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PE3IOME

V3BbplueHa e OiinepoBa AEKOHBOMIOLMS HA MarHUTHUTE aHoManuu Hag 6asanToeu Tena no nuuusaTa Cyxunpon — Ceuwos B CeBepHa Bbnrapus. Mpunoxenu ca
OpUrMHanH1 anroputMn 1 nporpamm 3a 3D OiinepoBa AEKOHBOMKOLMS C M3MOM3BaHe Ha AudepeHUmanHy nogobHu npeobpasoBaHns Ha MarHUTHOTO none. ToBa
Mo3BONsiBa CbBMECTHO OMPELensiHE Ha KOOPANHATUTE HA OCOBEHUTE TOUKW Ha MONETO M Ha CTPYKTYPHUS MHAEKC, 6e3 fa ca HyXHU BXOOHW JaHHU 3a BEKTopa Ha
HaMarHMTEHOCTTa 1 (hopmata Ha cMyTuTenuTe. Taka ca MoMy4eHn OLEHKM 3a 4bnbounHHNS 06XBaT W rMaBHUTE YepTy B MopdonorusTa Ha peauua b6asantosu Tena
Mo NWHWSATA Ha NaneoByNKaHCKUTE LiEHTPOBeE U TsxHaTa nepudepus. Mpeobnagasat cTnboBugHM No dopma Tena (HEKOBE) Ha or W NELLOBMAHW TeNa Ha ceBep W
no nepucpepusita. B agbnbounHa MacuBHUTE Tena AOCTUraT OT CTOTULM METPU A0 [1Ba KUIOMeTpa.

BBLBENEHME

basantoBute Tena no nuHuaTa CyxuHgon — CBuwoB ca
eOMHCTBEHa MPOSIBA Ha ByMKaHCka AEMHOCT C PaskpuTue Ha
MOBBbPXHOCTTA 3@ TWUMWYHO nnaTdopmeHata obCTaHoBKa B
LlentparHa CesepHa bBbrrapus. WHTepechT KkbMm  Tesw
obpasyBaHus Ce NoAxpaHBa KakTo OT MH(OpMaLMsTa, KOSTO
Te HOCAT 3a reonoXK1s CTPOeX U pa3suTie Ha Muauiickata
nnatdopMa B HelHaTa KoXHa 4acT, Taka M OT Bb3MOXHOCTTa
pa ce fobumBa OT TAX LIEHEH CTPOUTENEH MaTepuart.

HannuneTo Ha peauua ecTecTBeHN paskpuTis Ha basanTute
1 Ha Kapuepu 3a TexHust [OOMB e NO3BONUIIO Aa Ce U3BbpLLAT
CPaBHUTENMHO MbHM M3CMEdBaHWst Ha reonoxkata UM
XapaKkTepucTuka 1 Ha uanyHuTE UM cBomncTa. CBefeHus 3a
MoroXeHne, MUHepaneH CbCTaB, XWMW3bM, MarHWTHU
CBOWCTBA M naneomarHeTM3bM Ha basantute Hamupame B
TpynoeeTe Ha . BonyeB 1904, Mavrudchiev et al. 1971,
WMosues u dp. 1971, Nozarov et al. 1981, Borgaros u dp. 1983.
3a AbnbouUMHHOTO pasnpocTpaHeHue Ha GasanToBuTe Tena
obaye gaHHMTE Ca OCKbAHWM, @ MarkoTO M3BECTHW OLEHKM OT
goknagun v nybnukauum ca ¢ kavectseH xapaktep, (Nozarov
et al. 1981).

B Taau cTatus ce NpeLCcTaBsAT pe3ynTaTi OT NpunaraHeTo Ha
eAVH NPsIK MeTOZ 3a MHTEPNPETALS Ha MarHUTHU aHOManum ¢
BB3MOXHOCT Aa Ce NONyyaT YUCIEHN OLEHKN 3a JbnboumnHaTa
n dopmata Ha basanToBute Tena Ges HeobxogumocT OT
3aflaBaHe Ha TeXeH reoMeTpuyeH M MarHuteH mopen wu
npuennMyaHe Ha AaHHK 3a ronemMmHaTa U NocoKaTa Ha BEKTopa
Ha HaMarHWUTEHOCT.

FEONOXKN N TEOPNINYHN JAHHN

Mexay rpagosete CyxuHgon u CBWLLOB MO JIMHWS C as3uMyT
16° n gbnxuHa 35 km ce pasnonarat 15 oTAenHu paskputus
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Ha 6asanToBu Tena. Te ca ¢ pasmepu o1 200 m go 1 km, kato
Ha mecTa obpasyBaT Bb3BulLEHWS. Basantute ca TbMHM U
MITBTHU C ONMBMHOBO-MMPOKCEHOB CbCTAB OT HaTpUEBO-arka-
neH Tun Ha 6asanT-6asanuToBaTa copmauus (Mavrudchiev et
al. 1971, borgaHos u Op. 1983). CpaBHUTENHO ronsamo, 6% Jo
10 %, e CbObpkaHueTo Ha (HEPOMArHNTHU CbCTaBkW, Npea-
cTaBeHu rmasHo oT TutaHomarHeTuT (Nozarov et al. 1981).
MogpexaaHeTo Ha MHOXECTBOTO Pa3KpUTLS MO efHa NUHNS ce
ThIKYBa KaTo NpOsiBa Ha KpUMTOPA3oM Mo KOATO € MPOHWKBaN
marmeHus mMatepuan (Mavrudchiev et al. 1971, Vosues u dp.
1971). 3acTuHanuTe obpasyBaHusi ca OT CyOBYNKaHCKM Tun,
HekoBe, PAAKO Jaiku.

