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The nested Borovitza caldera was formed during the
collision-related Paleogene volcanism in the Eastern
Rhodopes. The pre-caldera succession consists of
Priabonian to Lower Oligocene sediments and
absarokites, shoshonites, latites and ultrapotassic
latites. The caldera filling is a product of Early Oligo-
cene acid volcanism. The tectono-magmatic evolution
of the caldera can be divided into six main stages.
(1) Deposition of four ignimbritic units (few km thick)
with trachydacitic to trachytic composition. The K-
Ar method yields an age of 34-33.5 Ma. The volcanic
products are either strongly or not welded in the
western and eastern parts of the caldera, respectively.
(2) Collapse of a former Murga caldera, 7-10 km in
diameter. This was accompanied by the intrusion of
a circular body consisting of “lenses-bearing”
ignimbrite-like rocks within the border faults. Their
composition is trachyrhyodacitic to rhyolitic. (3)
Further emission of pyroclastic rocks. A large
subvolcanic body (3.5 x 4 km) of trachydacitic to
trachyrhyolitic composition intruded the western part
of the circular body. (4) Formation of Borovitza
caldera (15 x 34 km). Rhyolitic and trachydacitic
dykes, dated 32.5 Ma, intruded its border faults. (5)
Emplacement of high-Si trachyrhyolitic domes with
massive perlitic peripheries in the eastern part of
Borovitza caldera at 30-32 Ma. (6) Intrusion of
varying in composition dykes (from shoshonite to
rhyolite) and trachydacitic to rhyolitic subvolcanic
bodies in the caldera and its rims at 27.5-29.5 Ma.
The petrochemical evolution of the magmas in
Borovitza caldera includes three saturated series: (1)
Priabonian pre-caldera magmas whose evolution ranges
from intermediate to basic (from latites to absarokites);
(2) Lower Oligocene caldera-forming to post-caldera
series with a normal magmatic evolution ranging from
intermediate to acid (from latites and shoshonites to high-
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Si trachyrhyolites), evolving from mainly explosive to
purely extrusive volcanism; and (3) post-caldera dyke
series (shoshonites, latites, thrachydacites and rhyolites)
with unknown temporal succession. The 8Sr/3Sr; ratio
and principal component analysis indicate that the
magmatic evolution of Borovitza caldera products is
related to a process of crystallization fractionation, inclu-
ding magma-mixing phenomena.

Observations on ERS-1 radar and optic Aster and
Landsat satellite imagery allow a new mapping of
the structural pattern in Borovitza caldera, and
unraveling of the relationships between the faults and
the volcanism in this area. In the eastern part, we
have recognized three post-caldera tectonic events.
The first one is characterized by the formation of a
set of NE- to E-trending curved normal faults and
open fractures. They have the pattern of horse-tail
structures, which were probably related to dextral
motion along the eastern border faults of both the
Murga and Borovitza calderas. The stress regime
corresponds to NW-SE to NNW-SSE extension,
forming tensional structures that constituted
preferential zones for magma ascent up to the surface.
This tectonic stage is associated with the emplacement
of the perlite-trachyrhyolitic domes of the fifth post-
caldera magmatic stage. The second tectonic event
is compressional. It is mainly associated with the
reactivation of the previous structures into reverse
and/or strike-slip faults. The stress tensor is
characterized by NE-SW trending o, and vertical or
NW-SE o;. The third tectonic event corresponds to
NNW-SSE to NNE-SSW extension. The previous
structures were partly reactivated during this stage,
but NW-SE to E-W normal faults also formed. The
rhyolitic dykes of the last sixth magmatic stage
intruded the E-W faults, including one that displaced
the eastern border fault of the caldera.



EBOJIIOIIUA HA KUCEJIUA ITAJIEOT'EHCKHA BYJIKAHU3'BM B BOPOBUIIIKATA
KAJIZJEPA (M3TOYHUTE POAOIIN) U BPB3KATA MY C PA3JIOMHATA TEKTOHHUKA

Hoyo Anes’, Jamuan JJon?, Kax-Mapu Bapounyed?, Kan Koposuy?

