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Abstract: A study concerning the deep structure of the Almazán basin has been carried out by using 
seismic, gravity and geological data. A new interpretation of previous seismic reflection lines has 
provided an isopach map for the top Albian unit showing an overall simple flat-bottomed syncline 
geometry with a 4500 m thickness depocenter placed near the northeastern boundary of the basin. A 
gravity survey provided a gravity map of the basin and surrounding areas, depicting relative gravity 
highs and lows linked to sedimentary infill variations and lithological changes in the basement. A 
map for the theoretical gravity due to the sedimentary infill has been done by integrating the data 
derived fram the isopach map with the function which describes the density increasing with depth. 
Substracting this map to the observed gravity map, a new one depicting the gravity response for the 
basement has been obtained. Spectral analysis of this new map shows the occurrence of a regional 
source located at 11 km. Integrating all the aforementioned data, three 2+ 1/2 D gravity models have 
been obtained. These models display an acceptable fitting linking surface geological structure with 
bottom basin geometry, as well as different basement bodies and the geometry ofthe boundary between 
the basement and rniddle crust. 
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Resumen: La Cuenca de Almazán constituye una de las áreas subsidentes rellenas por sedimentos 
terciarios continentales, originadas durante la convergencia entre las placas europea y africana que 
tuvo lugar en la orogenia alpina (Armenteros et al., 1989; Bond, 1996). Se ha obtenido el mapa de 
anomalías de Bouguer de la cuenca y áreas adyacentes, en el que aparece un mínimo gravimétrico de 
orientación NO-SE, bordeado por dos máximos que corresponden a las ramas aragonesa y castellana 
de la Cordillera Ibérica. Se ha obtenido un mapa de isopacas para el techo del Albiense a partir de una 
nueva interpretación de perfiles sísmicos de reflexión previos. La geometría general es la de un sinclinal 
de base plana con un depocentro de 4500 m de espesor situado cerca del extremo NE de la cuenca. La 
realización de una campaña gravimétrica ha permitido obtener un mapa de Anomalías de Bouguer de 
la cuenca y áreas adyacentes, mostrando máximos y mínimos gravimétricos relativos relacionados 
con variaciones del relleno sedimentario y cambios litológicos en el basamento. Integrando los datos 
obtenidos del mapa de isopacas con una función cuadrática que describe la variación de densidad en 
profundidad, se ha calculado el efecto gravimétrico teórico debido al relleno sedimentario. Restando 
este efecto al mapa de Anomalías de Bouguer observado, se ha obtenido un nuevo mapa que refleja la 
respuesta gravimétrica del basamento. Mediante el análisis espectral de este nuevo mapa ha podido 
determinarse la existencia de una fuente regional situada a 11 km de profundidad. Integrando todos 
los datos antes mencionados, se han obtenido tres modelos gravimétricos en 2+ 1/2 D. Estos modelos 
presentan un ajuste aceptable relacionando la estructura geológica superficial con la geometría del 
fondo de la cuenca, y muestran, diferentes cuerpos en el basamento y la geometría del límite entre 
corteza media y basamento. 

Palabras clave: Cuenca de Almazán, perfiles sísmicos de reflexión, gravimetría, análisis espectral, 
modelización. 
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The inner part of the Iberian Plate was strongly de
formed during the Tertiary due to the collision between 
Africa, Europe and Iberia, forming intra-plate moun-

tain chains and continental basins (Sanz de Galdeano, 
1996). The Iberian Range was one of those chains and 
the Almazán Basin is located within the Iberian Range 
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Figure 1.- Geological map of the Almazán Basin and location of the Almazán Basin within the Iberian peninslIla. UTM coordinates in 
km. I-IlIse 30. 

at the easternmost part of the Duero Basin. 
The basin was filled by Palaeogene and Neogene 

sediments, composed of alluvial deposits, with conglo
merates and sandstones, near the basin borders, and 
shales, lacustrine limes tones and gypsum towards the 
basin centre. The Palaeogene deposits (up to 3500 m in 
thickness) are folded and only crop out at the northeas
tern margin, whereas the Neogene formations (up to 
500 m in thickness) remain horizontal onlapping the 
Mesozoic rodes of the southern border. 

