
BOLLETTINO DI GEOFISICA TEORICA EDApPUCATA VOL. XXVII, N. 107· SETTEMBRE 1985

ì\1. CIMINALE*, A. GALDEANO**, D. GlBERT**, ì\1, LODOO*, G. PECORE\'I*** and G. ZITO*
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(SARDINIA, ITALY): DESCRIPTION AND INTERPRETATION
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Sumrnary. A magnetic survey performed in the centrai and southern area of the Campidano
Graben (Sardinia) is presented. Data acquisition and reduction are described, The resulting
lineated zones of the ground- based magnetic map show well- defined connections with the main
structural characters of the Graben. The u pward continuation of this map to a height of 2,500 m
above the MSL has enabled the proposal of a quantitative interpretation about the magnetic
sources in terms of a three-dirnensional block model,

Riassunto. Nel 1981 è stato eseguito un rilievo magnetico al suolo nell'area centro-meridionale
del Graben del Campidano (Sardegna). L'analisi qualitativa della mappa magnetica ha permesso
di correlare le principali anomalie con la geologia e i sistemi di faglie più importanti dell'area in
esame. L'interpretazione quantitativa delle masse magnetiche più profonde in termini di strutture
tridimensionali è stata eseguita solo dopo aver effettuato un prolungamento verso l'alto, ad un
livello di 2.500 m, della carta al suolo. I risultati hanno offerto una migliore conoscenza geo-
strutturale dell'area e hanno dato le prime indicazioni su quelle strutture che possono aver giocato
un ruolo importante nell'evoluzione del Rift Sardo e quindi di tutto il Graben del Campidano.
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1. Introduction
The presence of some superficial hydrothermal manifestations in the Campidano

Graben has stimulated an integrated exploration program to settle the potentiality of its
presumed geothermal fieid. The studies have been focused on its centraI and southern
area, where first of alI some geophysicai surveys have been invoked to define a possibie
deep geologic structure of the Graben beneath tbe sedimentary cover, and to delineate
the trend of tbe continental hasement, .
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Information about this Grahen area has come from the geologic (Pala et al., 1982 a;
1982h) and gravity survey (Balia et al., 1984) carried out quite recently.

In the present paper a ground magnetic survey, performed in 1981 over the same
area, is presented, in order to improve the knowledge of structurai features.

At first, the magnetic fieid has been interpreted in relation to the known geology and
other avaìlable geophysicai data. Then, the short waveIength components, connected
with Iocai shallow sources, were removed by upward continuation of the ground
magnetic field to 2,500 m above the MSL.

The remaining field, presumed to be due to deep crustai structures reiated to the
Graben framework, has enabied us to model, by a computer technique, these
subsurface structures in a three-dirnensional arrangernent,
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Fig. 1- Geologic map ofthe Campidano Graben (after Balia et al., 1984).L Plio-Pleistocene sediments;
2. Tertiary sediments; 3. Andesitic formation (Oligo-Miocene); 4. Basaltic and rhyolitic lava flows
(Pliocene); 5. Paleozoic basement,
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2. Geologic background
The geology of the Island of Sardinia and of its Graben area has been revised by Pala

