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STRUCTURE-CONTROL OQF SOME GHOMORPHIC PROPERTIES
OF DRAINAGE NETWORK : AN ILLUSTRATION FROM THE
PLIEGO RIYER BASIN, MULA AREA, SOUTHEAST SPAIN

Sommary. A parl of 1he Plicgo Rivar hosin, Mula area, Southcast Spain
has heen studied (11 an attempt to relate the structure function wo the
geormorphic properlies of drainzge network. Based entirely on feld
measured data, the relationships und comparisans between variahles have
been reognised with the aid af twa Lypes of statistical analysis ¢ Poisson
Distribution Function and Analysis of ¥anance The structuictconirol of
some drainage und slope charaelemstics, as pbserved in the field and
revcaled From the analysiz, Kas been demonstraed snd disgussed.

1 Introducilon:

The influence of geologic structure on landforms is widely acknowledg-
ed. Naui only ure the major phenomena on the carth surface predominantly
of sifuctersl vriging, but many of the ieinor Jandforms are controlied by
pedovic stroeture {bedding, joints, folds and tauvs) through the gction of
ageils of degradation procesies an complex roch masses (Desiardins, 1952;
Meoltear, 1959), [n this cotext, it is knows that various Feilures af dranage
paticrns, for exmnple : “‘preferred oncnraten’' of stream chunmel,
segThcnis of ramowing or local widening of valleys as weil as the whole
dranuge patern veelf may imply strong structural control [Ver Steeg,
1947; Parvis, 195%; Taior, 1960; Howard, 1967). Hesides, in the progesses
ol drainage development un an area videigoing disssition, the sircams, in
peneral, beeome adjusied (o seructnre through rthe dif ferential influence of
resitand and nonresistant rocks. In this conmection the stage of deyelap-
mznt of a drainage netwark 15 an important favier gaverning the exten io
which underlying structurcs affect the draingge-paticn properties. As in
main drainzge lines, it is alko known that minor tribitary valleys show
strong contrel by structure atrributes, mainly joint trends (Hobbs, 1905,
Brown, 1968, Aghossy, 1970). The present investigation is hased upon {His
finding, and etiemps to cstablish stanistica! relationships and comparisons
between quantitative geologic structure parmelers and geomorphic pro-
perics of drainage network based eotirly on fleld mcasurements and
observations.



11 The phivsical Nerling

The e oder invest ot g o NOT5 W18 a0 6 14", Loy W
b WL, b A3 R figs b sl wosd of e Priceu Rover v ek e i
som B iy af fae Rive Mol gFie, tp el o serabde von sl g
sl v s coe - R e e siitibebe s, iy poane -, o shik ey
el e o wevseterdbl B stsa pegonents g cninaps o) geeien i
palren el ol oty erodod Ssliaze? Lootabn, or o ae divee =] v
crovann  geneit | G oo gid droneat, Bessiler o gean il eniton
wrily B Ars climalne chare. reos s st s iy segnialen S8 w1 s e
valbey e -lepes are nannian: A




111 Ciceogy

The bulk of the area comprises clastic sedimemary rocks of Oligocene
ape (Fig. 2). These rovks ave predomninanthy sandstones il man by wlich
wesineredluted inoa thindy bedded seguenee, The study ol e Fithoyy pses
vk stecerl Teatures i based wpen st ipoapieg which s eevese e 1

EEITH [

Pl geologie stragcture of the arei welleers govimuploated sl ol e
v episodes daring the late Oligocene and ewrly Mivcene periesds Lo
Conde wanping iy respoasibly for the gepersl dip ol the sandeoen seeang, g
whatheed compression gaused oamcrous sl aneiclings and osynohnes
f e T duints constinde s imperto strncomal beanoe, aad ey
cor Ll oler able phenomemoo o the study e Twar ngin see al ey
e guinis, rather than thase “tapograpbic™ foim (O, TR aie i

