist tlE ١v6d  ا١١
(,٠ar ii١١s {%H\٤sel tl cllrIT joiIt% Alle1٤1rj٩uHaI1:·٩٤ ا:٤,

١a٩١٤'١:٢١١l I٤١١+ ]ب 0%:l١0. ٥٦HrlriEن١١١٦l٤١٤tud٤0٩٤١٤١٥٤١٠ 'أ١\١١٤١
١٠٠٢١١١٨٧١٠٠١١ i١(٤v'eIIe' %،nlsIUue v l ر Lh٤ vن ly sl٤' 8l\١٤'5 ٤٤'١٤٤١١01 \٤١٤

١i١٤/4 «١١H١٤l٤'١II ١nI ١h١٤1a١١I1٤ 01f lwhHity. l٠١ 5١l١١h١٤٢١١١١١٦١:٤١٦١١٤\
.li ٠i8٤ui١١٤١1l ١t jutl9 ١1١١erIrs l [hir [U١١١٤:١yH'٩}١١١٤١١١١٦١ !،١٤:L)
٠١١١٠ ',1١i٠0l ٤;Hi;ti0H, ١It i١t6 7٤٦% d١١٦٤f¢٠4 i٩١١٢٩١i١٤٤\١١١١١٩٢١٠١٢١+٤٠٦l١
،· ١٦٠i١١g a\ hds »/1w 'kt ؟٤٢ nrit H«١:l!١ ذ i٤١٩h١١1٩١4 ١١Hl:١ l١١٠١H١٤١١

١٠٦٠٢١!١!١١٧١١٦٦٧٤٢٤١٤٤١'٤l ١٤١١٦le hasi «l lAlrي+١١ ik١٤rit+ذ١٤ ا١١'٤,١١ t;  أ

١rai8u1١pftun) wlich iI i huen1 1lر {ه٤٤١. ti{Ke diar:1٤٢٠ ا١٤ إ0١ ر١١
j i١١1١٩rv ا mare Eunhrtun i) IhU ArEa. ;tWlilp ل9 cdl ا !U 51١ik٤ 1tmiuI Joi13ا .
': ٢٠٤٤٢i١16 l1٤v¢ ١hc higlr deIsiy In ١hv a¢ wFll١١naitr «ri٤١١i٤ wn:l

١١٢٠i١٤5 ٤f NNW.$SE, NW' 6l٠ aud N-5,

1.1.2 (:srmarphrlrgy

Th٤ area ١ndtr 1nvesligaiu hNs dIIiruel £¢up li ء  أ
hت raLFislics. A wAlley syst eumies'١ ل tlg wlule cAtn u)' th1e uruu,
tnIprisit1g ١w trunk lines with nuIeIws LrIhIary va!!rys v4eupIe hy

١rihul8ry ,±ل vAllcys rtllies which arc actively ¢4tv'Id ltcrUw:Ird, 1'hر٤ 
narrowا y confncd and relatively youthful trenches, They sre charwvleriscd
by ,teep ؟ V-shaped slnpes {mean anglcs nf wetley-sidr «lope٩ 46.4"], And
havc many ''waterfa!lو ', whieh mAy be deRcrtd as ''nalura ,''sleps أ ٧٧!-
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]٠ س.-،7:". ددده سد
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4٦ ه قد ال

٢٤٤٨8٠4٤٦٣w  و لا

 م٠'%

١
٩

١

 و٢

 ، -ء-ة.،:

 ج'

١١٤١١٢0١١٤: 1hrrIigl} the hEtts 'l ن $aHlIUI8. M٤٠! «t tl١٤4 ٣-٤٠٠٠١١٤١١١٤١٦٤٦٠5
:٥٤٤H ٤١١i,٤ -،٠4- ٧٩-.'٤٤f١٠٤--"٧٤٤٤٦'»١41'1:}:١١ l١١ liيy t4 WA٤ إ١h٤٤٣

ly±٤ ا٤:١e01l١.٠٤٠٤٤١١'٠٠٠١٠:٠ ه٠٠ dviDes wre wesl}-dclIted in th- 3reلا لاك 
٢١1cuvh،a8،k :1eLi٤١5  ا٤٠:1',١١٤٤:١١١٤٠IH٤1٠ إ١١٠ آني٤ ق٤'٢"h ،ن-٠-١ ام٧٨١٠\٠٠١

,tn"u١1:13١0-0٤:1٤+٠١1١ :إ٦:٠!٤١٢٠٠١:٠٠ 13١٠t١:n٦٢٢١}!with w:IerTyiز l؟٤١ ,
١٠١"٤٠١٠k ٩H'٠١١١٧١il:١٦٦٠٧١١٤١١١٠١٠٢1٠١٦i٤٤eeIed1 ٤1';\0٠»hi;-! ٠l:٠٢٠١٠٤٤:٠-٩٠٤٩

iwat regIoal Iplilving i ;hs tevTiz:ا تنز-١٢١٩٤+٠1. ا٥ه١} n،٤li٠'٤ أ١٠١:٠:-٠­
!ich ar ١٠ll .+t!'tl١':7l: inr ٤62I -p5'Irahl٤ لا ltihH١3;$ ٤٤١ 1 ٩٤'4 ٠١-١٦-٤·٠-٤٠'٠٠ ا

٠١١٠٠١٠١١-7s h 86iu٢:١٤»٧٠٠٩٠re p«'iie:l،8ttUS٤:٢ أذاhثز١-٧١١٧ tthن١ 
·٤punal i8:١ f 1he ١wgت٥٢١ f ١h prewIE IIrpأ nl.+.

