Tabnuua 1. J{lnarnoctuyeckas kinaccupuKaus KpUCTAINIMYECKUX TOPO/T

Tun MuHepanbHbIT CrpyKTyphbI TexcTypsl OTnenbHOCTH
opox COCTaB

Marma- KBapi, nosieBbie mmarsl | ['un- u man- OnHopoaHbie Kpynno-

THUYECKHUE (ITLLI), coarompl, uauoMopdueie | (pe3ko OJIOKOBAsI
aM(uOo0JIbI, TUPOKCEH, npeo0s1a1atoT)
OJINBUH

Metamop- Kgapu, I1I1I, ciaronsl, Kpucramio- Heonnoponnsie

budeckue am(uOoI1, XJIOpUT, OJIaCTOBBIE (cmaHueBaTsbie, CiaHLIEBAaTOCTH
rpaHar, KaJabIUT MOJIOCYATHIE U T.II.)

['maporep- ['mnuno- Heonnoponusie
KBapn, kanpuur, b

MaJIbHBIE CpJIIOOpI/IT, MOpP(@HBIC (HOJIOC‘-IaTI)IC, CrnoxHag
BIUJIOT, CIIO’KHOIIATHUCTBIE
CyJIb(uIbI M 1Ip.)

Ocano4uHo- ['unc, ranwr, [Tanuaunomopdu | HeognopoaHbie [nuTyaras wimn

XEMOT€HHBIC | CUJILBUH bIE (ciouctsie, OTCYTCTBYET

NATHUCTHIE)




IInarHocTukKa
MeTamMmopdpUu4yeckux nopoa



« MeTamopdunyeckme nopoabl NnogpasaenarTca No reHe3ncy Ha:

e opTonopoabl, BO3HMKLLME 3a cHeT meTamopdunama
MarmaTmn4ecKkmx nopoga

° napanopopabl, 0bpa3oBaBLUMECS 3a CHET MeTamMopdusma
OCado4YHbIX Mopoa.

Tak, 3a cYeT rpaHnUTOB, AMOPUTOB POPMUPYIOTCH OPTOrHENCHI,
MHOr4a crogsaHble opTocaHLubl;

3a CYET OCHOBHbIX MHTPY3MBHbIX N 94O PY3NBHbLIX NOPOL —
opToamdpunbonnTbl, HOrAa 3eneHble (XNOPUTOBLIE)
OpTOCNaHLBbI.

B TO ke Bpems 3a c4eT necyHaHo-rMMHUCTbIX NOPOo4 BO3HMKAKOT
napacnaHLubl, naparHencsl n napaamdmnoonuThbl.
[1narHocTn4yeckne npmnsHaky opTo- U napanopo He Bcerga
nogaarTcA BU3yaribHOMY onpeaeneHuto.



CTpyKTYpBHI.

I - KpucramiobaacTuieckue — CTpyKTypa HOPOJIbl, BO3HUKAIOIIAS
npu meramopusme. [[ensaTcs Ha paBHOMEPHO3ECPHUCTBIC
(roMe00JIaCTUYECKHUE) 1 HEPABHOMEPHO3ECPHUCTHIC
(reTepoOIacTUYECKUE WM NOPPUPOOIaCTUISCKUE).

1. PaBHOMEpPHO3EPHUCTHIE:

rpaHo0IacToOBAs — 3€pHA MPUMEPHO PaBHBIX pa3MEPOB, HAIIPUMED -
POTOBHUKOBAsl CTPYKTYpa.

Jlenuo0macToBasi — CTPYKTypa CJIaHIIEB U THEMCOB, CII0KEHHBIX
CJIOUCTBIMUA MUHEpATIAMU

HemartoOmacToBas — ¢ YAJIIMHCHHO-IIPU3MATUYCCKHUMHN UJIN
CTOJI0YATBIMU KpuctajuyiaMu, pacCiliOJOKCHHBIMHU I11aPAJIJICIIBHO.

