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ABSTRACT

The present report summarizes the achievements of the second year of the project
“Gravity and magnetic study of the subsurface geology in Mount Carmel and the Yizre’el
Valley”. The goal of this study is to establish the detailed geological structure and fault
geometry in the study area, which is one of the most populated parts of Israel. During the
first year of the project we acquired land magnetic data surrounding the Yizre'el Valley.
Processing the new data together with existing measurements enabled the compilation of a
new detailed reduced-to-pole magnetic anomaly map of the study area (Rybakov et al.,
2009). During the second year of the project, we concentrated on the gravimetric
measurements, data processing and interpretation. The main result of this research is the
detailed (1:50,000 scale) Bouguer gravity anomaly map of the study area compiled by
gravity stations from the national Israel gravity database and ~400 new measured stations.
The presented results of the gravity survey clearly demonstrate the ability to define small

anomalies representing changes in composition, or structural phenomena, or both.

New computer software for gravity data processing, developed and verified during
the course of this study, significantly improves our ability to calculate terrain correction
and Bouguer gravity anomalies. The significant advantage of the new software is its
flexibility in incorporating new digital topographic data from MAPI that became available
during the last years. The new software, along with additional measurements of gravity
stations, significantly improved the accuracy of the existing gravity maps and enabled

detailed imaging of the sub-surface structure and composition in a scale of 1:50,000.






1. INTRODUCTION

The Galilee area, in the north of Israel, is a tectonically uplifted (isostatically non-
compensated) continental margin (Segev et al., 2006a). The Moho strikes northeast and
dips steeply, from ~35 km beneath the continental crust of southeastern Israel to ~23 km
beneath the oceanic crust of northwestern Israel (near Haifa, Mt. Carmel and offshore
Galilee) (Fig. 1). Two principal fault systems are documented in the Galilee (e.g. De
Sitter, 1962; Freund 1965, 1970; Folkman, 1976; Garfunkel, 1981; Joffe and Garfunkel,
1987; Reches, 1987; Hatzor and Reches, 1990; Shaliv, 1991; Achmon and Ben-Avraham,
1997; Walley, 1998; Ben Avraham et al., 2002; Westaway, 2004; Rotstein et al., 2004;
Matmon et al., 2003; Segev et al., 2006b; Schattner et al., 2006): (1) the Miocene-Recent
Dead Sea Transform (DST), an active plate boundary on the east (which is not studied
here); and (2) the Carmel-Gilboa or Carmel-Faria fault, between the DST and the
Mediterranean, which is part of a long-lived SE-NW fault system that propagated during
the Senonian (Rosenthal et al., 2000), hundreds of kilometers to the southeast (Azrag-
Sirhan) and crosses the DST (Segev and Rybakov, 2010a, 2010b).

The fault pattern within the Yizre’el Valley is not well known. Rotstein et al.
(2004) presented an interpretation of several shallow seismic reflection profiles and
inferred the presence of major, SW-NE trending, vertical faults (Gideon and Nazerat) with
strike-slip components. However, Segev et al. (2006b) and Segev and Rybakov (2010),
after reprocessing and re-interpreting the seismic reflection data, suggested a different
fault system below the Yizre’el Valley. This fault system connects the Gilboa and the
Carmel faults, rather than the Carmel and Fari'a (N. Milhan) faults through the Jenin

region.

The regional gravity and magnetic data were recently reinterpreted by Rybakov et
al. (2000) and particularly Segev and Rybakov (2010b), using 3-D forward gravity and
magnetic modeling, inversion schemes and updated petrophysical data of the Jurassic,
Cretaceous and Tertiary sedimentary layers and volcanic rock units. These studies
suggested that the Asher and Devora Jurassic volcanic structures appear to be responsible
for the Atlit and Galilee negative magnetic anomalies and for significant negative gravity
anomalies. These anomalies became clear after removing the gravity effect of the upper
(post Turonian) light density sediments from the observed gravity. We suggest here that
the Carmel-Gilboa fault propagated during the Late Cretaceous from the Levant basin,

across the Galilee area southeastward, to form the Azrag-Sirhan graben in Jordan. The



Carmel-Gilboa fault is a right-step, en echelon, dextral strike-slip fault with associated
tectonic basins of various shapes. During the Oligocene and before the formation of the
DST, the reactivation of the Azraq-Sirhan graben was accompanied by tectonic driven rift
propagation in the opposite direction, from Azraq-Sirhan to northwest. It dispersed into
many faults and terminated ~10 km west of the present DST. During the Miocene it
propagated in the same direction along with internal volcanic activity. The numerous
Miocene-Pliocene volcanic centers on the margins of the DST indicate that the preferred

pathway for magmas at that time was not within the deep basins if the DST.

