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INTRODUCTION 

A valley can be 'defined as: c4ny hallow .or low-lying 
Imd bounded by hill or momtation ranges, and usually 
tnavemed by a stream. or river which receives the drainage 
of the smo214hg heights,. It is w m d y  a b a r  
depression, the mdt u s d y  of Buvial erosion. 

Valleys of smdler v d d c   islands (Tawrife, 2058 k d  
is the largest of these Atlantic itslands) in general have 
rather simplle drainage networks, the streams -which by 
custom ane ooinsidered smaller than livers in all dimen- 
siom - flowing .radially outward from higher island areas 
to the peripheries. Some height or heights dominate the 
scene, and gravitational laws m t m l  the ternstrid hydro- 
graphy so that the flowing waters take the shortest routes 
to the coasts. Heme $drainage networks tend to &splay 
relatively stmight courses of radidydirected streams, w d  
entrenched in the higher rwacl~es. Such streams, due to 
relative shortness of length combined with mlativdy steep 
slopes (initidy at least) me destined to humy m down- 
wards, signikmt rnleandenngs me not conspicuous, exten- 
sive anastornosing is lacking, the pattern shows ;the domi- 
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nane of the main cbmel,  tributaries being; distinctly 
minor, and thus lbdividual stream groups show dendritic 
patterns. For obvious masons, streams m o t  be lmg, 
broad or deep, land though d.ming pluvial periods they 
may !carry heavy loads, depositicm along the courses m e  
few except whae rllsdumd gradiemts a m e r  the coasts 
occur. ThlaJ.wegs % a d  to be steep, transvem 6ectiotm 
likewise show st- valley Isidas, the role of vertical 
cornsion is domimmt, rlm@tudinzsll profihes me highly 
irregular, &ten wen 'into a stage of relative maturity 
where the stveam ~mtinuas to erode through rocks of 
varying resistane, e. g. lava flows and ppclastics. 

In I& such f e a t ~ ~ ~ ~ s ,  valilieys of vol1mnic islands are 
a h  to those in headwaters areas of omtinental valleys, 
and in generid it be &aid that such kdand vdeys are 
m m  'simple', more 'straightforward' $in chamcteristios 
and patterns. Thus when we find ,valleys in these islands 
which  depart hm the usual M t s ,  this must <arouse our 
interest, fo r  cerbin factors have interfered with the more 
'normal' molutim. 

Never one ignore tihe climatic regime perhilving 
to a region. Maoarmesia lex$ends from latitudes 4O0-15" N, 
from Jmgitudes 3l0-13" W. ORXr dehition states that 
~cusudlym a stream traverses a valley, but this doles not 
htdd for ~mmt of these Attlantic idainds, yet in dry band wet 
wasow, !the vdey is always $there. Avmage \annual a- 
fa& vary from 950 mm ,in in hems to 260 mm in Cape 
Verde; average ,annual temperatures from 17.7OC in the 
Azores to 24.5OC in Cape Verde. 

The shies of &e A z m s  m e  ddom doudess, whilst 
the convers~e hollds in Cape Verde, beme evapotranspbatiocn 
varies mually from negligible quantities in the f~~ 
archipelago to as much as 500-2180m (depending on 
which isllmd) in Cape Verde. Rainfall is adequat throlug- 
hout the year in the Azores, but ,Cape Verde .s;dXeuls frrYm 
senbus defichaies, such that most valleys ,in the former 
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have. smeams filowing much of the year, they are inter- 
mittent, w h ~ ~  in thle latter, only two vrsry small streams 
in NE S a n t ~  Ant50 m e  pennanat, the rest alle aZ1 ephe- 
meral. I t  fdows t h a  that fluxid mosioln is a much more 
potent land amstaaut phmw13:011 in the Azores, a highly 
sporadic,  erratic feature in Gape Vmde 

In Macarozllesia, there are several valleys of particular 
note jh fommi.ng f'mtures less l a m o l n  in volcanic islands, 
and these will be com~eiatsd upon below. 

AZORES ARCHIPELAGO 

In NW Santa Maria the Rib. Lams flows far some 
4.5 krn NW to the ocrast, with land rising to 190 m between 
it and the N coast. In the vicinity of F~anleua, the stream 
is headiag towards the N coast, and bm,  whne a saddle 
mews betwm higher kmin in the N ~co~astal heights, at 
an elevation of ca. 120 m *and only some 5001m horn the 
coast, a ~smaLl tributary enters kom the S. But the h o s  
does not cake advantage of this gaaeway to the N coast 
and &stead ~continms to flow westward to the stx near 
Anjos, oa. 1.9 km distant. In the saddle area oocur friable 
smlds, sandy limesstones and cmglomemtes, and a f ly  
dmps down to the N coast, oooupied by a tiny torrent in 
times 06 rain. Stream divergence has taken place at the 
saddle area, the uppa  Lemos and the S-bank txibutary 
exiting northwards to the sea at this locality. Now however, 
the .lower Lemos has effected a capture, and 'diverted 
these two 0 t h ~ ~  streams westward. The upper reaches of 
the h o s  down to the siaddle have an average gradient 
of 1 in 10, and frolm hare to the mouth near Anjos, 1 in 14. 
Thus, as rega.rds msive lability, the upper stretch is more 
favoured. Howmer, the lowm Lanos, in w o r k  head- 
wards, encountered softer, less resistant rock material at 
the saddle anea, hence eroded faateir .than over the vo1licani.c~ 



RAOUL C. MITCIIELL-TEOm 

and coarse bmociss in the lower course. I t  was thus able 
to extend its headwaters d tap the upper course and so 
came the .&vemim. The route N h m  the staddle down 
to the coast is thus a wind gap, though in times of rain, 
a small torrent rushes down the gully to the sea. 

In western Terceira, NW SW Fdal and western 
Flores thebe are valleys which, .in the wet season, display 
streams plunging over the brinks of cliffs and spewed 
forth as indisc-te sheets of water to the strand bdow. 

In this part uf Terceira, cliffs attain elevations of 
170-200m, with b a s  as dose as lOOm from the sea. 
Down the slopes of the Serra ,& Santa Barbara oddera, 
valleys radiate to the NW, W, SW land S showing this 
feature. Down the ,oliff Ea~e and across the strand bdow 
to the sea thwe are PO identifiabk lchmmd,s of water, the 
waters tumbling down as dispersed sheets, forming a 
soggy terrain below, most chaotic in a p p r m c e ,  a rubbly, 
oozing mass of wet rock dBbris. 