٠١!٠٥0'٤"٤٤٤;٤4٤3٤+t' dcgradalimal and agradarisnal pن varieTyم 
«H!r01gHtl th- sItdy' areA. 1nensIw¢ rifal sturm5 4.l١٦١١١  م٠٠'4١٠٠:١\

٢،٢4٤14'lw iIlilt١١٢١٠?wn dry marly surfas whieh hAلإ١ ri:!uAl rinfellة 
٢is ٤ ا vيi rdus dwudatioر a] pescs, TU:k الألاف ذتة  :±الن٤ ز١٠٤:'١4
110w٦gc: sheetwa٩h; niling aw gully inر . nn he El1¢y-5itl٤' i0٦١٠6 50١i:١٤'

ll:ء th١٤r egraturional preteHSes, €g. dehn% side. dehris fail nt] rk Fن 
[Piaue ,( ه at4 upEraEiIز»٢٦٢١ hr1ج allwFeet tlrenglWI١ Ihc ٢e8٦١, r:>4
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f a l1ل praes is ؟ Nnn# انه pRt[iuIlay wh tl١@rU ian Vnd،9uاخ RiI1 «f Jip?­
ing Hsds whe١Ever tlere ac itLeDIiueterا l:uycr iI th .EgHue ؟ Cris±­
tenly, 1rihuLry hannels ه are tun cfndked witH ،tar٩ wliSh H:s ١utt1
hy sletwush, ad by shmping frsI the s1 ep adj:1.ut sh01p٩. Cn١ th!
other hand €8tensie eblluwiaf &eposi1s trRtled Itay fi4Hslp١,٧e1!-E

٤٢٢٢:٤fe:٤١f rhe «Iggrwdlarion p١ e٤s in rhe study arEt,

2. Th¢ Cunrrpt

The e٥mtnrThn ع prRpertics af a l٧1ulUm tr a Lemi١ type 4ua he ¢,
pressEd in terms of its gnctic rluLionshins as f٠#l٤+s :

(h,٢٠٩,٤{fء 
where = 3ة any gepmDmphig property,

1-٤ - liLhology and strtCt٧re,
tlimatie conditlonsج= 

b = torعfa لداo زة

Ths adwnag of tv expredlon isا mot oTly in #ts «er charterisAؤت
tLmn af uE ine لاتirصم fArtors of Any pmorhIgج popr6y, bu lnhs ومله

< لإلا-
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fexibiliy t allow 1hie stLdy each ا af ths¢ ta¢1u٧ as an٤ indcnendenl
،riab! whiuh wuuld ٤Tirte 1he sate } the {esurgwie: sysIeu, Tlwus we
may iulale :

-Iu¢ {uLis'٢٢٢«&Lithqly{لإلا 
c.٨

{2) ClimeruneIi»n
s,bا- 

3} Dknfiretar
1-٤ ت

 -نت١t١ د١
cIsج nn4

C fe},
١f8 t} ا

(,ftb-€ن 
v1N51 am8

A l ل ٢hthree vrtrolling fwniens, ! ١,% ث ank b are rtllip1ا: :Hrehrs Id ة
prodnue 3t٩ of function٩. E:ae individwtal [:adlorIn Hu9 {wea جنة pr¢\wr

٦ a%6cmblygc of whieh defines rhe geUNtOrphiuounpler. Thus,

CeUmn&wrplic Ctnmnpk٨ = Ci- ١٢s.٤,h,١

Variaius in thi٩ elinrhhe gi٧٢ ri5 1٤١hr differeu. 1evel١٤n 1l١
,ndfUtHn531 ةarlcriuIiun of lا 

3, Meinu9 wnd 'Tehmiquy

Th٤ netheks an teelnuc$ whlh have teeu enplcyud 1o aي-hievc Tl
riwE a' th pent invc%!igatlon were naily whose cf phniy tleع eز hن 

sarpling desigu and measttrercnl pruedur es in whe ficld. 1h {ildwsak
I؟ ted faF pweriewd ة af f٦٢٢ecn days durin which a#أ n1EasureIEd1& were

Iaken.

For ThE pwrpose oT this uy م riburtry ا vally9 wUrc 14stritet It thdnwe Al
ke201ي« n1, tong and 2 N, deep wih ttrn!cd pr of an imtreutluertcd net
af drainage lines. 8 spcial rantaIn wethunl fcr ehlaiiing repreentalive
dlE ro refHet the prorie٩ o٤١ribulary walle; 4 was dsigued and ١s،
Ths merhq was p irLن sanLpling wlncre griكd were drawl«»er an enlArged

aeriلت photograph of Fhc .re ة al sale 1 : 80), and the raru@nذ pvint6
ehOsen were pا tte1 On these gris. Fror١ eaحu h { oن fhese painE A rant١
orientation w@ drawn tQ€onrael the Irihuary valley anuel in a poin h٤­
i gم used sAmpke ث قة ه loatity, whereas sAmple poials wlneh fal a١ ullgy
hegds wel م s on Iعh main drainage lieny were IceciلE aNd rupluee b
othgr4 THc qoantilativc determintion of rampe sizv wA# n a rcmpedل
befure ve LT tdع wark. was الا Assmed, huwewe, thal aul le than fifty
sعkpma p@ wee pobably EufIKiet tor such limito م if ldworkع ne.
Aceordiaلg y, $8y two rApdoRy ted اcع teation9 were p ottedل UF the

