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THEMATIC MAPPING, LAND USE, GECLOGICAL STRUCTURE "AND WATER
RESOURCES IN CENTRAL SPAIN.

Project no.28760

1. INTRODUC?ION

Project no.28760 has continued in a closed cooperation
bptwqu participating organiéations- Some anéicipated.resulbs
are submitted for this Second Quarterly~ﬁequtﬂ~mainly in the
areas of geology, land use and soil mapping.-Application 1o
specific scientific fields has been accompanied by deveiopment
of new mé%hodologies or wofking techniqﬁes in the contributing

agencies.

II.. TECHENIQUES
New images have been received from NASA through EROS

Data Cenﬁef for completion of the project. Products received

are:

— black and vhite negatives in 70 mm film, all ‘four bands MSS,
scale 1:3.369.000. )

= black and white paper prlnts, all four bands MSS, scale
1:1.000.000

Reproduction work of the images for distribution 1o
participating agencies was done in B/W paper at scale 1:500.000,
all four bands MSS. Contact posiﬁives in 70 mm film have wlso

been obtained for analysis through the color composite vicwer.

" Some sucessful research has been carried out at Instltuto
Geogrdfico y Catastral (IGC) for obbtaining false color paper.
prints at scale 1:1.000.000 from the original NASA CCT's. This
was done with the-DICQMED film recorder producing a ‘color positive

image in 70 mm format, which was enlatrged at the above mentioned



scale with Cibachrome material. Results obtaiﬁed show a high
guality of this product for interpretation purposés, and enlarged
copies at scale 1:250.000 will be provided to participating
agencies in-the next few Weeks.:Required reformating of NASA
tapes was done by IBM Scientific Center of the Autonomous Uni-
versity of Madrid, in order to.provide the DICOMED D-47 film

recorder with an acceptable input CCT data format.

The Remote Sensing Laboratory of IGC has started the field
work. The selected test site for recognition of natural and man
made features was Aranjuez area, at 30 milles distance from Ma-
drid. In this place has been done a multispectral aerial flight
in May 15, 1976, with a 10 channel Daecdalus scanner (visible and
néar infrared). Anticipated results and characteristics of the
operation will be announced in the Third Quarterly Report. Measu-
rements done at the same time of observation by the airplané

included:

~ water quality in Jarama and Tajo rivers
- phenological state of crops
= spil identification

= urban and man made constructions.

This test site was flown during the year 19735 by COPLACO,
and an extensive photointerpretation work -will be used as ground
truth for study of satellite imagery. Tw; LANDSAT-1 CCT's from
1973 are also available, and it is expected to obtain good results
in land use classification and crop change detection over the
area. At the moment, a LANDSAT-2 CCT has been requested to NASA
for study of the zone and correlation of information obtained

from satellite, eirplane and field check.

The flight was done for this project, as part of the
‘existing agreement between the french Cenire National d'Etudes

Spatiales and the Spanish Comisidén Nacional de Investigacidn del



Espacio. Airplane used was a CASA-212 from Instituto Nacional de
Técnica Aeroespacial, flying at 500 m above mean ground elevation-
"Simultaneously to the operation of the muliispectral scanncr,

four Hasselblad cameras f 2'8/50 mm obtained multiband acrial

photography with the following films:

= Panatomic — X 3410
~ Black & White Infrared 2443 Aerochrome
= Color Infrared 2424

Ground truth of multiband photography was also obtained
with wratten gelatin filters, using Panatomic — X and Plus - X
Pan films. For differentiation of features in narrow bandpass
radiation, it was observed that'hfgher sengitivity of Plus = X
“Pan film provided better results in the grqynd than Panatomic—X
film, which in turn has the necessary higher contrast for acrial

recognition-

Iil. ACCOMPLISHMENTS

Upon request of IGC, future dates of LANDSAT-2 observations
over Spain have been provided by NASA. This allows recognition - '
of test sites the same day of overpass by the- satellite, at the
same locél solar time, for reflected radiation comparison at
ground and orbital levels. By the end of June, the spectroradio-
meter will be used for this purpose. Until the moment, the schedule

of observations comprises the following areas for next June:

- Reservoir of ﬁl Burguillo
- Reservoir of Entrepeifias

~ Aranjuez Test Site

— Hoya de Villalba Test Site-

This work will be done in coordination by several of the

‘participatiné agencies.



Because all existing coverage of good quality obtained

- by LANDSAT-1 and LANDSAT-2 over Spain has been ancquired and
received by IGC, it is intended to use the. 7O mm negdtives for
enlargement at scale 1:1.000.000 inp bldck dnd whito, and formatlon

of a national mosaiec at scale 1:1.000.000 in band 7.

Updating of Provincial Maps at scale 1:200.000 has not yct
begun in operational manner, but the first studies shew that
LANDSAT information will be very useful for modernizing the

folloving items:

< transportation network, urban and rural highways

- forests, mainly fast growing species

= reservoirs and rivers layout.

Lanﬂ“use'cléésification has started S& studying a test
site North of Madrld A1l anllable information, once digitized,
will be used as tralnlng input for the. computer, and it is expected
to -extrapolate results for classification of the Central Region

of Spain. .

IV. SIGNIFICANT RESULTS

This section contains all the contributions from parti-
_clpating agencies. In some cases, some anﬁicipated results ha?e
been obtained; in other caseét reports are an indication of
progress done in thefinvestigationg with no anticipated resultis.
Because the mu}tidisciplinary_character of this project, covering
varied scientific¢ fields, 411 contributions arc prescnted scpa~
rately. Results obtained by recognition of forest desease will

be announced in the third Quarterly Report-



LOCALIZATION OF A GREAT STRUCTURE IN TBERIAN PLATEAU: THE
ESTREMENTAN-CASTILIAN VﬁULT

By Manuel Aldia

Cdtedra de Geondindmica Interna
Universidad Complutense de Madrid
SPAIN

I. INTRODUCTION

From the s%udy of LANDSAT images in bands 5 and 7 over
“central region of Iberian plateaﬁ, and based on geological
knowledge of the area, it has beei established the cxistence

of a great vault in such region. This featufé haﬁ been named
"Estremenian—Castilian vault", because it comprises g?eat pﬁrt
of both Castillas and Extremadura. Major axis goes from Bada joz

towards NE, with a length superior to 350 kms-

This lithospheric megastructure is in practice divided .
in two parts by intersection of the structures with éeneral
direction ETW'formipg part of the previously named "Structural .
band of Toledo" (Alfa, M., 1972). ' -

The megastructure developed in regions where Hercynian .
materials and more_éncient basements nre ubwélliné, and in areus
where this .0ld unit remains covered by latter sedimentary covers,
mainly tertiéry- Defining elements of the mégwétructurc in both

types of regions are different.

