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PE3IOME

Upes KOMMNeKCHa WHTepnpeTaLus Ha PEervoHanHu rpaBMMETPUYHM, aepOMarHUTHU W aeporama CreKTPOMETPUYHW AaHHW W Pa3npefenieHneTo Ha OrHuWara Ha
3eMeTpeceHns e u3cnefsaHa MopdonorusTa Ha MeTaMopHNs dyHaaMeHT Ha bopoBuLikata Aenpecust n nepudepHuTe 1 YacT u 0cOBEHOCTUTE B CTPOEXa Ha
pa3noMH1TE N MarMeHUTe CTPYKTYpU.

[lenpecvsita ce OTAENS C MHTEH3WBEH rPaBUTALMOHEH MUHUMYM UM CMeUMdUYHO MarHuTHO nome, obycnoBeHu OT Mopdonorusta Ha yHaameHTa u
pa3npefeneHneTo Ha BynkaHUTATE. [MoKa3aHO € Hanuuue Ha BepTUKaNHW Pa3MecTBaHWS B METaMOP(HUTE CKanu, KaKKTO M Ha KUCeNW BYNKAHCKW LiEHTPOBE,
cybBynKkaHCkW W MHTPY3uBHW Tena. bessoaHO-HoOBaKOBCKMAT ceBepo3anajeH pasnom, OTAENeH Mo reodusnyHN AaHHW, paspjens AenpecusTa Ha [Be YacTul.
Habenssahm ca Wwupoku Abroobpas3Hn rpaBUTALMOHHN M MarHUTHU aHOManuw, WHTEpMpeTMpaHu Kato u3sBa Ha nepudepHU AbrOBM Pa3fiomy, 3ambIHEHU C
UrHAMBPUTK, MO KOWTO Ce YCTaHOBSBA PA3KO NponaaaHe Ha yHaameHTa. TAXHOTO HanWuve NOTBbPXKAABA CTAHOBULLETO, Ye TOBA € BYNKAHOTEKTOHCKA Aenpecust oT
kanpepeH Tun. B ceBepHata 11 nepudpepus e otaeneHa Tonorosckara CTPYKTypa, M3rpageHa oT MiTbTHW, OPMONUTOB TUM CKarmu.

B 13yyaBaHus palioH ce OTAENST HAKOMKO LieHTbpa Ha kvucen BynkaHusbM. VHTepec npefcTaBnsea Tpumorunckara BynkaHcka CTPYKTypa, MapkupaHa ¢ MarHUTHU,
TPaBMMETPUYHN W aeporama CnekTPOMETPUYHM aHOManuW W pasnonoxeHa Ha TekToHcku Bb3en oT U-3 n CC3 pasanomu. CbCTaBeHuTe MITbTHOCTHU U MarHUTHI
MOZENM Noka3sar, 4Ye aHoManuuTe ca CBbP3aHM C HAKMOHEHW Ha tor NNacTMHOBPa3Hu Tena oT KCenu BYNKaHCKW CKanu.

BbBEJEHWE METOLMKA

W3nonssaHata MeTogMka Ce OCHOBaBa Ha KOMMMEKCEH
BopoBuLLKkaTa ByrnKaHO-TEKTOHCKa [enpecust € pasnomnoxe- aHanu3 Ha HanuyHuTe reodusnynn gaHHr 8 M 1:50 000 n 1:25
Ha B CeBepo3anagHaTa yacT Ha V3TouHopogonckata naneo- 000. Mo oTAenHM NPOUIHA NUHUKA Ca CbCTABEHW MITBTHOCTHM
reHcka aenpecusi. Cnopeg P. WeaHos (1972) T npeacTasnsea W MarHutHM Mmogemu. MopenupaHeTo € u3sbplieHo B 2D
kangepa Ha oOpylwBaHe, Bb3HWKHANa B pesynTar oT pasmepHocT ¢ nporpamute SIGRAV-23 1 SIMAG-21 (M.
3HauUMTENHU W3NWBAHWA HA PWONUTOBU Tycu, arnomepaty, CraBpeB 1 ap., 1988; 1991), KOUTO M3MON3BAT MHOMOBLIBIHM
WrHUMOPWTM M NaBwW, KOUTO Ca HANOXEHW BbPXY CTPYKTYPHO TENa C Mpou3BOfHa (popMa M YCpEOHEHW CTOMHOCTM Ha
HEXOMOreHeH fonaneoreHoB yHaameHT. Mo nepudepusTa NIbTHOCTTa WM edekTMBHATA WM  HamarHuTeHocT. 3a
Ha enuncoBuMaHaTa CTPyKTypa Ce OTLENST KpbroBu W OTuYMTaHe Ha edekTa oT ObnboKUTE rpaHULM B 3eMHaTa kopa
pagnanHu pasnomu 1 4aikoBW CHOMOBE, CBbP3aHW C Kanaep- Ca W3Mon3BaHN MHTEpNpeTaLmn Ha CEeU3MONorniHM AaHHN (S.
HOTO 0OpyLUBaHe B M3TOYHATA M 3anagHaTa i vyactu. Hapeg ¢ Shanov, V. Kostadinov, 1992; X. [laues, 1988), cnopeg konto
TAX Ca pasBuTM M Pa3noMK U JalKoBU CTPYKTYpH, CBBP3aHN C B M3crneaBaHata nrowy rpaHuuata Moxo ce usgura ¢ okono 4
BriokoBuKs CTPOEX Ha (hyHOAMEHTA. km OT 3anaj Ha 43TOK U C Okono 2 km OT tor Ha ceeep.3a
oTOensHe Ha aHomanuute, 06YCrOBEHM OT HeeaHOPOAHMS
fonsmata faefenuHa Ha  BYNKAHOTEHHO-CEAUMEHTHATA [onaneoreHoB  MetTamopeH (hpyHOoameHT €  U3NOn3BaH
MOKpWBKa W Nuncata Ha AbABOKA COHOaxXM B rpaHULMTE Ha MeTogbT Ha  nocrnegosatenHoto  nmpubnimkenne  (HO.
penpecusTa 0bycnaBsaT 3HAYEHNETO HA reoU3NYHNTE SaHHN Hukonbckut - ap., 1975), M3BLPLIEHO 4Ype3 CbCTaBSHE Ha
3a M3yyaBaHETO Ha HEVHWTE CTPYKTYPHU U MarmMaTuyHu Cepust OT reomnoro-reoM3nyHN paspesn C U3MoMn3BaHe W Ha
ocobeHocTn. [eodmanyHata MHGOpMaLuMs, CBbp3aHa C [aHHW OT COHOAXW U €CTECTBEHM PaskpuTUS Ha (byHOAMEHTa

BopoBuwkaTta genpecus, e W3non3BaHa Jocera B TBbpAE 3a HamarnsBaHe Ha MHOrO3HaYHOCTTa NpU MHTEpNpeTauusTa.