MarHuTHUTE M ManeoMarHUTHN XapakTePUCTUKN Ca U3y4eH!
MO MHOXECTBO OPUEHTMPaHW 00pasLy B3ETW OT eCTECTBEHUTE
W M3KYCTBEHM paskpuTus Ha Gasantosu Tena (Nozarov et al.
1981). MarimtHaTa Bb3npuemumBocT ce menn ot 0.016 Sl go
0.046 SI, koeTo onMpenens CPaBHUTENTHO BMCOKA MHAYKTMBHA
HamarHuteHocT. EcTecTBeHaTa ocTaTbyHa HaMarHUTEHOCT
npeobnagasa ¢ koeduumeHT Ha KooHurcbeprep mexay 2 u 26.
HamarHnTeHoCTTa MMa HopManHa HacOYeHOCT, HO 3a Tpu OT
paskpuTMsTa B KOXHaTa 4acT € YyCTaHOBeHa obpaTHa
ocTaTbyHa  HamarHuteHocT.  CbOTHOWEHWSTA  Mexay
WHOYKTMBHA W OCTaTbyHa HaMarHWTEHOCT Cb3daBaT pasHo-
obpa3ne B NOCOKUTE Ha edpekTMBHaTa HamarHuteHocT. [lo
naneoMarHUTHW AaHHW Bb3pacTTa Ha 6as3anToBuTe NPOAyKTM
Ce OLEHsBAa Ha NIMO-NNENCTOLEHCKa, a AbnbounHaTa Ha
marmeHuTe kamepu — Ha 50 km.

KoHTpacTsT B MarHWTHUTE CBOWCTBa Ha OasanTuTte cnpsamo
BMECTBALLMTE T HEMArHWTHU CeaUMEHTW (MECBKIMBM U
IMMHECTU NbOCOBE, MEprenu W Baposuuu) obycnaesi egHa
WHTEH3WBHA nposiBa Ha GasanToBuTE Tena B MArHUTHOTO
none. MarHWTHUTE aHomanuu B paiioHa ca M3MepBaHu npu
cpefHomallabHa CHMKa Ha BepTukanHaTa cbetasawa Z. Tyk
T€ Ca NPeACTaBeHU C U34uUCreHus mogyn T, Ha aHoMamnHus
marHuTeH Bektop (®ur. 1). Kakto ce Buxaa, MHTEH3WUBHUTE
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aHomanuu ¢ amnnutyga Hag 100 nT ce pasnonaraT Hag U B
6rmzoct Ha OasanToBuTe paskputus. OuepTaHusTa Ha
U30SIMHUUTE Ca W3OMETPUYHW C  HaW-BUCOKM JOCTUraHm
CTOMHOCTM NpW pa3kpuUTUsTa B MecTHocTuTe Bapuya, byToso-tor
n YepeeHa. CbC CpeaHa WHTEH3MBHOCT Ha MakCUMymuTe
mexay 100 nT 1 250 nT ca aHomanuuTe OT CbluaTa Bepura
npu Oya moruna, Bpboska, Tawnamkuk u YepHa moruna.
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Queypa 1. Kapma Ha Modyn T,, nT, Ha aHOMasHUsi MazHUMeH
86KMOp, U34UCIIEH OM U3MepeHama KoMnoHeHma Z.

Okono Teaun paskputusi, Ha pasctosHne o 15-20 km, ce
HabrogaBaT MHOXECTBO CnMab0  MHTEH3WBHM  MarHUTHY
aHomanum ¢ ekctpemymn nog 100 nT. TexHWTe M3TOYHWLM
BEPOSITHO Ca MOKPUTM OCTaTbLM OT apeana Ha pasnuB Ha
HWUCKOBMCKO3HUTE 6a3antoBu nasu. MarHuTHUTe aHomanuu
oTpassiBaT CyMapeH eqekT OT MarHuTHUTE Tena. B cpaBHeHue
C paskpuTUsTa Ha Te3W Tena MarHuUTHUTEe aHoManuu T, CbC
CBOSI MaKCUMyM W KOH(hUrypauus fasaT noseye MHGopmMaLms
3a pasnonoXeHWeTo 1 GopMaTta Ha MaCUBHOTO MarMeHo TAro
B nnaH v gbnbounHa. 3a M3BNMYaHe Ha TakaBa WHOpMaLms
ce MocTaBAT M pelasar obpaTHM MarHWTHW 3agaum (BX
OumuntpoB n Craspes, 1986). TexHuTe pelueHws onpenenst
FEOMETPUYHUTE U MarHUTHU MapameTpu Ha M3TOYHMKA Ha
MarHuTHaTa aHomanusi.

METOA HA M3CNEABAHE

Cnope,u CTeneHta Ha M3y4eHOCT Ha aHOManHoToO none u
HEeroBuTE W3TOYHWULM B pasrnexpaHus payioH noaxoaswo e

M3MON3BaHETO Ha MpekN MEeTOAM 3a pellaBaHe Ha obpaTHy 3a-
jaun. EOMH  OT  edeKTMBHMUTE METOaM CbC  LUMPOKO
npunoxeHne e Toau Ha Onneposa aekoHsonouus B 2D n 3D
3agauu. HaumeHoBanueTo e gageHo ot Reid ef al. (1990), Ho
MOAXOABT € M3BECTEH oLe oT cTatusita Ha Conoses (1960) 1
pa3sBuT He3aBncymo 3a 2D 3agaum ot Thompson (1982).