In the casé of uﬁcoéered-basementst fhey are noticed
-meinly by fractures with preferential alignements and relative
continuity showing the major structure to which correspond. Many
of these fractures are used by the actual fluvidl netlwork. In
the domain Ef upvwelling: basements some aligned bands of sediments
can be found. In the case of areas with sedimeﬁtary cover,

v

elements equally aligned are present, correspbnding and reflecling,



throﬁgh ﬁheisufface covergexisting alignements of the occul b
basemeﬁt, depending on already established correlations for ihe
area of the Tectonic basin of Tajo (Alia, M:, 19605 Alia, M.,
et al., 1973; Cadavid, 8., et al., 1967 and. Martin Escorza, C.,
et‘al-, 1973). Such alignements in the cover can, be expressed
by side changes of facies and_powéfs, by deformations equally
aligned in the se&iments, by mofphdlogical deprcssi@ns and,
also, by the current £rench of hydrographic ﬁepwqu, which in
many cases preéents.equally aligned séctioﬁs conditioned by

the accidents of ithe basement placed below.

F
r

Figure 1 corresponds +o an old image taken b&'LANDSAT—l‘
over Central region(of Spain in band 7. In figuro 2 it has been
established, eschematically, the main structural alignement
that forms the Esﬂnemenian-Castilian vaﬁlt, whosa northern unit
appears represented in the iﬁage- In.figure 2'it has been
'signaléd also the approximate orientation E-W of the structures
existing in the area and forming part of the above mentioned |
"Structural band of Toledoﬁ} Lecoking for a mﬁjor cléarness, )
only the main estimated structural elements have becn signaled,
althnuéh some other features as the southern and radial fractures -
located in the Avila;Segovia area, or the N-NW alignemenis between

Avila and Salamanca, can also be noticed.

In figure 3 have been represcnted, with eschemalic
character, the main‘fracturesiwhichi accoiding to the interpre-
fation, define the Estremenian—Castilian voult. it can be
obsefved the influence that mentioned Band of Toledo has on’
the outline and definition of the vault, which is divided in
two units) the northern,'wifh‘numerous arching alignements, and
the southern, with a minor accidental topogfaphy and. a limited

number of defining structures.

Formation of #he vault should be probably situated in

the Oligocene=-Miocene times and was influeﬁcéd, in great pari,
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Frgure 2 —Eschematic representation of some of the main structures of fig. 1. In white: arcas of upwelling basements,
in gray* areas of cover. Continuous lines along Alberche river. alignements corresponding to the Bstremenian-Castilian
vault. Lincs oriented E-W: alignements corsesponding to the Structural Band of Toledo.
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Figure 3.—Main structural ahgnements defining the Estremenian-Castihan vault, which appears m practice divided
in two parts by E-W alignements of the Structural Band of Toledo. In gray: main areas of cover related to the vault.
Qutlincs represented probable structural ahgnements more peripheric. Inthe center of the image, squared area corres-
ponds to the one represented on figures 1 and 2, with the same symbols for the capitals. Za: Zamora, Ya: Valladolid,
So: Soria, Gu: Guadalajara, Cr: Cindad Real, Cc: Ciceres, Ba_-Badajoz, Ci: Cijara and D. P : Plascncia dike.
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by the existence of more ancient structural directives. Afier
an early phase of generalized elevation should fellow another

of collapse in the flanks, preferabiy in the northern half
.vault. It seems also that differential movements huve continued
until recenﬁ‘times, as it ‘can be deduced, for example,.from
morphology and adaptation of many sections Qf the actual fluvial
netvork to directivés of the vault .in the areas of cover. In
figure 4 is reproducéﬁ a2 part of the Bouguer Anomaly ﬂnp of the
_Iberian Peninsuia; executed by the Hawaii Iqstitut of Geophysics
in 1966. Somé_of the isoanomalies of this flap correspond to
structures of the Estremenian—Castilian vault 'and the Structura}
Band of Toledo. A major complexity and irregularity in the
.distribution of isoanomalies is also observed on the nortlhern
half vault, where a more accidental an gtnuc%ural complexitly .
exists. It could be interpreted that owing to continuation of
differential movements until recent times, isostatic equilibriuﬁ

in these areas has not béén_étten&ed,,

As previous hypothesis on possible origin of the vault
it is supposed that it was generated by a.side‘compresgion of
the lithosphere, or by activation of the underneath layer. In
this second assumption it could be thought in the existence of
a_plume of the layer, or also in displocements or side trans-—

missions in the layer, from a marginal area more active.



Figure 4—Central area of Bouguer Ancialies Map of Iberian Peninsula, ezecuted by the Hawaii Institute of Geophysics,
1966 Contour mterval = 10 mgals, Same symbols for capitals than in figures 1, 2 and 3 Furthermore, Cn: Cuenca
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POSSIBILITIES OF APPLICATION O' BAND-RATIO TECHNIQUE TO THE
GEOLOGICAL FEATURES OF THE VWESTERN LIMIT OF THE 'TAJC BASIN -

By Laura Mufioz

Cdtedra de Geodindmica Inberna
Universidad Complutensec de Madrid
SPAIN

I. GEOLOGICAL LAYOUT AND SITUATION OF THE,ZONE

The region under study is situated tolthe wesl of Ta-
lavera de la, Reina, and includes part of the provinces of Ca-
ceres and Tolédo- Geologically, it is the western limit of the
Tajo fault Basin, and as result of our studies in the area,
we deduced a certain autonomy in its evolutive behaviour during
the Tertiary era, which along Qith its particular lithological
characteristics,.leads us Lo consider it as a sub-basin within
the larger one of the Tajo, and which we will call "Campo Ara~— . °
‘finelo Basin". It is limited by the approximation of the pulenzoic
borders in Tala%era to the east; by the closure of the valley
to the west, in fhe’area surrounding "La Bazagona'; by .the "Sie-
rra de Gredos" Ho the north and by the "Montes de Toledo" to
the south. ' ‘ ‘

- ¥We have got two perfectly di;tinguishable and well
defined 1ith010gicﬁl entilies: the paleozoic basement, which
forms the messifs of the border, and acts as a rigid unit in
the recent. dynamic proéesses, and the tertiary cover rocks,

which fiils the large, central tectonic depression.

