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MeTamopdunsm n gedopmaumm
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Ecnu ansbut norpyxaertca Ha 6onee rnybokue Mnu

rOPU30HTbI KOPbl, AaBNeHUE CTaHOBMUTCH CAULLKOM Anbbut = Xageut + Ksapy

BbICOKMM W €ro CTRYKTypa CTaHOBUTCS Peakuus npoucxoguT NOToMy, 4YTO Ansa atomoB Na,
HEeyCTOM4YuMBOM. B 3TOM npumMmepe CTpykTypa ansbuta Al, Si n O Npu BLICOKMX AaBNEHUAX SHEPreTUYECKU
paspylwaercsa Ha rnybuHe 42 KM Npu TeMneparype 6onee BbIFOAHO BXOAUTL B CTPYKTYPY ABYX

520°C. lNpwu 3TOM NPOUCXOAUT Cneayrwas MWHEpPanoB: XaaeuwTa U Keapua.

peakums:

NaAlSizOs = NaAlSi206 + SiO2




FeorepmMmanbHbIA rpagueHT

CpeanHHO- O6nacrtb
OKEeaHUYEeCKUH BY/IKAHUYECKON
xpeber AKTUBHOCTH

YcronuuBas
30Ha
KOHTUHEHTaNnb Sy
Hasa Kopa y
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Moa cpeaAuHHO-OKeaHUYeckumMm xpebtamm n B
paloHax BY/IKAHUYECKOW aKTUBHOCTU TEMNEpaTypa
yBEeNnuuYMBaeTca ¢ rnybuHoMU oTHOCUTENBHO ObLICTPO
NO CPAaBHEHUIO C YBENNYEHUEM AABNEHUSA.
MeTtamopdusM B 3TUX reocnornyeckux o6craHoskax
XapaKTepU3yeTCs BbICOKUMU TEMNepaTypamMm U
OTHOCUTENbHO HU3KUMU AaBNEHUAMU. Takomn
mMeTamopdu3M 4acTo HasbiBaeTcs

HP/LT

BbICOKOTEMNEPATYPHLIM. B 30Hax cybaykumm
TeMNeparypa yBeNuymMBaeTcs ¢ rnybuHom
OTHOCUTENBLHO MEANEHHD NO CPAaBHEHMID C POCTOM
Aasnennsn. Metamopdusm B 3TON reonorM4ecKom
06CTaHOBKE XapaKTepu3yeTcs BblCOKMMU
AABNEHNAMU U OTHOCUTENBHO HU3KUMU
Temneparypamu. Takon metamopdusm yacro
Ha3biBaeTcs MeTamopdu3MoM BbICOKOro AaBNEHUS.

.



Metamopduueckue paymm
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MeTtamopduueckue nopoabl MOryT ObiTh npeobpasoBanus. Nopoasl, OTHOCALWMECH K
06beAUHEHDBI B rPynMbl NO YCNOBUAM, B KOTOPbIX ueonurtosou dhauum, npeobpasosaHbl B yCNOBUAX
OHW UCNLITanNu MeTamoppuyeckue HU3KUX TEMNEPATYP U AaBNEHWIA.
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Metamopduueckue bayumm m TeKToOHNYeckKkan ob6craHoBKa

30Ha cybaykumu
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B 30Hax cybayKuMM TEMNEPATYpPa YBENUUYMBAETCA C  NJUTLI NOPOALI NOABEPralnTca MeTaMmopdusmy
rny6uHOM OTHOCUTENBHO MEANEHHO NO CPABHEHMIO ueonutoson daumu. Ha 6onee 3HaYUTENbHbIX
C pocTOoM AasneHusa. Metamopdusm Nopoa B 30HaX rnybuHax 8 ycnosuax MetamopdusmMa BbICOKUX
cybayKUMM HA3bIBAETCA METAMOP(U3IMOM BLICOKONO  AABNIEHWIA NOPOAbLI NPEO6PA3YIOTCA B YCNOBUAX

H
o

NaBneHus. B BepxHUX 4acTax cybayumpyrowen dbaumm ronybbix CNAHUEB M 3KNOrMTOBOM haumm.




