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NPEAUCNOBUE

MarmaTnyeckum ropHbeiM MOpPOL4aM MOCBsILLLEHA MHOroYUCneHHas
yyebHas, Hay4yHast U cnpaBovHas nuTepaTypa, KoTopas u3gaHa npe-
nmyLlectseHHo go 90-x rogos npownoro cronetnsa. B 1986 r. Ha ka-
denpe netporpadmm TOMCKOrO rocyaapCTBEHHOIO yHMBepcUTeTa Obl-
no u3gaHo y4ebHoe nocobue M.I. KopTycoBa «Marmartuyeckue rop-
Hble MOPOAbl», KOTOPOE MONb30BANIOCh NMOMYNSPHOCTLIO Cpeaun CTyaeH-
TOB-reofioroB He TONMbKO TOMCKOro yHMBepcuTeTa, HO M OPYrnx By30B
Cunbupckoro permona.

OpHako BCBSA3M C MPUHSATUEM HOBBIX NMETPorpadmyeckmx KOgEeKCoB
(1995, 2008 rr.) cyLwecTBEHHO N3MeHUNach knaccudukaumss marmaTm-
Yyeckux nopogd. 3a nocrnegHue rogpl ydebHble nocobus no neTporpadumn
MarMaTuMyecKknx nopos, oTpakawLlmne pekoMmeHaaumm NPUHATLIX KOOekK-
COB M30al0TCa peako, 0bblMHO B OrpaHUYEHHOM KONUYECTBE M 4acTo
HeJOCTYMHbI LWUMPOKOMY KPYry CTYAEHTOB-reornoros. AT0 obcTosATenNb-
CTo nobyauno aBTopa K HanMcaHu JaHHOro y4ebHoro nocobwusi, KoTo-
poe Mo CBOEMY cCoAepXaHuo oTBevaeT Kypcy «[lleTporpadusi», sB-
nawuwerocs obwenpodeccnoHanbHON yHOaMEHTanNnbHON ANCUMMIIK-
HOW

B npegnaraemom y4ebHOM MOcoGuUM NpMBOOUTCHA U3NOXEHUEe Oc-
HOBHbIX pas3genoB netporpadun mMarmaTtu4eckux mnopopg: reornorude-
Ckue ycrnosus n chopMbl 3aneraHvsi, MUHepPanorM4eckuini 1 XMMmMYeCcKnm
cocTtaB, OCOBGEHHOCTU CTPOEHMs], Krnaccudukaumsi, NPOUCXOXAEHME,
MarmaTtuMaM pasnuyHbIX reogMHamMmmyecknx obcTaHOBOK. PaccmaTpeHsl
HOBbIE MPUHLIMMbLI CUCTEMATMKN U Knaccudukaumm marmaTU4eckmx no-
poa. o HaweMy MHeHuo Haubornee NpUemMnMMbIM U OOCTYMHLIM ANd
YCBOEHUSI MaTepuana no aton teme siendaetca [eTporpadudeckuii Ko-
aekc 1995 r., cormacHo KOTOpoMy Mbl Aanee Oyaem paccmatpuBatb
Knaccudmkaumio marmaTMyeckmx nopog.

Mpu Gonee AeTanbHOM M3YYEHUN KAKMX-NTMOO MarmMaTtu4eckux mno-
poa cTydeHTam criegyeT obpallaTbCs K COBPEMEHHBIM NUTEPATYPHbIM
WCTOYHMKAM KaK POCCUMNCKMM, TakK U 3apyOexHbIM, MOCBSALWEHHbIM WH-
TepecyLLMM BoMpocam.

Y4yebHoe nocobure nsgaHo B pamkax nporpammbl MOBLILLEHUS KOH-
KypeHTHocnocobHoctn TIY (Mpoekt BNY, CU 4, 3apgava 4.1, mepo-
npuatusa 4.1.2 n 8.1). ABTop BblpaxaeT brnarogapHOCTb PyKOBOAUTENIO
nporpammel N.®. lepTHepy.



1. OBIWLWMUE CBEOEHNA O MATMATU3ME

1.1. OnpepeneHne NOHATUN.
CBA3b neTporpacdhumn ¢ Apyrumm Haykamu

lMempozpachuss - 3TO Hayka O rOpHbIX Nopodax, ob Mx cocTase,
CTPOEHMUN, TEONIOTMYECKUX YCIMOBUSAX 3areraHnst U MpPOUCXOXOEHWM.
MHorve uccnegoBatenu pasnuyatroT OBE YacTu o6Lleln Hayku: neTpo-
rpaduio - HayKy onmvcaTeNnbHOro XxapakTepa W MeTposioruio, KoTopas
paccmaTpvBaeT TreHe3UcC TopHbiXx nopod (meTporeHesuc). TepMuHb
«neTporpacumsay n «nNeTposnormay B ganbHENLEM U3NOXEHUN paccMmarT-
puBalOTCH Kak CUHOHUMBI.

YUTto ke Takoe ropHas nopoga, Ansiowascs 00beKToM, KOTOpbIn
n3yyaet netporpadusi? FopHble nopodbl NpeacTaBnsAlT cobon ecte-
CTBEHHbIE MWHeparbHble arperatbl OnpeaeneHHoro XMMUYecKkoro co-
CTaBa M CTPOEHUs, crarawLme reonornyeckne tena. Takum obpasom,
ropHasi Nopofa, C OAHOW CTOPOHbI, SABNSIETCA: MUHEpParnbHbIM arpera-
TOM M, C APYrONn, reoriorm4ecknum Ternom unm ero 4actbto. 13 atoro cne-
ayeT, 4YTo neTporpadusi TECHeNWMM 06pa3oM CBsi3aHa C MUHeparnoru-
€, OOHaKo M3y4yaeT He OTAernbHble MUHepanbl, a UX 3aKOHOMEpPHbIe
napareHeaucel nnu accoumaummn. OgHOBpeMeHHO neTporpadumsa Henpe-
PbIBHO CBSi3aHa CO BCEM LMKIIOM F€OJIOTMYECKMX HayK, MOCKOSbKY rop-
Hble nopodbl 0bpasyloT reonorMyeckne Tena, cnarawowme TBepaylo
3eMHYyI0 nopy 1 6e3 Mx M3ydeHus HEeBO3MOXHO BECTW uccnegoBaHue
reonorM4eckoro CTpoeHUs PeErmMoHoOB, MX UCTOPUN Pa3BUTUSA, MECTOPO-
XOEHWIN NOMEe3HbIX MCKoMaeMblX.

MepBoe, C 4em cCTankMBaeTCsl reosior Mpu NPoBeAEeHMM MObIX
reonorm4yecknx paboT - 3TO FOpHble MOPOAbI, KOTOpble Heobxoanmo
npaBWUibHO onucaTb M ONpPeaenuTb, U3y4nuTb WX MUHEeparnornyYeckumn
COCTaB, CTPOEHWe, ycrnoBusa 3aneranvs. [Ona msyyeHus coctaBa U
CTPOEHMS TOPHBLIX MOPOA MCMONb3YHTCA pasHoobpasHble MeToabl MC-
CrnefoBaHus, cpean KOTopbix 0coboe MeCTO 3aHMMaloT ONTUYECKMe
MeTOAbl NCCNeaoBaHNsi FOPHbBIX MOPO4 C MOMOLLLIO NONASPU3aLMOHHOIO
MuKpockona. B netporpadum, kpome onmuyeckux memodos, LUMPOKO
ncnonb3yTca U gpyrue ghusudeckue memoOdbl (peHmaeHoCcKonu4ve-
CKue, criekmpockonu4yeckue, mMemoObi ornpedesieHusr 0MmHOCMuU,
meepdocmu, mennoeo20 pacluupeHusi, eszkocmu u m.d.). Takum o6-
pa3oM, neTporpadus TECHO CBsidaHa C LenbiM psigoM pasgenos usu-
Kn. XMMUYECKMNIA COCTaB ropHbIX NOPoA OnpeaensieTcsl C NOMOLLbI XU-
MUWYECKOro aHanmsa, Takum obpasomM netporpadust TECHO CBsi3aHa C
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aHanumu4eckol xumuel. B nocnegHue rogpl onsa obpaboTku faHHbIX
XUMWYECKMX, CNEKTpanbHbIX U APYrMX BUOOB aHanvM3oB B neTporpadum
LUMPOKO MPUMEHSAITCA MEeToAbl MaTeMaTuyeckon CTaTUCTUKM C obpa-
OOTKOW AaHHbIX C MOMOLLbIO KOMMbIOTEPHBLIX TeXHoNornn. Pasgensl
netporpacun, CBA3aHHblIE C M3YyYEHWEM 3aKOHOMEPHOCTEN XMMMU3Ma
FOPHbIX MOPOZ Ha3bIBaOTCS NETPOXUMUEN.

[Mpn N3y4eHnM NPOUCXOXKAEHUS (reHe3nca) ropHbIX NOpog, LWNPOKO
NPUMEHSAOTCA pe3ynbTaTbl 3KCMEPUMEHTOB, C MOMOLLLID KOTOPbIX MO-
OenVpyloTca NpupoaHble npouecchl nopogoobpa3oBaHUA Ha OCHOBE
o0LmMx 3akoHOB chmnanyeckon xmmunn. Pasgenbl neTporpadun, cBsi3aH-
Hble C U3y4YeHMeM TEPMOOUHAMMKN U PU3UKO-XUMUN NPOLIECCOB MUHE-
pano- 1M nopoaoobpasoBaHMs, Ha3bIBAOTCA (OU3UKO-XMMUYECKON W
3KCnepuMeHTanbHoON neTporpaduen.

MpuknagHoe 3HayeHWe netporpadum obHapyxmMBaeTcs B ee Tec-
HeWLen CBA3N C y4eHMeM O MOoMe3HbIX UckonaembiX. Bo-nepsbix, rop-
Hble Nopoabl ABNATCA BMELLAWNMN MO OTHOLLIEHUIO K PYAHbIM Te-
nam, BO-BTOpPbIX, MHOTME FOpHble NOPOAbl CaMu SBMAOTCS MOfe3HbIMU
nckonaembiMu (M3BECTHSIKU, Meprenb, GOKCUTbI, rpaHnUTbl U Op.), a B
TpeTbUx, C onpegeneHHbLIMU TUNnamMm ropHbeiX NMOPOA4 U UX accoumaums-
MU CBsi3aHbl KOHKPETHbIE MECTOPOXAEHUS.

1.2. Knaccudukaums ropHbix nopoa

Bce ropHble nopoabl, cnaratowue nutocdepy B 3aBUCUMOCTU OT
CBOEro NPOMCXOXOEHUS, pa3fensitoTcs Ha Tpy Tuna:

1. MarmaTu4eckme;

2. 0Caf0uHbIE;

3. meTamopduyeckme.

MarmaTun4yeckune ropHble nopoAbl NpeacTaBnsaioT cobon Npoayk-
Tbl 3aTBEPAEBAHNSI OrHEHHO-XWAOKUX CUNMKATHBIX pacnnaBoB (Marwm),
NMOCTYMaKLLMX B BEPXHME 3TaXM NUTOCdepkl NMMOO Ha ee NOBEPXHOCTb
13 rnyboKkux yacten 3emnm.

OcapoyHble ropHbie NOpoAbl BO3HWKAIOT B pe3yrbTaTe HaKkom-
NeHnst NPOAYKTOB hU3NYECKOTO U XMMWUYECKOro BbIBETPUBAHUA C MO-
cnenyroLnm yrnnoTHEHNEM U LeMeHTaunen matepmana.

MeTtamopdmyeckme nopopabl SBNAIOTCA pe3yrbTaTom rnyGokoro
npeobpasoBaHus (MepekpucTannus3auun) paHee CyLleCTBOBaBLUMX
0Cao4HbIX U MarMaTUyecknx NOPOA B YCIOBUSIX BbICOKUX TeMnepaTyp
W OaBNEHUN.



Mexay BblaeneHHbIMU TUMamn nopon HabnoaalTcs He TONbKO
peskue OTNNYUS, HO U MocTeneHHble nepexoabl. Tak, Hanpumep, Mexay
mMarmMatuM4eckuMnM U OCafOYHbIMK MOPOAAMU UMEHTCA MOCTEneHHble
nepexofbl, KOTOpble MPOSABMATCA B NUPOKNACTUYECKUX Nopodax, 06-
pa3oBaHHbIX PbIXMbIMU NPOAYKTaMU U3BEPXeHUst BynkaHoB. o cBoemMy
COCTaBy MMPOKNacTUYecK1e Nnopoabl CXOAHbI C MarmMaTU4eckumMu, a no
YCMNOBUSIM 3arieraHnst U CTPOEHUIO He OTNMYaloTCA OT 0cadoydHbIX. He-
peoKko ocafouvHble M MarmMaTudeckue nopodbl MoaBeprarTcs Nllb
YacTYHOMY MeTaMopduyeckoMy npeobpasoBaHuilo, Mpu 3TOM BO
BHOBb BO3HMKaloLLle MeTamopduyeckol Mopode COXPaHsTCS ane-
MEHTbl UICXOOHBIX.



2. DOPMbI 3ANNIEFTAHUA MATMATUYECKUX NMorPOA

MarmaTtunyeckue nopoael cnarakoT reonornyeckue tena. NsyyeHune
nx ¢opM 3aneraHuMsi U BHYTPEHHEro CTPOEHUsI SIBNSETCA OOHOW U3
BaXXKHEMLWNX 3ajad pasgena netporpadun, KOTOPbIM HasbiBaeTcs
CTPYKTYPHOWN NETPOnoruen.

dPopmbl 3aneraHna MarmaTUYecKMx NMOpof onpenensTcs MHOru-
MW, TECHO B3aMMOCBS3aHHbIMU (pakTopamu: riyOuHON CTaHOBNEHUS U
MEXaHN3MOM BHELPEHWUsI Marmbl, TEKTOHWYECKOW CTPYKTYpon BMe-
LalwWwmx nopog (pambl) N XapakTepoM UX ABWXKEHWMI BO Bpems ¢op-
MUPOBaHWS MarmaTuyeckmx Ten.

C y4yeTOM BNMSHUS 3TUX (PAKTOPOB MOXHO BbIOENUTb MPUHLMNK-
anbHO pasnuyHble OpPMbl 3aneraHna ans UHTPY3MBHBLIX U ahdy3unB-
HbIX NOPOA.

2.1. IHTpYy3MBHbIe Nopoabl

NHTpy3unBHbIE NMopodbl (POPMUPYIOTCH Ha pasHoW rnybuHe B 3eM-
Hol Kkope nopg Gornee WM MeHee MOLLHOW MOKPLILUKOA BMeLLaoLwmx
nopoAd. B 3aBMCUMOCTM OT rNyGMHbLI CTaHOBMEHUS OHM NOAPa3nensoT-
ca Ha eunabuccasnbHbie (BNM3NOBEPXHOCTHLIE), Me3oabuccasibHbie
(cpeaHernybuHHbIe)  abuccarsibHble (TIyOVHHBIE).

Bce MHTpy3uBHbIE Tena NoapasfensaTcsa Ha NPOCTbIE U CIIOXHbIE.
lMpocmbie uHMpPy3ueHbIe mesia BO3HWKAKT B pesynbTaTe 04HOro atana
(cpasbl) BHeApEHMS MarmMbl B AaHHbIN y4acTok nutocdepbl. CrioxHbie
UHMpYy3usHble mesia POPMUPYIOTCA B pe3ynbTaTe HECKOSbKUX 3TanoB
(cbas) BHegpeHMs, NpuyYem Npu nocrnefoBaTenbHbIX BHEOPEHMSIX CO-
CTaB MarMbl MO MEHSITbCSl U, TakKuM 06pa3oM, UHTPY3MBHbIE Tena Mo-
ryT cnaraTbCsl mopodamMu pasfMYyHOro coctasa. Yacto crnoxHble Tena
HasblBalTCa MHO20ghasHbIMU. PasHoobpasune marmaTuyeckux nopon
MOXXET BO3HUKHYTb B pe3ynbTaTe CroXHbIX NpoLeccoB anddepeHuma-
UMM Marmbl, BHeapuBLUENCS B oauHy a3y BHeapeHusi. Takue Tena
HasblBatoTcs OuggbepeHyuposarHHbIMU. Ecnn npu 3TOM pasnuyHble
TUMbI NOPOJ pacnpeaensioTcs B UHTPY3MBHOM Tene B Buae cybnapan-
nenbHbIX MOMOC, TO TakMe Terna HasblBATCH PacC/IOeHHbIMU WK
rncesdocmpamuchuyuposaHHbIMU.

B 3aBMCMMOCTU OT BpeMEHW BHeOPEHMSI MarMbl MO OTHOLUEHUIO K
CKIag4aToCTW BbIOENSATCA TPU TUMNA UHTPY3UBHbLIX TeN: 000PO2eHHbIEe
(oocknagyatble), CUHOPO2eHHbIe (OQHOBPEMEHHbIE CO CKMaa4yaToCTbio)
U rnocmopoeeHHbie (NocnecknagyaTtble).
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OOLWENPUHATON FEHETUYECKON KrnacCuuKaumm UHTPY3UBHBIX Ten
noka He cyLlecTByeT v nogpasgeneHne nx oCHOBbIBAETCA Ha OTHOLLE-
HAM K BMeLawwum nopogaMm n Mopconormyeckmm ocoBEeHHOCTSAM.
MepBbI NpM3HaK NO3BONSET BbIAENUTb co2riacHble (KOHKOpOaHMHbIE)
U HecoenacHble (duckopdaHmHble) UHMpPY3ueHblie mena. CornacHble
Tena 3anerawT napannenbHO MMOCKOCTAM HACNOEHUS BMELLAoLLMX
nopop, a HecornacHble nepecekarT NIOCKOCTU HannacToBaHus. Huxe
NPUBOAWTCSA KpaTKOe OMnMcaHue BHavarne cornacHblX, a 3aTemM Heco-
rMacHbIX MHTPY3MBHbIX Ter.

2.1.1. CornacHble Tena

Cunnbl — MHTPY3UBHbIE 3anexu, NpeacTaBnaoT cobon nnacToob-
pasHble Tena MHTPY3MBHbIX NOpoA, 3aneratLime cpean ropusoHTanbHo
nnbo cnaboaucrnoumMpoBaHHbIX TOML, BMeLlarLwmx nopod. B cunnax
pasnuyalTcs KPOBNS (BEPXHSIST MOBEPXHOCTL), MOAOLLBA, MPUBOLAHON
KaHan n MolHocTb. KpoBnsi n nogowea B cunnax Ha 3Ha4YUTENbHOM
NPOTSHKEHUN MOYTK NapannenbHbl. MOLWHOCTb CUINIOB MOXET MEHSATb-
Csl B OYeHb LUMPOKMX Mpedenax oT Aonen MeTpa OO0 COTeEH MeTpoB. B
KOxxHom Adbpurke n3BeCTeH Ccuin MOLHOCTBIO Ao 600 meTpos. MNnowanb
pasBUTMS CUIIIOB MO OTHOLLEHUIO K MX MOLLHOCTM OYeHb Benuvka. Hau-
Gornee KpynHble CUNIbl 3aHMMaloT MNoLWadb B HECKOMbKO ThICSAY KBaf-
paTHbIX KMNOMeTPOB. BOMbLWMHCTBO CUMNNOB OBbLIYHO CMOXEHO OCHOB-
HbIMM nopogamu. Hawnbonbwum passBuTMEM CUNMbI NOMb3YHTCA B
nnaTtopMeHHbIX 0bnacTax, rae OHW JoKanvM3oBaHbl Cpean ropu3oH-
TanbHO 3anerawowmx nopofd vexna (Cubupckas nnatdopma u HOxHo-
AdbpukaHckas nnatopmel U T. 4.).

JNlononutbl — Bonbline No pasmepam YaweobpasHble Tena, ony-
LWeHHble B LeHTpe. O6bl4HO nononutbl obnagatoT OOMbLUIOK MOLLBHO-
CTbl0 B HECKOITbKO ThbICSY METPOB W crnararTcs nopogamMu OCHOBHOTMO
coctaBa. YacTto nononutel SBRsOTCA AnddepeHLNPOBaHHbIMA, NCEB-
O0CTPaTUMUUPOBAHHLIMU TENaMN, B KOTOPbIX K HWKHUM FOPU3OHTaM
NMPUYPOYEHBbl YNbTPAOCHOBHbIE NMOPOAbl. B BepxHMX 4acTax Hepegko
BCTPEYaloTCsa KuCMble NOpoAbl, KOTOPbIE MO 06bEMY pPe3ko NoAYMHEH-
Hble OCHOBHbIM. Hambonee u3BecTHbIMM sBNAOTCA bylwBenbackuin
nononut B KOxHon Adppuke n nononut Cendepun B KaHage.

Nakkonutbl — KapaBaeobpasHble WHTPY3UBHblE Temna, KoTopble
MUMEIOT MIOCKOEe OCHOBaHME M KynosoobpasHyto NPUNOSHATYIO KPOBIHO.
B nnaHe nakkonuTbl UMEKT OKPYIyo Unu annuntudeckyto dopmy. Mo
pasMepam NakKoNUTbl ABMASKTCA OTHOCUTENbHO HEBONMbLUMMWU UHTPY-
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3MBHbIMKW TeNamu ¢ AuaMeTpoM OT COTEH METPOB A0 MepBbIX KAITOMET-
pos. Mo dopme pasnuyalT CUMMETPUYHBbIE N aCCUMETPUYHbIE MaKKo-
NUTbI, CPean KOTOPbIX M3BECTHbI MPOCTbIE U CMNOXHble (MHOrodasHbIe)
Tena. JlakkonuTbl 3aneratoT nMbo cpean cnaboamcnouupoBaHHbIX Cy6-
FOPM3OHTanbHbIX TOnuw, (BHYTPU(OpMaUMOHHbIE nakkonuTbl), Nn6o
pacnonaratTcs Ha rpaHnLEe pasHOBO3PACTHbIX TOJLL, HUXHSASA U3 KOTO-
pbiX OObIYHO GbIBAET MHTEHCUBHO OUCIOLUPOBAHHON, @ BEPXHASA Cyb-
rOpM30oHTanbHON, cnabo AMCMOLMPOBAHHOW. Takue NakkonmuTbl MMEHT
06bI4HO Bonee KpynHble pa3Mepbl U Ha3bIBAOTCS MEX(POPMaLNOHHbI-
MU. J1akKkonWTbl, MPENMYLLECTBEHHO, CraratTCst KUCNbIMK Unn cybuye-
NOYHBIMM NMOPOAAMU, UCXOAHbIE MarMbl KOTOPbIX MMEKT BbICOKYIO BS3-
KOCTb U HE MOTyT pacnpoCTpaHATLCA Ha BonbluMe pacCcTosaHNUS OT Noa-
BOAsLero kaHana. B Poccun TMnnyHble NakkonuTbl LWUMPOKO pa3BUThI B
parnoHe KaBka3ckmx MuHeparnbHbIX BOA.

®dakonnUTbl — BbIMYKNO-BOrHYTOE NMH30BUAHbIE MHTPY3UBHbIE Te-
na, 3anerawulee B aapax aHTUKNMHANBHbBIX UM CUHKITMHANbHbIX CKNa-
Ook. dakonuTbl 3anerawT B LMCMOLMPOBAHHLIX TOMWax U OObIMHO
nmetoT Hebonblne pasmepbl. OOpa3oBaHne 3TUX OGECKOPHEBLIX UHTPY-
3MBHbIX TeN MPOUCXOANT MO0 OOHOBPEMEHHO CO CKMagyaToCTbiO MK
nocne OpMMPOBaHUSA CKIag4aTon CTpykTypbl. PakonuTel BCTpeyaroT-
CSl 3HAYUTENBHO PEeXe OPYrMX MHTPY3UBHBIX TS U MOTyT ObITb CroXe-
Hbl Pa3fnMYHbIMUX MO COCTaBY MOPOAAMMU.

AKMONUTbI — cOrnacHble MHTPY3MBHble Tena, umetowme opmy
HOXa C nes3BMem HanpaBfieHHbIM BBepX. 3arneralT akMOnuTbl B UH-
TEHCUBHO OUCIOUMPOBAHHbIX CKNagyaTtbiX TOSML, MMELWnX cybBepTu-
KanbHoe 3aneraHne. MoLHOCTb aKMONUTOB MEHSETCS OT NepPBbIX MeT-
pOB M [Jaxe CaHTUMETPOB A0 COTEeH MeTpoB. Hepeako akmonuthbl
BCTpeYalTCcsa rpynnamm B BMAE MNapanfenbHO pacnofoXeHHbIX Ten
3HaAYMTENBHOW NPOTSKEHHOCTU MO NPOCTUPaHMIO. AKMONUTLI Yallle Bce-
ro CMNOXEHbl KUCTbIMW NOPOAaMu, OOHAKO M3BECTHbLI aKMOSUTbI OCHOB-
HOrO N yNbTPAOCHOBHOIO COCTaBa.

MarMaTUT-NNyTOHblI — OrPOMHbIE Tena, CIOXEHHble OObIYHO
FHEMCOBMAHLIMX W MOSloCHaTbIMU  rpaHuTongamn. WMx BHYTPEHHSS
CTPYKTYpa SABNSIeTCs KOH(POPMHOW CO CTPYKTYPOW BMELLAIOLWMX MeTa-
Mopdudeckmx Tonw. MNpun aToM rpaHnTOMabl HE OOHAPYXMBAKOT YETKMX
KOHTaKTOB C MeTamopU4eCKMMmn Nopoaamum.



2.1.2. HecornacHsble Tena

Hankn — nnactMHoobpasHble Tena, orpaHUYeHHble BepTUKarnbHbI-
MU UK KpyTonagatoowmMm CTEHKaMU, KOTOPbIH UMeT 60MbLuyo npo-
TSOKEHHOCTb MPU OTHOCUTENBHO HEBONbLLUOW MOLLHOCTU. Y Aaek pasnu-
yawT eucayull u nexaduli 6oka. MowHoCcTb faek konebnetcs oT He-
CKOMbKMUX CaHTUMETPOB A0 AECHATKOB U COTeH MeTpoB. VHoraa ynomu-
HaloTCs Aaviku, MOLLHOCTb KOTOPbIX AOCTUraeT HECKOMbKUX KUITOMETPOB
(Benvikas pavika Pogesun), ogHako nogobHble MHTPY3MBHbIE Tena, Mo-
BMOUMOMY, He crnegyeT, paccMmaTtpuBaTtb Kak obbluHble Aalku, a Haa-
NeXuT HasblBaTb AaWkooOpasHbIMU WHTPY3MBHbIMK Tenamu. Mo npo-
CTUPaHWIO AaWKN NMPOCEXMBAIOTCS Ha AECATKU MU COTHU METPOB, PEAKO
Ao kunomeTpa. [anku BCTpeyalnTcs NOOAMHOYKE, OAHAKO YacTo Npo-
ABNSATCA rpynnbl CONMKEHHbIX JaeK, KOTOpble HasblBalTCA caumamu
Odaek. B Takux cBuTax ganku MOryT pacnonaratbcsa cybnapannensHo
unun paguansHo. B nocnegHem crniyyae paguanbHble CBUTHI Aaek oka-
3bIBAOTCA NPUYPOYEHHBIMU K BYINKAHUYECKUM LIEHTpaMm Wnn K UHTPY-
3UBHbIM Tenam.

Kpome paek, nmetowwimx NpsiMONMHENHbIA XapakTep, BCTpeyalTcs
Kombueeble U KoHuyeckue Oatiku. KonbueBble Jalku MMelT B MnraHe
hopMy Ayr1 MM He3aMKHYTOro Komnbua. MOLWHOCTb TakvMx Aaek pas-
niMyHa M MOXeT KonebaTbCsa B pasHbIX panoHax OT HECKOMbKMX METPOB
00 cOoTeH meTpoB. [nameTp KOMbLEBbIX Aaek MOXET WU3MEHATbCS OT
COTEH METPOB A0 MepBbIX AECATKOB KMNOMEeTpoB. [ageHne KonbLeBbIX
Aaek BepTMKanbHO UM KPYTO B CTOPOHY OT LeHTpa. [oseneHne konb-
LeBbIX JaeK CBA3aHO C ornyCckaHWeM KpynHblx 6rnokos. [NageHue KoHu-
YeckuX Aaek, B OTnuYmMe OT KOMbLEBbIX, HanpaBneHo K Boobpaxaemo-
MY LIEeHTPY KOMNbLEBOW CTPYKTYpbI.

