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Abstract. Aeromagnetic survey revealed two local anomalies with a magnitude of up to 20 nT
within the Hatrurim basin, where altered sedimentary (mainly carbonaceous) rocks of the Hatrurim
Formation subjected to combustion metamorphism (CM) are widespread. Aeromagnetic data
analysis and ground magnetic prospecting show that the CM model cannot relate all the magnetic
characteristics. On one hand, high-amplitude (up to 4000 nT) high-wave number ground anomalies
could be a by-product of the combustion (surface) metamorphism. On the other hand, poor
correlation between magnetic susceptibility (x) values (reached up to 4000 x 107 un. SI) and
metamorphic grade of Hatrurim Formation rocks, between magnetic anomalies and/or metamorphic
grade/thickness of the rocks may suggest involvement of an additional source or presence of high
remanent magnetization.

Key words: magnetic prospecting, altered sedimentary rocks, combustion metamorphism, Hatrurim
basin, Isragl.

INTRODUCTION

Aeromagnetic anomalies at the combustion metamorphism (CM) areas are
known only in the Hatrurim basin (Negev region, Israel) and Venezuela
(Cisowski & Fuller 1987). We performed interpretation of aeromagnetic data,
detailed ground measurements of total magnetic fidd (T) and magnetic suscepti-
bility (x) in parallel with geological study of S. Feinstein, A. Jivkovich, and
Y e. Vapnik within the Hatrurim basin (Khesin & Feinstein 1998-2000).

Rocks subjected to the CM are usually adjacent to burned fossil fuels
(coal, ail shale, and oil-and-gas deposits). Most of the known CM zones are

16



very young, historic to recent age (Cisowski & Fuller 1987; Chesnokov &
Tsherbakova 1991). The Hatrurim Formation (Fm.) is a unique case as the
suggested CM event is relatively old (Miocene age), and the source of heat can
only be inferred.

As suggested by numerous studies (e.g. Bentor et al. 1981; Burg et al. 1991,
1999), the CM of sedimentary rocks of the Hatrurim basin was due to internal
combustion of the bituminous rocks. The extensive combustion caused a high-
temperature low-pressure metamorphism followed by consequent retrograde
aterations (hydration, carbonization, and sulphatization). The burning was
intensive and rapid, close to the Earth's surface (oxygen in access), and
distributed in many local foci. However, due to unclear geological situation
alternative mechanisms of metamorphism have been proposed as well, e.g. hydro-
thermal alteration (Gilat 1998).

In many CM zones magnetic investigations of the strata adjacent to the burned
rocks show that the clinker, the by-product of the thermal metamorphism, is
magnetic. Moreover, there are related surface anomalies characterized by high
wave numbers and magnitudes of up to 500 nT and more. In this study we
examine magnetic characteristics of the Hatrurim basin and their relation to the
CM rocks and other possible sources.

We applied the procedures that correspond to the first stage of the inter-
pretation process (e.g. Khesin et al. 1993, 1996). A comprehensive interpretation
must be completed by forward modelling and construction of physical-geol ogical
models of the studied media. Models of first approximation are required for the
forward modelling. Our goa was to develop these models. Final interpretation
will be possible in future, when all required data are obtained. Natural remanent
magnetization (NRM) is an important required characteristic. The required NRM
differs from the results of conventional palaeomagnetic investigation. During
palaeomagnetic investigation, remanent magnetization of an oriented sample is
determined after “cleaning” (demagnetization). Undestructed NRM is needed for
calculation of effective magnetization (I). Such NRM determination requires
special study (Khesin 1998).

GEOLOGICAL SETTING

Figure 1 shows the location of metamorphosed rocks of the Hatrurim Fm. in
Israel and Jordan. The suggested bitumen-rich protolith for the Hatrirum Fm.
is an Upper Cretaceous—Lower Tertiary marine chalky-marly sequence. The
Hatrurim Fm. is a relatively thin (~80 m thick) rock complex, largely composed
of low- and high-temperature metamorphic minerals (Matthews & Gross 1980).
One hundred and fourteen minerals were described in the Hatrurim Fm., of
which eight were previously known only as synthetic products and five others
were new minerals found only in the Hatrurim basin (Gross 1977).
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Fig. 1. Location of Hatrurim Fm. outcrops (after Burg et al. 1999, black spots) and Hebron aero-
magnetic anomaly (after Rybakov et al. 1995, dashed contour).