Metamopduueckue dbaumm m TeKToHnyeckana obcraHoBka
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B BEpXHMX YacTAX HOPMaNbHOW KOHTUHEHTANLHOWN UCNbITLIBAKOT METAaMOPPU3IM B YCNOBUAX

KOpbl NOpoAbl NoABEpPrakTcs MeTamopdusmy B seneHocnandueson haummn, ampubonuroson daumm
YCNoBuAX UeonutoBoin gaummn. C yBenuMYeHnem W rPaHynnToBOM daumu.

rny6uHbl NOPOALI KOHTUHEHTANBHOW KOPbI




Dasnenune (kbap)

Metamopdpuueckue paumm m TeKToOHUYeckan obcraHoBka
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B palioHax C akTUBHOWM BY/NKaHUYECKOMU
aKTUBHOCTbIO TEMNEpaTypa ObICTPO yBENIUYMBAETCH
c rny6uHoN. B BEPXHUX YaCTAX KOPbI NOPOALI
NOABEPrakTcs MeTamopdusMy B yCNOBUAX

|
800

ueonutosou paumnn. C ysenmyeHmem rnyouHbl
nopoAasbl NOABEPranTcs MeTamMopduaMy B yCNoBUaX
poroeukoBon dauum, ampubonutoson daumm n
rpaHynuToBOin hauun.




Metamopduueckue payumm v TeKToHnYeckan obcraHoBka
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TEMNEPATYPEMM U HU3KUMU AaBNEHUAMU. YCNOBUSA meTamopdusma.




PermoHanbHbin MmetTamopdpunsm

bBasaneT

MeTtamopdu3M, KOTOPbLIN 3aTparneaeT KpynHble Kopbl cnoxeHa 6asanstamu. Ha 6aszansTax 06bI4HO
6N0OKKM 3EMHOM KOPbl, HA3bIBAETCS pernoHanbHbiM. B 3anerawT rnybokosBoaHbIe 0Caaku. Ha aTon

30Hax cy6AayKUMMU KpynHbIE 6N0KK OKEAHUYECKON aHMMauMKM NokKasaHbl MeTamopduyeckme

KOpbl NOrpyXatTca Ha bonbwue rnybuHsl. B npeobpa3oBanua rMuHbl U 6asansTa, NpyU Ux
pesynbTaTte yBenuyeHus TemnepaTypbl U AaBneHus NOrpyXeHun Ha 6onblumne rnybuHbl B 30Hax
cy6ayuupyouas Kopa noaBepraeTcs cybaykuumm,

meTamopdusmy. BepxHas 4acTb OKeaHU4eckom




PermoHanbHbin metamopdpusm

Ha rny6uHax 4-5 kM rnuHbl nogsepraoTcsa cnabomy B pesynbTate AvareHesa rnvHa NpespauaeTcs B
MEeTaMopdun3aMy, KOTOPbIA HA3bIBAETCA AMAreHesoM.  cnaHel.




PermoHanbHbii metamopdusm

Koraa nopoabl Norpyxatrcs Ha rnybuHbel 5-10 km, NPEBPALLAETCA B 3€/1EHBIA CNaHel, a cnaHey
OHW NOABEPrakTCa AafIbHENLUM npespawaerca 8 punnut. Takon metamopdpusm
meTamopduyeckmm npeobpasosanuam. basansT Ha3bIBAETCS METAMOPMU3IMOM HU3KUX CTYNEHEN.




PermoHanbHbin metamopdpmsm

pr==

MpaHaT-cnwasHou
chaHey

Ha rnybune 10-20 kM nopoAabl NPOAC/IKAKT npeppawaerca 8 ronyboi cnaveu, a punnur - B
noasepraTbcs Meramoppuruyeckum rpaHarT-cniasHon cnaseu. Takon metramopdumsm
npeobpa3zoBaHuaM. 3eneHbin cnaHey Ha3biBAETCA METAMOPPU3IMOM CPeaHUX CTyneHen.