The basin is located between mountain ranges whe
re older rodes (Palaeozoic and Mesozoic) crop out: the 
Aragonian branch of the Iberian Chain to the east, the 
Cameros massif and the Castillian branch of the Iberian 
Chain to the south (Fig. 1). The Aragonian branch of 
the Iberian Chain consists of a NW-SE trending anti
form of Palaeozoic rocks (an up to 7000 m thick succe
ssion of sandstones and shales), bounded by Mesozoic 
sediments. 

The Cameros Massif, resulting from the Tertiary in
version of the Mesozoic Cameros Basin, bounds the 
basin to the north with E-W trending faults, throwing 
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up to 2-3 km to the south (Platt, 1990; Clemente and 
Pérez Arlucea, 1993; Guimedl et al., 1995). It consists 
of Mesozoic rocks, mainly evaporites, sandstones and 
marine and lacustrine limestones, spanning Upper Jll
ras sic to Lower Cretaceolls times. 

The Castillian branch of the Iberian Chain mainly 
consists of Triassic and Jurassic formations reaching a 
maximum thickness of 2000 m. The Triassic appears in 
Germanic facies: Buntsandstein (sandstones and sha
les), Muschelkalk (limestones, marls and evaporites) 
and Keuper (lutites and evaporites). The Jurassic for
mations consist mainly of marine limestones (Goy et 
al., 1976; Goy and Sllárez Vega, 1983). The top of the 
Mesozoic series is constituted by Albian sandstones 
and Upper Cretaceous limes tones (García Hidalgo et 
al., 1997). Main folds and faults in the are a show a 
NNO-SSE to NNE-SSW trend. 

The Almazán structure shows an overall simple flat
bottomed, syncline geometry. The maximum thickness 
of the preserved Tertiary deposits is located along an E
W trough that eros ses the central part of the basin 
(ITGE, 1990; Bond, 1996; Casas et al. (in press». 
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Figure 2.- Tertiary and Upper Cretaceous isopach map. Contour interval 500 m. UTM coordinates in metres, hu se 30. 

The aim of this paper is to investigate the crustal 
structure of the Almazán Basin by means of new gravi
ty and previous seismic data. Oil research in this area 
provided reflection seismic profiles carried out by 
SHELL (1982). Migration and interpretation of these data 
reflects the basin geometry which allows us to determine 
the relationship between these data and the anomalies 
drawn in the gravity map which has been obtained from a 
gravity survey carried out for this purpose. 

In order to analyse the different gravity sources cau
sing the gravity anomalies, two methods have been 
applied. First, thegravity anoma:ly due to the Tertiary 
infill of the basin has been computed and removed. Se
cond, to investigate the deep sources, a spectral analy
sis of the Anomaly Gravity map obtained by removing 
the basin gravity contribution has been carried out. All 
the aboye results together with the geological data have 
been integrated to establish three 2+ 1/2 D gravity pro
files reflecting the basin and underlying basement 
structure. 

Methodology 

The objectives previously proposed required the 
combination of several geophysical techniques aimed 
at obtaining a good knowledge of the basin and crustal 

structure for this area. 
A brief discussion of the methodology is given below: 

Seismic data 
A total of 26 seismic profiles (SHELL, 1982) has 

been interpreted. For every seismic profile, the CDP 
(Common Depth Point) provides a single velocity data. 
Knowing the relationship between velocity and depth 
given by each CDP, the depth for a singular reflector 
along the seismic profiles can be deduced. The chosen 
reflector in all the profiles has been identified as the top 
Albian (Utrillas formation) in El Gredal well (SHELL, 
1982). Density and distribution of seismic profiles are 
good enough to provide a detailed geometry for this re
flector. After depth data obtained, a top Albian isopach 
map has been derived. Kriging with a regular grid of 
2000 m resolution (Fig. 2) has been the interpolation 
method used. Maximum depth is located close to the 
easternmost boundary of the basin, reaching up to 4500 
m in thickness, with an E-W trend. The ca1culated iso
pach map for this reflector shows slightly higher values 
than the previously one published by Bond (1996), but 
the geometry is similar. 