 ب كق



ritutary valاeyr of the area (fig. 5), And aehع lac.ality was ivcn بع a reference
numnher،

The vuniables seleurd wre assuucd t bc approp ia far thu prEsent
rvuKtigarlon. Msny sTrtur wnd geomorphic prereries oT draiiuge'
n / ر work an ن h readily quantiffed, HL١١ 1he ٢w ٧Iwups غ oF 3clecd varial1/¢
anu their atrrihutcs eOnsid&red in rhis #Inrdy are lisen ard opcraiiaraly
defiIued in Tabte 2.
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4. StAlstial amuf $is

Dta on thr trulure ؟ utritules awd genmnurghi¢ progcrui4٧ {nneastIr}
hws hecn grR!pcd inD asses ن hforc bring feu Io the Chlrvetti J01 dewk 1ap

s;s «fؤ ILes5:ry tor the anM4١hc ?8 uluier١fن IpEr, Hy whieh muh"لإ 
١he a >له1 w44 &٤'ricd «ut, Ln adiIirw. t5¢ wrentaI ١١F ن haddiny KIrike

heena،es {V0A} haل٩ and wailes -H%0 #egI 1ypry tDT, ST, 5hم5ذ »ز١}. 
-٤٤-٢ree١٧٧ tU t١١١ hAritg {5aي tء lie- .i:n:an ا١+ f٤« this prt of 5p:١,١s
0w).

"The primary 8talis:٤ ftr dnp t #elrr،k٨ {@}. +:lle3-sidc l ء u psد {6} r:l ة
Apet {A,,) is Ftmn٤:rذذ in T:3tle , لا

T٦hle 3 SLalisiev! efaدا Fer measured grctnglrف l
٩nd geomtruhrkgirl prwpcnيi 

ublrrن؟ 

٢
٨

44٦٤

E

8٤٤
Ag

#9yy

8٣
'Nw
8

 بي
M٢an 1٦١

31 لت.
43.0١7
45
،7.33
$0.2)

47.16
43,94
52.3

45 ع.

46.4١

$tgedurd
dء « «ulnn

15.0)

_٢١

8,(

6,4٢٦

-.2٨١
10.0
9.0
#{K

9,0

7.63

٢f٥٦٨٩4ج١ ع 
١f  لا2.8٢

13.16
8.1١R

6.tRؤ 

615
7.28
1e.13
9.0/#

6.5
9.12
7.70

٤r02n٤٤

229.82
85.2.

36.٦2
37.82

52.9 لا

1u2.41
 ،غم4

57.&2

8.٤7
53.29

٣rior to te appication af the bwo adoptrD stalsrica! rehniaucs
Puisson distribuuidt turion aid anAlysisof variance, th# uxual frueney
distriblion was Dnly cared out for the mewsured +arahles : dip of'
bedroekM and زي) wلa ley-side slopes (6). The fregUeney hisogramr (Fig. 6}
how that the distribution of thc beting dip Rngles ba# a positiwe skewness

They also showe thatت, ndlcAtcd by & preferential right hatded syrIme4ry[ه$ 
r quite wetl distributd Erd Approachم of the valley-side slogesمgnا 

• Dctnirion of wriable symbols samng hn فه Table 2
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"wnsr tMws fNيق٣ wفي3٩ د RtY P٢ إw٤y١٥ ي

 ةE-wA1٤٤٧ب1D51$5٤$ ,ا

'84ؤ ؤو٤٤ن٥٤B٣٥I٨e ؤ ه8١

 ب د

rrnahy, ThurefuMe. th #wg1 rawftrunttin methcad y +ابر4:1¢١} 19F١٤٤٤6ر 
١d t namRlite the dala oأ dip helrIkR إس {Fr % ي7 ر٩± ن t» e! ج5'
parrneRriU FeSt te t varredu

5. {JrtenlstlonAl relstluNxtfp% l13٤n peilUyh Mlrture Emd um٩٣ph١ ع
 لإصر

Tر wr main melcs, bيa ed DHlly GH &UmprIg Lhg orieLaliva ١:ih ل١1
tioA of 1w varizbles, hav becn uإ wll ١Isdd ٢٩ exAmire rhe Fvlawtshp
heween th¢ orieatllun 6f WAriahles لفعlu عeئس d لع oricttAto nf val"y
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 +ا{,.

 إ},٠٤٠
٣ ،٣

ws0لاز« 

١nx+٣MIEu$B١r٢ س٣FEw٤07٣٤ ي

gED ٤تي ٤E إنا٥١\٤A٣8 ي

٤٢twtAKM٤٤8و 

form properie. The first methud rclis upt +isua] omprison ن antd in­
spection pf hemispherieal frequcry dragrans in order to puirL aul tle

،prked pcaks und 1roughs in tientarions of Jies and wullUys. The s
nd mEthod is to L¢6l sTaristiuAlHy wtether the relatlonship bclween jsin

and valey arieatiOn5 i# signifieantor iwot Vsing ١he Chi-yuare 44st, or ٢a
duwcmming th¢ exteut 1o whieh the joint a wallcy orcnlxtion tteuuergies