Bl bineorhis sty e fiosr serig pension joinds fPaee 3 Dol caeser ol
P aypes: dimjoints (T3 and sirike joinrs ¢5877, wlhiist the sweeond eoin
s w1 eomingale sel ol ablgipe joings valled chear joings (Sh,

Pl studdy area, dhe geameiniv paoern amd genene asboe of Thy e
v s D Elepeecne sandsivne of the valley side slopes sevn o s aen
tiely cleprerdent opon the nate of bediling: Tocstwds the oareniadigl
dEcibadiver of the joanis onorenns of their pene'n Types Densnes and shein)
dne spnntiol v it e ared was docded inoo sis sepinare iy cuch
ok g al Beds sl senhe origaralaon B ol ek Lo e b
droent dadn o was groonped en the basds al Baildmg steibe oricargion, el

proeied e Rese diagraane (Fig. 43 from which il is evideni e dip oensisg:
Jrims are more conenon in the arca, as covingzao ed Tasiike tensic jod,
S deines bave the higler density dnothe sica with maior aention
tre ks of MNW SSE NW S oaad N-S,

112 Geomuarphology

The area under investigation has  disliner  peemm phioligical
vhuracieristics. A velley sysien oecupies the whole exteni o the area,
comiprising 1wo trunk lines with numerons tnbolary 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 of vallev-side slopes 46.47), and
have many “'waterfails’*, which may be described as 'patural sieps'’, cut-
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Tabie 1. Suasigrapky of Lhe erea

Formaulion Age Litkolagy Strocturel Femmles
Quternary Recent Colluvial chips and Macks alluvial gravels,
coarse sand.
Yellowish L pper Dominar marl fdistinguished by rumerous  Dip 25°-30° NW, Joiols common, domina-
mar) Miorene  «vpsum veins), igierbedded with Snusioncs  pulyshe-esr jaints.
thighly ‘micaceous, [incagrwned and well-
comenied).
Reddish L pper Domnant marl (sifty in exiure and highly Averege thickness 10-30 m. zamdstomes
“Warl Olicocens  wealhered), imterbedded with sandsiones mainigin higher dips up to 75°E; SE.
{often discinguished by limonitic nodules Locally folded. Joinis common dominantly
“Plate 1 5 icns:on (dip and strike) joints.
Sandstone L ower Damuani sandstones (alien coarse-grained Muoderae dips raoging from 18%:30* SE,
seguence Qigocens  and well-cemented by calcreows matenals),  Dominao bedding strike ENE-WSW (Fig-1)

subordizate mar!

Local folds with fmieep inclined limbs
recogrused.
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ful} prowess i worinion patlivitariy whoen there is @an undaeutting of dipn
ing beds wheever there ace meonipetent lauyers in the segueice. Cosse-
qusnily, irhutary channels ace efien chocked with dotms which Sas moesid
by shestwanh, and by stumping fron the steep adisocnt shepes. Qn the
ather hand, extensive eolluvial upesils martled 1hany fooglopes, el
the offect of the wggradacion provess in rhe study area,

2. The Cuncept
The geomorphe propertics af a fundivim or @ Lemain Fpe Cua be ox-
pressed in terms of py genetic relationships as folfons
G fla,c,h
where G = any geemorphic property,
1-s = litholagy and struciure,
¢ = climatic conditions,
b = biolal factor

The edvantage of dus expressicn Lies not only in its ready characteriza-
tlon of Wz conurelling factors of any gepmorpiuc property, bur also in jts
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flexibility to allow the study ol vach of these facters ay an independent
variabte which would define (he state of the geamarphic sysicim. Tl we
may sulile :

{1y Lithology & sermciure L tis-e G- 1l
c.b ponstani
(2) Climolunetian G = [,
1-5.b aunslinl
{3} Biofiencnon Lo Rk,
| COTIRL i

All the three cueirolling Nuuctiens, s, o, and b are naliiple Taseroes and
produce sets of Functions, Each individua! ksadionm has severgl progwer
ties, an assermblage of which defines the peumorphic cooplex.  Thus,

Geomorphic Complex = O = |(1-s.,b,)

Yanabjums in this ensemble give rise w0 the differeed levels m 1lw
characicrissiion af Tandioris,

3, Methods and Fechpigues

The methexds and rechaigues which have hecin enyployed 1o achieve the
vhigctive of the pmesent mvestigation were mailly those of plitnniag the
sampling desiga and measurement procedures inphe ficld. The fivldwork
lasted far a perod of fiftecn days during which all mieasuremenis were
laken.