[ panynuToBasi — TaOIATYATHIC WJIM JUH30BUIHBIE (POPMBI KPYITHBIX
3epeH Ha ()OHE TPAHOOIACTOBOM OCHOBHOW MAcCCHl.



* CTpyKTYpBI.

» 2. I'eTepobiacTuyeckue - HEpaBHOMEPHO3EPHUCTHHIEC
(mopdupodIacTHYECKHE) — HA (DOHE CpeaHE-
MEJIKO3€PHUCTON OCHOBHOM MacCCHI BBIJICIISIIOTCS 0oiee
KPYIHBIE KPUCTAIIBI — HOP(PHUPOOIACTHI.

* CtpyKkTypa M.0. HEeMaTo0JaCTOBOM, JICIIHI00JIaCTOBOM 1
T.JI.



Il. Karak/jiacTuueckue — BO3HUKAIOT 1O BIUSHUEM
OPUEHTUPOBAHHOIO JABJICHUS U IIPU OJHOCTOPOHHUX
nedopMalusx.

H30orayTeie, pa3apo0aeHHbIC 1e(DOPMUPOBAHHEIC 3€pHA
MHHEPAJIOB C COXPAaHEHHUEM OJHOPOAHOCTH B IIEJIOM.

CTpyKTypbl M.0. pPABHOMEPHO3EPHUCTHIMH, HO YaIle
HEPABHOMEPHO3EPHUCTHIE.

PﬂBHOMGpHOB@pHHCTBIG — I'OMCOKJIACTHYCCKHUC.

HepaBHOMEpHO3EpHUCTHIE — ITOP(HUPOKIACTHYECCKUMU,
a KpyITHbIE 00JJOMKH KPMCTAJLIOB, HAXOISAIIUECS B
MEJIKO3E€PHUCTON OCHOBHOM Macce — MOP(PUPOKIIACTHI.



* lll. PenuKTOBbIE CTPYKTYPbIl — CTPYKTYPHI, IS
KOTOPBIX COXPaHSIOTCS CTPYKTYPBI HCXOAHBIX TTOPO/I,
ISl Ha3BaHUM HE MOJIHOCTHIO MEePEKPHUCTAIIIN30BAHHBIX

IIOPOJI MCIIOJIB3YETCS IIPHUCTaBKa «0JIacTO) -
OJlacTOrpaHuTHasI, OnacTonop@upoBas.



* Texkcrypsbl.
* PennkroBbie — COXPAHAIOIIME BU UCXOIHOM MOPOBI.
¢ Metamopduueckre: MACCUBHBIC U CJIaHIICBATHIC.
[1o creneHn OAHOPOIHOCTH: MACCUBHAs, T10JI0CYATAs, IATHUCTAS
[To OpueHTUPOBKE MUHEPAJIOB: CIIAHIIEBATasl, THEMCOBUIHAS

MaccuBHbBIE BOZHUKAKOT B ClIy4asX, KOIJIa OJHOCTOPOHHEE JaBICHUE
IPOSIBIISIETCS €1a00 — KOHTAKTOBBIN, NTYOUHHBINA, METACOMATO3.

-t

3knoruT u 10 pybnein, MakcloTOBCKMIA KOMNNeke, Ypan



* Texkcrypsbl.

[Tosocuarasi: yepenoBaHUE MOJIOC, PA3TUYAIOIINXCS 110
MHUHEPAJIOTHYECKOMY WJIH TPAHYJIOMETPUYECKOMY COCTABY

PenukroBasi- YHACJICAOBAHA OT CJIOMCTBIX TOJIII]

MeTtamopdoreHHHas — BO3HUKIIAS B pe3yJbTaTe MeTaMop(pruuecKoi
auddepeHimanm




MeTamopdoreHHas nonocyaTocTb

$oto M.A. boromonosa

{a) @) ©

FIGURE 11.13 Thetwo basic categones of crenulation cleavage, [b) Symmetric crenulation
cleavage; [c] asymmetnc [sigmoidal ) crenulation cleavage. The armows indicate a possible
component of shear associated with this crenulation geometry.