et al. (1982a, 1982b). According to these authors most of the island basement consists
of granitic-methamorphic rocks of Paleozoic age, The western area is traversed hy a
Tertiary Rift structure which follows approximately a S-N trend, from the GulE of
Cagliari to the Gulf of Asinara. The Campidano Graben is superimposed on its
southwestern portion. Cenerally, it is differentiated into two parts: i) the Campidano
Graben of Oristano, in the north, with axis displaced paralIely to that of the main Rift; ii)
.the Campidano Graben of Cagliari, in the south, with axis in an oblique NW-SE
direction (Fig. l). Its width is about 15-20 krn and its lengthis about 100 km. The origin
of the Rift is still uncertain, but there are reasons (Cherchi and Montadert, 1982) for
interpreting its early phase of formation in a continental environment, when the Corso-
Sardinian block joined the European plate. The evolution of the Rift occurred when the
block drifted in the western Mediterranean region during Oligocene and Miolene times.
It was subjected to a migration towards SE and, concurrently, to a counterclockwise
rotation of about 30°. During the mobility the block splits up into several horsts amid
which a deep and wide depression developed (the so-called Sardinian Rift). As from the
Upper Oligocene, when the Corso-Sardinian bloek first detached itself from the stable
western Europe, till the Lower-Middle Miocene, the depression was filled by ignim-
brites and tuffs, in consequence of an intense andesitie and rhyodacitic volcanism.
Concurrently, a sea invasion shared in filling the depression with sediments (600-800
m in thickness), whieh in many plaees are interbedded with the volcanics. At the end of
the block movement (probably by the end of the Upper Miocene) the sedimentation
beeame prevalently both lacustrine and fluviatile: a further sea invasion during the
Lower Plioeene, which occurred mainly in the southernmost segment of the Sardinian
Rift (south of the Gulf of Oristano), deposited sands, marls, conglomerates and clays.
The same area, during the Middle Pliocene, was subjected to a new subsiding eycle,
whieh eaused the formation of the Graben: while the western border subsided along
normal faults converging downwards, concurrently the pre-existing horsts underwent a
continuing rejuvenation by erosion and denudation. Thus, the southernmost portion of
the Graben of Cagliari was filled by sand s, muds, pehblestones and clays oflaeustrine
and, more reeently, of fluviatile environments; the northernmost part of this area was
affeeted by volcanic activity, whose characteristics were at first acid (rhyolites and
obsidian of Mt. Arci) and then alkalinetill the Quaternary age. .
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3. Magnetic survey and data presentation;,i c' ".i, ',,'~:

Ground measurements of the total magnetie field were made at 864 stations by a
Geometries proton magnetometer. Around each station (inside a 20 m diameter eircle)
atleast lO readings have been made. The ten raw values have been averaged when the
difference between the highest and the smallest was less than lO nT. So, all those
stations (126 in total) where the field was highly variable in the space around the station
itself, have been excluded in the successive calculations. Generally, these stations were
in the neighborhood of some artificial magnetic sources (not often completely evident)
and/or over the magnetic outcropping rocks, such as the :Lower Miocene- Upper
Oligocene volcanics present to the north of Guspini, or the Lower-Middle Miocene
volcanics to the SE of Sanluri or the Upper Pliocene basaltic lava flows to the north of
Sardara.

The exclusion of these disturhed measurernents does not affeet the regularity of the
station distribution, the density of which resultsapproximately l per every 2.5 km 2.

This, to some degree, is inadequate to eharaeterize the main features of some short
wavelength anomalies, but allows us to work out maps well representing the effects of
deep magnetized struetures.

The mean values of the remaining 738 stations were corrected for diurnal variation
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Fig. 2 - Total magnetic intensity map of the ground survey, Contour intervaI is 25 n'I',
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ofthe Earth's field using the records of the l'Aquila Geomagnetic Observatory (42° 22'
56" N; 13° 18' 59" E)and of the temporary Geomagnetic Observatory in southern
Sardinia (39° 18' 20" N; 9° 16' ,50" E). The anomalies were then calculated by
removing the regional field estimated by the foHowing formula:'

where T '7' Lat. - 2520 (Lat. = latitude in minutes)
and L = Long. - 747 ' (Long.>= longitude in minutes).

This formula has been recommended by the ltalian Geomagnetic Working Group
(Armando et al., 1981) as the Geomagnetic Reference Field for Italy.

4. Description of the map I
The whole investigated area (about 1800 km 2) is hounded by latitudes 39° 15' N

and 39° 45' N in the south and north, respectively, and covers the centraI and southern
portion of the Campidano Graben of Cagliari and, to a certain extent, the eastern
adjacent zone of the Rift on which it is placed.

The total magnetic intensity map of the ground survey is shown in Fig. 2. An
examination of this anomaly map reveals that the magnetic field is of different character
all over the investigated area.