'staListically &orrelated usitg thE 5pearnIan Rank Correlatio muhaءعة 
md Prodسu Maremt Correlation CoeflicienL nwthod {BrOwn, 1969}. The

procedureinApplying eilhcr methad depcrds uponthe overall jainl pa! rrt
'.٢ynes of juintnd noi upon the dEaileم 

En the preent inwestigation, an alrempt is made to asseذA the deyree {o
which vAlley.floor scyment und walley-side &lope aFentatioTE Are relaredto

exed On The ا8 quRntitaLive tehnigwe wdopted isلا olat anlenleionز 
l freauenuyل ysing the averaل on anAو mehod which dpcndلق lsicلاة 

distributin af ngar diffecnces betwcen tbe olentations of tعh 
wAritblc, tAklg tw Et ٩ time, As mقae umed from werio ample ا ق locglitkeلا 

 ب {ع»



١n the area $tudied. Just as ImpartanL. hnwcwr. i± the sErticnltar
dislriEatio {ro dreeion) of the variHhes for this prlieualr methad.

٤Tstr-wull,-3زن KlRirnship be4w٢٤n rietatiinv.[5؟
$+rweue wsrهL hes Jolnl typ6s wnd heddig ٣ri4e}

[1In«1«٤ of femD1:4!rtig tl:s rel،:i1؟ L:1' 1li: ٠٤nyul1 if٠F٤٤٤٠٠٤
1٤:ne٤٩ h٤Lwe٤١ the madal vlauss of w!&f jvints, dig !eesisH ,%' ز w4 :k¢

١twin.wn١h١ ؟نY wrllن Iik5 ؟iur jnirs, slicar JuitIl& 3nd hduiا: 
:s i0٤٠\!٤١٠-'¢٤ha liدلا له1 -ب l. Ha:ا. :أد. ri«Itliun uT valley [\6r w!'4ن١٤# 

٤٧٩٤٤:٤١h [٧٤ wة r blCs ف cannwtw ٤'٧٤1 {٧Ydط)6 خ1 ٤٤٦٤١la h n:5l :يخ٤ ٢٤.1٢٦
T٠٧ ird-٤٤7y 8١f ١Hc alileizig? 6f .4-3 ١:air el il1٠٤ ؟٤ we١٤ r٤'!٠١١١'
[١1٢٠٠٠١:L [deyree} ngular ج dI13r٤'?١»٤٤6 ٤l:44٤٠٤ f٢\١٠١١{- ,"يلا٢١٤٩١

;:-rtl 1 r!:?i-0'i «i-:1:tLiخ :ا٠ iث :H>: iT 1hM0٤:١، i٠n W٩٩«٨3ا.0\٤ ر.٠٠ ا١١١١,٢١. 
١

?WruDl -=ة wl٠r th٤!٤8 al.- fleu1e -rilv:;tt٧ أاtruy Onteةت H0 /16٤n aiة:·٢ 
5١nan'١:3١5.110ة+:; oienaHiut wjll h٤;٢٤٠١٤:٠ ن٠١٧٤

Jhrج vseit % أ iN1٢:r1.14 IO tes1 Rta:i+4v±:l٤%٤h٠١ :irlHe ctser¢d [٤I!٤٣I١
١١f ٦٤-٠٠ a٤,u ١٠٨٢ifUretes م in urieI':1ie»١ Ht7٤etn eagh pir f vRriabi"4

:nrdeء f Ranalom٢8s, ln٥0١٣1;أ٢ ie٢٤٤1 ة 4Ht 7١6gnii::anIly;إ-له٨ 

,irelictt دقة ه w lich isdi-:il٦:٤١i٠١٢١٢٦٠0١6٩0١١١١h٤.thi3 1sl.'١٢ {ج١٤٠٤ 1٩{٦٠

i١١ieا i٠١ o binnllal distrtui wh¢n Hhe 1w!tneT l'٢l;٠٤!1٦:٤ .:ا١r٤ 5% l,0بر٤ 
،١13 1::٤ :e4±hiliy i# 1yw [C ad ت #ii . yب {:/), H,١ hen adl0٢01٠d  ؟١

٤"١:wirhin wh، all ،.f,the nininuum lim51, rr pEruisditfe ftMui011 .إ0٤ جب١••
٦:-?٠٦٤ huld fall wih a !'!» 1٤٠'H-:nliy' \٤1l, ±r0 rH¢ 1Nhle aI Ii::­

٢01٠٠٤١٤ isrihution (LIrdly :wyل :lle. he ب57٤'1 ٩fre I1 w3٩ {akc٤٤١»
٢lu Riiitum frUpu49nuy 1&wxivd f6»r a sig :iIica pe .Jeve أد اا95 ا T7١i٠
w٩ hu«ed en he Iun١ afsanl arvus fur eaehrw6 'Aribles. ln Dir٤٠1٠4،
h ١er l ر nnnher of sanplc laealiIies w٤7 8% {5٢٢-1 - 9), nd ة٥ ٢/٢ n٠٤٠٤٠.

49 : 9= 5.5 Thersuluin frgLen1¢y uf Angular dit'tite uvus inwa١ ب:٤{٨
«wir1li٥n tElwucn valry-{1١١١١3gnIenE :r:1 evv:yie ير slr٩٤-Tura ١Mri:tد l¢و is

.in in Tubl4, and illustraued in Figure Kع 

-٥ إ-

 ي د



Tah٤ 4: FiruenUy distnbuuin ef :neyufa aiifer1ees ا ir QrieIlgEI»
bw٤et١ ،fley :ن4 1lro $eymTent and {Uil«gle 'trudCtwre ,ariyhle ؟

ngntla
}١ rrnrrء 
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٢

}

٥ د

٦

٢
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 و

3
Rو 
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7٧
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H1

DFninuI4 of 1ri:ble yu80s ؟ 5uIl٤ a٤ يو it Tlle 2,

٨ preTinwinany udy ؟ af the daDa in the ahove 1ahle rev e lsت 1f, follnw ing
{١١lE٤t١1i٤6!