ATmonuTbl (BOPOHKOOOpa3Hble Tena) — HecormnacHble WHTPY3WB-
Hble Tena, nepecekalwlye HanpaBneHUs CrOUCTOCTU BMeLLaLWmux
nopod. OHu umetroLT opMy BOPOHKM, CyxatoLlerncs K H13y. Yacto Bo-
poHkoobpa3sHble Tena, 3aneras cpean UHTEHCUMBHO OMCIIOLMPOBAHHBIX
Tonwax, obHapyxuBaloT ncesgocTpatudukaumio ¢ obocobneHnem
CroeB Mopoj pasnuM4Horo coctaea. [puyem cpefHsas OCHOBHas 4acTb
TaknMX Ten 0BbIYHO CNOXeHa OCHOBHBLIMW MOPOAAMMU, K HWKHUM YacTaM
TArOTEIOT YNbTPAOCHOBHbLIE MOPOAbI, @ K BEPXHUM — NOpPOAbl NOBbLILIEH-
HOW KMCNOTHOCTW.

LLTokM — HecornacHble WHTPY3MBHbIE Tera HenpaBuibHOW dop-
Mbl. KOHTaKTOBble MOBEPXHOCTU OOLIYHO NafalT KPYyTO UMM BepTU-
KanbHO. B nnaHe LUTOKM UMEIOT HenpaBurbHble ovepTaHus. Pasmepbl
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LUTOKOB Pa3nuyHbl, HO P.[0ann OTHOCWT K LUTOKaM MHTPY3MBHbIE Tena
HenpaBurbHOM OopMbl, NIOLWAaab BbIXO4a KOTOPbIX HA MOBEPXHOCTb He
npesbiwaeT 100 kM.

BaTtonuTtbl NpefcTaBnsloT coboi camble KpynHble WMHTPY3VBHLIE
Tena HenpasunbHoW opmbl. P. [anu oTmevaeT crneayoLwime rnasHble
YepTbl 6ATONUTOB:

o NPUYPOYEHHOCTb K CKIlag4aTbiM Noscam C OOLen BbITSHY-
TOCTbK MHTPY3MBHBIX TEN NapanienbHO rMaBHbIM TEKTOHUYECKMM OCAM
Mpy HECOrMNacHOM 3aneraHyum no OTHOLLEHWIO K 3aneraroLum nopogam;

. HernpaBurbHas KynonoobpasHas KpoBfsi C MHOTMOYMCIEH-
HbIMM BbICTYNaMu 1 NpoBanamu;

. OrPOMHBIN 06bem (mrnowagb Bbixoga GaTtonuMToB Ha no-
BEPXHOCTb HEPEOKO N3MEPSIOTCS TbiCAYaMn U AeCATKaMM TAcaY KMZ);

. OAHOPOAHbIN MPaHUTHBIN U FTPAHOONOPUTOBLIN COCTaB.

Paccmatpusas 6atonutbl P. [Janu cumTtan nx ckBo3HbiMu (6€300H-
HbIMW) MHTPY3UBHLIMW TENaMu, KOTopble Ha rnybuHe COeaMHSITCS C
MarmaTMyeckumMmn ovaramu. B HacTosiiee Bpemsi Ha OCHOBE CTPYKTYp-
Ho-neTporpadnyecknx U reou3NYeckmx MccrefoBaHUn ¢ JocTaTod-
HOW OMNpPEeLEeneHHOCTbI0 JOoKa3aHo Hanuune y O6aTONMTOB HE TONbKO
KpOBMNW, HO 1 NOAOoLWBbI. Takum obpasom, 6aTonuTbl cregyeT paccmar-
puBaTb KakK OrPOMHble MNCEBAOANCKOPAAHTHbIE FaKKONMUTOMOAOOHbIE
Tena. Mpu n3yyeHmn 6aTonNUTOB BCErda BCTAeT BOMPOC O TOM, KaKUM
obpa3oM marma «3aBoeBana» TO MPOCTPaHCTBO, B KOTOPOM pa3mMec-
TUnca 6atonuT. ATOT CNOXHBIN BONPOC MOMy4ni Ha3BaHue «npobnemel
NpOCTpaHCTBa», KoTopasi [0 HACTOSLLEro BPEMEHW OUCKYCCUOHHOWM.
OpaHun nccnegoBarteny CUMTalT, YTO MaBHas posb NpuHaanexana ak-
TMBHOMY BHELPEHUIO MarMbl MO MOBEPXHOCTAM PEermoHasbHbIX HECo-
rnacui, KoTopble SBNSIOTCS OQHOBPEMEHHO 30HaMU MOHMMKEHHbIX AaB-
nexHun. [pyrne paccmaTpuBatoT GaTonuTbl Kak pesynbTaT MeTacoMa-
TMYECKOW rPaHUTU3aLUN BMELLAIOLWMX MOPO4, Ha MecTe KOTOpbIX BO3-
HUKalT MeTacoMaTuU4eckne rpaHUToBMAHbLIE Mopoabl. B nocnegHee
BPEMS LUMPOKMM MPU3HAHMEM MOMb3yeTCsl rMnoTesa mMarmaTMyeckoro
3aMeLLeHns BMeLLLaLWmMX Nopoa rpaHUTHbLIM pacniasoM. B ceeTe aTon
rmnoTtesbl 6aTonuTbl NPeacTaBnalT cobor 3aKOHCEPBMPOBAHHbLIE Mar-
MaTun4yeckme ovaru.

LieHTpanbHble MHTPY3UWU. VIHTPY3NBHbIE TENa LEHTParnbHOro Tu-
na npeacTaBnAlT cobon HecornacHble MHTPY3MBHbBIE TeNa KONbLIEBOMO
rnyOOKOLEHTPNYECKOrO CTPOEHUS. LieHTpanbHble UHTPY3UN SIBRSIKOTCSA
CNOXHbIMW, MHOrodasHbiMu. PasHoobpasHblie No cocTaBy MopoAbl OT-
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AenbHbIX a3 BHeApeHWs1 pacnosiaralTcs B MHTPY3MBHbIX Tenax rpybo
KOHLEHTPUYECKM.

2.1.3. OcHOBHbIE NMOMI0XXEeHNUSA reHeTU4YeCKOW CUCTeMaTUKU
MHTPY3UBHbIX Ten

OCHOBBI reHeTU4ecKkor Knaccndukaumm MHTPY3MBHBIX Ten 6binu
pa3paboTaHbl HemMeukuM yyeHbiM . Knoocom v KpymnHbIM COBETCKUM
nccnegosaternemMm akagemukom A.A. lNonkanoBbiM. VIMEHHO NO3TOMY,
paccmaTpvBaemasi cMcTeMaTuka HasblBaeTcs cuctemaTtukon Knooca-
MNonkanosa.

B ocHoBy 3Tonm knaccudwukaumm nosfiokeHa 3aBUMCMMOCTb (hopM
3aneraHusl UHTPY3UBHbIX TeN OT aKkTUBHOCTW CaMOW Marmbl U OCOBEH-
HOCTEIN TEKTOHUYECKOW CTPYKTYPbl U XapakTepa TEKTOHUYECKUX OBUXKE-
HWIA BMeLLaloLWmMX nopoa (pamel).

AKTUBHOCTb Marmbl MOXET ObiTb CBSi3aHa C €e XMMWUYECKMM BO3-
OEVCTBMEM Ha BMeLLawLme nopoabl, C CMramMu rpaBuTauun, 3acTtas-
NALWUMN MarMy nepemeLLaTbcsi B 061acTty NOHWKEHHOTO OABMNEHUS, C
rMapocTaTMYeCcKM gaBrneHnem (NpuobpeTeHne marmor MexaHu4eckon
aKTMBHOCTM), C HapylleHneM ha3oBOro paBHOBECUSA, YTO MPUBOAMUT K
BCKMMNaHMWIO ra3oBor ¢rasbl U B3pbiBam ¢ 0Opa3oBaHveM TpyOOK B3pbl-
Ba. Bce nmepeuncrneHHble TWMbl aKTUBHOCTU TECHO B3aMMOCBSA3aHbl U
MOTyT NPOSIBAATECA OOHOBPEMEHHO, HO C Pa3NMYHON MHTEHCUBHOCTLIO,
3aBUCALLIEN OT rNyOMHbI, Ha KOTOPOM (POPMUPYHOTCA MarmaTU4eckme
Tena. Ha Gonblmx rnybuHax ¢ 6onbllen MHTEHCUBHOCTBLIO MPOSBNSA-
IOTCS XMMUYECKas 1 rpaBUMTaLMOHHast aKTUBHOCTb.

TekToHMYecKasi CTPYKTypa W XapaKTep OBWKEHWA BMELLaLMX
nopog Hapsioy C akTMBHOCTLIO Marmbl OkasbiBaeT 60MbLIoe BMMSIHAE Ha
dopMbl 3aneraHus marmMatudeckux Ten. TeKTOHWYecKkas CTPyKTypa M
XapaKTep TEKTOHWYECKMX ABUXKEHWI OKa3biBAOTCH PE3KO pasnmnyHbIMU
ONS KpaToreHoB M oporeHoB. [Npu 3TOM K KpaToreHam OTHOCSITCA Tek-
TOHWYECKN YCTOMYMBBLIE YYaCTKU 3€MHOW KOpbl - NAatdopMbl U Kpu-
cTannuyeckue WmMThl, @ K OporeHam — cknagyatele obnactn. KopeHHbie
OTNNYMSA CTPOEHUS U XapakTepa TEKTOHMYECKUX OBMKEHUIA KpaTOreHoB
N OpPOreHOB MO3BONSANT pa3gendTb MarmMaTuyeckne Tena Ha ABa Tuna:
UHMPY3UBHble meJia Kparmoa2eHo8 U UHMPY3UBHbIE mesia OPO2EHO8.

dopma UHTPY3UBHLIX TEN KPATOreHOB OMpeaensieTcs TUMNOM Tek-
TOHUYECKNX OBWXXEHUIA YCTOMYMBLIX OOnacTen B nepuog ux aktmsauum,
reonoro-TeKTOHNYECKMM CTPOEHWEM BMELLAKLWMX MOpog U aKTUBHO-
CTbl0 Marmbl. [1na KpaToreHoB BbIOENSAOTCA UHMPY3USHbIe mesia pac-
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Koroe (Oaliku, mpeujuUHHbIe mesia) U UHMpPY3UeHble mera, C8s3aHHbIe
C aKmueHOCMbI0 caMol MaaMbl U CmpyKmypouU emewarouux nopoo.
Cpeav UHTPY3UBHbIX TES, CBSA3AHHLIX C aKTUBHOCTbLIO Marmbl, Bblgens-
I0TCS coenacHble mesna (Cunibl, NaKKOMWTbLI, NONOMNUTbLI) U Hecoenac-
Hble merna (UeHTpanbHble UHTPY3UW, KoMbLEBbIE AalKK, TPYOKM B3pbl-
Ba).

MHTpy3nBHbIE TENa OpPOreHOB MOAPAa3AensTCa Ha TpU rpynnbl:
0oopoeeHHble ([ocKnagyaTble), CUHOPO2eHHbIe (cocknaa4vaTbie) U ro-
cmopozeHHble (nocnecknag4yaToie).

B OooporeHHbI neprog NpoucxoguT nporndaHne AHa reoCUMHKNn-
Hanen M HakonfieHme OrpoMHbIX Macc ocagkoB. B aTtoT nepmog dop-
MUPYIOTCH MHTPY3MBHble Tena, HanoMuHaloLWme WHTPY3uBHble Tena
KpaToreHoB (Cunnbl, NakKoNuUTbl, AaMku, TPeLiMHHble Tena). OpHako,
npy NOCneayLWmMx cknagyatbiX ABUKEHUSX NepBOHaYansHoe nosoxe-
HMe 1 hopMa UHTPY3UBHbLIX TEN PE3KO HapyLlaeTcsl U OHW OKa3bIBatoT-
cA pesko geopMupoBaHHbIMKU. B cnuHOporeHHbI nepuod dopma mH-
TPY3UBHbIX Ten, rMaBHbIM 006pa3oM, ONpeaenseTcs OBWKEHNEM paMbl
W, B MEHbLUEN CTEMNeHU, akTMBHOCTbIO Marmbl. [pyu 3TOM, BO3HUKAKOT
cornacHble MHTPy3uBHbIE Tena (hakonuTbl) N HECOrMacHble Tena (LWTo-
Ku, 6aTonuTtel). B NocTOporeHHbI nepmnog, HacTynawLwuin nocne 3ambil-
KaHUS reoCHKNMHAaNen, TEKTOHNYECKME ABUXKEHMS NPOSIBNSATCA B 06-
pa3oBaHMKU pasfioMoB C 0OpPa30BaHNEM HECOMNACHbBIX MHTPY3MBHbIX TEN
(wTokn, pankuK, gankoobpasHble Tena).

2.2. Acbcpy3mBHbIE NOpOAbI

dopmbl 3anerannst acpdy3nBHbLIX NOPOA ONpenensitoTcs, B rnae-
HbIX YepTax, TUMNOM MW3BEPXKEHWSI, COCTAaBOM W3BEPraeMolr IaBbl U
pensecpoM MECTHOCTU, rae npoucxoamT ussepxeHue. B npupoge cy-
LLLECTBYIOT CNeayoLme TUMbl U3BEPXKEHNI:

a) mpewuHHbIU mMur, KOTOPbIA XapakTepMU3yeTcs CMOKOWHbIM M3-
NUSHUEM NaBbl U3 NPOTAKEHHOW TPELLMHBI;

0) yeHmpanbHbIU Mur, KOraa BYINKaHUYECKUA maTepuan nocrty-
naeT Ha NOBEPXHOCTb U3 LEHTPanbHOro BYNIKaHUYECKOro KaHana Becb-
Ma OrpaHM4YeHHbIX pasmepoB. B oboux crniyyasx obpasyroTcs hopmbl
3aneraHus kak oblime (MoKpoBbI, MOTOKM), Tak KU cneundmryeckne ons
LeHTpanbHoro Tuna (BynKaHUYeCKUe KOHYCbl, BYFIKAaHU4YecKMe Kynona,
HEKKW).

PaccmoTpum KpaTkyro XxapakTepuctuky ¢opM 3aneraHus addy-
3MBHbIX NOpoA.
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MokpoBbl 06pa3yoTCs NPU U3NUAHUN OCHOBHOW faBbl HA CPaBHW-
TENbHO POBHYIO MOBEPXHOCTb 3emnu. [lpyn aToMm, OCThiBLIAs nasa no-
KpbiBaeT CMOLIHbBIM NMaLloM 3Ha4YUTENbHbIE NPOCTPaHCTBA, C 0bpaso-
BaHue 6a3asibmogozo rnamo. Mopdonornyeckm MNOKpPOBbI B MflaHe
UMEIOT, B LIENOM, cybnsoMeTpryHble odepTaHusi NMbo cnerka BbITSAHY-
Tble B HanpaeneHuM TedYeHns naebl. MOLWHOCTbL OTAENbHBIX MOKPOBOB
BapbupyeT, 00bl4HO, B npegenax ot 6 go 30 metpo. OgHako, no-
CKONbKy 6asanbToBble MIaTo BO3HMKAKOT B pe3yribTaTe MHOIOKpaTHbIX
N3NUsHWA, TO 0bLlas MOLWHOCTb Ba3anbToOBbLIX NATO MOXET A4OCTUraThb
COTEH W Jaxe NnepBbIX ThicAY MeTpoB. Tak, Ha nmnockoropbe [JexkkaH
(MIHAuUs1) coBOKYMHas MOLLIHOCTb NOKPOBOB cocTaBnseT 1800 meTpos.

CBoeobpasHoro coctaBa M CTPOEHUS MOKPOBbI BO3HUKAKOT NpU U3-
BEPXKEHMAX HEKOTOPbIX BYIKaAHOB LieHTpanbHoro tuna. Mimeetcsa seuay
obpasoBaHue usHUMbBpPUMOS, Korga u3 xepra ByrnkaHa BblibpacbiBaeT-
cs1 cBoeobpasHas CycrneH3nsa U3 nNMpoKnacTUYeCcKUxX 1 ra3oBbIX NPOaYK-
TOB U3BEPXKEHUS.

MoTokn npepcTaBnsoT cobow s3bikoobpasHble Tena ahdy3nBHbIX
nopop, BO3HWUKAIOLLMX NMPU N3NUSAHUM NaB Ha HEPOBHYIO, PaCUSIEHEHHYIO
NMoBepPXHOCTb 3emMnun. Bo Bcex crnydasix MOTOKM UMEKT CPaBHUTENBHO
HebomnbLUy BenuYMHy npv GonbLlion NpoTAXeHHOCTU. MolwHoCcTb oT-
OenbHbIX MOTOKOB 0ObLIYHO U3MepsieTca MeTpaMy Unu nepebiMy AecsiT-
KaMu MEeTpOB.

BynkaHn4eckne NoTokM U NOKPOBLI B AanbHENLIEM MepPeKpbIBaoT-
CS OTHOCMTENbHO MOMNOAbIMW OTNOXEHUAMWU U npuobpeTaroT nnacro-
obpasHble opmbl 3aneraHus. o cBoMM Mopdonormyecknm ocober-
HOCTSIM OHM HaMOMWHAIOT B pa3pesax MHTPY3MBHbIE 3anexu, oTrnunya-
SICb OT HUX OTCYTCTBMEM TEMNOBOro BO3AeNCTBUS (MeTamopdmama) Ha
Bblllenexalume nopoabl. BynkaHunyeckne nOKpoBbl M MOTOKM obpasy-
I0TCA NMPEMMYLLECTBEHHO MPU U3NMUAHUM Ga3anbTOBbIX MU aHOE3UNTo-
BbIX naB. Mo mopdonormyeckum npusHakam cpeam 6asanbToBbIX NOTO-
KOB M NMOTOKOB pasnnyatoTCsi TPY OCHOBHbIX TUNa:

o [Max0axo03 — naBbl, KOTOpble XapaKTepusylTcss OTHOCU-
TenbHO POBHOWM, BOMTHUCTOW MOBEPXHOCTLIO.
. Aa — naBbl, UMeloLLme rpybyto MOBEPXHOCTb, KOTopasi Co-

CTOUT 13 CBSI3aHHbLIX MeXxay coboi 06MOMKOB, NepenonHeHHbIX nopamm
¥ nycToTamu.

. Munoy — naBbl (LWapoBble NaBbl) XapakTepusytoTcs Mnpu-
CYTCTBMEM LLAPOBbLIX UMW 3NNMNcouaanbHbIX pparMeHToB, CnasiHHbIX
mexay coboii. Munoy - naBa o6pasyeTcs Npu NOABOAHBLIX U3MUSHUSIX.
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BynkaHu4yeckne KOHYCbl BO3HWMKAIOT B CBHA3M C AeATENbHOCTbIO
BYIIKAHOB LEHTpanbLHOro tuna, kotopas NpuBOAMT K CKoMnneHuo 60onb-
LUMX Macc ByNKaHMYECKOro MaTepuana oKosfo Xepna ByrnkaHa. B 3aBu-
CMMOCTU OT npeobnajatollero cocrtaBa BYNKaHUYECKMX NPOAYKTOB
pasnuyatoT flaBoBble KOHYChl (raBaNCKUA TUM), CNOXEHHbIe TONbKO Na-
BOBbIM MaTepuarioM, NMMPOKIAacTUYECKNE NaBOBble KOHYCbI, B KOTOPbIX
YepenyTcs NaBoBble U TydOBblE FOPU3OHTHI, TY(OBbIE KOHYCbI, MOYTK
LLeNIMKOM COCTOSILLNE U3 PbIXIbIX NMPOAYKTOB U3BEPXKEHMSI.

OHporeHHble ByJKaHMYeCKMe Kymnoyia BO3HUMKAalT B ByrikaHax
LEeHTpanbHOro Tuna, Korga Xeprio ByJikaHa OKa3biBAeTCs 3aKyNopeH-
HbIM OY€EHb BA3KOW MaBOW, 3aCTbIBLLEN A0 BbIXOAa Ha MOBEPXHOCTD.

OK3oreHHble BynKaHM4YeCKME Kynomna Takke BO3HWKaKT npu 3a-
KyropKe >xepria ByrikaHa 3acTbiBLUEl BA3koW naeoi. OgHako, B 3TOM
cny4vae noj 6onblWIMM JaBneHNeM 3Ta 3acTbiBLUAd faBa BblTankuBaeT-
Csl U3 KpaTepa B BMAE Kynosios, NMKOB, Urn v T.n. iHoraa, ak3oreHHble
Kyrnona AoCTUraloT BbICOTbl B OECATKM M JaXe COTHU MeTpoB. Tak, Ha-
npumMep, urna BynkaHa MoH-llene nmena BbICOTY Haf, KpaTepom ByIi-
kaHa okono 300 meTpoB.

BynkaHu4yeckune HeKku (>kepJioBUHbI) NpeacTaBnsoT cobon Tena
UMnNMHApMYeckon opMbl, BO3HMKalOLWME B pe3ynbTaTe 3anoSfiIHeHus
NoABOASALLEro KaHana ByrikaHa 3acTbiBLIEeW NaBon unv TycoBbIM Ma-
TepuanoMm. Hekkn MMEeLOT B NnaHe OKPYrible Uiv OBarnbHbIE OYepTaHus,
a ux gnameTp KonebneTtcsa B LWUMPOKMX npedenax oT HECKONbKUX MeT-
pOB 00 NepPBbIX KNIIOMETPOB.

Tpy6kn B3pbiBa NpeacTaBnsalT cOOOW HEKKM, BO3HUKaKOLLME NpU
B3pPbIBHOM XapakTtepe u3BepxeHusi. B oTnuumMe oT 0OblYHbIX HEKKOB
TpyOKM B3pbiBa BBINOMHATCA CLEMEHTMPOBAHHLIM TydOBLIM MaTe-
puanom ¢ npumecbio 0610OMKOB NOPoS, CrararoLmnx CTEHKU TPyOKM u
Oaxe donee rnybokme ropma3oHTbl. KpoMe onncaHHbIx hopm 3aneraHus
3bdy3nBHbIX NOPOA, B BYNKAHUYECKMX 0OMNacTAX LUMPOKO pacnpocTpa-
HeHbl JaWKkuK, YacTb U3 KOTOPbIX MpeacTaBnsna cobon NpuMBOAHbIE Ka-
Hanbl BYNIKAHNYECKNX N3BEPXKEHUN.

MnacTbl pbIXNbIX MPOAYKTOB U3BEPXKEHWUN, CIIOXKEHHbIE Tydamu.
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3. MMHEPAJTOMMYECKUA COCTAB
MAIrMATUYECKUX NOPOA

B aTom pasgene paccmatpuBaloTcsi, NPENMYLLECTBEHHO, FMaBHbIe
nopogoobpasyroLime MMHeparbl MarMaTu4eckux nopog,.

OnpepeneHHble napareHeancbl NopoAoo6pasyroLWmnx MUHepasnos
XapaKkTepHbl ANs OTAEMbHbIX PYNn MarMaTU4Yeckux nopopd, KoTopble
3aBUCAT OT UCXOAQHOrO cocTaBa MarmMbl U BO3HUKAKOT NpU KpUcTannmaa-
UMM MOPOA B pasfUYHbIX TepMoAMHaMMUYeckux ycrnosusx. Hanpumep,
ans rabéponaoB Hanbonee xapakTepHbLIM SIBNSETCS CreayroLwmnin napa-
reHesuc: nnarnoknas, KINMHOMMPOKCEH, a ANs YNbTPaoOCHOBHbLIX MOPOA;
OfNMBWH, OPTOMMPOKCEH U KMMHOMMPOKCEH. B rpaHuTax-panakveu He-
peako BCTpeyaeTcsi ONMBWMH, OAHAKO €ro COCTaB OTNM4YaeTcs kpaliHe
BbICOKOW XXENEe3NCTOCTbI0 U COOTBETCTBYET (hasinnTy, B TO BPEMS Kak B
yNbTPaOCHOBHbLIX MOPOAAaxX ero cocTaB oTBevYaeT Hauboree marHesu-
anbHoMy chopcTepuTy. XapakTepHa Takke 3aBUCUMMOCTb COcTaBa nna-
rMmoknasa OT OCHOBHOCTWU MOpOofbl, COOTBETCTEHHO, ANSl OCHOBHbIX —
aHOpPTUT, OMTOBHUT, NAbpPoOAOP, CPEAHMX — aHAEe3UH, KUCHbIX — ONUrOK-
nas, ansour.

Moao6HbIX NPUMEPOB MHOIO 1 BCE OHU OAHO3HAYHO YKa3blBalOT Ha
TO, YTO COCTaB MUHEpPASIOB, UX KpUCTannoxnuMmyeckas npupoaa, CTpyk-
Typa 1 napareHes3ucbl B KaXaoW OTAENbHOW rpynne Nopog onpenens-
I0TCSH TEPMOANHAMUYECKUM PEXMMOM KPUCTaNM3aumnn Kak NepBUYHbIX,
Tak M NPOM3BOAHbLIX MarM. OTO O3HA4aeT, YTO Mbl MOXEM pellaTb U
obpaTHyto 3agady, T.e. N0 MUHEpPAanorn4yeckoMy U XMMMUYECKOMY cocTa-
BY, @ TaKKe MO CTPYKTYPHbIM OCODEHHOCTSIM OLlEeHMBaTb TepMoAMHa-
MUYeckue ycrnoBust KpucTannusauum nopogbl. OTctoga cnegyet, 4To
npy U3y4yeHur Nopoa Mbl OOSKHbI HE TONbKO AMAarHOCTMPOBAaTb rNnaB-
Hble nopoAoobpasyowme MUHepanbl, M3ydyaTb MX Mopdonormyeckme
COOTHOLLUEHUS, HO TaKkKe U3y4aTb UX CTPYKTYPY M XMMUYECKUIA COCTaB.

B marmaTtuyeckux nopoaax MUHeparnbl NoapasaensioTcs Ha:

o nepBUYHbIE, KOTOPLIE KPUCTANNU3YHOTCS HENMOCPEeACTBEHHO
13 marmel;

. nocTMarmaTuyeckve (BTOPUYHbIE), BO3HMKAlOLLME Moce
dopmMMpoBaHNA camoii nopoasbl;

o KCEHOTeHHble - YyXAble AN MarmaTuy4eckMx nopod, OHM

06pa3YIOTCFI nyteMm accuMmnaumm marmbl BMeLllarwmnx nopon, nmnbo
COXPaHAKTCA KaK PEJINKTbI.
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K nepBuYHbIM MarmMaTU4eckum MUHepanam OTHOCSITCS MUHeparnsbl,
KOTOpblE KPWUCTanmu3ylTcs HEMOCPEACTBEHHO W3  MarmaTu4eckoro
pacnnasa: ofIMBUHbI, MMPOKCEHbI, MONEBbIE LWNaThl, KBapL,.

K BTOpWYHBIM OTHOCATCS HM3KOTEMMepaTypHble MnocTmarmMaTuye-
CKMe MUHeparnbl: CEPNEHTUH, XMOpUT, Tasbk 1 Ap., KOTopble 0Gpa3sytoT-
CSl Ha 3@ CYET NEPBUYHbIX

B cBoto o4epenb nepBrYHbIE MMHEparbl AENSATCH Ha:

. rmaBHble, KOTOpble MPUHUMAIOT CyLLEeCTBEHHOe yyacTue B
cocTaBe ropHbIX Nopos;
. aKueccopHble (BTOpocTeneHHble), BCTpevallmnecs B Buae

He3HaunUTENbHON NPUMECH.

MaBHbIMM MWHeEpanamuM MarmaTu4eckux nopopn, SABNSAKTCS, rnas-
HbIM 0BpasoMm, cunukaTbl U anoMocunukaTel, a Takke ksapl. OHu B
3aBUCMMOCTU OT UX COCTaBa AensATcs Ha TEMHOLBETHbIE ((heMuyeckue,
MenaHOKPaToBblE) U CBETNOOKpALUEHHbIE (CanuMyeckue, nenkokpaTo-
Bble).

K TeMHoUBETHbIM MWHepanam OTHOCATCSl ONMBWHBI, MUPKCEHBI,
amcubonebl, CnioAbl, a K CBETII0OKPALLEHHbIM: KanuwinaTel, nnarvokna-
3bl, denbalnaTonasl 1 KBapu.

TeMHOUBETHbIE MUHEparnbl XapakTepusylTcs PsiAoM O0COBeHHO-
cTen:

. 3TO, [MNaBHbIM 00pa3oM, Xene3o-marHeBble U Xeneso-
KanbLueBble MUHeparnbl;

. MaKPOCKOMMYECKN OHWM OObIMHO TYCTO OKpalleHbl, a nog
MUKPOCKOMOM MOTYT BbITb Kak OKpalleHHbIMU, Tak U 6eCLBETHLIMU;

. OONbLUMHCTBO U3 HUX MMEKT MnokasaTenu npenoMrieHns
6onee 1,600;

. UX ABYNperioMneHne U3MeHsIieTCsl B LUMPOKUX Mpeaernax,

o[HaKo Yallle XapakTepHbl sipkue LBeTa HTepdepeHLum.
CBeT/I00KpalLEHHblIE MMUHEparbl BKMHOYaloT, B OCHOBHOM, astoMo-
CUNVKaTbl KanbUUsi, HATPUS U Kanusi, K HUM TakkKe OTHOCUTCS KBapl,.
[N HUX xapaKTepHbI criegytolime obwmne 0Co6EHHOCTH:
. MaKpOCKOMMYECKN 3TN MUHeparnbl 06bIYHO Mpo3payHble, a
noAd MMKPOCKONOM OHM GeclLiBeTHble, pedko obnaaarT crnabbiMu rony-
6oBaTbIMU OTTEHKAMU;

o UX rokasaTenu npenomreHus 6rnmsky K nokasaTento Ka-
Hagckoro 6anb3ama (1,537);
o ABYNpenomreHve Huskoe, MHTepdepeHLMOoHHas okpacka

HN3KadA, He BbilLe NepBOoro nopdaka.
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Hwke npuBegem xapakTepucTVKy FraBHbIX MOpPOAoo6pasyoLwmx
KaK CBETNOOKPALLEHHBIX, TaK TEMHOOKPALUEHHbIX MUHEpParioB.