3a n3ToYHMUM Ha MarHuTHO none A ¢ egHa ocobeHa Touka
M(Xo,Y0,Z0) B MPUCBCTBME Ha MOCTOsHEH (hoH B e BanmgHo
ypaBHeHueTo Ha Onnep 3a egHOPOAHN PYHKLMK:

M, (2 20) 4= N(B- 4), O

= y0) 2 (o= )2

0
(x xo)g*

KbaeTo: (X,y,Z) ca koopauHatuTe Ha HabniogatenHaTa Touka,
N=-n, KkbeTo n e cTeneH Ha eaHopoaHocT, a N e koeduumeHT
HapeyeH CTpykTypeH nHaekc (Thompson 1982). CTpyKTypHUST
WHAEKC 3aBUCM OT reoMeTpusiTa Ha M3TOYHWKA. 3a TOUKOB W
XOMOTEHEH cpepuyeH M3TOUHMK N = 3, 3a NMHEEH W3TOYHMK
(MMHMS OUNONM UM MOMKOCK W XOMOTEHEH LMMUHABP, CTHNO,
Tpbba 1 gp.) N = 2, 32 NOBBbPXHUHEH M3TOYHMK (THHBK MnacT,
panka u gp.) N = 1, 3a KOHTaKT, BbpxoBa Touka Ha BIoK w
nupamuaa ¢ ronsiMo pasnpocTpaHeHue B gbndounHa N = 0.

3apjavata ce peluaBa KaTo ce CbCTaBs NpeonpeneneHa
cucTeMa OT NUHENHW ypaBHeHWs (1) Npu 3afageHa CTOMHOCT
Ha N 1 ce onpepensT no MeToAa Ha Hal-MankuTe KagpaTu
koopauHatTUTe  (Xo,)0,20). Ype3 W3NUTAHWS Ha  PasfNyHK
CTOiHOCTM N ce Hamupa pelleHue C Hal-MambK CTaHaapT,
KOWTO criefpa fa e noj 3afafieHa CTOMHOCT, MPUMEPHO Mof
15% 0o 25% OT HamepeHaTa ObNO0YMHA Ha U3TOYHMKA MO Z,
(Reid et al. 1990). MapameTbp Ha TasW onepauus no
pellaBaHe Ha obpaTHaTa MarHuTHa 3agaya e Cbllo pasmepbT
Ha npo3opelia 1 CbOTBETHUS Bpolt BTPELIHM HabnopaTenHu
TOYKW MO KOUTO CE CbCTaBS CUCTEMATA NMHENHW YpaBHEHWS,
B3eMailki AaHHUTE OT edHa kapTa unu npodmn.

Tyk npunaramMe egHo passuTe Ha metoga Ownneposa
[EKOHBOMIOLMS, KOETO MO3BOMSBA  NIMHEApU3MpaHe Ha
cucTemarta ypaBHeHUs mpu yyactueTo Ha N kaTo HenssecTHa
BENNYMHA U B NPUCHCTBMETO KaKTO Ha NOCTOSAHEH, Taka U Ha
NUHENHO wn3meHsw ce oH (Stavrev 1997). 3agavata ce
pellaBa C W3NON3BaHETO Ha AudepeHUManHm noaobHu
npeobpasoBaHust (OMM) Ha komnoHeHTa A(x,y,z) Ha
aHomarnHusa mariuteH uHTeHsuteT. [N ca dyHKyMm oT BuAaa
(CraBpes 1981)

3, (p- 434,
0x dy

4

0z’

S[A] = (u- 3)A+ (a- x) (c- z) (2

KbOETO: U e napameTbp CbC cToiHOoCTM oT 0 go 3, Taka ye
(u=13)=-NByp.(1); (a,b,c) ca koopauHaTUTe Ha eaHa koS aa
e Touka C, n3bupaHa 3a LEHTBbP Ha reoMeTpuyHo nopobue.
Ako ueHTBPBT Ha nogobue C(a,b,c) cbBnagHe ¢ ocobeHata
Touka M(Xo,¥0,20), TO S[A] = 0 BbB BCUYKM HabnogaTenHm
TOYKK. B npuchCTBMe Ha nnHeeH doH ® ce nonyvasa nuHelnHa
dyHkumus S[A + @] = S[A] + S[@], Tbi kaTO @ MMA NOCTOSHHM
NpOV3BOLHM B yp.(2).

Bb3 ocHoBa Ha Tesu CBOWCTBa 3ajadaTa ce cBexga 4o
noryyaBaHe Ha InuWHeMHo pasnpegeneHne Ha [N Ha
HabntogaBaHoTo none F = A + @. 3a uenta ce MUHUMM3MPA
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ocTaTbyHaTa ANCepCHs Ha NMHENHaTa Perpecust Ha JaHHUTe
3a F.

Heictausra ce M3BBbPLUBAT B PAMKUTE Ha 3aaBaH Npo3opeL
No Mpexarta AaHHW Ha KapTa Ui I'IpO(bMJ'I. KavectBoTo Ha
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Queypa 2.. Hdekcu Ha hopmupaHume Knacmepu om
peweHusima Ha Olneposama 0eKOHBOMIOUUS,
cbomgemcmeawu Ha basanmogume mefna no uHUsMa
Cyxundon-Ceuujos. MHOekcume cwenadam ¢ me3u om
Tabnuya 1, kbdemo ca npedcmaseHu cmamucmuyeckume
Xapakmepucmuku Ha Krnacmepume.

pesynTaTta 3a HEWU3BECTHUTE Xo, Yo, Zo M N Ce OLeHsiBa no fBa
KpuTepusi: (a) OTHoCUTENHMS cTaHgapT (kakto mo-rope) u (b)
cToiHocTTa Ha N, KosiTO cregBa fa nonaga B AuanasoHa
mMexgy O M 3 npu cTaHgapT NOA 3ajaBaHa BENWYWHA,
CBbp3aHa C XenaHata cTeneH Ha npubrkenne (Stavrev
1997).