The Hatrurim basin is a syncline with several minor structures in it (Burg
et al. 1991). The main country rocks consist of dolomites, chalks, and cherts,
bituminous rocks and phosphorites. Metamorphic alteration is amost completely
related to rocks of the Hatrurim Fm., whereas underlying phosphorites, bitumen-
rich rocks, and marls, as a rule, do not show any evidence of alteration. The
incipient and higher-grade metamorphism is locally found in phosphoritic rocks
only, where it is expressed by decarbonization of the original francolite into
fluorapatite and recrystallization (Burg et a. 1991). The metasedimentary sequence
of the Hatrurim Fm. may be divided into the following units: () marly and chalky
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dlightly altered rocks, sometimes with fossils; (b) low- and high-grade calcium-
silicate rocks; (c) anorthite-diopside fels bodies showing very local and episodic
distribution; and (d) retrograde rocks forming prominent weathering crust zones.
Carbonates, sulphates, and zeolites are common rocks within the weathering
crust.

INTERPRETATION OF AEROMAGNETIC DATA

An aeromagnetic survey at a flight altitude of 1000 m above sea level
(Domzalsky 1967) and a 1:250 000 map (Folkman & Yuval 1976) revea a
7 km long NNE oriented zone of asymmetrical aeromagnetic anomaly with a
magnitude of 20 nT in the NW corner of the Hatrurim basin. A second, less
distinctive subisometric anomaly is evident in the southern part of the Hatrurim
basin (Fig. 2). The interval between flight lines of the continuous survey was
about 2 km, and the map in Fig. 2 was compiled without smoothing. Both these
anomalies are obscured in the more recent 1:500 000 magnetic map (Rybakov et
al. 1994), possibly due to the strong data smoothing out.

The residual aeromagnetic map and NW—-SE AT profile A-D (Fig. 3) from the
vicinity of Arad (165/75 lsrael grid coordinates) to the Dead Sea (185/63
coordinates) we derived from Folkman & Yuval (1976) data. The NNE oriented
aeromagnetic anomaly is characterized by a local maximum (Fig. 3) super-
imposed on the southeastern slope of the regional Hebron anomaly (see Fig. 1).

The local normal geomagnetic field T, for the studied area is [143 600 nT, the
inclination angle ip of Ty vector is44°, declination D is 3°. It isvery difficult to
determine exactly the level of normal field for individual profiles. We solved an
inverse problem of magnetic prospecting for the Hatrurim local maximum in the
conditions of certain limitations and lack or deficiency of required information.
Therefore, we applied rapid methods developed for inverse problem solving
in complicated environments (inclined medium magnetization and observation
line, an unknown level of the normal magnetic field). The source body for such a
local maximum may be approximated by a thin vertical or inclined bed. It is
impossible to exclude a model of fold structure with a steeply dipping fold axis.
However, for such a model methods for inversion in complicated environments
are absent, and amodel of bed isits first approximation.

Using the modifications of characteristic points and tangent methods mentioned
above (Khesin et a. 1983, 1996), we calculate an average depth of the upper
edge of the source body at approximately 700 m below survey level. Considering
the about 1000 m flight level, and the about 400 m altitude of the study terrain,
the top of the magnetic body is estimated to be at shallow depth (c. 100 m) below
the Earth’ s surface.

The use of characteristic points and tangent methods allows us also to
calculate from the magnetic field data a generalized angle 6. In the case of the
thin bed model it is the angular difference between the body’ s dip angle (¢,) and

19



235°09' 20
=
35°20'40

— = 31°17' 00"

31°07'40"

0 - 7 T
Israel grid r -, i , 2 | Area of detailed ground magnetic
\ ¢ Hatrurim basin 1| measurements and location of
; I’ profiles 1 and 2

I TN .
0 1 2 3 4 5

Fig. 2. Aeromagnetic anomalies of the Hatrurim basin (after Folkman & Yuva 1976). Note: magnetic
generd trend reflects the trend of the regional Hebron anomaly. AT isolinesin nanoTesla.