Boposumikara kanaepa (MBanos, 1972; SIues, 1990),
€Ha OT Hal-ToJleMUTe eIMHUIU Ha M3TouHO-
pOIOIICKaTa MaJleOreHCKa BYJIKaHCKa 00JacT, uMa
TEJIECKOIIMpaH CTPOeXK. TS € ¢ HeMpaBUIIHA EIHII-
TH4Ha popMma, ynbiikeHa B M-3 mocoka u ¢ pasmepu
15 x 34 km. HenpaBunHaTa i opma BeposITHO ce
IBJDKH Ha TOKAJIIEPHUS CTPYKTYPEH IJIaH Ha LIOKbJIA,
MO-CIEIAIHO Ha HAJUYMETO Ha J[Ba PETMOHAIIHU
pasnomu (HoBakoBo-IlunameBckus u ApauHO-
Cnaxuenckus - Hocudos u ap., 1990), kakTo u Ha
Mpecuyalus OoKbJIa Ha Kanjaepara ACEHOBrpai-
HsinoBcku kpuntopasinom (MBanos, 1972).

B 3amagnaTta cu 4acT JOKaNIEpHMST LIOKBI €
U3rpajieH oT MeraMop(QHHU CKald M NaJleOreHCKH
CEMMEHTH, JOKATO B IIEHTpAJIHATa U M3TOYHA YacT -
OT MPHUaOOHCKK JIATHTH, IIOMIOHUTA U abCapOKUTH,
MOKPHUTH OT JOJTHOONUTOLICHCKH KUCENHU Ty (U, TaTUTH,
worronnTy (Mapues, 1985) u ynrpakanueBuTe TaTUTH
Ha bpscroBckus BynmkaH. Kannepara e 3ambiiHeHa ¢
JOTHOOJMTOLIEHCKH KHCENN ByJIKaHUTU. M3BBH
KaJjiepaTa, B HelHaTa I0KHA paMKa, ca 3ara3eHH

HECIIeUCHH KUCEIM mupokiacuTh (Ar-Ar Bb3pact 31,75
Ma — Singer, Marchev, 2000). Tyk cbiio Taka ce
Pa3KpHBaT IOTOLH U CEKYIIH Tella OT TPAXUAALMTH 10
Tpaxupuonuty (Mapues, 1985), BeposATHO JOKATICPHH.
B TekTroHO-MarmaTuuHaTa eBoJronus Ha bopoBuin-
Kara KajjepaTa Moke Aa ObJaT OTAeiieHd 6 TIaBHH
cragus (S1HeB, 1990; Yanev, 1998):

1. Otnarane Ha ENMKIACTUTH (BYIKAHOKJIACTHYHU
KOHITIOMEpATH U MSICBYHUIIN ), TIPOCTIOCHH C BB3IYILIHO
ominoxkenu Ty¢u (fall-out) u ThHKHM TIIACTOBE HTHUM-
Oputn. Te nmar gebennHa OT HAKOIKO AECETKH m B
W3TOYHATa YacT Ha KajjiepaTa (B MOJHOXHETO Ha
BpsicToBckus ByiKaH) C JICIIM OT MOPCKH BapOBHUIIH
(mpu c. KomyHura) 1o HAKOIKO m B IIEHTpajHaTa
yacT. B Ta3m yacT Ha Kamgepara €MUKIACTUTUTE
ce MOKpHUBaT OT Aebena HIKOIKO km cepusi ot
CIIEYCHU UTHUMOPHUTH, OTTOBAPSLIM 110 BH3PACT HA
¢dasute Ha | u Il xucen BynkanuzbeM. Te ca obe-
IWHEHU B 4 eMUHHULN Ha OXJIAXKAaHe, Pa3leleHu C
HECIIEYeHH WTHUMOPUTH M BB3AYIIHO OTJIOXKECHH
TyQH C aKpeUHMOHHHU Jamwin (Hamp. Bp. AKTari).