OCblyeCTBABAHETO Ha TO3M MOAXO4 MW3BbplBaMe ¢
paspaboTeHata oT Gerovska and Aralzo-Bravo (2003)
komnioTbpHa nporpama 3a OiinepoBa [EKOHBOMWOLMS C
HenpeanucaH CTPYKTypeH uHaekc. Mo 3agapeHata mpexa
[aHHW ce obpa3syBaT Npo3opLy C JafeH pa3Mep OKOMo BCska
TOuYka Ha Mpexarta. LieHTbpbT Ha nposopeua ce npemecTsa
NoCcnefoBaTENHO OT TOYKa B TOYKA NO pedoBe W CTbnboBe.
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Taka ce peanusupa CxemaTa Ha Mib3rawM ce W
npenokpueawy ce nposopyn. [onyyaBaHUTe MpPUEMMMBM
pesynTat 3a Xo, Yo, Zo U N MO MHOXeCTBa OT CbCEAHM
npo3opuu ce obpaboTteat cratuctnyeckn. Obpasysar ce rpym
pes3ynTatM OTHACSHUM KbM €OWH OTAENeH W3TOYHMK C
onpedensHe Ha cpefHata  CTOMHOCT U [OBEPUTENHUSA
WHTEPBAn 3a BCEKM TbPCEH NapaMeTbp.
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Queypa 3. N3aned 8 nnaH Ha UeHMbpa Ha mexecmma Ha
nonyyeHume & pesynmam Ha Olneposama 0eKoH8oMoYus
Knacmepu Ha pewieHusma, ¢ uHmepsanu Ha 0ogepue,
U306pa3eHU kamo KOHUEHMPUYHU Kpbaose 3a Ob160YuHama,
U osanu Ha dogepue 3a XopuU3oHManHUMe KoopduHamu.

30

PESYNTATA

M3ebpweHa e 3-mepHa OnnepoBa [eKOHBOMOLUMS Ha
aHOMArIHOTO MarHMTHO mone Ha nnowy ot 3000 km? (dur. 1)
Hap paskpuBallM Ce W BeposiTHO MOkpWUTM GasantoBW Tena
okono nuHuaTa Cyxunpon-Ceuwos. Cnoped WupuHaTta Ha
aHoOManHuTe MposiB M MbPBUTE OLIEHKM 3a ObnOOYNHUTE Ha
BbTPELUHM TOYKM Ha TenaTa nonypasMepbT Ha Mpo3opela e
B3eT 3.2 km. Taka B eauH npo3opel, nonagat 121 To4ku oT
MpexaTa [daHHW, MO KOMTO Ce W3Bexga pelleHue 3a 4-Te
HEN3BECTHU Xo, Yo, Zo U N.
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Ha ®urypa 2, B nnaHa Ha MarHMTHaTa kapTa, ca AajeHu
HOMepaTa Ha oTtgeneHute 34 rpynu pesynTtatu 3a  us3-
TOYHULMTE HA MarHUTHU aHOManuu C PasinyHa MHTEH3MBHOCT.

XOpU3OHTANHOTO MOMOXEHNe U AbNOOYMHUTE C  TEXHWUTE
OBanu Ha foBepue ca nokasaHu rpauyHo Ha Purypa 3 u
uncneHo B Tabrmua 1. AHanM3bT Ha NOMyYeHUTe pesynTaty
HW [jaBa Bb3MOXHOCT Aa UHTeprnpeTupame KapThHata Ha aHo
ManHOTO MarHUTHO none ouepTaBaﬁKM cnegHnTe no-xapak-
TEPHN NONOXEHNA.

Tabnuua 1. OueHkn 3a KoopanMHaTUTE Ha 0COBEHUTE TOUKW U CTPYKTYPHUTE WHAEKCH, CbBMECTHO C UHTEPBaNuUTe Ha JoBepue, Ha
BasanToBuTe Tena no nuHusaTa CyxmHgon-Ceuwos. OueHknTe ca 3a npo3opel; ¢ pasmep of 11x11 MpexoBM TOYKM 3a HUBOTO Ha
3eMHaTa NOBbPXHOCT. MIHTepBanuTe Ha 4OBEPUE Ca U3YUCIEHN 3a BEPOATHOCT 95% pelleHusiTa fJa NonaaaT B CbOTBETHUS

WHTEpBan.
WHoexe Bpoti peweHus Xo, km Yo, km 2y, km N

1 42 33.24+1.67 5.8110.68 0.50+0.41 0.56+0.68
2 1 51.95+0.88 3.13+0.57 0.27+0.23 0.60+0.63
3 59 57.17£1.13 5.78+1.60 0.29+0.30 0.61x0.70
4 6 6.84+0.66 5.15+1.16 0.26+0.16 0.22+0.37
5 1 23.66+0.80 4.65+1.09 0.21£0.09 0.19+0.27
6 48 44.21+1.02 7.29+0.85 0.20+0.27 0.38+0.75
7 5 67.68+0.78 6.30+0.29 0.21£0.27 0.41£0.52
8 76 23.21+1.46 13.14+1.09 0.78+0.26 2.40+1.11
9 8 70.60+1.34 10.53+1.08 0.40+0.30 0.84+0.86
10 44 26.56+1.61 13.94+1.45 0.56+0.42 1.87+1.34
1 8 61.84+0.75 12.30£0.92 0.20+0.22 0.56+0.78
12 17 37.58+0.41 15.1141.42 0.31+0.45 0.85%1.17
13 77 62.99+1.51 16.27+2.08 0.33+0.24 0.83+0.83
14 68 30.91+0.78 17.3240.82 0.76+0.55 2.21+1.76
15 20 29.60+0.87 16.19+0.50 0.77+0.19 2.50+0.39
16 1 13.65+2.17 17.21£0.51 0.23+0.22 0.44+0.86
17 16 35.00+1.67 17.94+1.63 0.25+0.17 0.56£0.71
18 14 42.77+0.41 21.20+0.36 0.86+0.32 2.42+1.03
19 39 48.4520.55 21.70+1.03 0.67+0.45 1.99+1.52
20 15 41.82+1.17 21.33+0.64 0.65+0.44 1.56+2.31
21 10 7.61£0.66 21.85+1.04 0.49+0.38 0.93+0.96
22 89 54.05+1.14 24.78+1.24 0.311£0.27 0.66+0.71
23 7 58.47+0.78 24.53+1.96 0.19+0.21 0.30+0.66
24 6 26.55+0.52 26.42+0.64 0.23£0.13 0.34+0.44
25 62 9.13£1.18 28.43+£1.70 0.34+0.27 0.74+0.83
26 5 41.27+0.26 25.54+0.74 0.50+0.44 0.39+1.05
27 8 43.07+1.26 25.35+1.75 0.32+0.59 0.61+0.78
28 6 13.64+0.73 27.12+0.79 0.28+0.40 0.57+0.87
29 31 65.39+0.88 29.65+1.99 0.33+0.26 0.84+0.61
30 8 67.52+0.68 28.05+0.94 0.22+0.31 0.73+£0.83
31 33 46.68+1.39 33.68+0.61 0.33+0.33 0.69+0.83
32 30 56.11£1.23 31.46+0.90 0.30+0.21 0.63+£0.62
33 54 45.73+1.43 34.68+0.67 0.55+0.35 1.12+0.65
34 37 65.87+0.91 36.45+0.81 0.49+0.37 1.37+1.03