The basement is composed of 1gneous and metdmorphlcal
rocks of a very varled nature, ranglng in date frnm tho Pre-

cambrian to the Devonlan

The tertiary covering is exclusively detritic, with
basal conglomerates, arkose and argillarenaéeous rocks unevenly

distributed by the frequent -changes in facies.
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The predominance of the arkosec is cvident, oulcropping
in the central piain of Llhe basin, wilh intercalations of no

great magnitude-

_ Amongst the structures present in ‘the area, we emphasiuze,
because of their more detailed study and in order to refer 1o
them later, those existing in the southern border  (Montes de
Toledo), and which stand out in the tertiary plain with topo—
graphical and geological individuality. These three units
(Fig. 1 and 2), are, from east to west, named "unidad de Orope=-
sa', "unidad de Berrocalejo", and "unidad de Navalmérul", affor—
ding from their study fundamental data for the dynamic inter-

pretaetion of the. zone.

They amount to three paleczoic blocks comfosing igneous
and metamorphical rocks, of similar geomebry and with an evident
orientation of their major axis_iﬁ the -dircetion NE-SVW, being
limited to the north and the west by inverted faults of receti-
linear outline and with a fault-plane visible in the terrain
(fig.3). The units, in their interior, are heavily fractured,
and from the detailed stddy of this fracturing ihree dircctions
of maximum frequency can be deduced, which coincide plainly
with the interpretations of this central regiom of Spain. Thé
di}ections gre E-W, NE-SW and NNE-SSW. These fracturcs,‘the
result of prev%gus orogenesis, were reactivated in the Tertiary
era, within the style of a fault-blocks scheme which corresponds’

with the dynamic pattern of the zone.

The northern border of the faulil-valley is formed by
the basement outcropping on the right—-hand bank of the Tietar
River. The presence of faults in this border must be indicated,
as well as recent dynamics: Valle del Tiétar, Jarandilla—capde—

leda, etc. Similar units are not apparent as the southern border.

The eastern border is formed by the narrowing ol the

fault-basin, represented topographically by the approximation
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of the paleozoié borders and stagings of deep origin as shown
by its recent gecphysical and gcotechnical studies.

The western border is formed by bhe cambrian slate ranges
near the outlet of the Tietar river into the Tajo. The folded

structures are of a NW-SE direcfion, equal to that of the Montes
de Toledeo to the southern of the fault—valley;

II. STUDY OF THE MSS IMAGES

IT.1.~- Characteristics of the analised image

The Landsat MSS, as it is known, takes each of ‘the
multispectral at & bits, the first three iﬁ logafitmic scale
and the fourth in linear scale. NASA processes the tapes and .
distributes them in such a way that the first {hree result in
linear sdalg in % bits, and the fourth in linear scale and 6

bits, with no change.

. This calibration is made dynaMicél]y during each display
u;ing the ca¥ibratcry data, in such a way'tﬁat‘the correspondence
transforming fﬁe bands taken by the Landsat véries_from zone

to zone (GONZALEZ, J., 1976). In the firsl images proceussed by
NASA, the prescnce of errors was apparcnt. Because of this, in
the image which we studied, there exisls a Line thal contains,

to an extent, incorrect data, in band 7 (the bits arce ol FF 7

exadecimal‘value).

The images distributed by NASA encompass dimensions of
185x185.km-, and have 3240 pixels in the horizontal and 2340 in
the vertical. This determines tﬂat the pixel should'be a rec—
tangular plot and that the horizontal and vertical scales should’ -
not be the same. The data of the display studied:

- Date: 8 March 1973°
- Image m2: 1228-10325
Solar Elevation: 372

Azimat: 1422

I
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11.2.- Characteristics of the Terminal employed ]

The process which we have follove&; and will later ex-
plain, was carried out with an interactive RAMTEK Terminal
"connected to an IBM 360-65. The Terminal comprises a conver-
Sational screen and énother for images (Colour—1V), as well
as,é memory bank to accumulate images atl 8 bits,‘with.]ﬁ_levels
in each of the threeé tubes. The entirc systém is governed by
the ER-MAN I1 programme. (Figure 4).

-

The colour images obtained are the resulé of the follo-
ving prddess= A histogram is made of the radiation levels in '
each of the bands to be represented and the levels are assembled -
in 8 grades of intensities for the red aﬁ& greeﬁ and four grades
for the blue. This assembly is made in such a wéy that there
are approximately the same number of pixeis in each, this con-

- dition.is ihposed for £he maximisation of the information.

II.3.- Study of the Landsat image ] -

The principle objective of this anélysis is to verify
the possible applications of the band-ratio technique for -
geological observations. Because of this we have begun with
a zone well known in its lithological and structural characte-
ristics and we have operated with the RAMIEXK Terminal in order
to determine which ratioc of channels best resulils fof the

visualisation of such characteristics-

- In a previous period of bibliographical consultialion,
we estudied the ratioé employed'by‘differcn% authors. Logically
thesé ratios have been applicd lo arcas which, in the majority
of cases,.bear nolrelaﬁion to ours (volcanic; ete), but they
have served us a basis for the development of new types- We-
wish to insist that the determination has been made‘on the
grounQS,of geological character without dwelling on the vaiidity

of - the ratios for other purposcs (forestry, ete. ).
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On the grounds of this determinative we examined at
length some 40 combinations of band-ratios. Starting with the
grey levels, we saw that they did not afford us valid information,
given that it was always appreciably inferior to that provided
by the whole bands (4,5,6,7), although the reference of Lovegreen
et al. (1975), cites the ratio 5/4 as optimum for areas of
extensive vegetal covering with respect to lithological diffe-
rentiation, but we believe that our area does not resemble these

characteristics.