CxeMaTHyHa reojIoyKKa Kapra Ha * * J
boposuikara kanaepa (Sues, 1990)
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1-VI eram: paiiku (a) u cCyOByITKaHCKH Tena (B), 2-V eTam: mepiIuT-TPaxupHOINTOBH Kymoin (00obmienn), 3-1V erarm:
afiku B KangepHute pasziomu, 4-11 eram: mMpBbCTEHOBHUAHO TAJIO OT JICHIOBH WTHUMOPHUTONONOOHMW BYIKaHHUTH, S-
HEMOACICHN Ty U HECIICYeHN UTHUMOpHUTH, 6-1 eTam: crieuenn uraumOpurty; 7-1(?) eran: kucenu iaBu (TOTOIX U
CEeKYIIIH Tena), 8-IoKaIIepHI CPETHOKHUCETH BYTKaHUTH U CETUMEHTH, 9-KprcTaIrHeH oK, 10-Kangepau pazmomu,
11-mocTkanaepHu pa3aoMu (HETIOAETIEHH), YCTAHOBEHH! M0 CITBTHUKOBU CHUMKH
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CbcraB — TpaxHIALMTH A0 TPaxwWTH, OOraTH Ha
(deHokpucTanu: 30HajJeH Iaruokias (J1abpamop-
onurokias), borar Ha Ba 30HaneH caHu1H, ONOTHT,
aBTHT, MHOTO PSIKO KBapil; Bb3pact 34-33,5 Ma (K-
Ar nannu Ha [1. JIunos). B nienTpanHaTta u u3rouHarta
YacT Ha KaJijepara MTHUMOPUTHUTE Ca HECTICYEHH U
ChINO ce peayBaT ¢ Tydu (obma MOMHOCT MO
coraxxau ganau 300-400 m), kaTo B Hali-M3TOYHATA
4acT Te MOKPUBAT YepBEHA HM3BETPHUTENHA KOpa
(cpmO MO COHOAXHU NaHHHU), pa3BUTa BBPXY
narutute Ha bpscroBckus BysnkaH. Tyk Te ce oTHacsT
camo kbM (paszara na Il kucen ByakanuzbsM. O0u-
HaTa PUOJHUTOBA KJIACTHKA B HIKOM THPOKIACTHYHH
HUBa TOBOPH 3a HAaJMYKE HA PUOIUTH B MorpedaHuTe
MUPOKIACTHYHY T'bpJia W/WIK 3a pa3pylIaBally ce
PHOJIUTOBH KYIOiIH. TakuBa BEPOATHO ca HAKOU OT
PHOIHMTOBHTE TeNa, 3ala3eHy B 3amagHara nepude-
pus Ha Kangepata (Hamp. Yerpoka).

