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ABSTRACT

The purpose of the research work proposed is the study of the physical
properties pf the soils by means of the interpretation:of serial photographs.
This study is to be carried out in two years and thus it is not possible to
give definite oonolusions at the end of the first year, although the results
we have obtained are highly satisfactory. In our opinion and after the ex-
perience of the first year, the working problem of the study of ﬁhe physiocal
properties of the soils through eerial photdgraphs, dah be axamined from two
different aspects. The first of them could be called the "deduotive" method
and consists in acquiring knowledge of the physical properties of the soils
by means of suncéssive interpretations of aserial ﬁhotographs; through photo-
interpretation we étudy the physical Geography of an érea, its hydrograﬁhio
net, natural Vegetafion and man-introduced cultivations, the forms of erosion
and the nature of the geological material, All these interpretations, together
with the climate, allow to "deduce" the nature of the soils of that ares, es
all the pedological processes which the different geological materiéls_haVe
undergone oan be know perfectly well, which also shows the ihtensity of phy-
sical and chemical d991ntegration of the materials that form the starting
point of soil formation.

i

During this firat year the work has, in the main, been carried out
in the field and in the laboratorys; we have studied the solls and vegetation
of two large, representative, areas of Spain, having mapped them =the soils
geries and the Vegefationr with the aid of photo-intérprétation'in one case
but not so in other case, the aim being to compare the advantagea offered
by aerial-photography interpretation on the gclence of soil. In both cases
representative profiles have been taken for the purpose of testing in the
" laboratory the accuracy of the interpretations made in the field. These de-
terminations have been made through granulometrio analysis using the den=




simeter without destroying'the carbonates, and also by means of the inter-
national method, that is to say destroying the carbonates, determina.tions
having been made of plasticity and plastio index, real and apparent dens:lty,
,permeability, decay ooeffioient, Boluble-salta oontents and X-ray analysis
of the clay fraction.

'I'hus We See that it is possible to know the physical properties of
soila by’ "deducing" them indirectly from photointerpretation as they depend |
from & series of variables and factors which are kmown directly on the aerial
‘photographs These physical properties have also been atudied in the 'ﬂlaboratory,
end we have oarried out a great number of' determinations which are specn.fied
'vin the oonditiona o:f the oontraot.

During the eeoond year‘of the _contraof we-will try to deduce the
rhysical properties of the soil "direotly from the msrial photographs by
ﬁe’ans of eofabliéhing d'iootomio keys. This work will be ocarried out .by»the
‘ oombination of the different methods of photo-interpretation, convPrgence
 towards evidence, induction and deduction, extrapolation and interpolatlon
and analogy, with the real criteria and which are the important and elaborate
- part o_f'a‘eyetemati'o study. Among those criteria we can mention as the most

.‘:‘lmpo‘rtant those of a morphological order, those of vegetation, the shades’
of grey, the tex'bu.re and the action of man. This work lsads to the ccni‘ection .
of the 80 called "olés" or keys, which oan be used later on by non—specia.lized
: 'people which would " only require a prenous preparat:.on in a short time. In
'pedology e "olé" is formed by a type-photo of a homogeneous and well: defined
fjpeaologioal area and the detailed and precise desoription of its specific
oharaoteristioe such as the aspects of the photograph, the importance of 1:h<->»E
shaded, distribution of the hydrographic net, the nature of the vegetation,
" of the oultiVation and the lithology, the morphologio details, :t‘orms of

- erosion a.nd other micro-oritenaa

For all this we shall use the aerial photographs of & 1110, OOO’and
,1:30,000 scales and will carry out the profound. study of the soil types
’ a.lready lcnown and which by $heir nature represent & large surface of the




Spanish soils. We shall complete the study of these physical propsrties

by comparing them with the vegetation and cultivation, relief and geological
material, all the varisbles which put together give the "forms of relief"
of the aerial photographs, with the intention that these propértiea can be
interpreted, as we say above, by tachnicians not specialised in Pedology.

We will also produce a key by which it will be possible to learn
how by means of direot photo-interpretation it is possible to recognize
the adaptability of each of the "forms of relief" and soils, to the prin-
cipal applications, such as ways of communication, eagricultural profit,
possibility for carriage, passage and transport, building of airports and
other buildings. '




INTRODUCTION

Under this ohapter, serving as an introduction, we start the exposition
of the results and knowledge acquired with a view to solving a specifio. problem
ag is the one posed in the work entitled "Study of the physical properties of
solls by the use of aerial photography". In other words we analyze all those
aspects whose better knowledge will facilitate that task of interpretation.

We may fix the question further by groupirig these different aspects into a -
single one, & synthesis of the whole and which in actual fact is what the ob-
_ server "sees": a landscape appears before his eyes and that concept, which
arose for the first time in the brilliant 'mirid of the great Huﬁboldt, was latex
called_geogra_phicgl landsoapé and more recently natural landscape and defined
by Herndndsz Pacheco e;.s the synthetic manifestation of the geographical con-
ditions and circumstances concurrir;lg in a same.'territoy, is the one we shall
endeavour to develop in this introduction, separately analyzing the Calatayud
and Chinchén areas, in whioh all the studies and observations making up the

present. work were oonducted.

" Before describing the zone cofresponding to Calatayud we should like
to indicate that within the large group of elements constituting the natural
landscape we can meke a. sub-division by categories according to the order _
of importance and. in this way we include as primary factors the lithological -
nature of the geological materials, "roquedo" of other authors, the types
of natural wgetation and their formations, and the climatic elemerts that
make up the different climates. We regard relief, hydrography, and luminosity
or cloudingss of the ambient, as complementary factors. Finally as en accessory .
factor we include human action. We now pass to analyze some of these factors
but for the seke of a better exposition and methodical arrangement of this
introduction we shall firstlsr deal with all the aspects concerning the Cala-
tayud region and then those of the Chinchdn one.




CALATAYUD

Geology: The Calatayud zone studied corresponds to sheet 409 of the
topographical national map to scale 1:50,000 edited by the "Instituto Geogré-‘
fico y Catastral". The base sheet of our works corresponds to & second edition
published in 1954 and dbrought up to date by the "Servicio Geogrdfico del Bjér-
oito" ("Army's Geographical Service"). The territory covered by this sheet |
belongs in its entirety to the province of Zaragoze and is bounded by meridians
12 50' and 2% 10' East longitude and parallels 419 20' and 412 30' North latitude.

From a geological point of view the stratigraphy of the formations and
lithology of the various facies is of fundamental interesf., two aspects intim- -
ately connected not only with the landscape but, above all, with the formation
of solls and which are characteristics that can be observed with relative fa- -
cility on an aereal photography.

I_f we cast a glance at a general geological map of Spain, for instance
at the 111,500,000 map, we mey readily recognize at the Peninsula NE three large
tertiaries, namely those of the Ebro, Duero and Tajo, the first one separated
from the other two by & mountaineous group ruming in a North-west -South~east
diredtion.and which is called the "Celtibérico" system. This mountaineous system
is constituted by two main ranges of which the Northernmost receives the name
of Cedena or Cordillera Tbérice and the Southernmost is -called Cordillera Hes-
périca. The \formevr, which is the ane concerning us, starts at the Sierra de Ia
Demanda and ;hortly after entering the Zaragoza province becomes in turn sub-
divided into two branches Separe.ted by the Calatayud graben of tectonic origin,
a depression which extends to Tei'uel and along which the river Jiloca flows,
Upon observing the Calatayud sheet we see that its North-east end is occupied-
by the eastern ‘ﬁremoh of the'"Cadena Ibérice" whilst the western branch is
found at the southwest angle. Between them we can see the Tertiary depression
of Calatayud, already indicated. ’ '

‘The oldest soils in the Calatayud sheet correspond to the Cambrian
system, its three stages, Georgien, Acadien and Postdam, being shown, although




there is no place where the Cambrian éeries-forms a gingle profile. The oldest

formations are found at the Jalén valley whereas the middle and upper Cambrian
appears at the Jiloca valley.

The stratigraphic series of the Jalén valley, that is to say of the
"Cadena Ibérica Oriental" is composed of the following horizonss

6.- Quartzitic sandstone ans sandstones (Daroce quartzite):

5+~ Greenish-grey biotiferous phyllites (Huermeda shales)

4.~ Calcareous dolomites and marls (Ribota dolomite)

3.= Variegated series of sandstones, shales and dolomites (Jalén
variegated shales)

2.- Green shales and graywackes (Bmbid layers)
1.~ Quartzites and puddingstones (Banbola Quartzite)

" Series 1 and 2 correspond to the older part of the lower Cambrian

whereas the rest belong to other upper stages of the lower Cambriamn,

On the other hand the series corresponding to the "Cadena Ibérica
Occidental" is as follows:

Te- Quartzites and shales (Ateca layers)

6.= Grey and bluish clayey shales end sendstones (Jiloca layers)

5em Greenish or blueish marls ans sandstones (Villafeliche layers)
" 4+- Groy marls and also limestones or dolomites (Murero Mhrls)‘

3.~ Whitish quartzites (Daroca gquartzite)

2.~ Grey clayey shales with biotite (Huermeda shales)

1.- Dolomites with marls (Ribota dolomites)

Levels 1, 2 and 3 belong to the more modern stages of the lower
Cambrian, levels 4 and 5 to the middle Cambrian, and levels 6 and 7 to the
upper Cambrien. We see that levels 1, 2 and 3 of the western series coingide'
with levels 4, 5 and 6 of the eastern series and by superposing the two series
we shall have, therefore, the complete stratigraphy and this implies a thicknéss
of more than 4,000 metres. Finally, by comparing the different levels an idea
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' may be gathered of the‘oonditions ruling in the Cambrian sea and which
apparently have been considerable steady.

On the Calateyud sheet we do not find materials belonging to the
Silurian, which are however present at other points in the Iberian chains
but never with the extension of the Cambrian. Neither do we find in the
studied sheet any represantation of either the Devonian or Carbonlferoua.
On the other hand the Mesozoio era is represented by the Trias, in a strong

'unoonformity over the upper Palaeozoic, it being found at the area studied
at Northeast angle and constituting the so called "Mores graben" an area
of Veryrcomplex tectonic and whose description is irrelevant to this work.
This Trias is of German facies and hence it shows the three classic con-
ventional stages, Buntsandstein, Muschelkalk and Keuper. The lithology
is the typical one for these three stages: Red Sandstone, limestone and
variegatgd marls but with some small variants, the main ones being the
Presence of an upper Buntsandstein ih Rét facies represented by gypsiferous
red clays and the characteristic that the Muschelkalk appears at the’ﬁottom
in Ver thick banks and at the top in thin banks, well stratified and very

. rich in Rhizocorals; these small differénces serving to establish, in this

80 dislodated zone}‘a division within the Muschelkalk. Finally the whole

of the Triaé Beries shows on its ceiling the tjpical Carniolés.

The largest extension of the territory.sfudied dorresponda, doubt-
vless, to the Tertiary but there is in no other geological formation so much
confusion as to the different stages of this era, partly due to the fact
that the existing unconformities have not been recognized or perhaps they,
were not given the importance they deserve; but it must in particﬁlérrbe
asoribed to the diffioculty of demarcating with a petrographical criterion

the several stages since they are glmost devoid of fossils.