In Faial sTdar  conditions lare met with, in the NW 
part diffs rising to 325 m in pllaoes, the adgs  up to 500 m 
from the water!s margin, whareas gin the SW, cliffs rise 
up to 260 m, the bmiInk,s up to 250 rn from the ocean. I t  is 
noteworthy that dong the NW coast, the Rib. Funda, and 
lesser ,so, the Rib. das Gabras, show deep indentations 
into the diffs (at the -folrmer extending for ~ca. a kilometre 
inland, with valley walls as high as 310 m above the valley 
mouth) and that the stneam between the Cabras and 
Funda and to the N of the iltatter flow over mdestic flows 
prindpally, whereas at  the indentations, softer pyroclastics 
are prevalent. On the other hand, in 'the SW area, not a 
single stream its identity over the 'cliff face to 
the shore (cliff3 as high as 260 m), and further, this shore 
line at the sea edge wmprises rubble of the coarsest size, 
whereas in the NW, the shores are sandy. In both instances, 
streams are flowing down the slopes of tbe central caldera, 
whose rims reach an elevation of 1043 m. 
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In the FajH Gmde-Fajiazinha regicm of watsm Flores, 
whem Quaternary vulcanism has extended the land up to 
2 km out hom .the older andesitilc cliffs (Mitchell-ThomC, 
1980), only one stream, the Rib. Grande manages at most 
times to maintain its identity right to the sea edge. But 
N ,of this a m ,  d stnsms manage to do this, plunging 
over 4cliffs as high as 550m m d  up to 1.1 km from the 
edge of the ocean. These mare northerly s t m s  flow 
over terrain where basaltic ,and mdesitic lavm are more 
prominlent than pyrochstiics, in wet periods these are Ml,  
p o w d l  lslllraI1 streams, their energy being strong enough 
to maintain a continuom chamel <down thes'e very steep 
slopes. (It should be n o t i d  in passing that Flores has 
the molst highly i n k t e d  coostis of any Maoaronesian 
island). 

In the respective amas of these three islands, slopes 
down which ,the streams flow to the brinks of the ciliffs 
are alfmost the  same-ca. 1 in 4.7, the terrain being 
overwhelmingly formed d pyroclastics .in Faid, ca. 50-50 
psprdastias-lavas in Tercaira, about 30-70 pyrdastics-has 
in Flones. As regards rainfa, t h w  is llittle differace 
betwleen the western exposums of these three islands, with 
a decnmse in iavenage .zunmd rainfall from 1430mm in 
Fiores (at Santa Cruz das Flores on the E coast) to 1130 mm 
at Teroeira for thte Island in generml. Rainfd  is such in 
thase parts of these islands that streams u s d y  have 
adequate fslows in channels throughout the year. Today, 
the hares  is the most unstable s&mologidy of all these 
mchipeIagcns, Tm&a arnd Faid have shown vuloanicity 
in historic tiimes (Mitchd-TholmC, 1981), Fkms in the 
late Holocene. Ia these t b  islands, marine abrasion 
platforms and/or w i n e  terraces are fomd, in Texeira, 
platfoms to 7 m above SL, tmaces to 20 m; in Faial, 
ternaces to 17 m; in Floz-es, temaoas to 150 m; one or the 
other a= found in all the othm Azoras islands and in 
Santa Maria we have marine limestones outcropping 400 m 



above present SL (Mitchell-Thomk, 1976). AJl such pheno- 
mena testify to wrthd movements (at least partidy) of 
these islands. One might wi6h to invoke rrisles of the near- 
shme sea bed as causes of strands bdow the cli,ffs, prior 
streams meting the saa at  di f f  ledges, but the relatively 
gxat helight these cl&k p11w the 101d nature 
where such streams sudddy  plmge over cliff edges, taxes 
one's cmedulity i'n ~ a ~ ~ g  wry lodized twtonism or 
rises .of the dwel  of the 010a.n. We ,we thus led tlo coduude 
thtat thme are no d ~ d y  a p p m t  neasms why &n W. Ter- 
oeira, NW and SW Faial stmans h o s e  th'eir identities 
E r a  lciliff edges to the ~sleashore, yet *do maintain such 
in the major part of W. Flora. 

In SBo  mig gut el, between the N land S coiasts in the 
m m w a t  part of the island (757 h2), is a region with 
scarce a d i e y  throughout a zone m a w i n g  ca. 12 km 
E-W md 8 km N-S, This c<R~@cm I%XB of Zbpszewski 
(1961) has, scatmed here m d  there, dejlection cones xising 
to 486 m in Serra Gorda on the westam edge, arnd heights 
of up to 386 m on the divide betuneen the N and S cmstls. 
En this mas there me two &sti;nct geologid zones, one 
where pylroclastics dominate, the other w h m  basaltic- 
lsuldiesiitic lavous am mo~re extensive, some of which date 
from historic b e s .  It is noteworthy rththlart to E and W 
of this cPics~ lmea, whwe pyroclastios occur almost ex&- 
s i d y  as 'outcrops, there do wwr  distinct vdqs ,  a d  
indeed the only significant smeam in the region treaches 
tbe S coast at Lagoa, for half o~f its length coinoilding 
dosely with the ~av;us~pyrocla.stios bornclary, and all its 
tributdes rise in the ejectamemba region. 

In .an *island otherwise well supplied with streams, 
th is  inter;coastd area of gently rolling dmdsmpes dotted 
by prominent scoria cones, Machado et aZ. (1972) have 
postulated a possible nift striking NNE-SSW ecnxs the 
idand which cohcides wall with the lava outpurhgs. 
It is in this inter-coastal pant where. Faye anomalies attain 
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their lowest values in the island (150 mgls) and Bouper 
anomalies reach 150 mgls compamd to 140 mgls in the 
extrem~e W of S b  Mi& and 180 mgls in the extreme 
SE (Coelho, 1968), and here also the n m a l  Brunhes 
magnetic pdarity m e  OICCUPS (Machado et at., 1972). Both 
the above gravity anomalies are inbhately d a t e d  to 
elevation, so th4at there is a broiad correlation with the 
topography and ralief. It  doles seem therefore that tecto- 
n i d l y  this is a critkal z m ,  and here also recent d c m i s m  
has poured forth its lavas. I t  could ble &at faulting asso- 
ciated with mifti'ng has dowered this intervening zone d 
billowing landsaape with its s m ~ a  hilb, that tectonilsm 
and vulcanism bleing so da t ivdy  recent in geobgic terms 
has memt that streams have elcame had time to carve out 
vdeys in the more res~istant, relatively f m h  basal t i~c~de-  
siti~c Java, thus mating the significant lhck of vaJ3.e-y~ 
and streams. Th~e absmoe 06, valleys !in a terrain is just 
as namssary of explan~atioin as any other chucteristics 
of the terrestrial hydrography. 