the direction (¢m) of the effective magnetization (l¢). According to Khesin
et al. (1983, fig. 4) or Khesin (1998, fig. 2), ¢n is the angle of inclination of
magnetization projection Iy, to the horizon. The 6 value obtained for the
Hatrurim local aeromagnetic maximum is about 30°. The direction of remanent
magnetization is close to the modern magnetic field (Ron & Kolodny 1992). If
l is concordant with the magnetized field, it is possible to calculate ¢, = 64°, and
thus ¢, is [194° (a steeply dipping body).
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LARGE-SCALE GROUND EXAMINATION OF THE NNE
AEROMAGNETIC ANOMALY

Ground measurements of the magnetic field and susceptibility were performed
along the profile A-D (Fig. 3) at 27 stations with an average 0.5 km interval
between the stations. The data for T were obtained using the proton magneto-
meter M203-M for magnetic field measurements, and the optical pump magneto-
meter MM-60 for registration of diurnal variations. Series of T observations at
every station were averaged and corrected for diurna variations. Measurements
of x were performed by K2 (Canadian) and KT5 (Czechoslovak) magnetic
susceptibility meters. The values of the measured magnetic susceptibility may be
underestimated due to near-surface alteration and ragged surface of investigated
rocks. Thus, the maximum value from the x measurements at every station
was selected and plotted for all ground profiles. As x values for the overburden
(mainly deluvium and eluvium) in the profile were often higher than that
for bedrock outcrops, these values (Xaa and Xves, respectively), were plotted
separately in Fig. 3 (logarithmic scale).

The ground profile A-D comprises a NW segment with a mainly low T field
and a central segment with a relatively high fluctuated T field. Thus, the long
wavelength pattern of the ground magnetic measurements is consistent with
the asymmetrical AT residual anomaly (Fig. 3). In more detail each segment of
the ground measurements comprises several short wavelength minimums and
maximums of T and . High x values (up to 2900 x 107 un. SI) were observed
for the Hatrurim Fm. in the area of the NNE oriented aeromagnetic anomaly.
Relatively high values (up to 150 x 107 un. SI) were measured in this area also
for the underlying bituminous carbonates (“oil shales’) and phosphates (Fig. 3),
whereas elsewhere in Isragl Upper Cretaceous sedimentary rocks are practically
nonmagnetic (Khesin & Feinstein 1998-2000).

DETAILED GROUND MAGNETIC MEASUREMENTS

We performed detailed ground measurements along 12 profiles in the area of
the NNE oriented aeromagnetic anomaly. Due to high variability of the study
medium, T measurements were performed in short intervals (2.5-5 m). In general,
the interval between x measurement points was 5m. In some cases, where
bedrocks were exposed along the profiles, additional measurements were carried
out. The x values obtained at various localities for the overburden and for the
bedrocks are smilar and therefore were integrated in the plot of the susceptibility.

Profiles 1 and 2 represent two types of spatial distributions of T and x values.

In profile 1 (Fig. 4) T anomaly magnitude and x maximum reach up to 1750 nT
and 550 x 107 un. Sl, respectively. The data show avarying, but generally high T
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Fig. 4. Profile 1. Comparison of magnetic and geological data.

in the central part and clear minimums and smooth magnetic fields on both sides
of the profile. Likewise, the magnetic susceptibility is relatively high in the
central part and low on both sides. Increased values of T and x coincide with
the outcrop of altered chalky rocks of the Hatrurim Fm. Relatively high x values
at the intervals of nonmagnetic bituminous carbonates and phosphates are due to
the deluvium derived from the Hatrurim Fm. rocks. Sometimes, local magnetic
maximums were observed within intervals of minor altered chalks containing still
well preserved fossils (pickets 70 m and 90 m). The variationsin x in relation to
different rock layers can only account for the T peculiarities within the main
part of the anomaly. In several cases local T maximums do not correspond to x
maximums. In addition, the magnitude of most magnetic anomalies is higher than
could have been anticipated for the related magnetic susceptibility. Thus, the
magnetic field profile possibly reflects an integrated effect of the near-surface
aternation of magnetic and nonmagnetic beds and a respectively large hidden
magnetic body, or high remanent magnetization.

For the characterization of the inferred hidden body we applied the method
of characteristic areas (Khesin et a. 1983, 1996). The method alows of the
calculation of the depth (h) to the centre of a cylindrical model body and its
effective magnetic moment (Mg). The basic parameter (Q) of this method is:
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Xnmin
Q= [(AT ~AT,,,)dx @)

Xmax

where Xmin and Xmax are the abscissas of the minimum (AT.) and maximum
(ATm) of the magnetic anomaly, respectively; AT =T —T,.

