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Technical Description for the 1 : 4 000 000 Aeromagnetic
Anomaly Map of China and Adjacent Sea Areas

Preface

In. the past thirty years,more than 80%of the land areas and a consider-
able part of the territorial sea areas of China have been covered by aeromag-
netic surveys of various scales. The instruments used included flux-gate mag-
netometers, proton precession magnetometers and optically pumped magne-
tometers, with traverse line spacing varying from 500,1 000-2 000 m to as
large as 5—20km,and with ground clearances from 100 —200m to 300 —
600m ,and sometimes to more than 1 000m in some local areas in the western
mountains. The survey accuracy attained over the years ranged between 5—
50nT according to the rms errors of reflights. Some of the areas have been
corrected for vertical gradient using in most cases the vertical gradient values
of the dipole magnetic field.

In order to adjust the magnetic level for the individual areas surveyed
through the years, four control- net surveys wete conducted under the ar-
rangement by Aero Geophysical Survey in the northeast China,North China,
South China,and Southwest China,using proton magnetometers. After mag-
netic adjustment and corrections for secular variations were made to the sur-
veyed results at various scales obtained over the years by using the spherical
harmonic model and the polynomial model of three-order Taylor series pro-
vided by the Geophysical Institute of Chinese Academy of Sciences,an aero-
magnetic anomaly map at the scale of 1 : 500 000 was compiled. Meanwhile,
an aeromagnetic anomaly Ta map of China compiled at the scale of 1 : 1 000
000 using the Gaussian projection as the base map was also published. It was
based on these maps that the 1 : 4 000 000 aeromagnetic anomaly map of Chi-
na and its adjacent sea areas was compiled.

Basic requirements for 1 : 4 000 000 aeromagnetic anomaly map are as
follows .

1) To refiect the macroscopic characteristics and main features of the
magnetic field.

2) To have the local anomalies reasonably filteted out, without losing
track of their general extension.

1



3) To create a data set with unified coordinate system from the 1 : 500
000 aeromagnetic map by using a 5km X 5km discrete sampling meshsize. -

The accuracy of interpolation for the magnetic field values is -+ 5nT. The
data set should be applicable to any of the methods for potential field trans-
formation »S0 as to bring into full play the role of aeromagnetic data in the
studies of tectonics, distribution of metallogenic belts, and deepseated
crustal structures.

4)IGRF 1980. 0 should be used as the main magnetic field,so as to

compare easily with similar maps from other parts of the world.



Compilation Methods

To ensure the required quality of compilation,some of the methods
that were hever used in the past for compiling small-scaled aeromagnetic
maps have been used. These methods include; conversion of data sampled
on the Gaussian projection onto a base map of equal-area conic projection ;
analysis of thé- distribution characteristics of the long-wavelength magnetic
anomalies wi.thin-th'e country by using the IGRF 1980. 0 as the main mag-
netic field ;and processing of data by using the Smooth Filter and the Com-
pensation Smooth Filter techniques,so as to minimize shape and intensity
distortions of the magnetic anomalies.

1. Conversion of coordinate projection of gridded data [ 1]

The 1 : 500 000 aeromagnetic map is a Gaussian projection map.
When sampling the magnetic data from the map,we had to merge the data
from each projection zone to form a unified coordinate system. The Gaus-
sian projection is chatacterized by the equal deformation length of the pro-
jected differential line segments on the earth’s surface along longitudinal
and latitudinal directions.

For the 1 : 4 000 000 equal-area conic projection,the two deforma-
tions are the reciprocal of each other. Hence,when the data sampled from
the Gaussian projection were to be converted to the equal-area conic pro-
jection base map it was recjuired that the grid spacing be elongated in the
longitudinal direction and be shortened in the latitudinal direction.

For the scale of 1 : 4 000 000 the grid Size of 5km X 5km should
be .

0. 125X (140. 010965793) = 0. 126370724cim in the longitudinal
di"rection ,and . ' |

0. 125X (1 —10. 010803729) = 0. 123649533cm in the latitudinal
direction when plotted on the map.

Because of the limited minimum unit of the data assignment of the

plotter , the actual values used for plotting are 0. 126c¢m in the longitudinal

3




direction,and 0. 124cm in the latitudinal direction.

2. Computation of the IGRF

The IGRF is built up by using the spherical harmonic model. The
number of the IGRF 1980. 0 spherical harmonic coefficients totals 120. By

using the spherical harmonic expressions [ 4 ]

—az Z (a/r)* 1 (g®cosmi+hTsinmi )PP (cosd)

n=1 m=0
S dP™ (cosd
X= 19v 22(a/r)“"‘z(g,.cosm)&—i—hmsmm})ﬂ
raﬁ n=1 m=0 dG
e sesmaasa aenate sueean et nasete 0s a0 s tee et Eeeeee e ReeRte uS et an nRe REE @
10 n
n+2 m m
rsmﬂak n22(51/0 ( glsinm +hPcosmi ) P™ (cosd)
LE RN R LN EENEENEENELELNEEENTENELELENLEEEE NN L EER N ENEENEEEN I NENNIENEENEENEEFNYN] @
10 n
av w
Zzgz 21— (n+1)(a/r)"*2(glcosm +hPsinm.) P (cosd)
n=1 m=10

SEE HSE F S B A S TS SES SES SEE SEE BN S EAS S A S SRS A S SRR AR RS A ®

the geomagnetic components under the geocentric coordinate system
can be computed, where ;