In the Povola@o caldem of eastern S5o Miguel oclcuns 
a perf& adendritic pattern of thle drainage network. The 
aircdar walls of the d d e r a  m c h  heights of 960 m, the 
caldena floor at lowest altitude, ca. 1001m, with a wall 
periphery of a t  h s t  17 Ism in dmgth (Mi@chdl-Thom6, 1980). 
From high, wry pnecipitolus upper stlop~a salil around the 
periphenile~s, tributania descend and converge towrdls 
the )exit at Povoagio on $he S coast. At greater heights, 
deeply-incised valleys show basaltic and trachytic lavas 
outcropping as well $as much pumice, but tomtiail,  chaotic 
.conglom,eratic-bmccilatic 'deposits me the most stniking 
constitmnits, intexiar slopes , a d  valley bottoms. 
As per Zb~nsamslci (1961), the d d e x a  4s of explosive- 
oa1Iapse origin, berm of Kdatola type. At either silde of 
the main valley at Povoa@o, and rising to 100-200 m almost 
prevent !the stream (&om gaining an exit (the southern rim 
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of the caldera reaches a height of 435 m ca. 1 k m  due E of 
Povola~iio village) the interior drainage arm seeking an exit 
barely 300m wide between 50 m elevations on eitherside. 

MADEIRA ARCHIPELAGO 

In Madeira, the Janela is the longest stream in the 
island, some 22 kn in length, and in places the valley 
is 5 m broad! (Mitchell-ThomC, 1979). From its source at 
1580 m, it has three distinct gradients: 1 in 21 across the 
initial uplands of Paul da Sema; 1 in 5 in a gorge-like 
middle section; 1 in 17 from thereon to the sea. The 
stream traverses the Serra Post-Vindobmian Complex, 
where ejectamenta predominate in the upper part, the 
Vindobonian Complex where dfusives are dominant in 
the middle reaches, the Basal Complex in the lower s'ection 
where again ejectammta are typical (Zbyszmski, 1971). 
It is further to be noted that in cross-sections, steeper, 
narrower inner v d q  slopes coincide with outcropping 
Basal Complex, gentler, higher slopes with the Vindobonian 
Complex. For such a relatively short stream to have valley 
breadth's h o s t  me-quarter of the total lenght is most 
unusual, and hme we have an excellent example of a mistif 
stream - where the breadth of the vdey is not consistent 
with the length. 

Ewiden~es of piracy, elbow captures, wbd gaps are 
lacking, the cycle of erosion is young indeed, in winter 
a strong current hwls material of dl sizes downward, in 
s m e r  the all-but dry river bed is choked with dkbris. 
This mbtif character is to rock mnrstitutim in 
which the valley is excavated: where effusives outcrop, 
the stream has more difficulty in eroding its channel in 
breadth and concentrates rather in vertical corrasion; 
where pyrolclastics outcrop, lateral corrasim is easier, the 
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valley opens out more in the upper and lower sections, 
the degree of fluvial erolsion being least in the flatter upper 
section where the youngest rockis of the three sections 
outcrop. 

Equally interesting is the trend of the Jamla valley 
for it is the only significant one to run E-W for any consi- 
derable d.istance. This is believed due to the flows and 
ejectamata of the Basd Complex being initially formed 
on longer, gentler dopes from the interior highlands west- 
ward, the valley trend and rock dips down in the same 
direction. Shortly befolre entering the ma, the Jamla turns 
abruptly northwards. This is because the Pko da Roseira 
mass (elevation 834 m) fo~med of scoria cones, developed 
in thi's extreme N part of the coast, this vulcanism being 
of Plio~me-Early Quaternary age, and so later than the 
carving out of the m'ain d e y ,  so blocking the continued 
westwmd trend. The Rib. do TristZio, flowing to the W 
coast, is in good alignment with the h w l a  before the 
abrupt m g ,  the Roseira pymclastic massif extending 
only as far S as the TristZio tributkies and does not 
interfere with the trends of the latter. The headwater 
tribubary of the Tristk rises at an devabion d ca. 800 m 
and only some 1.5 km h m  the Jmela whose elevation 
here 5s ca. 150m. In the not-sadistant geologid future 
one w d d  expect river capture by the Tristk tributary 
to occur here ,and &'vent the Janela to the W amst. 

In the major is1lstnd of M~adeira, some water divides 
betweem N and S &wing stmams are mmarkably narrow. 



Below we indticate some examples of this (Mit~hell-Thom&, 

I 
N-flowing 

I streams 

S. Vicente 
Perm 
S. Jorge 
Faial 
S. Roque 
Juncal 

sflowing 
streams 

Brava 
Soocoridos 
Soocarid<rs 
Santa L6ua 
Port0 Nmo 
Machico 

Horiz. distance 
between the 

I headwaters, in m 

Height 
d divide, 
in m. 

Many of the N-NE flo*g tni;biutar!ies of the Jmela 
in its Iower section bse w i t h  dilstamaes of 250,m from 
smeaims flouring to the SE, a d  ~equdy sltrikiag is that at 
the E lend oif the island, S fiowing &ea;mis have their 
sources withi:n 200m of the N  mast, at the very brink 
of G W ~  up ta 10Om high (above the N share, pet these 
S flowing stwms conhue  for up to 6 km to the S coast. 