The Q value does not depend on the level of the normal field and location of
the origin of coordinates. According to Eg. (1), the Q value in the interval of
35-90 m of profile 1 is 52 300 nTh. From the Q value and the generalized angle
6 obtained we calculate:

h=1.8Q/AT, 2

and
M, =13Q?/AT,, ©)

where AT, is the magnitude of magnetic anomaly (ATa = Tmax — Trmin = ATmax —
ATmin).

According to Egs. (2) and (3), the h value is about 50 m and M, is about
1 550 000 nT . For the study model M is given by the expression (Khesin et
al. 1996)

Me =1.CoCpr S, (4)

where Co=snig/sin ¢o, C=siniy/sin ¢n, Sis the cross-section area of the body,
i is the inclination angle of the normal geomagnetic field (To) vector, ¢o is the
angle of inclination between the geomagnetic-field-vector projection on the plane
of profile (To)x, and the horizon, iy, is the inclination angle of the magnetization
vector to the horizon, ¢, is the angle of inclination of magnetization projection
I« to the horizon (seefig. 4 in Khesin et al. 1983 or fig. 2 in Khesin 1998).

From thisfigure it followed that

cot ¢, =cot i, cosd,, (5)

where & is the difference between the azimuth of T, and the Ox axis.

Then ¢, is 70.5°. As was noted above, it is possible to assume that the
body is magnetized in accordance with the present-day geomagnetic field. Then
im = i(): 440, ¢m = ¢0 =70.5°, ThUS, Co = 0738, Chn=GCy= 0.738.

Let us consider a limiting case for the radius of the source body. The
maximum value of the radius would be equal to the cylinder depth centre. In this
case, the model cylinder touches the Earth’s surface. In other words, it is
suggested that the rocks outcropping here are more distributed at depth. Then,
S=7850 m? and | = 360 mA/m according to Eq. (4). It is a minimum possible
value of effective magnetization of the source body: if the cylinder radius is
smaller, then the | value will be greater (see Eq. (4)).
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To evaluate the magnetic susceptibility of the source body, we were obliged
to neglect the remanent magnetization, although its intensity varies from low
values up to 6 A/m (Ron & Kolodny 1992). However, these values were obtained
during palaeomagnetic study with demagnetization of samples, and do not repre-
sent modern magnetization. Thus, we assume I = |; (induced magnetization). As
li = XTo and the magnetizing field T, is 43 600 nT, the x value of the hidden
body is about 850 x 10 un. Sl. Possible decrease in the value because of the
NRM effect is somewhat compensated by the above-noted effect of a possible
decrease in the body radius.

In profile2 (Fig. 5), the T anomaly magnitude and x maximum reach up to
1500 nT and 870 x 107 un. Sl, respectively, over the outcrop of altered chalky
rocks. The southern part of the profile shows a relatively constant field level,
wheresas there are substantial short wavelength fluctuations in the northern part.
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Fig. 5. Profile 2: Comparison of magnetic and geological data.
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This field pattern reflects the lateral transition between the nonmagnetic
bituminous carbonates and phosphates (Mishash Fm.) in the south and inter-
stratification of magnetic and nonmagnetic near-surface beds (Hatrurim Fm.) in
the north. However, the local short-wave magnetic anomalies in the northern part
of the profile cannot be explained by the lateral inhomogeneities in the Hatrurim
rocks and are possibly related to the effect of the suggested subvertical beds. Like
in profile 1, the increased x values in the intervals of nonmagnetic bituminous
carbonates and phosphates are due to magnetic deluvium. Here, again, the local
magnetic maximum (picket 65 m) was observed within an interval of weak
alteration where fossils are still well preserved. Despite the higher x values for
the rocks outcropping in the northern part, the mean level of the fluctuating field
is here lower than the relatively constant field in the northern part. This probably
reflects a closer proximity of the northern part of profile 2 to a postulated hidden
body in the south and its minimum magnetic field effect.

