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P R E F A Z I O N E 

A tutt'oggi la pubblicazione finale del lavoro svolto nall'ambito del Progetto Fi
nalizzato Geodinamica del C.N.R. dal Gruppo Geomagnetismo, non è ancora stata 
effettuata. Il lavoro del Gruppo Geomagnetismo aveva portato alla realizzazione della 
nuova Rete Magnetica Italiana dei caposaldi e della Rete Magnetica del II ordine, 
coronata quest'ultima dalla stampa delle carte delle componenti intensive H, Z ed 
F nonché della carta delle anomalie del campo totale. Il notevole ritardo accumu
lato dal C.N.R. per la stampa di questo lavoro, oltre ad aver avvilito i componenti 
del gruppo che negli anni 1977-1981 hanno effettuato materialmente le operazioni 
di campagna nonché l'elaborazione dei dati, la riduzione all'epoca 1979.0 di tutte le 
misure e la compilazione delle mappe, ha privato il P.F.G. e gli autori della possibilità 
di divulgarne opportunamente i risultati e di citarli nelle successive pubblicazioni che 
necessariamente di essi hanno fatto uso. 

L'Istituto Nazionale di Geofisica durante la realizzazione del Progetto oltre ad 
aver partecipato alle misure, ha coordinato tutto il lavoro delle varie unità operative 
e compilato le mappe prodotte. In questa occasione, stante la difficoltà di veder an
cora pubblicati quei risultati, l'I.N.G. ha ritenuto, in pieno spirito di collaborazione, 
di effettuare la stampa del testo che fu concordato tra i vari autori nel 1986 quando 
fu prodotta l'ultima carta, quella delle anomalie crostali che rimane ancora il risul
tato più significativo. Questo lavoro viene quindi oggi stampato come Pubblicazione 
dell'Istituto Nazionale di Geofisica rimanendo, come testo, nella sua forma originale 
approvata dagli autori nel 1986. Si è infatti ritenuto corretto che comunque quel 
lavoro si volesse finalmente portare a conoscenza della comunità scientifica per poter 
inoltre essere correttamente citato nelle sedi opportune. 

Il Gruppo Geomagnetismo 
del Progetto Finalizzato Geodinamica 

(C.N.R.) 



P R E F A C E 

Up to now the final publication of the work undertaken by the Geomagnetism 
Group within the frame of the Progetto Finalizzato Geodiiiamica (P.F.G.) of the 
Consiglio Nazionale clelle Ricerche (C.N.R.), has not yet been made. One of the main 
results of this work was the updating of the repeat station network at 1979.0 and 
the accomplishment of the second order network, with the consequent preparation 
of the H, Z, and F magnetic elements charts and the F anomaly map as well. In 
the meanwhile the great delay taken by C.N.R. had mortified the components of 
the Geomagnetism Group who during 1977-1981 materially made field work, data 
processing, fixed epoch reduction and magnetic charts compilation. This delay has 
also deprived the P.F.G. and its components, of the possibility of making the results 
properly known and quoted in successive related publications. 

During the progress of the project the Istituto Nazionale di Geofisica (I.N.G.) 
apart from its direct involvement in making field measurements, has coordinated 
all the tasks among all the operative units and materially compiled the final maps. 
Owing to the difficulty to see the results published in a close future, in the spirit of 
full cooperation, the I.N.G. has decided to publish the text which was prepared by 
all the authors in 1986 together with the crustal anomaly map of the total intensity, 
which is the most significant result obtained by the Geomagnetism Group. The 
work is now therefore finally published as an I.N.G. Publication and it remains in 
its original 1986 version, with all limitations, because the authors decided to present 
the results obtained as they were completed at that time. 

The Geomagnetism Group 
of the Progetto Finalizzato Geodinamica 

(C.N.R.) 



A B S T R A C T 

A national network of 106 repeat stations for total field F, horizontal component 
H, vertical component Z and declination D has been undertaken in the frame of the 
'Progetto Finalizzato Geodinamica' of the Consiglio Nazionale delle Ricerche. 

From the observed magnetic elements the repeat station values were referred to 
1979.0 and five normal fields in the form of a 2nd order polynomial in latitude and 
longitude were computed: GDN for the whole Italian area, GDN-N for northern 
Italy, GDN-C for central Italy, GDN-S for southern Italy and GDN-Sn for Sardinia. 
From comparisons made on F between GDN and two planetary reference fields it 
has been concluded that for total field the polynomial form can be well considered 
as representative of the main field in the Italian area. 

A 2nd order network of 2500 stations for F, Z, H has been undertaken to produce 
geomagnetic maps of Italy. An anomaly map for F referred to the GDN normal field 
has been drawn. The main features of anomalies configuration are described. 