At any rate in this Calatayud Tertiary it is possible to recognize
two groups separated by a cleér ﬁnconfdrﬁity: thdt is to say'we distiﬁguiéh
, in principle a lower Tertlary and an upper Tertiary. The lower Tertiary is
of small extension, it is 00nstituted by a series of well bonded conglomerates




with levels of intercalated marls. This conglomerate is almost exclusively
formed by calcareous stones, although some of them may be sandstones and,
very rarely, paleozoic rocks. The upper Tertiary has scarcely being subjected
to teotonic phenomena and beoause of this it occupies an almost horizontel
arrangement distributed along extensive arees which even nowadays preserve
their old boundaries. This upper Tertiary presents at the edges of the basin
a marginal facies of thick elements, passing towards the interior to a cal-
careous faoies and, further inside the basin, it-becomea converteé into-a
powerfuleeriea of gypsums. All this will explain -assuming that the basin |
represents the botiom of a closed lake- an endorrheic basin in which the
deposited materials underwent a classification according to size for which
redson the thicker and heavier elements were thrown down in the margin and
the: finer and lighter,>sands and marls, settled further inside. The diss01Ved
substances still oontained in the water were settling et the centre of the
basin and due to both'endorrheiam and evaporation the concentration of dis-
solved salts was increasing at the same time. As Boon &8 & oalcium carbonate
reaohed its saturation point 1t precipitated in the form of limestone, and
then calcium sulphate would separate forming the beds of gypsum. At the center
of the basin, for instance between Terrer end Calatayud, we find in addition
to gypsum other chemical precipitates such as epsomite and glauberite.

v As regards the age of the Tertiary deposits, the small repreaentation
found of the lower Tertiary must belong to an age ranging from the middle
.OligOOene to the Aquitaniense. On the other hand the upper Tertiary of the
Calatayud graben belongs almost without a doﬁbt to the Miocene, from the Sarb
metiense to the Pontiense, as is proved by the remains of mammals (Maatodcn l
Longirostris and Hipparidén grecile) found near Daroca in a marly layer under-
neath the limestone of "Los Paramos", which has enabled us to fix the Pontiense
age of that formation. ‘

‘ Finally more recent formmations are also found, such as some ''plasen-
ciense" conglomerate in other worde a pllOCene formation, old diluvial terraces'

at different levels, erosion glacis and preaent r1Ver~deposits spe01ally those




_13;

‘of the Jalén.

Climates

" We nowrproceed to describe the climatic characteristics of the Cale~
tayud area; climatic studies are always lengthy and complex due to the mulé
tiplicity of metereological phenomena to be analyzed and to the circumstances
to be borne in mind for thelr explanation. That is to‘say we may define the
olimate as the result of the interactibn of metereologicéi facfors influenced
by geographical characteristics. In these liﬁes.we shaliinot endeavour to
meke & true meteredlogical study but only to give & general idea of the olimatic
oharacteristios of the Aragonese region where the materisls of the Calatayud
sheet are located and which idea will ensble us to appreciate its influence
on the development and evolution of the soils. '

| Aragon occgpies a special position in the Iberian Peninsula. '"Welded"
to the Castillian\Méseta on one 9ide and encircled by mountains on all other
gides, it is however close to two 1argé water masses of quite différent climafio
characteristics. On one side the Atlantic which behaves as a 00ld sea, where
the polar-front cyolone and‘the Azores anticyclone originate. On the other
" glde the Mediterranean, far more warmer, and where a nuoleus of low pressures
is formed centering on the Baleares or Gulf of Genoa according to the seasons.
To these thrée elements, Azores antioycion, North Atlantic ocyclones and Ba-
learss depression we must add the influence of the ‘central spanish mesetas,
golid masses of high lands Whlch behave as a small continent.

All these circumstances led to the distinction, within the Aragon
whole,; of three different types of climates or climatic regions, two of which
are more or less represented in the Calatayud area. One of them is the olimatic
zone of the Iberian Cordilleras, which is on the whole an area of continental
oclimatologic regime, of extremely cold winters, copious snow and ocoasional.
rains durlng a not very SeVere summer. The aVerage annual rainfall always

exceed 500 mm and the w1nter averages are the lowest in the Peninsula,
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The other area is the climatic area of the llanura Ibera (Ibera plain)
or Tbro depression, a well defined climatic region, also of extreme continental
type, with Very cold and considerable dry winters but of extremely hot and also
very dry summers, rainfall being generally below 400 mm.

In what follows we are setting out observations teken at the Calatayud
metereological station for 20 uninterrupted years:

Hoight above sea level 534 metres, mean annual temperature 13.52 Cj
rainfall 453,7 mm; mean annual oscillation 119 and days of rain 75. Lang'

P v P
@dex T ;3.5. Martonne's Index 7% 10 = 19,3, Dandin's Index —-F-—- 3.
In these indexes P is the annual rainfall in mm and T the mean annual temperature.

(Table I).

If we were to compare all these data with those of other matereologioal

, stations which although outside tha Calatayud sheet may be regarded a8 relative
close - we would deduce that the Calatayud climate is somewhat diffnrent to

that of the two general climatic zones, Sierra Iberice and Bbro depression. This
is a conéequenoe of the geographical circumstances, as we may consider the area
‘under study to be a small depression surrounded by mountaiﬁsbbut these,; being

" mere foothills, do not participate of the typical climate of the authentie
Cordillera Iberica, neither is the Jalén depression similar to the large plain
elong vwhich the Ebro flows. In general lines, in addition %o thé strbng donti~
nental character we may note four very marked vdharaoteristios: in the first
place the aridity, which although not reaching the values attained in the Fbro
depiessionrin Zaragoze the Martomne's index is 12.5- is considerably accentuated.
In the second place as a result of cdmbinétions of cold and stable air masses
with cyclone winds we’find large irregularities in the "regimen", intensity

and distribution of precipitations, as may be seen from the figures set down

in the above general table, rainfall is decide&iy equinoctial with a minimum

in the Autumn and another in the Spring; in the third place as a result of

its continental character, thermal contrasts between Summer and Winter are

very pronounced and, lastly, it is worth noting the intens;ty and frequency

of the winds partibularly the North West wind, called "cierzo" in Aragdn.




PERTOD: 1950-1963 .

Rain in July and ngu;té 1%,

Ta‘blp I

" 1 Mean values of | lMean valuss of | Mean annual | Thermal Oscil- | Mean values | Absolute Days .of | Total preJ
maximum 4aily minimum daily temperature | lation monthly | of minimm minimum rain cipitation
temperatures | temperatures average - - 1 monthly tem | temperatures in mm.
1 : ) peratures
- January 9,4 1,1 5,2 8,3 5,2 -11,0 6 27,4
February S 11,6 1,4 6,5 ' 10,2 443 " =10,0 5 18,2 -
March 15,0 4,1 - 9,5 10,9 -1,9 -6,0 7 38,2
April 18,3 6,0 12,1 12,3 1,0 -2,0 7 - 36,8
May 22,7 9,4 16’0 15,3 - 3,9 -2,0 7 54,1
June 26,3 11,2 18,7 15,1 7,9 5,0 8 59,2
July 30,8 15,5 23,0 15,5 10,7 8,0 4 28,5
- Angust 29,8 -15,0 22,4 14,8 10,1 8,0 4 . 22,0
September 26,4 12,7 19,5 13,7 8,2 550 6 55,7
October 19,7 -+ 841 13,9 11,6 2,0 0,0 7 - 40,7
November 13,7 4,1 8,9 9,6 -2,1 -4,0 7 34,0
December 10,2 2,2 6,2 8,0 =3,8 -13,0 7 38,9
' SEASONAT, DISTRIBUTTON
Deys of rain = - Total amount in mm. Percentage of totsl rain
Winter 18 84,5 18,6
Spring 21 129,1 28,4
Summer 16 109,7 24,2
Autumm 20 130,4 28,8

-]
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Luminosity is very good, in line with the number of entirely clear
days, without any cloudiness, and which may become 140 days in a‘year. Con-
cluding these considerations we should like to emphasize another important ‘
aspeot in the study of precipitations, namely the ihtensity with which they
‘take piade, usually calculated by dividing the rainfall by the days of rainj
bit this figure does not refleot the reality, for in this region the most
intensive rains take the form of storms and although their duration is short
it 18 sufficient to bring the ramblas into operation with the result that
sometimes communicationswayé are out as happens to the Madrid-Zaragoza road

at Ateca.

derograggx:

‘The most important river crossing the Calatayud sheet is the‘Jqun,
a river of great geographical importance since it forms a depression outting
across the whole of the Sierras Ibdricas and it constitutes the most important

flow of water discharging into the ®bro at its fight bank.

The right slope of the Tbro is fed by waters from the Sistema Ibérico,

which is lower and less irrigated than the Pyrenean. ThevaSt important of
these tributaries is on the right side, as we have said, the Jaldén which
entirely cuts, by means Qf'narrow,gbrgeé excavated in very hard rocks, the

two series of parallgl sierras flahking thé'Calafayud trough, ﬁhus being

gsble to reach the Wbro from its Castilian origin. The Jiloca which joins the
Jalén at Calatayud is on the ther hand a river of entirely Ibérién course.

In what follows we shall endeavour to set down, b:iefly the "regimen" of

these rivers but remembering before_the meaning 6f‘the terms which;willibe
used. The elements of the fluviall"regimen" ara the aboundance of flow; inter-

anmual irregularity and seasonsl variations in the height of its waters.

The flow if absolute is expressed in cubic metres per second and
the reletive flow by liters per.Second'per square kilometer. When many years
of observations are available the value of the flow is termed "modulo" ("mo-

dulus"). This is approximately an average and it is the flow that flowing
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steadily throughout the period of observation would have totalized the total
~emount of water actually passing through'the river of the gauging station
during that lapse of time.

The inter-annual irregularity is expressd by & coefficient obtained
dividing the maximum annuael flow during the observed period by minimum flow
during that same period.

_ Seasonal variations, the most important element of the "regimen",
are expressed by a monthly coefficient obtained by successively diving the
average flow in each month by the annual "modulus". (Teble II).

In genersl and except for the Jaldén and Jiloca, &ll the remaining
water courses we fouhd in this Calatayud area are of small flow, the most
important among them being the Mandbles, Ribeta and the Perejiles, the three
being tributaries of the Jalén.

All these rivers are of high irregularity as pertains to a non-oceanic
pluvial feed. Rain is more frequent towards the mountaineous region in the
North West and its influenos is noted in the Jalén itself in the durve of
saaéonal»variations with a melting pesk in March and snow retention in
Janvary. In addition to this feature of the JAldn we shall mention snother
bdiaplayed by the Jiloca: of its flow.of 3.77 m when- passing Darooa ‘hglf of
it is due to the "Fuente de Cella" 1ooated in the neighbourhood of Teruel
and which is one of the 1argest resurgences of the Peninsula. To end theae
considerations relative to the hydrography of the Calatayud sheet we shall
point out that most of the Jalén and Jiloca tributaries are of & torrential o
regimen, namely "ramblas", caused by ‘the continental dharaoter of the climate ffr
and rainfall. The volume of transport materials follcwing intensiva rain is°
such that powerful dejection cones are formed at the bottom of the valleys
and which, in the case of the Jiloca, are burying its best meadow soils.

Beliefs

The relief of thae- studied Calatayud,area ia in general rugged since 7
this region partioipates of the foothllla of the Iberian cordilleras, which




River and gtation

Upper bagin

- Jalén (Jubera)
Jalén (Cetina)
Jalén (Calatayud)
Jiloca(Calamocha)

Jiloca(Daroca)

in am

202,4
1.620

2.178

0,45
4,90
20,79
2,88
377

Mgx. 11°

1,71 (Mr)
1,95 (Jn)
1,27 (F)
1,55 (D)
1,55 (D)

Table’

REGIMEN ELEMENTS

I

Seasonal variations

Id, 2io

1,70 (4b)

1,35 (F)

Min., 130

0,53 (2g)
0,22 (4g)
0,51 (4g)
0,59 (1)
0,31 (&g)

14, 4o

0,55 (D)
1
1,28 (Ja)

Inter-annual

irregularity

3,8
10,03
4,47
1,88
10,06

#gyu




group follows at this end of the Zaragoza province a N¥W to SE line with a
medium height ranging from 700 to 1100 metres. The foothills are located

at the N.E. and S.W. ends of the Culatayud sheet confining a zone ocoupied
by Tertiary and Quaternary materials, but this central space is not a uniform
plain because of the strong erosive action of its rivers and streams which
have excavated these materials dislocating the whole ensemble. Doubtless the
most rugged are corregponds to the North Bast end where the maximum heights
are also situated. We may say that there is here a single line divided into
two stretches by the Jalén river; the Westernmost part corresponds to the
Sierra dg la Virgen, its more important heights being therpeaks of San Crie~
tobal, Pedro Fuentes, Morés, Los fedrosos, Almeno and Bl Carrascal, the
maximum altitude being at Mingoaranda with 1263 metres. The Tastern part
belongé to the Sierra de Vicort with some peske such as Noguerilla and la
Concha, also more than 1,000 metres high.