Magnetic data acquisition and interpretation of gravity and magnetic data from the
Yizre'el Valley were commissioned by the Geological Survey of Israel within the
framework of a regional study of the Carmel-Gilboa fracture system (Segev et al., 2006;
Segev and Rybakov, 2010a, b). Acquisition of magnetic data in and around the Yizre’el
Valley was carried out during 2009 (Rybakov et al., 2009). The main purpose of this
survey is to provide a detailed gravity map, at a scale of 1:50,000, of the study area (see
Fig. 1 for location), a small part of the Lower Galilee. The present report concentrates on:

1. Recompilation and analysis of previous gravity surveys.

2. Gravity measurements north of the Yizre’el - Harod Valleys.

3. Development and verification of new computer software for gravity data processing.
4. Processing new gravity data using new computer software.

5. Compilation of new detailed gravity maps by combining the new and the previous

data sets.

2. PREVIOUS GRAVITY SURVEY

The regional gravity data used in this study are part of the Israel national database.
The gravity database coverage together with point locations of the present study are shown
in Figure 2. The database coverage in the Menashe Hills (on the west side of the study
area) and Mount Gilboa is generally poor, but it is better in regions covered by alluvium,
where the spacing of the measuring stations is in the order of 400—500 m (see Fig. 6 in
Segev and Rtybakov, 2010). Compilation of gravity maps using such an inhomogeneous
distribution of the gravity stations causes variations in reliability at different parts of the
study area. The gravity database has a reliability and accuracy that enables interpolation to
a 2 mGal contour interval. It was gridded with 0.25 km spacing using the inverse distance

method, gently smoothed, and can be used for a regional-scale study. All regional scale



gravity maps of the Galilee and their interpretations have been presented and discussed by
Segev and Rybakov (2010). The gaps in the gravity coverage were partially filled during
the present survey, and allowed the compiling of a detailed gravity map of the study area

at a scale of 1:50,000.

3. DATA ACQUISITION

The gravity survey was performed during nine survey days. Field measurements
were carried out using the Scintrex AutoGrav CG-3M (#808426). Approximately 400 new
gravity stations were measured in order to fill the gap in the existing gravity network (see
Fig. 2 for location). Gravity station spacing was ~500 meters. The base gravity station of
the Geophysical Institute of Israel (GII) was used for the first and second survey days. A
new base gravity station, Mizra (Fig. 3; gravity datum of 156.9 mQGal), was created by a
loop based on the GII base station and used for the remaining seven survey days.

The Geographic Positioning System (GPS) was used for positioning the gravity
stations. ASHTECH GPS instrument (from Tel-Aviv University) was used in the
kinematic mode. Satellite data, collected on the remote station, were processed using the
Trimble Total Control (TTC) post-processing system and data from the Nazeret (NZRT)
MAPI station.

4. DATA PROCESSING

Raw gravity data was reduced using several standard procedures. The latitude
correction was calculated according to the 1967 Geodetic Reference System Formula. The
gravity data were reduced using 2.67 g/cm density. This density was suggested, using the
Nettleton’s approach, since it caused the least influence of relief features- a few tens of
meters on the resulting gravity data. This density was also used to calculate the terrain

correction values, explained in detail in the next section.

The corrected data were processed and combined with the data from the national
Gravity database. The data were visually examined for errors and a few stations with

sizeable erroneous Bouguer anomaly values were removed.