[TaTHUCTaa TekcTypa

TMatHucTLHIE YAPHOKUTHI, ll]pu-ﬂaum www.google m/imgres 7imgurl=http://Wwww.earth ox ac uk/~davewa research/gallery/3kottavattom. jpg



[HencoBuaHaga TekcTypa
AndpdepeHumaumna n opueHTUpoBaHHOE pPacronoXxXeHne
noneBbIX WNAaToB, CNiog, KBapua, NMpoKceHoB, aM(pnbonos u
Ap. (nopoabl COOTBETCTBYIOT MO COCTaBY rpaHUTONaAM)

www.indiana.edu



Cnannesarsie. CIaHIIEBATOCTh MOXKET BOSHUKATH MTPH
MEXaHUYeCKHUX Ae(GopMaIusIX U/UIH IepEeKPUCTAIUIN3AIIIH.
ITopsioK IPOLIECCOB MOXKET OBITH PA3HBIM.

- CltaHIieBaTas-mio CKoIapauiebHas — MapauIeIbHOE
PACIIOIOKEHUE TNIACTUHYATHIX WIIM YelTyH4aThIX MUHEPAJIOB.

- CinaHiieBarasi BOJIHMCTAas (IJI0M4aTas) — BOJHUCTHIE
MIOBEPXHOCTH CJIAHIICBATOCTH.

- JInHenHas — nmapajuielIbHOE PACIIOIOKEHNUE YAJIUHEHHBIX
MHHEPAJIOB — poroas 0OMaHKa, CUJIJIMMAHUT, KHAHUT, STHUJIOT.

- OukoBas (JTMH30BHU/IHAS) — BBIACICHUE KPYITHBIX JIMH3,
IPEJICTaBICHHBIX MOp(hHUpOOIacCTaMM (OUKaMHU
nOp(OUPOKIIACTAMH ), CIIOKEHHBIX OJHAM MUHEPAJIOM.



e MNMopoabl permoHanbLHOro Mmeramopduima.

CnaHubl — nopoabl, ANnd KOTOPbIX XapakTepHa
cnaHueBartad CTpykTtypa. MuHepanorm4eckum cocTas
onpenensaeTca creneHblo metamopdpmnama n XMMmmyeckKnm
COCTaBOM UCXOOHbIX nopon. HassaHue gaetca no 1-2-3
nopogoobpasyrowmm MuHepanam. [lepBbiM CTaBUTCS
MUHepar, KOTOPOro MeHbLLE BCEro B nopoae.

CnaHubl XSTIOpUTOBbIE — XINOPWUT, 3NUA0T, KBapL
CnaHubl cnogsiHble — OMoTuT, MyckoBuT, kBapu, ML
CnaHubl rpaHaToBble — rpaHar, keapu, LU

PUNNNTbI — TOHKO3EPHUCTbIE N TOHKOPACCNAaHLOBaHHbIE
NopoAdbl, CIOXEHHbLIE MENKoYellyn4aTblM MYCKOBUTOM,
XITOPUTOM, ounoTuTOM, KBapLEM. ObnapatroT

LLIENIKOBUCTbIM bneckom Ha NOBEPXHOCTAX

crnaHueBaTocTn, obpasyroTcda npu mMetamopgusme rmuH.
[TepexoaHble nopoabl K CIH0ANCTbIM CriaHLaM.




e MNMopoabl permoHanbLHOro Mmeramopduima.

AmMdbunoonuntbl — CraHupbl, CITOXXEHHble
NPENMYLLLECTBEHHO POroBOM OOMaHKOM WU Mnaruoknasom,
obpa3syloTcsa 3a cyYeT MeTamMopduamMa mMarmMmaTU4ecKux
Nnopo4 OCHOBHOIO COCTaBa, TydoB.