CHINCHON

The land included in the Chinchdn sheet, Number 606 of the "Mapa Topo-
gréfico Nacional", third edition, 1948, is situafed between meridians 02 10'
and 0' 30" Bast longitude and parallels 40%mnd 40% 10! North latitude and
corresponds to the provinces of Madrid and Toledo; the river Tajo, flowing
from Bast to West, being almost always the natural boundary between the two

provinces.

Geologys

In the domain of the Chinchén sheet we find only grounds belonging to
the Tertiary and Quaternary but there is no doubt that the largest extension
corresponds to the Tertiary and, within it, to the Mioceno-lacustre, Miocene

period, which is many aspects is similar to that of the Calatayud graben.

The upper stage of this Miocene is represented by Paremos limestone,
a compact lacustrine limestone of conchoidal fracture and very frogile, it

is of clear coloration and at some places in the Tajo basin, to which the
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Chinchdén area belongs, it reaches from 20 to 30 metres of thickness. In
some places this limestone shows calcite rhombohedra due to subsequent
orystallization and together with them in same crevices it is occasionally

possible to see pyrolusite dendrites.

Under this limestone level there is one of typically detiital facies
end whose lithology is somewhat complex. It is a continuous horizon although
little uniform laterally. Fundamentally it is formed by marly and éandy
sediments, but as other places of the basin are also argyllaceous hence the
nemet sabulose clay level, by which this horizon is designated. As above
stated the heterogeneity of the strata is large, for we find sands, marls
of several colorations, fine marly sands, limestone layers, highly-calcareous
hardened white parla, gypsiferous sandstones with glauconite and, sporadically,
fine levels of gypsum. But these gypsums are systematically crystalline and

spacular as if of second formation, in other words recrystallized.

At the contact zone between this detrital level and the upper lavel
of the compact limestone the character of the sediments is less sabulose and
here is where all geologists mention silica concretions éither in zpnal form,
as opals and agates, or in a less 6rganiZed form such as flint. Also at the
higher limit of this horizon it is possible to find.minerals that in other
places of the basin becomp true deposits, among whioh we mey mention sepiolite,

megnetite and even manganiferous deposits.

Under the argyllaceous-aabulose detrital horizon we find another one! -
of quite different characteristics. It begins by a iayer of gypsiferous marls
rwhioh soon give way to gypsums ,_appearing in large banka, and whioch are
compact and of alabastrine appearance in some cases, indﬁbitdbly they aré

of first formation.

Whereas there is unanimous opinion as regards the upper limestones
since they are regarded as Pontienses by all geologists, in the case of the
Geognbsis of the lower horizon there was total disparity of opinions for a

very long time. But taking into account several considerations, sedimentary,
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geotectonic and principally paleontologic, we may consider the Vindoboniense
to end at the lower gypsiferous horizon since it exhibits the "Mastodon Angus-
tidrins", all the other detrital and calcareous levéls exhibiting the "Hipparion
gracile" being therefore Pontienses. o |

The Quaternary is represented on the Chinchdén sheet by pleistocene and
holocene grounds. To the first of these correspond the various terrace lavels
some of which have boulders cemented with an arenaceous calcareous material
these boulders being quartzites as a rule. Both the present alluviums, constitut-
ed by fine marly sands, and the terraces are in the majority due to materials
received from the river Tajo which traverses the Chinqhén»sheet at its eastern

part.

Climates

Broadly speaking the Chinchén olimate is that of the Central Spanish
Meseta. This meseta being surrounded by mountains and being distent from the
sea has a typically continental climate and hence with abrupt contrasts. Winter
is cold with long periods of frost although snowfalls are neither very often
nor very copious. Summer is fiery hot and this contributes to the dryness of
the ambient due to the scarcity of rainfall; this lack of periodical rains
during this part of the year is interrupted only by accidental storms. Autumn
is the more regular season of the year, best atmosphere and of more uniform
climatology. During its course the Summer heat is gradually descending and
Winter makes its presence by degrees without eny sudden changes. On the Qﬁher
hand the Spring varies & lot; very often it is absorbed by the long Wintér
‘and by the Summer which sometimes begins early. Total anmual rainfall is not
very large, for as a rule it never reaches 450 mm. & rainfall usually distributed
in two meximum periods, one during the Winter and the other in the Spring. These
two mexime are usually separated by a short ‘drought in the Winter but the long:
drought coincides with the Summer, for the total rainfall during the months
of July and August does not exceed 2%




The figures given in the Table III correspond to observations taken

at the Getafe matereological station, only a few kilometres from Chinchén,
during the period 1950-1963.

The altitude of Getafe metereological station is 623 metres, mean
annual temperature 14.49 rainfall 404.2 mm., mean annual oscilation 11.3?
and days of rain 76. Lang 8 index —E—n 28, Martonne's Index A 16.5,

T “$.10
Dandin's Index ? 2100 _ 3,5, (Table ITI)

Hydrography ‘

Physiographically, in the Chinchén shaet the whole land appears subordinate
to the valley of the rivér Tajo, a fluvial stream traversing it at its Southern
ar~a in a direction practically from Bast to West, giving rise to a local base
level which entirely drains the hydrographic network of the territory. This river
and its tributary, the Tajufia, located at the North East end of the sheet are
the only two important streams to be appreciated in this area since the remaining
of the hydrographic network is limited to deep ravines which transport water

after a winter season.

The Tajo originates in the Cordillera Ibdrice in the orographio knot
constituted by the Sierra of Albarracin, and the Montes Universales, specifically
the "Muela caliza de San Juan". From its birth to its confluence with the river
Guadiana, i1t runs describing a very wide ocurve, over soils of widely different
lithological nature and which in general are rugged and rocky, but from that
confluence the river advances trough Miocene merly and calacareous soila follow-
ing a South Basterly course to Villamanrique del>Tajo, already in the Chinchén
sheet, where it takes a Westerly direction, passing between the tablelands of
Colmenar de Oreja and La Mesa de Ocafia; the fluvial stream deeply erodes the
left bank where high vertical bluffs have been'produced but upon reaching Aian—
juez the riVer undergoes a large widening into which disembogues the important
fluvial branch formed by‘the Tajufia, Heﬁares, Jarama and Menzenstes. This fan-

sheped fluvial branch is due‘fo the amphitheatre




PERIOD: 1950-1963

Mean values of | Mean values of | Mean anmuel | Thermal Oscile Mean values | Absolute Days of | Total p%
" maximum daily minimp daily temperature | lation monthly of minimum minimum rain cipitati
temperatures temperatures average monthly tem | temperatures in mm,.
peratures
January 9,2 1,1 S5l - 8,1 -4,8 -8,0 7 4,1
February 11,7 1,8 6,7 9,9 =357 -10,6 6 . 36,9
Ma-'l'Ch 15,3 4,2 9,7 11,1 -1,0 -4,0 9 39s4
April 18,4 6,0 - 12,2 12,4 0,8 -1,2 8 39,8
May 22,2 ' 10,7 16,4. 11,5 4,1 -1,1 8 43,3
Juns 27,7 14,0 20,8 13,7 7,9 - 5,0 -5 22,4
July 52,3 17,5 24,9 4,8 12,1 9,0 2 6,4
August 29,7 16,7 23,2 13,0 12,0 8,0 3 2,0
September 27,0 13,8 20,4 13,2 8,4 3,6 5 33,9
October 19,9 9,0 14,4 10,9 2,7 -0,2 T 40,8
November 13,9 4,4 9,1 945 -1,3 -1,2 8 44,9
December 10,0 1,9 5,9 8,1 -3,8 -10,0 8 -40,8
_  SEASONAL DISTRIEUTION
Days or fain ~~ Total amount in mm. Percentsge of total raim

Winter 21 1531,3 32,5
Spring 25 122,5 30,3
Summer 10 30,8 746
Autum 20 119,4 29,6

Bain in July and August: 2%

‘Table IIT
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mountaineous edges of the basin in which edges all these fluvial streams
originate. In this Chinchén area the Tajo forms, in genersl, & typical trough-
shaped erosion valley, it is wide, somewhat asymetric, and of gentle gradient
gince this stretch of the course doas not usually exceed 1 per 1000. Along

this valley the meanders wind about time after time frequently giving rise to
ebandoned beds. The fluvial regimen of the Tajo is raflected in thé following
fable, which shows the large variations in flow typical of all the.Meseta rivers.
(Table IV)..

. The qther important river we observe on the Chinchén sheet and which,
as already stated, is a tributary of the Tajo, is the Tajufia which originates
in the high moorland North of Cifuéntes in the Guadalajara province from which’
it advances through the valley, in the form of a trgnch,'in'a South~-Westerly
direction jolning the Jarama at Ciempozuelos and together they flow out into
the Tajo in the Vecinity of Aranjuez after t:aVelling 130 kilometres. On
examining the monthly average-flows of this river, a season of high waters
would be noticed; beginning in Februasry and ending in April, a Summer minimum,
very pronounced in August, and a secondary maximum during tha Autugn.vA great
)irregularity from year to year would also be noticeable. Thase data clearly

'show that'the Tegimen of the river Tajufiea is of thé pluvial type.ﬁarticulérly

dependant on the Spring and Autum reins.

: Rolters
The Chinchén ferritory exhibits in part the relief and topography

proper to the Castilian meseta, a Qountr& to a large extent 6f tabular
struotuies’and reliefs demolished by variouﬁ-érosive actions. In other“wdrds
it shoﬁs the morphology characteristic to the so called paramos, high cal-
careous ﬁlateéux of an average altitude of abBut 750 metres and where the
main urban nuclei aie seated. There is great uniformity of the.iandsoape,
broken only by the course of the River Tajo the descent to which is sometimes
gradual, the transition being really sbrupt at other times, a declivity due

to the erosive action of the Tajo, tha difference in level between the paramo’




Years

1920
1921
1922
1923
1924
1525
1926
1927
1928
1929

January

73,9

55,0

42,7
56,9
87,9
32,1
68,3
7355
140,6
51,5

February March
92,3 169,5
54,2 63,3
108,7 70,7
62,0 128,6
156,5 225,5
31,7 70,8
250,2 92,7
54,2 151,7
81,9 209,3
93,8 107,3

April

136,4

36,0
143,0
103,3
274,6

56,9
127,3
113,5
250,0

43,3

May

68,4
61,6
57,3
52,9
79,4
50,1

118,2
67,3

198,7
69,2

June  July
5644 38,0
107,8 27,3
38,7 24,0
29,0 21,8
29,7 20,5
57,6 27,7
36,3 24,5
38,8 25,6
w’l . 37!5
50,0 28,2

August  September

20,0

18,3

16,6
16,7
18,0
16,2
16,5

17,2

28,6
20,1

Monthly averages in cubic metres for second of River Tajo flow when passing through the Azucaica ganging statiom

October November
‘19,0 34,6 22,6
24,5 45,1 27,3
22,6 38,2 71,9
22,8 19,5 51,7
19,4 18,7 2642
17,0 20,0 31,5
23,4 55,0 195,0
17,5 25,0 76,0
46,3 58,6 46,3
31,5 273 34,0

December

63,5
52,0
38,9
124,8
60,2
195,2
165,9
238,4
39,8
90,0

Ten~year avaragCececseces

Average flows of the Tajufia in md for second at the Titulcia ganging station

1917ceencasccccess 558
1918seeccnnns ceses 1,2
1919eeeecnececcncs 855
1920eeceencececcns 493
1921eeeeeccncennne 2,0
1922¢0eeececececes 1,5
1923.0ececnccanans 2,0

Table IV

1924ccccccssescnesdy3
1925eccaascccecees2, B
1926.-......&;..--4’3
192T4easennnscecea3y5
1928 0scanccnccses8yb
1929cccescacnnsseel,y3
1930cecsenancananedy5

- Apnual
ave e

65,7
47,7
56,1
575
84,8
51,1
97,4
T4,9
101,5

2329
69,1

~q¢-




and the present river-valley being about 230 metres. As we have said since

this is not a mountaineous region there are no authentical aoqentuated
reliefs but only some hills bearing witness to the 'erosvive action of the
streams that by excavating the soft materials originate these small ac-
cidents, almost always topped by hard “Poritienses" limestones. Hence the -
height of these hills is usually lower than the sversge sltitude of the
upper meseta and we ‘inay thus mention as mors characteristic, among several
other examples, the following pesks: Carided (641 m.), Mata Asnos (735m.),
La Pedrea (645 m.),Plata (725 m. ) and Bl Palomar (740 m.), ell of them
below the he‘ight of 753 metres of‘the belfries 'at rthe Chinchén and Golmenar

churches.