5. DEVELOPMENT AND VERIFICATION OF THE COMPUTER SOFTWARE
FOR TERRAIN CORRECTIONS

Terrain corrections for gravity data are an important and tedious data processing
step for work in rugged topography, because the magnitude of the corrections may be
large relative to the anomalies. Hayford and Bowie (1912) and Hammer (1939) developed
a classical method of employing fan-shaped prisms (FPM) for the corrections. Bott
(1959), Kane (1962), Nagy (1966) and Plouff (1966, 1977) developed computer-oriented
terrain correction algorithms, the rectangular-prism method (RPM), in which topography
is represented by rectangular prisms. All these methods obtain gravity terrain-correction
values by computing volume integrals, in which fan-shaped or rectangular prisms are used

to approximate the topographic relief discontinuously.

The Geological Survey of Israel does not hold any out-of-shelf computer software
for the terrain-correction process and the project budget does not allow purchasing such
software. Ofer Simantov (GII) developed a program that read the elevations from an MSF
file (sum-file) and calculate the terrain correction for all the points in the gravity file using
Hammer (1939) method. The terrain corrections for previous regional gravity stations
were calculated up to a 20 km distance, using a DTM model with a 25 m grid from Hall
(1993). However, this GII software is out of date and does not allow the use of the updated
Digital Elevation Maps. Therefore, Rybakov (2001, personal communication) developed
his own version of terrain correction software for detailed micro-gravity survey employing
the rectangular-prism method (RPM) for the corrections, using detailed 1x1 meter
geodetic measurements. The rectangular prism and fan-shaped prism methods are
commonly used for the corrections. These methods assume elements have horizontal tops,
an assumption which does not reflect true topography, especially near the measured
station. Moreover, these methods allow for litlle flexibility when using topography
databases of different resolutions on a non-regular grid. Zhou et al. (1990) developed a
triangular-element method, which accounts for dipping surfaces using a Gaussian
formulation and significantly improves the correction process. The method transforms the
terrain-correction volume integral into a surface integral along the terrain surface. The
integral for each triangular element is calculated by Gaussian quadrature and involves a
simple formula employing a surface rather than a volume integral for computing the
terrain corrections with high accuracy. The detailed comparison between rectangular-

prism and triangular-element methods was presented and discussed by Zhou et al. (1990).



The original terrain correction software employing the triangular-element method was

developed during the course of this study.

The basic principle of the triangular-element method

According to Newton's law of universal gravitation, the vertical component of the
gravitational attraction, Ag, due to an arbitrary topographic mass of constant density

distributed within a certain volume, V, is:

se-aef

where G is the gravitational constant, ¢ is the density, V" is the volume between the land

7 dxdydz (1)
x +y +z)3

surface and the station elevation, (x, y, z) are the Cartesian coordinates of a point within

the volume V, and the origin is at the point where the gravity effect is calculated.

Using the Gauss divergence theorem, volumetric integral (1) may be reduced to a

surface integral that gives Ag (Zhou et al., 1990):
Ag=Gol || ldxdy—ﬂ L vy 2)
S, R s R

where R = (x2 +y° +zzy/2 is the distance between the point where the gravity effect is

calculated and point within the terrain surface S; or the terrain correction datum S,.

The numerical approach to evaluating expression (2) is to choose final element
discretization and calculate integral by Gaussian quadrature (e.g., Zienkiewicz and
Morgan, 1983). For every numerical element, the integral is calculated by summation of
the values in the Gaussian quadrature node points multiplied by the weighting factors. For
the triangle element with linear shape functions, usually adopted for such calculations, the
coordinates of the three quadrature node points are (72, Y2, 0), (2, 0 '2) and (0, '%, 2); the
weighting factors are equal to 1/3. Finally the expression (2) for the terrain correction

becomes:

z NG g0
Ag = GO' —— 3)
=5 Rl;?) 3,Rl;1)



where index i goes through all NE triangle elements; S{” and S are the area of the
elements number i of the terrain surface S; or the terrain correction datum Sy; Ri,(-l) and

Rl.j(.z) is the distance between the point where the gravity effect is calculated and the

quadrature node point number j of the element number i.