PEer1oHaneH acnekT Uin 3a u3crnenBaHe CTpoexa Ha OTAEeNHM
nepucpepHn yyactbum (X. daves, 1988; [O. Wocudos un Aap.,

1990; H. Kaukos u gp., 1988; B.Maneva et al., 1990). ®U3MYHM CBONCTBA HA CKANUTE
Hacrosieto wu3cneasaHe obxsalla kakto Boposuiikata 3a u3yyaBaHe Ha (DU3NYHWUTE MapaMeTpU Ha OCHOBHUTE
penpecus, Taka W nepudepHuTe M Yactu. Ha ocHoaTta Ha NUTONOXKA Pa3HOBMOHOCTM B M3CrefBaHWs paloH ca
rpaBUMETPUYHN, aePOMarHUTHX, aeporama CrekTPOMETPUYHH n3nonasanu AaHHuTe Ha okono 1300 6p. o6pa3suy oT coHpaxm
W CeN3MOMOTMYHWN [aHHW ca W3yyaBaHu Mopdonorusta Ha 1 NOBBPXHOCTHM paskpuTus. B 0600LeH BuA pesyntatute ot
MeTaMopchHUs  (PyHOAMEHT UM Hsakou 0COOeHOCTM  Ha CTaTUCTUYECKNS aHanM3 ca nokasau B Tabn. 1. C no-marka
pa3snoOMHUTE U MarMeHUTe CTPYKTYPU. NMbTHOCT (2,34-2,36 g/cm®), OTHOCUTENHO HMCKA MarHuUTHa

BbanpuemumnsocT (cpeaHo  400.41t10°SI) u  3HauuTenHa
€CTeCTBEHa ocTaTbyHa HamarHuteHocT (NRM) Bcpeq ckanute
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Ha BYIKaHOTEHHO-CEAMMEHTHUSI KOMMNEKC Ce OTKposiBaT
KUCEnUTE BYFKAHUTM — PUONATW, WFHUBPUTM, PUOZALMTY.
WacnepsaHusTa Ha 06pasuy OT PUONUTA U WUTHAMGPUTH
nokasBar, ye TexHusT BekTop Ha NRM e HacoueH obpaTHo Ha
CbBPEMEHHOTO MarHuUTHO Nofe Ha 3emsTa.

enpo- 1 gpebHonopdupHM

Tabnuua Ne 1 GusnyHM CBOWCTBA Ha ckanuTe B BopoBuLwIKaTa Aenpecns n nepudepHuTe i Yactu

OTHOCHTENHO NO-TEXKM ca CPpeHOKUCENNTE BYITKAHUTU —

naTUTW, aHae3uTM U ap. (Og =

2,52-2,64 glcm®). Hskon oT TAX ca C BMCOKA OCTaTb4Ha
HamarHUTEeHOCT, @ ApYri Ca MOYTW HEMarHUTHU.

[bTHOCT MarHuTHa Bb3npuemMynBoCT OcTaTbyHa HaMarHMTeHoCT
Ne  [Mutonoxka pasHosuaHoct[bpon Cpepto [Hoseput.(Bpon|  CpepgHo | Aoseput. [bpoi Cge;u-lo [loBepuT. MHTEPB,
glcm® | uHTeps. 10%41Sl | wHTeps. 10° A/m
1. rHumbputn 27 2,34 2,30-2,35 20 446 220-800
2. Pviogauutu 30 243  [241-247| 18 440 290-800 | 18 | 34000 (20-58)10°
3. |Pvonutu 99 2,36 [2,29-2,47| 65 407 350-600 | 42 | 1730 (1,2-1,9).10°
4. Pvonutosu Tydu 79 217 212-2,20] 41 148 90-200 | 32 [ 5200 (3,2-6,5).10°
5.05.200 MoHLoHUTH 100 2,63 100 862
6.  [EaponopduvpHu naTuTu 69 252  [2,52-2,54] 68 1754 1300-1900| 62 | 1600 (1,1-2,0).10°
7. [CpegHonopcupHu natutn| 68 2,53 120 256 190-320 {120 188 85-205
8. pebHonopdupHu natutn| 92 2,63 [2,60-2,66] 92 2368 2000-2750| 92 | 1287 (0,9-2,1).10°
9. lAHoesuTu 49 264 12.62-2.66] 29 1863
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: | 2 PEFMOHAITHA
[ i@ g TEKTOHCKA NO3MLNA
+ | HA BOPOBWILLKATA
' JOEMPECUA
i C U3pasMTENHN
rpaBUTALIMOHHK "
MarHMTHM ~ aHoManuu B
U3CneaBaHWs  paiioH  ce
3‘;-’? oTaensTt TEKTOHCKM
L HapylleHs C  pasfuyHu
- _L HanpaBneHus,  CBbP3aHy
' - OCHOBHO C [eHuBenauuu
Quzypa 1. CmpykmypHa cxema Ha boposutkama denpecus no 2e0(bU3UYHU OaHHU ;)?lHﬂaMeHT MeTaMC(’g)frH?;'
| Pasnomru 3oHu: 1-Hosakogo-Muna- P e
; K wescka, 2-/TekuHcka; 3-Kerda-Cna- e Paanouti 10 2paaUMOMPUNH! Orpenetara Honrocniascka
xuegcka; 4-Kowyuika; 5-onogutuka ——— U MazHUMHU OaHHU pasfomMHa 30Ha Ce mapkupa ¢
paHuya mexdy 3anadHu u M3moyHu I—(—/—I IpaHuULU Ha Kpb208U CMPYKMYpU VHTEH3VBEH
/ Pogonu, gﬂapi;-lljpa/-/a ¢ flonHocnasckusi _ N0 260GhU3UYHU OaHHU cybmepuamoHaneH
_ , U be3sodHo-Hogakosckusi paznomu. rpaBUTAUMOHEH  TPaAMEHT,
B /'; I'baruya Ha 6ok om nTEMHU Memamop- TlokanHu epasumayuoHHU MaKcumymu, YObIKEHW B cbulaTa
/ umu — opmoamegubonumu, Memazab- 7 C8bP3aHU CC CybsyKaHCKU mena nocoka NONOXUTESTHM
pa, exknoaumu MarHuTHu — aHomanuu  oT
PaduanHu pasnomu, omoenieHu no (K Ocu Ha MagHUMHU U 2pagumayuoHHu CepreHTUHI3MPaHH
e —~a2HUMHU OaHHU. aHOMauU, C8bP3aHU C Kpb208U PasioMu ynTpaGasuTh "
x '\é# TlokanHu MaegHUMHU MaKcuMymu, KOHLEHTpaumsa Ha  CpedHo
A+ Cebp3aHU C :a) KeapuMoHLoHUmo-udwy | L———1|  [pochunu 3a epasumayuonHo u WHTEH3MBH 3eMETPECEeHUs Ha
UHMpYy3uu, b) cepneHmuHumu MazHUMHO Modenupane AbndoumHa 5-10 km.
AHomanuu Ha nosuweHu cbObpXaHUs Ha Kanutl no aepozamacnexmpoMempuyHU l'eochmanyHara 7
XapaktepucTuka fasa