VEGBTAL LANDSCAPE

The vegetal landscape of the Calatayud zone varies considerably
w1thin the relatively small limits which enclose its surface. The existence
of a rugged topography and the presence of substrata of different chemical
nature necessarily show “themseIVes in the diffe_rent’regional types of vege~
‘tation, within the wide type of Mediterranean vegetation to which & great
part of our country belongs. '

: \Woods are not numerous nor they do occupy large extensions;. they
are concentrated in mountainous distriots unsuitable for oultivation because
of -their topography or poverty of their soila. In this case, the two mountain—
ous chains crossing the territory in a NW-SE direction are covered with ar-
boreous Vegetation in a seminatural state, helped by forestal ,conservation
performed by‘fhe ‘forestry services. The natural arborecus vegetation of these
- woods has disappeared to a great extent, having been prograssively replaced
by plantations of various pinn species. However, in the North part of the
eastern mountainous chain, at the foothills of Sierra de la Virgen and at
the middle and high parts of Sierra de Vicort, it is possible to find tes-
timonies of the constituents of natural forest such as ogk trees, cork trees
and holm-osks, forming communities which will be detailed hereinafter.

In the Western cordillera, the: pOVerty of soils and human influence
have taken the arboreous vegetation to its oomplete destruction and the

present woods are exolusively pine grov'ea in the process of reforestation.

The Armantes distriect, North of the Calatay‘ud town, is also ox~-
tensively reforasted with Pinus halepensis, although their growth is slow
and the pine~-trees have aged without acquiring their normel height, dug to

_the dryness and poverty of the soils on which they &row.

The destruction of woods has caused the existence of numerous areas
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covered by bush in a more or less degradated cbndition and which are devoted
to pastures or are simply waste land or abandomed cultivations. Depending

on the degree of intensity of the pasturage, or on "the time during which it
remains abandoned, the bush may be more or less degraded, ‘although it is
alwa.ys in an advanced stage of degradation. We may particularly mention those
bushes growing on shales, calcareous marls or gypsiferous marls, the various
communities being differentiated by the species that constitute them, in
particular those growing on gypsiferous marls display a characteristic gyp-

sicolous flora.

The herbaoeous vegetation is found disseminated in a discontinuous i
form among degraded bushes‘,' but without forming dense communities that might
resemble prairies. It is only in saltish grounds located east of the towm
that small spots of herbaceous vegetation _are-fouﬁd constitufed, in -thé main,
by plants which adapt themselves to.saline grounds forming dense although.
discontinuous prairies, subjected to their edaphic requirements.

- Among unirrigated soils cultivations a prominent role is played by
cereala; vine yards and olive groires.-All the ondulated districts situated
among mountainous areas are oovered with these cultivations. Olive-trees
in places specially protected to prew:nt the heavy frosts, Almond-tree oul-
tivations are also found with some frequency in mountainous districts of

poor soils. ; ‘ r

, ' T‘he alluvials zones are occupied throughout their 1ength by grounds
davoted to orohard cu&biv&tion and fmt-—trees.

The Vegetal la.ndscape of the. G‘hinchon sheet shows a greater monotony,
dus in the main to the scarcity of forestal .vegeta»‘bmpm m:h,qh is confined
to small areas scattered about the distriots Woods. reméim as relics in those
places where the poverty of the .soils will not allow a ramune;a.ti‘ve: oul-
tivation. It is a homogeneous: type of hi’ghflyv degradad oak-holm wdod,. with
"gotobosquae! very poor in species and founﬂ ‘over all types of soils: '




In some waterways, ravines and wet places, faocing northwards, small -
artifioial osk-holm groves may be found, of which Quercus lusitanioa also

forms part as well as soms species of Populus but these formations are rars,

of very small dimensiones and not oartographioa.

In the whole of the district theve is only one wood, in & small spot

" hear Belmonte de Tajo, with Pinus halepensis from an old reforestation.

The banks of the river Tajo, with ite clay or gypsiferous marl slopes,
are for the most part covered with a degraded bush plentiful in rosemary and
which sometimes reaches considerable density and height. However, in planes
' of excessive gradient or highly pestured, the bush has become degraded to the
"tomillar" condition with few annual plants. This degradation is far larger
in eithe;‘ poor or gypsiferous soils where gypsiocolous plants thrive.

The top of the hills is practically flat and they are the seat of
cultivation on both sides of the river rajo. In the eastern part a distriot
covered by "dehesas" is prominent; these "dehesas" are places in_which part
of the original oek-holm-trees have Vbeen preserved and whose soil. is cultivated
for oereals of pasture. The rest of the disti‘ict is devoted to the cultivation

of olive-trees, almond-trees, vines or cereals.

The "vegas" of Tajo and Tajufia rivers are completely covered by orchards
and fruit-tree cultivations, mostly irrigation cultivation.




SOIL PROFILSS

COLMENAR SERIES

C-I PROFILE

Locality Colmenar de Oreja

Position Villamenrique to Colmenar Road -Km. 20.500

Altitude 720 m.

Topography Gently undulated

Vegeatation Clear Quercus Ilex wood

Original material "Pontienses" white greyish limestones

Drainage Good

Profile development ABC o |

Type of 8oil Calcareous brown (Brown Mediterrancan soil)
- Depth (cms,). Horizon Golor Desoription

Limy-sandy, of regular organic matter,
with granular structure, slight consist-
ency, good permeability, limestone
fragments at the surface and remains of -

Limy, 1ittle organic matter, with poly-
hedral subangular structure, medium
consistency, good permeability, coating
and calcareous nodules'

0-5 o-I-A 7.5 YR 4/4
loaves.
5 =40 C-I-B 5 YR 4/4
Observations

Large biologioal -activity




VILLACONEJOS SERIES
C-II PROFILE
Locality Colmenar
Position Colmenar to Villaconejos road - Km, 6
Altitude 660 m.
Toﬁography Undulated
Agriculfure Vines, olive-groves and cereals
Original material Chalk marl
Drainage Good
Profile deVQlopmentv A/B/C
Type of soil Gypsum brown

Depth (oms.)r Horizon

Description .

Color
0 - 20 C-II-A 10 YR 6/1
20 - 60 C-II-B 10 Y R 6/2
more 60 ¢-I1-0 White

:j. t{fifz 5

Sandy with regular organic matter of
little developed grumous structure,
little consistency, good permeability

Sandy with little organic matter,

‘almost without structure but grumous

and 1little consistenoy

RERO




VILLAMANRIQUE SERTES

C-III PROFILE
Locality Villamanrique
Position Fuentiduefia to Villamanrique Road -Km. 5
Altitude 560 m. |
Topography Gently undulated
Agricul ture. Cereals
« Original material . Sandy diluvial deposits
Drainage . Good
Profile development A/C
Type of soil Terrace brown

Depth (cms.) Horizon Color

Description.

0-~15 C-III-A 10Y R 6/3
50 0-III-B 10 YR 8/4
100 C-III-C
Observations

Soil without visible evolution

Sandy with regular organic matter,
crunby structure, good permeability
and slight consistency, having
carbonstes.

Sandy of polyhedral structure, medium
consistency and good permeability,
carbonates present.

Sandy, of polyhedral structure,
medium consistency and good permeability,
carbonates present.



TAJO SHRIES

C-IV PROFILE

Locality ~Villaemsnrique
Position "De la Barca'" road
Topography Flat
Vegetation Black poplars grove
Agrioulture Qereals, unirrigated land, vines
Original material Alluviums ‘
Drainage Good
Profile development AfC
Type of soil Young alluvial
Depth (cms.) Horizon Color Desoription -
{
0-20 C-IV-A 10 Y R5/3  Limy with considerable organic matter,
' : : well developed poljhedral granuler
structure, medium consistency and
- good permeability.
' 20 o - C=IV-C 1I0YR 6/3 Sandy without organid matter, or
o structure, no consistency and good
permeability. :
Observations

Young soil. Normally there is no A horizon.




TAJO SERTES

0=V PROFILE
Looality Colmenar
Position Km. 15.500 (Arroyo Valdepuerco)
Topography Flat
Vegetation Rushes
Original material Chalk alluviums
Drainage Medium
Profile davelopment Ao/A /Sa/0
Type of soil Salty humic alluvial
Depth (cms.) Horizon Color Dasoription
0 =20 O0-V-Ao 10 YR 4/2 Limy with plenty of organic matter,
: granuler structure, medium consistency
end medium permeability.
20 - 75 C-V-4, 2.5 Y R 3/2 Limy With cépious organio matter, |
polyhedral struoture, medium consis tancy
aend slight permeability.
Observationa
appear at 25 cms,

Bffloresoences




COLLADO SERIES

Limestone fragments throughdut the profile.

C-VI PROFIIE
Locality Colmenar de Oreja
Position Camino del Collado (Collado road)
Altitude 630 m. '
Topography Gently rugged
Vegetation Rosemary, thyme
“Agrioulture Vine, olive groves -
Originel material Limestone
Drainage Good
Profile development Ao/hy /0
Type of soil Xerorendzine
Depth (oms.) Horizon Color Description
" 0=-20 C~-VI-A, 10 YR 6/2 Sandy-limy, regular organic matter,
' granular little developed struoture,
weak consistency and good permeability.
20 - 40 C-VI-4 10 Y R 6/2 Sandy-1imy, little organio matter,
: 1ittle developed granular structure,
weak oonsistency and good permeability.
‘Observations




ARMANTES SERTES

Z-1 PROFILE

Locality

Position

Altitude

Topography
Vagetation

Original materi‘al
Drainage

Profile developmént

Calatayud o

Camino del Mafio Mafio (Mafio Mafio Road)

820 m.

25% Rugged

"Gemista, rosemary, thyme and pine woods
Marl, sandstone and limestone alternation
fxt. good. Int. medium '

A/B/C

Type of soil Brown calcareous soil on marl _and ‘
sands tone '
Depth (cms.) Horizon Color Description
0 - 30 Z2-I-A IOYR 6/2 Sandy-limy, with regular organic matter',
' of granular structure, medium oconsistency
and good permeability.
30 - 60 Z-I-B. . 5YR5/6  Limy-sandy, of little organic matter,
R : sub-angular structure of small poly-
“hedrs, medium consistency and good
permeability. ‘
60 - 100  2Z-I-0 Limy-clayey of polyhedral-laminated
‘ struoture, with medium consistency and
good permesbility.
Obsgervations

There are limestone rocks throughout the profile. White crystalline efflorescences.
The Mafio Mafio and Armantes region is highly eroded. They are alternations of red
marls, sandstones and limestones giving calcareous brown soils as this one and
erosion rendzines and lithosoils forming a complex .Which cannot be separated.



VILLARROYA SERIES

2-I1 PROFILE

Locality

Position

Altitude
Topography
Vegetation
Agriculture
Original material
Drainage

Profile development
T&pe of soil

Coervera

Villaluenga to Cervera Road~Km. 4.5.
786 m.

Highly undulated

"Gemista"

Cereals

Red marl

Int. bad

(a)/c

Non-daveloped young erosion soil

Depth (cms.)  Horizon  Color

Description

0-5 z-II-A 7.5 YR 6/4
5-100  2-II-0 5Y R 4/3
Obsefvations

Limy-sandy, 1little orgaenic matter of
highly developed granular structure,
medium consistency and medium perme-

 ability.

Limy of platty structﬁre, strong
consistency and little permeability.