DISCUSSION

Very detailed ground magnetic profiles within the NW Hatrurim basin reveal
significant x variations for the Hatrurim Fm. rocks (Fig. 6, Table 1). Underlying
unaltered formations are usually nonmagnetic. By and large, the x values appear
to show correlation with the distribution of the Hatrurim Fm. (Table1). The T
values show a similar correlation. However, in closer examination these relation-
ships are often more complex and in some cases do not exist. Neither the T nor
the x values appear to show correlation with the level of metamorphic alteration.
Some of the magnetic anomalies were recorded over mildly altered and unaltered
rocks, whereas highly atered rocks may show low x values. Likewise, Ron &
Kolodny (1992) show that there is also no correlation between the metamorphic
grade of the Hatrurim Fm. and the NRM.

Profile A-D (Fig. 3) further demonstrates displacement of the local aero-
magnetic anomaly with respect to the thickness of the Hatrurim rocks. The weak
relation between magnetic characteristics and thickness and/or metamorphic
grade of altered rocks distinguishes the Hatrurim basin from other CM regions.
Cisowski & Fuller (1987) noted a good correlation between NRM and meta-
morphic grade of the rocks in CM zones in California and of currently burning
bituminous shales along the shore of the Beaufort Sea in Canada. Bentor et al.
(1981) showed a correlation between magnetic anomalies and rocks suscepti-
bility, and between both parameters and the metamorphic grade in the Monterey
and Sisquoc shalesin southern California.

The poor correlation between the magnetic characteristics and distribution of
altered rocks, and the only partial account for the T anomalies by the x values
in the Hatrurim basin lead us to some suggestions. The Hatrurim section is
subhorizontally layered with lateral variations. Nevertheless, the magnetic field
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Table 1. Magnetic susceptibility of bedrock and overburden

4

g 16 32 B4
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Magnetic susceptibility, 1dsunits Sl

Geological unit Number of Magnetic susceptibility, 10° un. SI
observations | inimum Maximum Average

Hatrurim Fm.
Slightly altered rocks 110 0 340 47
Altered rocks 135 9 1800 291
Fels 22 28 4000 1033
Ferruginous concretions 17 40 3700 1484
Overburden (loose deposits),
recycled Hatrurim Fm.
Slightly altered rocks 29 15 90 38
Altered rocks 91 22 326 118
Mishash Fm.
Phosphates, carbonates 62 0 37 4
Altered rocks 28 51 148 34
Overburden (loose deposits),
recycled Mishash Fm. 28 17 51 36
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and susceptibility pattern recorded by ground measurements reflect both lateral
and pronounced subvertical inhomogeneities. This coexistence of lateral and
vertical components is supported by measurements of vertical T gradients at
several points along the A-D profile. Normal attenuation of the magnetic field
with the increase in the vertical distance of the sensor from the Earth’s surface
was recorded for some points and indicates a deep subvertical source effect.
Changes of vertical gradient sign recorded for other points revealed a component
of lateral influence.

A combination of methods of inverse problem solution for the Hatrurim local
aeromagnetic maximum corroborates a relatively shallow subvertical source
body. The rapid decline of the magnetic anomaly magnitude from 10°~10° nT in
ground measurements to ~20 nT in aeromagnetic survey at about 600 m clearance
suggests that the source body is a relatively thin shallow bed. Thus, considering
the geometrical approximation, we infer that the magnetic source may be a dyke-
like intrusion or fault zone. The Hatrurim local aeromagnetic maximum appears
as asingle anomaly because of the high clearance of the survey and smoothing of
the observed field due to flight speed. In a large-scale ground examination the
aeromagnetic single anomaly disintegrates into several extremums, which probably
reflect few magnetic bodies.

The detailed ground profiling reveals both short wavelength anomalies super-
imposed on relatively wide wavelength T anomalies. The larger-scale anomalies
possibly reflect relatively large hidden bodies. Inversion of ground magnetic
anomaly at profile 1 also shows the possible presence of areatively large body
with x about 850 x 107 un. S| at a shallow depth of a few tens of metres. Such a
x value is in the range usually characterizing intermediate or slightly serpentinized
ultrabasic igneous rocks. This analysis further shows that the source for the short
wavelength anomalies is a series of near-surface interstratified very thin non-
magnetic and magnetic beds.