RIASSUNTO 

Nel quadro del Progetto Finalizzato Geodinamica è stata realizzata una rete di 
caposaldi magnetici che ha perfezionato l'antica rete dell'Istituto Geografico Militare 
con l'aumento a 106 del numero dei caposaldi e l'inclusione degli elementi F e Z e una 
rete del secondo ordine negli elementi F, Z, H. Dai valori degli elementi magnetici F, 
Z, H e D nei caposaldi, riferiti al 1979.0 sono stati calcolati cinque campi normali per 
elemento in forma di polinomi di secondo grado in latitudine e longitudine: GDN, per 
l'intero territorio italiano; GDN-N, per l'Italia settentrionale; GDN-C, per L'Italia 
centrale; GDN-S, per l'Italia meridionale; GDN-Sn, per la Sardegna. 

Dal confronto, effettuato per l'elemento F, fra il GDN e due campi di riferimento 
planetari, si conclude che per l'intensità totale il GDN può con buona approssi
mazione essere considerato come rappresentativo del campo geomagnetico principale 
nella regione italiana. Dotila rete del secondo ordine sono state costruite le carte ma
gnetiche dell'Italia per F, Z e H, e la carta delle anomalie di F, dedotte assumendo 
come riferimento il campo GDN. Vengono descritte e brevemente discusse le princi
pali caratteristiche di queste anomalie. 
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1. INTRODUCTION 

Starting in 1977, two major geomagnetic projects were undertaken in the frame 
of the 'Progetto Finalizzato Geodinamica' of the Consiglio Nazionale delle Ricerche: 

1) a new national network of repeat stations for total field F, horizontal component 
H, vertical component Z and declination D. 

2) a 2nd order network of stations for F, Z, H to produce geomagnetic maps of 
Italy. 

The two projects were carried out by a 'Geomagnetism Group' made of 7 Operat
ing Units, listed below (the codes on the first column of the list will be used through 
the text): 

OPERATING UNIT INSTITUTE 

ING Istituto Nazionale di Geofisica 
FE Istituto di Mineralogia 

dell'Università di Ferrara 
BA Istituto di Geodesia e Geofisica 

dell'Università di Bari 
GE Istituto Geofisico e Geodetico 

dell'Università di Genova 
Istituto di Arte Mineraria del 
Politecnico di Torino 
Istituto di Geologia dell'Università 
di Torino 

PD Istituto di Fisica Terrestre 
dell'Università di Padova 

OV Osservatorio Vesuviano 
Istituto Internazionale di 
Vulcanologia, Catania 

CA Cattedra di Geofisica Mineraria 
dell'Università di Cagliari 

The field work ended in 1981. The ING Operating Unit coordinated the operations 
for both projects. 

2. REPEAT STATION NETWORK 

The repeat station network existing in Italy before 1977 had been established by 
the Istituto Geografico Militare more than 40 years ago, with 46 stations (Morelli, 
1946). This old network was the base of the geomagnetic maps of H and D issued 
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and periodically updated by the Istituto Geograflco Militare; the last updating was 
for 1973.0 (Talamo, 1975). The Geomagnetism Group decided to improve this old 
network by increasing the number of stations and including the elements F and Z. 

Two major goals were in mind: a) the computation of normal fields in a simple 
mathematical form convenient for any user and objectively representative 1) of the 
whole Italian area, 2) of smaller regions of the country; b) a sufficient number of 
stations to monitor possible secular variation anomalies in the Italian area. A network 
of 106 stations was planned, 34 from the old network plus 72 stations, with mean 
distance between neighbouring stations of the order of GO km. 

The field work was carried out by Operating Units ING, FE, BA, GE, PD, OV. 
The operations started in spring 1977, when measurements were taken at about 20 
stations. The remaining part of the field work was performed in summer 1978 and 
1979; in this second part of the survey many of the 1977 stations were reoccupied. 

The instruments used were: 

for F : proton magnetometers 
for H : QHM or proton magnetometer + GSI (Earth inductor) 
for Z : proton magnetometer + GSI magnetometer 
for D : GSI magnetometer. 

The true north meridian was determined by means of known azimuth marks at 
existing stations, by means of Sun observations at the new stations. 

The absolute values obtained in the field work at various epochs were reduced to 
1979.0 according to the equation 

where: 

Equation (1) is valid only on the assumption that time variations at any sta
tion (daily variation, small perturbations, secular variations) are the same as those 
recorded at the reference Observatory. To ensure the validity of this assumption, 6 
different Observatories were used: four existing permanent Observatories plus two 
installed for this purpose on a temporary basis. Three of the permanent Observato
ries are operated by ING Unit: L'Aquila (42° 23' N, 13° 19' E) , Castel Tesino (46° 
03' N, 11° 39' E) , Gibilmanna (37° 59' N, 14° 01' E) , the fourth by GE Unit (Istituto 
Geofisico e Geodetico, Genova University): Roburent (44° 18' N, 07° 53' E) . Two 
Temporary Observatories were located in Southern Italy (Locorotondo 40° 48' N, 17° 
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22' E, operated by BA) , and in Sardinia (Corongiu 39° 18' N, 09° 17' E, operated by 
CA) . 