0aHHU, C8bP3aHuU C XudpomepmasHuU NPOMEHU Ha KUCeU U CPeOHOKUCEU 8YIKaHUMU
h

Cmpyxkmypu 8 memamopepHus pyHdameHm: a) 30ueHamu b6riokose: T-Tonomnoscku,
Sp-Cnaxuescku; b) Jenpecuu: WB-3anadHoboposuwka, EB-M3moyHoboposuLika,

r-bpscmoscka, D-[IpazoliHoscka, Tt-Tamapescka.
JlokanHu MagHUMHU MUHUMYMU, C8bP3aHU C KUCENU 8YNKaHUmU ¢ obpamHa

C

Q2O

OCHOBaHWe fa ce cunTa, Ye
npeacTaensBa (parmeHT ot
per1MoHanHa pasnomHa 3oHa,

Enuuenmpu Ha 3emempecerus ¢ magHumyo: a) 0+1; b) 1+pgc) 3+5;d) 5+7
ob o6 @ [bnboyuHa Ha yeHmpose Ha 3emempecerus: a) 0+3 km; b) 3+5 km; ¢) 5+10 km;
d) 10+30 km: e) 30+50 km

TOLNLLIHYRMBR MRS SRRk B MBS M HOCEUMERH, ) HRHUMRRMARY 2003), ceurmnk I, TEOMOMNSI M TEO®U3MKA



YMETO MPOOBIDKEHME Ha Or CE Mapkupa BEPOSTHO OT T.H.
LleHTpanHopogoncku rpaBUTaLMOHeH rpagueHT. CbrnacHo
BBbNOOYNHHATE CEM3MUYHM W3CTIEdBaHMA U CbCTaBeHUTE
MOZAENM TO3M rPagMeHT Ce CBbp3Ba C pervoHanHa, noneraro
HaKIOHeHa Ha M3TOK OTpa3fBalla M NITbTHOCTHA rpaHnua (A.
Benes, 1996, L. Nikova et al., 1996), uusto reonoxka npupoga
€ npeaMeT Ha auckycus. [lo rpaBUMETPUYHM AaHHW MMa
OCHOBaHWE Aa Ce cuuTa, Ye Ha ceeep OT AceHOBrpag Tasu
CTPYKTYpa BEpOSITHO 3aBMBa Ha CeBepo3anaj W ce CBbp3sa
cwe CeBepHopogonckaTa pasnomHa 3oHa (E. Bonchev, 1961).

B ceBepHaTa 1 tOromsTouHaTa nepucepHM YacTu Ha
Aenpecusita C rpaBUTAUMOHHM W MarHWTHM aHomanuu (M.
Mocucbos 1 ap., 1990; B.Maneva et al., 1990) ce otpenst
JlbknHckata,  HoBakoso-llunawesckata u  XeHgeHcko-
CnaxveBckata (ApanHcko-CnaxueBcka) pa3nomHu 30HW. [lo
TAX ce HabnogaeaT [AeHuBenauMm Ha - MeTamopdHus
(DYHOAMEHT W  KOHLEHTpauus Ha LEHTpOBE Ha kKucen
BYNKAHW3bM, UHTPY3UBHU U CyBBYNKaHCKM Tena u ganku. Mo
T.H. KoHywkn u [lonoBuwIKM pasnomMu CbC CeBepo3anagHa
nocoka, OTAENEHN NO rPaBUMETPUYHWN U MarHUTHW AaHHM, ca
YCTAHOBEHU LIEHTPOBE HA 3eMETpeceHust ¢ abnbounHa 8-12
km.

Hapen ¢ NIMHEHO u3TerneHuTe CTPYKTYpU B reoduanyHmTE
noneta, B paiioHa Ha bopoBuLLKaTa aenpecus n nepudepHuTe
i yactu ce 060cobsBa M cepus OT rpaBUTALMOHHMN U MarHUTHI
aHoManuu C Kpbroea WM enunTuyHa opma, CBbP3aHW C
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MOHVXEHU WnM  W3urHaTM OrnokoBe Ha  METaMOPGHMS
(pyHOAMEHT.

