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CEMCMHUYHOCTH PAYMHCKOT'O 3BEMJIETPACEHMS U ITIOJIO’)KEHUE OYAT'A B
AE@OPMAIIMOHHOU CTPYKTYPE OCAJOYHOT'O YEXJIA 1 KOPBI BOJIBIIIOI'O
KABKA3A

TareBocsin P.9J., SAxosaes @.JI.
Huemumym cusuxu 3emnu unv. O.FO. nuoma PAH, Mockea, Poccus

Ceiicmonoeudeckue  Oannvie. OCHOBHBIM METOJOM MOJICIMPOBAHHS OYaroB CHIIBHBIX
3eMJICTPACEHUH ABJIAETCSH MOJAETMPOBAHUE BOJIHOBBIX (DOPM HA TEIECEHCMHUYECKHX PACCTOSHHUAX.
Kak n mobas obparHas 3agada reou3ukH, pelieHde HeoAHO3HA4HO. B ciyyae PaummHckoro
3eMJIETPACEHHUs Tak)Ke OBUIM MpeUIOKEHBl pa3/IHuyHble MoJenu ovara. Ha puc. 1 npeacraBieHsl
MoJ1el ¢ 3-Ms U 4-Ms cyO-HCTOUHUKAMMU.

[IpocTpancTBeHHOE pacmpe/esieHHe a(TepIIOKOB MO [IyOHHE HE MO3BOJSAECT BBIICIUTH
MOJIOTYIO IJIOCKOCTB, norpysxkatougytoca noJ boneumoi Kaskas. Ha npogune «E» ckopee mMoxkHO
OTMETHTb NOTPY:KEHHE T'MIIOUEeHTpPOB OT bombiioro Kapkaza na tor. OTMeTHM Takxke, 9TO CyO-
HUCTOYHMKH 2 W 3 Ha npodune «B» npuypodeHbl K IMOBEPXHOCTH KOHCOJIHIAHPOBAHHOTO
GynmamenTa, B TO BpeMs, Kak a)TepIIOKH pacroyiararoTcsi Kak BbINIE, TAaK W HUKE TPAHHIBI
pyngamenra. DTO MOXKHO MHTEPIPETHPOBATHL TAKUM 00pa30M: MOCIE TIaBHOTO TOJYKA cpela B
04aroBoi 00JIacTH OKa3ajack HACTOJILKO Pa3ApOOJICHHOM, YTO a)TEepIIOKH ITepecTal «3aMeyuaThy
rpauly (yHjaamenta. Ho 10 riaBHoro Tondka 5Ta rpaHdila B CYUIECTBEHHO KOHTPOIHPOBAsa
BO3MOJKHOE MOJIOKEHHE CYO-HCTOUHHKOB.

42.6° 4287 43 4327 434 436" 43.8° 44" 447

42.0 42.5 43.0 43.5 i 445 45.0

Puc. 1. Mopnenu ouara Pauunckoro 3emierpsceHus (29 anpens 1991 r., M,, = 6.9) ¢ 4eTbIpbMs
(BBepxy) [1] v Tpems cy6-uctounukamu (BHU3Y) [2].
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43.2° 43.4° 43.6° 43.8° 44° 44.2° * it

42.6°

24

42.2°

Puc. 2. Kapra adrepmiokos PaunHcKOro 3eMIeTpsceHHs H pa3pesbl 1o riybuHe 1o npodpuism «By»
(cupaBa BBEpXy) M «E» (cmpaBa BHu3Y). KpacHsle nunuu — pasnomst. Pasnomsr ®6, @7 u O [IEPECEKAIOT
npopunn (NOKA3aHO BEPTHKATBHBIMH CTpenkamu). KpacHBIE 3Be30YKH Ha KapTe SIHIEHTPOB — Cy6-
HCTOYHHMKH 110 Mozenu [1]. 3eneHblif MyHKTHP Ha NPOQHIAX MOKA3HIBAET MONOKEHHE ByHIaMeHTa («?» —
TNPENONOXHTENBHO, «+» — M0 COATaHCHPOBAHHOH MOIEITH CTIPYKTYpHI OCamovHoro uexna). omy6ie
3Be3104KH (2 M 3) — cy6-ucTOYHMKHM 1O Momend [2]. BepTHKanbHBIN ¥ TOPH3OHTAIBHBIA MacIITaGbl HA
paspe3ax OIMHAKOBBI.