The comparison of the instruments of the Observatories was carried out by the 
staff of ING Unit, who visited all the Observatories and checked the H and Z base lines 
by means of a proton magnetometer and a torsion magnetometer HTM calibrated at 
L'Aquila Geomagnetic Observatory according to the International Standard. 

The reduction of data to 1979.0 was performed by ING. 
In Table 1 (at the end of the text) we report the list of all repeat stations and 

Observatories with their geographic latitude, geographic longitude with respect to 
the meridians of Greenwich and Monte Mario (Rome), altitude above sea level, and 
values for the elements D, F, H and Z at 1979.0. 

Estimated errors in the values of the geomagnetic elements at repeat stations, 
including measurements, time reduction and, for D, true meridian determination 
errors, are 

3. NORMAL FIELDS 

From the values of the elements at the repeat stations, normal fields were com
puted for all elements. We mean here for normal field an analytic expression in X 
(latitude) and Y (longitude) that averages the general trend of the geomagnetic field 
in the survey area. If we suppose that the computed trend is due to sources deep 
in the earth well below the crust, the effect of sources located in the crust can be 
easily obtained by subtracting the normal field from any observed field value. A 2nd 
degree polynomial expression was chosen for each element E: 

where X0 and Y0 are the geographical coordinates of a point close to the center of 
the area of interest; coefficients a0 as were determinated from the station values 
by least squares fitting. 

Actually, expression (3) is a purely mathematical definition; from a physical point 
of view this normal field could include not only the main field (originating in the 
Earth's core) but crustal field components too. Therefore, to interpret any crustal 
source a through inspection of the physical meaning of the normal field is necessary. 

Five normal fields wen 1 computed; from now on they will be specified by the code 
GDN (from GeoDiNamics) followed by an abbreviation of the area for which they 
were computed. A global Italian normal field will be called GDN, other codes will 
be GDN-N, GDN-C, GDN-S, to mean respectively Northern, Central and Southern 

4 



Italy; a fifth normal field was computed for Sardinia: GDN-Sn. To reduce disconti
nuities between neighbouring fields (also with bordering nations) additional values of 
geomagnetic elements from outside the area of interest were used. However, not all 
the repeat stations included in the area of interest contributed to the final expressions 
for the normal fields; to minimize the effect of stations located in anomalous areas 
the Chauvenet criterion was used (Worthing and Jeffner,1943). At first, polynomial 
coefficients were computed by the least squares method using all the stations in that 
region and computing the standard uncertainty associated with each single station 
(<T = ±yj[vv]/(n — 6), where [vv] is the sum of square differences between observed 
and computed values, n is the number of stations and 6 is the number of coefficients); 
then stations with residuals greater than 2a were eliminated and the computation 
was made again with the remaining stations; this procedure was repeated until no 
residuals exceeded 2a. 

Normal fields are all referred to sea-level, that is, they were determinated after 
all station values were reduced to sea-level; the reduction A E of the element E, 
obtained considering only dipole field terms, is A E = 3 E h / R , where R is the Earth's 
mean radius and h is the height above sea-level. 

The coefficients of the normal fields are given in Table 2. 
A ) GDN - To deduce GDN polynomials, additional data from the Furstenfeldbruck 

German Observatory, 18 Austrian network stations, including the Wien-Kobenzl 
Observatory (Puhringeret al., 1975), 8 Swiss Network stations (Fischer, 1975; Fischer 
et al., 1979) and 7 stations from the French Network (2 of them in Corsica) (Courtillot 
et al., 1978) were used. 

The difference in reduction epochs for the various networks was taken into ac
count by reducing all of them to 1979.0 on the basis of a secular variation linear 
trend expressed as a function of X and Y computed from the data of L'Aquila, 
Furstenfeldbruck and Wien-Kobenzl Observatories. 

Of the total of 146 stations, only 98 for F, Z, H and 102 for D were finally used 
after the Chauvenet criterion was applied. It is worth noting that this procedure 
eliminated 6 of the 11 Sardinia stations and the 2 Corsican stations of the French 
Network. 

B) GDN-N - The area to which this field is considered to be applicable is the 
Northern part of Italy down to the 44th parallel. For this computation 86 stations 
were used: 34 of them are from the neighbouring national networks quoted above, 
10 (between the 44th and 43rd parallels) belong, according to our subdivision, to the 
Central Italy area. The Chauvenet method left 58 stations for F, Z, H and 76 for D. 

C) GDN-C - This normal field was computed for the region lying between the 
44th parallel and a line connecting the point 41° N, 14° E with the point 42° N, 15° 
E; this line corresponds to the mouth of Volturno river in the West and the town of 
Termoli in the East. 23 stations are part of this region; 9 stations belonging to the 
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Northern Italy region (from the 44th to 45th parallels and meridian 9.5° E) and 9 
stations from the Southern Italy region (from the border-line defined above to the 
line connecting Eboli and Cerignola) were added to compute the normal expressions. 
To the final expressions 33 stations contributed for F, Z, H and 30 for D. 