In false colour, we consider as best for the observation
of lithologies and linear structures the following combinations

of ratios:

-a) R 4 G 7 B 7/4 (Pig. 5,6,T)
which are given by the following coefficients:
R Il'=I4

iy

B I =64 17/(I£¥1)

-b) R 4 G 7/4 B 7

given by:

R Il':I4

= B3 =6d 17/(14+1)
B Ii3 =17

These are, in our opinion, the best combinations for the
observation of the Basin which concerns us. The following are
also valid:

-¢c) R4 G 7/4 BT/ 5 (tig-8)
given by:

R Ij=I,
G - 17,~64 17/(I4+1)

B Ii5=64 IT/(Istl)




(5

Figure 10 Figure 11




Figure 12 Figure 13

Figure 14 Figure 15




-d) R5/4 @T7/4- B1/5 (fig. 9,10,11)
given .by: :
B I'=32 15/(I4+1)

G. Ij,=64 I.(1,+1)
B -+ I,5=64 I,(L,#1) -

This last was indicated by Short et al. {(1975), in the
differentiation of rock-types with a different grade of alte-
ration of the iron contained, commenting upon its great sensi-

tivity to vegetation typeé.

-e) RS a7 B 7/5
given by?
I1—
R II=Ig
G Ij,=I,
1 =
B I);=64 17/(15f1)

Other combinations may also be considered acceptable,

but are not as.élear as the former:

R 7/6 G 6/5 B 5/4 (Fig. 12, 13)
R T/4 G 6/5 B 5/4 (Fig. 1a)

Cited by‘Blodget et al. (1975) as_very appropiate for

lithological differentiations in volcanic areas.

I+ is fitting to emphasize the existence of those which
are especially indicated for combours of non—linear structure

(folds), mnot being valid for the observation of linear elementas:

~

R4 . GT B 4/7
RS G 7/4 B 7/5
R 7/4 G 7/5. B 7 (£ig. 15)
R7 . G7/4 BT/5
R 5 G 7 B 7/5

The remainder of ratios are not suitable for geologicgl
purposés- ¥We ought to indicate the absence in the majority of
them of banq %’ which incurs unaccepiable noise levels.

IPRECEDING P:’-‘;%E}[IBL.’E!‘!K NOT FILMED
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The coefficients given (I'), are those used by us %o

obtain a projection of results at 8 bits.

I1.4.- Conclusions

Starting from the prior knowledge-of.the zone and as
result of the cited analysis we can enumerate the following

conclusions:

~ For each area of work and according to the type of objectives
proposed- the most appropiate ratios will have to be sounght,
those cited by other authors serving solely for reference

purposes.

— The northern borxder.of the "Campo Arafiuelo Basin" is elearly

dgfined in all instances.

— The southern border may be confused, in many cases, with the
colour of the tertiary covering material and.its limit must
be established from 1}near structures in the ratios which
they emphasize. These structures are the inverted faults cited
in ch-I (fig. 2). '

~ The folding structures of "Montes de Toledo™ stand out as such

in all the ratios.

= There is noi possible differentiation between igneous and
metamorphical rocks in the units of basement which limit the
Basin to the south except when an accentuated topographical

difference is implicit.

~ In the ratios cited as optimum the limiting fracbures of the
unitg appear with great clarity, likewise those which are %o

be found in the interior of the blocks of sufficient propor-
tions.
— For reasons of scale, lines observed as singular may correspond

to various fracectures in the terrain, by longitudinal conti-~

nuation or by assimilation due to lateral proximity.



— The possibility of indicating lithological changes in covering

material does not exist in any ratio.

s

- The terrains which possess considerable quantities of quater-—
nary material and the major river—beds also .show up in all

cases because of their low reflectivity. -

— In many instances, somewhat less lines can be observed in the.

covering zone, which, by their characteristics, must indicate

a reflection of fractures in the underlying basement.
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FRACTURE PATTERN IN CENTRAL IBERIAN PENINSULA FROM LANDSAT

By A.G. Ubanell

Cdtedra de Geodindmieca Interna
Universidad Complutense
Madrid—-3

" SPAIN

I. INTRODUCTION

Fractﬁre patterns from LANDSAT multispectral images are
presented. Both advantages and inconveniences of these images
are pointed out. In this work, only visible linear elements in
the images are taken into consideration. These elements, in
general, represent faults or fractures of the Hercinian sécle.

This report is submitted as part of the project no.28760.

II. FRACTURATION MODEL

A series of geological studles 1s been carried out by
1nvest1gators of the Cdtedra de Geodlnamlca Interna of the Uni-
versity of Madrid, as participants in the project, using LANDSAT

multispectral imagery obtained over Central Spain.

_Images used for this work were obtained by LANDSAT-1
on March 1973 (E~1228-10325, E-1229-10384 and E-1227-10271),
in bands 5 and 7 at scale 1:1.000.000 (fig- 1 and 2), and by
LANDSAT-2 on July 1975 (E 2170-10204) in bands 4, 5, 6, and 7-

A color composite was also available at scale 1:500.000.

The selected area for establishment of a fracturation
model belongs to the Central Spanish System, which geologically
is formed by the Hercinian socle metamorphic-granitic of the
Hesperic massif (fig. 3 and 4). North and South of this moun-
tainous chain extend the tectonic basins of Duero'an& Tajo
respectively, which are covered by tertiary sediments. Located
in the boxrds of the mountainous system appear .some mesczoic

materials (Cretaceous).
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Figure 1.—Mosaic of LANDSAT images over Central Spain
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This area was selected because it is an oid cratonic
massif in which fracturation, after-orogenesis, iz well seen
were the sccle oputcrops. In placés were it is cbvered by
ﬁertiary materials it can also be determined a certain type

of fractures and morphotectonic accidents. -

The main fracturation was developed in the late Hercymian
time (Parga l969j, producing strong sinistral wrench faults ‘
(Artaud et Matte 1975), and dextral also (Ubanell 1975) in
NE-SW direction. Subsequently, in the Alpine times, much of
these faults operated again. Some of these elements reach a
megastructure scale, as the big diabasic dike of Alentejo—FPla-

sencia (Figuerola et al. 1973), with .a length of 500 kms.