Theoretical gravity anomaly of the basin 
In sorne cases, where the geometry of a geological 
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Figure 3.- Gravity anomaly map of the Almazán Basin. Contour interval 2 mGal. UTM coordinates as in figure 2. The location of the three 
gravity models is shown. Numbers and letters refer to features described on the text. 

structure is well known from seismic and well data, it is 
useful to compute the gravity effect associated to that 
structure. The calculated effect can be removed from 
the observed gravity map, obtaining a new map that 
enhances the deep structure which effect was previous
ly hidden by overlaying sediments. Gravity anomaly 
3D computation results too complicated for most of the 
geological structures, being useful only for some relati
vely simple structures, such as sedimentary basins, dia
piric structures 01' not very complex plutonic bodies 
(Le. Yenes et al., 1995). Different methods of 3D ano
mal y calculation are described in the literature (Cordell 
and Henderson, 1968; Chai and Hinze, 1988; Baskhara 
Rao et al., 1990). It is commonly observed that sedi
mentary basin density increases with depth due to the 
high confining pressure in the lowermost zone. A me
thod characterised by a density contrast varying with 
depth between model and host rock is used in this work. 
This density contrast is described by a quadratic func
tion (Baskhara Rao, 1986). 

3D gravity modelling of a sedimentary basin requi
res the construction of a regular grid whose spacing is 
determined according to the desired degree of accura
cy, bearing in mind that computational time increases 
exponentially with grid side. In our case, a grid of 34 
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rows by 44 columns with a spacing of 2350 m has been 
chosen. Knowing the sedimentary thickness for every 
grid point, the sedimentary basin is represented by a 
group of juxtaposed prisms whose area is given by the 
square of the grid spacing, whereas its height is repre
sented by the sedimentary thickness. From the expres
sion for the gravity anomaly produced by a prism with 
variable density contrast (Bhaskara Rao et al., 1990), 
the anomaly associated with every grid point is calcula
ted by adding the gravity contribution of the prism 10-
cated at this point and the effect of the surrounding pris
ms. This effect depends on the distance between every 
prism and the considered grid point. This algorithm has 
been used in the ANOMALIA computer program (Gó
mez D., unpublished), which provides a gravity map 
from an isopach map of the sedimentary basin and a 
quadratic function describing the relation between den
sity contrast and depth. 

The computed theoretical gravity map obtained for 
the sedimentary basin is subtracted from the observed 
gravity map in order to remove the gravity contribution 
of the sediments. As a result, the final map will be 
mainly affected by basement structures, lithological 
changes 01' structures whose gravity anomaly might be 
hidden by the effect of the sedimentary infill. 
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Spectral analysis 
In order to obtain a good approach to the depth sour

ces located under the sedimentary basin, a gravity spec
tral analysis based on a statistical method has been 
applied (Spector & Grant, 1970). One of the main pro
blems in gravity analysis is the discrimination of the 
residual and regional sources because of the difficulty 
to discriminate long wavelengths due to superficial 
sources from those generated by sedimentary basins. To 
solve this problem, a spectral analysis from the base
ment structures map has been carried out. First, a 2D 
Fourier Analysis of the gravity map was worked out, 
using the technique described by Davis (1973). This 
method provides the amplitude for every harmonic 
component whose wavelength is a multiple of the fun
damental wavelength, as defined by the length of the 
map. The amplitudes so obtained represent the frequen
cy domain for the map. In this domain, the techniques 
of filtering and spectral analysis can be carried out 
more easily. 

The square of the amplitudes for every harmonic 
component is called the power spectrum and represents 
the energy associated to every component. A graphic 
representing the power spectrum versus the radial fre
quency provides an estimation of the mean depth 
around which the sources are distributed. In most ca
ses, three linear segments can be distinguished. Each 
linear segment corresponds to a different source and is 
characterised by a frequency interval and a slope, whi
ch is directly related to the mean depth of the source. In 
our case, regional and residual sources have been isola
ted by means of a Wiener filter (Gupta & Ramani, 
1980). 