2. bpp30TO U3XBBPISHE Ha OTPOMHUTE MAacH
MUPOKIIACTUTH € JIOBENO J0 TENECKONMPAHO Kalaepo-
o0pasyBaHe ¢ efHa LeHTpaiHa, Myproscka Kajuepa
(Sues, 1990). Ta uma muamersp 7-10 km 1 BeposiTHO
€ pas3noyiokeHa Ha MSCTOTO Ha BYJIKAHCKHUTE LICHTPOBE
Ha | cragmii. MapkupaHa € OT OTPHUIIATETHH T'paBH-
aHoManuu M pasnomu c¢ amnautyga 300-400 m
(Hocugos u ap., 1990). B npeamnonaraemute G0paoBH
pasyIoMH € BHEIPEHO CEKyIO MPBCTEHOBUAHO TSIIO C
TIOCOYEHMS TTO-Tope AnaMeTsp 1 mmpodnHa 0,3-5 km.
B naii-ropHaTa cu 4act To mpeMuHaBa B KbcH (110 1
km) mororn, nebenmu Hskonko necetkd m. CeKymioro
TSJIO M TIOTOLIUTE Ca ChCTAaBEHH OT JICIIOBH (MUTHUM-
OpHUTONONOOHN) TPAXUPHOJANUTH O PUOIUTH C
nopgup OT KBapl, CAHUIMH, OJIMTOKJIa3, OMOTHT, PSIKO
eneHuT 1 aBrutT. OCHOBHATa Maca ce ChCTOU OT JICILH,
moo0HY Ha riaMe (IeOerTi HAKOIKO Mm ¢ THaMeThbp
2-4 cm B [JojiHaTa 4acT Ha TAI0TO 0 4-5 ¢cm ¢
nrameTsp 10 20 cm B TOpHaTa 4yacT), IPOMEHEHH B
KBapu-aJOUTOB arperaT. MaTpuKChT € C BUTPO-
KJIaCTU4YEHa CTpyKTypa (c wactuugure < lmm),
npoMeHeH B axynap. [Ipomennte 3acsirat u denmumna-
ToBuTe Iopupu. EmHa Ar-Ar matnpoBka Ha CaHUMH
naBa Bb3pacT 32,86 Ma (Singer, Marchev, 2000).
PaskpuBar ce u meceTku Tena ot cnabo 3acerHaTté oT
MpoMsIHAaTa YepHH MEPINTH ChC ChllaTa TekcTypa. Te
ca M3rpajiecHu OT HEMPOMEHEHU CTHKICHHU JICLIH C
PHOJIMTOB CHCTaB M KITMHONTUIIONUTH3UPAH MaTPHKC,
“mpouerneHy” OT KBapl-aayJapoBH UBHUIM, Pa3BUTU
OKOJIO TEKTOHCKM IYKHaTHHHU. TemmepaTypara Ha
KpUCTaJIM3auus Ha NOp(QHUPHUTE B YEPHUTE NEPIUTH €
722-726°C (110 ABY(EIIMAaTOBHS TEPMOMETHP) ITH
740°C npu fO, mag NNO 6ydep; Py 0,5-1,2 kbar.
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3. [IpogpmkaBa U3PUTBAHETO HA MUPOKIACTUTH
(c aKpelMOHHM JANWIIN B HAW-TOPHUTE HUBA - C. JKBJIT
KaM’bK), KOMUTO MOKPHUBAT MOTOLUTE HA MPBHCTEHO-
BUIHOTO Tsu10. B 3amagnara my vact (c. Illapen
HOC) ce BHeIpsBa rolsiMo CyOBYIKaHCKO Tsuto (3,5
X 4 km). CbcTaB — TPaxXupHOJAIUTH J0 TPAXHUPUO-
JIUTHU ¢ PEHOKPUCTAIHN OT CAHUAWH, 30HaJICH TUIaruo-
KJ1a3 (aH]IE3UH JI0 OJIUTOKJIa3), OMOTHUT, PSIIKO KBaPIT
U aBI'UT; TEMIIEpaTypa Ha Kpucramuzanus 720-740°C.
4. UzpurBaHeTo Ha T€3M TOIEMU MacH OT Kucela
JlaBa € JIOBENO OT HOBO MpONajaHe U oQopMsHE Ha
BopoBumikara kangepa B ceramHara ¥ dopma u
pa3mepu. B n3tounus u 1oxHus O0pIOBU pasioM ca
BHEAPEHHM AANKH C TPaXUAALUTOB U PUOITUTOB ChCTaB,
ChABPIKALIY TOPPUPH OT KBApLI, CAHUANH, OJTUTOKJIa3,
ouorut 1 Mg-xopHOnenna. Hakoun ot TsIX cekaT mo-
CTapy PHONMUTOBM Kymoyin (Hamp. B p. Bemmuka).
Temmneparypara Ha KpUCTaIHM3aIKs Ha FYKHATa Jaifka
e 720°C, Bw3pacr 32,5 Ma (K-Ar nannu Ha [1. JTunos)
i 31,75 Ma (Ar-Ar meron - Singer, Marchev, 2000).
5. B u3TouHaTa yacT Ha KajjepaTa ce BHEApS-
BaT JIECETKU BHCOKO-Si TPAXUPHUOINTOBU KYMOIH H
KPHUIITOKYIIOM C MaCHBHA MEPIUTOBA Tepr(epHs;
JMaMeThP — OT HIKOJIKO JeceTKH m 110 1 km; Bb3pacT
- 30-32 Ma (K-Ar merog - Lilov et al., 1987), xoeto
orroBapst Ha ¢azata Ha Il kucen Bynkanuzsm. Cera
T€ ca JICHyIMpaHU Ha Pa3iMYHU HUBA, BKJI. U JIO
HEKOBUTE UM "YacTu. Penknte mopdupu ca oT KBapil,
30HajeH (o Ba) caHuanH, MOHAKOTa ¢ aHOPTOKIIA-
30Ba OOBHWBKa, 30HAJICH IUIATHOKIa3 (aHIE3WH-
OJIMTOKIIa3), OMOTUT B Mg-XOpHONEH 1A 10 ENeHUT.
Hsixou Tema cpabpikaT passiieHu 0a3udHH TUIaruo-
Kkiasu (;mabpamop), MpU3HAK 32 CMECBaHE C T0-
OCHOBHA Marma. TemmepaTypa Ha KpHUCTaIHU3aIlHsl
690-748°C 1 Pypyq 0,7-1,5 kbar. To3u craanii 3aBbp-
IIBa ¢ BHeApsSIBaHE Ha MHOro Ooratu Ha (eHo-
kpucranu (Hax 50%) tpaxupuonutu (Bp. Jlerauna),
OCTaThUeH MPOAYKT HA 30HAIIHA MarMeHa KaMmepa.
6. BHenpsiBaHe B Kanjepara U B HEHaTa paMka
Ha TPaxXuJallUTOBH CYOBYIKAHCKH Tela W HA MHO-
YKECTBO TAHKH OT IMIOMIOHUTH JI0 PUOTHUTH (TIpeodra-
JaBaT TPaXHUAAUTUTE); TbIDKUHA 110 4 km v mmpo-
guHa 10 100-150 m; mocoka C3-IOU, C-1O, HO
npeobmamgaBa U-3; Be3pact 27,5-29,5 Ma (K-Ar
Meton - Lilov et al., 1987). Enna momonuToBa naika
nMa BB3pact 31,76 Ma (Singer, Marchev, 2000).
Hauannoro ¥/Sr/%Sr ormomenue (Yanev et al.,
1998) 11 KOMITOHEHTHUSIT aHAJIH3 T10 TYIABHH M &JICMEHTH-
cnequ (Kapamkos, SIaeB, 1998) couat, 4e OCHOBHHAT
(akTOp Ha MarMeHaTa €BONIONUS € KPHUCTaJH-
3aroHHaTa mudepennuanyst. OTAensIT ce 3 HACHTeH!