3.1. CBeTnooKpallueHHble MUHeparnbl

B aton rpynne pacCcMoTpum Hanbonee 4yacTto BCTpe4vyaemMble MNHE-
panbl: KBapu, Kanmwnartbl, nnarnoknasbl 1 (beﬂbD,LLIFIaTOI/ID,bI.

3.1.1. Keapy,

Keapy oTHOCUTCSA K rpynne MnHepanoB KpeMHe3ema, Hapsaay C Ko-
TOPbIM B 3Ty rpynny BXogAT TpUAMMUT, Kpuctobanut, onan, xanueaoH
n ap. Cpegun aTux MMHeparnoB KBapL, NOMb3yeTcs NPenMyLLECTBEHHbIM
pacnpocTtpaHeHneM. OH Hambonee xapakTepeH ANg KUCMbIX Mopoa,
BCTpeYaeTcs B CPEOHNX U PeaKO B OCHOBHbIX.

KBapL B 3aBUCMMOCTW OT TEPMOAUHAMUYECKUX YCIOBUIN KpUcTan-
NN3yeTcsa B rekcaroHanbHOM U TPUTrOHaNbHOW CUHIOHUSIX. B n3BepxeH-
HbIX TFOPHbLIX MOpoAax KBapL, OObIMHO MMEET HenpaBUIIbHYH, KCEHO-
MOpcoHyto  hopMy 3epeH U NpeAcTaBfieH HU3KOTEMNEpPaTypHOW O-
pasHOBMAHOCTBIO. B adhdpy3mBHBIX nopogax BCTpeyaeTcsl BbICOKOTEM-
nepaTypHbIN B-KBapL, YacTo MMELLNIA MONoMopdHYo hopmy.

Mog mMukpockonoM 3epHa kBapua obbl4HO BecuBeTHble, pefgKko ce-
poBaTble, MyTHOBaTble 3a cyeT BKNoYeHnn. KBapy — MuHepan o4veHb
CTOMKU N NO3TOMY NPOAYKTOB pasnoxeHusi He umeeT. Ero nokasatenu
npenomnenna Ne=1,553, No=1,544; gsynpenomneHune Huskoe: Ne-
No=0,009, noatoMmy Ansi Hero xapakTepHbl HU3kne Genble LBeTa WH-
TepdepeHunn. MuHepan OOHOOCHbLIW, NONOXUTENbHbLIN. KBapy, nerko
noasepraeTcs nnactuyeckum gecdopmMaumsm, Ang Hero 4acrto xapak-
TEPHO HEOOHOPOAHOE MoracaHue: BOMHUCTOE, 00nayHoe, Mo3anyHoe.

3.1.2. NoneBble wWnaTtbI

Ota rpynna Hanbonee pacnpocTpaHeHHbIX MuHepanoB. OHU co-
ctaensoT ~50% oT coctaBa 3emMHou kopbl. Tak ~10% noneBbIX WNAToOB
NpUXOAMTCA Ha ocagoyHble nopofabl, ~50% — Ha meTamopduyeckme un
~60% — Ha marmaTtudeckue. Hanuume unu oTcyTCTBME MOMEBbLIX LIMNa-
TOB B Mopoae, a Takke UX XMMUYECKUA CoCTaB WUMEIDT Kraccudukaum-
OHHOEe 3HayeHue. Mo XMMUYeckoMy COoCTaBy MOJEBbIE LWIMNAThl ABMAAOT-
cs antomMocunukaTamm KanbLmsi, HaTpusi, Kanus 1 npeacTaBnsioT cobon
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TBepable pacTteopbl B cucteme CaAlSio-Og — NaAlSi;Og — KAISi3Og
(puc. 1).

CaAl2Si20s8
AHOpTUT

80 ButoBHUT

JTabpagop

. AHOe3unH
Mone 0
HEecCoBMEeCTUMOCTHU
20 Onwurokna3s
OpToknas Muk OKﬂVIH
P CaHuauH P AHopTOKNa3 Anbbut
KAISi308 NaAlSi308

Puc. 1. Knaccudukauus nonesbIx WNATOB

Kak BMaHO 13 gmvarpaMmmbl n3omMopumam B 3TOM cUCTEMe BeCbMa
orpaHunyeH. Boigensiotca ABa n3oMopdHbIX psaa NnorneBbIX WnaToB.:

o Na — Ca nonesble wWnaTbl (Mrarnoknassbl)

o Na — K nonesble Wwnatbl (LWenoyHbIe nonesble WnaThl: Ka-
nuwnaTbl, ansouT).

OrpaHnyeHHas CMecMMOCTb MPUBOAUT K TOMY, YTO MoneBble Luna-
Tbl 06enx psigoB MOrYT KpUCTannu3oBaTbCs M3 pacnnaBa OOHOBpe-
MEHHO 1 BMeCTe COCYLLeCTBOBATb.

3.1.2.1. KanuesBble nonesble WNaTbl (KanuwnaTbl)
Kanuwnatbl KpuctannmnsyoTcs B TPUKAMHHON U MOHOKITUHHOW CUH-

roHunsix. OgHako (*)a3OBbIe nepexoabl Mexay HAMU Hepe3Kkue, a nocrte-
NeHHble, YTO NpoABNAeTCA B U3MEHEHUUN UX CTeneHU TPUKIMNHaINbHO-
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cTn. CTeneHb TPUKMMHHOCTY CBSA3aHa C YNOPSAOYEHHbIM pacnpeaerne-
HVMEM KaTUOHOB B KPUCTaNMMYECKON CTPYKType kanuwnaTos. [Mpu atom
«nopsigok-6ecnopsigok», HabnwaaeTca B pacnonoXeHMn atoMoB Si n
Al, a Takke Na n K. Hanbonee ynopsgoyveHHble kanuwnatbl HasbiBa-
IOTCH HU3KMMMU, a pa3ynopsifoYEHHbIE — BLICOKMMU, a C NMPOMEXYTOYHON
CTeneHbo YNopsA04EeHHOCTU — MPOMEXYTOUHbIE.

BblgensioT YeTbipe cepun TBepAbIX pacTBOPOB:

1
é g 1) BbICOKUI anbOUT — BbLICOKMI CaHWAWH
3d 2) BbICOKMIA anbOWUT — HU3KWMI CaHWAWH
2 g 3) Hu3KuM anbbuT — opTOKNa3
¥ 5 4) HWU3KUIN anbbUT — MUKPOKINH

()

O

MepBas cepus TBEpObIX PacTBOPOB BCTpevaeTcs rMaBHbIM obpa-
30M B BYJIKAHWYECKMX U CyOBYNKaHWYeckux nopogax. [Ansi MHTpy3uB-
HbIX MOPO4: FPaHUTOB, CUEHWUTOB, MErMaTUTOB — XapaKTepPHbl HU3KUN
anbbuT, opToKnas u MUKPOKNunH. CocTaB M CTPyKTypa KanvwnaTtoB OT-
NNYaTCs HEenpepbiBHON M3MEHYMBOCTLIO M TECHO CBSI3aHbl C TEPMO-
ANHaMMUYEeCKUMUN YCIOBUSMU UX KpucTannuaaumm. iameHeHne coctasa
KanvwnaToB NpUBOAMT M K BapuvauMsM MUX ONTUYECKUX U PEHTreHOCT-
PYKTYPHbIX CBOMCTB. Bblgenstotca asa paga:

. MOHOKITUHHBIN (OPTOKNa3, CaHWOWH);

o TPUKMWHHBIA (MUKPOKIMH, aHOPTOKIAa3).

PaccMoTpyM OCHOBHbIE OMTUYECKNE U OMArHOCTMYECKUE CBOWCTBA
KanvwnaTtoB. Popma orpaHMyeHnst MX 3epeH camasi pasHoobpasHas:
Yalle HenpaBwibHasi, HEpPeOKO MPSMOYrofibHas, KBagpaTHasi, uHorga
ONMHHONpM3MMaTmyeckasl (nencroBas, mukponutosas). OpToknas u
MUKPOKNMH 06bl4HO HecuBeTHblEe, O4HAKO MPW BTOPUYHBIX U3MEHEHNSIX
MyTHEIT 1 nNpuobpeTtatoT Oypyto okpacky. [ns caHuauHa xapakTepHbl
BOASHO-Npo3payHble 3epHa. Pegko Habniogaetcs cnanHocts no (010)
n (001) nog yrnom 90°. T[lokasatenu npenomnexHus: Ng=1,525,
Np=1,519, asynpenomneHne Huskoe Ng-Np=0,006, nostomy gns ka-
NLINATOB XapaKTepHbl HU3KME CBETNO-CEPbIE U Cepble LBeTa MHTEp-
depeHumn. MuHepansl AByocHble. OpToknasbl U MUKPOKITUHBI OTpULa-
TenbHble ¢ yrnamu 2V=—(60-80°). [Ina caHnANHOB XapaKTepHbl Manble
2V=1(0-30°). Cpegu kanuwnaToB HanbomMbWMM pacnpocTpaHeHnem
Nonb3ylTCs OPTOKIMA3 Y MUKPOKIMH. CaHnaNH BCTPEYaeTCs, MMaBHbIM
obpasom, B MOnoabIXx HeMaMeHeHHbIX adhpy3mBHBIX nopogax. Ans ka-
NUWINATOB XapaKTepHbl ABONHWKKU: ANS CaHWAMHA U OpTOKNasa — npo-
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CTble, a AN MUKPOKIIMHA — NOMMCUHTETUYECKME B Buae cBoeobpasHon
"MWUKPOKMNHOBOW peLueTkn".

XapaKTepHbIM MPU3HAKOM KanuwinaToB SIBMNSTCA NEPTUTOBOE
cTpoeHue (puc. 2, a). OHO OByCnoOBMEHO HaNMU4MeM 3aKOHOMEPHbIX
BPOCTKOB anbbuta B 3epHax kanuwnaTtoB. [epTutebl Yalle BCero siensi-
I0TCS NPoAyKTamMun pacnaza TBepObIX pacTBOPOB M BO3HMKAKOT B yCrO-
BMSAX MEOJIEHHOIO OXMaXXOEHWUs, KOr4a B3auMHasi pacTBOPUMOCTb KOM-
noHeHToB NaAlSi;Og — KAISi;Og NnpekpallaeTtcs. BblaensaoT Takke nep-
TUTbI 3ameLLeHnsi, 06pa3oBaHHbIE METACOMATUYECKUM MYTEM.

PasnnyaloT coGCTBEHHO MepTUTbI, MpeacTaBneHHble cybnapan-
nenbHbIMU XKUNoobpasHbiMM 3aKOHOMEPHBIMW BpoCTKkamu anbbuta B
opToKnase, MO0 MUKPOKIUHE, a TakkKe aHTMNepTUTbl, Korga anLbut
no o6bemy npeobnagaet Hag kanvwnaTom. [1ng nepTuToB XxapakTepHo
OAHOBpPEMEHHOE NnoracaHme BpOCTKOB anbbura.

[oBONBHO YacTo Anst KAanNULWNaToB yCTaHaBNMBaeTCs MUKponerMa-
TUTOBOE CTpoeHue (puc. 2, 6). OHo obycrnoBnNeHo 3aKOHOMEPHbLIM cpa-
CTaHMeM Kanuwnata u kesapua. [Npu noBopoTe CTONMKa MMKpockona
BPOCTKM KBapLa racHyT O4HOBPEMEHHO.

BcTpevatotcs MupmekuTthl (puc. 2, B) — 3TO MEINKWe, Xunoobpas-
Hble BPOCTKM KBapLa B 3epHax nrarnokrnasa, pacrofioXXeHHbIX Ha rpa-
HULE C MHOMBMOAMU Kanuvwinara.

6
a EB -
S I\
@ g KL §
S (1] K \ A M
r / [=S)
r

Puc. 2. 3akoHOMepHbIe cpacTaHUa MUHeparnoB: a) NepTUTbl — BPO-
cTkn anbbuta (An) B kanuwnate (KMLW); 6) MmnukponermaTuTbl — BPOCTKM
ksapua (KB) B kanuwnate (KMLW); B) MupMekuntbl — BpocTkM kBapua (KB)
B nnarunoknase (In) Ha rpaHuue ¢ kanuwnatom (KrL).

XapaKTepHon 0COBOEHHOCTbLIO KanunaToB SIBNSETCS TO, YTO npu

BTOPUYHbIX M3MEHEHMSIX OHWM 3aMelLaloTCs TMIMHUCTbIM BELLECTBOM
(nenuTom), YTo NPUBOAUT K NOSIBIIEHNIO BYpOBATO OKPaCKM.
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3.1.2.2. Nnarnoknasbl

Mo npoUEHTHOMY COAEPXKaHUIO AHOPTUTOBOrO KOMMOHEHTA
CaAl,Si,Og B pagy TBepgoro pacteopa NaAlSi;Og — CaAl,Si,Og Bblge-
NSKT criegylowmne pa3HOBUAHOCTU NarMoknasos:

1) anbbutr - 0-10;

2) optoknasz — 10-30;
) aHgesuH — 30-50;
) nabpagop — 50-70;
) GuTOBHWT 70-90;
) aHopTuT 90-100.

ook W

lMnarnoknasbl BCTPeYaTCs NOYTU BO BCEX TUMAax MarMaTtu4eckmx
Nnopoa 3a UCKMIYEHNEM HEKOTOPbLIX YrbTpaoCHOBHLIX. Hanbonee oc-
HOBHbIE Mnarnoknasbl (AHOPTUT U OUTOBHUT) XapaKTePHbl AN Nepuao-
TUTOB, rabbpo-HOpUTOB, aHapTo3uToB. B rabbpo, 6asanbTtax OObIYHbI
nabpapgop 1 OMTOBHUT, a B aHAe3uTax u gMoputax — aHaesuHbl. B rpa-
HUTax W rpaHoguopuTax Oonuroknasbl, NGO ONUroknas-aH4e3vHbl, B
rPaHUTHBIX NerMaTuTax - ansouTol.

OcTaHoBUMCS Ha Haubonee BaXHbIX AMArHOCTMYECKUX MPU3HAKaX
nnarmoknasoB. OHU UMEIOT TPUKITUHHYIO CUHTOHMIO. PopMbl OrpaHuye-
HWs 3epeH nnarvoknasa ans rmybyHHbIX Nopog NpsiMOYrosibHble, Tab-
nityatble, cybusomeTpuyHble; ond runabuccanbHbiX — npuaMaTtude-
ckue; onsa apdy3nBHbIX ANMHHONPU3MATUYECKUE, UronbvaTble (MUKpO-
nutoBble). CnanHoCTb coBepLUeHHasa no AsyM Hanpasnenuam (010) n
(001) nog yrnom 87°, ogHako B LwnmMdax obbivHO nposiBnsieTcs cnabo.
Kpuctannel 6ecuseTHble, a Npy BTOPUYHBIX M3MEHEHUAX npuobpeTatoTt
cepoBaTbii LBeT. OT cocTaBa nnarvoknasa 3aBUCAT nokasatenu npe-
NOMIEHUS N BENUYUHA NX ABynNpenomneHus (puc. 3).

1,590
Ng
0,013
1,538 ] 0,011
o717 “g,\*()
1,527 0,007
AB An As  Olg An

Puc. 3 3aBucumocTb nokasatener npernomneHuss U ABynpernom-
NEeHUs NNarnoknasos OT X CoCTaBa.
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XapakTepHbIM OUArHOCTUYECKMM MPU3HAKOM 3€peH MnarMoknasonB
SABNSETCA HanMumMe B HUX NOSMMCUHTETUYECKUX OABOWMHMKOB. [1BONHMKO-
BaHWe MPOUCXOOUT Kak MO NPOCTLIM, TaK U CIOXHbIM 3akoHaM. Mnaru-
oknasbl SIBNSATCA OABYOCHbIMW MuHepanamu ¢ Gonbwumu yrnamum 2V
>70°. OHK onTU4eckn nonoxuntensHble ans Homepos 0-16 n 36-70, oT-
puyuatensHble ans Homepos 16-36 1 70-100.

Ecnn npouecc kpuctannusauuu nnarvoknasa CconpoBOXaaeTcs
ObICTPbIM OXMaxaeHneM (Jawe Bcero B addpysmBax), TO peakuus pa-
Hee BblAENMBLUNXCSA KPUCTAIOB C XWOKOCTbIO A0 KOHLIA He MpoucXo-
OWT, MPM 3TOM HEeT YCTaHOBMBLLETOCS paBHOBECUS C pacniaBoMm, B pe-
3ynbTate o0b6pasyoTcs 3epHa C 30HaNbHbIM CTPOeHueM. BeigensioTt Tpu
TuNa 30HanbHoCcTH (puc. 4).

60% An 30% An 50% An
40 50 40
20 30 60
30
Mpsamas ObpaTtHas PekypeHTHas

Pwuc. 4. Tunbl 30HaNbHOCTM B Nnarnoknasax.

Mnarmoknasbl He YCTOMYMBbLI U FIErKO MOABEPraloTCsl BTOPUYHLIM
n3meHeHusIM. o KUCnbIM pasHOCTAM pa3BuBaeTcs OBbIMHO MENUT U
CepuunT, a No CPELHUM N OCHOBHBIM COCCIOPUT — CMECb MMHEeparioB
3NMAOTOBON rpynnbl, Kanbunuta u ansoura.

Mpu neTporpaduyvecknx psaoBbIX UCCIEJOBaHUSAX 4acTo HeOOXo-
OMMO onpefensatb NpUONKEHHbIN COCTaB Nnarvoknasa Aansi Toro, 4Yto-
Obl gatb bonee To4yHOe HasBaHue nopogbl (Tabn. 1). ToyHble onpeae-
NeHns cocTaBa Mrarnokria3a MOoXHO BbINOSHUTbL HAa (he4OPOBCKOM CTO-
nuke. OnpegennTb COCTaB MNnarvokrnasa MeHee TOYHO, 0gHaKo BbICTPO
MO>HO Ha 0BbI4YHOM MMKpPOCKONEe ABYMS MeTo4amu.

OnpedesieHue niaz2uokKsasa rno yajaM CUMMempuU4yHO20 noaa-
caHusi 8 ceyeHuu nepneHOukynspHom (010) (Memod M. Jiesu). Ce-
yeHne L (010) onpegensieTca No HaNMUMKO MONIMCUHTETUYECKUX OBOW-
HWKOB, CABOWHMKOBbLIX MO anbOMTOBOMY 3aKOHY, KOTOpble XapakTepu-
3yloTCA crneayowmmmn ocobeHHocTamu. [Npu coBMeLLeHnn BONHNKOBO-
ro wWBa C BepTMKarnbHOW HUTBLIO OKYNSPHOro Kpecta [ABOWHWMKOBas
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CTPYKTypa ncyesaeT, Npy 3TOM 3epHO OBObIYHO He noracaeT, a ABOVHU-
KOBble WHAMBUALI NPUOBPETalnT OAMHAKOBYID WHTEPEEPEHLMOHHYIO
OKpacky. OTO MPOUCXOAUT OTTOro, YTO AMNMNCONAbI ONTUYECKON MHOU-
KaTpucbl B CMEXHbIX MHOUBMAAX pacnonaralwTcs CUMMETPUYHO OBOW-
HWKOBOW NNackocTu (puc. 5).

Tabnuua 1
[narHocTnyeckne CBOMCTBa MarMoknasoB
pasnM4yHOro cocTtaea
Acco-
CO[‘ClTaB dopma Ng-Np | [IBoitHukn MpoaykThbl -
n orpaHuyeHus pasnoXxeHns s
Mpsimoyronk- Ab-Lunpokue,
Kucnbie Cepuuur, KB,
(0-30) Hasl, cybounso- 0,011 [Olg-ToHkMe HenUT KL
MeTpUYHas nHaVMBUAbI
30HanbHOCTb,
c KeagpaTtHas Cocctoput, |bw,
pegHve cpegHue, Wn-
(30-50) cybusomert- 0,007 OKVE MHoM-  |CEPLIMT, Por.
pu4Has P A (30HanbHoO) |o6M.
BUAbI
OcHoB- YepenoBaHue On,
BpyckoBugHas, | 0,009- [LumMpokmx MIn,
Hble 14 Cocctoput P
(50-100) nsometpuyHasa | 0,0 N Y3KUX NHOK- or.
BUAOB obm.

MpumeyaHue. MvHepansi: Nnarvoknassbl (1n) — Ab-ansbut, Olg —
onuroknas, KB — kBapu, KM — kanuwnat, bu — 6uoTtut, Por.obm. —
poroBas obmaHka, MINu — knuHonupokceH, On — ONUBKH.

Np,< (010) NP, Puc. 5. CmmmeTpquQe pacnonoXxeHune
selaly, / SMNIIMMCOMAOB ONTUYEHCKOW WMHAUKATPUCHI B
N CMEXHbIX VHAMBMAOAX, CABOWHUKOBAHHBLIX MO

7T ansbuTOBOMY 3aKOHY.
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Takum obpasom, 4TOObI onpegenuTb HOMEp Nrarnoknasa, Hago
OTbICKaTb 3€PHO C PE3KO BblPaXEHHbIMWU MOSIMCUHTETUYECKUMWN OBON-
HUKaMN C TOHKMMU N YETKUMU OBONHWUKOBbIMU LiBamu. CTaBum ero B
nepekpecTue HATEN U coBMeLLLaeM ABONHUKOBbLIN LLOB C BEPTUKANbHON
HUTBIO OKynsipa, Npy 3TOM Habngaem cnegyloLlmne criyyau:

1. OBOVHMKOBasl CTPYKTypa He McYye3aeT, 3HA4MT, 3EpHO He Mpu-
rogHoO A5ia onpefenexHus;

2. 0BOVHUKOBAasi CTPYKTypa ucyesna, npym 3ToM BCe 3epHO noracrio,
3HA4MT yron CUMMETPUYHOrO noracaHus paseH 0, a nnarMoknas cooT-
BeTCTBYyeT onuroknasy ¢ Ne=20;

3. OBOMHUKOBAs CTPYKTypa Mcyesna, O4HAKO 3epHO He Moracro u
npnobpeno poBHyH OKpacky. B aTom nonoxeHun Gepem otcyeT (0Qg).
3atem nosopaynBaem CTONWK OO NoracaHus OAHOW CUCTEMbl OBOWHM-
KoB (Npu aTom npoekums ocu Np; JOmKHa COBMECTUTLCS C BepTUKarb-
HOW HUTbIO, ecnn 3T0 Ng4 , TO NOBOpauMBaeM Ha Apyroe noracaHue) u
b6epem oTcueT (a4). PasHuua otcyeToB (a1’ = dp - 04) JaeT yron noraca-
HUS1 OQHOW CUCTEMbI BONHUKOB;

4. Nocne HaxoauM TakunMm >xe o6pa3om yron noracaHus ons apyrov
CUCTEMbI [BOIHMKOB (0). Mpn 3TOM pasHuLa B yrnax noracaHvs Ans
obenx cucteM MHOMBUAOB He AoMmKHa ObiTb Oonee 2°-3°;

5. MoBTOpsieM AaHHbIe onepauunn ans 5-6 3epeH, 3atemM Bblibupaem
MaKcuMarbHble 3HavYeHust yrna v no rpadpuky (puc. 6) onpepensiem
HOMep nnarnoknasa;

6. OgHako, ecnu yron noracaHus meHblwe 17°, Heobxogumo onpe-
OennTb 3HaK yrna noracaHus. [na aToro Heo6xoanmo:

a) oTbiCKaTb CeyeHue nnarvoknasa ¢ AByMs cucTemMamy cnawmHo-
CTW, yron mexagy kotopbimn 83-87°;

6) onpeaenum opueHTuposky oceit Ng'm Np’ B aTom ceuenum. Mpu
aTom, ecrim Np/' nexuT B 0CTPOM yriy Mex/y CUcCTeMamm CnaiHoCTy, TO
3Hak yrna noracaHus (+) n HaobopoTt (-) (puc. 6);

B) NMMBO OTbICKMBAEM 3epHO Mrarvoknasa Ha rpaHuue ¢ KBapuem U
C nomoLlpblo nonockn bekke onpegensiem y KOTOporo uM3 Hux 6onblue
nokasaTenb npenomneHuns. Ecnu y nnarnoknasa nokasatenb nNpenom-
NneHnss  MeHblle, 4Yem Yy KBapa, TO yron  noracaHus
(-), a nnarnokna3 nmeeT Ne < 20, ecnu Gonblue, To yron noracaHus (+)
n Ne nnarnoknasa [ 20.
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Puc. 6. KpvBble ans onpegerneHus nnarMokrnasoB No Makcumarb-
HOMY Yrry noracaHusi.

OnpedesnieHue nnaz2uoksiasa rno yary roz2acaHusi 8 ce4eHuu L
[100].

Takoe ceveHve xapakTepusyeTcs Hanuuuem AByX CUCTEM cnaniHo-
ctn no (010) n (001), npmn atom cnanHocTb (010) yacTto coBnagaeT ¢
HanpasreHneM NonNMCUHTETUYECKOrO ABOVHMKOBAHWSA NO ansbutoBoMy
3aKoHy. 3agjayva CcBOOMTCS K onpederieHnio B O4HOM MHAMBUAE nnaru-
oKrnasa 3HaudeHus yrna mexay Hanpaenenvem (010) u Np'. 3atem no
3TOMY Yriy Mo coOoTBeTCTByoLEeMY rpadumky (puc. 6) onpegensiem Ho-
Mep nnaruoknasa.

OnpedeneHue nnaz2uokna3a 8 MUKpoJIUmMax.

MukponuTbl 06bIYHO COCTOAT M3 ABYX Y3KUX ABOWHWKOBBIX MNOMO-
COK. 3agada CBOAMTCHA K onpederieHnio OCTPOro yrna mexay yanuvHe-
Hnem mukpormta (010) u Np'. CocTa nnarvoknasa onpenenseTcs no
3HayeHuio yrna (010):Np’ no rpacuky Anst BbIcokoTeMnepaTypHbIX Nna-
rmoknasos (puc. 6).

3.1.3. Penbawnarouabl

MI/IHepaJ'IbI rpynnbl (*)e]'lb,El,LLII'IaTOI/I,D,OB ABNAKOTCA TUNUYHBbIMU ONA
HeOOHacCbIWEeHHbIX KpeMHe3eMOM LWEeNIOYHbIX MarmMaTu4ecKkux nopog,
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MO3TOMY OHW HUKOrAa He BCTpevalTcs ¢ kBapueM. B aTy rpynny Bxo-
OAT cnegylowme MuHepans:

1)  HedenuH Na(AlSiO,4) — kanbcnunut K(AISiOy4);

2)  nenunt K(AISi,06);

3) copanut Nag(AISiO4)s(Cl)y;

4) HoseaH Nag(AlSiO,)s(S0,);

5) ratouH (Na, Ca)4s[(AlSiO4)]6(SO4).

HedenuH ¢ kanbcunutoM 06pasytoT psag TBepAblX pacTBOPOB C
orpaHu4eHHon cMmecumocTbio Ao T=1050°C, a cBbilwe oHa nonHasi. OHu
ABMAOTCA TUNUYHLIMW MUHEpanamMm LUEnoYHbIX MarMaTnyeckmx nopoga:
HedenMHOBbIX CMEHUTOB, YPTMTOB, (HOHOMWUTOB WM AP., ANA KOTOPbIX
XapakTepHO noBblleHHoe codepxaHue wenoyen, Al,O3 1 NOHWKEHHoe
SiO,.