[Hencbl — nopoabl, XapakTepusyrLwmecsa OTHETNMBO
Bblpa)XeHHOW napannenbHoOn, NMMH30BMOHOU TEKCTYPOW,
nopdpmpobnacTtoBon CTPYyKTypown, 6oraTbl MosfieBbIMU
lunaTtamMmu, rno cpegHeMy XMMMYeCKOMY COCTaBy ONU3KU K
roaHnTam. B cocTtaBe kBapu, 6uotut, amdubdonsl,
NUPOKCEH, rpaHaT, CUNNUMaHNT 1 ap.

KBapuutbl — nopoabl, bonee yem Ha 80% CNOXXEHHbIE
KBapLeM, XapakTepunsyrTca MO3andHOU CTPYKTYPOW.

Mpamopa - MeTamMopdun3oBaHHble KapboHaTHbIe
nopoAdbl, COCTOSILUME U3  KPUCTaANNoB  KanbuuTa,
OONMOMUTa, MOXET ObITb KBapy, Crodbl, LWAWHEND,
dOpCTEPMUT.




Mopoabl KOHTAKTOBOro Mmetamopduima

*PoroBuku — obpasytoTcs npu TepmaribHOM BO3OENCTBMN Ha
arntoMOCUIUKaTHbIE nopoAabl. C MeIKo- Nnu
CKPbITO3EePHUCTON CTPYKTYpPOU. OYeHb NPOYHbIE.

CocrtaB: KBapu, 6buotuT, 'L, rpaHaT, nTMpoKCceH, annaoT

CKapHbl — nopoabl KOHTAKTOBOro Metamopduama co
CITOXXHOMN NATHUCTOW, CNOUCTOW, OPY3UTOBOU TEKCTYpPOW,
CTPYKTYypa — nopdmpobnacrosas, rpaHobnacrosas.

*CocTaB: Kanbuut, rpaHart, amgpunbon, NIMpPoKCeH, annaoT,
MarHeTuT, cynbduabl



Mopoabl AvHamMmomMmetTamopduima
KaTtaknasmTtbl _— Nopodbl NepeTeptbie B pesyfbrarte

oedopmMaLlnn:

*TeKTOHNYEeCKUue dpeKk4Ynmn — o6rIOMKN, CLLEMEHTUPOBAHHbIE
OCHOBHOM  Maccon, obpasoBaHHble B  peayrnbrarte
oedopmauunn.

‘MunoHnTtel - 0Oonee TOHKO  paccnaHuoBaHHble
TEKTOHUYeCcKmne nopobl.
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TPAHHTOHT SHOOCKAapH 3KS0CKapH

Puc. 17. O0pasosanme ckapHa Ha IpaHMIE KOHTpa-
CTHBIX MOPOA, HANpHMep, TPAHUTA M MpaMopa

B 3aBMCUMOCTM OT coCTaBa BMeLLaloLwmnx KapboHaTHbIX TOSILL, 0Opa3yroTCs CKapHbI
OBYX TUMNOB - MarHe3narbHbIE N U3BECTKOBbLIE.



1. Maenesuanvuvle ckaprvl 00pPa3yOTCs Ha KOHTAKTE C MarHe3uaJlbHbIMU
KapOOHATHBIMU TOJIIAMH - JOJIOMUTAMH, JOJIOMUTOBBIMU

mpamopami - CaMg(CO,),. IToaTomy [u1st HUX XapaKTepHa acCOLMALUs MUHEPAIOB
OorarbIX MaruueMm, uin JIBoMHbBIX coneit Ca u Mg:

dopcrepur Fo Mg, [Si0,],

¢nororutr  Phl KMg,[AlS1,0, ](OH,F),,

IIITUHETb Sp MgALO,,

JIAOTICH/T Di CaMg[S1,0,],

2. M36ecmrosvie (u3secmkosucmoie) ckapHsvl 00pa3yoTCs Ha KOHTAKTE C
MpPaMOPH30BAaHHBIMHU U3BECTHIKAMU M MpaMOpaMHu, I03TOMY 3/IeCh Ipeo01aaaroT
KaJIbI[ME€BbIC CUITUKATHI:

BOJIJIACTOHUT Voll Ca,[S1,0,],

rpocCynsp-aHApaInuT Gross-Andr Ca,AL[S10,], - Ca,Fe,[SiO,],,
nuorncua-reaenoeprut Di-Had CaMg[S1,0,] - CaFe[S1,0],

BE3yBHaH Ves Ca (Mg,Fe), Al [Si0,][S1,0.],(OH,F),,
SIHIOT Ep Ca,FeAl [SiO,][S1,0,]0(0OH),
TPEMOJIUT Trem Ca,Mg.[S1,0,,1,(OH),.