This formula is very simple, flexible, and accurate, and may be applied to any
triangulation generated for a regular or non-regular grid. Several versions of freeware two-
dimensional quality mesh generators are available. One of them, "Triangle" (Shewchuk,
2005) generates exact Delaunay triangulations, constrained Delaunay triangulations,
conforming Delaunay triangulations, Voronoi diagrams, and high-quality triangular
meshes. The latter can be generated with no small or large angles, and are thus suitable for

finite element analysis.

Numerical algorithm

FORTRAN code “TERRAIN” was developed during the present study for the IBM
computer with AIX-5.3 and XLF compiler. The code reads an ASCII file with (x,y)
coordinates (old Israel coordinate system) where the terrain correction is calculated and
defines the size of the rectangular polygon which covers the study area. Next, it reads the
ASCII file with coordinates and elevation values (DEM), and selects the points within the
study area extended by a given value. Both file names and polygon extension, usually
taken as 20 km, are given in the input file. Since the measured elevation with the available
GPS instrument during the field survey often differs from the DEM values by several
meters or even more than 10 m, the code interpolates the elevation of the point where the
gravity was measured from the DEM and ignores the measured GPS value. This allows
eliminating artifacts associated with a disagreement between measured GPS elevation and
DEM values. “TERRAIN-1" version of the code allows combining two DEM files, a high
resolution map for points within the study area and a lower resolution map to extend the
polygon to account for the terrain correction after the topography at larger distances.
When all the points with their elevations are ready, they are written to the file, which
serves as input data for “Triangle” software loaded by “TERRAN”. When the
triangulation is done, the output file of the “Triangle” with the element connection
structure is ready; then the “TERRAN” continues calculating the terrain correction. The

final results are stored in the ASCII file. Each line includes the number of the point; x- and



y-coordinates (old Israel coordinate system); elevation in meters, approximated using
DEM and the calculated terrain correction in mGal. The calculated elevations and terrain
corrections are used with other software for calculating the Bouguer gravity anomaly and

creating various gravity maps.

Benchmarking simulations

For the benchmarking simulations, we used ~1,000 points from the Israel national
gravity database within the polygon, shown in Figure 1. Information for every database
point includes coordinates, elevation measured during previous surveys, absolute values of
the gravity field, Free-Air, simple Bouguer, calculated terrain correction and complete
Bouguer anomalies. First, we compared the elevations from the national gravity database
with the elevation values, interpolated using DEM, to the points with the same
coordinates. We used two different DEM files available at the Geological Survey. One
with ~50 m grid resolution from MAPI and another with ~25 m grid from Hall (1993).
Some of the calculations were done using additional high resolution, ~5 m grid, DEM
(MAP]) in cooperation with S. Varshavsky (Ministry of National Infrastructures). We
found a good correlation between interpolated and database elevation values (Figs. 4, 5,
6). However, for some points, the elevation difference between the gravity database values
and the DEM interpolated values is above ten meters (Figs. 7, 8, 9). Figure 10 shows a
histogram with the distribution of the frequency of the elevation differences. For all DEM
files the distribution is very similar and has a classical Gaussian shape, expected for the
case of a random noise with amplitude up to ten meters. Such disagreement between the
DEM and database values may lead to significant errors in calculated terrain correction
and, later on, to Bouguer anomalies, since the artificial topography “picks and wholes”
produce high topographic gradients. Therefore, we suggest using interpolated value based
on the most detailed DEM instead of elevations measured during the survey. This
procedure was applied to the new data points measured during this study. Figures 11, 12,
and 13 show that the suggested technique leads to calculated terrain correction values
correlated well with the values from the national gravity database. The frequency
distribution, according to the histogram (Fig. 14), shows the Gaussian shape with noise
amplitude up to 0.5 mGal. Such disagreement is probably not crucial for the regional scale
gravimetric study. The presented calculations demonstrate that the developed software

allows calculating terrain correction using different DEM sources. The reason for the



disagreement between national gravity database elevation values and interpolated DEM
values is not fully understood. It might be related to the accuracy of the elevation
measured during previous exploration campaigns or to the accuracy of the available DEM.
The accuracy of the calculated terrain correction strongly depends on the accuracy of the
DEM. Therefore, the most updated and high-resolution elevation database should be used
for the processing of the detailed gravity measurements and compilation gravity anomaly

maps.