The statistical study of the directions of fracture is
in ‘Bischof .1975. We only btreat the accidents appertaining to
the beﬁt studied directions.

1I7. FAULTS NE-SW

Analysis of figures 1 and 2 shows that main faults

cbrrespond to the wrench NE-SW alignement, heing the stated

dike of Aleritejo—FPlasencia and the southern fault of Spanish
Central System the main fractures. The first is a late-Hercynian
fracture refilled with the diabase currently constituting the
dike, with a Structural evolution very complex. Dextral movements
- were detected (Ugidos 1974), but in aerial images is easier to
recognize the sinistrals, as it can be seen on the Ordovician

band, which is folded.
It can be observed in the LANDSAT image that dislocated
ordovician materials, to the ¥ cf the mentioned fault, are better

noticed than in the E. Dislocations are produced in straight
lines on the West side, while the eastern side forms an arching

of the structure. This arch allows. the statement of the hypothesis
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of "displacement towards the East of the line of fault of the

T fault of Alentéjo—Plasencia". Like +this can bé established - the
existence of a perpendicular compression to ‘this great faulty
syndwoniec with the sinistral movement, causing this wide curvature
(fig: 5)3 which means an effort in approximative direction N-S.
éompression in the_ﬁW—SE directlion produces:a displacement of
the line of fault towards SE in 8-9 kms. Neat displécement of
geological units‘in both sides of the.fault is 4-5 kms., but
considering the arch effect, the real displacement can be
established as been of 23 knms.

The other important a001dent ‘with this same direction
is constltuted by the southern bord of the Central System, whlch
. actu&lly is a. ‘contact with the tertiary depression of Tajo rlver,
by means of a reverse fault- In the late*Hercyplan times has
acted primarilf as dextral wrench fault and later as sinistral.
In the Alpine times has moved as reverse fault mounting the .
Miocene sediments. Finally, several qﬁaternary'movements have
beenvsﬁgn&led at this unit by Pedraza Gilsanz (1976).
- Figure 5
1. Actual position of AlenteJO—Pla—

sencia fault

2. Inltlally suspected 9051t10n of
the  fault

3. Actual-position of ordovicic
materials

4. Initially suspected p031t10n of
such materlals'

« 5. Direction of efforts
6. Incident_aﬁgle of efforts

(black arrows show displahement
vectors)

20 km.
—_

2 . . ..::_.__._.:"  sol
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These two great tears are first order elements developed
at Peninsular scale (Vegas 1974, 1975). Parallel to them exists

a system of minor faults of great importance.

"~ IV. FAULTS NW-SE.

They form a conjugate system with the mentioned above,
of minor development. Anyway, to the North,; out of +the imége,'
this system is conditioning the geologlcal structures (Martinez
Alvarez 1974)

V. FAULTS N~NE

Because sinistral movement of the NE-SW faults the tensior
fractures N-NE are produced, which frequ%ntly are quartz filled;
in comparison with the NE-SW faults they are not so long but"

appearing very often.

., VI. FAULTS E-W, N-S and other

] East—West fractures had a great 1nfluence in the. geolo-
glcal ovolution of the region (Alia Medine, 1972), resulting
V}51bles in the contact between the metamorphic~granitic socle
of Toledo, as well as in other places of Central Spain. North~
South faults are'hgticed by their cbntinuity_ip the tertiary

materials, with recent movements.

VII. CONCLUSTON

Multispectral images teken by‘satellite‘are-very useful
for establishing a fracturation model at regional scale, but
it is_alwﬁys iequired_fcr a perfect knowledgé of such a model
-to use traditional investigation techniéues ty means of field®

work.
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PARTICIPATION OF CENTRO DE ESTUDIOS HIDROGRAFICOS IN LANDSAT-2
INVESTIGATION PROJECT

By Centro de Estudios Hldrograflcos .

Ministerio de Obras Pdblicas

Madrid-5
SPAIN

I. INTRODUCTION

A
Investigations carried out by Centro de Estudios Hidro-

graficos are located in the area selected for hydrologf in NASA
project no.28760. This afea: limited by cGoordinates W002031' -
W004931'/N39?40‘ - N41220', is covered by two LANDSAT-2 iﬁages.
Studies have been done with LANDSAT-I images no. 1228-10325 and
1227-10315, which vere available on magnetic tape. Two LANDSAT-2
images (no.2170-10204 and 2187-10143) have also been used in

slides and paper prints.

II. 'TECHENIQUES

Because repe%itive coverage over test site was not
available, evolution processes could not be envisaged until
the moment in this project. Treatment.éf the information was
done only with images shoﬁing a character of permanency., not
dependlng on the geographic 1ocat10n of fenomena. These studles

concern two main subjects:

1‘—'Renewa1 of hydrographic cartography

2 ~ Terrain -classification in hydrographic basins.

u The first subject is been done by means of the color
composite viewer, showing false color images at scale 1:500.000.
Hydrographic network, reservoirs and. lakes can be ideﬁtified

in each spectral band or as combination of them. Drawing of

these items is done .on transparent polyester.
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Anqther‘dbﬁroach' to this objective is'aﬁplicat;op of
geome&riéally-corrected images to the computer for automatic
classification. Restlts can be converted into image by the i
DICOMED film recorder. Expecteﬁ'cartographic accuéacy is '
équivaient to a 1:200.000 scale. This work is done in contact
with Instituto Geogrdfico y {Catastral, and geometric correction
software is avaiiable froq‘IBM Infestigation Center of the

Autonomous’ University of Madrid.