Far the purpese of this sudy tributary valleys were iostrected o those &)
least 20m. fong and 2 my. deep which forn:ed parl of an intercounecied net
of drainage lines. A special randam methud for oblaining representulive
dala ro refiext Lhe properties ol tribulary vallay s was designed and used.

This methed was point sampling where grids were drawn aver an enlarped
gerial photograph of the area, at scale 1 : 8000, and the randony panis
chosen were plotted on these goids. From each ol (hese poinis a randuong
ericntation was drawn to coatacl the Inibulary valley chanud in a poind be-
ing used es a sample locality, whereas sample poials which full g valley
heads as well as on (he main drainage liens were rcjected and repluced by
others. The quantilstive deiermination of sample size was not aliempted
before the fMeld work, It was assumed, however, thar ot less than Gfry
sample poists were probably sufliciem for such a linvited Reldwork dme.
Accordiogly, iy two rapdomly selected lovations were plotted un the



tributary valleys of the area (Fig. 5). and each lacality was given a reforence
number.

The virables selevicd were assuncd to ke appropaiaie for the present
tsestigation.  Many strocture and geemorphic prepenies of draingge
nylwork can be readily quamilied, bur the two groups of selected variables
and their artributes considered in this siedy are lisied and operatinnaily
detined in Table 2.
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4 Siatistical sralysis

Dedta on ihe strugture atiribpies and genmuorphic prapenies (measured)
has heen groviped it elasses before being Fed 1o the Cverti 10 desk 1op
comipiter, by which much of the comnputsaian necessary for the annly<s af
the doara was carried out I additien. the onentanon of bedding sirike
(Siph Jowil ypes (DT, ST, Shi and sailey -t segaucnts (V2 ) has been
eorreetvd 1o troe bearing (Magoeiic vlatan, For this part of Sman, 1§
§7w).

The primary statisties fer dip ot Radrockn (Pl. vitlhey-side lapes (&) wnl
Aspeu! (Aw) is surmmiunised in Table 3,

Table 3 : Sialisticat ealz For messared E{'u"}y"lrml
end geomergholegivul priperiies

Vamuablex= M :mrl: ll{:!‘j:n;m: Varwnie 2

[ 31.00 15.00 15,16 229 2
AN 4307 LR L 65.2%
AN 45 ' 6,00 £t 38,72
AE 47.33 .00 f.15 37.%2
ASE .20 7.20 7.28% 52 99
Ag 4716 10,00 10,12 162.61
Ay 4194 2.00 o K244
Ay 52.35 .40 615 37.82
ANW 45.09 9.00 9.2 K37
f 45.41 7.63 .70 59.29

Prior to the application of the two adopted stalisrical fechniques :
Puissan disiribuiion tunetion and anglysis of variance, the vsoal frequency
distribution was only carmed out for the messured vanahles - dip of
bedrockn (ﬂ] and valley-side slopes (8). The frequency histograms (Fig. 6}
show that the distribution of the bedding dip angles has e positive skewness
es [ndicated by a preferential right handed symmetry. They also show that
angles of the valley-side slopes nre quite well distributd and approach

* Definison of vanabls symbols samg us in Table 2.
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normatyy. Therefore, the logiransFonmution merhod (Cegory, 968w
used 1o normalize the dwa of dip ol bediecks (Fre 7)o se s ta vnghle
parametic bests v b carned o