Calculation of terrain corrections

To avoid any disagreement between DEM values and elevation values measured
using GPS, we used interpolated DEM elevation values instead of measured elevation
values. It should also be noted that the accuracy of the coordinate values measured by
GPS are significantly better than the elevation values. Figure 15 shows a map with
calculated terrain correction values for the study area. Only a small part of the study area
has a steep topography with significant elevations. Therefore, the terrain correction for
most of the study area is below 1-2 mGal. The highest values obtained, up to 10 mGal,
were for Mount Tavor. Moderated values between 2-4 mGal were obtained for Givat

Hamore, En Harod, and at the slopes of the Jordan valley.

6. RESULTS

Bouguer gravity anomaly map

During the first year of the gravity survey, significant efforts were invested in the
development of the original terrain correction software, employing the triangular-element
method. During several campaigns we measured approximately 400 new gravity stations
with ~500 meter spacing, partially filling gaps in the existing national gravity network
(Fig. 2). Our new measurements allowed a compiling of a detailed Bouguer gravity
anomaly map of the study area (Fig. 16). Distribution of the new gravity stations (black
frames in Fig. 16) allowed us to compile a map in a scale of 1:50,000 and recognize small
and significant gravity anomalies. Comparisons between previous and new Bouguer
gravity anomaly maps of the study region (black contours in Fig. 16 and the colored map
are based on our new measurements while contours represent the previous map) clearly

show new unknown anomalies. These anomalies are up to ~5 km in diameter with



magnitude up to ~5 mGal. Their locations and trends significantly differ from previously

recognized features and lead to a better definition and understanding of the subsurface

geology.

Composite map of Bouguer gravity and magnetic RTP

The new Bouguer gravity anomaly map is integrated with the low resolution
airborne magnetic RTP map (eastern and northern parts — A) and a small part of the higher
resolution land magnetic RTP map (southwestern part — B) (Fig. 17). There is limited
matching between the maps on the eastern part, however the trends are similar. At the
parts that have better resolution, the matching between the maps is much better, for
example in Givat Hamore. At this stage, the region that enables analysis of the potential
fields is too small. Therefore, further analysis will be done for an enlargement of the study

arca.

7. CONCLUSIONS AND RECOMMENDATIONS

Our ongoing gravity and magnetic studies during the last two years in the Lower
Galilee and Mt. Carmel areas have reached an important stage. Recompilation and
analysis of previous gravity surveys were carried out during several years and were
summarized by Segev and Rybakov (2010). New magnetic and gravity data sets, with
significantly improved resolution, enable a much better understanding of the sub surface
structure and composition of northern Israel. The presented results of the gravity survey
clearly demonstrate the ability to define local anomalies representing changes in
composition, or structural phenomena, or both. Measurement stations at a distance of ~500
m allow compilation of the Bouguer anomaly maps in a scale of 1:50,000 with detail
imaging of the sub surface features.

New computer software for gravity data processing, developed and verified during
the course of this study, significantly improves our ability to calculate terrain correction
and Bouguer gravity anomalies. A significant advantage of the new software is its
flexibility in incorporating new digital topographic data from MAPI, which became
available during the last years. Our new software, together with additional measurements
of gravity stations, significantly improves the accuracy of the existing gravity maps and

enables detailed imaging of the sub-surface structure and composition in a scale of 1:50,000.
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Figure 9.

Difference between the elevation value from the national gravity database and MAPI-5 DEM.
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Figure 10.

Histogram represented the statistics of the elevation differences.
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Figure 11.

3

Correlation between the terrain correction value from the national database and the value

calculated using MAPI-50 DEM.
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Figure 12.

Correlation between the terrain correction value from the national gravity database and the
value calculated using J.Hall DEM.
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Figure 13.

Correlation between the terrain correction value from the national gravity
database and the calculated value using MAPI-5 DEM.
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Histogram represented the statistics of the terrain correction differences.
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Figure 15. Terrain correction map.
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Figure 16.