C WHTEH3NBEH TrpaBMTALMOHEH MaKCMMyM B CeBepHaTa
nepudepust Ha penpecusita ce otaens TononoBckusT Gnok
(cpur. 1), KkolTO OTYACTW CbBMAZa C T.H. TOoNoNoBekK KimuH (M.
BosHoB u gp., 1983). Cnopen cCbCTaBeHWTe [JBYMEpHU
NABTHOCTHM ~ MOAenu  TOMOMOBCKMAT — rpaBMTALMOHEH
MakCUMyM ce [ObMKM Ha u3guraHe, 6nuso o 3emHata
MOBLPXHOCT Ha MeTamopuT¥ C NOBUWEHA MITLTHOCT.
TononoBckuAT BIOK MMa HEeBHOPOAEH CTPOEX NO OTHOLLEHWE
Ha mopdornorusTa 1 CbCTaBa Ha METAMOPGHUS (DyHOAMEHT.
Mo-u3gurHaTh ca 3amagHata W CeBepHata My 4acTu, a Ha
fOrOM3TOK TOW MOCTENeHHO MoTbBa. HAKOMKO NoKanHM
rPaBUTALMOHHM MaKCUMyma B CEBepHaTa 4acT Ha ronsmara
aHoMarnus ce CBbP3BAT C NMPUCLCTBMETO Ha aebenu, nnuTku
Macu OT NiTbTHU ynTpabasutn (0nonmMTK), YacT OT KOMTO ce
paskpuBaT g0 ceno Mynpasa. C WHTEH3MBEH JoKamneH
rpaBUTaLMOHEH MUHUMYM CEBEPHO OT C. TOMOMOBO Ce 0Taens
KpUMTO WHTPY3US C rPAHUTOMAEH CbCTaB, YacTu OT KOSATO ca
YCTAQHOBEHW Ha MOBBPXHOCTTA KKHO OT CEMOTO W B OTAENHM
COHL@XM Ha CeBep OT Hero.

C rpaBuTaLMOHHM MUHUMYMMW CE OTOENST HSAKOMKO KPbroBy
CTPYKTYPY, CBBP3aHM C MOHWKEHUS Ha MeTamopdHus
(yHoameHT — boposuwwka, [lparoiHoBcka, BpscToBCKa,
TatapeBcka. Cpeg TAX ce OTAENST MarHWTHUM aHOManuu,
XapaKTepHU 3a Hannyne Ha BYNKaHCKM LIEHTPpOBe.
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CTPYKTYPHW U MATMATUYHM OCOBEHOCTU HA
BOPOBWLKATA EMPECKA

EOpOBVILLIKaTa BYIKaHO-TEKTOHCKa aenpecuda ce otaend c
n3pasuTeneH MMHUMyM Ha Ag N KOHLUEHTpauua Ha MHTEH3NBHN

MarHuTHM aHomanuu ¢ pasnn4veH 3Hak, 06YCJ'IOBGHVI oT e(*)eKTa (bopma, yObXEeHO B CEBEPON3TOYHA NOCOKA.
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®Oueypa 2. Kapma Ha db16o4uHUMe Ha MemamopbHus (pyHOameHm 8 boposuwkama
Oenpecusi u nepuchepHume U yacmu

Pa3znomHu 30HU 8 MemamMopghHUs
[TNBL | | pyroamenm: NP- Hosakogo-MMuna- / Pasnomu & memanmopgpHus
wescka, ZSp-Xexda-Cnaxuegcka ¢hyHOameHm.
OBYLHIR Hasntimaa aro DB asanmeae “Cs. Viean Pl . |46ReMBunaTG bERRARENBULDRAHINKA
- memamoppHus (hyHOameHm 18 - Ha MemamopHU cKkanu
° MecmononoxeHue Ha ycmue Ha CoHOax, npecudaly MemaMopgHUs oyHdameHm

Ha geben Crom OT NEKU U CUIHO MarHUTHW BYNKAHCKK CKanw,
3aMmbMBaly yyacTbka Ha PSA3KO MOTbBaHe Ha MeTaMOp(HMS
(byHOAMeHT B rpaHuuMTe Ha CTpykTypata. Ha cbcraBeHata
kapTa Ha ropHULLETO Ha (hyHOameHTa (cur. 2) aenpecusta ce
ovYepTaBa SCHO KaTo MOHWXeHWe ¢ 6nmuska [0 enunTinyHa



B HelHata nepudpepus ce

NMHENHM pasnomun, no-pAasko

cur. 1 ot T.H. be3sogHo-Hosake
Han-BepoSTHO €  (hparMeHT
[lonHocnascka per1oHanHa cTpyk

B 3anagHus 6nok npeobnagas:
MarHUTHW U TPaBUTALMOHHY
cbcTaBeHuTe 2-D  NMbTHOCTHM
npocpunm -1 (pur. 3) u ll1-1I (cour.
00€eKTW ca NNUTKK, HAKMOHEHMN Ha
neku  UrHUMbpuTOBM  Tena
HamarHuTeHoctT. B cbOTBETCTBU
aHoManuuTe MOXe f[a ce cun
TUMWYHUTE 3@  Kangepute nep
3ambiHeHn ¢ urHumbputn  (C
cneundmnyHm 0cobeHocTn Ha 3
0TYaCTM Ha rpaBMTALMOHHOTO MO
6nok ce Habensssat U ce
HabniopasaHute B 103U 6nOK I
aeporama  CMeKTPOMETPUYHM
XapaKTEepHW 3a LieHTpaneH Tun By.

B n3TouHMs Briok Ha aenpecus
NPOMEHNNBO, a CbAbPXAHNETO Hi
3HAYNTENIHO MO-HUCKO. B CbOoTE

km

NIBTHOCTHN MOJEN HapaCcTBaHeTO Ha rpaBMUTaLMOHHOTO none

B

HabniogaBa OTYETNINBO
nponagaHe Ha ropHaTa rpaHuua Ha thyHAaMeHTa No AbroBu 1
n3paseHm
CEeBepHaTa M 1rousToyHaTa i Yactu. boposuwkata aenpecus
ce pasnens Ha apa 6noka — 3anageH (WB) u uatouen (EB) —

B y4acCTbKa Ha C. TpM MOMMnK ce HabnogaBa MHTEH3NBEH
JIOKaneH MarHnteH MakCumym, 3a00MKOMEH OT or 1 oT cesep
OT cepud ,q1;roo6pa3Ho pa3nosioXxXeHu noKanHu MarHuTHu
MUHUMYMWU 1 UHTEH3UBHN Haﬂ,q}OHOBM aHomanuMmM  Ha

3anagHara,

sl

N LN T
Lf{“") B

" Sy
o =
~

RN A

e S |
N
ol °

| €OPU3NYHNTE aHOMAITUK, KaKTO 1 AaHHUTE OT KapTUPOBKNUTE

Ha u3ToK ce obsichsiBa ¢ nocTenen i PFHAurliEMHAEMEH UHdRasHETEH MARRIERSOTAKKY RFRHRMBANDOSUATE Gtk .