" Terrain classification has been started in contact
with IBM Investigation Center, using an interactive television
terminal RAMIEK. Digitizing of hydfographic basins was done .
with a DMAC digitizer, for superimposing these data on magnetic
-tape.to LANDSAT;E satellite imagery. Thé program used for this ‘
includes a coordinate transformation in order to positionm LANDSAT
imége and basin boundaries in the same projection. Terrain
¢lassification with ERIPS program allows differentiation of
natural indicators. of solls related to surface drainage. Classes

used are the following:

g) soils without vegetative coverage
b) fall vegetation

¢) perennial vegetation

d) crops

e} prairies

£) water

Several subclasses could also be differentiated in
relation to soils, rock type and vegetative coverage, but
patterns mentioned above secem to be good indicators of surface
drajnage. Some field work will be done for-checking the classi-
fication. In any case, only well known basins will be studied

.on this project.
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I1T. ACCOMPLISHMENTS

Digitiziﬁg of Hydrogrgphic basins boundaries is done on
polyester at scale 1:500.000. Surface measurenients in reservoeirs,
through RAMTEK terminal, show a good relationship between areas
obtained in the computer and real data available)fr;m the date
of LANDSAT observation: ‘

IV. PROBLEMS

This work has been retardered because two LANDSAT images
'(no- 2170-10204 and 2187~10143) were not available on magnetie
-tape. Request has already been done to NASA, through EROS Data

Center, concerning this subject.

Vegetation, snow and crop measurements can not be done

unless repetitive coverage every 18 days is obtained.

V. DATA QUALITY

. Enlarged:B&W.paper prints 'supplied by Instituto Geogra-
fico y‘Catastralido not show the full range of gray levels,
because original 70 mm negatives have sometimes a hard contrast

which.makes difficult‘to differentiate half tanes-

VI. CONCLUSSIONS

The investigation team of Centro de Estudios Hidrogrd-
flCOS intends to attend very useful’ results in terraln classi—
fication and renewal of hydrographlc ba31n cartography, which
can be done in a short time with LANDSAT imagess
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" FIRST PHOTOINTERPRETATION RESULTS.OBTAINED FROM LANDSAT-2
IMAGES FOR SOILS INVESTIGATION.

By Dr. Francisco Monturiol

Instituto de Edafologia

Consejo Superior de Investlga01ones Cientifiecas
Madrid

SPAIN.

1. INTRODUCTION

- The purpose of this invéstigation is e#aluaj;ng the
possibilities of the information supplied by LANDSAT-2 for
soils studies. Images have been related to the -results of
_several works carried out in the field by investigators of
the Soils Department of Instituto de Edafologia (C.8.I.C.).
This report is submitted as part of the project no-28760.

IT. REPORT

The area of investigation is approximately 5.000 kmz,
located in thelcénfluence of Gﬁadalajara, CUenca_aqd‘Madrid
provinces, corresponding to coordiﬁate$= N@OQOO-N4OQ40'/W}QBO'-
W2207'. This area offers a variety of physiographic unité and
soils, and tha% is the reason why it was selected. The main

relief. forms are the féllowingt

-1 = Alluvial valleys mainly along Tajo and Tajufie. rivers, as

well as along some other tributaries of them.

2 = Areas characterized by clay soils of variable depth,

- 4
containing sometimes accumulation horizons of cdlcic carbonate.

3 =~ Areas of smooth hills and colluvial valleys characterized

'by soils of medium ‘texture.

4 - Hills and mountains formed by a variety of li%holoéical
materials, mainly limestones of variable composition and

calecaric sandstones.


http:investigato.rs

:.400.000

SCALE 1
Figure 1

SOIL MAP.
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SOIL MAP OF LANDSAT-2 IMAGE NO. 2169-10145 OBTAINED BY PHOTOINTERPRETATION OF BAND 7.

Figure 3
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The more imporiant units from an agricultural point of

view are the alluvial valleys, colluvial valleys and soils of .
heavy textu&eu Préliminary'work-was done by conventional
photointerpretation using black & white paper prints with
field chéeck. In the first phaese of the work black & white
iamges were used at scale 1:1.000.000 étudying photographic
.éuality»of the informatioﬁ, resolution and various aspects of
different soils in each band. Field work over tést site was
done following intinerariés along existing communications
nef%brk, investigating appearance of each soil unit mainly
considering'resolution and influence of certain elements as
vegétativejcouér, drainage patterns, erosion, land use and

frecuency of rocky outcrops.

Four LANDSAT-2 images were available corresponding
to bands MSS 4, 5, 6 and 7. Band 4 wes nob very useful becausé
low detail resolution due %o atﬁospheric scattering. Almos?
all ‘existing forms of fterrain have been detected in other

‘bands.

Band 5 seems to be the more inflﬁenced‘by rock_coldrs‘
and bands 6 and 7 present high effect of soil moisture and
vegetative'coverage. Roads and urban settlement were clearly

detected on band 5, as well as water flows in bands 6 and 7.

- Resolution of bands 5, 6 and 7 was similar, which-
allowed superimposing interpretation results of band 7 to

transparencies obtained from band 6.

By comparison of existing aerial Photointerpretation‘
works at sceale 1:400.000 (fig-}) with LANDSAT;? image no.2169—-
10145 (fig. 2), a map'of soils was drown at scale 1:500.000 inm
band 7 (fig. 3); Finally, tables 1 -.and 2 show the léggnds for

interpretation’ of both maps.



TABLE 1. LEGEND“OE SOIL MA? AT SCALE 1:400.000 (F.A.0. System)

3

Soil association
Rendzina-Lithosol

2 Eutric Fluvisol-Calca=
ric Fluvisol ‘

3 Calecaric Regoéol‘Vertic
Cambisol ‘ o

4 Caleic Cambidol-Calcaric
Regosol

3 Calcaric Regosol-Calca—
ric Fluvisol"’

6 ‘Calcic Cambisol=Chromic
Luvisol

7 Calcic Cambisol-Lithosol

8 Calcic Cambisol—Redzina
Eutric Cambisol-Eutric
Regosol

10- Calcic Cambisol=-Orthiec

11 Calcic Cambisol-Eutriec
Rogosol -

12 Eutric Cambisol"Qalcéric
Regosol i

13 Calcic Cambisol-Calcaric

Hegosol

.Inclusion
- Caleil Cambisol

Redzina

Lithosol

"Vertic Lﬁvisol

P e L ]

Lithosol-Vertic

Cambisol

Smooth

Topography Orogenic Material

Rolling Limestone

Sméoth Alluvium

Smooth | Alluvium and colluvium
Ondulating Calcaric sandstone
Ondulating Gypsum

,Smooth‘ Limestone and loam
Ondulating . Sands#one loam and gypsum
‘Smooth Loam, limestone and gypsum’
. Ondulating Séndstpne, loam and,

conglomerate

Smooth Gypsum and silex
Ondulating Calcaric sandstone
“Rolling Loam and sandstone

Collgvium'

/€



Boil. association

-

. nO .