The $inu:: ١y i١ &ieI::1١١١١{ ج(١I; 1h vaFfty Jbun 1٣d «±he٢
war:ahle- isigNificant mly brIween vallEy 11٤2nr an 4nla! jninrs ١T,,,-
1'l٤i٩ ات١ h٤ csp'aile #% hLe' p:k vl8%inء th¢ &luaLiHYLti aN} 'Tahد s

١hE [HrnisstHl kinL af 'I١-waluLs" AIn! siIee this pEak vlas٤ i6 f١ tl
cl0ن٩ [I}, it f١٩he 8s١ Indietion of signitieunl siniiEarirics in
oietslic!: s i١ rp١٩elt 4le rNiHidI:nI &lIgnتL r tilt!:TEe bEtweI
hh'$¢ 4we 43rH، .bles ا

[l، AnuLlIet pak €7IreIye hUUwcen +tcy 1funr and sheuy JninLs {Sh}, bu}
١his peak eunnot Be cOnsidcrvd as ar itdiater ol' similariy i srituta­
tiua beLweun these 1wo vari4bes sine il kis the أ vlA6s 21 - 3" wleh
reflgLs a high arulAr dilferent in criunuali6.

Hll. Th vAlley flor otientatibnnd dip rensinn joinLy {T}, a٧ well v.
،rk4 tension joints {ST} and bedding srrike dn شر,,5} not behaد 

lly whth on anothxer, and cAeh palr of hese variablssه mpthetiي 

- 62 ٠



 ا
41 لا

 ا
 أ رد

٩١

٤

« م3

٢18

 ز
 يا

1 ا :ر 4٣ تد" +يية\/ر·
 ز لاء

!١! ٠٥ ة١"٩, م
 جيا« م «زة114
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 ف ج

m  ام م١

.: م

 بر«ة يد، ، "ن دي اوم1 بي .ميطاً

 و

"٠٠٩  ي٠ بؤإؤا#إ8 إIp٩٦1}3 و٤٠9٩٩٥/M ذين١٢١ {تلذ وز&
 ي· بة بn إ1#٣ي٢ لاpعDن4ل٣1٣ {قذر1 ولنني ي

 يو بز،+قة1 و٨1٨٦{1
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..how @ similAriLy 4,٤،, 1he [aks ٧cTe abw٤ InrivaI tha1 the p}­
٢e٢٦ af orientatiun f vally ٨lucr nay hany iand:wn1ly wh 1he
hanye ir orientatlon af the oher cologie ر strWFtre wariables,

I١ wold apP&:ur FrUnhhc h»4 ق tlat 1hE joinIs hiw+REء ise are!uliwc]y
«I ag cntrب l Uwgr thE UrieIatiurF 1he Iribuary vAllys tI thesfudy Rra.
Jr oher wuld5, As thtt fotns rTprSeH١ the wGaktr #lig sI ا in rUckM,

th٤y ar¢ planar sT١1Idurc :lI1 rhiLhو w٦\r t٢ {N''el&re Huo tlie Hek
١a% thus ذ faiHitwring te creaLin uF vallcy%

'4rwwviire٧ مN١1hry@-9ة lreytln% 6 wulle¥-shileه Relutlinshfp heween25 ر.
·Erwh#r9 olnt yprs ا nr م brtdin {y slrtkي

The ariewatiun ot +ullcy-5idt p٤3/ ي ( م%} w&ااجا ia (his lysi: ااين w:3
driie ty aRdiug 9/% o thr slop¢ Aspce1 reatingلا , as EurreeIedأ w Irue
hariIg. Tlue sunte mnEhod pratedue, 8s iped :hwe to ١he rriria٠
tiNal ana}syis beLween١ walle Dleur and 5rrLlue vAri;hltw, l1٤s hvn
adRned. The ٥ngtlar dffereveeF beVweet (Hw m 8XiIttrr mric19laiun ol'

1:1p٥c٩ i٢٨eeh «amplg lorElity End tiE mndAl etrss of prieMl uiien١١ e:il
the prewiou test, 1#٦٢eula1Eu. Ag iل١ yp? aad hdding strike were vaاأز٢ ا 

niran of wamnple Area fOr cach of tlE ١٩o 1 riAHle٢ ة l٢ 5. and $ر [he p ٤ ا
missible himi within which all wb\Erv:tirs shutnl: fية ll with 95% ­»٥r م
habitiH level, as taken frar h tahlY uf pu:ses1 disrrituDon, is th vuhtle
f [١٠ Th¢ ٢١lIIng freuueIy u} Ihe :ny ١.L ا dnffereneer i1he +rierl atin'
of waltey-wdc KlpCs ued <١rwEtIIr yariaf!¢4 1n nie tl@dsgrce} lavss ل is
gi٩en in Table , لا And illusrated in kiytue9.