In the northwestern zone, approximately outlined by Terralba, Mogoro, S. Gavino,
Guspini, the magnetic anomalies appear to be large in amplitude (up to 800 n1') with
steep horizontal gradients and characterized by short wavelengths .. By geologic finding
(Pala et al., 1982b), there exists a dose relationship between these anomalies and the
wide outcrops of andesitic volcanics, basaltic rocks and shallow localized magnetic
bodies. Small amplitudes and long wavelengths characterize the zone between the
8° 45' and 9° 00' meridians: this leads us to suppose that rocks with magnetic
properties either exist beneath a thick sedimentary cover or have a weak magnetization
with smooth lateral variations. This zone, is surrounded by quasi-circular or well-
shaped anomalies, generally with larger amplitude, -among which the most significant
are located west to Ussaramanna, east from Sanluri, near Nuraminis and south to
S'Acquacotta. " '.. ,'.

The arrangement of the magnetic an'o~ali~s~lo'~gside the Hne passing through
Monastir-Nuraminis-Sanluri follows the trend of theeastern master fault and are in
connection with sparse volcanic outcrops. The lateral and longitudinal size and the
amplitude of the magnetic anomaly, which goes from S'Acquacotta to Villacidro,
suggests the presence of a magnetized body which can he introduced. through the
fissures associated with thewestern master fault. AIso, the magnetic anornaly west to
Ussaramanna is in a dose relationship with the superficial basaltic lava; on the
contrary, the negative anomaly north from Villamar is not ..associated with any
superficial geologic structure. But it is noteworthy that theBouguer anomaly map
shows also a locallow over the same zone (Balia et al., 1984).

5. Upward continuation
The magnetic field, discussed and illustrated above, has shown, among other things,

the presence of several highly disturbed zones all over the investigatedarea, in
connection either with superficial magnetized bodies or with magnetic sources at some
depth below the sediments. Obviously, this makes difficult a quantitative interpretation
in terms of deep magnetized structures., " , '.
, Therefore, it is useful to separate the effects of the near surface short wavelength

components from those of the deeper crustal sources in the total intensity map. A
suitable method is based on the upward continuation of the observed ground- based
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magnetic field. The mathematics consists in a convolution, in the wavelength domain, of
the magnetic field values, arranged on a regular grid of points, by an operational
reduction matrix, with stable and symmetric patterns (Galdeano, 1974; Baranov,
1975). Then, the ground magnetic field has been continued upward to different levels,
but only beginning from 2,500 m height the superficial effects are quite subdued and no
longer recognized; the remaining field emphasizes the contribution of deeper structu-
reso

-To avoid a loss of information at the edges of the gridded map, fictitious magnetic
values have been assumed there; they were obtained by a deconvolution procedure
based on the Error Prediction Recursive Filters (Burg, 1975). The generated fictitious
values have the advantage of preserving the same spectral composition of the originaI
ones.

I

Vigo 3 - The 31 x '31 upward continuation operator at a level of 2,500 m. The maximum is 0.025; the
increment or the square grid is 0.5 km.

It is quite usual in practice to define the "size" of both the lateral belts and the
operational reduction matrix by a compromise between the reliability of the reduced
map and the computing time. With this background, a 31X31 operational matrix,
yielding 30 fictitious values along each row or column of the gridded map, has been
considered adequate (Berryman, 1978; Gibert, 1982). The convolution matrix is
shown graphically in Fig. 3.

6. Description of the continued map
The reduced map is shown in Fig. 4. As can be seen, the disappearance of the short

wavelength magnetic disturbances is quite remarkable.
West to the 8° 45' meridian, the removal of the near surface high amplitude

components has emphasized two associated magnetic anomalies, south and north to
Terralba, of normal and reverse sign, respectively (the Terralba anomaly). This pair of
anomalies is typical of a thick rectangular block magnetized along the present Earth' s
field direction. This volume ofmagnetized rocks is located in the area where the Graben
tn-nd changes slightly clockwise and its location may be connected with the intense
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Fig. 4 - The upward continued magnetic map at a level of2,500 m above MSL, contoured every lO nT.
Location of the magnetic profile (AB).
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volcanic activity, which affected mostly this zone, during early stages of the Graben
formation till the Quaternary age. So, the Terralba anomaly may be the magnetic
,response of these trapped magmatic rocks, while the small amplitude disturbances
superimposed on this large anomaly may be related to intrusive bodies associated with
the successive minor volcanic activity. The low anomaly, lying approximately in the
area SE of the line Villamar-Sanluri-S'Acquacotta (the Serramanna anomaly), leads us
to suppose that a unique, regular and wide body, weakly magnetized, is present below
the sedimentary cover. The centraI magnetically smooth zone, weakly negative, amid
Mogoro-Ussaramanna-Villamar-Sanluri-S. Gavino-Sardara may be the resulting re-
sponse of the above discussed buried magnetized bodies. -