V is the magnetic potential of the Earth;

X,Y,Z are the north,east and vertical components respectively ;

a=06371. 2km (radius of the Earth);

r is the radial distaﬁce from the Earth’s center to the computed
point; |

6 is the geocentric colatitude;

A is the longitude;

gr,hy " are the spherical harmonic coefficients;

P™(cosf)is the Schmidt quasi- normalized associated Legendre func-
tion, the relation between P (cosf) and the associated Legendre function



(Pom(cost) m=_0

© P (cosh) = 2(n—m) |
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The spherical harmonic analysis is conducted under the geocentric co-

ordinate system. In computing the IGRF value at a given point,it is neces-
sary to convert the geodetic latitude at the point to the corresponding geo-
centric latitude. Then the geomagnetic value under the geocentric coordi-
nates system is computed. The value is again projected into the geodetic co-
ordinates system to get the final IGRF value under the geodetic coordinate
system. In practice,the process is normally accomplished as follows;

Once the reference ellipsoid is specified, the position of any point on
the Earth’s surface can be expressed by ‘three kinds of coordinates,i. e. ,
rectangular ,geodetic,and geocentric coordinates. They satisfy the following
relations .

X = (N+h)cos¢cos}\:rcoscpcos}\

Y: (N+h)cosq)sin}~:rcosqsin}» St sss st v Seb dnn Rt i RN Rt ERE RS @
b’ . .
Z: (gN—Fh)Sln(I):rSlnq] WS B EA BN SRS SRR NS SRS AR SRS B SRS B R SRS RS (@

where ;N is the curvature radius of prime vertical on the reference el-
lipsoid ; '
| "h is the elevation of the computed point;

a, b are the seminiajor and semiminor axes of the reference
ellipsoid; -

® is the geodetic latitude ;

@ is the geocentric latitude;

) is the longitude

r is the radial distance from geocentet to the point;.

thus r=/X?4+Y%*+72,

The geocentric latitude and r at the computed point thus determined
can be substituted into the spherical harmonic series expressions,and then

the three components of geomagnetic field at the point under the geocentric




coordinate system can be obtained. Hence ,according to the equations.

X' =Xcos(D®— @) +Zsin(®P— ) ........................"............. @

Z' =Zcos(D— ) —Xsin(D— @) ceesseessensccnrccnnaccraccrainnns ©

the IGRF values X’ .Y’ and Z’ under the geodetic coordinates system
can be obtained.

3. The criterion for correcting the main magnetic field (background
field) of the aeromagnetic anomaly map and the method of correction for
the background field of the 1 : 4 000 000 aeromagnetic anomaly map.

In compiling an aeromagnetic map,the criterion for the magnetic ad-

justment (with the background field being corrected)is that

Zi:(:i:ATi)%()

The concept comes from the following two aspects;

(D ﬂ%ds=ﬂ (Fe+ds)=0

This equation implies that the average value of the magnetic intensity
on the entire closed surface is equal to zero,that is also to say,the flux of
the magnetic vector F through any closed surface with no mass (m) in it is
equal to zero [ 2]. (Note that the F here is the vector perpendicular to the

closed surface,i. e. ,the Z component as normally designated.

(2) In computing the average value of %:— for the magnetic body close

to the Earth’s surface, the integrated summed value within a sufficiently

'large area can be used to substitute for that over the whole Earth’s surface.

This is because from a locality considerably far away from the projected
center of the magnetic body on the Earth’s surface, the magnetic field
caused by the body is so insignificant as to be practically negligible,i. e.

m-+
F=K;§r; F—0 when r—oo

This means when are defining the extent and intensity of anomalies
within the study (compilation) area, we do not imply the presence of a
6



background field corresponding to that area. This is to say that the remov-
“ ing of the backgroun'd\field of this order is a proof to show whether the
normal field is appropriately chosen. This will consequently lead to the loss
of characteristics and shape of the magnetic field of that order during the
compilation process. .

Before 1980, the three-order Taylor polynomial modél was used by
AGS for compiling maps of all scales. However, some ineffciencies were
observed with this mode when maps of larger areas -were compiled. In addi-
tion to the inherent inability of the geomagnetic field components to satisfy
‘the mathematic and physical relations,the model also caused changes in the
characteristics of 'the normal field in areas such as the Northeast, North-
west, Southwest China, and offshore areas because of the insufficient
amount and uneven distribution of the measured data. Besides, with the
very few measured data from foreign stations and satellites, it has been
very difficult to make comparison between our magnetic maps and foreign
maps. It was decided therefore to use the IGRF spherical harmonic coeffi-
cxent.q recommended by IAGA to compute the IGRF within China after
1980 _

The 1 : 4 000 000 scale aeromagﬁetic anomaly map of China has
been corrected fdr the _béckground tield by using the IGRF 1980, 0 as the
main magnetic field. In view of the .peculi'a'r conditions in Qinghai—Tibet
and Northeast China, it is considered necessary to make further explana-
tions as follows,

(1) The method for correcting the background field in Qinghai-Tibet
area

There is a regional background field in the Qinghai-Tibet Plateau,as
can be clearly seen on the MAGSAT anomaly map. By using the computed
IGRF spherical harmonic coefficients,long-wavelength magnetic anomalies

are computed by subtracting the eight-order field from the ten-order field.

As showed on Fig 1, there exists a positive background field of 100nT,
7