PermoHanbHbii metamopdusm

Ha rnybuxe okono 20 KM rpaHaT-cnioaAsHOW cnaHeuy
npespawaercsa B rHenc. Ha rnybuHe okono 40 kM
rony60oi cnadey NpespawaeTca B 3KI0MUT.




PermoHanbHbii metamopdusm

Ecnu nopoAab! NOrpyxatTcsa Ha 60Nblwne rnybuHsl,
OHW HAYMHAKOT NNasuTbea. Mopoasl, Npoweawne
CTaZAvIO YaCTUYHOrO NJIABNEHUA, Ha3bIBAKTCS
MUrMaTUTaAMMU,




3KCI"VMauMﬂ FOPHLIX NOpoAa

Ha 3ToW aHuMauMu NOKasaHo, Kak nopoab! MpY KOHTUHEHTANLHOW KONNU3UK rNyboKo
MUCNbITaBLUWE PErmoHanbHbii Mmetamopdusm B NOrpyXeHHbIE NOPOAbI MOTYT ObiTh HAABUHYTbI Ha
rnybuHax 3eMHOM KOPbl MOryT OKa3aTbCca Ha meHee rnybuHHbIE NopoabI.

NOBEPXHOCTH Yepe3 MUNNTUOHGBI NET NOCNe 3Toro.



JKCrymauums ropHbix nopoa

Mocneayowasn 3po;89 BCKPbIBAET O6WMPHbIE MeTamMop@dU30BaHHbIE B OAMHAKOBbLIX YCNOBUAX
NAOWanun, CNOXEHHBIE NOPOAAMU, KOTOPbIE 06bI4HO CNarakT CEPUI0 NapannenbHbiX 30H,
MUNTMOHBI NIET A0 3TOM0 UCNLITANM PernoHanbHbIN HanpuMMep xapakTepHa 30HanbHOCTbL OT
meTamopdusM B 30Hax cybaykumu. MopoAas! MeTaMop@dmM3Ma HU3KUX A0 CPEAHUX CTYNEHEN.




I'D—”M i MexaHn3m popmmnpoBaHus

|

KM CYBAYKLMOHHOMN aKKpeLnn
YORYRL Pen rmybokometTamopdpmn3oBaHHbIX

_ §  KOMMMEKCOB aKTUBHOWM OKpauHbl Ha
S AN B  aKKPELMOHHO-KONNM3NOHHOM 3Tane

—

KoHrnomeparsi,
rpybbie
TEeppPUreHHbIe 0CaaKu

CTpyKTypHO-MeTaMopduyeckmin ekt
aKKpeLMOHHOW NPU3MbI:

'r

| pr

|
|

[lepBrnYHaa CTpykTypa

MNonHasa ge3nHTerpauus
NEePBUYHBIX CTPYKTYP
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HoBble meTamopd.
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T ’ CTPYKTYpbI

CyOayKunoHHas aKKpeluss Ha ax-
THBHOH KOHTHHEHTaJbHO oKpawde Operona
B INVIHOLIEHE ~— KBapTepe: TOCJAEHLOBATEIbHOE
NOJOBHIaHHe BCE€ HOBBIX KJIHHBEB OCANOYHOTOC:
MaTepuaJsa HapaliHBaeT M INpPHIOABIMAeT aK-




MHaekCc MmuHepanbl

MeTaMmopduU3M HU3KUX CTYNEHEN
200°C MeTamopdusmM cpeaH:

MurmMaTuT
cnaHeu

HasaiTe paccmoTpum noApobHee MUHEepanbHbIn ropHbie NopoAbl Ha 3TUX doTorpaduax coaepxat
cocTas 3TUX MeTaMoppuyeckux nopoAa. HekoTtopele  kBapu. CneaosaTenbHO, NPUCYTCTBUME KBapua B

MUHEPansl, HaNnpUMep Keapu, cTabunbHbl B NOPOAE HE HECEeT MHDOPMaLMIO O TEMNEPAaTYPHbIX
WMPOKOM AnanasoHe TemnepaTyp. Mo3Tomy Bce ycnosusix ee 06pa3osaHus.