Gravity modelling 
Depths derived from seismic and geological data, as 

well as rock densities obtained from rock samples and 
density log data have been integrated in a density mo
del which has been used for the modelling, together 
with the spectral analysis results. 

Modelling has been carried out with a GM-SYS 
software, which uses the algorithm described by Won 
& Bevis (1987). This is a straightforward method, whi
ch by means of tri al and error and varying the body geo
metry allows to obtain a good fitting between theoreti
cal and observed anomalies. This fitting must be under 
an error value considered as acceptable in function of 
the error map, gravity station spacing and the regional 
or more detailed character of the study. 

Gravity Anomaly map 

In order to achieve the aforementioned goals, a gra
vity survey of the Almazán Basin and the surrounding 
areas has been carried out. A total of 907 gravity statio
ns homogeneously distributed in an are a of 8000 km2 

has been obtained, providing a 0.11 stations/km2 densi
ty. The gravity meter used in the survey has been the 
Lacoste & Romberg model G, number 953 with a theo-

retical accuracy of ± 0.01 mGal and drifts lesser than ± 
1 mGal per month. The height for each station has been 
determined using a barometric al time ter (Pauling mo
del MD-5) with an accuracy of ±1 m. The density re
duction chosen for this study has been 2.67 gr/cm3• Te
rrain correction has been computed up to 22 km; the 
first 170 m were ca1culated in the field, and the rest cal
culated from a Digital Elevation Model (DEM) (Kane, 
1962). This DEM has been constructed digitising 
1:50.000 scale topographic maps. 

Using the kriging method, a gravity map of 34 rows 
by 44 columns with a 2325 m spacing grid has been 
drawn (Fig. 3). The length of the map is 100 km in the 
E-W direction and 80 km in the N-S direction. The 
mean square error of the map is ±1.69 mGal. 

The gravity map is characterised by several relative
gravity highs and lows, as well as strong gradients. The 
regional features of the map are a relative low with NW
SE trend, corresponding to the Almazán Basin, and two 
relatives highs associated to the Aragonian and Casti
llian branches of the Iberian Range. Three different 
structures can be distinguished inside the basin: a rela
tive low (Almazán low), with a NNE-SSW mean trend 
(1), a relative high (2) trending parallel to the previous 
low, and a relative low (3) trending NW-SE and located 
close to the south-eastern basin boundary. The gravity 
low located at Almazán (1) is linked to a basin depo
center, but there is no clear correspondence between the 
isopachs map and gravity for the rest of the sedimenta
ry basin. The gravity low related to the basin is boun
ded to the south by a gradient trending NllO° E (A), 
which shows a maximum associated (4) to the Casti
llian branch of the Iberian Range; this gradient is linked 
to re-activated late Variscan faults affecting the south
western basin boundary (Bergamín et al., 1995; Bond, 
1996). The limit between the Almazán Basin and the 
Aragonian branch of the Iberian Range (5) is drawn by 
NW-SE trending gradient (B) associated to the basin 
marginal structure. The northwestern boundary of the 
Almazán Basin is constituted by a NE-SW trending gra
dient (C) associated to the Soria Fault (Maestro et al., 
1994). This corresponds to the south-eastern boundary 
of Cameros Basin that extends towards the Almazán 
basin-Duero Basin linking area. The Cameros basin is 
depicted by a re1ative gravity low (6). 

Theoretical gravity map and spectral analysis of 
the basin 

The theoretical gravity map (Fig 4) of the sedimen
tary infill has been calculated from the isopach map by 
means of the computer program ANOMALIA with the 
method described aboye. Density contrast has been ob
tained by least squares fit, using a quadratic function of 
the density data obtained from El Gredal well (SHELL, 
1982) (Fig. 5). The density function varies from 2.46 
gr/cm3 to 2.69 gr/cm3. The maximum anomaly value 
obtained is -16 mGal. 