T١١٤ rcsus Fn the abuvE table Rhw that the angular ditferenee heLween
#he urw¢Ittatiuns af walley .sidestuwe9 and ytolgi$lrLlTe varigHles {joiins

lIween wwlley-side slops &nU sheErع gnFficant bأ y sلا tud beuding strlke} is Unة 
joiwls, Thi٨ can he explaimed as 1he peak ass أ¢ Jn the disribudion AF
proae'lner the minimm limit oF "[l -٢ales" And in 44 tnnch as thi% peEk
clavs is in the l511"1٥-0و is he ا best expression of wigniflcent Eimilarities ir
orientation &ince this ¥s نlو represens the mNimum angwhar differen¢
b twweenه thcse two variables. On 1he cher hand, heا orienatiun of walley­
ide slops di ngt eRhibl suuh similariy wiIh ari&Ntalions of oHher Juinsء 

end beddlng strkr 1.e. the abeence of peaks 1n the Frequcrcy iلd cates rhat
ihe peitern ot orlemtstion of walley-kde rlopes chsngrs rwndomly with the
chAnge hn orentatton ot the ather gcologic 5trucure weriAble. Anoher
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Fw : ن'دا ؟ Fregurency diseritutlon of angular differences In orientaiian
hetween wلa ley-Eide opcsل& And geologiع srrueture warlatles،

#ngualr
difwreneTs»٢'3٨٨ ق&,٧ رم٧ شر&3٠

l8s3٩
6٨٨$hT٥T7 ور&rgrذ}

8I()1٧٢١ و71١

48٢8٦2٨1٤
2٩٤221 ؟64
:3764 ؟,٦و
4١#٢ ر$3٦342
s5$5٠١ لو م 6»
١-33546٦٨ د
35664$07١
l#342٦9و5

cxplar!:iou hnsed on fleld cx:minatiot tight nUe'euu1 far rhe resull f ن 1hi
١٤٩٢. T!ب,ز shcar jaint٤ 4r¢ mIOr pmmon ln the #tLdy ara Ihan thsiun
yoin٢6 (sre Fig. ,( ه and mnsL of' yalley-sIde skopus are uni@nr,d altn! t:٤v4
s1١&Rr-jwiat pfanes

6. twmpaniwon ol eulrraج And gcomorphotugFeلا l wuriahles tIr١I «ig
٨f Eeddlng. wAlley=-دلdle slnpes}

F٤ir ١/we puIrpcve df vnrparing VaridI% grdups 0f $amplE FtEan Valttes df
trus dip ofbrdding And talley-side slops the analysis af" Varanctest, has
hecn ndoprcd. Manipulating data of angle f ن dip and angle af stors !or
hss tt involyed th scgragaion of ٤lor angfts, as kr tedي t differen,
amgls of di, acuGding lo their position IN relatie١ te 1he diretion of
n Dipع within A nتrrow one ofaround the true dip. These slopes afE
ac ledل 'Syn-lg siopes", And ropes whih Ere inelined in a direuion1 op

site to the direetlon of the true dip in the samte narTOw autte Ar ¢lledمر 
"anti.dIp slopey' {Fig. 1Q), fn addition, lOpes ؟ werc slil p ن hy refercnee
t٥ tlu٤ orientwtion of bedding strike Into Two main grOups. Slopcs whlh

e confommeAhlE with the directian af Lrue dip ar¢ elled 'eonfdrmableمه 
slopes" and tfose against the truE dip Arc called "invsrse slopes"

- 65

 لا



١
'haدد٠٠ -
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t}وجو؟ «ي١١٤ 

٨1T4٤M ؤi8¢ اJd#TwM¥ غ DM4mIا٣ i&1م] #HrruD¥٠ و٣ا"
¥LDtr#٢} تبر6 بب 3MtruخT#-»م إK±ج تؤيk١ مو

w8Kقلايلاا »hr1يي >مبة 

 ب



 ر-
-١s¢ا Ulام+ 

1
١--

 ا#بي،·1٩ ا4 كخا1٣٢»->

--- ح٦
 ر و\.. }مه٦

/ +-
٢ ا

 و٦·

8
 أ3

 ؟ ا

 >ز
!\/٦­

"
٢ن تزر اقؤي١١٠y٠ إ٩

 جى د1٣

٤١1١ «د2٤٠١

 ا و١٠٤ ذ٦ -ا٣

 =صمه"• جر

 ا ي• د- ء لب.= لا١1 فلا ,عن١0١ --و\

٤1١Ey T5 FHF p1٣,٧8 h٤٦٤E;5٢٠٤ ث١٥ ن·٤١١٢٢٤٤

٨٥D4١٢6٢4SrF6!'٤ لان٤ /ير٧٢٤١L؟١ و 
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Th٤ muen ¢h ابية٧٠ن٤٢ Frur ٢y١١s ١١ أ slBgws wr¢ subز eue ١u the ter
wa» A sigAifiant ui#ferIr bIi! Ihe١sE٣}Iج٩ rr-1+-٧anU!y6إلال,ا 

r rctrene 1s thcirنا rartiTtر n the mean 8ugle« PfvaflEy.siti' sla¥ wi11،ث 
relaIi+ i'+rn١ ج وثر anl 0١٢i٤1-٤١١٩٤٦١ !-e,, aأ tg ٢rhe' direrwen uf true di)
2gain61 the diruriu»n «f 1ru- di ad alolg 1Ne rikg ة f fei1يرذ . Thv
Cl١ETr1 progmaHa [0l, p, 209 d1،s4 ٢y] -InptIl ن ٩4a' prramld I«٤:r7,
«u١٢hg 1 s byي [rgrumm !u. 5T (٢712, Th\e resLling st5 v forجisti لا ١0-
&ivatةl dip lus i% 5utharnweu} i١ Ialke6و anrl 7 fur ready ontwp ن ,isv٠1 ا