Bouguer gravity anomaly map of the study survey area. Red dots denote previous gravity
measurement stations, and blue dots within black frame — new measurement stations. Black
contour lines (2 mGal interval) on colored surface are the new Bouguer gravity map and the
white contour lines represent the previous data set.
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Figure 17.
Comparison between Bouguer gravity anomaly map of the study survey area (white

contours - mGal) and colored magnetic anomaly maps: A) low resolution airborne survey
(Domzalski, 1967); B) higher resolution land magnetic survey (Rybakov et al., 2009).
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VXY Oy HPDIOINI NN MLIVA INIYS HY ¥YPIPN-Nn IpnY SMmV-19 NN
PIVINM FV39) by

yp9

9901 SY) NLYN N9 DWODN XNVUNN HY TINML MUY IRIY XIN DY INIININ IPNHND
SV VNN DTN MPA ORIV DY SNVLOY MIND NN .0MY DPNIYA MR DY NN
7919 IRNIND .ONITITNA IN MNDINNN PNINN MIPIN MY TINMA DXNVY 190N TWN1A NI ,1: 50,000
NIND RSN DY DMWY DXV NMIND 1) IRIY SNOY NPIIND NPOVIT NPNIDIN NI 1IN
Y912 NYD DINSNI DN NMNN DN DIVIN KDY PITYY DININ DY DXMINN 1900 PTY 1INY)
IRIY DOV DD 92 1NYYIN (1: 100,000) LNBN NIND HIPA NPNIDIN) MY LN NN

NPDN) MOLIY 79010 7y THYY) ,DMN0MDP YW DPNYY YPIpn-Nn SY MNTh
NY OUNND NTYN MON .3 ;(PV17)) NTIAON NTY MY .2 ;(DX9)) DMUMD ONP .1 Py
DY YT NITYA NWYYI 1IONNY MVLIVN NYIDYN Y10 NNYI ININIVID MITY D) D50 DININND
.DYMTPA GONIN YPIPN-NNA (D1D¥IVI DINM) DIWIDN MNON

TUNI NWYI DXIW YNVY 5D DINMN PN NNV MOLIYI NPDININ) MTTH MINd
MI2N 7Y MY MTIAY WA 91PN G0N ORI YDINNNIN NINN MY TN M) DIV
.DXANNN N DD ,3),093 YN NPV

DN MY DNIVYN TONNA IDONI YPIPN-NNN D27 DIODININM DPNIIN DINN) ,ININD
DYPINY MHPNY DNNN , NIV NN NMNY MVLIVIA DT HY 1NN DM DMVI N OPNYWNIN
DXNMN DXN”ITA IIND NINRD OINNIN JIDIN (T DN PIN MDD NTIP ,VAN PIN) OO
=55 HNTN HY /HHVOY DAY INIYIA NNYYI XY N5 9y .DOYTN DMNHNNA D) DMDN IN
NOYN 29 TY IMIINID MDY OINTN NTNIN NIPY 19IN ¥PIPN

TNDOY 21DV ITYM YTAIN MDD DIIPYY N8N MY DNY 19D QONIV TIND 1> YN
MY YO0 MNN ON TIO NONT TN MNDA PV 1D DINY DINVY RN NI POY MMTHN NITWN
IRV DRINPY N 1N ROV DIXVNNNL DMININ DPNDMD OMNP DY O0NN

NONN NN PN WX PNIN- DY TONINL DY DNNN DO DNTRD SYTND IPNNN 9NN
-NN DMHNTNY ININD DMINN) DI NI MIVIR KDY DM»NDD DMIPD VINAD 172N YDIINNN
NYDM MINDNID ¥ (212> DN T) NPdVNNNI D220 DY YN DY DLW IPINN VPPN
TN, VDN APNY 191D YD 1N NN INISIVIdN MITY DIND .AWITIN 1D INY Y900 NN
NS N TOY 1ON

99957 YNNI YVINNI YIVNIITN PN DMPY TP MNINNN DNV NYYI MNINNN NON2
PMDADY IRYID PHRYI YPIPN-NN DY OPHNOMD NP NNYD DY NIANWND RTD 191 D90

MZINNIN NN HNN 30 md (Wald et al., 2009, 2010 ;19PN NVIOININ DY NOWI NNOWI)