cepur: 1) mpuaboHCKa aHTHAPOMHA JOKajaepHa (OT
JATUTH A0 abCapOKHUTH); 2) JOTHOOIUTOLIEHCKa
XOMOZIPOMHA KanziepooOpa3yBallia ¥ HOCTKaJIAEpHa (0T
JIATHTH 1 IIOIOHUTH JI0 BACOKO-S1 TPaXHUPHOINTH) U 3)
JOITHO-TOPHO(?)ONTUTOLIEHCKA ITOCTKAJIIepHa TAKOBa C
HEM3BeCTeH XoI Ha eBomouus. Mima naHHu u 3a
cMecBane Ha Marmu (Mapues, 1985 u nanaute ot V
craamii). [lopagu HapacTBamoTo Si ChIbp)KaHue Ha
Marmara c HarpeaBaHe Ha AuQepeHranusITa KUCEIHAT
BYJIKAHM3bM OT BTOpaTa CepHs cTaBa MO-HHCKO EKc-
TUTO3MBEH, NpeobiiagaBaliio eKcTpy3uBeH. Haii-cumHo
eBOJIIOMpaiaTa MarmMa oT V erarl e o0enHeHa Ha 0o-
IIMHCTBOTO eNleMeHTH-ciieu (BKII Hsikon LILE karo
Ba u Sr), Ho e o6orarena Ha penku ankanuu, U u Th.
Io rpasumerpiann nannn (Mocudos u ap., 1990)
KaJiepaTa € CbC CIIOXKEH CTPOEeXK: B M3TOYHATA H
YacT uMa JIBa MPONagHalld y4acThIH, pa3IeieHu C
MOCTKANJEPEH pa3jioM, a B IIGHTpajHaTa — KbCEH
pe3yprereH Kymnoi, B KOMTO € BKIItoueHa U1 Mypros-
ckata kangepa. [lenusenanusara e 600-700 m.
l'opckata pacTUTENHOCT U OTCHCTBHETO Ha
MapKHUpAaIIy MJIACTOBE B OTPOMHHUS MUPOKIACTHYCH
paspe3 He ca MO3BOJIMIN KapTorpadupaHeTo Ha
pa3oOMHH CTPYKTypH B Kanaeparta (MBanos, 1972;
Aunes, 1990). HemndppupaHero Ha pagapHUTE
CHMMKH Ha eBporneiickusa cnbTHUK ERS-1 1 ontiyec-
kuTe cHUMKH Aster u Landsat Ha amepuKaHCKH
CITBTHULM MO3BOJIMXA /1A CE€ OTKPHUAT Pas3jIoOMH, HO
3acera camo B M3TOYHATa YacT Ha Kanjepara (Yanev
et al., 2004), HAKO¥ CHBHAAAIM C OTHACICHUTE IO
IPaBUMETPUYHM AaHHH. TAXHATa KOHPUTYypauus
OTroBaps Ha pa3IOMHA CHCTEMa THUN “KOHCKa
omamka”, BeposITHO (opMHupaHa CIEACTBUE Ha
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