Hegbenun muHepan rekcaroHambHbI CUHTOHMK (puc. 7). ®opmbl
OrpaHU4eHnst ero 3epeH NPSMOYrorbHble, KBaapaTHble, LUeCTUYrosib-
Hble, BCTpeyaloTcs HenpasunbHble. MuHepan 6ecuBeTeH, Npu BTOpUY-
HbIX M3MEHEHUsAX CTaHOBUTCA cepoBaTbiM, OypoBaTbiM, 6ypoBaTo-
kopuyHeBbIM. CnanHocTb HecoBeplueHHasa no (0001) n (1010). Osown-
HAKW He XxapakTepHbl. [lokaszaTenu npenomneHus HedenuHa:
No=1,532-1,547, Ne=1,529-1,542, koTopble ONU3KM K MOKa3aTento
npenomrneHnsl kaHagckoro Ganb3ama. [BynpenomneHue Huskoe: No-
Ne=0,003-0,005, noatomy UHTEeppepHLMOHHAA OKpacka H13Kas, cepasi.
3HaK 30Hbl YONUHEHHbIX MHAMBUAOB oTpuuaTenbHbli. MuHepan ogHo-
OCHBbIN, ONTUYECKUIN 3HAK oTpuuaTtenbHbll. HedennH asnaetca Heyc-
TOMNYMBBIM MUHEPArioM M YyacTo 3amMmellaeTcsl COAanuToM, KaHKpUHK-
TOM, LEONUTOM, aHanbLUumMoMm U NubeHepuToM, Hepeako oTMevaeTcs
nenutusaums. o TpelwmHkaM Hepeako pasBMBalOTCA LEOonuTbl AeHA-
pUTOBUAHON POPMBbI.

C ,Ne Puc. 7. OpueHTMpOBKa OMNTUYECKO
VHAUKATPUCHI B KpUCTanmne HedenvHa.
N

O
@Q

27



XapakTepHbIMW OUArHOCTUYECKMMN Npu3HaKkamu HedenuHa sBns-
I0TCA oopmMa OrpaHUYeHMsl, HU3Kasi BEnMMUMHA OBynpenomneHus (ce-
pble U TEMHO-Cepble LBeTa UHTepdepeHuun), NnpsiMoe noracaHve, Tec-
Hag accoumaums co LWenoyYHbIMn amdpubonamm n nnpoceHamn. Huko-
roa He BCTpeyaeTcsl COBMECTHO C KBapueM (3anpelleHHas accouua-
uns).

Ot kBapua otnnyaeTcs 6onee HU3KMMKU LBETAMU UHTepdEepeHLnn
N oTpyLaTeNbHbIM ONTUYECKUM 3HAKOM, a Takke MMeEeT NPOAYKTbl BTO-
puyHoro wuameHeHusi. OT anatuta — HU3KUM penbedom. OT Kanuwina-
TOB — pOpMON orpaHnyeHnst 3epeH, OTCYTCTBUEM NEPTUTOBBLIX BPOCT-
KOB ¥ ABOMHMKOB, OHOOCHOCTbIO.

Jleliyum sBnseTca pegkum mMuHepanom. OH BCTpeyaeTtcs, rnas-
HbIM 06pa3oM, B COCTaBe LLENMOYHbIX KanmeBblX BYNKaHUYECKUX U Cyb-
BYnKaHunyeckux nopofd. Kpuctannusauusa nenumta OCyLLECTBMNSETCH B
YCNOBUAX BbICOKMX TemrnepaTyp U OTHOCUTENbHO HEBBLICOKOrO AaBre-
HWs1, NpyU ObICTPOM OxnaxaeHun pacnnaea. [pu BbICOKMX Temneparty-
pax KpucTanmbl NenuuTa BbiAENSTCA U3 pacniaea nepebiMy 1 obpa-
3ylOT BOASIHO-NPO3payHble OKpyrfble NMbo uanomopdHble BOCHMU-
yronbHble NOpPgUpPOBbLIE BKpANMEeHHWKN. [1py MeaneHHoOM oxnaxgeHum
nevuuT npesBpalaeTcs B caHuauH. Ecnn xe SiO, HegocTaTtoyHO, TO
nenumT BygeT NpucyTCcTBOBaTh B acCoUMaLun C LWENOYHbIMU NOMEBbI-
MU LWNaTamu.

Jlenuut wnmeeT TpUroHanbHylO, MNCEBAOKYOUYECKYIO CUHIOHUIO.
dopma 3epeH BOCbMWYrofibHast U OKpyrmasi, 4acto Mo Kpasm onnas-
neHHasi. OTMeyvalTCa 3aKOHOMEpPHbIE BKIMIOYEHUS MarHeTuTa, CTekna,
KoTopble pacnonaratotcs no 3oHaMm. MuHepan 6ecuBeTHbIN C oTpuLa-
TenbHbIM penbedom. Nokasatenu npenomneHna N=1,508-1,509, Ng-
Np=0,001. B cCKpelleHHbIX HUKOMAX MOYTU M3O0TPOMNeH. XapakTepHbl
ceKkTopuarnbHble NONNCUHTETUYECKME OBOMHUKM (puc. 8).

Puc. 8. NanomopdHoe 3epHO neun-
unTa C cexTopuanbHbIMU ABOVHUKAMMU.
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Jleiunt B OpeBHMX NnaBax OObIMHO M3MEHEH, OH MpeBpalleH B
ncesgonenumnt, nubo anNuUNenuuT, KOoTOopble npeacTaBnAwT cobown
nceesaomMopdo3bl, CrOXEHHbIE, COOTBETCTBEHHO MENKO3EePHUCTBLIMU
arperatamu opToknasa u armpuHa, nubo opToknasa, cepuumTa u Ueo-
TNNTOB.

Codanum. CuHroHua MuHepana Kybuudeckas. OH obpasyeT He-
npaBunbHble, NM6o cybrnsomeTpuyHble 3epHa. CnanHocTb scHas (110).
MokasaTenun npenomneHns o4veHb Huskme: N=1,480-1,490, 4yto OOY-
CrnaBnmBaeT pe3kMin oTpuuaTernbHbIf penbed U LarpeHeByo NoBepX-
HocTb. Coganut 6ecuBeTHbIV Unn crabo ronyboBaThbii.

FarouH. CuHroHns kybudeckas. Nokasatenu npenomseHns oveHb
Huskne: N=1,495-1,505. OH noxox Ha coganuT, OTAMYaeTCs SICHOW ro-
nybow okpackon. alouH BCTpevaeTcsa TOMbKO B LLENOYHbIX addy3u-
Bax.

Ho3eaH. CuHroHus kybunyeckas. Nokasatenu npenomrneHus o4eHb
Huskme: N=1,480-1,495. MuHepan obblMHO HabngaeTca B BUAe He-
npaBuUIbHbIX N0 POpMe 3epeH, NIMOO «CKENETHbIX, U3bEAEHHbLIX» KpU-
ctannoB. MwuHepan 6ecuBeTeH, 4acTo € BypbIMU KaeMKaMu Mo Kpasim.

Puc. 9. HenpasunbHoe no dopme 3epHO HO-
3eaHa ¢ OypbIMM KaemMKamu Nno Kpasim.

3.2. TeMHOOKpaLLleHHble MMHepanbl

B aton rpynne Takxke pacCMoTpum Hanbonee 4yacTto BCTpe4dyaemblie
MUHeparsbl: OJINBUHbI, MMPOKCEHbI, aM(*)VIGOJ'IbI n cnoabl.

3.2.1. OnuBunHbI

OnuBuHbl (Mg,Fe),Si04. OnuBMHbI NpeacTaenAwT cobon TBEpP-
Oble pacTBOpbl ABYX KOHEYHbIX MUHanoB - opcteputa Mg,Si0, (Fo) n
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dasnuta Fe,Si0, (Fa). Mo cogepxanuto dasnutoBon monekynbl (Fa)
OMNMBWHbI MOAPA3AensatoTCA Ha criegyrolme pa3HOBUAHOCTH:

1. dopcTteput (0-10%) — T°C nnasneHusa = 1890°;

2. xpuzonut (10-30%);

3. rmanocugeput (30-50%);

4. ropToHonuT (50-70%);

5. bepporoptoHonuT (70-90%);

6. pasanuT (90-100%) — T°C nnaBneHust = 1205°.

OnuBUHBI SBNSAOTCA OBObIYHBIMU MUHEPaNaMu B YNbTPAaOCHOBHBLIX
nopodax, B KOTOpbIX npeacTtaBneHbl opcTepntom. MeHbLle OHM CO-
AepXaTcs B HEKOTOPbIX TUMAX OCHOBHBLIX M LUENOYHbIX nopod. B kuc-
nbIX Nopodax ONMBUH MOXET WUrpaTb POrb aKLECCOPHOro MuHepana.
Tak xenesuctole OnNUBMHLI (PasiMUTbl U TOPTOHOMMUTLI) M3BECTHbI B
rpaHuTax-panakmebl.

B ynbTpaoCHOBHbLIX NOPOAaXx OfMBUH TECHO acCOLMMPYET C OPTO- U
KnMHonupokceHamu. MpoBedeHHble UCCNenoBaHNsA Mo pachnpeaeneHmio
Mg vn Fe mexay onvBMHamu U OpPTONMPOKCEHAMM, COCYLLECTBYOLNX B
MarMaTM4eckux nopogax, rnokasanu, YTo B kenesucTton obrnactu co-
CTaB OfIMBMHA 3HAYUTENBbHO Goree XenesncTbliA, YeM OPTOMNMPOKCEHaA.
A B marHesunanbHol obnacTtu HabnogatTcs o6paTHble COOTHOLLEHMS.
Takune 3akoHOMepHOCTU B pacnpeaeneHnn Mg n Fe mexay cocyuiecT-
BYHOLUMMM ONIMBMHAMM M OPTOMUPOKCEHaMW MO3BONSET onpeaensTb
TemnepaTtypy KpucTtannusaumm Marmatuyeckmx pacnnasoB. [Mpu saTom
ocoboe 3HayeHne nmetoT koadduumneHTbl pacnpegenenus (Kp), otpa-
Xarowme 3aBUCMMOCTM MEXOY MOJSbHBIMU AONSMU KOMMOHEHTOB B CO-
CYLLECTBYIOLLUX Napax MUHEPAaroB:

ol oPy
Mg YT (Mg
Mg+Fe Fe+Mg

OPy ol
Mg ‘R Mg
Mg+Fe Fe+Mg

B HacTosiLLee BpeMsl NOCTPOEH psg AuarpaMm no KOTOPbIM MOXHO
oueHMBaTb MNPUBNMKEHHbIE 3HAYeHWUs TemnepaTyp Kpuctannusauum
YNbTPAOCHOBHbIX M OCHOBHbIX MOPOA MCXOAS M3 COCTaBa COCYLLECT-
BYHOLUMX Nap MUWHEpPanoB OfIMBMHa—OPTOMUPOKCEHA, NMMOO OnMBUHA—
XpomLunuHenuaa. Hanbonee n3BecTHbIMU aBTOpaMK Takux guarpaMmm
sasnatotca lNMepuyk, BaraHoB, CyTypuH, [xekcoH, ®abpu. Mo Takum
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anarpammam yCTaHOBIEHO, YTO MHTEepBan TemnepaTyp KpucTtannusa-
LM ONMBUHCOAEPXKALLUMX NOPOA ABNAETCA 3HAYMTErNbHbIM 1 COCTaBMS-
et ot 350 go 1400°C.

B pesynbTrate ONUTENbHON 3BOMOLUMM YIbTPAOCHOBHbLIX NOPOA B
BEPXHEN MaHTMU U 3EMHON KOpe COCTaB OfIMBMHA, €ro CTPYKTYPHble
OCOBEHHOCTM NpeTeprneBalT 3HAYUTENbHbIE M3MEHEHUSA U OTpaxaroT
HamnoXeHHble MNpPOLeCcChbl BbICOKOTEMMEPATYPHbIX MfacTUYeckux Ae-
dopmaumi.

Hapsgy ¢ marmaTM4ecKkMM ONMMBMHOM 3HAYUTENbHBIM pacnpocTpa-
HEeHMEM B YNbTPaOCHOBHbIX MOPOoAax MONb3YyeTCs MeTaMOpPOreHHbINn
OnMBMH. OTOT ONMBUH OOpasyeTcsa Npu AeCepneHTUHU3auun ceprex-
TMHa B NOKarbHbIX 30HaX NpW MOBbIWEHUSAX Temnepatyp. OnvBnHM3a-
LUMS OCyLLEecTBMASETCA Npu NporpeccuBHOM MeTamopduname npu noBbi-
WweHnn TemnepaTtyp cBobiwe 350°. [na meTaMopdoreHHoro onuBuHa
XapakTepHa TecHas paBHOBeCHas accouuauusa ¢ cepneHtuHom. Co-
CTaB €ro OTNMYaeTCs O4eHb BLICOKON MarHe3nansHOCTbIO.

Onmuyeckue ceolicmea onueuHa. CWHIOHMA pombuyeckas.
OpueHTMpOBKa OCel OMTUYECKOW MAMKaTpuUCbl MokaszaHa Ha pwuc.10.
OnueuH B wnudgax obblvHO HabnogaeTcs B BUAe OKpyribiX, cybuso-
METPUYHBIX 3EPEH, pexe OH obpasyeT nguomopdHbie pOMOOBUAHbIE U
LIECTUYrofibHble MHAMBUABI B rmnabuccanbHbiX 1 3¢ddy3nBHbBIX NOPO-
dax. [ns onuBMHa Hepeako yCTaHaBNMBAETCs HECOBEpLUEHHasl cnan-
HocTb no (100), (010), (001). 3epHa onnBMHA OObLIYHO pPa3buUTbl CETbIO
XaOTUYHbIX TPELLMHOK, KOTOpbl€ YacTO BbINOMHEHbI XUNKaMu CepreH-
TMHa c obpasoBaHMeM neTenb4Yaton CTPYKTypbl. [1og MUKpOCKOMOM
OnuBWH GecuBeTHbIN, Npo3payHbli. PasnuT AHTapHO-XenTbin U cnabo
nneoxpoupyet (Ng>Nm).

Nm 4 c Puc. 10. OpueHTupoBka
ocen oNTUYEeCcKoW MHAUKATPU-
Cbl B KpucTanne onuBmHa.

Ng Np
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OT XvMMM4YecKoro coctaBa 3aBUCAT MoKasaTenu NpenomMeHus u
BenunuymHa geynpenomnenus (puc. 11). [Ina onuenHa xapakTepHbl Bbl-
COKMe sipkMe LiBeTa MHTEPEPEHLIMM KOHLA BTOPOro, Havana TPeTbero
nopsigka.

- 0,052 Puc. 11. 3aBucumocTb
NP 1879 TNOKasaTeneil npenomneHns u
’ BESIMYMHBLI  [ABYNPENOMIIEHNS
0.033 1 N9 11,827 onuBMHa OT MX cocTaBga.
' WP
1,669 -
1,636 -
Fo Fa

MoracaHne onuBMHA OTHOCUTENBHO KpuUcCTannorpaduyeckoro ya-
NVHeHus, nMbo cnawHocTu npsmoe. [ns nnactuyeckn AedopMmpo-
BaHHbIX ONMBMHOB XapakTepHO BOSIHUCTOe, 0bravyHoe noracaHve, a
Takke Monockl nnacrtuyeckoro uanoma (king-bands), kotopeie Habnto-
4alTca B BMAE Kak NPOCTbIX, TaK U MOMMCUHTETUYECKNX OBONHUKOB.
MwvHepan OBYyOCHbIN, chopcTepuT nonoxutenesHbin, 2V=+(70-90°), opy-
rme pasHoOBWOHOCTU oTpuUaTenbHble, y hasnuTa 2V =-44,

OnuBMH — MUHepan HeyCTOMYMBLIN M ferko nogsepraeTcs BTO-
PUYHBIM M3MEHeHVsM, Hanbornee YacTo OH 3aMeLlaeTcsl CEPNEeHTUHOM,
a Takke Hepeako TanbkoM, TPEMOSUTOM, UAAMHICUTOM, B6OYNUHINTOM,
KapboHaTOM U MarHeTUTOM.

Haunbonee xapakTepHbIMW OMArHOCTUYECKMMK MpU3Hakamm onu-
BMHa ABMSOTCA: BbICOKUIA penbed, 6ecuBeTeH, Apkue LUBETa MHTepe-
pPEeHLMK, MPSAMOE NnoracaHne, XxapakTepHble NPOAYKTbI Pa3NOXEHUsI.

MOHOKMMHHbBIE MMPOKCEHbI OTNIMYAOTCA OT OfIMBUHA MO HaNU4unKo
COBEpPLUEHHOW NPU3MaTU4eCKoW CManHOCTM, KOCOro noracaHusl, MeHb-
wero yrna 2V. OT poMOMYEeCKUX NMUPOKCEHOB OSIMBMH OTNMYaETCs Bbl-
COKMMW LBEeTaMn WHTEePepHUUn, OTCYTCTBUMEM COBEPLUEHHOW npusma-
TUYECKOW CNamHOCTW.

CnegyeT OTMETUTb, YTO BbICOKOMarHe3uanbHbIA ONMBUH (cpopcTe-
puT) C KBapLEM HUKOrga COBMECTHO He BCTPeYaeTcs — 9TO 3arnpeLueH-
Has accouunauus.

3.2.2. NMupokceHbl

MMHepaJ’IbI rpynnbl MMPOKCEHOB MNOJIb3YKTCA 3HA4YUTEJIbHbIM pac-
npocTpaHeHnem, Kak B MmarmMmatu4eckmnx, tak un MeTaMOpCbVI'-IeCKVIX no-
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pogax. Mo xMmMmuyeckoMy coctaBy OHM 0GpPasylOT CIOXHYO Fpynny Mu-
HeparoB, B KOTOPbLIX BO3MOXHA CMECUMOCTb CIeAyHLNX KOMMNOHEHTOB
— KOHEYHbIX YNEeHOB TBEep/bIX PacTBOPOB:

1. aHcTaTuT (EN) — Mg,Siy06

2. peppocunut (Fs)  — Fe,Siy0q

3. anoncug, (Di) — CaMgSi,0¢
4. repeHbeprut (Hed) — CaFeSiy0s
5. arvpuH (akmnT)(Aeg) — NaFeSiy06
6. xxagewnT (Jad) — NaAlISiy0¢
7. yepmakuT (Cher) — CaAlSiy0¢

O6wasn kpuctannoxmmmyeckasa dopmMyna NMPOKCEHOB Creayto-
was:
X4:nY14nZ20¢ , rOE

X = Ca, Na, K, Mg, Fe*?, Mn

Y = Mg, Fe*?, Mn, Ni, Zi, Fe*, Cr, Al, Ti

Z=Al, Si

OTtcroga BUAHO, YTO COCTaB NMUPOKCEHOB Ype3Bbl4aliHO U3MEHYMB B
CBSI3M C BO3MOXHOCTSIMM LUMPOKOro B3aMMHOMO 3aMeLLeHUst aTOMOB B
NX CTPYKType.

OpHako crnegyeT OTMETUTb, YTO B MarmMaTM4ecKMX FOpHbIX MOpPO-
Aax npeobnagaroT NUPOKCEHbI TPEXKOMMOHEHTHON cucTtembl: CaSi0; —
MgS|03 - FeS|03

IMnpokceHbl enartca Ha:

. pombuyeckne (OpTONMPOKCEHDI)

. MOHOKITUHHBIE (KITMHOMNPOKCEHDI).

3.2.2.1. Pom6uyeckue nMpokKceHbl (OPTONUPOKCEHbI)
K pombuyecknm oTHocATca Fe—Mg nmpokceHbl, nvetowme oodLLyto

opmyny
X0-02Y1.82.0Z206 1N Xo.0.1Y0.9.1.0Z03, rae

X =Ca, Na
Y = Mg, Fe*?, Mn, Ni, Zi, Al, Fe™, Cr, Ti
Z=Si,Al

Haunbonee pacnpocTpaHeHHbIM SBRSeTcs M30MOPMPHbIA pag: SH-
ctatut (MgSi0;) — optodeppocunut(FeSi0z). Mo copgepxaHuio opTo-
heppocunuToBoi Monekysnbl (Fs) BblgenstoTcs crneaylowme pasHo-
BMOHOCTU:

1. HCcTaATUT 0-10% Fs;
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2. OpoH3uT 10-30%;

3. rmnepcreH 30-50%;
4. bepporunepcteH 50-70%;
5. aynut 70-90%;

6. optocheppocnnut 90-100%.

[ns opTONUPOKCEHOB XapakTepHa criegylollas OpUEHTMPOBKA
oceln onTu4eckon unamkaTpuckl (puc. 12). B wnudax 3epHa optonu-
POKCEHOB OObIYHO MMEKT crabo yanvMHeHHy opmy, a nonepeyHble
CeYeHUs — HEMPaBUITbHYIO.

Ng 4 ¢ Puc. 12. OpueHTMpoBKa ocen onTu-
YeCKOW MWHOMKATPUCbl B KpucCTasnne SH-
cTaTtuTa.

B
1>
/ Np

l\im/

a

Okpacka: aHCTaTuT - GecuBeTeH, rMMnepcTeH - OKpalleH U Mreox-
poupyeT, Ng - 6negHo-3eneHbin, Np - po3oBaTbiil, GPOH3UT - MOXET
ObITb crnabo okpaweH. CnaHocTb coBeplleHHas no (110) nog yrnom
87°. Yacto otgenbHocTb no (010) unu (100). MNokasatenu npenomne-
HMUS POMBUYECKMX NMPOKCEHOB BO3pacTaloT C yBENUYEHUWEM cogepxa-
Hua Fe oT aHcTaTuTa K runepcteny (puc. 13).

N 1,727 Puc. 13. 3aBucumocTtb
9 1712 nokasatenen nNpenomrieHus
’ OpPTOMUPOKCEHOB OT UX COCTa-
1,665 Ba.
1,657
OH vn

BenununHa aBynpenomreHns Takke Bo3pacTaeT oT aHcTaTtuTa (Ng-
Np=0,008) k runepcteHy (Ng-Np=0,015). lNoracaHne muHepana nps-
Moe. Pomburyeckne nmpokceHbl ABYOCHbIE: yrnbl 2V y 3HcTaTuTa +(55-
70°), y 6poHsuTa 90°, y runepcreHa -80°.
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YacTto BCTpevalTcs 3aKOHOMEpHble BPOCTKM POMBUYECKOro nu-
poKCceHa BOOfMb CMaNHOCTV B MUHOKITMHHOM NUPOKCEHe ¢ obpasoBaHu-
eM rpadudeckon CTpykTypbl (puc. 14).

MIn

V/
Pn

Puc. 14. 3akoHOMepHbIe BpO-
CTKM pOMOMYECKOro MNUPOKCeHa
(PMn) BOoonb cnaiHOCTU B 3epHe
knuHonupokceHa (MIn).

OOGbI4HO pombUYeckMe NUPOKCEHbI SIBMAIOTCA NOpoaoobpasytoLm-
MW MUHEpanamm B YrbTPAOCHOBHbLIX M OCHOBHbIX MOPOAaxX HOpMasibHO-
ro psga, pexe OHM BCTpevaeTcs B Apyrnx nopogax. OHu sBnsiloTcs
HEYCTOMYMBbLIMW W JIEFKO 3aMeLLalTcsl BTOPUYHBIMKM  MUHEpanamu:
NNacTMH4YaTbiM CepneHTUHOM (6acTUTOM), TanbkoM, TPEMOSIUTOM, Kap-

OoHaTOM U MarHETUTOM.

Pom6uyeckre NUPOKCeHbl OTNNYAIOTCS OT MOHOKMUHHBIX HU3KUMU
LUBETaMWU WHTEPEPEHLMU, HaNUMUYMEeM MPSMOro noracaHusi, Gomnbluemy
yrny 2V, a runepcTeH ontudeckn (—). OT aHganysuTa oHU OTnMYalnTCs
MO 3HaKy 30Hbl, Y aHOanys3uTa OH OTpuuaTenbHbIA, OANS aHganysuTa
TaKKe XapakTepHa NATHUCTasi pO30Basi okpacka.

3.2.2.2. MOHOKNUHHbIE MUPOKCEHbI (KNMHOMUPOKCEHbI)

Cpean MOHOKIIMHHBLIX MUPOKCEHOB YCTaHaBnMBaeTCs OABa psiga:

M3BECTKOBbIN U LLLENTOYHOMN.

3.2.2.2.1. U3BecTKOBLIN pAf

K un3BecTkoBbIM pAaay OTHOCATCA cneaywwme MOHOKIUHHbIe M-

POKCEHbI:
1. gnoncup, — CaMg(Si,06)
2. repeHbepriut  — CaFe (Siy06)
3. KNMMHO3HCTATUT — Mga(Sis0g)
4. aBruT — Ca(Mg,Fe,AD[(Si,Al)206]
5. TutaHoaBrmt  — ¢ npumecsto TiO, o 5%
6. NMVXOHNUT — (Ca,Mg)(Mg,Fe)Si,06
7. omcbauut — (Ca,Na)((Mg,Fe,Al)Si,06
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[Ns MOHOKNWHHBLIX NUPOKCEHOB XapaKTepHa cnegyolias opueH-
TMPOBKa Ocer ONTUYECKOM uHaukaTpucel (puc. 15).

c

Puc. 15. OpueHTnpoBka ocen ontu-

Ng yeckomn WHOUKaATPUCBLI B KpuUcTtarmax Mo-
HOKIMUHHOIO NMNPOKCEHa MN3BEeCTKOBOIO
paga.

B
——
Nm

N

/Np

[anee paccMOTpUM ONTUYECKME W AMArHOCTUYECKME CBOWCTBA
Hanbornee YacTo BCTPeYaeMblX KITMHOMUPOKCEHOB.
Ounoncug — regeHbeprut npeacraensAoT cobom n3oMopdHbIn psia.

Auoncud |

edenbepaum

XapakTepHa npusamaTtuyeckas, coBeplieHHas cnanHoctb no (110);

[na nonepeyHbIX ceveHuni
XapaKTepHa YepblpexyrosibHas
¢opma 3epeH co cnabo pa3BuTbl-
MW NPU3MaTUYECKUMM FPaHAMN;

XapakTepHa HenpaBubHas
dopma 3epeH;

BecuBeTHbIN, MHOrQa co cna-
00 3eneHbIMU OTTEHKaMU;

3eneHblr, npeoxpoupyeT
Ng>Np;

Ng=1,696; Np=1,665,

Ng=1,756; Np=1,727;

Ng-Np=0,031; Ng-Np=0,029-0,018;
C:Ng=38°; C:Ng=48°;
2V= +(58-60°);

[BONHWKN NpOCTbIe

N NONMMCUHTETUYECKUE,

3amellaeTcs ypanutom, Tpe-
MOJIUTOM, aKTUHONUTOM, XJ10pU-
TOM;

MwHepan ycTon4mBbIN;

BcTpeyaetca B Marmatuue-
CKMX U MeTaMopdUYecKkMx Mopo-
Jdax.

BcTpeyaeTca B ckapHax.
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Aea2um no CBOUM ONTUYECKMM CBOMNCTBAM OYeHb NMOXOX Ha Auon-
cna. Hanbornee xapakTepHblM OTAMYUTENBHBLIM MPU3HAKOM 3€PEH aBru-
Ta B wWnudax aBnseTca ero 8-yronbHble nonepeyvHbie paspesbl C Xo-
POLLUO pa3BUTLIMW NPU3MATUHECKUMU FpaHsaMu (puc. 16).

Puc. 16. BocbmunyronsHas copma 3e-
pPEeH aBrmTa B MOMEPEYHBLIX CEYEHUSX C XO-
pOLLO pasBMTLIMK MPU3MATUYECKMMU Tpa-
HAMMW.

B wnudax oH obbiMHO GecuBeTeH, O0AHaKo 4acTo OTMeyvarTes
cnabble pos3oBaTble, OGypoBaToO-hMONETOBLIE, 3ereHoBaTble LiBeTa.
[BOMHMKN BCTpeYaoTCA Kak MpocTble, Tak U NonmMcuHTeTu4eckue. Mo-
kasatenu npenomnenus: Ng=1,71-1,76; Np=1,69-1,73. BennumHa aBy-
npenomnenns: Ng-Np=0,18-0,33. Yron 2V=+60°

ABMMT [OOBOSMIBHO 4acTO 3aMeLLaeTcs ypanuToM, akTUHONMTOM,
XINOpPUTOM.

TumaHaezaum oTnuyaeTcsa oT aBrMTa bornee rycrom xopowo Bbl-
paXeHHOW CUPEHEBO-(PUNONETOBON OKPACKOM M OTYETIMBO MNIIEOXPOU-
pyeT. MHorga onsa Hero yctaHaBnvBaeTCs 30HanbHOe noracaHue, Tmna
dUrypbl NeCOYHbIX YacoB.

3.2.2.2.2. lLlenoyHou psAa

B wenoyHoM psgy KIMHOMMPOKCEHOB BbIAEMSIOTCA SrMPUH U 3rn-
PUH-aBrUT, KOTOPblE XapaKTepHbl ANs WENOYHbIX Nopoa: YPTUTOB, He-
(PENMHOBBIX CUMEHWTOB, LWENOYHbLIX CUEHUTOB M Ap. OTnUUUTEnNbHOWM
0COBEHHOCTBIO LLENOYHbIX MUPOKCEHOB, B OTNMYME OT M3BECTKOBbIX,
ABMNAETCA OPVMEHTUPOBKA OCEN 3MNMNcoMaa OnTUYECKON WUHANKATPUCHI
(puc. 17).