Texmonuueckoe pationuposanue obnacmu ovaza Pauunckozo semnempsacenus

B TexkToHMYeCKOM OTHONIEHHH 0611acTh 0Yara PauMHCKOro 3eMIeTpACEHHs PacToNoKEHa B
MECTE€ COWICHCHHA ANbIIMHCKOrO CKJIaa4aTo-HaIBHIOBOIO CoOpykeHHs bBompmoro Kaskaza u
CTPYKTYp 3aKaBKa3CKOro Maccupa (puc. 3).

Puc. 3. Cxema TekTOHHUYECKOTO paiOHHPOBaHKs 06ACTH 09ara PAYHHCKOTO 3eMIETPACEHHA.
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B kavecTBe OCHOBBI HCIIOJIB30BAHA TeONOTHYECKAS kapra KaBkasa macmraba 1:500000 [6],
YCJIOBHBIC 3HaKH — CTaHOAapTHbIC. [IOKa3aHBI KPYIHBIE DPa3lOMBI, TEKTOHMYECKHE 30HEI M HX
XapaKTEPUCTHKH.]l — IPAHMIBI TEKTOHHYECKUX 30H, 2 — KPYIHBIE pPa3ioMBl, B TOM YHCIIE — Ha
TPaHHIAX TEKTOHUYECKHX 30H, 3 — O/HOLBETHAS HAKIOHHAS INTPHXOBKA M TAOTHIKM 0603HAYAIOT
TEKTOHMYECKHE 30HHI ([I3-M — J[3upynsckuii Maccus, OC-3 — Oxpubo-Cauxepckas 30Ha, PJI-3 —
Pava-Jleaxymckast pasnomuas 30Ha, J[-3 — I'arpo-/IxaBckas 30Ha, Yn-3 — Yunaypckas 308a, KJI-3 —
Kasberu-Jlaronexckas 3oHa, 'X-3 — 30Ha ['1aBHOrO Xpeo0Ta, Hroc-3 — 30na Haaeuros 1oxHOTO
cknona, Ky-J[ — Kypunckas nempeccus), 4 — TaOJIHULBI, XapaKTepH3ylomue aehopMauud u
XapakTep 0CaJ09HOr0 YeXJ1d 30HBL.

Baxayro pons B moHHMaHuM 0coGeHHOCTEH CTPYKTYPBI 30HBI 04Yara UrpaloT TPaAHUIHOHHO
BBIICNIACMBIE CTPYKTYPHO-()OPMALIMOHHBIE HITH TEKTOHHYECKHE 30HSHI [4, 5], KoTOpBIE OTIMYAIOTCS
APYT OT Apyra (OPMALHOHHBEIM COCTABOM OCAIKOB, HX MOIIHOCTBIO U BPEMEHEM BO3HUKHOBEHHS
CKIIAMaThIX H pPaspbiBHbIX HApyIIeHWH. PasHag HCTOpHS pa3BHTHS TAKMX 30H obycnosuia
KOHCOTMAIAIINIO X KOPBI B PA3IHYHOH CTENCHH, YTO MPOSBHIOCH B PAa3HOOGPA3HOM XapakTepe
BO3HUKIINX Pa3PhIBOB U 0YaroB 3eMJIETPSCEHHIL.

C rora Ha ceBep B obmacTd ouara 3€MIICTPSACEHHUA MOTYT OBITh BBIZEICHBI HECKOIBKO
TCKTOHUYECKHX 30H. B 10XHOH MOMOBHHE pervona 310 J3HpyabcKuii MaccuB, Oxpu6o-Cauxepckas
30Ha, Paua-Jleuxymckas pasinoMHas 30Ha, I'arpo-/IxaBckas 3oma (puc. 3), KOTODBIE MOXHO
OTHECTH K 3aKaBKa3CKOMy MacCHBY (IIOCIEIHHE JBE 30HBI — ycnoBHO). B ceBepHOil wacTu 3TO
Yuaypckas 3oma, Kas6eru-Jlaromexckas 30Ha, 30Ha ['maBHOro XpeGra, KOTOpEIE, HECOMHEHHO,
BXOMT B COCTaB CcoopyxeHHs bombmoro Kaekasa. HamGomee npepmeil u YCTOMYMBOH 30HOI
ABNsAETCA J[3UPYINBCKUI KPHCTAIUIHYECKHMI MaccHB. Ero (yHnameHT coxeH noponamu Bo3pacra ot
JOKEMOPHHICKOTO 10 MO3/Henanco30icKoro.

