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STRUCTURE-CONTROL OF SOME GFOMORPHIC PROPERTIES
OF DRAINAGE NETWORK : AN ILLUSTRATION FROM THE
PLIEGO RIVER BDASIN, MULA AREA, SOUTHEAST SPAIN

Summary. A parl of 1he Pliego River hasin, Mula area, Southeast Spam
kas been studied (1 an attemp to rolate the structure function 1 the
geomorphic properiies of drainzge setwork. Buascd entircly on feld
measured data, the relationships und comparisons between variables have
been reognised with the aid af two 1ypes of statistical analysis @ Poisson
Distributivn Funerion and Analysis of Yapance. The structurecontral of
some dramage und slope characienstics, a5 ebserved in the field and
revcaled from the analysis, has been demonstraied snd diseussed.

1. Introducilon:

The inHuence of geolopic structure on landlosms is widely acknowledg-
ed. Nui only sre the major phenomena on the carth surfzce predomimantly
of sirwgtural wrigin, but many of the winor Tandferms are controlied by
peafugic strogiure {bedding, jaints, folds and tou!rs) through the ection of
agwils of degradation processes on complex rock masses (Desiarding, 1952;
Moelton, 1959), [nthas cotext, it s knowan (hat various features of drainage
paticris, for exvanple : “‘preferred oneptatan’ of siream chuneel,
sepmhciin Of narrowing or local widening of valleys as weil as the whole
dramuge patiro aself may imply strong oructersl control (Ver Steeg,
1947 Parvis, 1950 Taior, 198 Hnuard1l¥f&1}. Hesides, in the provesscs
of drainage development un an area vidergoing dissetion, the strcams, in
penerzl, kecome adjusted 1o struchire through rthe ditferential influence of
resistznd and nonresistant rocks. In this connoetion the srage of deyelap-
ment of o drainage network is an important faciar gaverning the extent o
which underlying structures affect the drainage-patiern propertics. As in
main dranzge lines, it is also known that minor tribitary valleys chow
strong contrel by structure atrributes, mainly jaint trends (Hobbs, 1905;
Brown, 1969, Aghossy, 1970). The present investigation is hased upon this
finding, and atiempts to cslablish stanstical relationships and comparisons
between quantitative geologic structure parameters and geomorphic pro-
penics of drainage network based eotirly on fleld mcasurements and
ohservations.
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111 Ciceogy

The bulk of the area comprises clasuie sedimemary rocks of Oligocene
ape (Fig. 2). These vovks ave predoaniranchy sandstones amd man by wlhich
wesineredluned ina thindy bedded seguemee, Tie study ol e Fithoyy ses
vk stectnrl Teatures i Based wpe stdiecapiog which Geevese e 1

1ozl 1,

Pl geologie stragture o the wrei veleers o vimuphoated sl ol e
v episodes daring the late Oligocene and ¢oly Mivcene periesds Lo
Conde wanping iy respoasibly for the gepersl dipool the sandsioen sieangn, g
watheed compression gaused oamcrous osanshl angiclings and osynohnes
fn I duints constinde s impertont sirnctn al feanare, aad ey o
cor Ll ol able phenomcion o the srudy wea, Twa ngin see al ey
e guinds, rather than thase “tapograpbic join (O, TR aie i

Lol binerhis sty Flee fiosr serig pension joinds {PLare 3 Do T caeser ol
P aypes dim joints (T3 and sirike joinrs (8T1, wlhiist thie seeond eoin
s w1 enmingale sel ol ablgiae joing called slear joings (Sh,

Froaly wrudy @eep, dhe gearetniv paoenn wid gentoe aeho of Ty Tee
vocc s D Elepeecne sandsivne of the valley side slopes sevn o 1aoen
tely cleprerdent opon the nate of bedding: Loostwls the oareniadogl
dEcibadiver of thae joanis onrenns of their peoe’n Types densnes and shein)
dne spntiol v it e ared was doczdled fnco i sepinare ey cach
oty al Beds ow e senhe srigaralon B8 alisst ek Lo e b
foent dakn was groonpeed en the basds al haldimg stoibe oricargioan, el

proeied o Rese diagraane (Fie. 43 from which it is evident e dip oensisg:
Jrints are more conenon in the arca, as coniguoed Bo siike tensic jojs,
Soovan doines bave the higler density dnothe aiea withh maior aention |
i ks of MNWCSSE NW 51 and N-S,

