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Short abstract

Models of 2D horizontal semi-infinite in length thin-beds and their discontinuities, like a break or a fault, are under
analysis. Magnetic anomalies caused by respective geologic structures appear to be created by an equivalent magnetic
source of limited size in the frame of a disjunctive structure. Suppose the vertical and/or horizontal parameters of such
source would be taken small with respect to the depth of the thin-bed structure. In that case, the result reaches just the
expression of a 2D line-of-dipoles magnetic anomaly. Such patterns are often observed in real case studies of sedimentary
basins cut by faults or by breaks of different sizes due to possible earthquakes or river runways along plain terrain or in
canyons. They are commonly associated with subtle linear features in high-resolution magnetic maps caused by the
tectonic juxtaposition of sedimentary layers with different magnetic properties.

MarHuTHH aHOMAJINHM HA AU3I0HKTUBHHU ThbHKH ILIACTOBH CTPYKTYPHU M TEXHU KOMIAKTHH
MAardaMTHHU U3TOYHHUIHU
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Paspabotenu ca Mmozenu Ha 2D XOpHU30HTAIHH THHKH IDTACTOBE M TEXHH MPEKBCBAHUS OT HAPYIICHIS MITH PA3JIOMH.
MarHuTHUTE aHOMAJIMH, NPUYMHEHH OT CHOTBETHHUTE TEOJIOKKH CTPYKTYPH, HAmogo0sBaT TaKWBa, CH3IaJACHH OT
€KBHUBAJICHTCH THHKOCJIOCH MarHWTeH M3TOYHHUK C OTPaHWYCH pa3Mep B paMKUTE Ha IU3IOHKTHUBHATA CTPYKTypa. AKO
BEPTUKAJIHUTE W/WIM XOPU3OHTAIHUTE IIapaMeTpu Ha TaKbB M3TOYHHK CE IpPUEMaT MajJKH MO OTHOIIEHHE Ha
JbJI00YMHATA HA IUIACTOBATa CTPYKTYpPa, PE3yJITAHTHOTO MarHUTHO TI0JIE IOCTUTa M3pa3a Ha MarHUTHa aHoMasus Ha 2D-
JIMHUS OT JUIIOJIM C OTPaHUYEeHU pa3Mepu. ToBa 3HAUMTEIHO yJIEeCHSIBAa MHTEPIPETalusITa Ha T0100eH POjI aHOMaJIui 1
MO3BOJISIBA ONPENEISIHETO Ha MapaMeTpUTe Ha CMYIIABALIUTE U3TOYHUIIH.
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Fig. 1. (a) Line L, of a magnetic profile across the strike Ls of thin-bed; (b) Vertical plane of the magnetic
meridian Nm, and (c) Vertical plane of the magnetic profile line L,

In case of known remnant magnetization, its components in vertical direction and along horizontal
profile line L, should be added to the components My and M,. If the vector of effective magnetization is
defined by the magnitude and dip angle, then the anomalous field elements could be calculated from the
known expressions (Logachev and Zakharov,1973, see e.g., Dimitrov and Stavrev, 1986) as:

Z:ZMethCOS(?_XZS'nH, H :_ZMeth5|n62?+x;:osé? TV )
X“+h X“+h
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where M, is the module of effective magnetization vector Me; angle € = — ¢, where « is the bed dip angle
(inour case a = 0), ¢ is the magnetization dip angle; t is the bed thickness; his the depth of the bed edge;

X is the horizontal coordinate of observation point P(x,0) with respect to the bed edge E(0,h) in 2D XOZ
coordinate system, where axis x lies from left to write and axis z is pointed downward. Angles o and ¢

should be taken from the positive direction of axis x clockwise from 0 to 360 degrees. The total magnetic
intensity AT is calculated here as an additive and quasi-harmonic approximation, acceptable in case of a
moderate anomalous field (see e.g. Cady 1980, Blakely 1995),

Analytical expressions of the magnetic models and their magnetic effects

Break of a 2D horizontal thin bed (Fig. 2) This is the simplest structure for analysis. The anomalous field
components Z and H can be represented as a sum of respective components caused by the two thin beds:
number ‘1’ from the left and number ‘2’ from the right side of the break structure (Fig. 2b). The zero point of
horizontal x-axis we choose in the midpoint of the structure and zero point of downward z-axis — in the line of
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Fig. 2.(a) Magnetic anomalies AT, Z , H and Ta; (b) thin
beds with magnetization vector Mo under angle ¢ = 30°, (c)
Equivalent source body of limited length (in point raster)
with 2D magnetic moment mo under angle ¢ = 180°+30° =
210° after shown geometric displacement of the left bed
‘1’ upon the write one 2’.
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Fig. 3.(a) Magnetic anomalies AT , Z, Hand Ta(b) dipping fault
structure consisting of two thin beds with magnetization Mo; (c)
Equivalent source body (in cross lines raster) with 2D magnetic
moment mo = Modt after geometric rotation of the left bed and
right bed to the dipping position under angle B, t is the thickness
and d is the source length between edge points E1 and Ez; the
coinciding parts of the two beds under point E2 compensate each
other (Mosum=0) so they are not magnetically active.

The possibility for such equivalent replacement is found in Equation 1, where components Z and H depend on
angle @ = a —¢@ only, but not on angles « and ¢ individually. Angle a is of given value as it corresponds to
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the horizontal beds under consideration, while angle ¢ we may accept one and the same for the two beds like
it is the case before the break geological event. If the difference angle 9 states constant along with the edge
coordinates and magnetization module, then the anomalous magnetic profiles Z, H, AT T are also constant
after a geometrical rotation from center E; like shown in Figure 2c. The magnetization vector of this
equivalent source body has an effective angle ¢’ = ¢+180°, i.e. its direction is in opposition the original
bed’s magnetization orientation as it should be.
If the width w of the structure is of a small negligible size with respect to the distances between the thin-bed
source and observation points, we obtain the geomagnetic components:

(x* —h*)sin @+ 2xhcos ¢ H = (x* —h*)cos @ —2xhsin g

Z= 2m0 (X2 N h2)2 ) _2m0 (XZ + h2)2 (3)
(x* =h?)S,, +2xhC,, ey 1
AT =2m0 (X2+h2)2 , Ta: ZZ+H2 :Zmom_ (4)

These expressions (Eqg. 3 and Eqg. 4) coincide with the well-known equation for the anomalous field caused by
a 2D line of point dipoles having magnetic moment mo. The example in Figure 2c treats inclined magnetic
moment and magnetization. Coefficients Sy and C. depend on the angles ¢ ,lo, D-Do.

Dipping fault structure consisting of two 2D thin beds (Fig. 3). We can obtain an equivalent source (in
the raster of cross lines) with 2D magnetic moment mo = Modt after geometric rotation of the left bed and right
bed to the dipping position under angle B, t is the thickness and d is the source length between edge points E;
and E;; the coinciding parts of the two beds under point E; compensate each other (Mosum=0) so they are not
magnetically active.

The shown above approach to the analysis of a break or a fault structure and respective anomalous
magnetic fields has been applied to other disjunctive structures, including to thick beds of a small throw.
Similar kinds of total magnetic anomalies can be seen in Grauch, Hudson, Minor and Caine (2006).

Conclusions

The magnetic effect from disjunctive thin beds of semi-infinite horizontal extension can be explained by
an equivalent compact source of limited size between the edge points of the beds.

The form of a compact equivalent source is useful in the process of forward modeling and can be useful
for inversion models like Euler deconvolution.

The shown above analytical expressions and Figures have been compounded and calculated using the
author’s special PC programs for the creation of forward magnetic models.
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