D) GDN-S - This field was computed for the part of Italy south of the Volturno-
Termoli line defined above, including Sicily. The area includes 33 repeat stations; to 
these 9 from the Central Italy region were added (in the region between the northern 
border and the Roma-Pescara line). After the Chauvenet method was applied, 34 
stations for F, Z, H and 29 for D were finally used. 

E) GDN-Sn - These expressions are valid in Sardinia. For the computation, the 
11 repeat stations existing in the island were used plus 2 Corsican stations from the 
French Network. The final computation was made with 10 stations. 

The use of the normal fields raises some difficulties. First, the values of F computed 
from normal expressions of H and Z do not coincide with the F expression itself; the 
difference amounts to only a few nT, but should be taken into account. The fact that 
the various elements were computed independently of each other is the cause of this 
disagreement. The consistency of the normal fields would involve heavy mathematical 
computations due to the nonlinearity of relation F = \/H2 -f Z2 ; this was not done. 

A similar problem arises for H and D; the two horizontal elements are related by 
the curl B = 0 condition; among others, Dawson and Newitt (1977) gave a simple 
treatment to impose such condition, but the procedure was not applied here because 
the improvement in the expressions of normal fields would have been negligible. 

A major problem is the boundary discontinuity between the different expressions 
for the normal fields; this discontinuity was only reduced by using stations from 
outside the specified regions. In some places the differences amount to about 25 nT 
for F and H and about 0.5 i iT/km for the gradients. 

4. DISCUSSION ON NORMAL FIELDS 

It is now necessary to give a physical meaning to the normal fields. 
If we apply the concept of equivalent degree (Bullard, 1967; Armando et al., 1981) 

to our GDN, we find a characteristic length of the order of 700 km (computed on 
a 11° x 11° area exactly containing Italy); some suggestions are given, however, by 
Dawson and Newitt (1977) that polynomials in X and Y may be more smoothed than 
is estimated from Bullard's equivalent degree. According to the results of Alldredge 
et al. (19G3), GDN could then be considered as representative of the main field in 
the Italian area; more recent studies (Bullard, 19G7; Nomina, 1979; Harrison and 
Carle, 19S1) and the first results from MAGSAT showed, however, the existence of 
crustal anomalies with wave-lenght of the order of 1000 km and more; considering, 
moreover, that GDN was computed on the ground of the same data from which the 

6 



trend should be subtracted, it is probable that our normal field includes a residual 
crustal component. 

This crucial point is unfortunately not well clarified by a comparison between 
GDN and planetary reference fields built to best represent the main field. For this 
comparison we chose PGRF75 updated to 1979 (from now on called PGRF79) and 
IGS75. The former, officially adopted by the 4th General Scientific Assembly of 
I.A.G.A. held in 1981 in Edinburgh, is a spherical harmonic analysis up to 120 
coefficients ( n = m = 1 0 ) , updated to 1979 by linear interpolation between coefficients 
of DGRF75 and IGRF80; the latter (Barraclough et al. 1975) is a ICS-coefficients 
( n = m = 1 2 ) harmonic analysis, that was updated to 1979 by means of the secular 
variation coefficients included in the IGS itself. We will only examine F. 

In Fig.l differences between GDN and PGRF79 over Italy are reported; similarly 
in Fig. 2 for differences between GDN and IGS and in Fig. 3 for differences between 
IGS and PGRF79. It can be noted that differences between IGS and PGRF79 are 
of the same order of magnitude as those between GDN and the two planetary fields; 
moreover, the differences between GDN and PGRF79 are quite different from those 
with respect to IGS, indicating that no consistent crustal residual in GDN can be 
detected through this comparison. Lacking in more conclusive results, we assume 
that GDN looks very similar to planetary fields and can be used to represent the 
trend of the main field in the country. 

The residual crustal field is apparent in the local normal fields. In Fig. 4 differences 
in F with respect to GDN of GDN-N, GDN-C, GDN-S are shown on a grid of points 
placed 30' apart in latitude and longitude. It is easy to see the different behaviour 
of regional fields. GDN-N is on the whole at a lower level than GDN, with a mean 
difference of -12.4 nT; we can see the beginning of a positive gradient from west 
to east with respect to GDN that is practically null at high latitudes and increases 
going south. This gradient becomes maximum in central Italy, where GDN-C shows 
remarkable negative differences along the Tyrrenian coast, and positive along the 
Adriatic, coast. Differences between GDN-S and GDN show a complex distribution: 
they are positive and strong in the northern border of the region and in south-east 
of Sicily, and they have a negative minimum towards the border of Basilicata and 
Calabria; differences are negative also on north-west Sicily. These different features 
suggest real differences in the magnetic properties of the Earth's crust in Italian 
regions, but it is not possible to deduce from normal fields an exact location of 
physical sources; normal fields, in fact, represent a smoothing of single station values 
coming from a mathematical expression and from arbitrary spatial limits. For a more 
realistic analysis, the single station anomalies should be investigated. 