SaupuH OT ApPYrMX KIMHOMMPOKCEHOB OTNMYaeTCA Pe3Ko BbITAHY-
TOM OO0 wuronbvaTon HopmMon 3epeH. [lonepeyHble cevyeHuss umeroT
BOCbMWYTONbHY0, NMUOO0 WEeCTUYronbHYy0 hopMy. SrMpUH NMEET SPKYIO
TpaBAHO-3eMNeHy0 OKpacky M obpaTHylo cxemy abcopbuun. [ns Hero
XapakTepeH oT4yeTnuBbIN Nneoxpousm: Np — TpaBsHO-3eneHbld, Ng —
0o xentoro. Nokasatenu npenomnenus: Ng=1,83; Np=1,77. Osynpe-
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nomnenue: Ng-Np=0,040-0,060. NoracaHne no4tn npsmoe, yron nora-
caHusa C:Np=3-5°, yron 2V=-60°. MnHepan yCTOWYMBbI/A U MPOOYKTOB
N3MEHEHNs1 He UMeeT.

C Puc. 17. OpueHTupoBka ocen on-
TUYECKON MHAMKATPUCHI B KpMcTannax
LLLENOYHbIX MUPOKCEHOB.

Np

. 7 Nm
/b/Ng

[lMarHoCT4YeCKMMM MNpu3HaKaMu JrMpuHa  SIBMSIOTCA TpaBsHO-
3ereHasl okpacka, nneoxpousm, obpaTHasi cxema abcopbumn, oTpuua-
TENbHbIN 3HAK 30HbI U NOYTU NPSIMOE MoracaHue.

SaupuH-aszum obnagaeT NPOMEXYTOYHbIMU CBOWCTBAMU MEXOY
3rMPMHOM 1 aBruToM. Mneoxponsm BbiBaxkeH crnabee 1 NposiBnsieTcs B
3eneHbix ToHax, Ng-Np=0,029-0,037, yron C:Np=10-35°, 2V=-(55-80°),
3HaK 30HbI MOXET ObITb Kak MONOXUTENbHBIM, Tak U OTpULATENBHBLIM.

3.2.3. AMdmbonbl

9710 rpynna nopogoobpasyowmx MuHepanos (okono 130) Hambo-
nee crnoxHas no M3MeH4MBOCTM cocTaBa U humandecknx ceorcte. Op-
HaKO XapakTepHOWN 0COBEHHOCTBIO ABMASETCHA NPUCYTCTBME B HUX TMApPO-
KCUIMBbHOW rpynnbl, KOTOpasi MOXeT 3amMellatbcd (PTOPOM MMM XITOPOM.
OHu obpasyoTca u3 marmbel, 6oraton neTy4MMm KOMMOHEHTaMu, nmbo
Gnarogaps meTamopdunyeckuM npoueccam npu akTUBHOW PONn MUHe-
panusatopoB. AMgun6ornbl 06pasytoTcs 06bIMHO Ha OoMbLUNX rNyOMHaXx.

O6was xmummyeckas cdopmyna amepudonos

X2_3Y523022 (OH,F,Cl)z, roe

X =Ca, Na, K, Mn

Y = Mg, Fe, Al, Ti, Zi, Zn

Z=Si, Al
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Cpean am¢unbonoB BbIAENATCA MOHOKINHHBIE U poMbuyeckme, ¢
npeobnagaHnem nepBbix. Pombudeckne amdpubonbl XapaKTepHbl,
rnaBHbIM 06pa3om, Ansg Mmetamopryecknx nopoa 1 NnerMaTmuToB.

Cpeaun MOHOKMMHHBIX aMMBONoB pasnuyatoT ABa paja:

1) wmsBecTkoBbIN Ca0>5%;

2) wenovyHon Ca0<5%.

Haunbonblimm pacnpoctpaHeHneM nonb3ytTca amcpmbonsl nepeo-
ro psiga, NpeMMyLlecTBEHHO poroBble oOmaHku. OHM BCTpevatoTcsi B
PasnMyYHbIX TUMAaxX MarMaTU4YecKMx NOPO4 HOPMaribHOW LLEMNOYHOCTH, a
Takke NoBbIWEHHON WwenoyHocth (boraTteix K,O). AMdmnbonsl BToporo
psida BCTpevaroTCs, rMmaBHbIM 06pa3oMm, B LLENOYHbIX, HATPOBLIX rPaHu-
TaX U HEKOTOPbIX Pa3HOBUOHOCTSX He(PENMHOBBLIX CUEHUTOB.

YcTaHoBeHa 3aBNCUMOCTb U3MEHEHNSI COCTaBa POroBbIX 06MaHOK
oT rabbpo oo anopuTtoB. B aToM psigy CHWXaeTcsa ux rmmMHO3eMUCTOCTb
W TUTAHUCTOCTb, a Takke OTHocuTenbHas wenovHocte (Na+K)/
(Na+K+Ca).

Onmuyeckue ceolicmea amghubos1o8. AMPNGONbI 0ObIMHO KpU-
CTannu3yloTcsl B BUAE 3€PEH C XOPOLLO BbIPAXXEHHOW NPU3MaTUYECKON
1 BONOKHMCTON cbopmoi. OpMeHTUPOBKA OCeEW 3NNUNcomaa onTUYECKon
MHOUKaTpucbl amgpnbonoB npeacTtaBrieHa Ha pucyHke 18. [nsa mx 3e-
peH XapaKTepHa coBeplleHHasd npuamartmdeckas cnanHoctb no (110)

Ng C VPVIC. 18. OpliIeHTVIpOBKa

ocen ONTUYECKOM WHAMKaT-
pucbl B Kpuctannax amdwu-
bonos. [lokasaHa opma
pa3pes3oB 3epeH B nonepey-
HbIX CEYEHMSIX.

aA77
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nog yrnom 56°. Nog MMKPOCKOMOM OHW YacTO UMEKT BbITSHYTYO ¢op-
My no ocu C. lNonepeyHble pa3pesbl MMET 6-yronbHyto, NMbo pombo-
BUAHYIO popMy, ¢ AByMSA cuctemamm cnanHocten no (110) nog yrnom
56° n 124° (puc. 18). Yronel noracaHusa C:Ng He 6onee 25°. AMdmnbo-
Nnbl OKpalleHbl B 3ereHble, KOpUYHEBble, CUHEBATO-3€eMeHble UBeTa U
OTYETNMBO NNeoxXponpytoT. MuHepanbl ABYOCHbIE, UMEKT oTpULaTenb-
HbIA ONTUYECKMI 3HAK, XapakTepHbl Gonblwure yrnbl (=) ¢ Gonbwmnm
2V=60-90°. Amcwunbonbl oTnNUYarTCA OT KIMHOMUPOKCEHOB MO Ccre-
AYIOLMM OCHOBHbIM ONTUYECKMM CBOMCTBaM:

Amepubosibi KnuHonupokceHbi

1. npnamaTtnyeckas cnam-
HOCTb Nog yrrom 56°;

2. bOpMbI OrpaHNYeHUs:
NPOAOsbHbIE — OObIYHO BbITAHY-
Thble; NonepeYHble — LWEeCTUYrofb-
Hble, pOMOOBUAHbIE;

3. 3amMeTHO OKpalleHbl U OT-

1. npn3amaTuyeckas cnam-
HOCTb noA yrnom 87°;

2. dOopMbI OrpaHUYeHNS: Npo-
OonbHble — cnabo BbITAHYTbIE He-
npaBuibHbIE; NONepeYHble —
BOCbMWYTOSIbHBIE;

3. Cnabo okpalueHbl, MHoraa

YeTNMBO MIEOXPOUPYIOT; cnabo nneoxpoupytoT, nmbo Gec-
UBETHbIE;
4. C:Ng obbluHo 6onee 30°;
5. OnTnyeckuii 3Hak (+);

2V — cpegHun (56-60°).

4. C:Ng ot 3° po 25°%;
5. OnTuyeckun 3Hak (-);
6. 2V — 6onbon (60-90°).

3.2.3.1. U3BecTKOBbIN psAg

BblgensioT npenmyLecTBEHHO crieayloLlmne OCHOBHbIE Pa3HOBUA-
HOCTH:
1. Tpemonut — CazMgs[Si4011]2[OH]2
2. aKTUHONUT — Caz(Mg, Fe)s[Si4011]2[OH]2
3. poroBble 06MaHKM —
— Ca,Na(Mg,Fe), (Al, Fe)[(Si, Al),O,.]1,[OH],

Tpemosium, akmuHonium o6pa3syloT n3oMopdHbIn pag. Ux sep-
Ha HabnogaTesa B BUAe ANMHHOMPUM3MaTUYECKMX UronbYaThbiX, BOMOK-
HUCTBIX KpucTannoB 6e3 KoHUeBbIX rpaHen. Tpemonut 6ecLBeTeH, ak-
TMHOMUT OKpalleH B 3eneHoBaTble ToHa u nneoxpoupyet Ng>Np. Be-
NNYUHBI NoKasaTenen npenomneHus u ABYNPerioMrieHnst Bo3pacTaoT
OT TpemonuTa K aktuHonuty (puc. 19). Yl noracaHma C:Ng=11-17°,
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3HaK 30HbI MONOXUTENbBHbIN, BOVHWUKA MPOCTbIE U MONUCUHTETUYECKNE
no (100). MuHepanbl AByoCHble, 2V= -(75-88°).

- 0,028 Puc. 19. Bapwnauuu
NQ‘NQ nokasartenen npenomre-
L 165 HMS WM BENWYMHbI ABYMpe-
0.022 Ng ’ FIOMIIeHMs OT TpemonuTa K
’1 62 Np L 1,62 aKTUHOMUTY.
1,60
Tp Akt

TpemonuT 1 akTMHONUT camMu Mo cebe ABNATCA BTOPUYHLIMU MU-
Hepanamu no ONMBUHY N NUPOKCeHaMm. 1o CBOMM OMTUYECKUM CBOMCT-
BaM K akTUHONUTY 6nmnska ypanuTtoBas poroasi obmaHka (ypanur), Ko-
Topas obpasyeT nceBAOMOPO3bl MO KIMHOMMPOKCEHy. B cBoto ove-
pedb TPEMONUT U aKTUHOMMUT MOryT 3aMeLaTbecsl ANUAO0TOM, XIIOPUTOM
N KanbUWUTOM.

TpemonuT oT MycKoBMTa OTNIMYAETCHA MO KOCOMY Yrily moracaHus,
no BenuuYnHe ABYNPENOMIIEHUS U MO HUNNYMIO NPU3MaTUYECKON crnawn-
HOCTW.

Fpynna o6bIKHOBEHHbLIX POrOBbIX OGMaHOK.
B aToi rpynne BblAenstoT MHOTOYMCIIEHHbIE PA3HOBUAHOCTW, M3
KOTOPbIX HanGonee pacnpocTpaHeHHbIMU ABMAITCA creayloLLme:

) 06bIkHOBEHHas (Oypas nnu 3eneHas) porosas 0OMaHKa;
o HasanbTuyeckasi poroeast 0bMaHka;

. OapKeBUKUT;

J KEpCyTuT.

O6bIKHOBEHHble poz2oeble 0bMaHKuU OOblMHO HabnwpalwTcsa B
BUAE YOTNMHEHHbIX, MO0 HenpaBunbHbIX MO hopmMe 3epeH, nonepey-
Hble CeYEeHMs1 KOTOPbIX MMEIOT LUECTUYTOMbHYI0 1 poMBOBUAHY ¢op-
My. B HuX OObIYHO OYEHb XOPOLUO BbIPAXEH Mneoxpouam: no Ng —
TeMHO-Oypasi okpacka, Nnubo TeMHo-3eneHasi, a no Np — cBeTno-
KopnyHeBasi, NMnbo GnepHo-3eneHasi, 3eneHOBaTO-CMHAS, T.e. CXema
abcopbunn npsimas Ng>Np. lNokasatenu npenomneHuss u BenuuMHa
OBYNPEnoMIieHnsa 3aBUCAT OT cOoCTaBa MUHepana (rnaBHbIM 0Opa3om
OT cofepXaHus xenesa) u cywectBeHHO BapbupytoT: Ng=1,644-1,704;
Np=1,630-1,678; Ng-Np=0,014-0,026. 3HaKk 30HblI yANMHEHHbIX WUHOW-
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BMAOB MOMOXUTENbHbIN. YacTo oTMe4aloTca NpocTbie U NOAUCUHTETU-
yeckue OBOVIHMKN. MuHepanbl AByocHble, 2V=-80°.

OGbIKHOBEHHbIE pOroBble OOMaHKU 3amellalTCa  akTUHOMUTOM,
3MNMAOTOM, XMOPUTOM, KamnbUWUTOM, MarHeTutoMm. pouecc 3amelleHuns
MarHeTUTOM Ha3blBaeTCa onauuTus3aumnda, KoTopbl Habnwogaetca B
3 Py3nBHLIX U JANKOBbIX NOpoaax.

PoroBast obmaHka oTnmMyaeTcs oT OMoTUTa MO KOCOMY Yriy nora-
CaHus, No BENWYMHE ABYNPENOMIIEHUS U MO HANMYUIO MPU3MaTUHECKON
cnanHoctn. OT armpuHa oTnnyaeTcss cxemon abcopbunm, BENNYNHON
OBYNpPenomeHmnsl, 3HakOM 30Hbl, CMAaHOCTbIO, yriiom 2V.

Bazanbmu4eckass pozoeasi obmMaHKa BCTpeYaeTcs, rMnaBHbIM
obpasom, B achbdysmBHbIX nopogax. OHa oTnuyaeTcst OT 0ObIYHONM Bbl-
COKMMM OTHoOLeHUsiMM Fe™/Fe*=0,66. OKcnepuMeHTanbHoO YCTaHOB-
neHo, yTo nbas porosasd obmMaHka Npu HarpeBaHWW NpeBpaLlaeTcs B
BasanbTnyeckyto, Npu 3TOM 3HaAYMTENBHO BO3pacTalT €e nokasaTenu
NPenomMreHnsi, BENNUYMHa OBYNPENOMIIEHMS, NPU 3TOM yMEHbLUaeTcs
yron 2V. [Onsa 6a3anbTUYecKkon poroBot oOMaHKU xapaKTepeH pe3Ko
Bblpa)XEHHbIN Nneoxpouam: Ng — TeMHO-0ypbi, Np — CBETMNO-KENTLIN.
Mokasatenun npenomnenns: Ng=1,760; Np=1,692, xapakTepHbl O4YeHb
BbICOKME UBeTa UHTepdepeHumn, asynpenomneHve Ng-Np=0,068,
yron noracaHus C:Ng=0-12°, 2V= -80°.

OT 6uoTnTa OTNMYaEeTCH KOCbIM noracaHnem, 60MbWMMK BENNYU-
HaMu NokasaTtenen NpenoMneHunsl, NPU3MaTN4eCcKon CnanHoCTbIO.

Bapkeesukum npefcrtaBnaet cobon poroBytd 0OMaHKy C MOBbl-
LWeHHbIM cogepxaHneMm Mn, a Tarke oboralleHHylo wenovyamu n xe-
nesoM. XapaktepeH nneoxpousam: Ng — KpacHO-kopuyHeBbii, Np —
ceeTno-kopuyHeBbin. Ng=1,700; Np=1,680, Ng-Np=0,020, C:Ng=10-
14°, 2V = -(40-53°). bapKeBUKUT TPYAHO OTNMYMM OT Oypor poroBou
obmMaHkw.

Kepcymum 6oratbin Ti amcpumbon (10% TiO,). OH BcTpevaeTcs B
achbdyanBax u LWLENOYHbIX MHTPY3UBHbIX MOPOAAX.

3.2.3.2. WenoyHou psag
3T amunbonbl B U3BEPKEHHBLIX FOPHBLIX NOpoAax npeacTaBreHbl
pnbekunT-apBeACOHUTOBbLIM PSiAOM, B KOTOPOM OTMEYaeTcs LUMpoKas

Bapuauma marHesnanoHoctn (Mg/Fe). AMcmbonel aToro psga nosnb3y-
0TCA ropas3go MEeHbLUMM pacnpoCTpaHEeHWEM W BCTPeYalTcs B MOpo-
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Jax C MOBbILWEHHOW LWeNOYHOCTbIo. A Ang mMeTamMopduyecknx nopog
TUNUYHBLIM LWENoYHbIM amcmbonom asnseTcs rnaykodaH.

Pub6ekum Habntogaetcs B BUAe HenpaBuibHbIX N0 hopMe 3epeH,
nnbo obpasyeT BOMOKHUCTbIE M UronbYaTtble MHAMBUALI. [Anga pubeknta
XapaktepeH peskui nneoxpomam: Ng — 6negHo-xento-3eneHbii, Np —
TEMHO-CMHUI, T.e. cxema abcopbuumn obpatHas Ng<Np. Nokasartenu
npenomneHusa: Ng=1,689; Np=1,685, aBynpenomneHne Huskoe: Ng-
Np=0,004, 3Hak 30HbI oTpuuatensHbiin, C:Np go 8°, 2V = -(80-90°).

ApgheedcoHum 0o6pasyeT HenpaBwusbHbIE, UroNbYaTble, cTonbYa-
Tble 3epHa, MOoMepeYHble CeYyeHnsi PpOMOOBMAHbIE U LUECTMYTOSbHbIE.
MwuHepan okpalleH 1 obnagaeT peskum nneoxpomsamom: Ng — 6negHo-
XenTbin, ronyboBato-cepbii; Np — 3eneHoBaTo-ronybon 4o MHOAUroeo-
ro, T.e. cxema abcopbumm obpatHas Ng>Np. lNokasatenu npenomne-
Hua: Ng=1,698; Np=1,693. OsynpenomneHve Huskoe: Ng-Np=0,005,
3HaK 30HbI oTpuuartensHbin, C:Np=15-20° (oT 10 go 45°), 2V=90.

FnaykodghaH - MuUHepan BCTpevaeTcsl B KPUCTanmMYecKux criaH-
uax, o6pa3oBaBLUMXCS B YCMOBUSIX BbICOKMX AaBreHun. Ona Hero xa-
pakTepHa BbITAHyTas, poMboBuAHAas, nyyncrasi, nMbo HenpaBuIbHas
dopma. OH okpaiueH n nneoxpoupyeT: Ng — ronyboi, cuHun, Np —
GecuBeTHbIW, XKeNnTo-3eMeHbl, T.e. B OTNINYME OT APYIrMX LLENOYHbIX
aMmdpunbonos anst Hero xapakrtepHa npsimas cxema abcopbumm: Ng>Np.
Ng=1,627; Np=1,606. OsynpenomneHne Ng-Np=0,021, 3Hak 30HbI no-
noxureneHbi, C:Ng=4-16°, 2V=-(10-60°).

3.2.4. Cnoabl

HaunGonee pacnpocTpaHeHHbIMW B 3TOI rpymnne — MycKoBUT 1 G1o-
TWUT, KOTOpble SIBMSOTCA BaXKHENLIMMU NOpoAoo6pasyowyMm MUHepa-
namu kak MarmaTuyeckux, Tak U meTamopduyeckux nopod. MNpuyem B
MarmMaTU4eckux nopogax HauborbLUIMM PacnpoCTPaHEHUEM MOSb3YHOT-
csl BUOTUTBI, OHW LUMPOKO PasBUTHLI Kak B MHTPY3MBHLIX Nopoaax, Tak u
B 3ppy3nBax NperMyLLECTBEHHO KWCIIOTO U LUENOYHOro cocTasa. M3
MarMbl GMOTUTBI KPUCTANMU3YIOTCS MO3XEe APYTMX TEMHOLBETHbLIX MU-
Heparos, Korga NPoNCXoaUT KOHLEHTPaLWS LLerNoYvel U KpeMHe3ema.

MyckoBWUT B MarmMaTu4eckux nopogax MMeeT OrpaHuyeHHoe pac-
npocTpaHeHue. OH BCTpevaeTcst B NermMaTuTax rpaHUTHoro, HedenuH-
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CMEHUTOBOr0 COCTaBa W pexe B MaTepPUHCKMX nopodax (rpaHuTax u
HedeNNHOBbLIX CUEHUTAX).

O6pasoBaHue critog NpoMcXoauT NpU akTUBHOM y4acTUM NeTyunx
KOMMOHEHTOB. B cocTaBe cnog npucyTCTBYET rMApPOKCUMIbHAgA rpynna
(OH). Mo xumMuyeckomy cocCTaBy OHM OTHOCATCA K antomMocunukaTam.
XVMWYECKUIA COCTaB CrOL OYE€Hb U3MEHYMB, YTO MPUBOAMUT UX K Bonb-
LUOMY pa3Hoobpasuio.

CVHroHus cnof MOHOKIMHHAsSA (nceBgorekcoroHanbHas). Cnogbl
00bIYHO KpUCTannmMaytTca ¢ 06pa3oBaHNEM YANMHEHHbIX YeLlynyaTbiX
nHameuaoB 6e3 TopLeBbIX rpaHen (B MONEpPeYHbIX CEYEHNSX K CnamHo-
CTu), Nnbo nanyaTbiX HENPABUIIBbHbIX, PEAKO LECTUYTONbHbIX Pa3pes3os
(B nnockoctu cnanHocTh). [ins HUX XapaKkTepHa BeCbMa COBEepLUEHHas
crnarHoctb no (001). OpueHTMpoBKa oOceln annunconga ONTUYECKON
WMHOUKaTpuUChl NpeacTaBneHa Ha pucyHke 20.

Puc. 20. OpwueHTupoBka
ocen ONTUYECKON WMHOMKaATPUCHI
B KpUcCTanmnax criog.

Myckoeum. TeopeTudeckas xmmunyeckas copmyna mMyckoBuTa —
KAI3Si3049(OH),, ogHako ero coctaB pefko OTBeYaeT uaeanbHOMY,
06bI4HO yvactb K (oo 10%) 3amewlaetca Na. OTmevatotrcss n gpyrue
pa3HooOpa3sHble M30MOpPMdHble 3amelleHns. MnHepan GecuBeTeH Unu
cnabo 3eneHoBatbin. [MokasaTenu npenomnenus: Ng=1,588-1,624;
Np=1,5652-1,570. XapakTepHbl fpkue uBeTa WUHTepdepeHuun, Ng-
Np=0,036-0,054, Hepeako oTMmevaeTcs nceBgoabcopbums. MNoracaHue
npsiMoe, 3HaK 30Hbl MONOXMUTEenNbHbIA. MuHepan AOBYOCHbIN OTpuua-
TenbHbI, 2V=-(35-50°). Pegko oTmevatoTcss ABoviHukM no (001) um
(110). MycKOBUT — MUHEpan YCTOMYMBBIN, MPOAYKTbI UBMEHEHUS OTCYT-

CTBYIOT.
Pa3nnyatoT pa3HOBUAHOCTY MyCKOBUTA:
. CepvUMT - TOHKoYellyiyaTas pasHOBMAHOCTb, oGoralleH-

Hag BOAOW. TUMMYHBIA MPOAYKT U3MEHEHUs nnarnoknasos. [ns Hero
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XapakTepHo 6onee Hu3koe ABynpernioMreHve, MUKCpyemMoe B XKenTbixX
uBeTax MHTepdepeHunm;

o NMGEHePUT - TOHKOYeLLyYaTas crioga C ApPKUMK LBeTaMm
NHTEpdEpEHLMN, KoTopas SIBNSIETCS NPOAYyKTOM M3MEHEeHUs1 Hedenu-
Ha;

. hyKCUT - XpoMcoaepKallas pasHOCTb MYCKOBUTA, SpKo3e-
NIEHOro LBeTa, XxapakTepHasi 4ns NMMCTBEHUTOB.

MyckoBUT oTnnyaeTcs OT Tpemonuta no dopmam orpaHuveHus,
XapakTepy CnaiHOCTM, BbICOKUM ABYMNPENOMIIEHMEM, NPsIMbIM Moraca-
Hnem. OT Tanbka — MEeHbLUMM ABYNPENOMIEHNEM U GOMbLUMM YrIIOM
2V.

Buomum — K(Mg, Fe); (AlSi;O40)(OH,F),. OgHako B XuMn4yeckom
cocTaBe GMOTMTa OTMEYaKTCA LUMPOKME Bapuauun, B 3aBUCUMOCTU OT
PUNKO-XMMUYECKMX YCIOBUI KpUCTanNn3aumm, Tak B yNibTPAOCHOBHbIX
nopogax 6uoTuT oboraileH mMarHmem, a B rpaHuTax M HedenMHOBbIX
CMeHNTax — Xene3om. VI3MeH4MBbI Takke COoOepXaHWUsi KpeMHe3ema U
rmmHo3ema. OT XMMMYECKOro coctaBa OMOTUTa 3aBUCAT M HEKOTOpPbIE
ONTUYECKME CBONCTBA — Tak C YBENNYEHWEM >Kene3ncTocTu Bo3pacTa-
0T NoKasaTenu NpenoMnIeHums.

3epHa GuoTuTa BCerga rycrto okpalleHbl U B CeYeHUAX nepneHam-
KYNAPHO CMarMHOCTM PEe3KO MNIeoXpoupyeT B KOPWUYHEBBLIX, KPacCHO-
Oypbix, NMMBO 3eneHbIx ToHax, cxema abcopbumm npsamas Ng>=Nm>Np.
[na 6uoTuTa xapakTepHO NpsMoe noracaHue no OTHOLUEHMIO K cnan-
HOCTK, YacTO OTMeYaloTCHa MMeoXponyHble ABOpuKKM. [lokasaTenu npe-
nomnenus: Ng=Nm=1,610-1,697; Np=1,571-1,616. XapakTepHbl spkune
uBeTa UWHTepdepeHunn, [AOBYMpenomsieHe o4eHb Bbicokoe: Ng-
Np=0,039-0,081, 3Hak 30HbI NONOXUTENbHbLIN. MUHepan ABYOCHbINA OT-
pyUaTenbHbIv, XapaktepeH ManeHbkui yron 2V = -(0-10°).

BnoTuT MMHepan HeyCcTONYMBBIN U YacToO 3aMeLlaeTcsl npenmyLle-
CTBEHHO XJIOPUTOM, HEPEOKO 3MMO0TOM, MarHeTUTOM (onaumMTu3aums).

OT Bypow poroBoi 0OMaHKu BUOTUT OTNNYaeTCs NPsIMbIM Noraca-
HMEM, XapakTepoM CMarHOCTW, OUeHb SAPKUMU LBeTaMu UHTepdepeH-
unn, maneHskum yrinom 2V. OT TypmanuHa — 3HakoM 30Hbl U HanNn4nem
NPoAONbHOM CNAanHOCTW.
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4. XUMWYECKUW COCTAB MArMATUYECKMX NOPON

O6wue cBegeHUA 0 XMMU3Me MarMmaTM4ecKkux nopoa

XMMUYECKMIA COCTaB FOPHbIX NOPOA SBMSIETCS OOHWM M3 CaMblX
CYLLECTBEHHbIX MPU3HAKOB MX BeLlecTBeHHOro coctaea. OcobeHHoe
3HaYeHNe XUMUYECKUA COCTaB UMEET ONS XapakTepUCTUKN 3ddpy3mB-
HbIX NMOpofA, B KOTOPbIX HEPEOKO NPUCYTCTBYET BYNKAHWYECKOE CTEKIIO,
COCTaB KOTOPOro He onpegensieTcst NpyM obbIYHBLIX MUKPOCKOMUYECKNX
nccriegoBaHusx. Pasgen netporpadun, NOCBSILLEHHBIA XUMU3MY FOp-
HbIX NMOpPOoA, Ha3biBaeTCcs nempoxumuel. Boilwe yxe oTmevanoch, 4to
nogaenstowee O6ONbLMHCTBO MarmMaTUYECKMX NMOpoS SABMAKTCA CUIK-
KaTHbIMW, T.€. IMAaBHOW WX OCODOEHHOCTbIO ABMAETCA NPUCYTCTBME B
3HaYUTENbHbIX KonmyecTBax KpemHus. Kpome Si, B cocTaB Mmarmatumye-
CKMX NMOPOA BXOAAT, Tak HasblBaeMble, NUTOMUNbHbIE 3reMeHThl - Al,
Ti, Fe, Ca, Mg, Na, K, a Tak e kucnopoa v BO4OPOL.

XMnyeckme cocTaBbl MarMaTUYECKMX FOPHbLIX MOPOJ BblpaXatoTcs
B Buae Tabnuu, B KOTOPbIX NPUBOAATCA coAepXaHuss nopogoobpasyto-
LLINX OKMUCIOB B BECOBbIX MPOLEHTaX.