Obviously such very narrow watersheds and sources 
so dosle to loppolsing loolaislts b~&okla gx~logj-dy ,imminent 
b~ak-through the htm- J.md, with pnohmd hydro- 
gnaphic c h a a p .  h N flowing streams haw greater mosive 
ability, due to steeper and wetter slopes, m e  would w:stwnie 
that thasle woldd 'aaptwe' the headwatms of S flowing 
stmms, land in the caste of the Pm$a de S. L o m s o  p~min- 
slula, the sitir~gm .marim lermkm on the N whdwad 
side d l  IWO& the sotter clif&s and thus tap the S flowing 
s t w m  sources. N land NE windiis olam dmhg 67-80% 
of thle year in Madeha, imd average annual rainfalls 
m o m t  to 1500mm m the windward aspwt. The wniter 
has spoken 40 (older inhabi.ban%s, who ;in turn c d d  
nmlab'er lclolll~llonts of their parents and gmndpments, 
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which indicated that w i t h  periods of a century or so, 
headwat~er erosion in some of the N flowing streams was 
proceeding at la rate of 5 m extension and a l a w k g  of 
the &and by 30cm. In the case of the Par-Soomridols 
stmms, a mere 100 m distant at headwaters, h d  ri'sing 
to 50.m betwm (to the E of R~mdia Eirinhais) where an 
old inhabitant mmtioined erosional champs that he, his 
parents ,and @andparents had witnass~ed, it was c d d a t e d  
that lerosion was bwming the h d  at a ra$e of ca. 40 cm 
per century, # a d  thus the 50 m elleyatim between the 
two somces oodd be obliiterated tin about 12 500 years - 
'histmidy long but geollogicdy very short. There dls no 
doubt that Madeiw proper, la high (maxima elevation 
1862 in) rather narrow isllmd (m~drnum N-S breadth 
22 h) will (see some profouad hydrog~aiphic changes in 
the imminent geobgical future. 

CANARIES ARCHIPELAGO 

By almost any criteria, the vaby of the Ban-. de b s  
Angustbs in La Palma must mnk as one of the worJd's 
mmt imposing ~sighfis. TThiis valley is f m m d  wid& the 
Gdldma de ' l lab~wiia~, whose w&s reach an altitude of 
2626 m in Roque de 10s Muahachos, supwxne point of the 
island. 'The v&ey tnmds SW, hieadwaters tributa&s rising 
at elevations up to 2250m. The NW rim of the caldma 
fioms the bowming El The awarptment, tmnding rmar- 
kably stmight, wh-s $he SE wail1 of the d b  is in 
g m e d .  less ilmpms&e, rnme hgular, but attaining m 
altitude of 2321 an in Piedra h a ,  The addera (= d e y )  
has ia n a ~ ~ u m  breadth d 6.4 km, namowing aowards 
the SW where it memsnre la Idmetre  bsroad between 
100 m ccmtows. In gen~errslll, the <gmdient of the main stream 
b 1 iin 4.6. The ~gwgc chmacter of rnwch of the s t ram 
mume 4s stniking, with mwny ,deeply incised meandem 
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resulting in a tortuous stream. There are neither roads 
nor habitations in this enormous deep valley, where many 
of the slopes are ullscalabk, due not only to their steep- 
ness but the ever-present danger of rock aad scree falls, 
Theories vary as to how this great d ~ d m  was formed 
(Mirtchd-Thomk, 1980), including 'craters of elevation', 
~Uapsed cad&on, and erosion, with/without mass grad- 
tatiollal movem~mts. The El TShe  waarpment is taken to 
represent a gnmt hdt by Wausen (19691, whereas Middle- 
most (1970) bas a pmmimnrt flault moire or less coinciding 
with the stneafn o(Mz.rse and extending well down the NE 
flanks of the caldera. No doubt faulting has played its 
role, collapse no less, but what is paramount is the rok 
of erosion plus mass gravitational mass movements in 
hollowing out this remarkable valley. 

In Gran Ganaria, Bloruraafi (1935) first postdated an 
important fault traxmecting the i s b d  from NW to SE, 
with a throw of some 700-800 m to the NE, dividing the 
island into a Pdamumla;ri~a to the W thereof and a 
Newanaria to the E (Hausem, 1962), with older rocks 
outcropping in the f m w .  PhysiogmphilcaJ1ly the two areas 
differ somewhat, Baucsen, e. g. mentioning the ~crelatiwly 
old, stately mmta5n valleys, whhh widen dong th& 
courses to braad, fiat mouths, have quite smooth longi- 
tudinal profiles, lacking waterfalls, cataracts - headwaters 
~gim natmdy differ in thee  respects - swh being 
characteristic of P ~ s u m ~ ~ a ,  e. g. Banr. de F ~ b g a ,  de 
Airguineguh, de Magan, de V e n w a .  In E-SE Gran 
Canmia, on the other b d ,  valleys have a younger appear- 
an=, very Iirnegdar bmgitud.ind ipmhiks, .steep vdey sides 
no less imegdar, e. g. k. de Guapadeque (a magnificent 
10 km Jmg laanyon v~xrurs bm), de Guhiguada, Tiajma. 
The wholie terrain of western Gmn Camria has a differat 
geomorphdogic asplect - v d q s  m a  OF, ~hterfluvial 
regions not .so .sharp, MUs more r d d ,  h e r  g-radients 
to the sea, dl irll&aative 4of la more advanced stage of 
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maturity, the relief hme being taken to be per-barranco 
in age. In Newmaria, valleys are narrower, more deeply 
incised, intduvia.1 ridges sharper, s t t ~  gradients 
steeper, gorge sections more common, all told, the relief 
is more rugged, irregular, and here relative youth in 
development holds sway. 

The presence of this large 5aullrt and the major divisions 
of the island, as per the above, has been awepted by the 
majority of workers knowing the island, but in more 
recent times has been challenged, e. g. Fuster et al. (1968), 
Scbincke (1968) and the writer (1976). Though a c t d y  
questioning the field evidace of the f d t ,  the author 
does recognize a manifest physiognaphic distinatim between 
Pdla~ocmaria and Neommria, and qg-ees wi'th S~clunincke 
who pstulated a anigratioa of eruptive centres in the 
island towards the E and NE with time, thus accounting 
for the p r e d m m  of yo1mger rocks (volaanic) and less 
advanmd m o s 8 i d  modifiaatiom in the latter area. Fault 
or no fault, that i a h d  b the crucial question, but that 
valleys differ in the two districts is accepted, the eastern 
part having a younger gemmo1rphological appearance. 