In Figs. 5, 6, 7, 8 anomalies in F of repeat stations with respect to GDN, PGRF79, 
IGS and corrected IGS (IGS + 10 nT) are reported. Corrected IGS is made in such a 
way that IGS - PGRF79 = 0 at the point (44.5° N, 11.5° E) , where geological features 
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and smoothness of the magnetic, chart suggest lack of anomalies. The general trend of 
anomalies is very similar in all figures, showing the physical reality of the anomalous 
configurations and the very small influence of the differences between reference fields 
in this case. 

Anomalies of F show some important features: 
a) a few tens nT negative anomaly in northern Italy, in central and eastern Alps 

and Prealps; 
b ) a strongly anomalous character in northwest Italy (already known and reported 

by Elena et al., 197G and Lanza, 1975); 
c) a remarkable difference between the Tyrrenian and Adriatic sides of the Italian 

peninsula, with negative anomalies on the Tyrrenian side, and positive ones on the 
Adriatic side. Such a difference is the source of the above-mentioned features of 
GDN-C. The differences between east and west coast of Italy are in some cases over 
100 nT with respect to the corresponding differences as given by the reference fields. 
The great extent of this anomalous configuration suggests the existence of a very 
deep source of anomaly (probably close to the Curie isotherm) on which some local 
and shallower effects are superimposed. To give a further insight into this anomaly 
it would be necessary to include in the study aeromagnetic and marine surveys of 
the area. 

d) A fast transition from positive to negative anomalies around the 38th parallel, 
in both Calabria and Sicily. 

e) A prevailing anomalous and rough character of Sardinia. This peculiarity was 
already shown by the areomagnetic survey made by Cassano et al. (1979). 

A more detailed discussion on the magnetic anomalies is given in section 6. 
Concerning the use of local normal fields as reference fields, the notes mentioned 

above on crustal residuals should always be kept in mind. Apart from fig. 4, the 
existence of such residuals could be argued from equivalent degree considerations as 
far as they are valid: for GDN-N and GDN-S the characteristic length is of the order 
of 300 km, for GDN-C it is 200 km. If so, subtracting the trend represented by a 
local field, the main field plus a part of the crustal field, (probably from the deepest 
sources) is removed (in GDN the smoothing makes the crusted residual small anyway, 
as seen above). We can then assume that the use of local fields as reference fields is 
valid only to detect anomalies of about 10 km lateral extension from shallow sources; 
obviously, areas close to borders should be avoided. 

The validity of GDN-S and GDN-Sn as reference fields is rather doubtful: the very 
complex shape of GDN-S can be seen in fig. 4, with magnetically non-homogeneous 
areas, whilst in the case of GDN-Sn we should remember that it comes from a 
predominantly anomalous set of data. 

We should add an obvious practical suggestion for future surveys: the use of 
Spatial gradients deduced from the normal polynomials instead of the polynomials 
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themselves is recommended to eliminate trends. Through this procedure, which is 
valid because gradients are only scarcely affected by secular variations, the reduction 
of the survey data to 1979.0 can be avoided. 

5. MAGNETIC MAPS OF ITALY 

Magnetic maps of Italy of F, Z, and H representing the distribution of the geo
magnetic elements in the Italian territory as deduced from measurements made at 
2550 second order stations reduced, as for the 1st order stations, to 1979.0, were 
drawn. The mean density of stations is 1/100 2 km; this leads to a mean distance of 
10 km between stations. 

All Operating Units of Geomagnetism Group contributed to the field work, oper
ating in the following areas: 

GE Piedmont, Valle di Aosta, Western Lombardy, Liguria, North-Western 
Tuscany. 

ING Western Trentino-Alto Adige, Eastern Lombardy: 
PD Eastern Trentino-Alto Adige, Veneto, Friuli-Venezia Giulia. 
FE Emilia-Romagna, North-Eastern Tuscany, Northern Marcher. 
OV Central Italy between southern border of GE and FE and a line con

necting Salerno (Tyrrhenian Sea) to Manfredonia (Adriatic Sea); Sicily. 
BA Southern Italy (south of the Salerno-Manfredonia line). 
CA Sardinia. 

The central Italy stations occupied by OV were selected among those made by the 
Osservatorio Vesuviano in central Italy in the 60's and reduced to the epoch 1965.5 
(Corrado et al., 1977). 

The instruments used by the various Operating Units were the following: 

ING Proton Magnetometer + HTM (Z computed from F and H) 
FE Proton Magnetometer + Z fluxgate magnetometer (H computed from F 

and Z) 
BA Proton Magnetometer -f GSI 
GE Proton Magnetometer + GSI Proton Magnetometer + QHM (Z com

puted from F and H) 
PD Proton Magnetometer + Z fluxgate magnetometer (H computed from F 

and Z) 
OV Proton Magnetometer + GFZ magnetometer (H computed from F and 

Z) 
CA Proton Magnetometer + HTM (Z computed from F and H) 
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The Z fluxgate magnetometer belonging to FE and PD was checked in the Castel 
Tesino Observatory (ING). 