Tak BbIrMAQUT CpeaHuiA BaroBOM COCTaB MarMaTMyeckux nopog no
Knapky u BauwwuHamoHy (8 eec.%):

SiO, -59,12 MgO - 3,49

TiO, — 1,05 CaO -5,08
A|203 —-15,34 Na20 - 3,84
Fe,O; — 3,80 KO -3,13
FeO - 3,80 H,O -1,15
MnO - 0,24 > =99,32

Ha ponto ocTanbHbIX KOMMOHEHTOB, Ha3blBaeMbIX OObIYHO 3ne-
MeHTamu npumecsamn, npuxoautcs Bcero 0,68%. K anemeHTam npume-
cam (B nopsigke yobiBaHWA cpedHuX cogepxanuii) otHocates: P; C; Ba;
Sr; Cr; Ni; V;Ce; S; Cl; n gpyrve. CpegHue cogepaHusi 3rieMEHTOB
npuMecen BbluncneHsl A.l.BuHorpagoBeiM Ans rmaBHbIX rpynn Marma-
TUYECKUX MOPOS U UX MOXHO HaWTu B y4eOHbIX MOCOOUsAX MO neTpo-
rpacomn. CpegHum XMMWYECKUIA COCTaB MarmaTU4ecKMx MNopod Aaet
nuwb BecbMa obuiee npeacrtaeneHne o6 mx xummuame. KonebaHus B
COAEepXaHMM rnaBHbIX MOPOA0OOPA3yLMX OKUCIIOB BECbMa 3Ha4u-
TenbHbI U UX MOXHO OXapakTepusoBaTb CriefylLwmMn npegenamu:
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SiO, — oT124 po 85%
A|203 —otr 0 ao 28%
Fe,O; — ot 0 00 13%

FeO - ot 040 15%
MgO - ot 07046%
CaO - o1 00017%
Na,O — ot 040 14%

KO - ot 00013%

Kak BMaHO 13 npuBefeHHbIX OaHHbIX s 6onblWMHCTBA MarmaTu-
yeckmx nopog cogepxaHue SiO, He onyckaeTtcs Hwke 24%, a copep-
)KaHne Bcex OCTarbHbIX OKUCIIOB MOXET CHWXAaTbCA OO AONen npoueH-
Ta NMbo [0 MonHOro oTcyTcTBus. Takum obpasom, SiO, npuHagnexuT
ocobas ponb 1 He crnyvyarHo rpyboe nogpasgeneHne marmaTnyeckux
nopog No XMMMYeCKOMY COCTaBy NPOBOAUTCS MO COAEPXKaHUIO KpEMHe-
KMcnoTbl (ynbTpakuchble, KUCnble, CPpefHUe, OCHOBHblE M YnbTpaoc-
HOBHble nopopbl). Mo cooTHoweHuto Al,O3, CaO, Na,O, K,O Bbigens-
loTCS crneayoLwmne Tpu psiga Nnopog;:

1. HopManbHbIU (U38eCMKOB8O-Wes1I04HOLU) psio,

AN KOTOpOoro cobnogaeTcs cneayoLee HepaBeHCTBO

CaO + Na,O + K;0 > Al,O3;

2. aznaumoenlli (NepecbiW,eHHbIlU weno4yamu) psio,

ans kotoporo Na,O + K;0 > Al,O3;

3. nnmroma3umoesnill (nepecbiuyeHHbIU arlroMUHUeM) psio,

ans kotoporo Al,O; > CaO + Na,0 + K;O.

Mpeobnagaowmymmn B NpUPOAE ABMSAIOTCS MarmMmaTuyeckme nopogbl
HOpMarnbHOro psga, Anst HUX TUMWYHBLI Criegylowne 3akoHOMEPHOCTU B
COOTHOLLEHMSIX MOPOA00OPa3yHOLLMX OKUCIIOB:

. npu yeenu4yeHuu codepxarus SiO, ymeHbwaemcs codep-
JKaHue okucsios 0gyxeaneHmHbix memarnsnos (FeO, MgO, CaO);

o rpu eospacmaHuu codepxarus SiO, ysenuyugaemcs co-
OeprkaHue oKucos wenodHbix memarnnos (Na,O u K;0);

o nopodbi 6o2ambie okucriamu 08yxeasleHMHbIX Memarisios,
6€e0HbI weno4YyHbIiMu u Haobopom.

MaBHble NopogoobpasytoLme OKUCTbI UTPatoT Pa3fINYHYI0 POrib B
HopMMPOBAHMN MUHEPASIOTMYECKOrO COCTaBa MarMaTu4eckux nopog.

SiO, obpasyeT camocTosATeNnbHblE MUHepanbHble ¢asbl (KBapu,
TPUOUMUT, KPUCTODANUT 1 Ap.), a TaKkKe BXOAWT, KakK rnaBHasd COCTaB-
Has YacTb, B nogasnstowee GONbLIMHCTBO rMaBHbIX Nopogoobpasyto-
LLUMX MUHEeparoB Kak cannyeckmx, Tak u heMmnyeckmx.
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Al,O3 B vCKMOUMTENbHBIX Crydasix obpa3yeT CaMOCTOATENbHbIV
MUHepan (KopyHA) u, 00blYHO, BXOAUT B COCTaB CaliM4eCcKUxX MuHepa-
noB (nnarvoknasel, Kanuwnatbl, HedenuH, NenunT N Op.) U pexe B Co-
cTaB hemmuyecknx (amdndonsbl, cnogbl, HEKOTOPbIE MUPOKCEHbI).

FeO un Fe,0; 06pasyoT HebonbluMe KONUYecTBa CaMOCTOATEMb-
HOW MWHepanbHOM asbl (MarHeTUT), a rnaBHasi Macca pacxogyeTcs
Ha oOpa3oBaHve EMUYECKMX MUHEparoB (MUPOKCEHbl, amdunoonbl,
6uoTuT).

MgO uenvkom BxoguT B cocTaB (heMnYeckux MUHepasoB (OnvBu-
Hbl, MMPOKCEHbI, amdubonkl, BUOTUT).

CaO maBHas macca CaO BxoauMT B COCTaB MfarMoknas3oB U B
MEHbLLEN CTEMNEHN B COCTAB TEMHOLBETHbLIX MUHEPAaroB (MOHOKITUHHbIE
NMMPOKCEHbI, amdnbonsbil).

Na,O B 0OCHOBHOM BXOAMT B COCTaB antoMOCUNMKaToB (nnarvokna-
3bl, KanNULWNaTbl), pexe SIBMSIETCS COCTAaBHOWM YacTbio heMUYeckux mMu-
HeparnoB (LLeno4YHble NUPOKCEHbLI U amcnbonbl U HEKOTOpLIE Crtoabl).

K,O B cBOeW rnaBHOM Macce BXOOWUT B COCTaB artoMOCUIMKATOB
(kanuwnarel), B ManbIx KonMyecTBax NpUCyTCTBYET B critogax (6motur,
MYCKOBMUT).

Mcnonb3oBaHue NeTPOXMMUYECKUX AnarpaMmm

MeTpoxummnyeckne Auarpammbl UCMONb3YHTCS AN CPaBHEHUS
MHOTOYUCINEHHBIX MOPOA MO MX XUMU3MY W aHanu3a 3aKOHOMEPHOCTU
XMMU3Ma OTAESNbHbIX TUMOB NOPoA M MX COBOKYMHOCTEN. YacTo netpo-
XMMUYEecKMe auarpaMmmbl MOryT ObiTb MCMOMb30BaHbl ANs1 JoKa3aTerb-
CTBa reHeTM4eCcKoro poacTBa pa3HoobpasHbIX N0 COCTaBy MOPOA.

B npupoge Hepenko nopoAbl pasnMYHOrO CoCTaBa OKa3biBalOTCS
NMPOCTPAHCTBEHHO COMMXEHHbIMKW, obnagas npu 3ToM O6WMMKM OCO-
GEHHOCTAMW BELLECTBEHHOrO cocTaBa. TakMe NpupoaHble accoumaumm
MarMaTU4Yeckux nopopn, 3aKOHOMEPHO CBsi3aHHble Mexay coboi obwm-
MW MpuU3HaKaMu BELLECTBEHHOIO COCTaBa, HasblBalOTCA MarmaTuye-
CKMMK chopmaLsivm.

durypaTuBHbIE TOUKM Pas3NMYHBLIX MO COCTaBy MOPOA OAHOW dhop-
MauMn obbl4HO 06pa3yloT Ha onpefeneHHbIX NETPOXMMUYECKMX aua-
rpammax cOnmxkeHHbIn poi. Mpn 3ToM AN pasHbiX dopMaunii Takue
pon OyayT WMMeTb pasnMyHyl KOH(Urypauuio M HanpaBneHHOCTb.
O6bIl4HO pon Touyek Ha guarpamme npeacraensieT cobon Gonee unu
MEHee LUMPOKYIO MONoCy, KOTOPYHO UHTEPNanMpys MOXHO n306pasnTb B
BMAE BapWaLUMOHHONM NUHMK (BEKTOPA), OTpaXkatoLLeln OCHOBHbIE YepThbl
3BOJTIOLMOHHON M3MEHYMBOCTU cocCTaBa Mnopof AaHHou dopmaunu.
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[nsa kaxgon dopmMaumm xapakTepHO onpegerieHHoe HanpaeneHne Ba-
PUALIMOHHBIX NWHUIA, UX Pa3NUYHBIA HAKMOH W Apyrne OCOBEHHOCTW.
Takum obpasom, aHann3 ocobeHHOCTEN XMMU3Ma COBOKYMHOCTEW Mo-
poa, NpuHaanexawmx K pasnMyHbiM oopMaumsm, C NOMOLLbIO NETpo-
XMMUYECKMX AMarpamMmm No3BOMSIET He TOMbKO BbISCHUTb OCOBEHHOCTU
NX XMMWU3Ma, HO 1 HanpaBreHne U3MEHEHUST XMMM3Ma MopoS.
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5. OCOBEHHOCTWU CTPOEHUA
MAIrMATUYECKUX NOPOA

5.1. OnpegeneHne NOHATUN

CTpyKTypbl 1 TEKCTYpbl MarMaTU4YeCcKnx nopof npeacTaBnsaloT co-
6o 0cobeHHOCTN ux cTpoeHUst. OHM He TONbKO ABNSATCH BaXKHENLLU-
MW OUArHOCTUHECKMMM NPU3HAKaMu FOpHbIX MOpod, HO W BblpaxKaroT
YCroBMS UX BO3HWKHOBEHUS. B yacTHoCTW, 3ddpy3uBHbIE M MHTPY3NB-
Hble NOpOAbl OTYETNIMBO Pa3NMYaTCA NO CTPYKTYPHLIM OCOBEHHOCTAM.
Mo cTpykTypam Hepedko OTYETNMBO pasfnunyalTcs nopodbl pasHoro
cocTasa. B LenoM MoXHO roBopuTb, YTO XapakTep CTPYKTYp U TeKCTyp
3aBUCUT OT MHOMNX (pakTOPOB: OT TEPMOANHAMUYECKUX YCIOBUIA OCThI-
BaHWSA pacnnasBoB, OT XMMUYECKOro CocTaBa MarMbl, OT COAEpXaHUs B
Hel NeTy4mx KOMMOHEHTOB.

B oTeyecTBeHHOM neTporpaduyeckon nutepatype TEPMUHOM
«cmpykmypa» 0603HayaloTc 0COOEHHOCTU CTPOEHMS FOPHOW MOpo-
Obl, onpegernsieMble CTeNeHblo KpUCTannM4yHOCTM U pasMmepamu, dop-
MOV 1 B3aMMOOTHOLLEHNEM COCTaBHbIX YacTeMn.

Tekcmypol Ha3blBalOTCS OCOBEHHOCTW CTPOEHWNSI TOPHOW Nopogel,
onpegensiemMble B3aMMOpacnonoXXeHMeM COCTaBHbIX YacTen nopoabl u
cnocobom 3anonHeHnss UMy NPOCTPaHCTBa.

lMocnedoeamenbHocmb ebidesieHUs1 MUHepasoe. PaccMoTpum
HeKoTopble 3aKOHOMEPHOCTW nocriegoBaTenbHOCTU MUHepanoobpaso-
BaHUs B MarMaTU4eckux nopogax, a Takke KpuTepuu, nossonsioime
3Ty NOCMefoBaTeNbHOCTb YCTAHOBWUTb, KOTOpasi, B KOHEYHOM WTOre,
onpeaensieT Ux CTPYKTYpYy U TEKCTYpY.

MHorne wnccnegoBaTeny MbiTanMcb YCTaHOBUTL YHMBEpPCAsbHbIE
3aKOHOMEPHOCTU NOCNeaoBaTeNbHOCTU BblAENEHUA MUHEPANIOB MO MX
B3aUMOOTHOLLEHUSIM Mexay cobow. Tak, oAuH U3 OCHOBOMOSIOXHUKOB
coBpeMeHHou netporpacum I'. Po3eHbyw B Havane XX Beka copmy-
nMpoBan NpaBuio, KOTOPOe BOLUSO B NMTepaTypy NoA Ha3BaHWeM npa-
Buna Po3eHOywa. CornacHo nocrnegHemMy, cambiMy PaHHUMKW U3 Marmbl
KpMCTannu3ylTCs akueCcCopHble MyHeparbl, 3ateM 06pasyoTcst nopo-
AoobpasyoLime mMarHeananbHO-XenesmcTble CUnmkaTtbl (ONMBUH, POM-
Ouyeckme  NUPOKCEHbI), MOKE  BbIAENAKTCA  U3BECTKOBUCTO-
MarHe3aunanbHo-xene3auctble (MOHOKIMUHHBLIE MUPOKCEHbI, amdunbonsbl),
eLle nosxe — Nnarmoknasbl, B NOPsSAKe NMOHMKAIOLWENCS OCHOBHOCTH, U
TONbKO MOCMNE HUX KPUCTannM3ylTCcs KanveBble Monesble Wwnatbl U
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kBapy. bonee pgetanbHble HabnaeHMs nokasanu, 4To emuyeckune
KOMMOHEHTbI Ha 3HAYMTErbHbIX OTpe3kax BPEMEHM MOTyT KpucTamnmnu-
30BaTbCsA OOQHOBPEMEHHO C Mnarnoknasamu. Hanbonee nonHo 3akoHO-
MEPHOCTUN BbIOENEHMST MUHEPAIOB U3 MarMaTU4YecKMx pacnnaBoB OT-
paXkeHbl B peakUMOHHOM psiay amepuKkaHckoro yydeHoro bBoyaHa. [Mo-
CrnefoBaTenbHOCTb BblAENEHUA MUHeparnoB no boysHy BbipaxkaeTcs B
BMAOE criegyoLLero psaa.

OnuBKH PN Ca-nnarvoknasbl (OCHOBHbIE)
!
Pomburuyeckne nMpokceHsbl PN Na-Ca-nnaruoknasbl
(OCHOBHbIE)
!
MOHOKIMMHHbIE NMUPOKCEHBI - Ca-Na-nnaruoknassl
(ocHOBHbIE)
!
Porosas obmaHka PN Ca-Na-nnarnokna3sbl (cpegHue)
!
Buotut PN Na-nnarvokna3sbl (KMcnble)
!
KanveBble nonesble WNaThl
!
Keapu

Kprctannusaumsa HauvHaeTcsa ¢ Hanbornee BbICOKOTEMMEPaTYPHbIX
MWHEParnoB — ONIMBUHA W aHOPTWUTA, KOTOPblE NPY MOHWXEHUM Temne-
paTypbl pearMpytoT C OCTaTOYHbIM pacniaBoM W npeobpasylTcd, co-
OTBETCTBEHHO, B POMOMYECKMA MNUPOKCEH WM OCHOBHOW MNnarvoknas
(aHopTUT, BUTOBHMT). [IBa nocrnegHNx MuHepana npu AanbHeunlem
MOHWXEeHNN TemnepaTypbl TaK >Xe OKa3blBalTCH HepaBHOBECHbIMU C
pacnnasoMm W, pearvpys C HUM, NpeBpaLlalTca B nocrefosaTtenbHble
crnefyowmne napbl MUHEPanoB: MOHOKIMHHBIN MUPOKCEH U OCHOBHOM
nnarnoknas (6utoBHUT, Nabpagop), 3atem poroBas obmaHka u cpegn-
HWIA nnarnoknas (aHgesuH), OKoHYaTernbHas napa npegcrasneHa 6uo-
TUTOM U KUCIbIM MAarMoknasom (Onmroknasom, ansbmuTom), nocre Yero
0bpasyeTcsi KanueBbli NOMEBON WNaT 1 3akaHYMBaET KpUCTannm3auuio
KBapL, CTOSILLMIA B HWXKHEWN YacTu peakuMoHHOro psiga. Takaa nocneno-
BaTeNbHOCTb KpMCTannM3auMnm MmHeparioB M3 pacnnasa ycTaHOBMeHa
Ha OCHOBaHWM B3aVMOOTHOLLEHMIN MUHepanoB B MarMaTW4eckux rop-
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HbIX Mopodax, U3y4YeHHbIX B MPO3payHbIX Wnundax, a Takke akcnepu-
MeHTanbHO.

Kpumepuu 0Onsi ycmaHoesieHuUsi nocsedoeamesisHOCMu 8bli-
denteHusi MuHeparsnoe. [ocnenoBaTenbHOCTL BbIAENEHNsT MUHEpParioB
B MarMaTU4eCcKMx Nopodax C onpenerieHHoW oren YCNoBHOCTU yCTa-
HaBnMBaEeTCs MO CreayLwuM NpuaHakaMm: CTeneHn nx ngmomopdmama,
BKITHOYEHUSIM U PEAKLNOHHBLIM Kanmam.

1. B obwem cny4yae n 4vaule Bcero, Yem nanomopdHee 3epHa Mu-
HeparoB, TEM paHbLLE OHWU KpucTannusoBanuce. VignomopdHele 3epHa
BbIOENANMChb paHblUe rMNMANOMOPMHLIX, @ KCEHOMOpP(HbLIE — 0bpa3sy-
I0TCA caMblMM nocrnegHumun. Bmecte ¢ Tem, vHorga cteneHb MAWO-
Mopcm3ama onpegensieTcs He TOMbKO nocneaoBaTenbHOCTLIO Bblaerne-
HUA MUHEeparnoB, HO Takke UX CMOCOBOHOCTbIO K 0Bpa3oBaHUIO XOPOLLO
OrpaHeHHbIX KpucTannos. [03TOMy M3y4yeHue cTeneHu mamomopduns-
Ma, B OTAENbHbLIX Cry4yasx, NO3BONSIET FOBOPUTb HE TOMLKO O MOpPSiAKe
BblOENeHNs, HO M Mopsiake nocrnegoBaTenibHoro obpasoBaHuUst MAMO-
MOPHbIX MUHEPANOB U3 pacnasa.

2. MunHepan, NpucyTCTBYIOLUNA B BUAE NANOMOPHOro BKIHOYEHUS
B LpPYroM MuHeparne, siBNSI€TCA OTHOCWUTESNbHO PaHHUM MO BPEMEHMU
hopMUpoBaHus.

3. B HensmeHeHHbIX Nopofax KpynHble 3epHa obpasytoTcs 06bIYHO
paHbLLEe MENKO3EPHUCTbIX arperaTos.

4. B cnyyae obGpacTaHus OOHOrO MWHepana gpyrum, MuHeparn,
crnaraLLmMn Kaemky, SIBNAeTCS NO3gHUM.

5.2. CTpyKTypbl MarmMaTu4yeckmx nopoz

PaccmMoTpyM xapakTepucTUKy TUMOB U PasHOBULHOCTENR CTPYKTYp
Mo CTENEHW KPUCTanmMYHOCTU, pa3mepam, a Takke opMe ¥ B3aMmo-
OTHOLLEHNSIM COCTaBHbIX YacTel.

5.2.1. Mo cTeneHn KpUCTanIM4YHOCTU

Mo cTeneHn KpWUCTannMYHOCTW BbIZENSIOTCS cregylowme Tunbl
CTPYKTYpP: MOSIHOKPUCTANNUYECKME, HEMNONMHOKPUCTANNYECKUE N CTEK-
rosarble

MonHokpucTannuyeckue (ronokpucTaniuyeckme) CTpyKTypbl xa-
pakTepHbl ANs Nopog, MOSMHOCTBIO CHOXEHHbIX KPUCTanIMyYeckumu
3epHaMu 1 He cofepXalmx BynkaHudeckoro ctekna. Cpeaw HuX pas-
nMyalT paBHOMEPHO- U HEpPaBHOMEPHO3epHUCThIE. Ecnn oTaentHble
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KpucTannbl BUAHbI TOMBbKO NOA4 MMKPOCKOMOM, TO, B TakOM cryyae,
CTPYKTypa HasblBaeTCs MUKpPOKpUCTannuyeckon. [lonHokpucTannuye-
CKMe CTPYKTYpbl SBASIIOTCS TUMWYHBIMU ANSi UHTPY3UBHbIX MOPOA, KOTO-
pble KpUCTannu3oBanuCb Ha pPas3nuyHbiX MybuHax B 3eMHOW KOpe,
06bIYHO, HA MPOTSXKEHUN ANUTENBHOIO BPEMEHM.

HenonHokpuctannuyeckue (runokpuctannuyeckue, runormanu-
HOBbl€) CTPYKTYpbl OTNINYAKTCA NPUCYTCTBMEM B MOPOAE, KaK KpucTan-
NINYECKNX 3epeH, Tak M BYNKaAHWYECKOro cTtekna. Takoe codeTaHue co-
CTaBHbIX KOMMOHEHTOB YyKa3biBaeT Ha ABe pasbl KpucTannusauuu.
PaHHiol0 dhasy npeacTaBnsAloT 3epHa MUHeparnoB, KOTopble KpucTanm-
30BaNnCb B YCMNOBUAX MEANEHHOIO OXNaX4eHNst Ha pasHbIX rybuHax B
3eMHoM Kope. lNMo3aHssa dasa, 06bl4HO, CNoXeHa BYIIKAHNYECKUM CTEK-
nom, obpasoBaBlUMMCH B pesynbTaTe GbICTPOro oxnaxaeHus pacnna-
Ba, HacCblWEHHOro Kpuctannamu. [JanbHelwee noapasgeneHve He-
MOSTHOKPUCTANIMYECKNX CTPYKTYP MPOBOAUTCS MO KONMMYECTBEHHOMY
COOTHOLLEHMIO KPUCTANJIoOB M CTekna: nepkpuctannuyeckne (>7/1),
Aokpuctannuyeckue (7/1+5/3), rnanokpuctannuyeckue (5/3+3/5), po-
rmanuHoBble (3/5+1/7). HenonHokpucTannuyeckne CTpykTypbl CBOMCT-
BEeHHbl 3cpdy3mBHBIM nopogam, o6pa3oBaBLLUMMCSA NPU U3NUAHWMM Na-
BOBbIX pacniaBoOB Ha 3€MHYI NOBEPXHOCTb B YCMOBMAX UX ObICTPOro
3aTBepAeBaHus.

CrteknoBaTtble (fManMHOBbIE, BUTPOMMPOBLIE) CTPYKTYPbl Takke
XapakTepHbl 415 3ddy3nBHbIX NOPOA, NPaKTU4eCKM MOSTHOCTLIO Cro-
XEHHbIX aMOPMHBLIM BYNKaHUYECKUM CTEKMOM, He AeWCTBYLMM Ha
nonspu3oBaHHbIn ceeT. OHU BO3HMKAIOT B Mpouecce 3aTBepAeBaHus
M3MMBLUMXCS Ha 3€MHYI0 MOBEPXHOCTb NaBOBbIX PacnnaBoB, KOTOPbIE
MUMeloT TemnepaTypy Bbllle Hayana KpucTannusaumm MUHeparnbHbIX
WHANBWOOB.

5.2.2. No pa3mepam cocTaBHbIX YacTeun

Mpn paccMOTpPeHUM CTPYKTyp MO pas3MepaM COCTaBHbIX 4YacTei
crnefyeT pasnuyatb CTPYKTYpbl, Bblaensiemble No abcomntoTHbIM pasme-
paM COCTaBHbIX YacTel U CTPYKTYpbl, BblAENsiEMbIE MO OTHOCUTENbHbLIM
pasmepam MUHeparnbHbIX 3€PEH, CraratoLmx nopoay.

Mo abcontoTHbIM pa3mepam cocTaBHbiXx 4YacTten [1.C. LLtenHGepr
(1957) Bblgenun cnegytowme Tunbl CTPYKTYp:

. Fpy603epHUCTbIe CTPYKTYpPbl XapaKTepuaylTcst NpuUcyT-
CTBMEM MUHeparbHbIX 3epeH pa3mepoM 6onee 10 mMm;
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. KpynHo3epHUCTbIe CTPYKTYpbl OTNMYalTCcsa npeobna-
JatoLLMM NPUCYTCTBUEM 3epeH, pasMmep KoTopbix coctasnsiet ot 10 go
5 mm;

o CpeaHe3epHUCTbIE CTPYKTYpPbl C pa3MepoM 3epeH oT 5
[0 2 MM;

. Menko3epHUCTbIe CTPYKTYPbI C pa3mMepom 3epeH 2-1 Mm;

) TOHKO3epHUCTbIe CTPYKTYPbI C pa3MepoM MeHee 1 MM.

Cpean TOHKO3EPHUCTBIX CTPYKTYp BblOENsOT aghaHumoeyio
(CKpbIMOKPUCMaIU4YecKyro) CTPYKTypy, XapakTepHyto ans nopond, B
KOTOPbIX HEBOOPYXXEHHbIM Ma3oM 3epHUCTOCTb He oGHapyXuBaeTcs,
0OHAaKO Mof MUKPOCKOTNOM OHM OKa3blBalOTCS CMOXEHHbIMU MENKUMU
MUHeparbHbIMU 3epHaMMU.

MpvBegeHHoe noppasfenieHne CTPYKTyp Mo abComnoTHbIM pa3me-
paM COCTaBHbIX YacTel He siBnsieTcs o6LenpusHaHHoW. HekoTopble
nccrnenoBaTenu MPUBOAAT AaHHble C APYro pasmMepHOCTbl MUHe-
panbHbIX 3epeH ANs BblOENEeHHbIX TUMOB CTPYKTYp. B cBsisu ¢ atum,
npy XapaKkTepucTuke CTPYKTYp Mo abCconioTHbIM pasmepam cregyet
BCeraa NpUMBOAUTL AaHHbIE O pa3Mepax COCTaBHbIX YacTeit N3y4aeMoi
nopogbl.

Mo oTHOCUTENbHLIM pasMmepam COCTaBHbIX YacTel BblAenaAnTcs
ABa Tuna CTPYKTyp:

o paBHOMEPHO3EPHUCTbIE CTPYKTYPbI;

o HepaBHOMEPHO3EPHUCTbIE CTPYKTYPbI

PaBHOMEpPHO3€PHUCTLIMU Ha3bIBaOTCS CTPYKTYpbl nopog, Cro-
XXEHHbIX MWHEepanbHbIMKU 3epHaMu NPUMEPHO OAMHAKOBbLIX Pa3MepoB.
Pasmepbl 3epeH pas3nuuHbIX MUHEpanoB, XOTS M pasfnuMyalTcs, HO
06bIYHO YKNaablBaOTCA B Npefenax ogHOro U3 TUNoB CTPYKTYP, Bblae-
NeHHbIX Mo abconoTHBIM pasMepaM (KpyrmHO3epHUCMbIe, cpedHe3ep-
HUcmble, Mefiko3epHuUcmsie u 0p.). PaBHble pasmepbl 3epeH ykasblBa-
eT Ha CTabunbHOCTb TEPMOAMHAMMUYECKUX YCIOBUWA KpucTannusauuu
mMarmaTu4yeckoro pacnnasa.

HepaBHOMepHO3epHUCTbIE CTPYKTYPbl XapaKTepusylTcs npu-
CYTCTBMEM MUHeparbHbIX 3€peH Pesko pasnuyHbiX pasmepos. Cpeau
HUX  BbIOENSAT PasHOBUAHOCTU: cepuarnbHyo, MopguUPOBUOHYIO U
nopcunpoBsyio.

CepuanbHasi cmpykmypa ycTaHaBnuBaeTCca B nopogax, B KOTO-
PbIX pa3Mepbl 3epeH U3MEHSIOTCSA NOCTENEHHO M 06pa3yroT HenpepblB-
HbI PS4 OT MENKNX 40 KPYMHbIX.
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MopgpuposudHasi cmpykmypa OTNNYaEeTCA HanMumMem KpynHbIX
3epeH OOHOr0 MIIN HECKOMbKUX MMNMANOMOPMHBIX MUHEparoB, KOTO-
pble MOrpyXeHbl B arperat KpucTannmyecknx 3epeH Gonee Menkoro
pasmepa. OTU KpynHble 3epHa Ha3bIBalOTCS NOPPUPOBULHLIMU BKpan-
neHHUKamu (dpeHokpucTannamu, @eHoKpucTamu), a OTHOCUTENbHO
MENKO3EePHUCTbIV arperar, B KOTOPbIA OHWU NOrpYXeHbl - OCHOBHOWM Mac-
con. NMocneaHsas B nopdupoBUAHON CTPYKTYpe BCeraa sABnsieTcs non-
HOKPUCTansM4YecKon 1 No pasmepam 3epeH MOXeT ObITb Merko-, cpea-
He- 1 KpynHOo3epHMCTON. [lopdupoBugHas CTpyKTypa SBnseTcs Tunud-
HOW ANS MHTPY3UBHbIX MOPOA.

lMopghuposasi cmpykmypa xapakTepusyeTcs NpucyTCTBMEM B
nopoge ABYX reHepauui MuHepanoB. PaHHAs reHepaunst npegcrasne-
Ha Haubornee KpynHbIMK MOPGUPOBLIMU BKpanieHHMKamun (heHoKpu-
cTtannamu), obbl4HO 0bnagaloLLMMK BbICOKOW CTEMEHb0 nanomopus-
mMa. OCHOBHas Macca MOXeT OblTb MOMHOCTbI pacKpUCTanInM3oBaHHON
N CNOXEHHOW TOHKO3EPHUCTBIMU arperatamm MMHEpParioB nNosgHen re-
Hepauun, NMbO YacTUYHO pacKpPUCTanIM30BaHHOW, COCTOSILLEN M3 Men-
KX MWHEpanoB M BYNKaHWYECKOro cTekna, nmbo coBceM HepacKpu-
CTannn3oBaHHOW, CTEKNOBATON.