14 bhromic Luvisoi*CaIcic
Cambisol :

15 Caleic Cambisol-=Calcic
16 Calcaric Regosol~Calcic
17 -Calcic Luvisol-Calecic

. . Cambisol - '
18

Caleic Regosol-Redzina

Inciusion

Orthiec Luvisol

Topography
Smooth

Smooth

Smooth

Lightly ondulating

Rolling

Orogenic Material

Limestone

Detritric sediment
ir glacis

Bolic slime

Detritic sediment

Alluvium slope .

h
s



TABLE 2. LEGEND OF SOIL MAP OF FIGURE 3

This map has repeated 18 associationsg appearing on the soil map at scale

1:400.000 and, furthermore, the follawing new associations are ineluded:

22 |

23

Soil association Inclusion ' Topbgraphy
Calcaric Regosol-Lithosol — ———--——<-= " Rolling
Calcaric Regosol e = Rolling
'Eutric Regosol-Dystrie Calecic Cambiscl Rolling
Regosol ' -
Lithosol - Rendzina Rolling
Calcaric Regosol-Calcaric  ————=—mm= . Smooth
Fluvisol '

Orogenic material

Gypsum
Gypsum loam

Loam and clay

Gypsum

Alluvium and colluvium

-



LAND~USE CLASSIFICATION OVER CENTRAL SPAIN FROM LANDSAT-2

IMAGERY
By Elena Chicharro
Instituto de Geografia Aplicada

c.5.I1.C.
SPAIN

I. INTRODUCTION

‘Land use schemes and hydrographic netﬁprk presented
correspond to an area of 2.000 kmz, located in the Sierras of
Guadarrama and Somosierra, with coordinates W39e11'-W3e51'/
n40240'-n41200"'. This is a test site on which has been elabo~
rated and corrected the land use classification after checking
by field work, and which will be used extrapolated for the

-analysis of the Central Region of Spain.

The abecve mentioned area covers four sheets of the
Netional Topographic Map at scala 1:50.000 (no.484: Buitrago
dé Lozoya, no.485: Valdepeflas de la Sierra, no.509: Torrela—
guna and no.510: Marchamalo), and presents a variety of land

use classes related to well known physiographic units.

In the Sierras can be identified surfaces dedicated
to forest and bush, in the hillsides the pasiures and in the
Miocene materials of detritic nature the cereal crops and

uncultivated lands could be recognized.

In this first report of land use classification, based
on information obiained by LANDSAT-2 satellite, it is intendedl
to verify its guaranty by comparing enlarged black and white
paper prints at scale 1:500.000 with ground truth already
available and aerial stereoscopic images at 1:33.000 and 1:15.000

scale.
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Magnetic tapes of the area were not yet available when
this report Was‘submitted, but digital pfocessing will be used

in the future for land use classification over Central Spain. :

IT. METHODOLOGY

The 1:500.000 scale is very indicated for a regional
analysis, but it cannot give a precise view of land use classes
covering small surfaces but -with estimable economic value (pee.

local irrigation network).

NASA LANDSAT image no.2169-10145 (figure 1), taken in
July 10, 1975, has band 5 as the best for interpretation purposeﬁ
and accuracy'ln delineation of land use boundaries (flgure 2)
Forest features are easely identified, spe01ally coniferous
trees, and some other species. There-is a. difference in tonality
betwéen developed pines and'pines‘of'péceni'reforestation, which
can be recognized if they cover a large area. Differentiation

of species is impossible 4in mixed forests.

A characteristic gray tonallty'allows 1dent1flcat10n
of bush whlch ig 1ntermedlate between coniferous trees (dark
gray) and uncultivdted lands (1ight gray), been easely confused
with othei types of forest. Two'differént-types of pastures. and
prairies have .been identified; those presenting treecs in “the
'interiopjor contour of the parcel and those without them. In
any case, uncultivated lands have a tendency 4o be confused .

- with:pastures.

Cereal crops in dry land are weil-detécted by a charac-
teristic light gray tonality, and tﬁoidiffqrent subclasses can
be recognized depending on size of the parcels: with recent
parcel concentration ox with fracﬁionary'cultu;gs- Finally,
irrigated lands present near rivers a dark gray tone which
makes'thgir‘patﬁérn unmistakable. . ‘

. y ;35'/8£= '
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35/36
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Figure 2. Land use map of image n? 2169-10145-5

Coniferous forests

Coniferous of recent reforestation

Other forests (oak grove, holm oak, etc.)
Heaths

Pasture fields with trees

Pasture fields without trees

Uncultivated land

Mixing cereal and uncultivated land
Cereal cultivated dry land
Irrigated land

Reservoirs

Figure 3. Land use map of image n2.2169-10145-4

. Coniferous forests

Coniferous of recent reforestation

Other forests (oak grove, holm oak, etc.)
Heaths

Pasture fields with trees

Pasture fields without trees

Uncultivated land

Mixing cereal and uncultivated land
Cereal cultivated dry land

Irrigated land
Reservoirs
Vineyard
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It has been impossible to detect shrub‘crops (olive
grove and vineyard) because their location in small areas;
‘only when vineyard appeared with developed foliage (July and
September), surrounded by cereal cr6ps of lighter tone, it

was possible to identify this crop clearly;

Band 4 offers in land use classification minor possi-
bilities of interpretation (figure 3). Boundaries of forest
are more undefined in this band, which makes difficult a land
use map drawing. A tdtal of 12 classes could be disfinguiéhed
on band 5 by photointerpretation technigues and supervised
field work.

Bands 6 and f do not offer in general good possibilities
for land use analysis; only reservoinrs and waterflows are better .
observed than in band 4 or 5. Band 6 has been used on this work
for‘delineation of drainage patterns and establishment of a

relationship between them end’'land use classification units.