Stones at surface. Horizon: D= Conglomerate.




CALATAYUD SMRIES

2-ITT PROFILE

Locality Calatayud
Position "Gamino del Gurugu" (Gurugu Road)
Altitude 620 m.
Topography Unduleated
Vegetation Thyme, helianthemus
Original materiel Gypsums and chalk marls
Drainage Good
Profile development (a)/c
Type of soil Gypsum rendzine eroded in litho-
s80ils area
Depth (oms.) Horizon Color . Description
0-5 Z-IIT-A 10 YR 71 ‘Sandy-limy with little organic
, ' matter, non-developed siructure
weak consistenocy and good perme~
ability.

‘more 5 Z-IIT-A 10 Y R 8/1 - Sandy-1imy, without organic matter,
or structure, weak consistency and
good permeability

Obé‘ervationg

This profile was teken South of Calatayud in an area eroded throughout, théy
are gypsum lithosoils. Limestone present in hillocks.




VICORT SERTES

2-IV PROFILE

Looality
Position
Altitude
Topography
Vegetation

Original material

Drainage
Profile development

Type of soil

Calatayud

‘Forest road branching off at Km. 244.500

950 m.

very rugged

Hoath, pine groves, formerly Quercus
Sandstone and quartzite

Good

A-B-C

Brown earth on quartzose sandstone

Depth (cms.) Horizon Oolot

Description

2-30 . Z-IV-A 10 YR 8/3
30 Z-IV-B 7.5 Y R 5/6
Observations

Sandy with 1little organic matter,
micro-granular structure, little
consistency and good permeability.

limy, with 1ittle organic matter,

highly developed grumous-—polyhedral
structure, of medium consistenoy and
good permeability.

Somewhat degraded acid brown earth, forestal and-gfadient profile. Scarcely
any humification. One A,, and one Ao are undecomposed. The true humus horizon
of brown earth is missing. In the profile IV region almost everything is 1itho-

soil end quartzite ranker.




POZAS SERTES
Z-V PROFIIE
Locality Calatayud _
Position : "Camino Mafio Mafio" (Mafio Mafio Road) Km.5.5
Altitude . 860 m.
Topography : ‘ ' : Very rugged
Vegetation ' Pine grove reforestation ,
Original material - Limestones, marla and some chalk
Drainage - Good
Profile development _ A/c |
Type of soil Rendzine of marly-caloareous-gypseous mull
Depth (oms.) Horizon Color , Degoription
0~ 30 Z~V-A 10 Y R 6/2 Limy, sboundant organic matter, well
: developed granular structure, medium
consistency and good permeability.
30  2V-C  Wnite . As above. |

Obeérvations IR ‘ S o : _
Somatimes there is & Ca horizon, Stones throughout the profile. Continuous-rock
outorops. ' : B : : -




ATRCA SERTES

7-VI PROFIIR

Locality

Position

Altitude
Topogréphy
Vegetation
Agriculture
Original material
Drainsge

Profile development
Type of soil |

ViVer de la Sierra

At 1 Km. from Vivéer de la Sierra

950 m.

Vory rugged.

Quer\(iiw, Cistus, I.ava.ndula

In véry small valleys, olir- greves and rye
Slate

Good but excessive at surface

A/B/C

Brown earth on slate (beside sandstone
quartzite)

Dopth (oms.)  Horizon Color

Description

0-5 2-VI-A 10 YR 6/2
5-25  ZVI-B 10YR7/3
" 25  Z-VI-C

Observatlons

Sandy-limy, with copious organic matter

- of grumous structure, wesk consistency
and good permeability. .

Sa.ndy-limy, little organic matter
grumous structure, weak consistency and
good permeability.

Slate

- All the s0il is very stony, partioularly the B soil which has an 80% of slate

fragments.




SEDIIES SERIES
Z2-VII PROFIIE
Loocality
Position
Altitude
Topography
Vegetation

Original material

Drainage
Profile development

Type of soil

Calatayud

Dehesa de Inogés road
640 m.

Flat »

Lavender and chick pea

Crusts and sediments on polygenic
alluiriums

- Good

A/C

Brown, of calcareous crust on
alluvium terraced

Depth (cms.) Horizon Color

Description

Sandy of regular orgenic matter,
non-developed grumous structure,

‘weak oonsistency and good per-
‘meability with large biological :

B act:.vity.

h Sandy-limy, of little organic
. matter undeveloped structure,

' very-weak consistency and good

. 0-5 Z2-VIII-A 10 YR 5/2
5-25  Z-VIIIB 10 YR 5/3
Observations

permeability.

Stones at the surface. Have hardly been rolled.




STUDY OF DIFFERBENT SOILS SBRIBS

CHINCHON SOILS

Colmenar Series

These soils have been formed on hard calocareous rocks which strati- |
graphioally correspond to the higher level of the Miocene in this region. These
are soils of A/B/C profile in which the A horizon has normelly disappeared as
a result of human action, so that on simply looking at them the B horizon, of
colour 5 Y R 4/4, is always seen at the surface. The series belongs to the
Great Group Mediterranean Hedish Brown soils, they are highly developed soils
but surface erosion and human action through workings have brought to their
surface fragments of the calcareous rock. At places protected against erosion
the soil is deeper and the colour becomes reddish, a detail noticed in aerial
photography. The C-1 profile shows & humus horizon due to the fact- that it was
taken in a small Quercus Ilex wood. The transition from the B horizon to the
.rock is very abrupt for which reason the soil is highly influenced by the

character of the rock.

The humus horizon, when it exists, is of the Mull oalcareoua type with
an average content of 5 % and a pH of about neutral, The depth of this horizen
is from 5 to 8 cms, of highly developed grain-type structure. The B horizon, of
gbout 35 oms thickness, is giene‘ral‘ly highly caleareous on account of workings,.
bas medium texture and passes without traxmitionﬁ to the original materiel which -
is a very pure limestonse. -

Villaconejos Series

These soils whose morphology is described in profile C-II, are formed
on sandy chalk merls, also of the Miocene age. &8s result of the nature of the
original material and alkalinity of the profile, claey formation is prevented




end there is no liberation of iron oxides, they are thus 1lithochromos soils.
They belong to the Mediterranean Brown Solil Group of chalks and their physical
and chemical properties and agricultural value are very much - influenced by the
contents in gypsum end calcium carbonate throughout the whole Qf the profile;

because of this the structure is hardly developed and transition between horizons
is very diffuse, it is difficult to distinguish them at first sight. The profile

development is A/B/C but the humus horizon is also highly mineralized by the
action of workings and cultivation and there are ecaroely any morphological

differences between horizons A and B.

Villamanrigue Series

‘ These soils are intimately comnected with the Tagus river terraces
vhich are preferently found at its right bark. These gravel deposits oalled
"terraces" were formed during the Quaternary in tne interglacial periods in
which, due to the fast thawing of snow, large freshets of water were formed
whioh draegged thick elements which were in turn deposited on the banks of the
rivers when the water stream lost velooity, for which reason the origin of

_these sediments has a marked torrential chsracter.

The soll consiste of a fine material which beoama deposited. on these
gravels when the ourrent 1ost considerable Velocity for whioh reason the
transition is very abrupt. 'l‘hase depos:Lts are,: ae may be seen from profile . |
C-III, of oconsiderable thickness and nave deVeloped. a A/B/C profile, the _
_original material being the sediment itself an& not the gravels which mey 'be -
regarded as the D horizon. L ‘ ‘ '

Although the whole of the soil is highly calcareous, the B horizon
is markedly developed, with a polyhedral structure developed "in situf' as a
result of its paedogenesis. Liberation of iron oxides has not taken piace
be‘dause of soil alkalinity and for this reason the colours of the C and B
horizons are the same; these two horizons have‘é very gradual tra,naitiop, -
their only difference being & small change in their structure.




Tajo'Series

These soils correspond to reoant‘del;oaits of the rivers, principally
that of the Tajo river, which originate s0ils.of & great depth, with scarcely
eny development of edaphic horizons since they are Very young soils; any .
variations found in the profile are due to changes in the sedimentation rate
of fluvial waters. Agrioulturelly these are very rich soils, and have been
irrigation soils since the time of Roman domination.

* They are soils of Ap/C profile in which the Ap horizon, an anthropic
horizon caused by workings, 'is_ the only thing that may be seen at simple sight
and it forms a top layer of about 35 cms.

The C-IV and C-V profiles have been teken in this series of soils which
belong to the Great Group of alluvial soile; The C-V profile was taken at a |
zone where the vegetation suggested the exisgtence of soluble salts; this profile
does not belong to the alluviums of the Tajo river but to a small stream that
runs between Miocene chalk marls, which explaing thé presence of soluble salts

and the absence of cultivation.

Collado Series -

B These soils occupy a transition zons beWeen thei Colmenar and Villa-
ooriejos series, and form a sort ‘of‘ step betWéen:“them. Théy are de;relopé& on
marly limestones of medium consistenoy and belong to the Group of the rend- :

-» zines of which profile O-IV is a good example. Nomally e. rendzine aoil ha,s o
©an A/c profile in whioh the A honzon ia rioh in organio matter, beoauae of
this, in samlarid countries in which the rendzine is leas rich in orga.nic
matter, the name xerorendzine is adopted as a result of the xerophytic

character of the region.

They"‘a’re soils of a small depth, 35 cms at most, agrioultiu-ally poor,
with. a Mull-type humus, organic matter oontents ranging from 3 to 5 %, their
- structure is that of the A horizon, medlum—dpveloped granular, passing through




-smooth transition to the C horizon constituted by the marly limestone.

CALATAYUD SOILS

Armantes Series

The Armentes series oorreéﬁonds to an extraordinarly abrupt zone
due to intensive erosive processes on a geological materiel constituted by
s tebular éeries of marles, sandstones and iimestones. Since theée materials
are of such a different nature and physical properties it will be realized
that the soil on them formed will have a variasble morphology according to
the proportion of the starting material. The description of the Z-I profile
olearly reflects the nature and morphology of theSe.eoila which are in every
instance of A/B/C profile; the top horizon, of medium content in humus due
to the rapid mineralization of organic matter during the summer months, lies
on the mineral B horizon, which is limy and of subangular polyhedral structure.
In the case of the Z-1 profile the original material is a caloareous marl for
which reason it imparts to the soil a limy end somewhat impervious character.
The average depth of these soils is ebout 60 cms but in more abrupt local-
ities the 1lithosoil phase is found due to erosion.

The Armentes series belongs to the Bry calcareous brown soils group
of the Mediterranean Area, in other words there is not caloium carbonate
washing in the profile, the whole soil is calcareous and may be regarded
a8 in a edaphologically stable estate, the variability of the morphological

character of the soll being & consequence of the erosion.

Villarroys Series

The 2-II profile indicates that these are very superficial soils,
of from about 5 to 15 cms thickness as théy are formed on a considerably
compact and impervious marl of laminated structure, on which the soil '

forming processes may display their effects. They are in every case young




erosion soils, of A/C profils, poor in organio matter, ﬁighly‘caloareous
and without any poEsibility of subsequent evolution. The soil may be regarded
as a rendziniform soil of marls in its xerophytic variety and of 1lithochromo

charaoter.

Under the marl are found conglomerate laysrs alternating with i,
and this imparts to the soil a stony character which improves it since it is

thus rendered more permeable and loose.

Calatayud Serias

These soils are formed on chalk marls and chalks in the neighbourhood
of the Calatayud town. TheSie soils are identical to those of the Villaconsejos
series of the Chinchén Regidn from which ﬁhe only difference is the greater
heaviness or-clay contents in the original marl. For this reason no profilé
wag taken since all their properties and morphological oharacters are common
to both series. A different name has been given only because of local reasons

" a8 the Chinohén and Calatayud regions are very far away from one another.

Torres Series

These soils are also identical to the Cerro Pino series in the Chin-
chén regién. The Z-III profile is a good example of them; they are almost
lithosolls, formed on crusts of marly chalks, always highly eroded and thus
the deepsast soil is about 5 cms thioknéas, having an’A/Ckprofile very poor
in organic matter, rioh in gypsum and highly caloareous, for which reason it‘
is oclassified as gypsum xerodendzine or gypsumvdésartio soils In this series
the lithosoil phase is predominate.