METaMOpHUA (PYHOAMEHT, Hal-ropHaTa 4acT Ha KOUTO € NPOMEHM Ha CkanuTe. CRhD3AHM C ByrKaHCKaTa NnocTpoiika.
o o X X X
narpageHa ot NbTHY 0monuToB T °,° 0 ° Wiahkeozetcku cedumeHmu Y X Keapu-MOHUOHUMOUOHa UHMPY3US
-NTo T T
{20 | Merumbpumu T | Kucenu u cpedrokucenu mycpu
< > 7| Puonumu L v v |Jlamumu
. | Buomumosu enaticu u eHalic- “=,_“= | Ocpuonumos mun ckanu c 8ucoka nbMHOCM
epaHumu — opmoamepubonumu, memazabpa, eknoaumu
— gz : 2-D nmsmHocmen moden u cbomeemHama
Pa3nomHU 30HU nO 2e0hUBUYHU OaHHU! cpedHa nTbmHocm
h
- 5 | I'pasumayuoxHu aHomanuu: 2N a AepomazHumHu aHomanuu:
2N\ | " | 3) Habriodaeana, 6) uzducnena |7 | a) Habnodasana, 6) usyucnena
3a modena

B NS

3a MOOenaMb .
2-D maeHUMeH Mbden u cbomeemHama cmolHOCM Ha 8eKMOopa Ha ecmecmeeHama

OoCMbMbYHA HamaeHUMeHocm Jn U beb/la Ha HaKIoHa ¢



Lisemkos A. u dp. OCOBEHOCTH B CTPOEXXA HA EOPOBULLKATA JJENPECUA ...

1
0
. 1 J=255nT
) ¢ =280° 2 ¢ =290°
km 3
a) km b)

Que. 4. Modenu no aepomazHUMHU 0aHHU ho npogustHu nuHuu: a) lll-1ll e 3anadHama yacm
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e CourmacHo reodusnyHnTe  gaHHu,  boposuwkaTa
[enpecusi € U3TerneHa B CEBEPOU3TOYHA NOCOKa CTPYKTypa C
Orm3ka po enunTyHa opmMa WU CHIOXKEH  CTPOEX.
YCTaHOBEHOTO CTPLMHO MNponafjaHe Ha MeTamopdHus
(PYHOAMEHT U HAaNUYMETO Ha OLIOBW W pagmarnH pasfnomu no
nepucepusTa i ca Bb3MOXHW [oOKasaTencrea 3a TOBa, Ye
npescTaBnsBa CTpykTypa OT kangepeH Tun. OtaeneHarta no
reocmsmyHn AaHHu bBessogHo-HoBakoBcka ceBepo3anagHa
pasnoMHa 30Ha e WHTeprnpeTupaHa KaTto NpoablXeHue Ha
[onHocnasckata pasnomMHa 30Ha B rpaHuUMTe  Ha
bopoBuwkaTta genpecus. [BeTe CTPyKTypu ce npuemar 3a
parmeHT OT 0bLla pervoHarnHa CTpyKTypa, KOATO Ha tor
BEPOSITHO CE Mapkupa oT UHTeH3uBHWS LleHTpanHo Pogoncku
rpaBuTaLMOHEH rpagmeHT. bessogHo-HoBakoBkaTa pasnomHa
30Ha pasfens [fenpecusta Ha [ABe 4acTM — 3amagHa U
M3TOYHA, C pasnMuHa XapakTepucTuka Ha reodusnyHUTE
noreTa, CBbP3aHM C pas3nnyust B cbcTaBa U aebenuHata Ha
TepuuepHaTa BynkaHoreHHa nokpueka.

e B rpanuuute Ha besBogHo-HoBakoBckaTa pasnomHa
30Ha npu ¢. Tpn mormmm v Capbsip aepe no reodmsnyHmn
[aHHW Ca OTHEneHU BYNKAHCKM CTPYKTYpUM M 30HM Ha
XngpoTepmManHa npoMsiHa, KOUTO MOXe Aa MpeacTaBnssart
MOBBLPXHOCTHA M3Ba Ha CKPUTU OpyasBaHus B AbNbOOYMHA.
Mo-ronsM WHTEpeC nNpeAcTaBnsABa loXHATa YacT Ha
Tpumorunckata CTpyKkTypa, KbaeTo ce Habniopasa waguraHe
Ha rpaHWLaTa Mexay KUCenuTe U CpegHOKUCENUTE BYNKaHUTH

» B cesepHata nepucepus Ha gdenpecusita  no
rPaBUMETPUYHM [aHHW Ce YCTaHOBSIBA HanuuuMe Ha uagurHat
Brok OT nNNbTHM MeTamopuTH, HapeyeH TOomMonoBCKN.
CbcTaBeHuTe NMBTHOCTHU MOAENU W AaHHUTe 3a (DU3UYHUTE
CBOWCTBA Ha CKanuTe AaBaT OCHOBaHWe fa ce Mpeamnornoxu,
ye TO3n OroK e marpageH B ropHata cu 4acT 0T OhMonuToB
TUN ckanw - optoamgnbonuTi, metarabpa, v gp. CbC cpeaHa
nmbTHoeT 2,80 g/ecm®, MPUOPYXEHM Ha MecTa OT CUMHO
MarHUTHW CepneHTUHM3MpaHu yntpabasutu. MogobHu ckanu
Bsixa yCTaHOBEHM Npe3 NOCHeOHNTE TOAMHM Ha MHOMO MecTa B
Bbnrapckara v rpbLkaTa Teputopumn Ha Matounute Pogonu.
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STRUCTURAL FEATURES OF THE BOROVITZA DEPRESSION AND ITS
PERIPHERY, ACCORDING TO GEOPHYSICAL DATA

Alexander Tzvetkov', Lidia Nikova?