Figure 6 shows the resulting map after removing the 
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Figure 4.- Theoretical gravity anomaly map, showing the gravity effect of the sedimentary infill, using a densily ranging at depth from 2.46 gr/ 
ce lo 2.69 gr/cc. Inlerval 2 mGa!. UTM coordinales as in figure 2. 
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gravity effect of the basin from the observed gravity 
map. The Almazán gravity low has been widely atte
nuated in this map and the gravity high located between 
Gómara and Arcos de Jalón has been increased reaching 
values up to -74 mGal. We interpret that this map re
veals the occurrence of bodies with different densities 
in the basement. 

In order to establish the depth to the sources located 
under the sedimentary basin more accurately, a spectral 
analysis of gravity data based on a statistical method 
has been applied (Spector & Grant, 1970). A graphic 
representing power spectrum versus radial frequency 
provides an estimation of the mean depth around which 
the sources are distributed. In most of the cases (S y
berg, 1972; Gupta & Ramani, 1980; Pawlowski, 1994), 
three linear segments can be distinguished. Each linear 
segment corresponds to a different source and is cha
racterised by a frequency interval and a slope, which is 
directly related to the mean depth of the source. 
Applying this method to our gravity map, three sources 
can be distinguished (Fig. 7). The first one corresponds 
to a radial frequency lower than 0.2 km- l (wavelength 
greater than 31 km) and its estimated depth is 11 km ± 
0.55. This is the deepest source obtained for this work 
and will be called the regional source. Because of its 
depth and wavelength, this source seems to be associa
ted to the limit between the middle crust and the base-
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Figure 6.- Theoretical gravity anomaly map obtained by subtracting the gravity anomaly map due to the sedimentary infill from the observed 
gravity anomaly map. Con tour interval 2mGal. UTM coordinates as in figure 2. 

ment (or upper crust) in good coincidence with the data 
presented by other authors (Guimera & Alvaro, 1990). 
A linear segment corresponding to the frequency in ter
val 0.2-0.8 km- I (wavelength ranging from 31 and 7.8 
km) defines the second source, whose calculated depth 
is 4.4 km ±0.19. This source displays an unc1ear signifi
canee, and it could be due to changes in the basement den
sity, as previously described in sorne neighbouring areas 
(Rivero et al., 1996) 01' to irregularities in the basement
cover limit in the deepest part of the Almazán Basin. The 
third linear segment, with a gentle slope and defined by 
frequencies greater than 0.8 km- I is related to white noise. 
White noise corresponds to the high-frequency noise due 
to the acquisition and processing of geophysical data, 
rounding errors in spectral analysis, etc .. , and so will not 
be considered in the modelling process. 

As a resuIt of the data derived from the spectral 
analysis of the gravity map without the contribution of 
the basin infill, a Wiener type fiIter has been designed 
(Gupta & Ramani, 1980). As mentioned before the pa
rameters of the fiIter are derived from the frequencies 
and depths obtained for every source. Applying the fil
ter to the gravity map, a new Bouguer anomaly map 
(Fig. 8) has been drawn, showing the effect of the re
gional source alone. The anomaly ranges from -68 mGal 
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for the gravity map in figure 3. Three different sources, regional, resi
dual and white noise are distinguished, and their mean depths have been 
calculated. 
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Figure 8.- Bouguer anomaly map showing the effect of the regional source isolated. Contour interval 2 mGal. UTM coordinates as in figure 2. 

to -101 mGal. This map shows a minimum trending 
NW-SE with a superimposed maximum with a NE-SW 
orientation. 

Gravity modelling 

Three 2+ 1/2 D gravity models trending NE-SW have 
been pelformed (Fig. 9). The modellength of the mode1s 
ranges from 80 km to 90 km. The information provided by 
seismic profiles and surface geology has been used to 
model the shallower structures and the basin geometry. 
Density data come from the density log of El Gredal well 
and rock samples collected in the whole studied area. The 
integration of deep structure, derived from spectral analy
sis, and surface geology provides gravity models which 
satisfactorily fit the observed anomaly. 