Vicort Sgries

In strong oontrast with the Torres series soils the Vicort sefies is
found on a zone of the Iberian Cordillera, whioch has a relative humid climate,
and is of forestry type and extremely rugged. The-ZJV profile belongs o the
Great Gioup of Brown Forest soils, with an altitude near to 1000 M.y rain fall
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of 800 mm, on an original material of siliceous nature and under woods of

- reforestation pines and Quercus lusitdnioa.

The acidityiand good permeability of the rock promote soil development
which is of A/B/C type with & very deep and stony B horizon sinoe the soil is
developed between gradient alluyiums formed by fragments of rock\of sandetone
and quertzite. In this ocase the liberation of hydrated iron oxides has been
intense, imparting an ochre colour to the B horizon. Due %o the steep gradient
of the 801l the erosion was wery intensive before reforestation for which
reagon the soil in this soil is associated with areas of lithosoils in which
the rook crops out. The evolution of tﬁia soil will be that of progressive
aoidifioétionffévoured by the nature of the humus, of Moder type,»whioh’deriVes .
from pine leaves which are very rich in lignines.

Pozas Series

This series also is identical with the Collado series of the Chinchén
Teglon since it 1s formed under a similar olimate,‘same vegetation and on the
same geological material. As already stated‘in the case of the Collado series,
they are mull xerorendzines with the morphological and physical properties oommonl
t0 these s0ils so typical of Mediterranean countries..

”Ateoa Series

The Ateca séries soils, superficial and stony, ina ocmplex with litho-Y:
goils and more or less eroded areas, are found on slates of the Silurian and s
Oambrian in mountainous Tegions. The Z-VI profile is highly typical, it hes
a horizon ebundant in humus as it was taken in 8 Quercus Ilex forest. The B ,
horizon is very stony and, normally, in the case of cultivation soils, it is -
found at the surface since the organic horizon, and even part of the B horlzon,
have vaniehed through erosion. The transition from the B to the O horizons is
gradual and of impreocise limits gince the B horizon is formed by physical dis~- 1
integration of- the slatey rock. This type of soil belongs to the Great Group




of Mediterranean brown soils, ‘wall ‘extended in Spain in rogions of semiarid

o;"subhumid climate and on eiliceous rocks.

[

Sediles Series

This Serieé 6f soils is morphologically closely related with the
Villamanrique Series of the Chinchén series because although the soils are
different both are formed on gravel or alluvium deposita of the Quatemary |
period. In the Calatayud region these soils are developed on enormous alluvium
deposita coming from the Iberian Cordilléra and which descend until they become
mingled with the terraces of the Jalén river. They are very superficial soils
of A/Ca/c profile, stony even at the surface and with a calcarsous horizon
‘or-hard-amn at 25 oms depth immedié,taly gbove the gravel zone. 7

They are Brown soils of caloarsous crust, with almost no organie
horizon due to srosion and mineralizationi are highly caloareous, of clear

brown colour and without any structural development.




PHYSICAL PROPERTIES OF THE SOILS SERIES

DEDUCED FROM THEIR MORPHOLOGY AND GENESIS

CHINCHON SOTLS

Through the knowledge of the origin, morphology and vegetation of &
soil it is possible to deduce a series of physical properties of interest for
‘Agrioulture and for technological purposes having various applications. Theée
physical propertieo are conmected with and have on the one hand, closely de-
pendency upon the nature of the material which originated & soil and, on the
other hahd, upon the edaphological processes to which this material was subjected
until originatiné the present soil. It is therefore possible to deduce these
properties by examining the soil profile, and later meke the necessary checks
in the laboratory accumulating the necessary data so as to establish next year

the dichotomus keys by means of photograrhic interpretation.

Colmenar Series

The forme.tion of these soils has demanded & deep chemical desintegration
of the calcareous rock for which reason soil characters are well developed. The
atructure is highly developed, it is polyhedral, which ensures medium perme-
ability, soil seration is good since oxidatlon phenomena prédominate, the soil
is Well balanced as regards its texture sinoce no fraction predominates; it has
medium porosity and plasticlty, it is neither saline nor alkaline and its hu-
midity-retention oapaoity is somewhat low, not pxperlenclng any ohange in volume o '
when drying. ' ’ ; ' ’

Dug to the intrinsic conditions of the profile the soll is readily
erodable since the material "may slide" over the original rock, but on account

of its topographical conditions, almost flat, erosionvis of very small intensity.

For all these reasons the soil 1s very good, almost ideal, for'supporting

buildings, aerodromes, communication ways, etc.
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Villaconsjos Series
e ===
/

The_phyeical characteristics of these soils are inherited from the
sand&#gypsiferous nature of the merl which constitutes the original material.
The soils are deep, very little consolidated, without structure development,
very permesble, with'very low oapaoity for retaining water end non-plastic.
Both penstrability and maordporosity are very good. These solls are readily
eroddbleibut the originel material quickly replaces the losses caused7by
eroaibn. The gypsum contents impart to this soil very bad properties_fbr

the construction of either roads or buildings.

.‘Ville‘manrigue Series

/ : :
' This is an extraordinarily calocareous soil as it caloium carbonate

oontents may reéoh_near 50 %; this odloium carbonate specially aooumﬁlétea

in the s8ilt fraotion for which reason the interpretation'df its granulométrio
analysis varies a lot, according to whether or not the carbonates are déstroyed.
This soil is very little plastic, considerably permeeble, little consolidated,
very little erodsble, well structured and deep. Ite physiosl properties derive
from its eandy nature for although the caloium carbonate causes the silt
‘content o be very high, it almost acts as arf inert materiel being almost
devoid of colloidel properties. Aeration is good and so are porosity and
penetrability and this together with its topographical conditions renders

the soil excellent for eny technical applications.

Tajo Series

Profiles C~IV and C-V althdugh belonging to the same series have very.
different physical properties. C~IV profile is the representative soil of this
series, C-V ﬁrofile was taken in a small valley in which the vegetation appeared
to suggest thé existence of some content in soluble salts. The physical prop-
erties deduced from profile C-IV indicate that this is a soil of medium perme-
ability, giltyhsandy, readily pemmtrable, little consolidated without drainage:
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problems, well aerated and, on account of its depth, of large water-sbsorbing
capacity. It is an irrigation soil of great sgricultural valus.

Profile C-V indicates this to be a soil of slow permeability, some-
what saline, plastic, of silty texture, medium consistency, little asrated
and readily puddled. Because of its physical properties and gypsum contents
its quglities are very poor for building purposes.

Collado Series

They are soils of abrupt topography, of small depth and highly ocal-
caregous, Of séndy-silty textﬁre, the calcium carbonate preferably accumulates
in the s8ilt and clay fractions. They are very ldose soils, very little conso-
lidated and plastic and of high permeability which is favoured by the presence
of large quantities of limestone fragments in the soil mass. The physical
properties of this series of soils, which belong to the Xerorendzine group,
derivate from the frankly calcareous nature of the soil since it is a young
soil, the lithological character is highly acoentuated,'and since the original
calcareous rock is very porous and sandy grained, the soll has pérfeotly defined
rhysical propertieé. A s0il of good aeration which never becomes puddled even
‘with intensive rainfall.

Cerro Pino Series v
It will be dealt with conjointly with the Torres Serles in the Calatayud -

region.

© CALATAYUD' SOTIS
Armantes Series o
It was stated in the edaphological study that since materials as different
as marls, sandstones and limestone take part inthe formation of these soils it
is difficult to find a representative profile as this varies strongly with the

topogfaphy. They are eztraordinarily calcareous soils, of medium, either silty
or silty-sandy texture; well daveloped struuture giving rise to medium perme~




ability favoured by the presence of copiocus fragments of limestone in the
soil mass. Since this region is éubjected to an continuous erosive process
the external drainsge is high end the internal drainsge medium, Medium
ooneistenoy and porosity, the latter diminishing with depth. These are ‘soils
entirely devoted to forestry and shooting reservations and totally unsuiteble
for egrioultural or building motivities of any kind.
.

Villarroya Series

A 80il of physical characteristics rather peculiar and which are due
only to the nature of fhe original material which ls a marl of strong con-
sistenoy and laminated structure. It is devoted to cereals and vinee which are
oultivated by plough-removing the marl which becomes continuously eroded by
lack of care during the esgriocultural work. Texture is well balanced with.a
high caloium carbonate content; real density is high, macroporosity is lowj
Veryvslightly saline, little plastic and little permeable soils In those places
where the marl is mixed with the conglomerate layers, permeebility increases

and the compactness of the sub-scil decreases.

Calatayud Series

This has the same morphological and physical characteristics as the
Villacone jos Beries of the Chinchdn région for which reason no profile'samplee
were taken. All the considerations made in comneotion with that series apply

to this case.

Torres Series

As in the case of the Cerro Pino Series of Chinchén, these are highly
superfioial soils of A/C profile and belonging to the gypsum Xerorendzine group.
<A1l their physical characteristics are conditioned by their high gypsum contenta.
These are soils'of low apparent density;:non—plastic, very permeéble, 8lightly
saline, entirely incoherent, little consolidated and without any structure




stebility. They exhibit the worst possible physical conditions for the
construction of roads and buildings of any éort,t

Vicort Series

These are forestal, acidic, stony soils. On account of‘its topogra~
phical characteristios the soil is entirely devoted to forestry. The whole
| of the soil is stony and, thus, its physical properties are influenced by -
this circumstence. The soils are of high permesbility, and very little conL
solidated silty, have small plasticity and are readily erodable if not suf-

ficiently proteoted by reforestation. ’

Pozes Series

" As with the Collado series these aré_muil Xerorendzines and héwe the
same physical characteristics of that éoil geries. In this case the only
noticeable difference is that the Calatayud region is completely reforested
with pine grove whereas in Chinchdn normally there is only bush.

'Ateca Series

Highly eroded soils at places and altpfnating with lithosoils. On
rocks of gentle slope or: 1ow woods the soilg in general of small depth, is
glilty arenaceous, of grumoae strubture and henoe considerably permedble, 5
1little consistency, without plastioal properties and good penetrability o
Normally when the soil is a oultivation one and. s a result of the woﬁc, the' "o :o
mess of the soil is mixed in amall slate fragments. ‘ S

i

Sediles Series

Sendy surface soils of almost flat topography with little developed
| structure, very little capacity for water retention and large permeability.
| they are little oonsolidated soils and of rnady erosion; the subsoil is
| porous, permeable and con91stent. It is a good soil for the oonstruction or

roads end buildings.
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STUDY OF SOILS AND OF THETR CARTOGRAPHY BY MEANS

OF PHOTOGRAPHTC INTRRPRETATION

- In most treatises on photographic interpretation this activity is
defined as the action of examining the photographic images of objects,
ldentifying these objects and deducing their meaning; hence the inter-
pretation is & very complex operation whidh based on a probable observation
tends’ to elucidate the facts as they ars. But when this interpretation is
tfaslatéd to the field of Tdaphology the complexify of the problem becomes
greater since the direct image of'the object cannot be examined but only a
series of images of various objects more or less connéoted with the actual .
object. In the study of soils, asrial photography will never, or elmost neVer;
give us the image of the soil profile, that is aspect essential to know the
morphology of the soil, its genesis and evolution, and hence to deduce the

conclusions about its physical properties.

In order to arrive at the knowledge of these physical properties of
the soils, through aerial photographies, two procedures are availéble namely,
the direot procedure and the indirect one. The direct method; which we shall
use in fhe second part of this work, to be carried out next year, consists
in preparing and setting up a sort of interpretation keys -which French
people call "olds"- where the physical properties of the soils are combined
with differenﬁ interpretation methods, and with the criteria of interpretation
emong which we may mention those of morphological order, vegetation, appear-
ance of the different geological materials, erosion forms, distribution and
appearsnoe of the hydrography, grey tonslites observed in aerial photography
and human aotion. " ‘

The indirect or deductive method conéists in arriving at the physiocal

propertiés of the soils through ths knowledge of the different types of soils,
gince each type of soil series implicitly carries with it a particular range




of physicel properties. By following this method we have studied and
characterized, in the field, different soil series through the analysis

of characteristic profiles which‘have enabled us to assess their mor-
phology and specific properties. Bach of these soil series is diatinguieﬁéd
in aerial photographies by a series of variable criteria -not always the
gsame criterion-~ which enabled us to separate on the photographs the various

units of soils by means of stersoscopic vision.