CWIHO MHTEH3MBHUTE MarHUTHW aHoManuu mpu Bapua, ¢
Homep 8 Ha ur. 2, npu BytoBo-tor ¢ Homepa 14-15, u npu
YepeeHa ¢ Homepa 18 u 20, wmat GnmskuM nokasaHus 3a
pbnbounHata z, v CcTpykTypHUst uHgekc N. [wvnbounHata go
ocobeHaTa BbTpeLLHa TOYKa Ha Tenata e B MHTepBana Mexzay
650 m n 860 m, cpegHo 760 m, a CTpykTypHWS MHAekc N e
mexay 1.56 n 2.51, cpegHo 2.22. lMocnemHOTO roBopu 3a
ylwmpeHa cTbnboeuaHa gopma Ha 6asanTtoBuTe Tena, Hai-
BEpOSTHO HekoBe. Cnopes KOH(MrypauusTa M WHTEH3NB-
HOCTTa Ha aHOManuuTe ToBa Ca BepTUKamnHu 1 cybBepTUKanHu

MacuBHM Tena ¢ AbnboYMHa 40 OCHOBAHWETO NOHE ABa MbTM
Zo, T.6. Han-manko 1.5 km.

AHOMarnuuTe CbC CpefHa WHTEH3VBHOCT Ce MOLeNsT Ha [Be
TPynn Mo xapaktepa Ha pesynrarute ot OinepoBata AEKOHBO-
nouws. B mbpBata rpyna Bnu3at aHomanuute npu Bupboska,
¢ Homep 10, v npu Oya moruna, ¢ Homep 19. [bn6ounHaTa
Zp€ CboTBETHO 570 m 1 670 m, a CTPYKTYPHMAT uHaeke - 1.87
n 1.99. Kakto ce Bwxga, Tenata mMoxe fa npuemem 3a
cTbnboBuaHmu no opma. MNapametpute um ca 6nm3kM SO Te3m
Ha OMMUCaHWTE NO-TOPE 3a MHTEH3MBHUTE aHOManuu, Ho Tenata
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ca C no-marka maca unu no-mManko 13toyBaHe B JbnbounHa.
Bropata rpynma pesyntatu ce oOTHacar 3a Tenata npu
Tawnapxuk (Homep 22) v npu YepHa moruna (Homep 23). Tyk
[ObnoOounHUTE Zo ca 3HaumTenHo no-manku — 310 m n 200 m
CbOTBETHO, @ CTPYKTYPHUAT WHAEKC no-HucbK - 0.66 u 0.30
CbOTBETHO. TakMBa WMHAEKCW Ca XapakTepHU 3a ThbHKM
nnactoBe u ganku (N = 1) unm 3a no-gebenu nnacToBuaHM
Tena, MoKPOBM U KOHTAKTW C ropHW pbboBu Touku 6nm3o Ao
3emHaTa nosbpxHocT (N = 0). 3a MeXauHHW CTOMHOCTM
(hopmaTa Ha Tenara MOxe da Ce OLeHu kato newjoobpasHa
Wi napanenenunegHa €  pasnuuHa  aebenvHa. B
pasrnexpaHuTe cryyail WMa BEpOsiTHO 3anaseH maTtepuan B
KpaTepuTe Ha fABaTa 6ru3Kki naneosynkaHa B CeBepHaTa Yact
Ha nuHusTa CyxuHoon-CeuLos.

3a nepuchepusita Ha Bepwrata paskputu 6asantoBu Tena,
KbOeTo ce HabniogaBaT — HUCKOMHTEH3MBHU — MArHWUTHU
aHoManuu, pesyntatute coyat 6e3 U3KMIYeHNe CPaBHUTENHO
Manku gbnOOYMHW Zy U HUCKM CTOWHOCTM Ha CTPYKTYPHMS
naagekc N. Ot HabensisaHute 20 aHomanum (Purypu 2, 3 u
Tabnuua 1) ca nonyyexn gbnbountn B nutepsana 200 - 500
m, cpegHo 320 m, u cTpykTypHu mHgeken ot 0.19 go 1.12,
cpenHo 0.64. Te3n pesyntaT MOXeM [a TbhKyBame KaTo
OTpa3siBaliyM HanMYMeTO Ha TbHKM WNK yaebeneHn nokpuTu
OCTaHK/M OT 1aBOBW Pa3NuBM, 3ambiHUNM Mo-gbnbokuTe
copmm Ha naneopeneda.