" University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria, E-mail: atzvetkov@hotmail.com
2“Lian Geoconsult” Ltd, 58 “Ivan Asen”, Sofia 1124, Bbnrapus, E-mail: lidia@declera.com

Abstract
INTEGRATED INTERPRETATION OF THE AVAILABLE REGIONAL GRAVITY, AIRBORNE MAGNETIC, GAMMA-RAY
SPECTROMETRY AND EARTHQUAKE DISTRIBUTION DATA IS PERFORMED TO STUDY THE METAMORPHIC BASEMENT
MORPHOLOGY OF THE BOROVITZA DEPRESSION AND ITS PERIPHERY AND THE PECULIARITIES OF THE TECTONIC AND
MAGMATIC SETTING.
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The Borovitza depression is characterised by an intensive gravity low and specific magnetic field that reflect the basement morphology and the volcanic cover
features. Vertical displacements of the metamorphic basement, as well as the presence of concealed acidic volcanic centres, subvolcanic and intrusive bodies, are
revealed. The Besvodno-Novakovo NW striking regional fault zone outlined from the geophysical data divids the Borovitza depression into two parts. The presence of
large annular gravity and magnetic anomalies interpreted as peripheral ring faults, filled up with ignimbrites, where considerable sinking of the basements occurs,
provide additional support for the assumption that it is a calderas-type volcano-tectonic depression. At the northern periphery of the Borovitza depression the
Topolovo structure is outlined connected with uplifting of high-density ophiolitic rocks.

Several centres of acid volcanism are distinguished within the depression. Specific gravity, airborne magnetic and gamma ray spectrometry anomalies define a large
volcanic structure at the intersection of east-west and north-northwest faults in the area of Tri mogili village. The constructed gravity and magnetic models show that
the above mentioned anomalies are caused by steeply dipping to the south sheet like acid volcanic bodies.

INTRODUCTION

The Borovitza volcano-tectonic depression is located at the PETROPHYSICAL STUDY
northwestern part of the East Rhodopes Paleogene
depression. According to Ivanov, R. (1972) it is a calderas-type
elliptical structure, formed as a result of a vast eruptions of
mainly rhyolitic tuffs, agglomerates, ignimbrites, and lavas,
which  overprints an inhomogeneous Pre-Paleogene
metamorphic basement. The volcanic rocks are divided into a
latite-andesite-rhyolite sequence of acid and intermediate
volcanics and a felsitic rhyolite sequence. Concentric and
radial faults and dyke-swarms related to calderas collapse are
mapped at the eastern and western periphery of the structure.
Linear faults and dyke-like structures, which are related to
basement dislocation, are observed as well.

The great thickness of the volcano-sedimentary cover and
the lack of deep boreholes in the depression area, determine
the importance of the geophysical data to study its inner
structural and magmatic peculiarities. Up to now, the
geophysical information in the Borovitza depression area has
been used either in quite regional aspect (Dachev, Ch., 1988;
Josifov, D. et al., 1990; Josifov, D., 1990; Katskov, N. et al.,
1988) or in terms of studying some structural and metallogenic
aspects of its marginal parts (Josifov, D. et al., 1985; Maneva,
B. etal., 1990, Nikova, L. et al, 1996).

The present work includes the Borovitza depression and part
of its periphery. The morphology of the metamorphic
basement, some features of magmatic and fault structures are
studied on the basis of gravity, magnetic and airborne gamma-
ray spectrometry data and earthquake centers location.

METHODOLOGY

Analysis and integrated interpretation of the available gravity
and airborne magnetic and gamma ray spectrometry data at
1:50 000 and 1:25 000 scales is carried out. 2-D density and
magnetic models are constructed, using SIGRAV-23 and
SIMAG-21 programs (Stavrev, P. et al., 1988; 1991), which
uses polygonal models of uniform averaged density and
effective magnetization values. Optimization of the models is
performed using interactive parameter selection method. In
accordance with the seismological data (Shanov, S. and
Kostadinov, V. 1992; Dachev, Ch. 1988), it is assumed that the
Moho discontinuity rises from west to east to about 4 km and to
about 2 km from south to north in the area studied.

The depth to the basement is determined by the method of
consecutive approach (Nikolski, U., et all, 1975) using
geologic-geophysical cross sections, constructed along several
modeling lines. Attention is paid to locate the modeling lines
near basement outcrops and drill holes that crosscut basement
rocks, which reduces the interpretation ambiguity.
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To study the petrophysical parameters of the main litologic
unit in the area about 1300 samples from earth’s surface and
boreholes were analyzed. A summary of the results from the
statistical analysis is shown at table 1. The acid volcanic rocks-

vector is directed opposite to the inductive magnetization
vector — the inclination ranges from -30° to -60> The
intermediate volcanic rocks— coarse and porphyry latites,
andesites, etc. have higher densities (o, = 2,52-2,64 glcm?).

Table N 1 Physical properties of the rocks from the Borovitza depression area and its periphery

Density Magnetic susceptibility Remanent magnetization

N Lithological unit Num-| Average | Confid. [Num-|  Average Confid. |Num- Average| Confid.

ber | g/cm® |interval | ber | 108/4r,SI interval | ber | 103 A/m| interval
1. |lgnimbrites 27 2,34 2,30-2,35 20 446 220-800
2. [Rhyodacites 30 243 2,41-247 18 440 290-800 | 18 | 34000 | (20-58)10°
3. [Rhyolites 99 2,36 [2,29-2,47| 65 407 350-600 | 42 [ 1730 |(1,2-1,9).10°
4. Rhyolitic tuffs 79 217 2,12-2,200 41 148 90-200 | 32 | 5200 [(3,2-6,5).10°
5. [Monzonites 100 2,63 100 862
6. |Coarse-porphyric latites | 69 2,52 [2,52-2,54] 68 1754 1300-1900| 62 | 1600 |(1,1-2,0).108
7. [Middle- porphyric latites | 68 2,53 120 256 190-320 | 120| 188 85-205
8. [Fine- porphyric latites 92 2,63 [2,60-2,66] 92 2368 2000-2750( 92 | 1287 |(0,9-2,1).103
9. [Andezites 49 2,64 [2,62-2,66] 29 1863
10. |Granites 16 258 [2,52-2,64 21 135 21 57 40-80
11. |Granodiorites 58 2,53 15 1182 15 52 39-74
12. |Serpenitized ultramafics | 127 | 2,52 [2,49-2,54] 127 3535 3210-3860f 9 | 3720 [(2,0-7,1).10°
13. |Unaltered ultramafics 37 2,80 [2,72-2,89 36 50 20-80 6 41 25-96
14. Marbles 20 2,70 20 18
15. |Biotite gneisses 2712 | 2,63 271 39 165| 28
16. JAmphibolites 209 2,83 209 198 145| 184
17. JAmphibol-biotite gneisses | 34 2,78 19 110 54 38
18. |Schists with garnet 10 2,83 10 30 4 108
19. |Gneiss-granites 24 2,61 23 59 4 0