But the system used for mapping the various soil units in Chinchén
and Calatayud has also been different. In Calatayud most of the territory
of the sheet.was mapped directly in the field by means of the free carto-
graphy system and by using topographic sheets to scale 1: 50,000, aeriel
photographs of the area to scale 1:30,000 and a pocket stereoscope for
three dimensional vision. In zones of difficult penetration the cartography
was mada by interpolation, using.also aerial photographs and placing the
limits on the topographic mep as cloges as possible to the observed reality.

In the Chinchdn sheet the cartography of the soil series previously
studied was ocarried out in a completely different mamer. The procedure
. consisted in tracing on "Kodatrace" paper the succesive asrial phstographs
that make up the Chinchdén sheet mosaic in other words by making thg relevant
interpretations with the aid of the Zeiss mirror sterecscope and using bin-
‘coulars of three megnification. These interpretation tracings -in which the
various soils series were delimited- were carried'dut bearing in mind the
oriteria most relevant and more closely related with the morphology of the
various soil series; among these criteria we may quote the nafure of the
original.material, morphology and landscape, nature of naturallVegetation,l
and the different use man makes of the soils. One these tracings were
obtained, to an approximate scale of 1:30,000 -being of course the same
scale as for the aerial photographs- they were translated to the Chinchén
topographical sheet (1850,000) by means of the Zeiss camera lucida: in this
way the correct location of the several soil units was practically exact.




In both cases, following the drawing of the 1350,000.topographical
sheets the necessary rectifications and controls wére made in the fiel4d,
partioularly with a view to checking the bounded units with the simple help
of the stereosoépe and following certain criteria, corresponding to tﬁa
edaphologic reality and the results could be no better. What on the other
hand soon becomes manifest on examining the final maps of the two arsas
selected is the superior cartographic detail of the Chinchén sheet,that
is to say the one made by successive tracings; this confirms our first
impression of aerial photography that is to say that in addition to the
time-saving entailed by its use it gives a wealth of details and very great

acourasy in all types of cartographic work.

In what follows we shall endeavour to set out for each soil series
the whole of the criteria and aspects which enabled their identification
through stereoécopic interpretation of the corresponding photographs.

In the sheet corresponding to Chinochén we have differentiated seven
geries of different soils. The Tajo series, corresponding to present alluviums
of this river, can be stereoscopically differentiated by the plottings proper
. to and characteristic of irrigation oultivations, the completely flat topo-
graphy éhd_dafk'tones of the photographic copies. The Villamanrique series
| odrresponda to soils formed on diluvial terraces of the river Tajo and it is
‘characterized, on observing asrial photographies, by an also flat topographys
~ occasionaly it is possible to notice a small and geﬁtle ondulation, irregular
~ plotting of the land, almost exclusively devoted to cereal ocultivation and
clear grey tones. On ‘the other hand the slope between the "Vega" and terrace
soils may be clearly appreciated as can also the limit between thié Villa- -
mahrique series and the other boundary series. These two series, Tajo and.
Villémanrique, do not exhibit natural vegetation since these soils are
entirely devoted to intensive cultivation. The Colmenar series shows very
characteristic aspects: in the first place we have the nature of the geo-

logical material from which these soils originate. They are hard limestones,
of horizontal stratification belonging to the "Pontiense" and occupy the




upper stage within the Tertiary unit. They are the so called "paramos"
limestones and their strong aspect and stratification are well defined in

the side scarpments of these mesetas or paramos. On these scarpments the
natural vegetation, with Quercus Ilex woods, may also be clearly appreciated,
whilst in flat areas the small and considerably regular plottings denote
ownership sharing and almost exclusive utilization on the basis of cereal
and vine-grove ocultivations. Topography is flat or very slightly ondulated
and grey patches alternate although, on the whole, the aspect of these series
is vary charaqteristio. The most important population centers are seated on
these soils and the straight end clear lay-out of the communication way
denote the subsoil characteristios. Parhaps the seiies of least clear de-
limitation through aerial photography was theHCollado gseries although it

is characterized by the predominance of sponténeous végetation, mostly Ros-
marinus Officinalis bush which generally imparts to photography & somewhat
dark hue. Topogrephy is rugged due to the faoct that ercsion has out ravines.
and, in general, beoause of the soft nature of the materials, water hes laft
1ts trades during.storming pariods. In oultivation aress plotting is entirely
irregular with limits which are not very straight. :

On the other hand it was VRTy eesy to delimit the Villaconejos series
since its solls are almost exclusively devoted to olive-tree oultivation and
thair aspecﬁ in aerial photbgraph-beooméa patent on account of the more olear
tones of the whole area, and in addition the topography is slightly‘onﬁulated;
The Oerro Pino series constituted by gypsum Xerorendzines assooiated with
lithosoils is perhaps the series which stands most olearly on stareoscoplo
‘oxamination, this is due to its highly specific lithology end to the character-
istic erosion forms formed in gypsum and which generally present a branched
aspaots The considerably characteristic intermediate end uniform grey tones
are due to a typical Gypsophiletalia vegetation. | '

Finally we have been eble to indicate and map out some areas of

pronounced salinity with Salicornietea vegetation and which are characterized




by the darker, almost black, areas readily noticesble in aerial photographs

and which oocupy topographically low areas; they are true depressions readily
appreciable by stereoscopic vision and which are also more marked on account
of their typical vegetation.

The oriteria chosen for the Calatayud sheet -and whoée cbnnection with
the: 80il series is more direct and close~ are about the same as for the Chin-
chén sheet, J ”

On analyzing the several series we see that the Jaldn series is quickly
charaoterized in aerial photographs because the soils are dedicated to either
norticultural cultivation or fruit-tree. Land plots are aboundant and minute

and the tones found are rather dark since being soils under irrigation the soil
humidity, which imparts the shading, 1s rather dark. The Sediles series, 50115
‘ngeloped on terraces and stony grounds, oan ‘also be readily delimited with
the aid the stereoscope as they are found in Well defined areas, with well
marked edges end always in a grey uniform tone 6f medium intensity. The Cala-
-tayﬁd series, developed on gypsiferous marls has highly marked differential
chéraoterietios, the main ones being the arrangement of the cultivations,
.always on ‘a cer=al basis;rin small orchard plots taking advantage of fhe great-.
er thiokness of the soil and in the "gully" which the'subSequent erosion of
nearby areas was filling in. Typical of this series are the eroded zonss. in
‘singular alternation with oultivated atess, algo. typical ‘are the very clear
: grey tonalities present in the photographs. Intlmately connected with this.
geries is the Torres: series formed by authentical gypsum lithosoils, hence
;lﬁhe aocentuated erOSion—forms displayed by this materia1, which ooupled with
.the almost white tone makes the characterization a ready matter. The more
‘marked phot—interpretation characteristics of the Villarroya series are the
almoSf flat topography, scanty and well integrated hydrography of the pa-
rallel type. The whole of the lend is cul%ivated; cereal end vine groves
predominating, olive trees growing on areas of soils of topography gensrally
flat or élightiy undulated; intenque plotting and grey hues predominate but




with little homogeneity. In some bIAOes the'typibal erosion of the marl on
whioch these soils are formed may be appreoiated. The most characteristio

detall of the Armentes series is the olear stratifioation of the several
geological materials and the impressive erosion of these soils covered by
a caloareous "tomillar" also visible with stéreosoopio vigsion. The Pozas
series soils formed on hﬁrd limestone are found in the high areas; it is
poeaible to appreciate the hard oalcareous reliefs and the intensive re-
vforestation carried out over these soils with Pinus halepensis.‘

The Ateca series ocan readily he distinguished by the aspect of its
shales, with fheir characteristic stratification, 1ts hydrography of dendritic
type, of medium and slowly well-controlled density. The Querous Ilex forest
is well seen in low spots whereas vine groves are noticeable in the some-
what ocalcareous zones of South-Tast end. Finally‘highly resembling the'preoeding
series we have the Vicort series in which thé greater alternancy of duartzites
is well noticeable in aerial photographies. The so0ils are more acidic and watter
and hence of dark tones in the photographs, this is manifested by the position
of the Quercus pirenaica at high places and which come out extremely well

in stereoscopic vision.




ANALYTICAL MWTHODS AND DATA

The mechanical analysis of the soils has been effacted by two different
methods; the firat one by following the technique of the Bureau of Reclamation
Manual, Irrigated Land Use, utilizing the denﬁimeter without destroying'the
carbonates and the second one by following the International Method of the "So-
oiedad Internscionalde Clencia del Suelo" using Robinson's pipettes

_ Permeability has been determined by Durand's methodvbut with the importantv
modification of operating on samples with undisturbed structure. The calculated
valus gives us the number of centimetres/hours of infiltration velocity end'is
caloulated from two different mean values, the first one for the first fﬂ.ve o

"houra of measurement a.nd the spoond as teken from hour 24 4o hour 28.

Bulk denslty and partiole density have been calculated in accordance
with the standards laid down in U.S.D.A. Handbook n? 60, and so have the water
contents at 1 and 15 atmorpheres and salinity. Plasticity was determined by.- '
Attefbefg?s technique. |

| The study of the clay samples is made using an X-Ray PW1010 Phillips
generator with PW1050 wide range Goniometer and Blectronic Circuit_ Pangl with
Recoder PW1051 was. employed. ' :

~ Working condltions Were a8 follows' filtered copper radlation, 40 Kvy -
20 mA; scan speed 19 par minute, divergence slit, 19' soatier slit, 0,424 re-
fOeiving alit, 193 time constant, 4 seoonds. The. following diagrams Were ob-v
taineds a) of the whole untreated clay. In the case of the existence of a
larger amount of -organic matter this was prev1ously eliminated by treating it
with 20 vols. hydrogen peroxide; b) of the clay after having been'v subjected
to treatment to dissolve free sexquioxides; ¢) of the previous clay treated

" with glycerol; d) of the clay after heating to 500% C, during two hours.