{١:٤٢euti٤١n ١if uhe ٤uIntlt a1f 1in As:lySig af vai5 nو e iu TA»c٤٩ & 7 iu.
;١vn٢nF 1he4٤ :أE١١٣y١٦it 1heه٤ iien if1¢٤l٤٦ رf w٤8i31٠١١e$1RTتل 

types nt slaprs on!y in "11 .2k wnd 41 ٠5t١''. snd "2١ 3٧''!41 - 5U٢
-n''٤8 نr ·syn-tip wnd nnLdip", ard٤+٧ ذp ، Fudtig +l4٤0 ح٩-a  ن51

ran:zble'' antl '١ver slnpw-'' ٤٤6/١٤٠5١6 y آنو at 9٤ #ignItiuatur l:YcE. '5.
irIudiق t¢ nelaIsiou ن i% rhiإ fh¢ ylcs ة> dc ndt Erne fetu ٢h ::1I:٣
pupvaLiUtE, l ene لا tfat thre is signuifiat ة difterenc iلأ Irea14 angl« w  ة
vulley-sid sإ nper. M the atlxcr han, t1 F'-eulur alena!cd ث for h¢
:n61١٩7٥٢٠ arian٤"e f tiac samu Dyps of slops in ١msl dip uf heddiuي ­

rEtio, wliiي e4l of rariane[u4 is ل4=5٩ les% thNn 1he 1aFula!e4-wv«فيج aأس 
fs drfiNirly noU sigitiuanl. Ft ,qHhudcd€ قز ten. thar there J٤ r sfgد iifi­

-١±ip an anri.dip slupes. and ¢tد t synن nglesة aNt dfferene in meanك 
fomNabl and tnvcme skpe3 whieh nt و brwLrhuLed Lo hanpu i! «ip w4-
beddiny، huwe٣¢r, thi٩ in conlras to Ite knnWr wuea8uremrn1 nf ؟ Ilr
relations heIween the dip of underlying bedding wd ungl٤ of wlepes i.4.,
slepes diping in the rewerصد uireLLiom of bedding Are differcnt from !Its
parallcuing the bedding {Leopeld and ٤t, sl., 19&4}.

ft seems tha1 sore oher fator {w} othr than ip mf hdUing h#s a rH ن
1rollig influrenGe on slopc-angl yaiations in the areA H rder sud.
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7, enrluskI١3

٦١١٤ mai١١ fEa4١re Tf ١h [٦١%Tl i٢٧&5١٤a١ ion ١% Llt٤ pplil iet «l' «٤1١I٤'
١١i١٢he١ i٤al tchriuLes of Dnalysis tu dit ٢1f ٩tF٤'tu1 ٢t١١l٢٤i٤ I

B١٤e١04ت fielul 1٤a6 urIEIty. Tlne h'l٩٤g٢٤٤aiiallrs uhRauid1hie٤0٤٤'١1 ر·
h:1i;u١١٠\ r٤١٤ أ٢h١٦١٦٤٠٠٤r1١١i1y ¢l ا١٤٩٠٤٢١١١٤٤6 ١1:4١١»hip ٢٤1١١٦١١
١l٠٤٠.٢٠٤٩»٧ل١٤٤٢٧:٥l\١٠٠h٤١١١١٥٤٤١٢٧٠١١ud٧ i٤٩h٤٤٢3٩٠٠٤١١٠٤١ l٢٤١٦١-\٩١-٢١٠٩

٤١٢٤٦٤٢١٠١١٠ [rdt1u١٠٢٢١,.١ deply ieisul ٧٠ily 9y3lEI, it »liieli ٢++l٠'٤١
١/٦]١٠١١'٤٢١٦iK٤٤٦Hi١ ر٩\/١١l٤:.٠١-١٤٩١٠١٤١٩١٧١١١/٤١٠١١١٠!٩٠١١٦٠١ ل:٧٤٦٢١٠٠٠١٦١

٢٠١٠١٠١٠٧١١٠١١٩٦٤\٠٩٠l٠١١٦١١٠h١١١٠٢١٤:١i٤٤h٠١١١\٤٠٠١١١٠:٤١١١١٤١l٠٤١٠١٤٠٠ آ'٤١١

٠٠١٩٠٤١٤٠:٤٢١٤٠٠i1٠١٠٩٨٠١٠;٠١'١٠:١٢٠٠٠٢١١٠٤٩١٦١١٠ .ا:٧٤١١٠٠!٢٤٠٨١٠١١١٠'٠١٤١١ يإذ!

·.١١!٤٩ ·٤١٠٦٦:١٤٤١١١٠\'T٠١٠١٦١١١١١١٤٤٤٠١;٤٠١١٠٢١٩١١0٦ ب,١٤١٤١٠i٩٤٠:

١٦٠i٠٠:!٤٤"٤١٤!١٠٠١٠٠٠٠١١٠٠١١٠!١١١١!١٤٦١٠٠٦٠١١١٠١!١٠٩١:٠/٦٠٠١;:l١ ا١١!:١٠٠٠.