The Hatrurim local aeromagnetic maximum is situated at the periphery of
the Hebron aeromagnetic anomaly. Most of the Hatrurim Fm. outcrops in Isragl
are located either within this anomaly region or at its periphery (see Fig. 1).
Hatrurim Fm. outcrops in Jordan (Fig. 1) are also situated adjacent to magnetic
anomalies (cf. Rybakov et al. 1994). Although the age assumed for the inferred
intrusive rocks causing the Hebron magnetic anomaly is relatively old (Early
Mesozoic, Rybakov et al. 1995), it is possible that the areas of altered rocks
evolved in genetic relation to the intrusion and might indicate some rejuvenation
of igneous phases concentrated along its margins.

CONCLUSIONS

Interpretation of aeromagnetic data and ground magnetic profiling within the
Hatrurim basin revealed a series of particularities.

28



1. Clear narrow asymmetrical aeromagnetic anomaly with a length of about
7 km possibly reflects a steeply inclined bed whose upper edge is located near
the Earth’ s surface.

2. In general, the long wavelength pattern of large-scale ground magnetic
measurements along the Arad—Dead Sea profile is consistent with the asymmetrical
aeromagnetic anomaly. Relatively high x values for both Hatrurim Fm. and
underlying bituminous carbonates and phosphates can be related to an endogenic
influence.

3. Detailed ground magnetic prospecting in the vicinity of the asymmetrical
aeromagnetic anomaly shows that altered rocks of the Hatrurim Fm. in the NW
Hatrurim basin are characterized by AT anomalies of up to 4000 nT with high
wave numbers and increased x values of up to 4000 x 107 un. Sl. The relation
between metamorphic grade and magnetic properties of the Hatrurim Fm. is
unclear. Whilst geological data indicate the lateral character of ateration, the
field pattern reflects a combination of near-surface aternation of subhorizontal
magnetic and nonmagnetic thin beds, local thin subvertical beds and a subvertical,
relatively large hidden magnetic body.

Thus, the obtained magnetic characteristics are difficult to relate to the CM
process only. Metamorphic processes were more complicated and probably
related to the superposition of several events. Magnetic intrusive or altered rocks
at depth may be suggested. Therefore, some high-temperature alteration of
carbonate rocks may be related to endogenic activity (magmatic or hydrocarbon
fluids?).

The structure and origin of atered rocks within the basin, form of iron, nature
and type of magnetic minerals, dimensions and spatia distribution of magnetic
grains require further integrated study. It is likely that important information on
near-surface peculiarities of the Hatrurim Fm. could be obtained through the
integration of magnetic (including NRM and anisotropy) studies with gamma-
spectrometry. The induced polarization sounding and profiling may be applied
for the evaluation of the composition (content of iron sulphides or oxides) and
depth of subsurface bodies.

The present article describes the first experience of quantitative interpretation
of magnetic anomalies within the Hatrurim basin. It is obvious that further more
comprehensive interpretation will require physical-geological modelling with
utilization of medium characteristics that were obtained now and will be available
after performing the recommended works. Special attention must be spared to the
l. determination. It is impossible to apply here the correlation method because
of high heterogeneity of the studied medium. Thus, two ways of undestructed
NRM evaluation could be used: (a) measurements of large oriented samples by
a component magnetometer; and (b) application of conventional palacomagnetic
techniques, but without sample demagnetization.
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Aeromagnetilise anomaalia maapealne vaatlus muutunud
settekivimite alal (Hatrurimi bassein, lisrael)

Boris Khesin ja Sophialtkis

Aeromagnetilise mdddistamisega avastati Hatrurimi basseinis kaks lokaal-
anomaaliat intensiivsusega kuni 20 nT. Seal on laiat levinud Hatrurimi kihistu
(peamiselt karbonaatsed) settekivimid (Ulemkriit-eotseen). Arvatakse, et nende
kivimite moone on bituminoossete karbonaatsete kivimite (“pdlevkivi”) maa-
pealse pdlemise tulemus. Ulatusliku (ca 7 km) aeromagnetilise anomaalia alli-
kaks voib olla dhuke jérsu kallakuga kiht, mille Glemine pind on maapinna
ldhedal. Detailne maapealne magnetiline mdddistamine tbi esile kbrgsagedus-
likud anomaaliad intensiivsusega kuni 4000 nT ja moondunud kivimite suure
magnetilise vastuvétlikkuse (kuni 4000 x 107 Sl). Need efektid on seostatavad
pindmisel pdlemisel tekkinud lateraalsete muutustega. Vaadeldud magnetvéali
kajastab nii subhorisontaalsete maapinnaléhedaste magnetiliste ja mittemagne-
tiliste dhukeste (moni meeter) kihtide vaheldumise kui ka Ghukeste subverti-
kaalsete kihtide ja suhteliselt suurte (kimned meetrid) varjatud kehade mdjul.
Magnetiliste anomaaliate intensiivsuse ja Hatrurimi kihistu kivimite magnetilise
vastuvetlikkuse vaartuste korrelatsioon kivimite metamorfismiastmega ning ano-
maaliate intensiivsuse korrelatsioon moondunud kivimite paksusega on véike.
SeetGttu voib pidada vBimalikuks ka téiendavaid, endogeenseid moondeallikaid
(magmatism voi slisivesinikkude vool piki murranguid).