Klug (1968) devoted some pages to Gran Ganarian 
valleys, reco~@ing three gamra~olls and types of such: 
Kehltik-, ddest, uride, enclosed or residual valleys, in 
general bashshaped - e. g. Barr. Tanova, Tirajma; M d -  
dentaer, shallow, vary gently sloping outer parts, the 
stream itself in a ruamow, deeper, irlwm valley, the whole 
of general basin-shape, e. g. Barn. Temp ,  Chira; Kerbtder, 
steep-walled, onetime eroded vdeys, common in the W 
and SW, e. g. Ban-. Tazarte, Tapvrito. (Examples quoted 
above are by the author, not mug). Fig. 9a, adopted from 
mug, shows these three types of vdey, Kerbgler being 
youngest. Krlug thought that the oildest phase of valley 
formation was during M. MomeL. Pliocene times 
(vulcansim in the idand dates from pre-Vindabonian (but 
Miocene) to late Quaternary); whae  the relief is milder 
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in the N and E f,l&s, Kehiltaler and MuUentBer were 
later developed in late Pfiiiolme-Quaternmy times, when 
base-level was cmsltamt, whereas in the W and S, where 
most imposing cliffing oioows, due to pmEound variations 
in base-level, Kerbtiiler formed. It is thus s e a  that Klug 
is not in slga-xmnmt wtth H>msen as to valley features in 
the two major sectors, though both agree in vdky diffe- 
rences of form in mid two seatws. The writer must 
confess he finds it most cliffidt to believe in pronomoed 
bas+level variations in the dder meogene in coin~ast to 
cons<tzmt base-ltd in younger N ~ ~ - Q u a t e r n a r y  times 
-indeed, the oppositre seems more likely. Very noticeable 
in Gnan Canania is the very rugged, high-cl%ed W ,and NW 
coasts cantrating with those of the NE, E and SE which 
are smoother in oiutline, flatter and where extensive fluvial 
md decltaic ssdimentatilon B~IS  a a o m d ,  such sandy 
beaches attmotbg the tourists rather than the mom s t m ,  
pebbly, o W d  colas&s elsewhem. 

Hausen (1962) has dismss~ed in slome detiail the B m .  
de Tejeda, its drainage basin a d  h e  Tejleda caldera 
within which thle valley lies. The main stream is some 
25 1un long (Blam. de La W~ata Mghm up - a common 
trouble with so mlmy Portuguese and Spanish strams 
in t h e  isl~mds is that they h g e  thak names in viauiocus 
seotims thereof) arad b~agins at fan elemtion of s m e  
1750 m, the 4drair131age b,asin r131mwsuring about 85 km2. In d l  
aspects, this is the mlajor d ~ e y  of G m  Clanaria. Most 
of the drainage is through the ddena, largest in the 
island -if we exdude the &ld #Caldera>> of Schmhcke & 
Swansoin, 1966; ScMnlcke, 1968; M~cDougaLl & Schrnincke, 
1976-77 -with a perirm~&m of 36 1un lmd up to 13.8 km 
from I*-to-rim (Mitchdl-Thorn&, 1980). 

The valleys is not m e  aontinum gorge, for it recaives 
several ~sigdiiomt tnibutcwies, B.~TTSEI~UO~ de ~Chomillo, de 
Gamanzal, de Sib'erio ham $he S sic&, whmeas much less 
impresslive land smaller mBqs enter from the N side. 
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Vigmous erosion plus powerful m~ass $pavibatimd m o v e -  
ments m d t  in height dd6femnes of 1000 m in short trans- 
vers,e & s r t ~ e s .  Hau~en mmd that the entire drainage 
neturmk was developed chiefly in s u b - R m t  times. Where 
the water gap mcws, in the vicinity orf S. Nicolas, the 
~stneam flows through a 4 km Jmg gorge, w h m  ulnscdable 
dop~es laad ;clip ,to heights as 1-t as 1400 m. This gorge 
is cleanly an lanhcedent featwe, the m y o n  lslsotion offering 
an mtlat ,spillway of a prea~1dera basin, perhaps forming 
a. llake, as .per H B W ~ .  He further ~clainied that: <<The 
d~wnmtting of the oanym has gale on at the same place 
as th,e emsilm hxside the Tejada basin behind it, all the 
gorges thme having adjus&ed their blottans to this (water 
gap) gorge>>. The h i t s  of the addera do *not aincide 
exactly with the Tejada drainage basin, the latter being 
aonsidembJy greater h d~odcmence.  In Gran Canaria, 
this Icaldel~a dn- basin land valley form the outs- 
tanding Imdscape featme of the ishnd. 

In Tien& are three valleys which have aroused 
adhcxussim, the Vahs tde Omtam, de Guimw a d  de La 
Lagma. The first is open to the N omst, descending from 
the Pedro Giil laxid sphe from heights of 2300m. This 
valley Cit is rather la large ba.sin&aped hollow) is some 
12 1an in length and m. 9 h  b r a d  for (much oh this 
length, b~i~ll~~ded to1 E a d  W by n e a r - m i d  s-s, such 
that the head ~wgim is arx:uate (Htausm, 1955; Riaey, 1971). 
The mea is demely pmpld,  m m d y  in the lower 
northern sector, with its w ; ~ - h o w  gaudy tourkt resorlTt 
of Puerbo de La C m ,  the lower valley larsa biein!g the 
premier blsllnana pbn@atim part of the i s h d .  The coastal 
area between ,the leznbiraoi~~g slm.rps, is slightly convex, 
&ow and sandy, ~clozltrnsting with high ddi&fed masts E and 
W themof. The valley rises gently to the S, with few breaks 
in sJop'e, but at approx. 1500m theme ,is la rapid slope 
~~e $0 heights exceeding 2000 m. In 1955, Hausen 
thought the warps might be <of tectonic migin, presumably 
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fault-lbe simps, lht daiwr (1961, 1970, 1971) was less sure 
of cmmpt, referring mather fa the mle of mass 
gmv;itatimd movements. Bravo ,(1962) considwed the 
fang1ommtas of the vdey  area ds~o to a lsi& cause 
(as in ,the Guimar d ~ e y ) ,  and FusW et al. (1968) 
were mane ~ ~ 4 d  to see gmat Imdslides as the cause 
of the valley. But in 1952 and 1954, Bravo had also men- 
tioned that there had maybe b~em large inroads of the sea 
-mia-tyqe dleveiopment - as the chief muse of both the 
Orotava and Chimar vdeys, and Hug (1968) was quite 
sympathetic to this idea, a concept which actuldly dated 
back to Rothpktz (1889). Ridley (1971) unabashedly favours 
a vollclanotject~c origin, though he acbw1edges la mjhor 
role for Landslides, etc. He believed that bere we have a 
calderaallapse s t ~ ~ l c t u ~ ,  consequent upon the draining- 
away of magma from a m t r d  aresl beneath a fiwwe 
zone towmds tbe flanks of the v o i n i c  loomplex. 