Ocanounsnii dexon dhopmupyercs ocagkaMu 9HCTO IIaTGOPMEHHOIO THIIA ME3030HCKO —
KaHHO30HMCKOro BO3pacTa HeGONBLION MOI[HOCTH (I-2 kM cymMmapHO), 3ajerarmuMu
ropusonTambHo. CeBepHee, B Okpr60-Cauxepckoii 30He MOIHOCTS OTIOKEHMH HIDKHEH 1 cpenHei
FOPBI (HIDKHSIS YaCTh allbIIMHACKOTO YeXyIa, pHc. 3, B Tabnunax, 3Hak 4 — Alp;) yenuuusaercs 1o 3-5
KM, MOpOJRI B ILENOM IOJNOTO Iagal0T Ha CEBEp M HApyNIEHbl HEGONBIIMMH CKIANKAMH M
paspeBaMH. OTa MOHOKTHHaNb Gblta cdopMmupoBasa nepen nosaHed ropoi. KapGonaTHele
MCIIKOBO/HbIC OTIOXKEHHS BEPXHEH I0PBI ¥ MeJia (BEPXHSAS YacTh albIIHHCKOTro Yexia, puc. 3, Alp»)
3aJICTAI0T 3/1€Ch NMOBEPX HEE NMPAKTHYECKH TOPH30HTAIBHO C YIJIOBBIM HECOrTIACHEM (Hecornacus
0003Ha49€eHE! KPacHBIM 3HMI3aroM B Ta0nuuax, 3HaK 4 B puc. 3), uMeT mnapamaThopMeHHEI
XapakTep u HeOOJIBLIYIO, OKOJIO 1 KM MOIHOCTH. B 1emoM s1a CTPYKTYpa IMPOJOIHKAETCA Ha BOCTOK
ot Oxpubo-Cauxepckoii 30HBI, B 06J1aCTh PAasBHTUS MOINIHBIX KalHO3ZO0HCKHX Tom Kypuackoi
Aetpeccuu U B 30Hy HaBuros rosHOro ckiona. B cremyromux k CEBEPY JBYX 30HAX OTJIOKEHHS
HIXHEH U CPE/IHEH 10pbl ObLIH CMSTHL B CKJIAZKH CPEHEH HHTEHCHBHOCTH Tiepe] o3AHeH 0poi, a
BEPXHsIs 4aCTh Y€XJIa MapariaTt(opMeHHOTO XapakTepa HCIbITANA CIabble M 3aMeTHEIE CKJlamyarhbie
M pasphiBHBIC fedopmannu (pasphiesl «P» u «Py», prc. 3; OHM xKe «D6», «D7» Ha puc. 2). K
CCBEPY OT I'PaHHYHBIX PA3NoMOB — Yriepckoro («Y»; «®8» ua puc. 2) u Pauunckoro («P3», puc. 3)
PaCIIONIOKCHBI CTPYKTYPhl Unaypckoi 30HBI, B KOTOpOH GBUTH HakOILIEHHI Ge3 IIEPEPHIBOB H
Hecornacui 15 KM QuuIIeBbIX U (QIMIIOMAHBIX TOJII BO3pacTa OT HIDKHEW I0PBI A0 30IleHA. JTa
MOIHAA TOJINA B TEYCHNE OJUTONEHa (IPUMEPHO) ObLIAa CMATA B MHOTOYHCICHHBIE CKIANKH npu
3aMETHOM, 0k0m10 50%, COKpallleHHH MPOCTPAHCTBA. ITH OCOOSHHOCTH CTpaTHrpadHH ¥ UCTOPUH
PasBUTHA OCHOBHBIX TEKTOHHYECKMX 30H CXEMaTHYHO OOO3HAYeHBI Ha PHC. 3 B BHIE Tabmuil,
COZIEPKAMMX HH(OPMALHIO O MOLIHOCTH TOJII, BPEMEHH nebopManuii v ee BETHYHHE.