112 Geomuarpholog

The srea under investigation has  disliner  peemm plioligical
vhuracieristics. A vellay sysien vecupies the whole extent o) the area,
comiprising 1wo trunk lines with numerons tnbotary valfeys swcupied by
pellies which are actively exteoed headwards, The iributary valleys are deep,
narrowly confined and relatively youthful trenches. They are characierised
by steep, ¥-shaped slapes {mean angles nf vallev-side slopes 46.47), and
have many “'waterfails’*, which may be described as “'patural sieps'’, cut-

- 49 -

— e S



Table 1. Suratigraphy of Lhe arca

Formution Age Llikclagy Strocturel Feasates
Quternary Recent Colluvial chips and Macks alluvial gravels,
coarse sand.
Yellowish L pper Dominan marl (distinguished by rumerous Dip 25%-30° NW, Joiols cammon, domina-
marl *iotene gypsum veins), igierbedded with S3ndstoncs nilyshe-cur jainis.
thighly .Eﬂmihmq_ﬁuma_.—nﬁ_ and well-
cemented).
Reddish L nper Dormnant mar] (silty in tesiure and highly Aversge thickness 10-30 m. sandstones
Mari Oleozene  weathered), interbedded with sandsiones maintain higher dips up 1o 75°E; SE.
toften distinguished by limonitic nodules Locally folded. Joinis common dominaatly
“Plaie 1 £ wcnsion (dip aod strike) joints.
Sandsioane Lower Domuant sandstones (olien coarse-grained Moderare dips raoging from 18%:30° SE,
sgquence Qicocens  and well-cemenied by calcirevws matenals), Dominamt bedding sirike ENE-WSW (Fig.})

subordinate mar)

Local folds with xieep inclined [Limbs
recogrused.,

o
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lull provess is cormimon palicolardy when there is an wndeveutring of Jdipo-
ing brds whaever there ace imeomptent layers in the seguence. Crsse-
quenily, irihutary channels are ofien chacked with dobms which Sas moeved
by shiestwanh, and by stumping from the steep adjocent shepes, Qn the
ather hand, estensive eptluvial deposits mantled ihany Fowrslopes, 1eflro
the cffect of the wgpradation provess in the study area,

2. The Cuncept

The peomorphie propersics of a lundioim vr & lomain vpe euin be ox.
pressed in tering of jis genetic reluuonships as follews
G f(ly,c,b
where G = any geomaorphie property,
1.5 = lithology and struciure,
¢ = climatic conditions,
b = biglal factor

The advaniages of dtus expresslen lies not only in its ready characterica:
tlon of the comurelling factors of any geomorphuc property, but also in jis

-5~
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fexibilisy to allow the siudy ol cach of these faciors as an independent
variable which would define (he state of the peamuarphiv sysiem, Tl we
may isulale

{1y Lithology & striciure i isen O - 1l
c.h covnslant
(2) Climalunction G = Kol
l-5.b camsLnl
{3) Biofunchion G- It
5,0 cunsint

All rhe three corrolling Tunctions, e, o and b are naaliiple Gwerors and
produce sets of functions, Cach individeal landfoem has sevaral progeer
ties, an asscmblage of which deflines the geumorphic complex. Thus,

Geomorphic Complex = G = {(f-s.c,b,)

Yanations in this ensembfE give rise 10 the different levels m 1l
characigrisuiion af Tandivnns,

1. Methods and Techpiques

The metheds and rechaigues which have been cinployed 1o achieve the
vhijecting of the present mvestigation were majnly those of planning the
sampling design and measurement procedures inihe ficld. The ficldwork
lasted far a period of filtecn days during which all mieasurements were
laken.

For the purpose of this siudy triburary valleys were sesoreted] to those al
least 20 m. long and 2 m. deep which forn:ed part of an imterconnected net
of drainage lines, A special random method for oblaining representalive
dals to refiect the properiies of tributary valleys was desipned and used.

This methed was potut sampling wisre grids were drawn over an enlarped
zerial photograph of the area, at scale 1 : 8000, and (he randon poimts
chosen were plotted on these grids. Fram each of these poinis a random
orientztion was drawn to conizel the Inbulary valley channel in & poind he-
ing used es o sample locality, whereas sample poinls which el oo valley
heads as well a5 on The main drainage liens were rejecied and replaced by
others. The quantilative determination of sample size was not aiiermpred
before the Meld work. [t was assumed, however, thal out less than fifty
sample pousts were probably suflwient for such a linvited fieldwork dme.
Accordiogly, fiNy two randomly selected lowations were ploiied un the



tributary valleys of the area (Fig. 5). and each locality was given a reference
numhber,