Comparative analjsis aof bands 5 on images obtained in.
July 10~1975, July 28-1975, September 2-1975. and January 24-1976,
showed that more clear details and a better land usé élass;fi-
cation can be obtained from the image dated September 2-1975.
Phendlogical state of crops by Januvary 24-1976' did not allow
obtaining godd'reSulté by photointerpretation techniques. Only
perenhial species of coniferous trees and holﬁ*oak groves could
- be identified. ’



GEOMORPHOLOGICAL INTERPRETATION OF LANDSAT-2 IMAGES OVER '
CENTRAL-WESTERN SPAIN

By Juan José Sanz
Cdtedra de Geografia-

Universidad Complutense de Madrid
SPAIN

I. INTRODUCTION

This -report is result of the analysis done with several

LANDSAT images over Central-Western Spain, corresponding to

the area of Sierpa de Gredos until the frontier of Portugai-
Enlarged black and white paper prints were also available in
bands 4, 5, 6 and 7 of image no.2171—1026é, taken in July 12,
1975, represeniing the Southern part of Salamanéa and Cdceres
provinces, and northern part of Toledo and Avila. Tﬂe basic
configuration of this image is feprésented by the Central System

and Duero basin.

TT. GEOMORPHOLOGICAL INTERPRETATION

Several .bands have been considered for this.work, being
‘all of them influenced by the reproduction quality of the
enlargement at scale 1:500.000. Bands 6 and 7 have been selected
for identification of relief, ﬁater run and geomorphology. Low
. contrast of bands 4 and 5 make them useful for our purposes in
recognition of open areas in Alpine vegetation and great cattle

" paths over socle-
- _ \
This work applies some conventional photointerpretation

techniqueé which allow identification of anomalies like the
asymmetry of Tietar river, with the right margin run by mountain
streams and plain affluents-coming from the‘left side. Color
materials end rocks are_gooﬁ indicators of lithology because

tehir dark gray tonality appearing on the images. For land use’
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studies, we take vegetation as indicator. In general, a rela-
tionship can be stablished between a change in rocks and the
vegetation related to the soil. This has been noticed in the
pine groves along Tietar river, which are essociated to alluvial
materials. Drainage network has also been taken into conside-

ration for elaboration of the following classification:

= schists, appearing dark and strongly divided. Only a high

contrast of relief allow their identification.

— continental sandstones from Eocene times, which produce wide
rambles appearing also under lowland cover. Good examples of

this type can be found in Huebra and Yeltes rivers.

— whitish corriders of tectonic origin, represented by fractures
and alignements characteristic of granite and their orthogonal
network. In Sierra de Gredos they can be confused with different

rocks.

= lengthened serpentines, with layer lines and forestation pecu-—

liarly from quartzites.

— high Tertiary materials, with continental sediments and

sandstones, limestones, gravels and quaternary fluvial terraces.

= lowlands can be identified by the hydrographic network of

radial pattern.

Megastructure features and alignements are an important
part of - this identification which calls the attention of some
investigators. A main NE-SVW direction is shovn in the image,
being represented by the Jerte fault;. a line of weakness at
national scale. Bejar corridor, a caved voussoir between the
granitic Sierras and the guatzitic Hurdes formations, has also
that general direction. These are real morphotectonic lines of
great importamnce, which are noticed only at & regional scale

(the most difficult idea to obtain in conventiconal aerial



_43..

photointerpretation). Another interesing feature is the grave
flanked by fractures replenished of Cenozoic deposits. They

are in general associated to NE-SW faults in Bocenic materials.

Climatic morphology can be studied according to the
fluvial network. Like this, it can be established the superimpo-
sition of Tajo river, with epigenesis on Tertiary showing rests

in deeper sedimentary basins.

Glacier geomoxrphology is deduced from the preéence of
lakes in high mountains and the absence of vegetation in Alpine
.areas. Because the shadows appe@rinngn scarps of trough valleys,
tehir asymmetry is well remarked, mainly produced by glacier. -

action, and their northern orientatian.

LANDSAT-2 images will improve our current knowledge of
surface features in Central Spain. As next step of this work
will be accomplished a digital recognition of the area with

magnetic tape.

4
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* V. FUBLICATIONS

The Teledetection Newslettar continueé been published
r :

“e - * D) - ’ — .-
semimonthiy, covering items of national interest on remote Sensing.

A new publication has been finished at IGC,. entitled: "La

Teledeteccidén y sus Aplicaciones Sociales'.

Vi. PROBLEMS

According to NASA conditions established for this project,
images obtained by LANDSAT-2 over Central Spain after March 1,
1976 should be processed and supplied by Telespazio. Until the
moment none delivery has been received from the Italiarn Station.
It is expected to receivé the images next June, and contacts
between Telespazio and IGC have been established concerning +this
subject. Available images received from NASA during the last’
months are sufficient for development of the project. Supply of
future images in June should be interesting for acquisition of
grqﬁhd truth reflected radiation data in real time, at the same

hour of satellite overpass.

VII. DATA QUALITY AND DELIVERY

Last image supplied b& NASA corresponded tc March 1, 1976,
and because the high cloud coverage present (30%), it was not ’
Processed and distributed to participating organizations. A1l
other images furnished Since September 1975 for this project had

good quality and maximum cloud coverage of 20%.

For -delivery of images from Telespazio, a local contact in
Rome has been designed, being the Air Attachee to the Spanish
Embassy in Italy. From this poinﬁ, information will be forwarded
to the Space National Agency (CONIE) and distributed to the

Principal Investigator.
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VIII. RECOMMENDATIONS

From the point of view of spanish invesfigatorskno practical
changes should be done in operations, and as NASA is concerned all

data supplies were satisfactory.

IX. CONCLUSIONS

This pfoject made possible to . all participants the use of-
space ﬁgquired information for their own scientific purposes and
appiications. LANDSAT can be considered because this as a new
insbtrument available to the national scientific communitby; butb
an instrument supplying continuocus and repeti{ive coverage, in
the same observatiocn conditions, over remote areas, etc. It can
be stated that nothing similar existed before and, furthetmore,
it has a continuity which guaranties to ﬁumans their right to

observe the Barth from e panoramic point of view.

Experience obtained by participants in this project is
encouraging new investigative efforts in the field of remote
sensing-and earth sciences. Considering that this technology was
relabively néw t6 spanish investigators, the advantage of using
LANDSAT information has to be evaluated as a revolutionary dis-—

covery.
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