Hns Unaypckod 30HBI 1O CHENMANBHON METOMMKE C HCIONB30BAHHEM CTPYKTYPHBIX
npoduiae H TO ONpeeNneHUSIM BEIHYIUH COKpamieHHs ObL1a COCTaBleHa cOalaHCHPOBaHHAS
MOJICIIE OCA/I0UHOr0 YeXIia, B KOTOPOH, HAPsMy C APYTHMH IapaMeTpaMH, ONpeaesiach riTyOuHa
kpoBiu ¢yHmamenTta [7]. Beuro ompeneneHo, 4to Ha YPOBHE KpOBIM (D)yHIAaMEHTa CTPyKTypa
TpaHHYHOrO pasnoMa (Yuepckoro M Paumuckoro paspeiBos BMecTe, «¥Y» H «P3», puc. 3),
orpemsiromero  bomsmoit  Kaskaz or  3akaBkasckoro MacCHBa, IIPEACTaBIAeT CcOOOMH
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cybBepTHKamBHBIH cOpoc ¢ aMIUmTYyHoM morpyxeHms crpykryp Kapkaza ma 10-12 kM
OTHOCHTENIFHO 3aKaBKa3ckoro Maccusa. IIpm 3ToM B cpennem riryOuHa dyHIamMeHTa B CEBEPHOM
9acTH 3aKaBKa3CKOro MaccuBa cocTaBiseT 7-10 kM, a B Unaypcexoii 308e — 20-25 kM (puc. 2, 1Be
BPE3KH pa3pe3oB). BEIABICHHBIA XapakTep CTPYKTYPHl IMKTYeT HEOOXOAMMOCTh IIpU3HATH
IVIACTHYHBIA XapakTep COKpallcHHs GyHIaMeHTa B NO3IHEANBIHICKOe BpeMsl Ha BEJTHUHHY OKOJIO
50%, copmagaromyro ¢ cokpameHueMm dexia. CoBMmecTHas nedopMais OCAJOYHOIO dYexia |
dynmamenta B Umaypckodl 30HE TIOJHOCTBIO HCKIIFOYAET BO3MOXKHOCTH MCIOJIB30BAHUS IS
MHTEpIIpeTanyy oyara PadmHCKOro 3emileTpsiceHHMs MNOMYJUIPHBEIX cXeM crpoeHus Kapkasza, B
KOTOpBIX OJIokH (yHIaMeHTa 3aKaBKa3CKOr0 MaccHBa momojasHrarorcs noy boasmoi Kaskas
(mampumep, [8]).

Takum obOpasoM, ob6nmacTe odara PauwHCKOTO 3eMIIETpSICEHUS MPEACTABISET COOOM
COBOKYIIHOCTb OJIOKOB KOpPBI, Da3[EICHHBIX B OCHOBHOM CyOBEPTHKAIHHBIMH pa3iOMaMH,
AMEIONMX Ppa3Hyl0 WCTOPHIO pa3BUTHS. BoIsBleHHBIE OCOOEHHOCTH OJIOKOB IIO3BOJISICT
HHTEPIPETAPOBATE MX IPOYHOCTHRIC W Ne(OPMANHOHHBIE CBOMCTBA, TMPHOOPETEHHBIE B TEYEHHE
JUATENLHOTO BpeMeHH pasBuTus. IOxuble 6itoxu (J3upyibckas m Oxpubo-Cayxepckasi 30HbI) Ha
OPOTKEHUM MeE303051 M KaWHO30s SABIATIHCH CTaOWJIBHBIMH W MPOYHBIMH, 00Jamar0luMHu
KOHCOJIMIUPOBAHHBIM (DyHIaMEeHTOM; 37ech AeopMallid HE BO3HHKAIOT. B neHTpe paiiona
HaxonATcsl NBe 30HBI, Pada-JleuxyMmckas u I'arpo-/»aBckas, KoTopble 007aal0T OTHOCHTEILHO
IOJIBYKHEIM JleopMupyeMbiM (pyHIaMeHTOM. B HOBeiiinee BpeMsi H B (QyHIAMEHTE, ¥ B TUeXJje
3THX 30H BO3HHKIIM KaK KpyIHbIE, Tak ¥ HeOonabmMe pa3phiBbl. K 5TUM ABYM 30HAM IPHYPOYECHEI
OCHOBHBIE CyO-owarm 3emierpsiceHus u ero adrepmokn. Umaypckas 30Ha obyagaeT riyOoko
NOrPY>XCHHBIM C€1a00 KOHCONUAHMPOBAHHBIM (yHJAMEHTOM, TO3IHEaNblHiicKue nedopManuu
KOTOpPOr'0 B OCHOBHOM IIJACTHYHBI ¥ JIOCTHTAKOT 3HAYUTEIBHBIX BEIMYNH. B 5T0# 30HE B IleJIoM He
ObUI0 ychoBuil Ons (opMHpPOBaHUS KPYIHBIX pa3pbIBOB M, COOTBETCTBEHHO, HET a(TEepIIOKOB,
AMEIOIIX OONBIIYI0 MAarHUTY Ty .