3AKMIOYEHNE

Pesyntatute 0T M3BbpLUEHATa  MHTEpMpeTauus Ha
dHOManHoToO MarHMTHO none B pa|7|0|-|a Ha NHUATa CyXI/IHLlOH-
Ceunwos ¢ npunaraHe Ha wmetoga Ha  Oineposa
AekoHBonouns Be3 npegnucaH CTPYKTYPEH MHAEKC nokassar
peanHo Bb3MOXHOCTUTE 3a OLieHKa Ha AbnbounHu n opma
Ha CMyllaBalmTe Tema npy MWHUMYM [OMbIHUTENHA
WHCOpMaLMs 3a reOMEeTpUst M HaMarHWTEHOCT Ha Tenarta.
MomnyyeHuTe pesyntatu Ce CbrnacyBaT C reONoOXKUTe
npeAcTaBn 3a HekoobpasHu GasanToBu Tena B rbprarta Ha
naneoBynkaHuTe. 3aegHo C TOBA MO MarHWUTHU [aHHU Ce
Habensi3BaT 1 Tena oT pa3nue Ha 6a3anToBn nasu.

HanpaBeHute oueHkn 3a gbnbouMHa M opma MoraT Aa
nocnyxar eeKTMBHO KaTo NpUBMVKEHNS KbM MOCTPOSIBAHETO

Mpenopbyaxa 3a nybnukysaHe om
kamedpa “Tlpunox+a 2eogpusuka , [P
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Ha MarHuTHM Mogenn Ha 6asanToBuTe Tena B WM3CreaBaHus
panoH. 3a LenTa € HyXHO Aa ce npoBedaT Mo-AeTainiHu u
TOYHM MarHWUTHX CHUMKM Hag M OKOMO paskpuTusTa Ha
npeacTaBnsaBaLnTe UHTEPEC Tena.
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ABSTRACT

Euler deconvolution of magnetic anomalies over basaltic bodies along the Suhindol-Svishtov line in Northern Bulgaria was implemented. Original algorithms and
programs for 3D Euler deconvolution using differential similarity transformations of the magnetic field was applied. This allowed simultaneous estimation of the
singular point coordinates and the structural index, without requiring input data about the magnetization vector and the shape of the causative bodies. Thus, estimates
of the depth range and the main features of the morphology of a number of basaltic bodies along the line of the paleovulcanic centers and their periphery were
obtained. Most of the sources are vertical pipelike intrusions (volcanic necks) to the south and lenticular bodies to the north and along the periphery. The depth range

of the massive bodies varies from several hundred meters to two kilometers.
INTRODUCTION

The basaltic bodies along the line Suhindol — Svishtov are
the only manifestation of volcanic activity with outcrops at the
surface in the typically platform setting of Central Northern
Bulgaria. The interest towards these formations is supplied by
the information they carry about the geologic structure and
development of the Moesian platform in its southern part, as
well as by the possibility to use them for the production from
them of valuable construction material.

The presence of a number of natural outcrops of the basalts
and quarries for their output had allowed comparatively detail-
ed studies of their geologic characteristics and physical proper-
ties. Information about location, mineral composition, chemical
constitution, magnetic properties and paleomagnetism of the
basalts can be found in G. Bonchev 1904, Mavrudchiev et al.
1971, Jovchev et al. 1971, Nozarov et al. 1981, Bogdanov et
al. 1983. Nevertheless, the information about the depth
distribution of the basaltic bodies is scarce, and the published
estimates of the source depths are of qualitative character
(Nozarov et al. 1981).

In this article we present results from the application of one
direct method for interpretation of magnetic anomalies with
possibilities to give numerical estimates for both the depth and
shape of the basaltic bodies. The method does not require a
previously assumed geometrical and magnetic model and input
data for the absolute value and direction of the magnetization
vector.

GEOLOGICAL AND GEOPHYSICAL DATA

Fifteen separate basaltic bodies are exposed at the surface
between the towns of Suhindol and Svishtov, along a line with
azimuth 16° and length 35 km. Their size varies from 200 m to
1 km, forming in some places upland. The basalts are dark-
colored and dense rocks, composed primarily of olivine and
pyroxene, and belong to the sodium-alkaline type of the basalt-
basanitic formation (Mavrudchiev et al. 1971, Bogdanov et al.
1983). The content of ferromagnetic components is
comparatively high, from 6 up to 10%, represented mainly by
titanomagnetite (Nozarov et al. 1981). The alignment of a
number of outcrops along a single line is interpreted as a
manifestation of a buried fault along which the magmatic

material intruded (Mavrudchiev et al. 1971, Jovchev et al.
1971). The solidified formations are of subvolcanic type,
volcanic necks, and rarely dikes.

The magnetic and paleomagnetic characteristics of the rocks
were studied from a number of oriented specimens, collected
from natural and man-made outcrops of basaltic bodies
(Nozarov et al. 1981). The magnetic susceptibility varies from
0.016 Sl to 0.046 SI, which determines comparatively high
values of the induced magnetization. The natural remanent
magnetization is high, with Kénigsberger ratio between 2 and
26. The normal magnetization is prevailing but for three of the
outcrops in the southern part a reverse remanent magnetiza-
tion was measured. The varying ratios of the vectors of
induced and remanent magnetization create diversity in the
effective magnetization directions. Paleomagnetic studies esti-
mated the age of the basalt products as Pliocene-Pleistocene,
and the depth of the magnetic chambers to be 50 km.

The contrast between the magnetic properties of the basalts
and the embedding them nonmagnetic sediments (sandy and
clay loam, marl and limestone) is a reason for an intense
manifestation of the basalts in the magnetic field. The magnetic
anomalies in the area are measured with a middle-scale
survey of the vertical component Z. Here they are presented
with the calculated modulus T, of the anomalous magnetic
vector (Fig. 1). In the figure, the intense anomalies with
amplitude greater than 100 nT are located over and around the
outcropping basalts. The contour pattern is isometric with
maxima of the anomaly values over the outcrops at the Varcha
area, Butovo-yug and Chervena. The anomalies from the same
line at Ovcha Mogila, Varbovka, Tashladzhik and Cherna
Mogila have an average intensiveness of the maxima between
100 nT and 250 nT.
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Figure 1. Map of modulus T,, nT, of the anomalous magnetic
vector, calculated from the measured component field Z.