5. Ortenintlonsl relationships beiween geulogie siruciure emd gromorphic
varishies
Twi main methods, bused only en compariug Lhe oretdational di b
tion of 1wo vapiables, have been usuelly tsed ro examing rthe relanouship
hetween the orientalon of geolugleal variahles and oricitation of valley
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form properties. The first method rclics upon +isudl comparison and in
spection of hemispherical frequency diagrams in order to puil aw the
marked peaks and troughs in odentations of joinis and valleys. The s
cond method is to Lest stavistically whsther the relanonship between joid
and valley orientations ix significant or not using 1he Chi-squaré iest, of ta
derermine the exteat 1o which the joint and vallcy onicntation frequetcics
are stavistically correlated using the Spearman Rank Corrclation methad®
and Produrt Moment Correlation Coafficient method (Hrown, 1969), The
procedure in applying eithcr methad depends upon the overall joint patiern
end not wpon the delailed 1ypes of juints.

In the present investigation, an attempt is made to assess the degree o
which valley-flpor segment and valley-side slope arientations are related to
joint ofdemuations. The quantitalive technique sdopted is based on a
statistical method which depends on enalysing the overall freauency
distributions of angular differences between the orlentations of the
variahles, taking two et & time, as measured from vanious sample localitiey

= & —



in the arca studied. Just as important, hawever. is the senticincntar
disiibution {aol direction) af the vamables Tor this paricualr mechod.

51 Hcelmionship befween wriestations ef vulloy-flior segments amd
structure varlahtes (jolat types und bedding strite)

For the purpose of demonstrating this relazionships the aneuln Gif-
Foreoees hepween the mogdal gluss of tersl poincs, dip dension joins, ke
teugion jainrs, shear joinls and beddion <iike as well a8 the ioasinang
wiiviidlion of ¥zliey Tuor wae wako adl ol S beanesbo Qi leencss b
wieril eich Iwe variables gannot € geod B0 and gonld Be as smail ov gore

The Frogaungy of the alifiziges 6F vt i el vniallos wore o
Lt e (Poedepreed angular ditdenenaes classes from 0 - W9 s
o, an gesmprion was e thae 0 theze ia ne anscaeioral el i

Ul

n - ' - -
~itpy B Iween any one strudtiuie sicabote aud valloy foor the gngle: o
forness of enewranion will have @ g dom disa Sapran

Fherefe St is impuriant latest st ivtieatls whocher the chsered pazern
vl e angutar difleretaes in orivalion ketwern each pair of vanabice
dor s siynificantly Gem the expraiel patern of ssslomneas, Inosrde:

ro odieve (RIS test, the poossont it i ion feoviionm, wiich iy am appre s
imiatn o bingmdal distat-utien when the nunther ef ol wis iz oes & Ly e
and vy probuhility is dow (Cole and kine, 1+70) B been adopoed o
el the minimum limd, or perssible B, wirhin whch all ke
vasers should fall with 8 Y37y picbsialiy lovel. brom cke (able of g
gor~on disieibution (Lindley wsd Melier, 178% the yalue 11 %o jaken i
el sinkn o freguency recuived Bor a sy aiiean? poab wl 93% level. Thie
wat hised en the mican af sample arcus for eachrwe vriphes, In ouraa-
the jor b pumber of sample localinies wes 49 (511 — 49), and the neee
pebwan 49 0 9 = 55 The resulung froquency of asgular differs s im
oricnialion belween salley-flow segment aod gelogie sirustars yariabhos i
given in Table 4, and illustraied in Figure K.