Ha3zemHasi mpoBepka aj3poOMArHUTHBIX JaHHBIX
B paiioHe pa3BUTHS W3MEHEHHBIX 0CAJ0YHBIX TOPOJ
(bacceiin Xatpypum, Uzpaunis)

bopuc Xecun u Codrs Utkuc

AbdpomarHvTHas Cb€MKa BbISIBUJIA [IBE JIOKaJIbHbIE ' aHOMAJIMK C aMIUIUTY10H
no 20 HTn B palioHe LWIMPOKOro PacHpOCTPaHEHHS W3MEHEHHBIX OCaJOYHbIX
(nperMyLLECTBEHHO KapOOHATHBIX) Mopoj hopmaunu Xarpypum (BepxHuil Mea—
soueH). Cuuraercs, 4To MeTaMOppU3M 3THX MOPOA OOYCIOBJIIEH rOpeHHeM Ha
JHEBHOUM TMOBEPXHOCTH OMTYMHUHO3HBIX KapOOHATOB ((rOPHOYMX CJIAHLIEBY).
Wnrepnperanys npoTsHKeHHOM (OKOIO 7 KM) a3pOMarHMTHOW aHOMAJIMM MOKa3ana,
YTO €€ UCTOUYHMUKOM MOKET ObITb OTHOCHTEJIbHO TOHKHI KpyTONaJaioluii miact
¢ BepxHell kpoMmkoi Onu3 nHeBHOH moepxHocTu. Harie peranbHoe HaszemHOe
npoduIMpoBaHUE BbISBUIO BBICOKOYACTOTHbIE 1 aHOMAJIMM C aMIUIMTYJOH
10 4000 HTA W MOBBILICHHbIE 3HAYEHHUS MArHUTHOM BOCHPUHUMYHBOCTH ()
u3MeHeHHBIX 11opoz (110 4000 x 107° ex. CU). D1 s¢dheKTbI MOTYT BbITH CBS3AHBI C
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JlaTepalibHbIMA U3MEHEHUSIMU B pe3ysibTaTe MOBEPXHOCTHOrO ropeHusi. OmHako
Ha0ytojaeMoe MarHWTHOE T10Jie OTpaykaeT Kak OJIM3MOBEPXHOCTHOE Mepe-
cllauBaHWe CyOrOpH30HTABHBIX MAarHUTHBIX W HEMarHWTHBIX TOHKUX (TIepBbIe
Meprl) mjIacTtoB, TaKk H Cy6BepTI/IKaJ1bele MArHUTHbBIC MAJIOMOILIHBIC IUIACThl U
OTHOCHUTEJILHO KpYITHbIE (IeCSITKH METPOB) CKphIThie Tena. KpoMe Toro, BHyTpH
dopmauuu Xarpypum 3Hadenus 1 vy cjaabd0 KOPPEIMPYIOT CO CTEMNEHBIO
MeTtamopdu3Ma, a aHoMaliuu I — C MOIIHOCTHIO M3MeHEeHHbIX nopoa. Creno-
BaTeJIbHO, Haps/ly C MPHUHATBHIM B3MISAOM Ha QopMauuio XaTrpypum MOXKHO
JIOTMYCTUTh JOTIOJTHUTEITbHBIE, SHIOTEHHbIE HCTOYHUKHA MeTaMopdu3Ma (MarMaTusm
WJIM TIOTOK YTJIEBOIOPOAOB MO 30HaM paszjioma).
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