Bu1600bl 0 xapaxkmepe ouaea semnempsacenus. Ha ocHoBaHUYM CeMCMOIOTHYSCKHX TaHHBIX
MOXXHO YTBEPKIATh CleAyIolnee. 3amic 0O0beMHBIX BOJIH Ha TeIeCeHCMHYECKHX PACCTOSHUSIX HE
Jal0T OJTHO3HAYHOTO MpeAcTapieHus 00 ouare PaunHckoro 3emnerpsacenus. EcTh xak Mozaens, B
KOTOpO# MPHUCYTCTBYET KOMOWHAIHS B30POCOB M C/IBHUIa, TaK H MOJIENH ¢ KOMIIEHCAIIHOHHBIM
cOpocoBpM JBIKeHHEM. KpyTo najaromye ockocT B Cy0-MCTOYHMKAX HE COTJIACYIOTCS C
npezicTaBlIEeHHEM O JOMUHHPOBAHHH 3[/€Ch MOKPOBHOH TEKTOHHKH. BBIBO/I MOATBEPIKIAAETCS TAKIKE
pacnpe/ieliecHHEM THIONEHTPOB aTepIIokoB Mo rirybuHe.

[Ipennaraetcs TeKTOHHYECKOE palioHUpOBaHME 00J1acTH cUara PaynHCKOro 3eMIIETPSCEHHUS,
B OCHOBY KOTOPOTO IOJIOXKEHE! IIPU3HAKH UCTOPHU PA3BUTHS (XapaKTep ¥ MOUTHOCTH HAKOTLJICHHBIX
0C4II0YHBIX IIOpOJ), IpUMEpHasl BeJIMYMHA TOPH3OHTANBHOTO COKpAIEHHsI CTPYKTYphI U BpeMs
BO3HHKHOBEHMS CKJIagdaTocT. BKpecT mnpoctupanHusi 30HBI 1nepexona bonpmoit KaBkaz —
3aKkaBKa3CKHH MacCHB 3€MHasd KOpa II0 MEXaHWYECKHM CBOMCTBaM MOXET OBITH pazzelicHa Ha TpH
TUna: xectkas npoddas ([3upynsckas u Oxpudo-Cauxepckas 30HBI), IIacTHUHO-Xpynkas (Pava-
Jleuxymcxas, I'arpo-/]xaBckasi 30HbI) ¥ TacTHUHas Hexpynkas (Uunaypckas 30Ha). OcHOBHEIE Cy0-
oYard ¥ apTepiroku PaunHCKOro 3eMIeTpSCEH s IPAY POYCHEI K ABYM 30HAM ILIACTHYHO-XPYIIKOTO
THMA.
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Introduction. Radon gas measurement has been identified as a potential technique in
scientific methodology used to study active faults and earthquake precursory signals. Measurements
of radon have attracted considerable attention over the past several years due to its relationship with
the seismicity [1-3].

Radon is a noble, chemically inert gas, constantly generated in rocks, soils and crustal
materials. It is principally represented by the isotope 222Rn (with a half life of 3.82 days) and it
easily enters the rock pores and migrates to significant distances from the site of origin before its
decay. Measuring the variations of radon, induced only by physical factors since it is not a reactive
element, can provide valuable information on mud volcano (MV) degassing as well as on the
dynamics of fluid transport processes [4-7]. Radon concentration variations have been established
as a major contributor for seismic surveillance for few decades. While other gases have also been
considered as possible earthquake precursors, however, bulk of reports in the scientific literature are
focused on radon.

The main purpose of this paper is to present the results of a radon survey at mud volcano by
using different methods and techniques. In addition, we present a two-year-long timeseries of
measurements as well as some measurements on very high and extremely high radon emissions.
Then, we will analyze the chronology of the techniques applied in radon monitoring at Wusu within
the last two years, and discuss their use and efficiency in monitoring mud volcanoes.

Mud volcano. Mud volcano is a kind of structural geology phenomena under certain
hydrogeology environment. Appearance of mud volcano related to oil-gas belt. Gas and
groundwater erupt to surface in some region, due to underground pressure, bring sediment to
surface alone crack. This is the forming process of mud volcano. The baiyanggou mud volcano
group is located in southwest of wusu city about 43km, which is the largest group of mud volcanoes
found in China. Combined with the observation of earthquakes, geochemistry, geophysics and
meteorology, the characteristics and regularities of the abnormal changes of radon gas concentration
and seismic activity are preliminarily studied.

Methods. Radon concentration in mud volcano gas was measured using a professional radon
monitor AlphaGUARD P2000 (GENITRON, GmbH, Germany). This is an ionization chamber,
designed for measuring radon in air, water and soil. It is suitable for continuous measurements of
radon and has a measurement range of 2—2,000,000 Bg/m3 (0.05-50,000 pCi/L ) with a sensitivity
of 5 cpm for 100 Bg/m3 (3 pCi/L). The AlphaGUARD monitor worked in a ‘flow” mode and radon
concentration was recorded every minute. The flow rate of the pump was 0.5 L/min . The
AlphaGUARD ionisation chamber is a part of this gas cycle as well. The calibration of the
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