Table 4 ; Fregueney distabution of aeeofan dilfereiges i orieniaiim

between valley Noor sepment and geologie strncture varahles®

Anguilay
difirrencrs LIL Y oy £ m x mX OL &
ahassen
teegrees) LT m s sh LY
wo I ’ M ¢
I 2o f b i 9 L
2 4 4 i i1 [
4 4 2 A il § =
41 50 g H ¥ 4y 7
51 ol 9 5 N 5 4
6l -7 2 3 5 h] 3
71- 80 5 ] K 3 3
BI - W 2 5 £ 1 k

* Delinitiaw of »ariable syanlads suine 5 11 Table 2,

A pre¥iiinary siudy of the daig in the above luble reveals the following

Colgnfncs

The sislaimy in osgensdnm betweuis the salfes T and other
varahles i= signiticant only briween valley Meor and 1ntal joines 1T 0
This can be explabied as il peak class i the distnibgion apgooachmg
the permissible fimal of - olues™ aid since thiy peak class isin the
class 0 Ny, it & the best mdicinon of sieniticat sinularivies in
orienfalion as it represaitds (e painesen angnlar dilrcvoce Berween
pizese twa varihles.

Aneuier peak emerges heiween valbley ffuor ond shew jmnts (Shy, bur
1his peak cunmnot be considered as an indicator of similarity in arivnia-
tion beiween these two variables sinee it Bos in the wlass 21 - 30° which
refects a high angular difference in oreniabion.

[11. The valley Moor orentation and dip tension joiniy (DT, as well as

sirike tension joints {ST) and bedding strike (%), do not behave
sympathetically with one another, and each pair of these variables

~ 62
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show no simifarity 1.¢., the peaks were abseal indivaung that the pal-
tern of origntation of valley Muor nas chanee sendonfy with the
change in orientation of the other reologic sinwiure variahles,

v would appéar Trong the aboyvy Liat the joinis Rove enercised a relonively
<long contral over the oricination ol the rribuiary salleys iy the siudy aren.
In other wouds, &s the joinus represent the wesker alignmeing in rocks,
they are planar snuauee #long whirch walee moy peoeliare Bia the rok
mass thus faciliuating the crezaiion of valleys

- 5.2 Relwilunship belween urleniailons of valles sile shipes w1 stroginee
varlubiva (Jodnt fypes pod boedding strtke)

The oricniation of valley-side slopes (v ) used m this woalysic was
dutincd by adding 96° 1o the slope aspect readings, as correcied e inie
bearing. The sume method procedure, gy ipilicd ahiwe 1o the aricina:
tional analsyis between valley Mowr and smuctire varahles, has heen
adojted. The angular differences between Lhe maximum ariceiifion of
stopes (n each sample locality and the modal class of erientuiion of cach
Jolne iype aud bedding strike were caleulaied. As jn the previous iesi, 1he
nican af wample areas for each of the two voriables Is 3.3, and he po
misaible fimit within which alt obsersations shuuld Gl with 5% pro-
habitiny level, as taken from the tahle of puisssn distributlon, s the vahie
of [l The residnng Eregoency of | he angilar differences in the vrien| ation
af salley-side slepes ond <irpeture variahlis in nine (10adegree) classes is
giegts in Table 3, and iNostrated in Figroc .

The resulis in the abuve table show that the engular ditference bepween
the wrientations of valley sidostopes and geelogie struciure varighles (garinds
2ud bedding strike) is only significant between vailey-side stopes end shear
joims, This can he expluined as the peak lass in the disribuiion ap-
proaches the minimum limit of ' 1] -values' and in as imuch as this pesk
class is in 1he class 0- 107 i1 is the best expression of signifleant similarities in
cricniation simce this class represents the minimum angular difference
between these two variables. On the ciher hand, the oHentation of valley-
side slopes did not exhibit such & similarity wilh orientations of other juints
and bedding strike 1.e. the absence of peaks in the Frequency idleates that
the patiern of arlentation of valley-side slopes changes randomly with the
chaege in erentsticn of the other geologic structure variables. Another



Fapie § : Frequescy distribution of angolar differences in orvientatian
hetween valley-side slopes and geologic siruciure variables.