As for the 1st order network, the reduction to 1979.0 was made by means of 
equation (1) using the same reference Observatories. To reduce the 680 OV stations 
from 19G5.5 to 1979.0 the variation at L'Aquila Observatory between 1965.5 to 1979.0 
was added to each station. 

The probable error in the reduced values was found by using the differences be
tween the reduced values at repeat stations from the 1st order survey and the reduced 
values at the same stations from the 2nd order survey. This gave: 

On the basis of the spatial gradients of the geomagnetic elements in Italy (which 
can be deduced from normal polynomials) the mean distance between stations would 
allow isolines to be drawn at 50 nT intervals for all three elements. For a scale 
1:1,500,000 we preferred a 100 nT interval. This choice seems sufficient to map out 
the main features of the three elements in the Italian area; moreover, 100 nT is the 
smallest interval which can be used to make the shape of the isolines in anomalous 
areas clearly visible. Four well known strongly anomalous areas were excluded from 
the survey and from the maps: they are the ophiolitic belt of Voltri (Genoa), the 
Campanian volcanic district (Naples), the Mount Etna volcano, the West Sardinia 
tertiary volcanism. 

To draw isolines in some anomalous areas in northern Italy, close to the border 
with Switzerland, 186 stations of the Swiss Network (Fischer et al. 1979) were used; 
they were reduced to 1979.0 by applying a secular variation trend estimated from 
Rirstenfeldbriick and L'Aquila Observatories. In these areas isolines extend over 
Switzerland. 

Concerning the accuracy with which the maps allow the deduction of the value (at 
1979.0) of an element in any place, several contributing partial errors must be taken 
into account: a) measurements and reduction errors; b) interpolation error, which 
comes from a linear interpolation between stations for drawing isolines and from a 
linear interpolation between isolines to compute the value at the site; c) possible error 
for the altitude of location, due to the fact that isolines, which are drawn between 
stations that generally are at different altitudes, do not represent the field at a fixed 
height; d) localization error for the point on the map. Taking into account these 
factors we conclude that the estimated error of a value computed on the maps is ~ 
20-30 nT. 

The magnetic maps shown in Figs. 9, 10 and 11 for H, Z and F respectively, were 
reduced for this publ icat ion to a standard page size and represent contours to a 100 
nT interval. The corresponding 1:1,500,000 maps are available on request. 
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6. MAGNETIC ANOMALIES OF ITALY 

Several authors have already defined magnetic anomalies of total field F for re
stricted areas of Italy (Morelli et al. 1969; Morelli, 1970; Corrado et al. 1974; 
Corrado et al., 1977; Molina and Pinna, 1982; Bozzo et al., 19S3). The computation 
of normal fields used to determine the anomalous field has been made in different 
ways for the different areas investigated in these previous studies. The residual aero-
magnetic maps of Italy (Agip, 1981-83) have been obtained subtracting an average 
regional field whose gradients are, in the S-N direction, +3.25 i iT /km and in the 
W - E direction +0.80 nT /km. 

As reported in sections 3 and 4, on the basis of a first order network a global 
normal field has been computed now for the whole Italian area. This normal field 
(called GDN) represents, with a ± 10 nT uncertainty, the main field originating in 
the Earth's core. In Ta vola 4 the enclosed 1:1,500,000 magnetic anomaly map of 
Italy for total intensity is shown; the map shows residuals of the 2nd order network 
computed subtracting the GDN normal field. The overall effect of errors in single 
measurements and uncertainty in determining the normal field and interpolating 
values on the map suggests a lower limit to significance of anomalies. The zero line 
is to be considered only as indicative and the very low value anomalies (20-30 nT) 
are not to be considered always real. We should also emphasize that the 1:1,500,000 
scale chosen for this map excludes from our investigation wavelength anomalies lower 
than 10 km such as those originating in Voltri ophiolites belt and in volcanic areas 
of Roccamoirfina, Phlaegrean Fields, Vesuvius, Etna, Bosano. 

Looking at the geomagnetic field maps (Figs. 9, 10, 11) a remarkable aspect is the 
regularity of the observed field in certain areas; this can directly be associated with 
a veiy deep origin field that does not appear to be disturbed by any shallow source 
and that can be considered just the main field. This 'quiet' magnetic behaviour 
can be noted in Apulia, Romagna, in the Po Delta, and in Calabria. This implies 
that, independently from the field model used to compute anomalies, two different 
structures are not distinguishable on the basis of magnetic anomalies: these are 
the typical continental crust of normal thickness (Apulian platform) and that one 
characteristic of a 'melange' of crustal materials generated by the alpine deformation 
(Calabrian arc). 