Profile 1 
The gravity profile 1 is located at the easternmost part 

of the basin (Fig. 3), extending from the Castillian branch 
of the Iberian Range to the Aragonian branch. The obser
ved anomaly ranges from -69 mGal to -95 mGal. The ini
tial geological model has been established on the basis of 
geological mapping data (Adell Argiles, 1982; Ferreiro, 
1991; Lendínez, 1991a, b, c; Lendínez & Martín, 1991; 
Lendínez & Ruiz, 1991) and a seismic line (A8011, SHE
LL 1982). A satisfactory fit can be reached with eight di-
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fferent bodies. Two bodies whose age is Miocene and Pa
laeogene represent the sedimentary infill. Their den sities 
are 2.49 gr/cm3 and 2.51 gr/cm3 respectively. The Palaeo
gene unit reaches a maximum thickness of about 2000 m 
whereas the Miocene unit reaches 500 m. 

An Upper Cretaceous unit with a thickness of 200 m 
and a density of 2.66 gr/cm3 is present in the whole ba
sin defining its base. The basin seems to draw a flat 
geometry in this area, but in its northeastern limit, it 
appears folded and affected by a reverse fauIt, which 
constitutes the boundary of the basin with the Arago
nian branch of the Iberian Range. 

Two bodies with densities 2.64 gr/cm3 and 2.65 gr/ 
cm3 represent the Jurassic and Triassic units respective
ly. They lie under the Cretaceaus unit, but only to the 
southwestern part of the model. This is probab1y due to 
the fact that this formed a paleogeographica1 high du
ring Mesozoic times, which was later eroded in the 
Upper Cretaceous. 

Bearing in mind the regional source map trend, the 
Middle-Upper crust limit has to be shifted from a depth 
of 9 km in the SW to 13 km in the NE, in arder to obtain 
a good fit. Nevertheless, it has been necessary to intro
duce two different Upper crust basements with densi
ties 2.68 gr/cm3 and 2.70 gr/cm3, whose contact seems 
to be a discontinuity dipping Sw. This discontinuity is 
coincident with the trend and vergence of the Variscan 
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structures observed in the Pa1aeozoic outcrops in the 
Aragonian branch of the Iberian Range. 

The deepest body represents the Midd1e crust (2.80 
gr/cm3). Its density has been chosen on the basis of pre
vious works deve10ped in surrounding areas, and it has 
been determined from seismic refraction data (Tejero et 
al., 1996). The top ofthis body shows an staircase geo
metry, increasing its depth from 9 km in the southwes
tern border to 11 km beneath the basin, reaching 13 km 
in the northeastern limit. A gentle uplift coincident with 
the gravity high is better observed when the basin gra
vity contribution was removed. 

Profile 2 
This profile is sited in the central part of the basin 

(Fig. 3). Its trend is similar to that of the profile 1, and 
the geological constraints are also geological mapping 
and the A80 14 seismic profile. This model goes through 
the depocenter as obtained from the seismic interpreta
tion, reaching a sedimentary thickness of 3500 m. Its 
anomalies vary from -76 mGal to -109 mGa!. 

In this model a new unit is defined corresponding to 
the Lower Cretaceous (Weald facies) with a density of 
2.60 gr/cm3. Densities for the other units are the same 
than for profile 1. The Miocene unit shows a similar 
thickness, but the Palaeogene unit reaches up to 3000 
m, coincident with the minimum of -110 mGal obser
ved in the gravity map. 

As in the previous model, the Upper Cretaceous 
body defines the bottom of the basin but it is not pre
sent in the southwestern border, probably because it 
was eroded by the Miocene unit. 

Both the Triassic and Jurassic units are discontinuo
us beneath the whole basin, and they disappear in the 
central part (ITGE, 1990). No major faults are involved 
in the southwestern border of the basin, whereas seve
ral reverse faults are observed in its northeastern limit, 
where lower Cretaceous units overlay upper Cretaceous 
and Palaeogene units. 

In the basement, it is only necessary to introduce a 
body with a density of 2.70 gr/cm3• Taking into account 
the regional trend and the depth discontinuity obtained 
from the spectral ana1ysis of the regional source, the 
boundary between the Upper and Middle crust shows a 
depression of about 3 km. This limit is located at 9 km 
depth in the southwestern edge and reaches 12 km dep
th beneath the basin, although the maximum depth is 
shifted towards the northeast in re1ation to the basin 
depocenter. A slight misfit between the observed and 
calculated anomaly can be observed in this profile, 10-
cated at the maximum Tertiary sedimentary thickness. 
As there is an acceptable fit in profiles 1 and 3 using the 
densities obtained from El Gredal well (where basin 
depth is 10wer than in profile 2), this misfit cou1d be 
due to a density decrease in the inner part of the basin. 