The varables selecied were assuincd o be appropaiaie for the present
mvestigation.  Many structure and geomorphic preperies of drainage
nulwork can be readily quantified, bui the two gioups of sclecied varialiles
and their artributes comsidered in this sindy are lisicd and operationatly
defingd in Table 2.
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4. Statistical aralysis

Dusta on the stroctuie attribules and genmuorphic propenies (measured)
his heen grovuped inio classes before being fed 1o the OQiverts 101 desk 1op
comiter, by which much of the vom putsiion necessary for the analysis af
the data was corried out, Iaoadditien. the orcitanon ol bedding sirike
(Sigh jout types (DT, ST, Shi and vailey -thwn scgrcnts (V2] has heen
correeted 1o o bearing (Magoatic caimian, for this pat ol Span, 15
5w}

The primary siativt’os for dip ot bodnocke |¢l. vitlley-side Sdoapes (&) wnl
Aspect (A ) is sumnzarised in Table 3,

Table 3 : Seatisticat data For messured geologleal
#nd geomorpgholirgivul properiivs

Yurmabies® Mran li | :::T:: '::;L::IT"I: SRS
'} 31.00 15.00 1516 22942
My 43.0% LA LW 65 25

A} 5% 6.00 6000 0,72
AE 47 .33 &0 h 158 TN
AYE Sk 0 T.20 71.28 5299
Ag 47.16 10.00 1013 102.61
Ay 43 94 9,00 0.8 K2 14
Aw 52.35 .00 6.15 37.82
ANW 45.09 9.00 9.12 317
3] 46.41 1.63 7.70 59.29

Pripr to the application of the two adopted stalismcal techimiques ©
Puisson disiributian furetion and analysis of variance, the usval frequency
distribulion was only carned out for the messured vamables - dip of
bedrocks (f} and valley-side slopes (8). The frequency histograms (Fig. 6}
show that the distribution of the bedding dip angles has & positive skewness
a3 Indicated by a preferential right handed symmetry. They aluo shaw that
angles of the valley-side slopes wre quite well distributd and approach

* Defiminion of vaniabls symbols same s in Table 2.

- 58 -



Wil wl Sagsridices

Bsgrpaa )

g §  PREOUENCY DISTRBUTION WIS TUGRAM ORI

& wALLLY- BO0 MOF(SE @ |,
' AMGLE OF DIF ©F 03 i)

S

normalyy. Therefore, the logtransFonmstion method ey, TR
used o normalize the data of dip ol bediocks (Fre. ) s ous o vnghle
partmerric tests 1o be carced ol

5 Orienistlonsl relationyhips belween geulogh: slruciure emd gromaorphic
varishles

Twir main methods, based only on comparing Lhe eresiational distiibz-
tion of iwo variables. have heen usually nsed 1o examine the relanonship
hetween the orientallon of geolugleal variables and oricntation of valiey

_ 59 -
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form properiies. The first method rclics upen +isudl comparisen and in-
spection of hemispherical frequency disgranis in order to puial aw the
marked peaks und troughs in orientations of joinls and vulleys. The s

cond method is o west statistically whether the relationship between joed
and valley orientutions is signifivant or not using the Chi-square test, or ta
driermine the exteot to which the joint and valley orientation freguencics
are statistically correlated using the Spearman Rank Correlation methad
and Product Moment Correlation Coefiident methed (Hrown, 1969}, The
procedure in applying either method depends upon the overall jomt patern
end not upon the delailed 1ypes of juints.

In Lhe present investigation, an atiempt is made to assess the degree 10
which valley-Moor segment and valley-side slope orientations are relatred to
joint ofdemations. The quantitalive technique adopted is based on &
stalistical method which depends on enalysing the gverall freauency
distributions of angular differences beiween the orientations of the
variables, 1aking two et a time, as measured from various sample localities



in the arca studied. Just as imporant, however, is the senticirentur
distiiburion {not direction) af the varinbles for this pariicualr method.

51 Melationship befween omesiations of vulley-flinr segments and
structure varlables (jolat (ypes and bedding sirike)

Fior the purpose of demonstriting this relationsbip the anculn &if
fergaers herween the modal cliss af tweral Joinos, dip tension juins, stike
tension Jainrs, shear joinls and beddioe siike as well as the aaam
wiiv it of walley Muor waie caloadl ol S g Qirleemses b
wyril each twe vapables gannot e B0F aed gonld Be ac smadl oy oo
The frogeney of the dinfeiciees oF v h pair o vanallos wore =8 vl
Lt wgnn mue (P0-degree) angular ditlenences classes from 0 - Y48, e s
o, am gsaumption was pede theae 0 thee ia nooogweatatiori] el o
stiip B lween any one struciuie aitmbeat aud ':ﬂ||~.'j Floreer the gl o=
foronesy of oriendaiion will Bave a o dom diso banfon