rhyolites, ignimbrites, dacites are characterized by relatively
low density ranging from 2,34 to 2,36 g/cm?®, low magnetic
susceptibility (about 400.41110%SI), and high natural remnant
magnetization (NRM).The measurements on oriented samples
collected from rhyolites and ignimbrites shows that the NRM

The biotite gneisses have an average density of 2,62-2,65
glem?, the underlying gneiss-granites — 2,61 g/cm?, while rock
samples from orthoamphibolites and metagabbro, collected at
the surface and from a deep borehole near villages Lenovo
and Mouldava, shows densities varying around 2.80 g/cm®.
The later rocks are considered to be oceanic crust remnants-
metaophiolites (Kozhoukharova, E, 1984) that constitute the
upper part of the large Rhodope nape system (Burg et all,
1990). The geophysical signature of the ophiolites is studied
earlier on Bulgarian and Greek territory (Nikova, L. et al.,
1995,1996; Tzvetkov, A., Tzvetkova,D., 1995; Maltezou, F. and
Loucoyannakis, M., 1993).

REGIONAL POSITION OF THE BOROVITZA DEPRESSION

Distinct N-S, W-E, NW and NE striking regional geophysical
anomalies are interpreted as regional deep penetrating fault
zones, part of them causing displacements of the metamorphic
basement (fig.1). The Dolnoslav fault zone is recognized as
elongated to the north-south intensive gravity gradient, positive
north-south  trending magnetic anomalies, caused by
serpentinite bodies, and concentration of earthquake centers at
a depth of 5-10 km. Such a combination of geophysical
anomalies is interpreted as reflecting the presence of a
regional structure which southward extension may be
characterized by the prominent Central Rhodope gravity
gradient. According to the deep seismic data and the
constructed models the gradient is associated with a regional

Some of them have also high magnetic properties, while others
are nonmagnetic. Density heterogeneities within  the
outcropping at the periphery of the depression metamorphic
rocks are determined.

gently dipping to the east reflection and density boundary (A.
Benes, 1996, L. Nikova et al., 1996). Its geological nature is
still discussed. To the north of Assenovgrad similar gravity
anomaly has a NW strike and might be related to the Northern
Rhodope fault zone (Bonchev, E., 1961).

As a result of previous interpretations of the gravity and
magnetic data the Laki, Novakovo-Pilashevo and Zenda-
Spahievo lineations are outlined at the northern and eastern
periphery of the depression (Josifov, D. et al., 1990; Katskov,
N. et al.,, 1988). They are interpreted as vertical displacements
of the metamorphic basement as well as pathways for different
types of magmatic activity — centers of acid volcanism,
intrusive and subvolcanic bodies and dikes. Earthquake
centers at a depth of 8-12 km are observed in the area of
Konoush and Popovitza NW striking faults, outlined by the
gravity and magnetic data. In addition to the linear features of
the geophysical fields, a number of circular or elliptical
anomalies are outlined, that are interpreted as sinking or
uplifting blocks of the metamorphic basement.

Intensive, gravity high at the northern periphery of the
depression is interpreted as an uplited block of the
metamorphic basement, called the Topolovo structure (fig. 1).
It coincides partly with the so-called Topolovo wedge (.
Boyanov et al. 1983).

According to the constructed 2-D density models, the gravity
high is explained in terms of an uplift of high-density
metamorphics near the earth’s surface. The mentioned
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structure is heterogeneous in respect to the basement
topography and composition. The western and northern parts
of the Topolovo structure are more elevated, while it is sinking
gradually toward the southeast. Local gravity highs within the
large anomaly are observed to the north. They are attributed to
the presence of thick, shallow masses of high density
ultramafic rocks (ophilites) outcropping near the village
Mouldava. Intensive gravity low observed in the Topolovo
village area is associated with a concealed granitic intrusion,

partly outcropping to the south and cross cut by several drill
holes to the north of the village.

Several large gravity minima are interpreted as concentric
structures, related to downward dislocation of the metamorphic
basement. These are the Borovitza, Dragoinovo, Briastovo and
Tatarevo depressions (fig. 1). Intensive magnetic anomalies -
common signature of the volcanic centers are observed in the
area of the mentioned gravity lows.
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The Borovitza depression is characterized by a large gravity
minimum and concentration of positive and negative magnetic
anomalies which are due to the considerable sinking of the
metamorphic basement and the emplacement of a thick pile of
relatively low - density and high magnetic volcanic rocks. The
constructed contour map of the metamorphic basement top
(fig.2) clearly outlines the depression as a NE striking elliptical
low. The western, northern and southeastern periphery are
characterized by a sharp sinking of the basement top along

concentric and linear faults. The Bezvodno-Novakovo fault
zone, which is considered to be a part of the mentioned above
regional Dolnoslav structure, divides the Borovitza depression
into two different parts - the west (WB) and the east (EB) ones
- fig.1. Intensive negative magnetic and gravity anomalies
predominate to the WB. 2-D gravity and magnetic models
along ines |-l and -1l (fig.3, 4a) present the model of the
causative bodies as shallow, dipping to the south slabs, related
to the outcropping low density, high NRM ignimbrites.

fig.1 Structural scheme of the Borovitza depression area according to the geophysical data

Faults, according to gravity
and magnetic data.