MHaekCc MmyuHepanbl

MeTaMmopduU3M HU3KUX CTYNEHEN
200°C MeTtamopdusm cpeaH:

Keapy
Monesoit wnar

Buoturt

MpaHaT
Crasponut

CUnNUMaHuT

MpaHaT-cnioaaHoOU

cnaHey

CnhaHey dunnur MHewc MurmMaTuT

KpacHbli NpAMOYrofbHUK NOACKAXET BAM OTBET HA  MYCKOBMWT M FPaHaT, 3Hau4uT OHa UcnbiTana
3TOT BONpoc. Ecnu metamopdu3oBaHHas NenuToBas  MeTaMopdu3M HUIKUX-CPEAHUX CTYNEHEN.
NOpoJa COAEPXMUT KBapl, NONEBOM WNAaT, XNOpWT,



Tunbl MeTamopdpnyeCcKkon 30HaNbLHOCTHU
(Turner, 1968)
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Npekpawenune Cydayxumu

HaknoH 30Hbl CY0ayKUMUM,
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MeTtamopdnam

[TapHble MeTamopdomnyeckme nosica 0. XoHcto no A. Muawwupo (Muscmnpo):

[onybble (rmaykodaHoBbI€) CriaHubl 30HbI CyOaYKUNU N aKKPELMOHHON NPU3MbI

AMPUGonnTLl NoL BYfIKAHNYECKUM (OPOHTOM. l




MeTtamopduyeckme KOMNNEKCbl OCTPOBHbLIX AYr
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MenoBasa akTMBHasA OKpauHa, 3efleHoCNnaHueBbIU
MeTamMmop(pnyecKkum KoOMnriekc
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MeTtamopdun3m Bblicokmnx gasneHun (HP/LT):

3erneHble crnaHubl -> rofiybble (rnaykogaHoBbIE)
CraHubl £ 3KNOrnMTbl — 30Ha cyoayKuun, cytypa
(OaXke ecnu HeT ynsTpamaduToB U
CEPNEHTUHUTOBOIO MefaHXxa)

MeTamopn3m BbICOKUX TeMMepaTyp —
HU3Knx gasneHun (LP/HT)

AMONOONUTLI, rPAaHUTO-THENCLI £ FPAHYNTbI —
BYNKaHN4YeCKUN PPOHT (OCTpOBHAA ayra,
aHONUCKad oKpaunHa)

CyTypa pasgensdert ase atn obnactun metamopdpunama

-




MeTamopdpunsm n
rpaHUTOOOpPAa3oBaHMeE

[paHnUTbl S-TnNa: aHaTeKTUYECKOE NMnaBrieHme
MeTaMopdUN30BaHHbIX OCAA04YHbIX FOPHbIX MOPO —
rMyOUHHbIE YaCTW KONSM3NUOHHbLIX OPOreHoB.

[ paHuThl |-TMNA: aHaTeKkTU4Yeckoe nnasneHmne
anobasansToBbiX aMmpubonnToB — HagcyoayKUNOHHbIN
MarmaTtusm, rmyObnHHbIE YacTu KOMMMU3NOHHbBIX OPOreHoB.

[ paHuTbl A-TUNa: aHaTeKTUYeCKoe nnaBfieHne rpaHynnToB u
CYXOro ocTtaTKa OT BbINJiaBneHuda nNpeaLwecTBYOLWNX
rpaHUTONOOB — NPeapPUdTOreHHbIN MarmaTusm.