٠٠١:٠١:'١١٠!:!٠٠١١١i١٦٠\١٠٤١٠٠٠١١٠٤٨٠٠٤;٠٠·١:٤٠:١١٠١٠١١٠!:٠٠٩\١-٠'١٠٧:٤٩٥H١٦:٤٠٤!٠

٠i١٠٠١٠٠٠\٦٤٠·'٢٦١٢١٣١١٠١٠٤٤١١٤h١١i٤١١١٦٠٤١٤٠''٠١١i ٤٠٠١١٦٩i3٠:;٤٤ ي

٠١٩١٤٢٦١٤٠٤٤١٤'١٠٤١٤١٠١١١٤٦٨١٤٤٤٩٠٠٦٤1١٠;٤٤٠١٤h٤١n٦٤١i١٠٠٩٠٠٠١١:;٠ إ٠٠١٤:..

١٠١5٢ f:١i ٢٠\:١٠٤١١١١١h·٠٠٢٦١٤٠١٩٠٤/٤١١٤٤٠٠+5٤٠٤٤!١٠٠٢٠١١٦٢١٣٠١٠١٧١١h

٠٠:٤٤٠٠'٤١١١٤٠.١1 ١٢٤١!٠٠٠!٤٠٠'٠٠٠٠٠١٠٠٠:٤٦٠٨·١٠٠٠٠٤١٤٤٤١٤٠٢:٠/٩٤.-١٤٤٤٠٠١i١٦

\٦١٠٠٠"٢٠٠[٠;١\١١٦٠٨٤٠٢١٢٠٠-٠١:١٠٠٤٥٤١٠١٤٦١١٩١١٠٠·'٠·٠١١٨١١٤١١iا إ٠٤:١٤:٠'١٦ 

١٩1.٠٠٤١٤٤٠٠٠١١١١٤٩٠٤٠:٠;٠;٠٤٥٢١٦١٨٠٠٠١٠١·١ ز·٠١١١'١٠٠'٠١١٠ ,إ:٤:٤١٠٤٤

'٠:١ i\٤،١١٤٠٠٤l;٤٢!٠::٢١٦١'i٤'١١١٤١١٤4 l١٠٤٠·٠٤٤٤٤١·١١٠٠i:٦!٠!٠١;\:١١٠١٤١٠١٤١٤\١

:١ ١٠١ ;::i١١٠:١٠٠١١٠:٠;"١٤٠١٠١٠٠٤٠١١١٠٤:١\١١٠٠٤;٠!٠١١٤٠٠ إ٠h٠٠١١

٤٧١٠١٠٠٤٠٠٠٠٠٠٦٤٠١:٠٠٤\١٠:٠١٠٦٠٠٠!١١'١١١٠٢٠٦'٢١٠١٤١١١٠١:٦١-١٦٤• ١٤١٤٠٠\٦

\٠١١l١ !١٠٠١٠٠١٢٠٠!\+.١٤'٠٤١٤٤٠:٤٠]٠:٠+٠٤٨٠٠\٩٠k i٤٤٢١i٠٤٠٧١١ -ة١٠

• ٠! ١:4\٨:١٠!iiم١ i+؟ i١'٠١;١٠ ء ،.٠٠٦i١5٤٤ ؟l٠٠٠٠٤٤٠١٠١٠١٤.٠٢٠١٢٠٠٠'٠ :ا٤٤١٢١١!

' di١١٩1١٠٠٠'٢٤١١١١١٤٠٠١٤%'٢!٤٤l٠١ ·h١٠١١٤١٤١٠١٢٦,٧٤١١i١٤٠:٠ إ١٠٦١٤٠[

١٠٠٠٠٠٠٠٠ri٩٤٦٦i٤٤}١١٤ !،٧٤١٢/١٢٠٠٧٤٠١٣٤١٩٤١t٤-٠٠٢\٩٤:٠٠٠٠٠ ا١;١\i١٠٠١٤8٠١ ،اي

،h ١١:٤l٨١١1 ج ١:١}l٠٦٠١٧٠١:١١٤١:١١٠١٤:١٠١١١٤١١١٤٠٠١٠i١١١٠٠١١١١١٤٤١١٨١٠٠٩١٤

٤i٠0:.:.٠ s٤١h p اك Uf ١eudny, ١l ١٧ ؟ liu١١}٥١ 'h;٧٤٦٤١٤ ا٥ ،i٤٤irialt d١٢:
٨١١١٦٠٠٠١:٠١٠١i١١٢h١١١٣0.٤٠١٠nي٠٠ م٢٢\ H١١٠٥١٧١٠٩١٤١١٠٤٤\١٩٦١١٠٢٦٤٩li\٦:٢١ «»١٠٠ ن

٠ 0٠١.f٦١١bl: ni ة i1ersc ل 6l54٤'٩.
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.tonebedلdلالتم 

 ت٦4-



ta٧٤ su١1±:uit ١rg ى ihe٤:٤٤'١f ١٨٩٠٠١١٤٤٠١١١١.٥١١٨٠٠١٤٩٧١٤١١٩١٠h٠٠
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Plal٤ 3 : Types of joims 1a thc pliego area :
Dip tension joints {DT), Srike tension join1s (ST), and Shear
Jdnts 455).
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٣Lgte 4 ٤ DIferentiA] mAsو mGemenis troek ,f lؤ dchr6 slrdes) along
bcdding paوعa of th OLigdcene sandstonc wnd mari.
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