Fierefee it s imporianl o test stasistezils s ho cher the ehsered patiern
of e anputar diflerenses in oricnialian ketwern gach pair of vanahice
dog s sipnivicantly Gom the expraic] pooers of msdomness, Tnooride:

oy wohieve (his test, Yhe poossonn distcibeion fanction, winch i un appis-

et v Binowmial distrb-ution when the pueher ef ol wrcaioes 5 Lege
and e peobahility s Jow (Cole avd kineg, 70, Rae hoen adupred 2o
eVl the minimuom i, or perissible Booil, wirhin which all i

vataas should fall with a Ya7y pebsiliey lovel boom rhe pable of i
gor-~on divribution (Lindley wsd Maller, 1783 the value 11 wos taken i
the sintmom freguency recuied Tor a sk aiieant gead ol 95% Jevel, Thie
wis hised on the mican af sampls arcus for eachowo varables, In e
the ol pomber of sample localities wes 49 (31-1 — J49), and the nee
pecdwas 49 0 9 = 5.5 The resolung frequency of angular diltesc o= 1
oricnialion belween salley-loo segment e d podlogic sirctora yariablo s
giren in Table 4, and illustrated in Figure K.



Table 4 @ Frequeney distabution of asealan dilferenees in orieniatun

between vafley Noor sepment and gealogiwe «tructure variahles®

Angiclar

difterenies iy A LT LI m X mox LELI 4
clawies

Ll Sty LT ]| S sy LI
o | " [
I 2n f b b q i
21 W 3 4 I ] i
H 4 2 % il 1 2
41 50 G M L] Y 7
51 &0 v 5 N 5 u
6l =70 2 3 5 5 3
71 - 80 5 4 B 3 3
8l - %0 2 5 4 | h

* Delinitan of soriable syanlaods sanse @5 w0 Tabls 2,

A pretiningry siudy of the dag in the above table rev eals the Tollow ing

ol Imes 2

I

ni.

The sistlomy in oviensatom bebwesn the salley Theoon and ather
variahles is significant only beiween valley Moor and atal joins (T, 0.
This can be explabted a il peak class i the distibution appooaching
the permisaible fiomt of “11-values™ aind since this peak vlase ivin Lhe
cluss O 1F, it is the best indication of significon sinufarives in
orienfalion as it repressids (et pmaniinesn angstar ditroconee between
these bwa vanables,

Anuihier peak emerges bevween valley loor and shew jomts (Sh), bur
this peak cannot be considercd as an wndicator ol samilari'y in aricnta-
tion beiween these twe variables sinee it lies [0 the elass 2§ - 30° which
reMects a high angular difference in orentation.

The valley Moor orentation and dip tension joims (DT, as well as

sirike tension joints (ST) and bedding strike (5 ), dn not behave
sympathetically with one ancther, and each pair of these variables
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show no similarily b.¢., the peaks were abscut indicanng that the pat-
tern of origntgtion ol valley Muor masy chanee tandomly wih the
change in orientation of the other peologic sirwinre variables,

It would appear Trong the abovye that the joinis hove evercised a reloiively
<tong contrul over the oricuiation of the iributary vallews o the study anga.
In other wouds, &s the joinis represent the wesher alignmenns in rocks,
they are planar sttetuee slong which waler moay peoelare oo the rock
miass thus faciliwaring the creation of valleys

- 5.2 Relailunship belween urfeniatons of velles-sile slopes Bl sirncinre
varlublcy (Julnt Expes and bedding sirike)

The oricntativn of velley-side slopes (v ) used in this womlysis was
dufund by adding 96° to the slope aspect readings, as correcied w inue
bearing. The same method procedure, gs applied ahove (o the oriciea
tional analsyis between valley Nowr and structure varhles, has been
edojpied. The angular differcnces between (he maximum aricniaiion of
slapes in egch sample localiny end the modsl cluss of erientuion of each
joing wvpe and hedding strike were valeulaied.  As io the previous pest, the
niran of sample areas for each of the twe variables Is 3.5, and (he po
missible lirmit within which all obsersations shoyld fall with 95% pro-
habitity level, as taken from the tahle of puisson distribution, i the value
of 1. The resulnng freguency of Lhe angilir ghiferences in the srien | ation
of valluy-side slepes and <iructure variahles in pine (10-degree) classes is
giver im Table 3, and iNustrated in Figione .