-



[edopmauma ropHbIX
nopoa



B pe3ynbTaTe TEKTOHUYECKNX ABMXXEHUW FOpHbIE MOPOAbI
noABepratoTcs BO3AEUCTBUIO Hanps>KEHUN, YTO B KOHEYHOM
UTore NpUBOANT K M3MEHEHUNIO MX NPOCTPAHCTBEHHOIO
NoJSIOXKeHus, a Takke ob6beMa U PopMbl.

Tunbl aedopmaunu:

Ynpyras nedopMauunsa — ob6bekT aedopmaLmn Bo3BpaLlaeTcs
K MCxoaHou popMe n pasMmepy.

[TnacTtnyeckas aegopmaums — COXxpaHeHUE pa3MepoB U
opMbl, NpMOBpPETEHHLIX B X0Ae AedopMaLmn,

Xpynkas aedopMauns — paspyLueHne LenoCTHOCTU obbekTa
aeopmaumu.

-



O6Lwas kpuBas nedopMaunm:
OA — ynpyras aedopmaumst; Ab — nnacrtnyeckasa aegopmaums
C ynpo4yeHueM; bB — nnactunueckaa aedopmaums
ocnabneHneM Tena nepen pa3pbiBOM. B — Toyka pa3psbiBa. 1 —
npenen ynpyroctu, 2 — npenen npoYyHocTtu, 3 — KoHeYyHas
NPOYHOCTb.




O6pas3oBaHue ckagok

ALY
il

KuHemartunyeckmne tunel cknagok: a, 6 — npogosnsHoro n3rnba; B, r —
nonepeyHoro n3rmba; g — teyeHns. [1o A.E. Muxawnnosy (1973):

1 — HanpaBneHne JEUCTBYHOLMX CUST; 2 — HarnpasreHne nepemMeLleHns nopoa;

3 — y4acCTKM pacTaxeHus; 4 — y4acTKn cxxaTud
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AHTUKNMHanNb chopMmupyeTcsi Npyu ABNXKEHUN MO HaABUTY




LLlapbsi>kHble cknagku (NpMHaOBUrOBbIE U NPUCOBUTOBLIE )




Tunbl paspbIBOB: B3OpOC, caBuUr, cOpoc, B3OpOCO-caBUr
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Fault plane

Reverse fault

Fault plane

Normal fault C Oblique-slip fault
A Dip-slip faults




bduction or display.

Copocbl ob6pa3yroT rpabeH v ropcTt Dashed part eroded

away after faulting

A Normal fault B Eroded normal fault

D Horst
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HaaBwUr

Copyright © McGraw-Hill Companies, Inc. Permission required for

reproduction or display.




Pblbaube

Haasury c




LLlapbsixk- BbICOKOAMMNANTYAHbIA HAABUT
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[lpaBble coBUru

Copyright © McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Linear trough or valley Offset stream course

Active fault traces
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CTpyKTYypHaa reonorua:
AHTUKITMHOPUU

CpaBHeHMe OrToKOBOU U
HagBUIOBOW MoOerneu
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brnokoBasa mooenb

AHTUKNWHAaNb, OCOXXHEHHAsA CUCTEMOU Pa3noMOB
- cOpocoB
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Livingstone, Mt. Head and Etherington Fms.
:lc«:rdium & Wapiabi Fms. and younger l:] lnv ;\hges :Ivingsfone sh:e';. ring
l:, Blackstone Formation

Mt. Head and Etherington Fms.
:I Blairmore Group

CRETACEOUS
MISSISSIPPIAN

Fernie Formation & Kootenay Group
(Jurassic - Cretaceous) including Pennsylvanian and Triassic

in the Livingstone thrust sheet. B Devonian
E Pennsylvanian Spray Lokes Group l: Cambrion and older Mebil Oil Canada

r.E. KUSLI APR 1935
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GparmeHT nucta M-44-V [opHo-
AnTanckoun cepun

Mexay BepxHeopAoBUKCKUMU (hn) N HAXKHECUITYPUNUCKUMHN (812) OTNOXEHUAMU
BblNnasia 4acTb pa3pes3a, MOLHOCTbI0 MUHUMYM 750 M.
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PA3PbIBbl FTOPHOIO KPbIMA