The G u i m r  V d e  d ~ ~ d s  SE froan Pedro Gil. As 
per Ridley cop. ut.) it is 10 h Jmg, 6 h broad mar 
sea l e d  but broadens to 8b;m at the d l e y  head. Very 
abmpt s v s  lmclos~e the d e y  to 'the NE land SW, the 
latter attaining heights of 600 m and con.tWag for 7 km 
to the coast. Like. Obortma, the v d e y  h a d  is a large 
azrculate feature, cmcave towards the SE. The valley floor 
lowers itself towads the SE in a .wries of giant steps 
over la distance of 4.5 h, a t  which point there is a 
p ~ ~ m o w d  break in slope before descending to the broad, 
smooth coastal plain. Again fiausen (1955) favomd a 
t e c t d c  migin for the d e y  *hitidy, but as before, he 
later was inclined to place greater emphasis on mass 
gravitational mwments. We have remarked above that 
Bravo >and IGlug r e f d  to marine i n i ~ ~ s i m e s  here as 
at least partially responsible for the valley, whilslt Fuster 
eE al. deny all tectanism. As with the Orotava valley, 
Ridley <appeals to a volcano-tectonic origin. 
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Extending NW from the islaad capital of S a t a  Cruz 
i's the La Lagma which sepaxates the rugged, moun- 
tainous Amga pemirll~da from the NE extremity of the 
Pedro Gil dorsal spine. The vdey bottom' rises to an 
devatim 550m above SL, shping both towards the 
SE and the NW. Higher, steeper tamin, more pronouniced 
relief of the Anaga region borders the N side of the valley, 
whereas to the S, land dses more gently to lesser bights, 
and thus transvlersely, the vdey is topographilody asym- 
metrid.  W and NE of the university town and religecuus 
mtne  of La LJ-, at the s h t  of the 'cross valley, 
lies an area 10 h in length and up to 4 km broad of 
distinctly fJattm termin w h m  only lsoft, friable a r ~ s ~ u s  
seclirmlmts mcur at  the w*, and here the international 
airport of Los Rodms has been ~oollytructed. Whether this 
through-vdley is of tectonic or landslide origin has not 
been settlad, nor, fin fact. been given much attention. 
NotioeabL is the relatively ablrupt sinuous rise up to 
the h a g a  heights, which i n k d  may repmsmt a31 eroded 
f d t  s m q ,  heme a hult4ine scarp, and indeed Wgarro  
(1963) did polstulate a great firactwe ,along most of the 
N side of the vahzy. On the other hand, Mumenthd (1961) 
believed that faults $limited the d e y  to N and S, generally 
p d e l  to the vSLUey, and extending right across the terrain 
from the W to the E mast. As geomorphdogicd studies 
are all but lacking !of this significant valley, its origin is 
unloeTtain at this time. 

CAPE VERDE ARCHIPELAGO 

Iin NE Slant0 Antgo, the Rib. Gnande (main channel 
cia. 13 km lmg) flows generally northeastward, parallel to 
the trend of the northern coast and at a mean distance 
of 3.5 km therefrom. Between the valley and this stretch 
of coast, land rises to 892an, with an abrupt southward 
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slope and only two-thme md imibutaries flowing down. 
On the S side of the Gnmde vdey, &and dopes upward 
m~uch moE {gently to heights of 1568 m, 'and here there 
is a relatively dense network olf vd~leys headmg N and NE. 
The Rib. Grande land its chid trihbary, the Rib. Diespe- 
nlydeim, have .solmewhat curving paths, Erolnted by the 
prominent mountain w d  to the N. Here we have a 6ault 
striking parallel to this part of the N mast, whereby an 
upraised block, tilted to the N, bletwtxm the main vdey 
and the coast was famed. The N w d  of the d l e y  is a 
fault scarp, showing also midacres of blecodng a fault-line 
scarp, with a slope of ca. 30" (Mitchd-ThomC, 1960). (When 
measured in the field, slopes are invariably less than one 
wodd imagine, and when measured h m  ~~jl~toiutzled maps, 
we must note that !it is the s.ht 'of the angle and NOT 
the tangent that must be mcmded) (Miitchell-ThomC, 1977). 
In this NE mrner of Smto Ant30, B ~ e b ~ h o  (1932) noted 
evidences of upm,  with river teTnsLws at the mouth of 
the Rib. Grande now 10-20x11 &owe SL, and at various 
p b e s  as far up the main vdey as 8 km the writer has 
observed mc'h stemoes as high !as 28 m ablove SL. A fault 
i s  dso  szldsed to t m d  approximately piaralrllel to the 
coast - the N edge d the fad t  block- such that the 
block is taken to have been upraised, hmst fashion, 
between the two fiaults. Dlown the N-tilted block, many 
s d l ,  deep, canyon-like valleys Idsoend down to the mast, 
most of which leap over Iclif;fs as high as 3001m, sllIld here 
and there on filatter coastad terrain, smaller m&e abrasion 
p11atfm-m ane found, e. g. that a t  Pmta .do Sol, 3 m above 
SL, and in this coastal sector me marine terraces now 
10-25 m above the s~ea. (The N coast of Santo Ant50 has a 
wild, rugged, forbidding, l d y  aspect, with #ew habitations 
or villages). The fault paralleling the Rib. Grande to N 
has blocked the N flowing s~reams and 'diverted them into 
a NE flowing Grande. We would also note that the Grande 
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v d e y  is remarkably broad and levd throughout its NESW 
wctioin - 300-400 m broad in places. 

In Baa Vista is the longest stream in the archipalago, 
the Rib. Rabirl, some 25 kan in length, and only in Taxrife 
axle there t w o - h  3ongm streams, but Taeuife is thee  
timas the area of Blm Vista. The Rabd has &o the hrgest 
drainage basin in the archip1ag0, 140 km2, .almost 23% 
of the island. Throughmt the greater part of its course, 
this its a broad, shdow valley, the $stream cising at an 
devaaioa of 315 a, d y  some 9 km from the E coast, and 
following a ~ciiI;mitous route to the W ooast. Small-scale 
m~amd&g is not noticeabde, but m a dmgw soale this 
becomes anwe proaninlent as the mast is approached. 
Tlus~e baing &wing water fox only a rnicrowopic time 
of &e year, the dry valley is littered wih dbbris and shows 
mwh anritstolnoshg. The valley begins a m e  400 m odd 
hm a tnibutary &y of the Rib. Renaa, which also 
lrends S b&re tsll.sing to the NE. Into the R=ca comes 
the Rib. M o m  Negm d e y ,  which commences only 700 m 
froun the E mast, but iostead trends washviand. The Rabil 
thus makes a Bong detow of 25 1nn to the W coast, 
w h e m  9 km would take it to the E mast. The mson@) 
for such a d e m  are mote dm1y apparent either from 
maps or &did sstudiles. The p o u q p t  w 1 d c  phase of 
submcwine $low bvas land subamid ~avas (Chi50 de Cslllheta 
Formatia of S~emalheiro et aZ. (1974)), U d y  of iate PJio- 
aene md/or &nly Qfmtennmiry age parrtjldy $oms the 
tqmgraphk axis nunaiag N-S heme, a d  it may be that 