Temneparypa ckapHOOOpa30BaAHUS PA3IUYHA!
st maenesuanvuvix - 850—650 °C, uzsecmroswvix - 800—400 °C. HemocpeaACTBEHHO Y

KOHTAKTa [MPU MAKCUMAJIbHOM POTPEBE TEMIIEPATYPA MOXKET IMOJHUMATHCA 10
1000 °C.



HnarHos rmaporepmManbHbIX
nopoAa



MaopoTepmarnbHble NOpoab!:

OOGpa3syloTcs B pesynbraTe rapoTepManbHOn AeATENbHOCTU — SHAOMEHHbIX
reonorm4yeckmx NpoLeccoB B 3€MHOWM KOpe Mpu y4acTum ropsiumx BOAHbLIX
PacTBOPOB MPU BbICOKMUX JaBNEHUSAX.

Ha3BaHne MOHOMWHepanbHbIX NOPOA 3TOro TUMa 0bbIYHO OTBEYAET
HA3BAHUIO BEOYLIEINO MUHEPATA.

[Mpnmepsbl:

XKUIbHbIU Keapuy (keapuumum)

XKUIbHbIU Kanbyum (Kansyumum)

XUrnbHbIU 3rnudom (arnudomum)

XKUIbHbBIU ¢briroopum (gpriroopumum) v T.1.

COOTBETCTBYIOLLNI HA3BaHUIO MaBHbI MUHEpPan CoCTaBnseT He MeHee 75 %
obbema nopoasbl.

YACTO:

NPUMECK OPYIUX XUIbHbIX TMApPOTEPMarnbHbIX MMHEparoB, HaNPUMep XNopuTa,
a TakKe pyaHbIX MMHEepanoB — remaTuTa, MMMOHNTA, 30M10Ta U pasnnYHbIX
cynbcunaos (Nuputa, raneHnta, cdanepuTa, KWHOBapK, Xxanbkonupura u ap.).



CynbguOHbIe pyobl -

CynbuaHble XunbHble nopoabl (KMHOBapHbIE, XarbKONMPUTOBbIE,
rafieHUTOBbIE, NONIMMETannM4eckne n np.), cogepxawme dornee 1-10 %
PYyAHbIX MUHEPANOB.

OcTanbHas YyacTb NopoAdbl NpeacTaBneHa rmapoTepmMarnbHbIMU XXUNbHLIMU
MUHEepanamMmun — KBapLueM, KanbuuTom, SNMaoToM 1 ap.

TekcTypbl: Apy3nTOBbIE, CYOKOHLEHTPUYECKMNE, NofocyaThle,
KOHLIEHTPUYECKM-NONocyaTble, 30HarNbHbIE, CITOXXHOMATHUCTLIE,
CrNoOXHOceT4YaThble (LUTOKBEPKOBLIE), MPOMNUTLIBAHUS, HAPACTaHWUs U T. .

[ononHUTENbHbLIM NPU3HAKOM 3TUX NOPOa ABNSAETCS NPOXUINKOBAs, 4acTo
BeTBALLaAcs dopma ux Ten. XXunbl 1 NPOXUNKM rmapoTepMarbHbIX NOPoA
NMPOHN3bIBAIOT, pacceKkarT NopoAbl BCEX TUMOB.



Puc. 18. Cxemsl cTpoenuna
THAPOTEePMATEHEIX HELT:
(a) #m1a BEITTOTHEHNA OTKPEI-
TOH TpenHHE! (CeKp eHOHHBIN
THI); (0) MeTacoMaTHYECKAA
AHTA