Around these outcrops, at a distance of up to 15-20 km,
several low intense magnetic anomalies with extrema below
100 nT can be observed. Their sources are probably buried
relics from the area of outflow of the low viscous basaltic lavas.
The magnetic anomalies reflect the joint effect of the magnetic
bodies. Compared with the outcrops of these bodies, the
magnetic anomalies T, with their maximum and pattern give
more information about the location and the shape of the
massive intrusive body in plan view and depth. Inverse
magnetic problems are posed and solved (see Dimitrov and
Stavrev 1986) for obtaining such type of information. Their
solutions determine the geometric and magnetic parameters of
the source of the magnetic anomaly.

STUDY METHOD

The available information about the anomalous field and its
sources in the area of interest advocates the use of direct
method of solving of inverse problems. One of the effective
direct methods, widely applied, is that of 2D or 3D Euler
deconvolution. The latter name was suggested by Reid et al.
(1990) but the approach was first proposed by Solovev (1960)
and later independently developed in 2D by Thompson (1982).
For sources of magnetic field A with one singular point
M(xo,y0,20) in the presence of a constant background B,
Euler's homogeneity equation can be written as
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where (x,y,z) are the coordinates of the observation point, N=-
n, where n is degree of homogeneity, and N is a coefficient,
called structural index (Thompson 1982). The structural index
depends on the geometry of the source. For a homogeneous
point source N = 3, for a linear source (line of dipoles or poles,
and for a homogeneous cylinder, rod, etc.) N = 2, for extrusive
bodies (thin layer, dike, etc.) N = 1, for a contact, vertex of a
block and a pyramid with a big height N = 0.

The unknown coordinates (Xo, yo, Zo) are estimated by solving
a determined system of linear equations (1) using a prescribed
value for N with the least squares method. A solution with a
minimum standard deviation is found through using different
tentative values for N. The standard deviation should be below
a given value, for example less than 15% to 25%, (Reid et al.
1990), the estimated source depth z,. The window size and the
respective number of the observation points, for which the
system of linear equations is formed taking the data of a grid or
a profile, are also parameters in the solving the inverse
magnetic problem.

Here we apply one improvement of the Euler deconvolution
method, which allows linearisation of the system of equations
with N as an unknown, and in the presence of a constant, as
well as of a linear background (Stavrev 1997). The problem is
solved using a differential similarity transformations (DST) of
the component A(x,y,z) of the anomalous magnetic intensity.
DSTs are functions of the following type (Stavrev, 1981)

0, (p- 534,
0x dy

14

E Hl

S[A] = (u- 3)A+ (a- x) (c- Z) (2)

where u is a parameter with values ranging from 0 to 3, so that
(u=3)=-Nineq.(1), (a,b,c) are the coordinates of a point C,
chosen for a center of the geometric similarity. When the
similarity center C(a,b,c) coincides with the singular point
M(xo,y0,20), then S[A] = 0 at all observation points. In the
presence of a linear background @, a linear function S[A + @] =
S[A] + S[@] is obtained, since ® has constant derivatives in eq.
(2). On the bases of these properties, the problem is reduced
to obtaining a linear distribution of the DST of the observed
field F = A + @. For the purpose, the residual dispersion of the
linear regression for the F data is minimized. The operations
are implemented within the limits of a given window along the
data grid of a map or a profile. The quality of the result for the
unknowns X, yo, Zo and N is estimated according to two
criteria; (a) the relative standard deviation (as mentioned
above), and (b) the value of N, which should be between 0 and
3, and with a standard deviation less than a given value,
related to the desired degree of approximation (Stavrev 1997).
This described approach we implemented with the developed
by Gerovska and Arauzo-Bravo (2003) computer program for
Euler deconvolution with unprescribed structural index. Along a
data grid, windows of a given size are formed around each grid
point. The window center is moved consecutively from point to
point along rows and columns. Thus, the scheme of sliding and
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Figure 2. Indices of the formed Euler deconvolution solution
clusters, corresponding to the basaltic bodies along the
Suhindol-Svishtov line. The indices are used to find the

corresponding statistical results for the clusters in Table 1.

overriding windows is implemented. The obtained acceptable
solutions for X, yo, Zo and N for sets of neighboring windows
are statistically processed. Groups of results related to each
separate source are formed with calculation of the mean value
and a confidence interval for each estimated parameter.

RESULTS

Three-dimensional Euler deconvolution of the anomalous
magnetic field over an area of 3000 km? (Fig. 1) over
outcropping and possibly covered basaltic bodies along the
Suhindol-Svishtov line was carried out.

According to the width of the anomalous magnetic field
manifestations and the initial estimates for the depths of
internal points of the bodies, the half width of the window is
determined to be 3.2 km. Thus, one window includes 121 data
grid points, from which solution for the 4 unknowns xo, Yo, Zo
and N is obtained.

In Fig. 2, in a plan view of the map of the magnetic field, the
numbers of the detected 34 clusters of solutions for the
location of sources of magnetic anomalies of different
intensiveness are presented. Their horizontal location and the
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Figure 3. Plan view of the estimated location of the center of
gravity of the Euler deconvolution solution clusters with
confidence intervals, depicted as concentric circles for the
depth and ellipses of confidence for the horizontal position.

depth with the ovals showing the confidence intervals of the
obtained values are given as a graph in Fig. 3, and numerically
in Table 1. The analysis of the obtained results gives us the
opportunity to interpret the pattern of the anomalous magnetic
field, outlining the following line characteristic points.

The highly intense magnetic anomalies at Varcha, with
number 8 in Fig. 2, at Butovo-yug with numbers 14-15, and at
Chervena with numbers 18 and 20, have similar values for the
depth z; and the structural index N. The depth to the internal
similarity point of the bodies is within the interval 650 m and
860 m, mean value 760 m, and the structural index N is
between 1.56 and 2.51, mean value 2.22. The latter speaks of
a widened column-like shape of the basaltic bodies, most
probably volcanic necks. According to the pattern and the
intensiveness of the anomalies, these are vertical and sub-
vertical massive bodies with depth to the bottom at least twice
Zy, i.e. at least 1.5 km.