more rewent p h w  ld &aznium expalied forth ddavas 
which intedemd with the prior ~~ network. This 
Mlilomism, the most impartmat &TI the island, is seen only 
in the penipherim of Boa Vista, especially the SW, S and 
SE. The ,absmm ia the interior of the island might have 
been due, as per the above authors, to des Cdficm volca- 
d q u e  aymt peut-&ere exist6 6Cabt trop modestes pour 
pouw~ir rbsister a a'brosion~. Is the island interior, the 
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O15d I n t d  Eruptive Complex mtorops, uomprising both 
extmsivros and intmusives, a tougher, ,more resistance 
msembk of rwks which extends southwards towards the 
Cadheta Formation, with extensive lalluvid deposits in 
betwean. How d d  the aGomplex might be is umm-hb. 
The eastern ishnds of Sal, Boa Vista and Maio are gene- 
rally conmded to b,e the ddest in the larchipelago, and 
Mahn is mgnized  in the Last mentioned. It is pss ibk  
that the Complex date froan the L. Cre;ltacrecr;us, perhaps 
Newontian. Granting that the Cmplex compriises racks 
mme resistant to lerosim than the Caheta rocks, yeit most 
of the lower half 06 the Rabil vadley is lexamatied through 
these d d  Complex rocks, and &deed in p&ms h e  the 
valley is d y  oa. 150m broad, even less i~ pthces, and 
w& incised into the rocks. W e  wooders i£ this dower 
part of the Rabd is not perhaps 3?(rntempomeous with 
the Cocmpi~ex igneous events. The present annual average 
raiafd of Boa Vista is only ca. 275 man, and s t n w s  
merely flow for very s h o t  p~erids ldtm the infnurquent 
rains. Yet in the Complex terrain, the Rabil has  managed 
to mode its way through these molre resistant phonditic, 
symitic, basaltic ~nwks, and maintain its route westwards 
$0 the coiast. Surely then in the past, raia&alls must have 
been greater than at  pneueort, where perhaps 360 days pass 
aa3ndy  w i h w t  a &cop of &, and in the rean- 
5 days, pwhqs  ia 6ew short, s m e  ~ d o u m ~ s .  We lnust 

c o ~ s  that the causacs) of this Jong Rabid detour escapes 
us. (It might be of s m e  signiEicanae - but in what way? - 
that Mmdes-Wtor (1970) m a r k e d  that *as re:gwds the 
Bouguer a n o d e s  Boa Vista shows the most ccomplicabed 
picwe of m y  Cape Pwde IsItd). 

In F q p  the last mptlm oaaurred h June-August, 
1951, whem exteasive lava flows bx5mrned owm the eastern 
slopes of the -t Icaldara, in m y  instances mntinuing 
right !down to the slea. (This ea!sterm dope averages 2S0, 
with the mn@d laone of Pim, 2829m, ody 6.25 km frorln 
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the E lcoast). Orf: Idistinct interest b m  in eastern Fogo is 
that the Java outpourings Orf the 18th and 19th centuries 
land the last event did NOT take advantage of st=- 
val~l~eys in their downward courses but rather preferred 
to u t h  inter-vdey terrain. Thus the short, steep, deeply 
entrenched valleys down to the E coast do not display 
h a s  .o& these $later emuptioons but only ltavas of previous 
times. The 18th, 19th and 20th century outpourings com- 
prise lmgaly soclos of basdti'c, basanitiic and hburgitic 
compasitiom, i.e. basicdtmbtasic type rocks, which are 
typified by having less vis,wsity than acidic type rocks, 
ham able to flow further m1d quilcker, hence not the 
m e  need to .seek out valleys, dep~essim in gaining 
mmmtum. 

Bmm, h e  smallest inhabited &sland, 64 km2, has several 
valleys which have most impressive gorge secbions. In 
same, re. g. Rib. Fmdo do Cachago (a. 3.5 km long) it is 
the middle section; in the Rib. do M a t h  (a. 3.3 krn long) 
it is the lower h& of the m&y which is m y o n  fo~rmd; 
in a s m d ,  ummed valley heading 'down from Piguleirinho 
(a. 1 krn m length) it is the upper half which lies between 
3canyon wds .  (No less am thwe me m two amas of higher 
rind bfolmded on two-thme sides by almost verticid sides, 
having hmst laptpmmmces, lying lidand from the cmsts). 
The first two valleys have emded the gorge sections in 
pbcmditic, spmitic a d  pyroxdtic ~olcks, whilst the third 
v&y a d  uppm reaches ob the o k  two are carved into 
pylrodastics bt~srkdrd~ed with h w s ,  both of phonditic 
type. What is notable in such types of d & e y s  is that 
the 'canym 00-m ~ J X  illestricmd to the extrusive- 
intrusive terrain rather thm the more hose and friable 
p ~ ~ c l a s t i c  meats, as per outmops, though imtercalations 
of flows sod pyrololastios is the comm feature. Some of 
these gmge sectiom~s {are up to 2 km in kngth and up to 
250 m pin width; sane, e. g. the Cacbaw valley, have linear 
walls and mwuate w& at the canyon head; o t k s  have 



scalloped brink8, moulded to the contours. Those valleys 
with b e a r  gorges ax- fadt  controlled - the upper Matim 
stneam fJows dong a fad t  trench for some 1.5 kim before 
plunging ca. 300 m into the gorge basin. The s d o p e d  
edges of the &,chaw go~ge section comprise ankiaratites 
m k s ,  whereas dlown in the amyon intrusiws are out- 
a~oppiing d the way to the mast. Throughout this small 
island, the r&d is e x t m o r d i y  strong, ~cozlstd dopes 
ame m u s d y  steep, v,dleys very tdaeply a t m c h e d ,  e. g. 
Rib. FajZi dle Agua, sevmd perfectcly ~ o i r d m  deep craters 
are d'otted beme and there, a d  everywhere one is aware 
of the powadkl efif;ects 'of fluvial and marine erosion. The 
above valleys with their m y o n  isection are s m d  fieatures, 
admitted, but ~~!evertheles~s most impneslsive when viewed 
in the fidd, !and all told this idand, with its 'delightful 
shade land gmwmess at  higher devations a d  sbaxk, barren 
coasts, a ~ o n d s  both pkwwes land intemsts to the visitor. 