C NO31LUMN PA3NTIOMHO-BITOKOBOM
TEKTOHUKU

Mypatos M.B. u ap., 1940-1973r

“ | Monos B.®.,1964

Yawkosckuii B.MM.,1990

% Mueosapos C.B.,1984
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Bopucenko J1.C., Hoeuk H.H.,1985

/. ®ekonuHa N1.A. n ap,1991
KHsazes 'N.,1975
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Bopucenko J1.C., epeHtok H.E., Bupwwuno B.A.m ap.




B0O3MOXHblE 1 FeOMETPUYECKN HEpPeasibHble Pa3pbIBbI

HeKoppeKTHbIe cooTHOLEeHUs pa3pbiBOB
c reonoruyvecknx kapt Kpbima: a,6,8- 3a 1984-1985; r- 3a 2007r.

PeanbHble c reonornyeckux kapt: a - Annanaden, 1989 r;
6 - Kapnar, 1976 r.; B - Ypana, 1994 r; r - Kpbima, 1998 r.
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MWKCTUTbI KPbIMA (MenaHXu n onuctocTpoMbl) —
npobrnemaTuyHble 30HbI ONS A0NrOBPEMEHHbIX COOPYXEHUI
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TeoXpOHOIOrE- I'EOJIO'NMYECKAS KAPTA 'OPHOI'O KPBIMA
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I'lpe,qropuau cyTypa (Me3030MCKUI KONMTM3UOHHbLIN WOB) I'Iocnoimble CpbIBbLI: Pa3pbiBbl rpaBUreHHBbIe B OCHOBAHUAX HEOTEH-YeTBEePTUYHLIX
o noa Mesn-Ka " a)3HAOreHHble, 6)rpaBureHHbIe

TN onucTonuros MaccaHapOBCKON ONUCTOCTPOMBI (ONOMN3WNe MacCUBbI)

Paprlel 3HAOreHHbIe (WTPUXM NO NANEHUIO CMeCcTUTenNs): PaspbiBbi rPaBUreHHbIe B OCHOBAHUAX PAHHEMENOBLIX ONIUCTONUTOB Crparurpadmueckue rpaHnLbI:
a)gocToBepHbie, 6)npeanonaraembie FOPHOKPLIMCKOM ONUCTOCTPOMbI (ONON3WKME MACCUBDI) §] a)aocToBepHbie, 6)npeanonaraemiie

TNUHWM reonorMyecknx pa3pesos Ha Kapre - M , M1-tOxHoGepexHbIin, M2-MoaropHbin, M3-CoKonNMHCKUIA,
[ | M4-Maprosckuin, M5-Cumdepononisckuin, M6-Benoropckwit,

M7-Leberorckuin, M8-Kapanarckuit, M9-MpucyTypHbIn
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FOXXHOBEepPEeXHbIN MenaHX B Anywite 1 Ha M. Pbibauuni




KanHo30MCKMe OfIMCTOCTPOMbI - FPaBUreHHble KOMIMIEKCHI
13 OMnosi3arLmx MaccmBoB (OSIMCTONIUTOB) U
nepegpobrneHHOro maTpukca

EBnaropus

06pbIBbI [MaBHON rpsiabl rop

©OpoBka 6aTnanbHOro CKrnoHa

OJIUCTOCTPOMBI

T KpynHenwmne onuctonutel: A - Jlacnw, 0 - Kowika, B - Mora6u,
I - Maccangposckuit, [, - AntuHckui, € - MNyp3aydckun

Coctasun B.B. KOauH




IViaCCaHAPOBCKaA OJINCTOCTPOMaA

r.Nepyem-Kas




Bupa Ha ropy MaTTepxopH — cyTypHas 3o0Ha mexay EBponenckou u
ApopvaTtnyeckou nnutTamm
(Stamplfli, 2001)
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