The anomalies with middle range intensiveness can be
subdivided into two groups according to the results of the Euler
deconvolution. The first group includes the anomalies at
Varbovka, number 10, and at Ovcha Mogila, number 19. The
depth z, is respectively 570 m and 670 m, and the structural
index 1.87 and 1.99. From the values of N, we can conclude
that the shape of the bodies is column-like. The body
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parameters are close to those of the previously described ones
for the intense anomalies, but the body mass is either smaller
or their shape is less elongated in depth. The second group of
results is related to the bodies at Tashladzhik (number 22) and
at Cherna Mogila (number 23). There, the depths z, are
considerably shallower, 310 m and 200 m, and the values of
the structural index are smaller 0.66 and 0.30, respectively.
Such indices are typical of thin layers and dikes (N = 1), or of
thicker layer shaped bodies and contacts with upper vertices

Table 1. Estimated coordinates singular points and structural indices with their confidence intervals of the basaltic sources of the
anomalous magnetic field along the Suhindol-Svishtov line. The estimation is for a window of 11x11grid points at ground level.
Column Nos,, shows the obtained number of solutions for one source. The confidence intervals are calculated for 95% confidence.

Index Nos Xo, km Yo, km Z,, km N
1 42 33.24+1.67 5.81+0.68 0.50+0.41 0.56+0.68
2 " 51.95+0.88 3.13+0.57 0.27+0.23 0.60+0.63
3 59 57.17£1.13 5.78+1.60 0.29+0.30 0.61£0.70
4 6 6.84+0.66 5.15+£1.16 0.26+0.16 0.22+0.37
5 1" 23.66+0.80 4.65+1.09 0.21£0.09 0.19£0.27
6 48 44.21+1.02 7.29+0.85 0.20+0.27 0.38+0.75
7 5 67.68+0.78 6.30+0.29 0.21+0.27 0.41£0.52
8 76 23.21+1.46 13.14+1.09 0.78+0.26 2.40£1.11
9 8 70.60+1.34 10.53+1.08 0.40+0.30 0.84+0.86
10 44 26.56+1.61 13.94+1.45 0.56+0.42 1.87+1.34
1 8 61.84+0.75 12.30+0.92 0.20+0.22 0.56+0.78
12 17 37.58+0.41 15.11£1.42 0.31£0.45 0.85+1.17
13 77 62.99+1.51 16.27+2.08 0.33+0.24 0.83+0.83
14 68 30.91+0.78 17.32+0.82 0.76+0.55 2.21+£1.76
15 20 29.60+0.87 16.19+0.50 0.77£0.19 2.50+0.39
16 1 13.65+2.17 17.21+0.51 0.23+0.22 0.44+0.86
17 16 35.00+1.67 17.94+1.63 0.25+0.17 0.56+0.71
18 14 42.77+0.41 21.20+0.36 0.86+0.32 2.42+1.03
19 39 48.45+0.55 21.70+£1.03 0.67+0.45 1.99+1.52
20 15 41.82+1.17 21.331£0.64 0.65+0.44 1.56+2.31
21 10 7.61+0.66 21.85+1.04 0.49+0.38 0.93+0.96
22 89 54.05+1.14 24.78+1.24 0.311£0.27 0.66+0.71
23 7 58.47+0.78 24.53+1.96 0.19+0.21 0.30+0.66
24 6 26.55+0.52 26.42+0.64 0.23+0.13 0.34+0.44
25 62 9.13£1.18 28.43+1.70 0.34+0.27 0.74+0.83
26 5 41.27+0.26 25.54+0.74 0.50+0.44 0.39+1.05
27 8 43.07+1.26 25.35+1.75 0.32+0.59 0.61%0.78
28 6 13.64+0.73 27.12+0.79 0.28+0.40 0.57+0.87
29 31 65.39+0.88 29.65+1.99 0.33+0.26 0.84+0.61
30 8 67.52+0.68 28.05+0.94 0.22+0.31 0.73£0.83
31 33 46.68+1.39 33.68+0.61 0.33£0.33 0.69+0.83
32 30 56.11£1.23 31.46+0.90 0.30£0.21 0.63£0.62
33 54 45.73+1.43 34.68+0.67 0.55+0.35 1.12+0.65
34 37 65.87+0.91 36.45+0.81 0.49+0.37 1.37+1.03

close to the surface (N = 0). For intermediate values of N the
body shape can be estimated as lenticular or parallelepiped
with various thickness. In the studied case, it is probable that
there exists preserved material in the craters of the two close
paleovulcanos in the northern part of the Suhindol-Svishtov
line.

At the periphery of the outcropping basalt bodies, where
magnetic anomalies of low intensiveness are observed, the
results indicate, without exceptions, comparatively shallow
depths zyand small structural index values N. From the marked
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20 anomalies (Figures 2, 3 and Table 1), depths within the
interval 200 - 500 m, mean value 320 m, and structural indices
ranging from 0.19 to 1.12, mean 0.64, were obtained. These
results could be interpreted as reflecting the presence of thin to
thicker buried remains of lava flows, filling the deeper forms of
the paleorelief.

CONCLUSION
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The results from the interpretation of the anomalous
magnetic field in the region along the Suhindol-Svishtov line
using the Euler deconvolution method with unprescribed
structural index show in practice the possibilities for estimation
of the depth and the shape of the causative bodies with a
minimum of required information about the geometry and the
magnetization of the bodies. The obtained results are in
correspondence to the geologic idea for neck shaped basaltic
bodies in the paleovulcanic craters. Besides, the magnetic data
interpretation marks bodies from the outflow of basaltic lava.

The source depth and shape estimates can effectively serve
as approximations for the construction of magnetic models of
the basaltic bodies in the studied area. For the purpose, more
detailed and precise magnetic surveys over and around the
source outcrops should be done.
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