In ~south~m Sal a unique feature is present. The small 
vdeys of the Ribeiras Pdapa and Folnte V'aaa, each 
ody a. 3.5 lun long, ~mise at tun  elma at ion of a. 38 m, one 
valley heading NW, the other, SW. Durbg a week of 
unusual hv~avy minkdl for the island (average annual ~ain- 
f d  is lonly 102.m, .driest island in Malcaromsia), it was 
noted thart on sane such days, headwarn sheet flows 
beaded Cor the Papda ihpession, at 'other times, for the 
Vaca vmdey, during la two hour stay here when heavy 
rains were falling (everyone on the iskmd is thdJed to see 
raln, the mthon no less!), it  was noaed that the thin sheet 
&ms l s c m e ~ e s  t m d d  towards the Pdapa valley, some- 
tixnes towards the V a a  valley, which ~counse to take 
seemingly a pwdy fortuitous matter, the waters taking 
one trend or the other as ;a matter of chance, laws land regu- 
lations ent idy suppressed. Seldom do we find near-source 
waters va&ating in this manner, m & a h  which mute 
to take. A classic and more staik&ng cinstance is in Vae- 
mela, where the headwaters region of the Orinoco some- 
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times has atrams flowing N amd NW and so to the 
Atlantic, *and at other times, these same waters prefer 
instead to turn SW and S to Bow into the Amazon. 

Lastly we would  far to .Maio, w h e ~  a series of 
valleys trending northwestward, tiemhate in an enclosed 
basin- Tmas Sdgadas. This saltacmstsd m a ,  fran 
2-4m above SL, comprises fiver duvium, beach sands, 
actual and fossil ,dunes, comminuted d c m m  sands, 
sfcattered lpebbles, cobb(les, etc. Exaept where the valleys 
enter the basin from the SE, laJll the borders of the latter 
are formed of wive dunes. These vlaUeys begin at d m ~ i m s  
as high as 250 m, and during times of short, internittent 
rains, they am actively engaged cin eroding as wedl as 
transporting. The streams at one time mutin,ud to the 
sea but now duoaes ~in te rv~e .  Dominant winds am from 
the NE and N, often strong and nearly always very gusty. 
Beach sands have hen  piled up into dunes, the dunes 
are stU am the m&~, and thus have blocked the exits 
d the W flowing streams. A t  times of rain, the streams 
pour their waters into the bash, bmse ~wapomtion takes 
place ~esu1tin.g in this >most b a r n  ~deprassim. 

CONCLUSION 

None of the plrinaipd i~slmd~s of A4acmolnesk are large, 
rwging in a m  from 17 to 2058 W, no valleys haw gmat 
length, about 2 7 h  being the m.aximum, only the Rib. 
Rabil in Boa Vista has the drainage basin anme command- 
ing proportions, 140 km2. On the other hand, maximum 
heighs dat ive to island areas, are indeed impressive, 
even for same islets. Relatively . sm~d i b d  areas, short 
valleys, mal l  drainage basins, great height, strong did, 
imposing diffed coasts typify voBcanic islands such as we 
have h e .  



The initiation a d  devehpment of d ~ e y s  ane primary 
the wmk of rivers a d  stmms, and here the roles of 
climates pertaining, past and present, m k  omtiitution, 
structures, -tecImdos, vulcanism, astatism, isostasy, 
enter into the geumarpho~ogid evduiticm of said vdeys, 
and of course, the all-pervading factor of Time. 

The valleys m.nark;l upa hem dl &ow <some less 
oommm or lunexplacted features, b mch m e ,  same 
factor(s) have manifested thmse1ves so that the more 
'no17md' characteristias have been irnteribmd with. But 
~ ~ n g  the coanrpIex interplay of the cilxnunsanca 
involved in vdey dmdopment, m e  might wall pose the 
question: What ils the 'normal' + ~ m  08 a valley? 

These archipdagos have caught the rintenest of spmia- 
lists in vutlioanol~, igneous petrollogy, pletrochanistry, 
petrogmesis, but by oompamism, other gedogid facets 
have beem given ;littIe study. Nowhere ds this paucity more 
evident than in geomo~hdogk investigations, where prubki- 
cations tneating lmrtidy on !such of these i s e - a n c M -  
pdagos, ~mn almost be ~oo(uu1@ed on me hand - 1~lgneecl of 
course, many papers, books, meat of such en pussant. 

The late Prof;mor O o m ,  that highly gifted stuldlant 
of geomqhdogy wrote a fascinating book (1944) regard- 
ing the Jandslmpe Emtmes of v,f!oes and valamic 
phenmena. As yet, as far as the writer is aware, no m e  
has ccxmpiled a tome oC smd~er  i,sJa;ads h i m  a similar 
standpoint. It wodd provide m in-sting study to corn- 
bine these categmies d&g with the ~an&oms oE 
volc&c islmds, espsaiddy mder the uIianatic regimes 
pertaining, such as ir found in M'acariolnesh. The scholar 
who would be moused to 3 m ~ h  studies c ~ d d  be 
assured of ample intemsts, pleasant &matic mdi t ims 
and superb someay, perhaps the hwst in the wodd, in 
these Macaronesian islmds which Jmg have cast a spell 
over adventurers, trawIIers ,md whelms. 
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FIG. 2 - SANTA MARIA 

FIG. 3 - TERCEIRA 



RAOUL C. MITCHELL-THOM* 

FIG. 4 - FAIAL 
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Santa Cruz 
das Flores 

FIG. 5 - FLORES 
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FIG. 6 - S. MIGUEL 

FIG. 7 - MADEIRA 
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FIG. 8 - LA PALMA 
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FIG. 9 - GRAN CANARTA 



FIG. 9a - VALLEY TYPES IN GRAN CANARIA 
(Modified after Klug, 1968) 
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FIG. 10 - TENERIFE 
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FIG. 11 - SANTO ANTAO 
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FIG. 12 - BOA VISTA 
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FIG. 13 - FOG0 
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FIG. 14 - BRAVA 
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FIG. 15 - SAL 
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FIG. 16 - MA10 
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