B 3aBMCMMOCTU OT pa3mepoB U KOMMYECTBEHHON ponu nopdupo-
BbIX BKPaMiEHHNKOB, X COYETaHNS U (POPMbI BbIAENAKTCA MHOMOYUC-
NeHHble pa3HOBUAHOCTU NOPhUPOBBLIX CTPYKTYPbI:

Bsrnopguposasi cmpykmypa xapakTepusyeTcs Hanuumem KpynHbIX
nopcurpoBbIX BKPaMfEHHUKOB (PEHOKPUCTOB) Ha (POHE MUKPO3EPHU-
CTOW, NMNBO CKPLITOKPUCTANIMYECKON OCHOBHOW MacChl, KOTOpPble XO-
POLLIO BUOHbI HEBOOPY>XEHHBIM rna3om, 6e3 Mukpockona.

Mukponopgbuposasi cmpykmypa BbISIBNAETCHA B CKPbITOKPUCTANNU-
Yeckux (adaHMTOBLIX) NOpoaax, B KOTOPbLIX NOpMPoBbLIE BKpaNneHHN-
KM MOXXHO HabnogaTh TOMbKO Mo MUKPOCKOMOM.

Kpunmoeasi cmpykmypa xapakTepusyeTcsl HanuuyMem MHOroYMcC-
NEHHbIX OTHOCUTENbHO KPYMHbIX MOPMPOBLIX BKpanieHHWKOB He-
MAOTHO compurKacarLwmuxcs Mexay cobon. B konnyectBeHHOM OTHOLLE-
HUM NOPdUPOBbLIE BKPAMMEHHMKN CyLLEeCTBEHHO NpeobnagaoT Hag Le-
MEHTMPYIOLLE MacCcon, KOTopas npeacTaBrieHa BYfKaHNYECKUM CTek-
nom, Nnbo NpoaykTamm ero packpuctannmsauum.

momeponopguposasi cmpykmypa XxapakTepusyeTcs Tem, 4TO
nopcumpoBble BKpanfeHHWKM o6ocobnaTcsa cpegu OCHOBHOW TOHKO-
3epHUCTON Macchl B Buae HebomnblUMX MO pasMepaMm CPOCTKOB, NMbo
CKOMMNEHNN.
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Jlamnipoghuposasi cmpykmypa SBNSIETCS XapaKTepHOW Ans mena-
HOKPaTOBbIX OUACXUCTOBLIX AaNKOBbIX NOPOA (CneccapTUToB, KepcaH-
TUTOB, MUHETT, BoreantoB). OHa xapakTepusdyeTcsa HanMunem nopdu-
POBbIX BKpPanfeHHUKOB TOMbKO TEMHOLIBETHbIX MWUHepanoB (6uoTuTta,
poroBor 06MaHKK, KIMHOMUPOKCEHA U ONMBUHA), KOTOPbIE OTNMYaloTCA
BbICOKOW CTeneHbto manomopduama. JlerkokpaToBble MUHepanbl: Ka-
nuwnar, nMbo nnarnoknas NpUCyTCTBYHOT TOMNbKO B OCHOBHOW LiEMEH-
TUpyloLLEen Macce.

Cmpykmypa crniuHughekc (spinifex) oGycrnoBneHa HanMunem MHo-
FOYUCIIEHHBIX MOPMUPOBBLIX BKPAMMEHHWKOB OSIMBMHA WITU MMPOKCEHA,
nmbo oboux BMecTe Ha POHE CKPbITOKPUCTaNIMYECKOn, Mbo CTeKMo-
BaTOMW OCHOBHOM Maccbl. BKpanneHHuKn umeroT AsMHHonpuamaTude-
ckyto cpopmy, obpasyoT cBoeobpasHbie B3aMMHbIe NpopacTaHus B BU-
Ae geHgputonodobHOro pucyHka. 3Ta CTPyKTypa SIBASETCA OTNu4m-
TenNbHbIM MPU3HaKOM YNbTPaOCHOBHLIX 3(PdY3NBHBLIX NOPOA — KOMa-
TUUTOB.

Kpome mopdonornyeckux npmsHakoB nopdupoBmaHaa n nopdu-
poBas CTPYKTYpbl OTNINYAIOTCS M CBOMM MnpoucxoxaeHnem. Mopdumpo-
BMAHAsA CTPYKTypa XapakTepHa ANns NOfHOKPUCTAINIMYECKUX NHTPY3NB-
Hbix nopog. lMpu 3ToM NopdUpPOBUAHbBIE BKPANIIEHHMKN KPUCTannmay-
I0TCH OQHOBPEMEHHO C OCHOBHON MAcCOM, UX NOSIBNIEHME U KONMYECTBO
onpegensieTca n3bbITKOM COOTBETCTBYHOLLErO KOMMOHEHTA MO OTHOLUE-
HUIO K 3BTEKTUYECKOMY cocTaBy pacnnasa. llocne ¢opmupoBaHus
BKPamnneHHNKOB MUHepanbl, BO3HMKaKOLWMe U3 OCTaToOMHOro pacnnasa,
KpMCTannuayTcss OQHOBPEMEHHO B BMAE MENKO3EePHUCTOro arperaTa
n, Yacto, obpasyloT B3avMHblE 3aKOHOMEpPHbIE rpaHOUPOBLIE cpacTa-
HUs  (MukponermatuTbl). B HekoTopblX NOpUPOBUAOHBLIX FpaHUTax
BKPanmneHHVKN 0BpasytoTcs No3xe 3epHUCTON OCHOBHOW MaccChl B pe-
3ynbTate cobupaTenbHOW KpucTannusaumm B MpoLecce HanoXeHHOoro
KMCIoro metacomarosa.

MopdupoBas CTpykTypa CBOMUCTBEHHaA AN addy3uBHbIX U runa-
GuccanbHbix nopod. OHa ykasblBaeT Ha NPEepbIBUCTOCTb KpucTannunsa-
uuM mMarmaTuyeckoro pacnnaea. [epBbiMM 13 Marmbl, Ha rybvHe, 06-
pasyloTca MyUHeparbl, cnaratpLme nopdupoBbie BKpanneHHKn. 3atem
3Ta Marma, cocTosiLias U3 CMecu KpUCTarnmnoB 1 pacnnasa, BHeApseTCs
B BEPXHUE YacCTM 3eMHOWN KOpbl, MO0 M3NMBaeTCA Ha ee NOBEPXHOCTb.
B pesynbTaTe Takoro peskoro nepemMeLleHus 1 3HaYUTEnbHOro nsme-
HeHNs1 HU3NKO-XUMUYECKMX YCIOBUIN (M3MEHEHNS AaBreHus, Temnepa-
Typbl U NOTEPU rasoB) Mponcxoaut BbiCTpas KpucTannusaums octas-
werocs pacnnaea ¢ (OpMUPOBAHNEM MENKO3EPHUCTON, NMBO nony-
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KpUCTann4yeckom 1 CTEKNOBATOM OCHOBHOM Macchbl. MIMEHHO noaTomMy
00blYHO HabnogaeTcs 3HaunTenbHas pasHuua B BELLECTBEHHOM CO-
CTaBe MuHepanoB-BKpanfeHHWKOB U OCHOBHOW Macchl. [MopdupoBas
CTPYKTYpa CnMHMAEKC B KOMaTMmMTax obpasyeTcs B yCnoBusax ObiCTporo
OCTbIBaHWNS NaBOBbIX pacnfaBoB yNbTPAOCHOBHOIO COCTaBa.

5.2.3. No chopme M B3aMOOTHOLLEHUAM
COCTaBHbIX YacTen

CTpykTypbl MO hopme 1 B3aMMOOTHOLLEHMAM COCTaBHbIX YacTen ¢
onpeaeneHHon Jofen YCIIoBHOCTU MOXHO MOAPa3gennTb Ha CTPYKTY-
pbl MOMHOKPUCTaNNNYECKNX (MHTPY3UBHBIX NOPOA) U CTPYKTYPbI HEMOS-
HoKpucTannuyecknx (addpysneHbIX) nopog. MNpu 3TOM xapakTep CTPyk-
Typ no chopme 1 B3aMMOOTHOLLEHMSIM COCTaBHbIX YacTen B 3HAYMTESb-
HOW CTeneHu onpefensieTca NopsaakoM BblAeNeHUs MUHEparnoB U3
MarMaTuMyeckux pacnnaBoB, HO, HEPEAKO, 3aBUCUT U OT ApYrux dhakTo-
pOB, B YaCTHOCTW, OT pa3Hoi cnocobHOCTM MUHepanoB 0Opa3oBLIBATHL
XOpoLure KpucTasnssbl.

5.2.3.1. CTPYKTYpbl MHTPY3UBHbIX
(nonHOKpucTannuyeckux) nopop

Cpeayn NOMHOKpUCTaNNNYeCcKnx CTPyKTyp no copme U B3aMMOOT-
HOLLEHMWSIM COCTaBHbIX YacTew BblAENstoTCA HECKOMbKO rpynn:

. annoTpMoMopdHO3epHUCTLIE (annoTPUoOMopHbIe);
NnaHMaMomMopdHO3EepPHNUCTBIE (MAHUAMOMOPMHBIE);
rmnngnomopHo3epHUCTbIE (TMNNANOMOPMHEIE);
CTPYKTYpPbl BKITFOYEHUI (NpopacTaHus);

CTPYKTYpbl 0b6pactaHus (peakuMoHHbIE).

AnnotpnomopdgHo3epHUCTLIE (annoTtpuomopdHble)
CTPYKTYpPbl XapakTepusyloTcs MPUCYTCTBMEM B Mopogax 3epeH cybu-
30METPUYHOM M HenpaBwibHOW (annoTpuomMopdHon) gopmbl, He 06-
najawwmx XapakTepHbIMW KpuUcTanmnorpauyYeckumm o4YepTaHUaMU.
Mopsgok nguomopdusama B TakOM NOpPOAE He yCTaHaBnuBaeTcd, Tak
Kak Bce 3epHa MMEIT U3BUIUCTbIE, 3anMBoobpasHble KOHTypbl. AnnoT-
PUOMOMHO3EPHUCTbIE CTPYKTYPbl BCTPEYAOTCH CPABHUTENBHO PEaKo B
HEKOTOpPbIX NONMMMWUHEpPAarnbHbIX NopoAax, obpasoBaBLUMXCA NPU OAHO-
BPEMEHHOM KpucTannusaumm MUHeparos.

57



W3 pasHoBUZOHOCTEW 3TOW rpynnbl CTPYKTYP BblAENseTcs anaumo-
easi cmpykmypa, TUN4YHas gfsi annmuToB, COCTOSALWNX M3 cyBusomeT-
PUYHBIX 1 HeMpaBUIbHbIX Mo hopMe 3epeH MoneBbIX WNaToB U KBapLa.

MaHnpgmnomopcHO3epHUCTLIE (MAaHMANOMOP(HbIE) CTPYKTYpPbI
XapaKTepusylTCsl MPUCYTCTBUEM CYyOU30OMETPUYHBIX U MOSNMIOHanbHbIX
3epeH OAHOro wunuM [AByX MuHepanoB. [laHugmomopdHO3epHUCTas
CTPYKTYpa TUNNYHA AN MOHOMMHeparbHbIX MOpo4: AYHUTOB, OPTOMNM-
POKCEHWUTOB, KIMHOMMPOKCEHUTOB W FOPHONEHOUTOB, CHOXEHHbIX, CO-
OTBETCTBEHHO, OJIMBMHOM, OPTOMMPOKCEHOM, KIMHOMMPOKCEHOM U PO-
roBoi 06MaHKoW. XapakTepHbIM MPUMEPOM SIBNSIETCA MaHMOMoMopd-
Has CTpyKTypa B OyHuTax, obycnoBneHas Hanudvem cybusomeTpuy-
HbIX 3epeH OnvBWHA, NPUMEPHO, C OAMHAKOBOW CTENEHbID NANOMOP-
dusma. Hepegko naHugmomMopdHasa CTpyKTypa BCTpeyaeTcsl B Mopo-
Jax, COCTOSALNX U3 ABYX MUHEpParnoB.

B kayecTBe pasHOBUOHOCTM 3TOW rpPynnbl CTPYKTYp BblaenaeTcs
2abbpoeasi cmpykmypa, KOTopasi XapakTepu3yeTcs NpUCYyTCTBMEM
Ccybn3oMeTpUYHbIX U TabnuTyaTbiX 3epeH OCHOBHOIO Mrarnokrnasa u
MOHOKITMHHOIO MWPOKCEHA, MMEKLLINX paBHble pa3mepbl 1 obnagato-
LLMX NPUMEPHO OANHAKOBOW CTENEHbIO NANOMopguramMa.

F'mnuanomopcHo3epHUCTLIe (TMNUAMOMOPMHbLIE) CTPYKTYPbI,
XapakTepusyTcs OT4eTNMBO HabnwogaemblM ManoMopdU3MoM OOHMX
MWHEpPanoB Mo OTHOLUEHWIO K ApyrM. MiIMeHHo B mopopax, obnapato-
WKMX FMNMAMOMOPCHO3EPHUCTBIMU  CTPYKTYPaMK, OKasblBaeTCsi BO3-
MOXHbIM YCTAHOBWUTb MNOCNenoBaTeNbHOCTL MaMomopduama MUHepa-
1NOB, @ BO MHOMUX cCriy4asx M NOpsSAoK ux BblgeneHus. Mmnmguomopd-
HO3EePHUCTLIE CTPYKTYPbl O4YEHb LLUMPOKO PacnpOCTpPaHeEHbl B NMOMHOKPU-
CTanmMYEeCKNX MHTPY3NBHbLIX MarMaTUYECKUX NOpoaax.

Cpean rMnManoMopdHbIX CTPYKTYP BbIAENSOT MOroYMCIEHHbIE
pasHoBMAHOCTM. HaubGonee pacnpocTpaHeHHbIMU SBASIOTCS crieayto-
Lwme:

FpaHumoeass cmpykmypa, XapakTepHa Ansi KUCNbIX Nopoa —
rPaHUTOWAOB, CIOXEHHbIX, FMaBHbIM 06pa3oM, MONEBbIMM LINATaMu U
KBapuem, npu HebonbLIOM yyacTunm heMUYECKUX MUHEPAaroB, MHOrAa
npu MX MOSTHOM OTCYTCTBMWU. NSl 3TON CTPYKTYpbl OTYETINBO YCTaHaB-
nMBaeTCs Crnegylwnii Nopsigok Mavomopdurama MUHeparnoB: akuec-
COpHble MUHepansbl (CeH, LMPKOH, anatuT) — dhemmyeckmne MmHepansi
(poroeasi obmaHka, nnbo GnoTUT, NIM6O COBMECTHO) — KMUCMbIN Nnaru-
0KMna3 — kanuwnat — KsapL,.
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WHorga B rpaHMTOngax Ksapl, OTHOCUTENbBHO KannesBoro nNoreBoro
wnarta, okasblBaeTca 6onee nanomMopdHbIN U Torga CTPyKTypa Hasbl-
BaeTCsl epaHy/Iumoeou.

MoHyoHumoeasi cmpykmypa TUNU4YHa Ans CyOLLEeNOYHbIX WH-
TPY3MBHbIX MOPOA, B COCTaBe KOTOPbIX y4acTBYHOT (heMUYECcKNe MUHe-
parnkl, Nnarnoknasbl U Kanuesble nonesble Wwnatbl. s MOHLOHMTOBON
CTPYKTYpbl XapakTepeH pe3kui ugnomopduaMm nrarvokrnasa no OTHO-
LWEeHUIo K kanuwnaty. BelgensaioTcsa nBe pa3HOBMAHOCTU 3TOW CTPYKTY-
pbl. B 0gHOM U3 HMX KCEHOMOPMHbIE 3epHa KanneBoro NoyieBoro wnata
BbIMOMHSAIOT NPOCTPAHCTBA MeXay TabnmTyaTeiMM U NPU3MaTU4ECKUMU
3epHaMu Mrarnokrnasa, npu aToMm pa3mepbl 060MX MUHEParioB Npumep-
HO OoAuMHakoBbl. BTopasd pasHOBMOHOCTb OTNMYaETCH HanuumMem Kpyn-
HbIX KCEHOMOP(HbIX 3EepeH KanmeBoro MosnieBoro Linata, KoTopble Co-
OepxaT BKIMOYEHUST YANMHEHHbIX TMNUANOMOpPMHBLIX 3ePeH Nnarnmokna-
3a MeHbLUMX pa3mMepoB. TeMHOLBETHblIE MUHeparbl MO OTHOLUEHWIO K
nnarvoknasy obbl4HO Boree nanoMopdHbl. YacTto npucyTcTBylOWNE B
cybLLenoYHbIX Nopodax 3epHa akUeCCOPHbIX MUHEpPANIOB OTMMYaloTCA
HambornbLUen cTeNneHb0 nanoMopgumama.

KymynsmueHnass cmpykmypa xapaktepHa Ansi runabuvccanbHbiX
N cyOBYNKaHUYECKUX YNbTPAOCHOBHbBIX M OCHOBHBIX MOPOA, B KOTOPbIX
MPUCYTCTBYIOT MAOMOMOPMHBIE WU  TUNMANOMOPHBLIE KyMYFYyCHbIE
KpucTannbl (XagakpucTtannbl) ONMBUHA WM KIMHOMMPOKCEHa, Mbo
oboun BMecCTe, NPOCTPAHCTBO MeXAY KOTOPbIMU (MHTEPCTULMKN) BbIMNOJ-
HEeHbl KCEHOMOPMHbLIMU KpucTannammn (oMKokpucTannamm), nmbo ToH-
KO3EPHUCTbLIMW arperatamu, CrioKeHHbIMW OaHMM, ABYyMS 1 6onee mu-
Hepanamu.

Oghumoeasi cmpykmypa sBnsieTcs TUNUYHOW CTPYKTYPON OCHOB-
HbIX NOPOA M XapakTepu3yeTcs peskuM namomopcr3amMoM nnaruoknasa
MO OTHOLLEHMIO K KIMMHOMMPOKCEHY. [posiBNAeTcs B Hanuuun npusmMa-
TUYECKUX N TabnuTyaTbIX 3epeH nnarvoknasa, yrnoaTtble MPOMEXYTKM
(MHTEPCTUUMM) MEXOY KOTOPbIMW BbIMOJIHEHLI HEMNPaBUSIBHLIMKA MO
dopme MHOMBMOAMU KITMHOMUPOKCEHa. B cryyae npucyTcTBud B no-
poAe aKueCCOPHbIX U PYAHbIX MUHEPAarioB, TO NepBble 00bIYHO SABNSAIOT-
cs1 Hanbornee NOMOMOPdHLIMK, a BTOPble Hanbornee KCeEHOMOPMHLIMMU.

BolgenstoT gBe pasHOBUOHOCTM OMTOBON CTPyKTypbl. [a66po-
oghumosasi cmpykmypa ycTaHaBNMBaeTCd B Mnopogax, B KOTOPbIX
3epHa nnarvoknasa v KrMHOMMPOKCEHa MMEIOT NPUMEPHO OOMHAKOBbIE
pa3mepbl. [Tpy 3TOM MHTEPCTULMU MEXOY KOPOTKOMPU3MaTUYECKUMU U
TabnuTyaThiMM 3epHaMu nnarvoknasa OObIYHO BbINOHEHbI CyOU30-
METPUYHBIMKU U cnaboyanMHEeHHbIMM UHAMBUOAMWU  KITMHOMMPOKCEHA.
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lMolkunooghumoeass cmpykmypa OTNNYAETCA HanMuMemM KpPYMHbIX
cybusomeTpuyHbIX, NMMBO HenpaBUIbHbIX MO (OOpPMe 3epeH KITMHOMU-
poOKCeHa, coAepXaliMxX MHOTOYUCIEHHbIE MOMKUIUTOBbIE BKITHOYEHMS
Gonee Menkux NpUaMaTUYECKNX 3epeH Mrarnoknasa.

Huopumoeas cmpykmypa xapaktepHa Ans CpeaHVUX WUHTPY3uB-
HbIX MOPOA4 — OMOPUTOB, CMOXEHHbLIX 3epHaMu POroBol obmaHku u
cpegHero nnarvmoknasa (30HanbHOro aHAesuHa), KoTopble UMEIT, npe-
WUMYLLIECTBEHHO, YOJIMHEHHYIO NnbBo npuamartuyeckyto popmy n obHa-
PY>XMBAKOT NPUMEPHO pPaBHYO, MO0 MEPEMEHHYI0 CTEMeHb nanomop-
cunsma.

CudepoHumoeasi cmpykKkmypa YCTaHaBNMBaeTCsi, NPEeUMyLLECT-
BEHHO, B YNbTPAOCHOBHbIX U OCHOBHbIX MOpoAax (B YaCTHOCTU, KOCbBU-
Tax) oboralleHHbIX pyaHbiM MuHepanoM. OHa xapakTepusyeTcs Hanm-
YneM rMNMANOMOPMHbBIX 3epeH ONMUBMHAE, NMMOO MUPOKCEHa CLEMEHTU-
POBaHHbIX PyAHbIM MWHEparnoM, MMEKLUM Pe3KO BblpaXeHHYl Kce-
HOMOpPMHYt0 hopmy.

Aznaumoeast cmpykmypa XxapakTepHa ANns LenoyHbIX nopog
(ypTnTOB 1 HedennHoBbIX cneHutoB). OHa obycrnoBneHa NpuUcCyTCTBU-
eM nanoMopHbIX 3epeH HedenunHa, C XapaKTepHOW KBaapaTHOW,
NPSMOYTOSIbHOW U LIECTUYronbHON ¢opmMon, NMBo rmMnmManomMopdHbIX
TabnutyaTbiX M NPU3MaTMYECKUX 3E€PeH KanMeBOoro MONieBOro Linata.
[Mpn aTOM NPOMEXYTKM MeXAy CBETMbIMU MUHEparamun BbINOMHAOT
KCeHomopdHbIe yrnoBaTbie No opMe 3epHa KNMHONUpPoOKceHa. Ecnn B
nopoge NpuCyTCTBYIOT aKLeCCOpPHbIE MUHeparnbl, TO OHWM 06bl4HO Obna-
OalT HanbornbLUen CTeNneHbo nanomopdgusma.

B Tex cnyyasx, korga u3yvyaemasi Mopofa xapakrepusyeTcs OTHO-
CUTENbHLIM UANOMOP(U3MOM MUHEPASIOB, HO HE MOX0Xa, HU Ha OJHY
N3 OMMCaHHbIX Pa3HOBUAHOCTEN CTPYKTYp ee crneayeT HasblBaTb rMnu-
ONOMOpPHO3EPHMCTON UNN onpeaennuTb CTPYKTYpy no bonee getanb-
Homy atnacy (MonoBuHkMHa, 1966).

CTpyKTYypbl BKITIOYE€HUN (MpopacTaHnsA) B MarmaTuyeckmx nopo-
Jax BCTpevalTcs OTHOCUTENbHO peako M boree TUNWYHBLL 4N MeTa-
Mopdumyeckux nopod. Cpeamn HUX BbIAENSOT cnegyowme pasHoBUAHO-
cTU:

lMolkunumoeasi cmpykmypa BCTpeyaeTcsl, NPeMMyLLECTBEHHO, B
OCHOBHbIX W yNbTPaOCHOBHLIX nopogax. OHa xapakTepuayeTcs npu-
CYTCTBMEM B OTHOCUTENBLHO KPYMHbIX MWHEpanax MHOFOYUCIEHHbIX
He3aKOHOMEPHO OPMEHTMPOBAHHLIX Boree MenkMx BKIOYEHWUIA O4HOTO,
NGO HECKOMNbKUX MUHEpPArioB, OObLIYHO UMEILLMX PasnnYHyo opmy.
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MwvHepan, cogepxaliMin BKIHOYEHUS, Ha3blBaeTCA OWMKOKPUCTansiom
(X039MHOM), a BKIIOYEHHbI MWHEpan — Xagakpuctaniom (roctem).
MonkunnToBbIE BPOCTKM 4YacTO KOPPOAMPOBAaHbI U MMEKT OKPYINyH
dopMy. B MenkosepHUCTbIX MOpoAax Takas CTpyKTypa HasbiBaeTcs
Mukponolkunumogol. Pa3HOBUOHOCTbIO MOMKUIIMTOBOW CTPYKTYpbI
ABNSIETCA Takke mMolkusiooghumoeasi, onMcaHHasi, Bbllle cpeaun ru-
NMAMOMOPHBIX CTPYKTYP.

Ipagpuyeckasi cmpykmypa, XxapaKkTepusyeTcsi 3aKOHOMEPHLIM
npopacTaHMem OBYyX MUHEparioB, MpU 3TOM 3epHa MUHepana, npucyT-
CTBYIOLLIErO0 B MEHbLUEM KONMYECTBE NPW NMOBOPOTE CTOSNIMKA MUKPOCKO-
na racHyT OOHOBpPeMeHHO. BcTpedatoTca criyyam, korga B KpYMHbIX
3epHax Kakoro-nnbo MuHepana BCTpevalTCs rpynnbl 3aKOHOMEPHbIX
BPOCTKOB, NpW 9TOM AN KaX4owW rpynnbl ycTaHaBNMBaeTCcsl CBON Nopsi-
[OK OJHOBPEMEHHOrO noracaHusl.

Haunbonee yacto BCTpedYaeMon pPasHOBUAHOCTLIO rpaduyeckon
CTPYKTYpbl SIBMSOTCA MeaMamumosass W MuKporeamMamumosas,
CBOWICTBEHHbIE KWUCNbIM MOpoAaM, B KOTOpbIX HabmnogalTcss 3akoHO-
MepHbIe BKIMOYEHMS 3epeH KBapLa B KanMeBoM MoneBoM LinaTe. VHo-
roa 3epHa kBapua MpPUCYTCTBYIOT B BUAE KNMMHOOOPa3HbIX BKITHYEHWUNA,
obpasyLwmx cneunduyeckuin  pucyHoK, HamoMWHAKLWMIA eBpenckne
NMCbMEHa, B TaKOM CIlydae CTPYKTypa Ha3blBaeTCs MUCbMEHHOU.

lepmumoeasi cmpykmypa yCTaHaBnMBaeTCs He AN BCEW NOpo-
Obl B LENnoM, a ANnd 3epeH Kanvesoro nofeBoro wnata, cogepailero
3aKOHOMEpHbIE BPOCTKM KUCIIOFO Nnarvoknasa, npenmyLlecTBeHHO
anbbuta. Mo dopme BpoCTKOB anbbuTa BbIAENAT YeTbipe Tuna nep-
TUTOB: MPOJXKUJIKO8bIE, MAMHUCMbIe, WHYPOBUOHbLIE U MNJIeHOYHbIE.
OHM MMetoT pasnuyHoe NpPoUCXOoXAeHWe, NepBble ABa TUna sIBMSIOTCS
nepTMTaMu 3amelleHuns, apyrue aeBa — neptutamu pacnaga. lMeptuTo-
Bble BPOCTKM Bcerga obpasyrtoTca no3xe (opMUPOBaHMS UCXOOHbIX
MUWHeparnoB MarmaTMyeckon nopogsl. B cnyyae konuvectBeHHoro npe-
obrnapanus anbbuTta Hag KanveBbiM MONEBLIM LUMNATOM CTPYKTypa Ha-
3blBaeTcd aHmunepmumosol. Bbigensetca cmpykmypa waxmam-
Ho20 anbbuma, Korga MONIMCUHTETUYECKUE TOHKOCABOWHUKOBAHHbIE
3epHa anbbuta nmMerT o4epTaHus 6rIM3kne K NPSAMOYroribHon hopme U
pacnpegeneHbl B KanneBoM MOMEBOM LUNaTe B LUAXMaTHOM NOpsiKe.