Boundary of ring structure, according to
geophysical data

Local gravity maximum related to
subvolcanic bodies

Axis of magnetic and gravity anomalies,
related to ring faults

Line for gravity and magnetic
modeling

1 Fault zones: 1-Novakovo-Pilashevo;
Kﬂjj? 2-Laki; 3-Zenda-Spahie vo; 4-Konoush; P
5-Popovitza. <
7 Boundary of the Western and Eastern o~
s Rhodopes marked by the Dolnoslav ¢ )
and Bezvodno-Novakovo faulf zones ~7
 ¢'| Boundary of high density metamorphyc e
e ,/ blok build up of orthoamphibolites, A\V,A
metagabbro, eclogites.
Radial faults according to magnetic
| data, b
,&av )l.) - Local magnetic maximum related to: I I
N ) Wu#) | @) quartz-montzonitoid intrusion, b)
< P& | serpentinites
alterations of the acid and intermediate volcanics
a

b

b) Depression: WB-West

&

d) 10+30 km; e) 30+50 km

Structures of the metamorggi ¢ basement: a)

léplifted blocks: T-Topolovo; Sp-Spahievo;,

rovitza; EB-East Borovitza; Br-Briastovo; D-Dragoinovo; Tt-Tatarevo.

High potassium aerborn gamma-ray spectrometry anomalies related to the hydrothermal

Local magnetic minimum related to acid volcanics charachterized by reverse magnetization:
a) rhyolites; b) rhyodacites; ¢) ignimbrites

Epicentres of the earthquakes with magnitude: a) 0~1; b) 1+3; ¢) 3+5,;d) 5+7

Depth of the earthquake centres: a) 0+3 km; b) 3+5 km; ¢) 5+10 km;
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The shape and type of the anomalies suggest that they might
reflect the presence of typical calderas-type peripheral ring
faults filled with ignimbrites (G. Macdonald, 1972). Radial faults
are also outlined at the west Borovitza structure, which are
characterized by breaks of the contour lines of the magnetic
and partly of the gravity maps. The observed in this block
magnetic, gravity and gamma-ray spectrometry potassium
anomalies are typical for the concentric volcanic structures
environment.

The Eastern part of the depression (EB) is characterized by
low intensity magnetic field and low abundance of the
radioactive elements. According to the density models the
increase of the gravity field to the east is explained with a
gradual uplift of the metamorphic basement, the upper most
part of which is build up of high - density ophiolitic-type rocks
(fig. 3).

An internal concentric structure (the Mourga structure) is
observed at the central part of the Borovitza depression. It is
bounded by concentric negative and positive magnetic
anomalies to the south and to the north respectively (fig. 1).
The Bezvodno-Novakovo fault zone cross cuts the Mourga
structure.

Local magnetic high flanked to the north and to the south by
concentric magnetic lows and above the background
potassium anomalies is observed at the Tri mogili area. These

anomalies are located at the intersection of an E-W fault with
the Bezvodno-Novakovo fault zone (fig. 1), along which several
intermediate volcanic dikes have been mapped (Boyanov, |. et
al., 1991). A 2-D magnetic model along line II-Il (fig.4b) shows
a south dip of the causative rhyolitic dike, characterized by a
reverse polarity of the NRM. The top of the dike-like body is at
0,8 km and the bottom — at about 2-2,4 km. It is assumed that
the concentric magnetic anomalies are probably related to
centers of acid volcanics. Thus, the geophysical data suggest
the presence of a large volcanic center in the Tri mogili area.
To the south it consists of several volcanoes located within a
concentric fault. Hydrothermal alteration of the rocks is
observed at the northern periphery of the volcanic structure.
The modeling line II-Il runs trough the northern part of the
structure. A similar volcanic center confined to the Bezvodno-
Novakovo fault zone is established at the Syruar dere area to
the north of the Tri mogili center. It is characterized by several
negative magnetic anomalies from the 1:10 000 scale
magnetic map. High values of the NRM (in average 1900.10°
A/m) are established by laboratory measurements on samples
from the earth’s surface. The geophysical anomalies and the
geological evidence show the presence of hydrothermal
alteration, related to the volcanic edifice.

Intensive local negative magnetic and gravity anomalies,
observed near Iskra and Doushka villages are studied. It has
been established that the anomalies are related to a rhyolitic
body intruded along a fault zone.

Figure 3. Density and magnetic model and the corresponding geological créss-section along line I-].
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CONCLUSION

» According to the geophysical data, the Borovitza
depression is determined as a northeast trending complex
structure of elliptical shape. The established sinking of the
metamorphic basement along steeply dipping concentric faults
and the presence of radial faults suggests that it might be
considered as a calderas-type structure. The Bezvodno-
Novakovo NW fault zone is outlined and it is interpreted as a
south extension of the Dolnoslav regional fault zone within the
Borovotza depression. The two fault zones are considered to
be fragments of a common more regional structure which is
expressed to the south by the Central Rhodope gravity
gradient. The Bezvodno-Novakovo fault zone divides the
Borovitza depression into two parts - the Western and the
Eastern that have different geophysical characteristics,
associated with differences in the composition and the
thickness of the Tertiary volcanic cover.

» The geophysical data reveals the presence of large
volcanic centers and associated hydrothermal alteration in the
vicinity of the Bezvodno-Novakovo fault zone near the village
Tri mogili and Saraiar dere. They may be considered as
possible indices of concealed ore mineralizations at depth.
More interesting is the southern part of the Tri mogili structure
because of the inferred uplifting of the boundary between the
acid and intermediate volcanics.

» At the northern periphery of the Borovitza depression a
large gravity high is associated with an uplifted block of high -
density metamorphics named the Topolovo structure. The 2-D
density models, constrained by density laboratory information
suggest that the Topolovo structure is built up in the upper part
of high — density (in average 2,80 g/cm®) ophiolitic rocks -
amphibolites, ultramafics, and schists. Such types of rocks
have been established recently at a number of sites in
Bulgarian and Greek Rhodopes.

Aeromagnetic anBhibfles Afhe Tri mom centre area

2-D magnetic model

Value J and inclination ¢ of the remnant magnetization vector
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