In the analysis of the anomalous field (Tavola 4) the principal aspect is the re
markable predominance of low value anomalies (values around ± 50 nT) like the 
southern Alps (excluding areas with plutonic or volcanic rocks), the southern part 
of Po Valley, the eastern border of the northern Apennines ridge. The lack of strong 
anomalies on a large area of the Italian territory was not expected considering the 
continental crust character and the complex geological history of Italy. This pecu
liarity can be explained suggesting a shallow sedimentary non magnetic layer of the 
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upper crust and a middle lower crust made by metaniorphic complex, granulite fades 
and plutonic intrusion all of acidic origin or however poor in magnetic terms. 

It is probable that the above mentioned low anomalies have a deep origin and can 
be correlated with the Curie isosurface oscillations. Positive and negative anomaly 
values can be noted in the Adriatic and Tyrrhenian sides respectively; they are in 
agreement with the heat flow data observed by Loddo and Mongelli (1974), suggest
ing an uplift of the Curie isothermal surface going from the axis of the mountain 
ridge towards Tyrrhenian area. Using this information and assuming a normal as
sessment of the magnetic mineralogy in deep crustal regions characterized by low 
temperatures and hydrous conditions or by high temperatures and anhydrous condi
tions, the thickness of the magnetized crust can be determined; assuming a normal 
geothermal gradient in the Adriatic area and supposing the existence of nearly pure 
magnetites in the crustal rocks (about Tc = 580° C) a thickness lower than 17 km 
can be estimated. In the southern Tyrrhenian basin a maximum depth of 8-9 km 
can be inferred on the basis of a 45-50° C/km thermic gradients with the occurrence 
of titanomagnetites (Dietrich et al., 1977). 

Long period magnetic anomalies have been noted in the Italian area by several 
authors (Morelli et al., 19G9; Morelli, 1970; Corrado et al., 1977; AGIP, 1981-83; 
Molina and Pinna, 1982; Bozzo et al., 1983). The magnetic anomaly picture shows 
long wavelength anomalies (A > 90 km) in the Po plain, in the Adriatic foredeep, 
in the Bradano trough, in the Sicilian foredeep, as well as in the Genoa gulf and in 
Ogliastra (Sardinia). A few possible causes can be enumerated as responsible of such 
long period anomalies; we can mention: 

a) different chemical physical conditions in the deep crust that determine the 
existence of different terms in the titanomagnetites series (that is variation in the 
Curie temperature); 

b ) large undulations of the Curie point isotherm due to different thermal gradient 
conditions; 

c) noticeable crustal dislocations that recently modified large areas of the Italian 
peninsula. 

In many areas of the country strong high-frequency anomalies are superimposed 
to the long period pattern; these short wavelength anomalies can be generated by 
upper mantle intrusions, ophiolite complex extensions, volcanic, bodies, filling of large 
subsidence basins with very rich storage of high magnetic, susceptibility minerals. 

As a concluding remark it can be noted that many anomalies, particularly those 
that are connected with the Tertiary and Quaternary volcanism are of dipole type, 
with negative values towards north and positive values towards south with respect to 
the perturbing mass. This suggests a magnetization in agreement with the present 
geomagnetic polarity. 

We will now discuss, only qualitatively, a few particular anomalies that appear in 

12 



the colour map (Tavola 4) in connection with the main geological Italian structural 
units. 

ALPINE ARC. A remarkable contrast appears between the eastern Alps with a 
rather quiet magnetic behaviour and the central and western Alps with a strongly 
anomalous character. An intense and continuous anomalies belt follows the Pied-
montese Ligurian ophiolites distribution. Particularly strong anomalies correspond 
to areas such as Valmalenco, Val d' Aosta, valleys of Lanza massif, Monviso, Mar
itime and Ligurian Alps up to the Voltri massif and Ligurian Apennine. A second 
anomalous belt can be seen in the Ivrea - Verbano area and particularly close to 
the middle north part of the 'Ivrea Body'. Three secondary maxima are clearly dis
tinguishable: Locarno - Finero, medium Val Sesia and Ivrea (see also: Armando e 
Ratti, 1977; Wagner et al., 1978; Lanza, 1982). The only clear evidence of a plu-
tonic intrusion that corresponds to an easy recognizable magnetic anomaly can be 
found in the Adamello massif probably because the intrusion stands in a rather non 
anomalous area. 

In conclusion the magnetic character change in the areas where ultrafemic complex 
is absent does not appear significant, since the old crystalline nuclei, the plutonites, 
the metamorphites, the porphyrites and the two diorite-kinzigite units of the Alpine 
successions do not appear considerably magnetized. Other veiy local anomalies ap
pear in connection with other sources like the Euganei, Lessini and Pasubio volcanics, 
the Adamello-Tonale pluton and the porphyritic Atesina platform. 

APENNINE FOREDEEP. Peculiar anomalies which imply deep unknown sources 
appear in Po Basin between Casale M. and Como and between Mantua and Garda. 
They could suggest oscillations of the isotherm Curie point surface in a region where 
the plio-quaternary subsidence rate has been veiy high and where an isotherm distri
bution depression, at various depths, has been recognized (Delia Vedova and Pellis, 
1980). 