The resulis in the above table show that the engular difference bepween
the ericntativns af valley sidostopes and geologiv structure varishles [grines
2ud bedding strike) is only significant between valley-side slopes and shear
joiuis. This can be expluined as the peak class in the disiribution ap-
proaches the minimum limit of ' 1] -values’ and in as tnch as this peak
class is in the class 0-10° i1 is the best expression of signiflcant similariiies in
cricniation since this class represents the minimum angular difference
between these two variables. Qn the ciher hand, the orientation of valley-
side slopes did not exhibii such & simifarity with orientations of other juinis
and heddin: strike 1.e. the absence of peaks in the frequency idlcates that
the patiern of orlentation of valley-side slopes changss randomly with the
change in orlentation of the other geologic structure variables. Another



rapie 5 : Freguency disiribution of angular differences in orientatian
hetween valley-side slopes and geologie siructure variahles,
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cxplaiution hased en fleld examinaiion might seeonun for the resull of this
tevt. The shear joints are more commeon (0 the study area than twnsion
painrs (~ee Fig. 4), and most of valiey-side stopes are onenied along thow
shenr-juint planes

6. Companson of gevlnplcal and geomorphologheal vurinhles (Truc dip
of kvdding, valley-side stopes)

Fuoir 1he purpose of entoparing varions groups of somple mean values of
true dip of bedding and valley-side slopes, the analysis of Vaniance test, has
been andopted. Manipulating data of angle of dip and angle of slopes for
ihis test invelved the sceragation of slope engles, as related to diffefent
amournis of dip, according o their positian in relation fo the direction of
(rue dip within 2 narrow zone 0f 20° around the true dip. These slopes are
called ‘*Syn-dip siopes'’, and slopes which gre inclined in a direcuion op-
posite to the direction of the true dip in the same nammow z2one sre called
“anri-dip slopes’” (Fig. 10). In addition, slopes were sphit up hy reference
to the orientation of bedding strike into two main groups. Slopes which
are conformahle with the direction of rue dip are caffed "'cenfarmable
glopes™ and those against the true dip are called “'inverse slopes'”.
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The mean angles of the four types ol slopes were subjected (o the fone
way) analye « ol vareiwer Loosee ok bhere was a significant differeiser bo
ween the mean angles of valley-sicic slopes with prarticilar reference 1o thri
relalive position wmd ooy e, aloog ehe dircenon of true dip
against the direction of e dip, and aloas 1he srike of bedding. The
Olpetn programa (01, p. 200 dodk rop compuirer was programused 1o cuny
cul the 1est by progromme Mo, ST (003, The resudnang sezaistics for o-
diradoal dip olass s suromareed 1o Tabiles & amd 7 Lor jeady companigon,

Prspection of the osurpul of G anlysis of variame? in Tables 8 & 7 in-
ducates existance of signifieant dilivret s o e oveun aanglos ol the 1o
iypes ot slopes only in 1] - 206 and 41 - S0°°% aod 20 300741 - S
acid 31 - 607 dip of bedding elasses 1o “syp-dip and anodip'', sed oo
Tanuuble' and “ioveme siopes’” respectively at S8 pignificance lovel The
imrediae conchsion o that the samples do nol come Froo the s
populstion, hence that there is a0 significaut difference in mean angles vl
valley-side slopes. Om the ether hand, the F-value calvualied for the
anelvere of varisoce of the game types of slopes in mast dip of hedding
ulosses ix less than the izbulated-viduz at 5% level of varance retio, which
is defindscly not signiticant. Tt is concluded, then. that there s no sipuali-
vant differvnce in mean angles vf syn-dip and anti-dip slupes. and vou-
formable and inveme slopes which canoot beatnhuled o ghange i dip o
bedding. However, thiv in contrast (o the known measuremenis of e
refations herween the dip of underlying bedding und sngle of slopes i.2.,
slopes dipping in the reverse direction of bedding are diiferent from those
parglleling the bedding (Leopold and ot, al., 1964).

jt seems that some otker favtor (<) other than dip of bedding has a vone
trolling influence on slope-angle vaniatians in the area under study.
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7. Conclustuns

T main featnre of the present investieal ion I’ Lhe application all <o
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Piate 1 : Limomitic nodules in the Upper Oligocene foimiations, Nutive
the recurrence of small oroidnal shaped depressions in the
sandstone bed.
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Prate 2 5 A sacrfl s e i Moniee The Jdetoneanian ﬂ!nr]p the
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Plate 3 : Types of joints in the pliego arga
Dip tension joints (DT), Strke tension joints (ST}, and Shear
joints {Sh).



Plpte 4 ; Differential maess movemenis (rock fall, debris shides) along
bedding planes of the Oligocene sandstone &nd marl,
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