Meohanioal analysis of soils with Bouyouocos method

Sample COoarse Mediym Fino Very fine Total 8118 Olay
. . sand ~ sand sand pand ‘ sand .
0-I. A 2,42 4,80 6,72 . 15,26 ‘ 29,3 33,80 . 36590
" B 1,02 3,98 5,94 | 11,66 22,6 26,80 50,60
oI A 2,02 7,16 - 8,63 . It wasn't dispersed
" B 0,22 ‘ 0,62 1,62 It.wa.an't dispersed .
0-III A 0,28 0,28 0,38 . 24,36 25,0 50,40 24,60
" B/0 0,00 0,00 0,54 24,86 25,4 48,00 26,60
I 0400 0,00 0,62 26,38 . 27,00 48,40 24,60
oIV A 0,00 0,00 11,00 24,10 " 3552 41,60 23,20
nog 0,00 0,00 17,78 36,42 54420 24,00 21,80
0=V Ao 0,00 . 0,00 0,64 It wasn't dispersed - ‘ ‘
0=V A1 . 0,00 0,00 1,08 T4 wasii't dispersed |
0-VI A, 1,54 2,54 2,18 17,14 23,40 . 53,80 22,80
noooa 3,26 7,82 5,34 . 531 21,80 49,40 28,80
z-1 A 3,36 3,34 - 3,70 12,73 23,20 35,50 41,30
n B 0,68 1,02 2,12 6,72 10,60 39,40 50,00
nog 0,00 0,00 0,20 0,00 0,20 57,60 42,20
Z-II A 1,60 4,48 11,10 29,19 46440 29,20 24,40
nog 1,36 1,60 1.82 9,56 14,40 43,60 42,00
Z-IIT . A 1,77 4,70 4,84 24,07 35,40 It wasn't dispersed .
"o 1,72 4440 4,36 7,10 17,60 T4 waen't disporsed
Z-IV A 26,22 o 18,95 10,65 4,76 60,60 20,60 18,80
' " B . 9,82 12,22 5,75 7,80 . 35,60 27,40 37,00
2V A 2,31 4,42 6,30 16,96 ‘ 28,00 27,80 44,20
ZVT A 11,41 12,56 10,15 11,07 45,20 131,40 23,40
"B 6,37 10,85 6,35 24,01 47,60 28,10 24430
Z-VIT Ao 9,64 19,53 11,11 0,51 40,80 32,80 26,40
22,00 20,40

ZVil 4, = 14,14 18,21 10,38 14,85 57460
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'Mechanical gnalysis. International method

0o

Sample coarie Finz Silt clay J08
gan Sun
c-I 4 11,21 35,26 - 18,4 30,35 046
w B 8,11 32,18 15,35 42,6 2,2
C-II A 8,96 14421 It wasn't dispersed 25,5
"B 0,37 17,74 12,30 7,25 47,0
C-TII A 0,72 37,46 4490 10,45 4643
v B/C 0434 35,50 5420 10,55 47,0
" ¢ ' ' _ 4643
C-I¥ A Ty 23,2 T2 10,0 43,5
"oC 5,70 33,62 3,35 6465 49,0
cV 4o 0,09 28,83 11,60 14,90 31,6
" A1 1t wasn't dispersed 27,6
C-VI Ag 0,58 13,28 8452 16,45 5547
" Ay 0,15 4,23 5942 15,80 6741
2-1  Ag 1,58 15,75 15,10 22,65 52,9
n B 3,2 29,47 31,35 36,1 2445
Z-11 A 741k 58 , 94 15,85 13,8 2431
"¢ 0,97 22,88 23,95 22,10 3044
Z-III A T4 wesn't dispersed 1542
L "o " ' 2,8
Z-IV A 47,83 32,28 12,75 5450 0
n B 29,21 32,84 11,85 22,55 0
-V A 10,58 38,76 21,22 28,57 = 26,1
Z-VI A 32,87 27445 22,97 11,42 0,3
B 33,08 28,39 25,65 11,15 0
Z-VII Ag 34,79 35,68 10,45 14,05 13,6
"A1 19,47 45,87 14,60 18,70 35,3




'Higroaoqpicity” |

Sample o " Relative_vapour Relative _vapour,

tension 5, 0,96 Tension §o=_0,99

A 8,37 - 11,23
B _ | 9,52 _ 11,84
oI & 17,98 | 18,80
B 8,63 11,83
_ A R | - 3,24 S 4,72
w BO 3300 419
c , 2,97 | 3,95
A 6,03 6530
o 2,70 ) 3,01
Ay 9,84 [ 11,6
A 11,82 0 . 13,28
A, 8,02 » . 10,88
A 7963 1 1,37
, A, o 6,97 | 8,12
B e 8,33
. ¢ . S
A
c
A
c
A
B
A
A
B
A'0
A

sl e
;-"";57“*12a”ﬁ:‘j‘:s£ u;  4os
0BgBT il 6,33
CRs 1623
‘n'llsbéi‘  ? h:'i“f,“fEﬁ‘ 16'45 M

1927 L = 1,52
5’14 - 6,06
6,86 - A o ,‘8911
3,97 S 5,46
e R
4’215_,__ ,‘»‘ P | 5,62‘>r
3,21 5,16




‘Permeability

Z-VIT A

Sample - | lE’t Mean value 'znd Mean .valﬁe ‘Limite
¢c-I B 48,6 39,4 39,2
G=II B 89,3 4,0 3746
C=-IIT B 43,0 24,8 22,9
c-IV O 117,9 51,2 49,6
oV & 46 3,8 37
C-vI A 135,6 92,4 90,4
P c 1,12 1,09 . 1,04
z-II ¢ 14,5 14,6 14,4
Z-TIT A/0 24,0 16,8 - 16,8
R 433,0 " 107,0 1032

200,0 - 81L,5 S 12,0
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Soluble salts

Sample Electrical Sample Electrical
conduct§vity v ,cgnduct%vity
Mhos 10 _ Mhos 10
o-I A 0,50 Z-1 B 3,0
" B 0,85 " ¢ 3,0
0-II A 3,0 2-II A 0,45
m B 3,0 . 0 1,40
0-IIT A 0,55 Z-I1II A 2,75
" B/O 0,65 " c 3,0
" 0 0,50 -1V A 0,60
c-IV A 0,85 " B 0,16
" o 1,85 ) 2V A 0,42
c-v A, 3,10 Z-VI A 0,80
" A 3,0 " B 1,60
C-VI A, 0,45 Z-VII A 0,92
" A 0,37 " A, 0455
2-I A, 0,45




Particle density

-6

Sample Sample
c-I A 2,25 Z-1 A 2,49
" , B 2,40 " B 2455
¢-II A 2,34 =11 A 2,65
W B 2,50 oG 2,64
C-III A 2,49 CE-III A 2,49
" B/C 2,56 e ¢ 2,31
LS 2,61 iV Ay 2,62
0-IV A 2,50 " B 2,56
" c 2,61 z-V A 2,51
0V A, 2,40 Zz-VI A 2445
" A 2,40 "o B 2,57
c-_vx A, 2436 Z-VII A 12456
" Al 2,46 " Ao 2,48
| Bulk density
Sample i Sample
c-I B 1,43 7z-I © 1,74
0-II B 1,22 211 © 1453
0-III B 1,40 J;/Z/-III A/C 0,84
c=IV © 1,38 2-Vv A 1,36
-V A 1,23 Z-VII A 1,52
C-VI Ay 1,44 ‘




Limits of Atterberg

Sample Limit Limit Plusticity
liquid plastic Index
Cc-I A 4by2 - 25,8 19,4
" B 42,1 18,3 - 23,8
c-11 A Not plastic
c-II - B 43,0 29,3 13,7
C-III B Not plasiic
w B/C 24,8 22,1 2,7
n ¢ Not plastic '
c-IV A " "
" _ (o} [} [{]
c-V A, 5646 3143 19,3
" Ay 94,5 29,5 25,0
O-VI A 5040 38,6 11,4
" A 20yl 35477 19,4




So0il water

Semple 1 atmosphere percentage 15 atmosphere percentage
c-I A 6,11 15,87
" B 5467 16,01
c-II A 11,54 26,46
" B 8,20 17,44
" 'B/C 3467 10,14
" ¢ 2,87 5426
c-IV A 1,98 5537
" c 2455 5,06
c-V A°’ 8455 22,36
" A 7533 25,32
C-VI 4 8,59 17,96
" Ay 7460 20,76
Z~1 A, 5406 14,48
" B 4449 16,59
" ¢ 7432 10,32
Z-I1 A 3,38 6,87
" C 5553 10,35 -
Z-III A 5,91 19,76
" c 9,74 49,93
Z2-IV A 5,47 13,90
" B 2,87 8,17
z=V A 5505 13,63
z-VI A 5,84 9,90
" B 3,92 8,88
Z-VII A, 4454 13,34
"A 5,88 9599




Profile -~ Horizon

0-I A
" B
C-II A
0-IIT A

" B/C
c

0-IV A

STUDY OF TH% CLAY FRACTIONS

The diagram obtained indicates that the extraoted fraotion

is constituted by a orystalline materiel of very small size
or, more likely, by a strongly altered crystalline material.
Illite predominates, accompanied by a.mineral of the kaoli-

- lite, fire-clay type. Likewise the existence of & mineral

with mixed layers, probably montmorillonitic, is justified.
anrtz in small smounts.

As gbove, but the presence of montmorillonitio mineral is
mora clear.

In view of the nature of the soil the clay fraction had
to be extracted by energetic treatments. Despite this,

we estimate the alteration of the existing material to .
be natural, not originating from the effected treatments..
The basic material is illite accompanied by morillonite,

possibly inter-stratified with illites. Gypsum, Quartz,

As in the previous profiles the existence of clay minerals
with wide spacings is manifest, probably interstratified

.at rendom with illite. It must be noted that their amount

seems to increase on digging deep into the profile. In
this horizon illite predominates, accompenied by a mineral
of the kaolinite type. Quartz.

.,As in thewpreOeding-paragraph._

Same a8 the previous ones. As stated when studying the

A horizon, the existence of minerals with a spacing over
10 A? is obvious but everything seems to point to their

being disorderly interstratified with illite. The exist-
ence montmorillonoides is highly probable.

' The mineral predominating is illite. It is accompanied by

montmorillonite. In the test specimen heated to 500¢ C




Profile - Horizon

C-Iv A there 1s & small line at 7,05 A? which appears to suggest
tha presence of chlorite, in a very smell amount, and of
a mineral of the kaolinite group.

" c Seme as the preceding ons.

v A Strongly altered material. Illite predominates.
In very small emcunts a mineral of the kaeolinite group.
Vermiculite and montmorillonite probably present.

" Ay Similar to the pre\iious one. Montmorillonite, always
- in a small proportion, is more abundant.

0-vI Ao  Much altered material, Illite predominates. Probebly in
’ mineral of the kaolinite group. Montmorillonite.

" - A As in the previous paragreph, out there is no evidence
: of the existence of kaolinitio minerals. There are pro-
bebly illite-montmorillonite inter-stratifications.

Z-1 A The most abundant mineral, illite, is aocompanied by
' kaolinite. Very little Quartz.

" A As in the previous paragraph.

2-I1 A . Well crystallized Illite and keolinite. The diagram of '
) : . the sample treated with glycerine shows a band that
suggests the existence of a montmorillonitic mineral.
- Quartz.

" . C Basically same as in the preceding paragraph. It must be
stressed that the mineorals appear to be less crystallized
‘than in the A horizon. M.B. exemination could confirm this
assumption.
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Profile - Horizon

Z-III A The fraction extracted gives a very dafective difraction
diagrama. The presence of Illite and, naturally, gypsum
and alkaline earth carbonates is obvious. The habit of
the disgrams seems to suggest the existence of an inter-
stratified, possibly inflatable, mineral.

P S T1lite, Kaolinite, Qpartz, Montmori11onite.
" ﬁ - As. gbove.
zV A Besentially Illite, accompanied by kaolinite and quartz.
Z-VI A T1lite, Kaolinite and Quartz_aacémpanied by ohlorite or
vermiculite.
" ‘B As in the preceding paragraph, the presence of hydrous

mica belng possible.

Z-VII As - Much altered material. I1lite, Kaolinite and Qnartz,
possibly Vermiculite.

" , Ay As in the preceding pafagraph but accompanied by mont-
morillonite.
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APPBRNDIX

A).- Implications of the rnsults for possible future work.

'l‘his work repnesent in the first place a con’crlbution for the betterment

in the agrioultural and acononic dPVelopment of the two zones through

the study of the soils and vegetatmn. In second place aids to coordinate
the work .Qf the solls scientist and b’otanists using the photoin‘ggrpretation
technicél, for the first time in Spain. Finelly, this work is the first
step in a research towards ésté,blishing interpretatives keys by the com=
bination‘of the physical properties of soils with the laws of the photo-
interpretation which will be our aim in the second part, that we shall

realize next year.

B).- Scientist personnel employed during the reporting period.

J.M. Albareda, A. Guerra, E.F. Galiano, F. Mbnturiol, J. Garcia~Vicente.

.0) s~ Manhours expended on the contract.

- J.M. Albafedas one year's work et 130 hours per month.
A. Guerrat one year's' work at 130 hours per month.

~ B.F. Galiano: one year's 'work'af 130 hours per month.

- P, Monturiols one year's work at 130 hours per month.

" J. Garofa-Vicente: one. year's work at 32 hours Per mon.th.
J. Garofas one year's work at 32 hours per month,

Me del Carmen Laitat one year's work at 32 hours per month.

D).~ Chemioal expends in carrying out the contract

About 87 1000 in materials have been spent. .




B).- Apparatus

No importent property has been acquired during the reporting period,

at direct contract expense.

—TF W —