PR) NNN OO Y INININ PR DRIYA DMNOMD DMNP DY DMINN) D0 1M1 DY VPN
DY MIN DY NDOANNY ONOINMIN PINI NMLVMT NTIAY I2ON KO NNOVIN GNY (VIAON
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IR, TPYTIN DO X MINWYN 1M D22 N9V 1N NON My .(Steinberg et al., 2008; 2010)
NN DN THIN TWUN YPIPN-NN NORTNY MIND YT D02 NHPN DY TNXY My NN MND PONR
ANPPMINNYI YT HY INVIY NOINI YN OOPN YNNI

YWNN YD1 DN NPT DY PAVNN 9PN NYIDN MDWN W YPIPN-NN 2590 Ny
MIPNN 93,19 1D .02 (DIDNPR) DOYPIP-NNN DMIN MNNND MM 1) ,D22ANNNI 1) ,09)
THNY PMND MONMNN PSND DIWITI MINYNN 23090 NN ODOPYNN NNTN NMITYID DINDON
,TMONDY MIAXNI : TITIN YPIPN-NNN YNRO DTN HY INP2 2N DINH ¥ L9001 DYPIP-NNN
121 GPS My %13 ©221vN DX0N D) W NN NTY IPND 1) NPNPY NPAYN ,NNPN
1% DIND OXTNION XYY LYNI HNIYIL DPRVIDIDNIND IRIND MTOIL .DMNHNVIL DOV

PN DN OINWIYN ININ-IN TONN NIND ,NT 1IWN DINNA D12NNN DY DIND) NINY
,01251N PR DY YPIPN-NN2 DI 1IN ORINDND NN, NPVIND NPNYND TIVNI NNTRN YYD
A0)20N PR ORI YPIPN-NN DMNTND MWK DD INNN RN NYA PN OOWVPIN NN
MIVNI MOND NNRT DNY M DY DIANNY NNIN N INNNAY 12 NN NYITIN NTIAYN 9PN
STA0 NPV DYARYNY

(1vV>37)) DTSN NIV

YNIN »MYa NN M122 IR Segev and Rybakov (2010) v 9nxn2) YnO0RN N7 T2 1Y
YMINY NPADN MTTH MDY ¥ PNN NOAYY DIPNRYN YNIND |17 79 DY INIWI N TY GONIWVY
PN D MN»PN OVIAVN MO ,NNT NIRY .NPIDN NI MTTHN MDY DN MYN
.1: 200,000 -5 DY 17)P2 NPNDINNN MOND NDXAPNN NI

9 DV PPNDINNN DAY PYVITIVON 1DIPA YPIPN-NN DY NONTN YN DONON NPNY 11D
M 500-800 Y MDXANI NWAY MNPPN MTTNIN NN 9NN w1 ,1: 50,000 17)P2 WHNT ,NOYN
DYNYY YNONN NPT .NNN NV DIPRYN YNNI OOPN A8NY INITA ANY .ADTIN MNP P2
5-2 7y OV DTN NYUHNIN MDD 0D VAR NPIVMANN DTN MTIPI PN YD HN12
MY MY OOV OOYPIP-NN DN IXRDD DANMNN O 5-5 HY DY DIVMDP
.DN2UN

VIIANN NYAVN) TPINNVN MNPIN NN NI INDNN NITA MIXHINY DMNNN TIDY NOOY
ALY M DY TaYy INY Sp 1N NVWa VN9 DEM-1 wvy»w naya (Terrain correction)
.1: 50,000 SV 173P2 Y01V 11922 50N NVLYY MNIRNNN (1719P 40-3) NON> NNVP

N OOYNNN (DY DPNT ONNIY) DORNN GPS-1 70VH37) YAT DTV MTTN NINID
TIDY .ONNPN OPYIN MY O) MUWNY 912 MTINN NI 0¥y 3-D DY 2157 NHay
D212 MNMIND DM DDA HY PINM ) OTPNN NNYI DY NI Man MDD 0NN
INDD NIWNA THN PN 7Y MUWNYD