In the Adriatic foredeep area a dipole type anomalies series aligned in the NW -
SE direction with A > SO km, can be seen; they form a continuous belt of negative 
values in the Adriatic sea from the Po mouth to the Tremiti Islands (Morelli et al., 
1969; Agip, 1983) and a positive values belt near the Adriatic, coast, with maxima 
centered on Ancona, Pescara and Larino (Corrado et al., 1977). Such anomalies have 
been attributed to a crust more basic than normal near the Adriatic shore of central 
Italy and/or to a Curie isotherm depression from the Adriatic sea towards inland 
(Corrado et al., 1977). These interpretations don't seem appropriate, since relevant 
intrusion phaenomena of upper mantle materials are not confirmed by gravity data 
and since amplitudes of magnetic anomalies of 250 nT and more can only partially be 
explained with Curie isothermal surface variations (Gasparini et al., 1981). According 
to some studies on the crust and upper mantle magnetic petrology (Schilinger et 
al., 1983; Wasilewski, 1983) we can more realistically assume that such regional 
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magnetic anomalies are imputable to deep crustal strata made of granulite rocks and 
characterized by titanium-poor titanomagnetites. 

The Bradano trough has a similar NW - SE trend slightly shifted, with respect 
to the Adriatic foredeep trend, in the SW direction along the Tremiti fault. The 
anomalies belt stretches from Lucera to the Taranto gulf; the positive one marks the 
eastern border of the South Apennine chain, maxima are centred nearby Grottam-
inarda, Muro Lucano and Chiaromonte. In this area a peaked volcanic anomaly is 
superimposed: M. Vulture. 

A similar bipolar trend of anomalies in the NW - SE direction with A > 90 km 
can be noted in the Sicilian Foredeep also; in this case the origin can be associated to 
an uplift of the Curie isotherm on the Tyrrhenian side. In the Catania plain a dipole 
type anomaly with ~ 100 km wavelength and remarkably high in value can be noted; 
from stratigrapliic informations on deep wells made by Agip, a basaltic body origin 
could be inferred. In this case the structure has a top at 4 km depth and extends in 
a north south direction for ~ 4 km. 

APENNINES AND SICILY THRUST-BELT. A noticeable difference in the mag
netic picture appears looking at the Adriatic and Tyrrhenian sides of the mountains 
chain; the relatively flat part of the division contrasts with the negative anomalies of 
the Tyrrhenian side. As said before the negative anomaly on the Tyrrhenian side can 
be related to an upwelling of the Curie isothermic surface. Localized anomalies of 
different sizes and intensities can be seen in the Latium and Campania volcanic areas; 
they extend towards the Tyrrhenian sea. The acidic magmatism of the Apennines 
appears little in the magnetic picture, while the border of the Latial-Campanian vol
canic belt generates particularly intense anomalies. In the southern part of Latium 
and Campania wide anomalies suggest the existence of a deep crustal magmatism 
(Corrado et al., 1977). 

CALABRIAN ARC. The Calabrian Arc shows unexpectedly a very quiet magnetic 
picture in high contrast with the strongly variate behaviour of the surrounding area. 
Only very low anomaly values are connected with the Calabride complex, in particu
lar the Aspromonte unit. In conclusion the diorite-kinzigite unit, the plutonites and 
the schists that form the Arc appear very poorly magnetized like the deep crystalline 
substratum . 

APULIAN PLATFORM AND RAGUSA ZONE. A completely different magnetic 
picture suggests a different evolution between the Apulian platform and the Ragusa 
zone. The Apulian platform i« characterized by a high regularity of the magnetic field 
that can be related to the typically platform foreland structure, while the Ragusa 
zone shows intense anomalies connected with basaltic magma spreading phaenom-
ena. Patacca et al. (1979) have in fact noticed a considerable submarine volcanic 
activity in the Middle-Upper Giurassic. that originated the Scicli, Avola and Victoria 
seamounts, and a retour of volcanic activity in the Upper Cretaceous that originated 

14 



the Pachino seamount. 
SARDINIA MASSIF. The overall magnetic picture of the Island appears quite 

complex; anomalous areas are however clearly visible. It's not always easy to corre
late directly magnetic anomalies with the surface geological structure, but a deeper 
analysis plus hypotetical models can justify the existent anomalies in terms of mag-
matism (Cassano et al., 1979; Balia, 19S0). Particularly evident are the Gallura 
anomalous area with Hercynian granites, the Logudoro with Oligo-Miocene volcanics, 
the Ogliastra shallow Hercynian basin and the M. Arcuentu, S. Antioco, and S. Pietro 
Islands Miocene volcanics. In conclusion it is interesting to note that the Sardinia 
basement is made of a crystalline massif interested by strong metamorphic phases of 
the Hercynian and Caledonian orogenic cycles and appears magnetically active. This 
behaviour is not found elsewhere in the Italian peninsula where crystalline rocks be
long to napped units, so that no noticeable magnetic anomalies have been observed. 
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