Profile 3 
This profile is the westernmost one (Fig. 3) and is 

also coincident with a seismic line (A 8054D; SHELL, 
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1982). The observed anomaly vades from -74 mGal to 
-101 mGa!. In this case, subsurface data from the Quin
tana Redonda well have been incorporated. 

The Miocene and Palaeogene units show the same 
characteristics as in profile 2, but the maximum Palaeo
gene thickness is only 2000 m. A minor depocenter is 
located towards the northeast, where it reaches up to 
1500 m in depth. The Cretaceous unit is present in the 
whole basin, increasing its thickness towards both ed
ges of the mode!. The lack of Triassic and J urassic units 
is a characteristic already described in profiles 1 and 2. 
The structure in the northeaster border of the basin is, 
again, constituted by reverse faults dipping NE. A new 
fact revealed in this model is the occurrence of two 
major reverse faults affecting all Mesozoic units; the 
northeasternmost fault throws up about 1500 m. These 
faults were eroded by Miocene sediments and do not 
reach the surface. Two major anticlines related to the 
previous faults can also be observed. 

As in profile 2, only a body with a 2.70 gr/cm3 den
sity is present in the basement. As in the previous profi
les, considering the regional source trend, U pper
Middle crust boundary shows a depression located at 
the northeastern part of the basin. This boundary loca
tes 13 km down in the most depressed area, starting 
with a 9 km depth in the southeastern limit. 

Conclusions 

The geometry of the Almazán Basin has been esta
blished by combining gravity data, seismic data and 
modelling. According to the interpretation of seismic 
reflection profiles, the maximum Tertiary sedimentary 
thickness is located along an approximately E-W tren
ding depocenter, spreading from the town of Almazán 
towards the Aragonian branch of the Iberian Range. 
Maximum depth reaches more than 4000 m below pre
sent topography. 

The Bouguer Anomaly map shows that only the wes
ternmost part of the isopach map is related to the major 
gravity low located at the central part of the basin, whe
reas the easternmost part does not show a clear relatio
nship between sedimentary thickness and the gravity 
map. 

By computing the theoretical gravity effect of the 
sedimentary infill and removing it from the observed 
gravity map, a relative gravity high (with a NE-SW 
trend) has been enhanced (Fig. 6). The source causing 
this anomaly is located beneath the basin. 

The spectral analysis carried out on the theoretical 
gravity anomaly map (subtracting the sedimentary infi-
11 gravity effect) has revealed two discontinuities loca
ted at 4.4 and 11 km depth. 
. Integrating all the aforementioned results, three gra

vity profileshave been obtained. The analysis of these 
profiles provides the following common features: 

a) The basement thickens northeastwards near the 
Cameros Basin and the Arangonian Branch of the Ibe
rian Range. 
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b) Basin depth, as obtained from seismic profiles 
interpretation, seems to fit well the gravity models. 

c) Density log from El Gredal well has provided den si
ty values that are in good agreement with the modelling of 
the gravity response of the sedimentary infill. 

d) As deduced from the three gravity profiles, the 
northeastern border is depicted as a fauIt, where Meso
zoic sediments overlie the Tertiary basin. 

e) To achieve a good fit in profile 2, it has been ne
cessary to introduce two bodies with different densities 
in the basement. 

In order to confirm the occurrence of these structu
res, more gravity models are necessary. The ambiguity 
inherent to the modelling process using these geophysi
cal data separately could be reduced by combining seis
mic and gravity data together with spectral analysis te
chniques. 

We wish to thank the reviewers Dr. Gabriel Gutiérrez Alon
so and Dr. J. Aller helped greatly to clarify the final version of 
the manuscript. This study was supported by the DGICYT of 
Spain, project PB98-0846. 
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