The weak anomaly extending from S'Acquacotta to Villacidro (the Villacidro
anomaly) is now displaced along the new direction NNW-SSE, rotated to about 25°
from that of the ground map. Probably it is connected with an i,.trusive body, to deeper
depth, where the western master fault may have undergone a dislocation. Yet, a
conclusive interpretation of this anomaly as well as all those present in boundary zcines.
is not possible, because the belt of fictitious values which surrounds the studied area
introduces some uncertainty in the quality of the continued map, especially near its
edges.

7. Quantitative interpretation
So far we have been concerned with all qualitative evidence about the depth and the

width of the magnetic sources responsible, to some extent, for the major anomalies
present in Figs. 2, 4.

In this section, an attempt of quantitative interpretation in terms of three-
dimensional structures, by a number of magnetized rectangular prisms, is described.
For this purpose, a computer program has been realized on the basis of the method
outlined by Bhattacharyya (1964). The model has been arranged taking into account
the mai n lineaments of the magneti c anomalie s, both on the ground magnetic map and
on the upward continued map, as well as the geologic findings, the assessment of the
gravity survey, and the geologic colùmn of the borehole Cl (Fig. l). The resulting

_ structural model of this procedure is shown in Fig. 5. As can be seen, the number of the ,
- prisms used to produce almost all the detected magneticanornalies, present in Fig. 4, is
relatively high. Howevervonemustdistinguish a few prisms (1, 2, 3 and4 on the one -
hand and 9 and lO on the other) which permit the explaination of the main part of the .
magnetic map. The -other less well determined small structures have been placed to
reproduce only part of the secondary high frequency effects. This direct approach of the ,-
problem does not permit the quantification of the uncertainty of the prism locations.
This weakness in the method can be compensated by successive modelling attempts
and adjustments. In addition, this simple method permits the easy introduction of some
,a priori' information based on the geological observations and the gravity survey (Balia
et al., 1984).

In the Table are listed the top and the bottom depths, and the intensity of magnetization
assigned in the final model (Fig. 5). With regard to this latter parameter, it mustbe
pointed out that the range of its values in the prismatic structure (0.8-5.0 Afm) is typical
of igneous rocks, which, probably, constitute the magnetic source in the Campidano
Graben.

The location of most of the prisms and, consequently, of their edges, is within the
fault systerns which characterize the eastern and western borders of the Graben, as can
be seen in Fig. 6. Anyway it is noteworthy that i) there is no surface evidence, either
geologic or structural, of the volume of magnetized rocks responsible for the Terralba
anomaly, although it is well framed amidst several magnetic discontinuities suggested
by many authors (see, e.g., Cassano et al., 1979); ii) the eastern border of the magnetic
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Table - Characteristics or the Prisms

:.. T (km) 8 (km) M (,vm)

l 0.90 1.00 5.0
2 1.00 1.50 5.0
3 1.50 1.80 5.0
4 1.80 3.50 5.0
,5 0.40 0.70 5.0
6 0.70 0.90 2.0
7 1.10 1.50 2.0
8 0.70 1.10 2.0
9 1.10 1.60 2.0

lO 1.35 2.35 1.0
11 0.05 0.25 0.8
12 0.05 0.25 O.,
13 0.05 0.25 0.8

N = Prism numeration
T = Depth of the top
B = Depth of the bottom
M = Intensity of magnetization

Fig. 5 - Three-dimensional block model of the Campidano Graben.
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Fig. 6 - Geologic map of the Campidano Graben, location of the prisms and the magnetic discontinuity
after Cassano et al., 1979. For Iegend see Fig. 1.
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Fig. 7 - Synthetic map of magnetic anomalies at 2,500 m level derived from the block model of Fig. 5.