Angualr

diffecences Y&  Vypk V& Yk Vil
clasus

{drorces) T DT L3 ) Sh LI
n 10 1 B g 1 7
i 20 8 fi & 4
21 W 2 I L 4 B
L] 6 7 1 s .1
3§ 2 4 3 1 b
LI 9 4 A 5 5
6l -7 4 & 3 ] 7
G & [+ 5 3
g1 Qi 3 2 4 a 5

cxp'uuiion based on feld examinaion might geeoun for the resull of this
igst. Tl shear joints are more commen in the stpdy arva than wnsion
mines (e Fig. 4), and most of valiey-cide slopes are onenied alonyg thowe
shenre-juint planes

6. Companson of geulopical and peomorphological vurizhles (Truc dip
ol bvdding, valley-side stopes)

For e purpose of caitpanig varons groups of sample meuan values of
trus dip of bedding and valley-side slopes, the anzalysis of Vanance test, has
been ndopted. Manipufating dara of angle of dip and angle of stopes for
‘his st involved ihe sgeragation of slope engles, as roluted o diffefent
amounis of dip, according Lo their position {n relation 1o the direction of
{rue dip within 2 narrow zone of 20° around the true dip. These slopes ane
called '*Syn-dip siopes*’, and slopes which gre inclined in a direcuon ap-
posite to the direction of the true dip in the same namow sune are ealled
“ani-dip slopes’’ {Fig. 10). In addition, slapes were split up hy reference
to the erientanon of bedding strike into two main groups. Slopes whivh
are conformahle with the direction of rue dip are called "'confarmable
slopes"' and those against the true dip are called *‘inverse slopes’”.
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The mean angles oF the Four pypes ol slopes were subjevted jo the fone
was) analys © ol vareaier boosce i dhere was n signi Fieant differenee b
ween the mean aneles of vafley sichic slogws withy prarticilar referenve 1o their
refaling position wnl orceniben e atoog tehe dircenon of true dip
apains the direerion of 1vue dip, and along e wrike of bedding. The
Ol ettt progzrama (01, p. 208 dosb ropr ommporer was programied 1o y
aut the st by progromme MNo, 8T (00, The resuding sexidstivs for jo-
divsdiad dip olass s sucomareed e Talides & and 7 Tur ready comps s,

faspeation of the oumpul of ihe amalysis of vanigne? i Tables § & 7 ino-
diaivs existanee OF signitiean difiveeti o i the mean anglos ol the 1o
types ot slopes only in 10 - 20° and 41 - SO and "2 0o 41 - S
w81 - 607 cip of bediding elasses Tor “syp-dip and mnodip®, aed - eon-
ToranMe" and “goveme sinpes" feipeciively a0 S9% pienificanee lavel. The
inmnediace conehision w shat the samples do not come fromw the s
popilation, lence thal there is o signifeant difference in meg angles ol
valley-ude sfopes. On the ather hand, the F-value calvualicd for the
an<dvste of variznee of the same rypes of slopes in mast dip of bedding
dlasses is less than the jubulated-valuz st 5% level of vanane ratio, whic
is definitcly not significant. Tt is conefuded, then. that there §s no sigali-
vant differvnge in mesn angles of syn-dip and ani-dip slupes. and cou-
formable and (nvense slopes which cannet beatinihuted 1o ghange i dip o2
bedding. However, this in contrast (o the known measuremnenis of 1l
refations herween the dip of underlying bedding und sngle of slopes i.2.,
slopes dipping in the reverse direction of bedding are different From Lhose
parglleling the bedding {(Leopold and et al., 1964).

Jt seerms that same other favtor (<} ather than dip of bedding has a cune
trolling influence on slope-angle variations in the ar¢a nnder study.
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Plate | : Limonitic podules in the Upper Oligocene faimations. Notive
the recurrence of small oroidnal shaped depressions in the
sandstone bed.
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Plate 3 : Types of joints in the phego aren ¢
Dip tension joints (DT), Strke tensipn joinis {ST), ard Shear
Jjoints {Sh).



Plate 4 : Differentinl mess movements {tock fall, debris shides) along
bedding planes of the Oligocene sandstone end mari.