20N NTY
DIVYN NRNPN DY DWIYN MY YPNX SOVNN TP 7Y IPDI IRIY NPTH DY NNLY

1000-5 Y¥ N212) NDYON MNP P2 NP 2-D YW DXNNIIA PNDIN N MY 1P (Domzalski, 1967)
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NPONNN DY MNAN PN TN DIVAND ,NDIN) NPV ,NT PO DY DMIVNION LD M9 DN M
PN OPPNN OMIIPO YNID DAPN 0PI .1ON 27 PRIV ONIAPN M VPN DY DXANN
DYIPY .NVLYN 9 Sy /M 100-2 NANM DXIVN MINND NIN NDXVN MNP P2 NNV TIYRD DM
NN MN,DMITN NIV DNVP DININD WY ,IPNNND PONI IN DMV DN MY ,NT NON
N2NN D HY DMIIYNN OPIWNN POM

Py D»NOMON OMNMPN TIINRD D)7 0NN IPO NYYI ,2009 MV TONN ,>NONN IPNNI
M9 NPV NPINNN NNNIN NIRNIND .OONNN MDD XYY DINVLYIA DINOWN DMNP DY IRYIV
(17 9PN NN NPT NIRNN) N9NNN PON) DINIIN IPON NINXIND NINI NV

DXNVLY) YPNNX PO 7Y NYUYI DM XTI NPLHN MTTHNI OXANI DNVY ND
MY STPNYN PO DT YUY YNNI YPNR IPD .OMYUXT DMIPD DIV PRY ¥ DN DTN
DXNLYA (DN ,DXANNN ,T) ,V9) NPVID MIIN 7Y TPIPODIINN PN N ,DMNVIY DN
DIPY IN OPNOMD OMNP TIND 5772 WY DM (MININ O7Y) DM DN DMIPON DN DIOIONN
DM VPN

MNP 90N NDY DN NPT OXNLY YD DY NMA) TPXIDITIL XPNIN VNN IPD VIV
1919 ©IN2) ONINA DMHYT DMVNN DMIPD NN NNT NNIND .TPNIND NYVH NIN 190 N'Y
PR DY DTV DT NV DY N Y Hyomnn § 20,000-5 1MDYY 90NMILHIN NIV YNINND
SV PITNN 177)2) OTPNN NNYI DY NN MO NIDN ,DMNNIN TIDY .NTIAYY PNRT N3 NN PYOIN
DVY27)N IPNA POIY IPIND INMIN MY MVYIOND DIXNNINX MNIND DN D02

[m)p4v)

MYNN MOVNPNN NNX DN MNN 1: 50,000 DY NN MPA ORIV YPIPN-NN DY MHRTH e
TY 1)) ,NPPLHINY YV MVLIYA TINMIY ,NT DINNA 0¥ VDN IPNY DMNONN DY 1NN
YNOVUNN AIPNN IIN DY NI MIXITINIL MMIND OMIN) DI0A PINIYIN YDNINNN 1NINI) ND
N20N DN WINAD DNMNND W RYNN MINND 2PY, TN NI INAWND 1INDYD NdvnNn NHVIN
SOITIVON INIININ NI NNITA,DMONOWNNN IPNNN NN DXPNN NYSIAND NINVHY

: DN YNNI/ MTY DINNA DMIPPN DMNMN YO0 NN DNINDY IIYD DIWITN DIYNHND - @
YIX APOY 0MLN (2 ;(NPNOYNNN IPNNN NN ONMP) OOIXNND GPS-Y V17 (1
NYTWY G0 NN (3 (0N PI0 TOWY D7NON RSN ON> J0MLNN (NN I0N)
TN YPIPN-NN DY NPNTH NN MYTNN MITTHN NN TIDY , 0NN NDOYD NPIITIN
NIV NPTN INLY NN MDY VNP .DPHDMD DINPY DINITP ,ONINIDID MTY MINI NNOY
M) TPV PNN OVHN IPOA

TV NYTTH TIXOWD HNONIVION MTY DINNA DYII¥N NN MDY D10 TR 9N — DTN MDD ®
INANY I9IND TIAYD DX DNONN (PWIN) IXIDV W)
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