Contours are drawn every lO nT.
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structure responsible for the Serramanna anomaly does not coincide with the eastern
master fault trend, but it is shifted eastward (by about 2 km) from this geologic
discontinuity. This latter result is consistent with the qualitative anaIysis of Cassano et
al (1979). This may suggest, on the one hand, that the geologic fault has only a
superficial magnetic evidence connected with the andesitic outcrops, while, on the other
hand, the magnetic discontinuity resulting from the proposed model might be referred
to a structurai boundary under the Miocene sediments between the andesitic compIex,
partIy as a laccolith, and the adjacent Paleozoic basement which outcrops further east,

Fig. 7 shows the totai intensity magnetic anomaly map computed by the above
discussed modei (synthetic map) at the elevation (2,500 m) of the observed map (Fig.
4). The agréement between them is quite satisfactory.

The Terralba anomaly is related essentially to the prismsén. 1,2,3,4, while'the
Serramanna anomaly is in dose relationship with the prisms n. 9 and lO.

Some of the secondary effects of these broad anomalies are taken into consideration
by the prism n. 5, on the one hand, and by the shallower ones, n. Il, 12, 13, which have
been assumed to obtain a better representation of both the contours and the gradients.
Yet, a light trend of the regional field may have affected the experimentai data. This can
expIain the difficulty of synthetizing adequately some secondary anomalies as well as
the partial disagreement of the contour lines between the computed and the continued
map.

Generally, in the magnetic and gravity maps most information about the edge
structure locations lies in the high gradient areas. The computed and continued
magnetic field along the profile AB (Fig. 4), in a SN direction, extending from the
high est to the lowest value, is shown in Fig. 8. This shows that our choice of the synthetic
structure locations agree relatively well with the measurements.
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Fig. 8 - The upward continued (dashed line) and the synthetic (fullline) magnetic field along the profile
AB (see Fig. 4). .
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Fig. lO - Axonometric projection of the upward continued magnetic intensity map at 2,500 m level. The
increment of the square grid is 0.5 km.

Lastly, Figs. 9, lO, 11, show, respectively, the ground-based field, it~ upward '.
continuation and the computed field in a three-dimensional picture. The confidence of
the model of Fig. 5 is further shown by the comparison of the last two.

8".Conclusions
The upward continuation of the observed ground-magnetic field, has enabled us to

emphasize some featuresof the structural framework of the Graben.
The most important are represented by the broad weakly magnetized block in the

southern part of the Graben, which reaches its deepest depth near Sanluri and S.
Gavino, and by the more compact and thicker highly magnetized bloek between the
volcanic structures of Mt, Arei and Mt. Arcuentu. The former may be connected to the
andesitic tufaceous formation of Oligocene and Miocene times, already hypothesized
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Fig. Il - Axonometric projection of the synthetic magnetic intensity map al 2,500 m leve!.The increment
of the square grid is l km.

from other geophysical results, the latter to the presence of magnetic masses related to
the intense volcanic activity, which influenced the area. It cannot be excluded that they
are correlated with a rock volume of magmatic origin, deriving from the crustal material
mobilized into the depression of the Sardinian Rift. So, the Terralba anomaly might be
connected with a laccolithic structure, which, at present., is still undefined from a
petrographic standpoint, but that might be linked to the Miocenic volcanic complex of
Mt. Arcuentu, where small intrusive basaltic and gabbro-dioritic nuclei are already
present in the surface (Servizio Geologico d'Italia, 1972).

The volcanic structure of Mt. Arcuentu therefore, in this way, would take a shape
and a size till now unsuspected and could have played an important function in the
evolution of the Rift and, then, of the Campidano Graben, contributing, eventually, to
the deviation of the main lineaments from a NS to NW-SE direction. To such an extent,
its deep structure would constitute the actual element of separation between the Graben
of Oristano, in the north, and the Graben of Cagliari, in the south.
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