Mupmekumoeasi cmpykmypa xapaktepusyeT OTAenbHble dpar-
MEHTbI MOPOAbl U NpeacTaBnseT cobow TOHKOe MnpopacTaHve 3epeH
nnarnoknasa MernkvMMuM 3aKOHOMEpPHbIMU BPOCTKaMuK KBapLua, MMetoLm-
MW U30rHYTY0 YepBeobpasHyto hopmy, KOTOpbIE MPWU NOBOPOTE CTONU-
Ka MMWKpPOCKOMA, B CKPELLEHHbIX HUKOMSAX, racHyT ogHOBpPeMeHHo. OT-
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MeYeHO, YTO C yBeSIMYeHMEM OCHOBHOCTU Mnarnoknasa KonmM4ecTBO
MUPMEKUTOBLIX BPOCTKOB B HUX 3aMeTHO Bo3pacTaeT. MupmekuTbl 06-
pasyloTcs B 3epHax Mnarvoknasa Ha rpaHvue ¢ MHAMBMOAMU Kanneso-
ro nonesoro wnarta. OHWM HUKOr4a He BCTpeYaloTcs B 3epHax nrarvok-
nasa, KOHTaKTUPYIOLLUX C 3epHaMK KBapLa.

CTpyKTypbl o6pacTaHuA (peakuMoHHble) 06bl4HO HabnaaTes
B OTAENbHbIX y4acTkax nopoabl U He XapaKTepuayloT CTPOEHME NOPOAbI
B LenoMm. OHKM oTpaxalT peakuMOoHHble B3aMMOAENCTBUS Mexay OBY-
MS1 MNN HECKOMNbKUMW MUHEpanamMu NopoAbl, MMbo Mexay MuHepanom
rnopoapbl C MarmMaTM4eckMM pacnnaBoM, NGO ¢ NPUBHECEHHbLIMU FMapPO-
TepmanbHbIMK pacTBopamu. B pesynbtaTe 06pa3sytoTcsi KAaeMKU OAHUX
MUWHeparnoB BOKPYr ApYrMX, KOTOpble Ha3blBatoTCs peakLMOHHbIMK Kali-
mamu. Cpegun CTpyKTyp obpacTaHus pasnuyaloT BEHLOBYHO U kenudu-
TOBYIO CTPYKTYpbI.

BeHyoeasi cmpykmypa XxapakTepusyeTcsi Hanm4mem nepBUYHO-
MarMaTU4YEeCKUX pPeaKUMOHHbIX KaeMok, obpas3oBaHMe KOTOpbIX OBy-
CMNOBMNEHO MocreaoBaTenbHbIM BblAeNEeHNEM U HapacTaHWeM BHOBb
06pasyoLmnxcs MUHEPANoB Ha paHee BblaenuBLUMECS. DTa CTPYKTypa
BCTpeYaeTcs 4acto B ryOuHHbIX rabbponaax. B obwem, nocrnegosa-
TEeNbHOCTb 06pacTaHus MUHeparioB COOTBETCTBYET MOPSAKY Bblaene-
HUSi MMHEparoB B peakuuoHHoM psagy boyaHa: onuBvH — pombGude-
CKUM MUPOKCEH —> MOHOKMWUHHBLIA MUPOKCEH —> poroBasi obMaHka —
o6motut. OB6bIMHO B Mopogax HabnogarTcs Nuwb oTAeNbHble dpar-
MEHTbI TakoW nocregoBaTenbHOCTU. YacTo LEeHTPOM HapacTaHus Kae-
MOK SIBNSIeTCS pyAHbI MUHeparn. BeHuoBble CTPYKTypbl, O4EBMOHO,
BO3HMKAIOT B CTaAMIO KpUcTannusaumMm MarmaTM4eckux pacnnaBoB npu
HEeMonHou peakuun paHee BbIAENUBLLErocs MUHepana C OCTaTOYHbIM
pacnnaeBoMm. Hanuuve BEHLOBLIX CTPYKTYP CBMAETENLCTBYET O Hepas-
HOBECHOCTM MUHepara, obpacTatoLlero BEHLOBOW KaeMKOW.

Kenugpumosasi cmpykmypa no cBoen npupoge sIBNseTcs BTO-
PUYHOW UK BO3HWKAET Mocrne MOMHOW packpucTannu3auumM nopoabl
BCMeacTBME peakUMOHHOro B3aMMOOENCTBMS MUHEpPanoB Mexay coboit
B TBEPAOM COCTOSIHUM B MPUCYTCTBUWM rMapoTepMasibHbIX pacTBOPOB.
KennduTtoBas cTpykTypa BCTpPeYaeTcs B HEKOTOPbLIX OCHOBHbIX MOPO-
Aax W xapaktepusyeTcsi oGpa3oBaHMeM paavanbHO-BONOKHUCTOM Ka-
€MKWN TPeEMOorMTa UNn akTUHOMNUTA BOKPYr 3epeH ONMBMHA, NGO NUPOK-
CeHa Ha UX KOHTaKTe ¢ nnarvoknasom. KenugutoBble kaemku obpasy-
I0TCS TakXke BOKPYr rpaHata Ha ero KoHTakTe C onuBuMHOM. Bo Bcex
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cryvasix kenudutoBas CTPyKTypa CBUAETENbCTBYET O HEPaBHOBECHO-
CTV nopogel.

Cmpykmypa panakueu — pasHOBULOHOCTb LIEHTPUYECKOW CTpYK-
Typbl, yCTaHaBnvMBaeMol B rpaHutax. OHa xapaKkTepusyeTcsl Hanmunem
GenbiXx kaemoK NnarMoknasa-onurokriasa BOKPYr PO30BbIX NOPGUPO-
BMAHbIX BKparnieHHWKOB KarveBoro rnorieBoro wwinaTa, pasmep KoTopbIX
no AnvHe nHorga go 5 cm 1 Gonee.

5.2.3.2. CTpykTypbl 3chdpy3uBHLIX nopoa
(cTeknoBaTtble U HENOJTHOKPUCTaNInyeckue)

B kayecTBe CTPYKTYPHbIX 3N1eMeHTOB B adhhy3MBHbLIX Nopofax Bbl-
aensioTca nopduposble BblgeneHus (BKpanneHHWKU) n OCHOBHasA mac-
ca. Kak yxxe oTmedanocb Bblwe, Ans 3dy3nBHbIX MOPOS TUMUYHbI
nopghuposbie cmpykmypbl U B 3aBUCUMOCTM OT pa3MepoB BKpar-
NEHHUKOB, UX KONMMYecTBa M pacnpegerneHus BbiaensaTcs 3enopgu-
posbie, Mukpornopguposebie, Kpunmosbie U a2somepornopgupo-
eble cmpykmypsbl. Ecnin xe addy3nBHasi nopoga LENMKOM COCTOUT
N3 OCHOBHOW Macchl, TO CTpykTypa HasbiBaeTcs aghupoeol. Bornee
OpobHoe nogpasgerneHne CTpyKTyp 3ddysmBHBIX MOpPoA, NPOBOAUTCA
MO OCOBGEHHOCTSM CTPOEHUSI OCHOBHOM Macchl. CTpyKTypbl OCHOBHOW
Maccbl 4acTo OOHapyXMBalT OTYETNIMBYKD 3aBUCUMOCTb OT XMMMU3Ma
nopoabl 1, TakuMm obpasom, TOYHOE onpeaeneHne CTPyKTypbl addy-
3MBHON MOPOAbl MOMOraeT MpaBWUilbHOMY OMNpeAdeneHnto ee CocTasa.
Cpeam CTpyKTyp OCHOBHOM Macchbl BbIAENATCA cnegytowme Hanbornee
pacnpocTpaHeHHkle Fpynnbl: CTEKNOBATbIE, MUKPO3EPHUCTLIE U MUKPO-
nuTOBbIE.

CrteknoBaTble (rmanuHoBble, BUTPO(PUPOBbLIE) CTPYKTYPbI OT-
MeyvatoTcsl B BYJIKAHUYECKUX NOPOAaX, CIOXKEHHbIX, NPEUMYLLECTBEHHO
aMOpdHbIM, HepacKpUCTansM3oBaHHbIM CTEKITOM, KOTOPOEe He AeWCT-
BYET Ha MONsipu3oBaHHbIA cBeT. MHorga B cTekne obHapyxuBatoTcs
Kpucmannumsi - MenbYanune 3apoabiun kpuctannos. Cpeaun cTekno-
BaTbIX CTPYKTYP BbIOEMSAOT ABE Pa3HOBMOHOCTU: BUTPOMOPCUPOBYHO
(rmanonopdupoBy0) U NEPINTOBYIHO.

Bumponopdgupoegas (2uanonopghupoeasi) cmpykmypa xapak-
Tepu3yeTcs NPUCYTCTBMEM pPedKUX KPUCTanNoB MUHeparnoB, KONM4ecT-
BO KOTOpbIX 0BbI4HO He 6onee 5% oT obbema nopogpl. OHW Habnoaa-
l0TCA cpean BYINKaHWYECKOro CTekna B BuAae MopdUpOBbIX BKparnmneH-
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HVKOB W MpPeACcTaBrieHbl TEMHOLBETHBIMU MUHEpPanamMu U/vnmu nnarmok-
nasom.

Mepnumoeass cmpykmypa ycTaHaBNMBaeTCA MO Hanuuuio B
CTekne OKpYrMbIX U OBamnbHbIX TPELUMHOK, B BMAE CKOPMyrnoBaTbiX W
nykoBuLEenoaobHbIX oBonoyek. OHa BCTpevyaeTcsl B €CTECTBEHHbIX
BYKaHWYECKUX CTeKnax — nepnurax.

MuKkpo3epHUCTbIE CTPYKTYPbl XapakTepuayroTcs NMPUCYTCTBUEM B
nopoge o4YeHb MENKNX 3epPeH PasfUyHbIX MUHEPAIOB, BUAMMBIX TOJNBKO
NMo4 MMWKPOCKOMOM, AN KOTOpbIX Yalle xapakTepHa cdopma bnmskas K
cybnsomeTpryHon. Cpean MUKPO3EPHUCTBIX CTPYKTYP BbIAENSAOT chne-
ayoLime pasHOBMAHOCTU: MUKPOrpaHUTOBasi, MMKponermaTtmuToBas, op-
TochmpoBasi, He(penuHMToBas, ceponuToBas, BapuonutTosas, desb-
3MTOBas.

MukpoepaHumoeasi cmpykmypa obbl4Ha Ons puonuToB, a Tak-
Xe runabuccanbHbIX rpaHUT-NopgMpoB 1 MukporpaHuToB. OHa xapak-
TepuayeTcsi NPUCYTCTBMEM B OCHOBHOW Macce NopoAbl TOHKO3EPHUCTO-
ro arperaTa, CIOXEHHOro TMNMAMOMOPMHBLIMU KOPOTKONpU3aMaTuye-
CKUMK 1 TabnuTyaTbIMU 3epHaMM Narnoknasa 1 KanveBoro rnosieBoro
wnarta, NPOMEXYTKM MexAy KOTOPbIMU BbIMOMHAKT KCEHOMOPMHbIE
3epHa KBapua.

Mukponeamamumosasi cmpykmypa TUNu4Ha A KUCNbIX rvna-
BuccanbHbiX N 3 dy3nBHBIX MOPOA. XapakTepudyeTcsi HanMyunem B
OCHOBHOW Macce 3aKOHOMEPHbIX CpacTaHUi KanMeBoro nonesoro Lwna-
Ta 1 kBapua. OT nermMaTUTOBOW CTPYKTYpbl OTNMYaeTcs ManbiMu pas-
MepamMu CPOCTKOB, HabntogaeMblX TOMbKO NO4 MUKPOCKOMOM.

Opmoghbuposasi cmpykmypa CBOWCTBEHHa ANs CyOLEenOoYHbIX
abdy3nBHbIX Nopog — TpaxmuToB. OHa OTNMYaeTcsl MNPUCYTCTBUMEM B
OCHOBHOW Macce Nopofbl arperata Menkux 3epeH, NpemMyLLeCTBEHHO,
KanveBoro noneBoro wnaTa, obnagawwmnx npsasmMoyrofibHoW, KBagpart-
HOM U cybGu3omeTpu4Hon DOPMOWN, MexXay KOTOpbIMW B HEOOMbLIOM
KOnM4ecTBe MOXeT BCTpeyaTbCs KBapueBbl, MO0 cTeknoBatbii Oa-
3ucC.

HegpenuHumoeas (¢phoHosrumosasi) cmpykmypa ycTaHaBnmBa-
€TCsl B WeNno4vHbIX 3¢hdy3mBHbIX Nopodax: HehennHmuTax n ooHonmTax.
OTnuyaeTcsa npucyTCTBMEM B OCHOBHOW Macce MHOTrOYMCMEHHbIX Mern-
KMX 3epeH HedenuHa, obnagatrolimx BbICOKOW CTEMEHbl MOMOMOp-
dusma 1 MMerLnX NPSIMOYroNibHYH0, KBagpaTHYK M LUECTUYTONbHYHO

¢opmy.
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Coheposiumoesasi cmpykmypa — CTPyKTypa OCHOBHOW MaccChbl KUC-
nNbIX cybBynkaHndecknx n adpyaneBHbIx nopog. OHa obycnoBneHa Ha-
nnunem cdepuyeckmx obpasosaHuii pasmepom 0,1-0,3 MM, crnoxes-
HbIX paguanbHO-Ny4YMcTbiMK, MO0  pagnanbHO-BOSIOKHUCTLIMU arpera-
TaMu KanueBoro MoneBoro wnaTta ¢ NpMMEeChio KBapua, NMbo BynKaHu-
Yyeckoro ctekna. Mo dpopme OHU MOryT ObiTb NPaBUSIBHLIMW LLIAPOBUA-
HbIMW, OfHAKO HEpPedKO BCTPEeYalTCsi HEMosHble, COCTOsILINE U3 He-
GonbLioro cektopa cdepbl. B wapoBnaHbIX cdeponuTtax, B CKpeLLEH-
HbIX HMKONSAX, Habntogaetcs cdurypa, B Buge yepHoro kpecta. Coepo-
NUTbI MOTYT BCTPEYaTbCs CNopagnyecku, ogHako, Hepeako oHu obpa-
3YOT CKOMIIEHNST UMM MOJTOCKWN.

Bapuonumoegass cmpykmypa SBMsieTCA CXOXeW Co ceponnto-
Bon. OHa xapakTepHa Ansi OCHOBHbIX 3¢pPy3MBHbIX MOPOS 1 OTNINYaET-
CS HanuyMem B OCHOBHOW Macce nopoAbl chepuyeckux obpasoBaHUm
(Bapuonein), koTopble 06pa3oBaHbl pagnanbHO PacroNOXEHHbIMU BO-
NOKHaMW Mnarvoknasa, Mexgy KOTOpbiMM BCTPeYalTcsl Menbyaniine
3epHa NUPOKCEHa M y4acTku cTekna.

®Penb3umosasi cmpykmypa obblyHa ANst KMCHbIX 3hdy3UBHbIX
nopog. OHa oTnM4YaeTcs NPUCYTCTBMEM B OCHOBHOW Macce CyOMUKpO-
CKOMMYECKMX arperaTtoB KBapua M KanmeBoro nonesoro wnata. Pasve-
pbl OTAENbHBLIX 3€PEH HACTOMBbKO Masbl, YTO OHW MO OTAENBHOCTU He
MOryT OblTb pacCMOTpPeHbl Aaxe npu OonblnX yBenuMyeHusx. JTa
CTPYKTypa y3HaeTcsa no "ToyeyHon" nonspusauumu. B denb3ntoBon oc-
HOBHOW Macce MOryT OTMe4yaTbCs Y4acTKM C MUKPOrPaHMTOBOW, MUKPO-
nerMaTMToBOM U cHeponmMToBON CTpykTypamn. denb3ntoBast CTPYKTY-
pa BO3HWKaeT npu GbICTPOM OCTbIBAHUM KUCIION BA3KOW Marmbl, nnbo
npu gesuTpoduKaLmmn (packpucTannmsaumm) KUCHbIX CTEKO.

MuKponuToBble CTPYKTYpPbl XapakTepHbl O OCHOBHOW Macchbl
OCHOBHbIX U CpefHuNX addy3nBHbIX nopod. OHM oTnnYarTca NpuUCyT-
CTBMEM B OCHOBHOI Macce MWKPONWUTOB MOMEBbLIX LIMNATOB, MMELLNX
uronbyatyto, NGO AnvMHHonpuamaTndeckyto dopmy. Hapsigy ¢ Mukpo-
nMTaMn B OCHOBHOM Macce 4acTo MPUCYTCTBYET BYSKaHW4YECKOE CTEK-
110, OTHOCUTENbHbIE KONIMYECTBA KOTOPOro MOFYT U3MEHSITECS B LLUMPO-
Kux npegenax. Cpean MUKPONUTOBLIX CTPYKTYP BbIAENSHOTCS MHOMO-
YMCrEHHbIE Pa3HOBMAHOCTW, Hanbonee pacrnpocTpaHeHHbIMU U3 KOTO-
pbIX SABMSAOTCA MHTepcepTanbHas, rManonunuToBas (aHaesuToBas),
MUNoTaKCUTOBas U TpaxuToBsas.

UHmepcepmanbHas cmpykmypa OTNMYaeTcs MPUCYTCTBUEM
GonbLIOro KonmuyecTBa 6GecrnopsiAoYHO PachoNioKEHHbIX MUKPONMTOB
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nnarvoknasa, KoTopble, conpukacascb mexgy cobon, obpasyloT nonm-
roHarnbHble MPOMEXYTKUN (MHTEPCTULMM), BbIMNOSIHEHHbIE CTEKIIOM, MpO-
OyKTaMm ero packpucrannmsaumm nmbo MUHepanbHbIMU 3epHaMU.

Mo xapakTepy BLINOSHAEMOrO MaTepuarna BblLensoTcs creayto-
LuMe pasHOBMOHOCTU WHTepcepTanbHON CTPykTypbl. COBCTBEHHO UH-
mepcepmanbHasi cmpyKkmypa -— XapaktepHa Ans adaHuMTOBbIX
(cKkpbITOKpUCTannMyecknx) 6a3anbToB, CMOXEHHbLIX MEMNKUMU Uronbya-
TbIMW MUKPONMTaAMU MIiarnokrasa, UHTEPCTULMN MeXOY KOTOPbIMU Bbl-
MOMHEHbI BYJIKAHUYECKNM CTEKITOM, YacTO C NMPUMECHI0 TOHKOAMCMEPC-
HOro MarHeTuTa, BCNeACTBME YEro CTEKNO CTaHOBUTBCS YepHbiM. MH-
mepzpaHysisipHasi cmpykmypa — oTmevyaeTcs B 6asanbTax, B KOTO-
PbIX MHTEPCTMLUUX MeXZy MUKpOnMTamu Mnarnoknasa BbIMOSIHEHbI
MeNKMMn cybm3omMeTpuUYHbIMIN 3epHaMmn OfnMBUHA U NUPOKCeHa. PasHo-
BMAHOCTbI MHTEPrpaHyrsipHOW CTPYKTYpbl siBNsieTcs dosriepumosasl —
CBOWCTBEHHAas A1 TOHKO-, MENKO- U CPEeLHE3EPHUCTLIX OO0NEpPUTOB, B
KOTOpbIX Nnarnoknas npeacraBneH 6ornee KpynHbIMU UronbYyaTbiMU U
ONMHHONPU3MATUYECKUMU UHAMBUAAMU, UHTEPCTULMN MEXOY KOTOpbl-
MW BbIMOSTHEHbI €AVHUYHBIMY 3EPHAMU ONMBMHA U NUPOKCEHa, Nnbo
nx arperatamu, MMeLMMMU CyOn3oMeTpuyHy0, NMMbo HenpaBUSbHYIO
dopmy. Juabazoeasi cmpykmypa SBNsieTcsl TUNUYHON Ans MeTaba-
3anbTOB M METAJoNIepUTOB, NPETEPNEBLUMX HU3KOTEMMNEPATYpPHbIE Me-
TacomaTnyeckne npeobpasoBaHus. NHTepCcTMUumM B HUX BbIMOSTHEHBI
XJIOPUTOM 1 ApYrMMuK "3eneHbiMn” MuHepanamu (akTMHONMTOM, 3Nnao-
TOM), @ MUKPONUTLI Nnarnoknasa obblMHO COCCHOPUTU3NPOBaHbI. Cru-
Jlumoeasi cmpykmypa xapaktepHa Ansi OCHOBHbIX adomMpoBbIX 3ddy-
31MBOB, 0OpasoBaBLUMXCSA NpU NOABOAHOM U3MMSIHAM NTABOBbLIX pacnna-
BoB. OcHoBHas Macca crnoxeHa 6ecnopsgoyHO pPacrnonoXeHHbIMU
MUKpoOnUTaMu nrnarunoknasa, NnpeacTtaBfeHHoro anbbutom, a Takke ar-
peraTom BTOPMYHbLIX MUHEpanoB, oOpa3oBaBLINXCA B pe3ynbTaTe fe-
BUTPUMMUNKALMN BYNKAHUYECKOrO CTeKNa: XMOopuUTOM, KanbLUTOM,
TOHKOW BKPanieHHOCTbIO PYAHbIX MUHEPASIOB.

Fuanonunumoeasi (aHGe3umoeasi) cmpykmypa SBnsieTcs
06blyHOM ansa aHgesmToB. OHa xapakTepuayeTcs NpUCyTCTBMEM B OC-
HOBHOW Macce pa3po3HEHHbIX MUKPOMWTOB Mrarnoknasa, norpy>XeHHbIX
B CTEKIMO Mnn NpoAyKTbl ero packpuctannusauuu. [Npyn aTom B Konuye-
CTBEHHOM OTHOLWEHMX npeobrnafarLlimM SBNSeTCs BynkaHWYeckoe
CTeKro.

Munomakcumoeass cmpykmypa xapaktepHa Ansi aHO4e3vTOB.
OHa oTnmMyaeTcs HanMYNEM MHOTOYUCIIEHHBIX UroflbYaTbIX MUKPOSTNTOB
nnarvoknasa, KoTopble TECHO CoMpuKacalTca Mexay cobown, pacnona-

66



ratotca cybnapannenbHo u nraBHO ormbaloT NopupoBbIE BKpanseH-
Hukn. Cpeou MUKPONWUTOB MrarMoknasa BCTPeYalTCcsl Menkue 3epHa
NMpoKkceHoB M marHetuta. OpueHTUPOBKA MUKPONMTOB MO4YEpPKUBaET
dnongansHOCTL NOPOALI U OTpaXKaeT HanpaBneHWe [OBWKEHUs NaBo-
BOro MOTOKa.

Tpaxumoeass cmpykmypa TUNuU4Ha Ansi TPaxuMToB, MO PUCYHKY
OHa OYeHb MoxoXa Ha nmunoTakcuToByt. OTnMYaeTcs Hann4nem cyot-
napannenbHO OPUEHTUPOBAHHBLIX MUKPOSIUTOB KarMeBOro MONEBOro
LunaTa: opToKnasa WM caHuauHa, Mexay KOTOpbIMM MHOrga oTMmeva-
IOTCA BYNKaHWYECKOE CTEKNO, MarHeTUT M nupokceH. OpueHTMpOoBKa
MUKPONMTOB HEPEeAKO NMaBHO U3MeEHSIETCs, ormbas nopdmpoBble BKkpa-
MNEHHWKK, N OTpaXkaeT HanpaBneHne TeYEHUsi NaBOBOroO pacnnaea.

5.3. TeKCTypbl MarmaTu4yecknx nopos

TeKcTypoit MarmaTU4yeckmx ropHbix Nopogd HasblBaloT 0COBEHHOCTH
CTPOEHUSI TOPHbIX MopoA, OOYCMOBIEHHbIE B3aMMOpPaCMONOXEHNEM
COCTaBHbIX YacTell 1 crnocobom 3anofiHEHUs UMW NpocTpaHcTBa. Xa-
paKkTep TeKCTyp onpedensieTcs, NPeuMyLeCTBEHHO, reoriorMyeckumim
yCrnoBUsSIMM pOPMUPOBaHUS MOPOA U MEHbLLE CBSI3aH C COCTaBOM Mar-
maTtuyeckoro pacnnasa. OHU 0BycrnoBneHbl 0COBEHHOCTAMM KpucTar-
nv3auuM MarmaTu4eckoro pacniasa U BAUSIHUEM BHELIHMX (DaKTOpOB.
TekcTypbl NoapasgenstoTcs Ha ABe GorbLune rpynnbl:

. TEKCTYpPbI MO B3aMMOPaCMONOXEeHNI0 COCTaBHbIX YacTeil;

. TEKCTYpbl Mo cnocoby 3arnonHeHnsl NPoCTpaHCTBa.

5.3.1. Mo B3aMmMopacnonoXeHUo COCTaBHbIX YacTewn

Mo B3aMMOpacMonoXeHMo COCTaBHbIX YacTel BbIAENsATCS ABa
TMNa TEKCTyp:

. OOHOPOAHbIE TEKCTYPbI

. HeoAHOPOHbIE TEKCTYPbI

OpHopoAaHble (MaccUBHbIE) TEKCTYpPbl 00yCcnoBreHbl 0cobeHHo-
CTAMU KpUCTannusaumMu marmaTudeckoro pacnnaea. OHM xapakTepu-
3ylOTCA paBHOMEPHbBIM pacnpeerneHueM B Nopoae MUHepanbHbIX 3e-
PEH pasnuyHoOro coctasa, pasmepa, POpMbl U OTCYTCTBUEM UX OPUEH-
TMpoBku. [Mpu 3TOM nopoga BO BceM 00bemMe MMeeT OAMHaKOBYHO
CTPYKTYpY, COCTaB U cchopMmpoBanacb BO BCEX y4acTkax B OOMHAaKO-
BbIX ycnoBusx. OgHopoAdHble TEKCTYpbl SBMAOTCA Hambonee pacnpo-
CTPaHEeHHbIMU B MarMaT14yeckux nopogax.
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HeogHopoaHble TeKCTypbl — X obpasoBaHne 0GyCnoBnNeEHO OCo-
GEHHOCTAMU KpUCTannuaauum MarmaTu4eckmx pacnnaBoB U BHELLUHUMU
dakTopamn. B pesynbtate HOPMUPYIOTCA MHOMOYUCHIEHHBIX PasHo-
BMAHOCTEN HEOAHOPOAHLIX TEKCTYp, KOTOpble XapaKTepusylTcs He-
paBHOMEPHbLIM pacnpefernieHneM COCTaBHbIX YacTen W/unm ux gupek-
TUBHbIM (OPWEHTMPOBaHHBIM) pacroroXeHneM. BbigensoT cnepyto-
Lwme Hanboree pacnpocTpaHeHHble pasHOBUAHOCTY.

lWinupoeasi (makcumoeasi) mexkcmypa XxapakTepusyeTcs Hanu-
4YnemM B NOpoAe y4acTKOB, KOTOPbIE OTNNYAKOTCA OT OCTarnbHOW Macchbl
No MWHEParorMyeckoMmy COCTaBy UMM MO CTPYKTYPHbIM OCOBEHHOCTSAM,
nnbo no obonm 3TMM NpusHakam ogHoBpemeHHo. LLnupoBas TekcTypa
4acTo NPOSABNSAETCH B HANVYMM y4acTKOB, 06oralLeHHbIX (eMnyeckumm
KOMMOHEHTaMW UMK Yy4acTKOB, PE3KO OTNNYaOLWLMXCS MO BENNYUHE 3e-
PeH, COOTBETCTBEHHO, Pa3nM4yaloT KOHCTUTYLMOHHbIE W CTPYKTYPHbIE
pas3HOBMOHOCTMW.

Monocyamasi mekcmypa. OTNMUUTENBHBIM MPU3HAKOM 3TOMO TH-
na TEKCTYp ABMSETCA Hanuyne B Nopoae Nonoc pasHoro MMHepanbHOro
cocTaBa Unu CTPyKTypbl, MM6o obomx npu3HakoB BmecTe. Yalle no-
rlocyaToCcTb NposiBrsieTcs B oboralieHnn OgHNX Nonoc NenKkokpaToBbl-
MW MWHepanamu, Apyrux — MenaHokpatoBblMW. B 3aBucmumocTn ot
MOLLHOCTW MOSIOC pasnuyatoT rpybo-, KpynHo- 1 TOHKoMonocyaTtble Tek-
CTYpbl, @ TaKke paBHOMEPHO- U HepaBHOMepHomnonocyatble. [pn 3Tom
BHYTPX MONOC MUHepanbl He OoBHapyXMBalT Kakon-nmbo 3akoHoMep-
HON OPWMEHTMPOBKM U pacnonaratTca becnopsagoyHo. Takue nonocya-
Tble TEKCTYpbl 4acTo BCTpeyatoTcs B rabbpongax paccrioeHHbIX UHTPY-
31N 1 BO3HMKAIOT Npy auddepeHumanmmn pacnnasos. PasHOBUAHOCTLIO
Monoc4aTon TEKCTypbl SBMNSETCA OupeKmueHo-rosiocyamasl mek-
cmypa, KoTopas SBMsieTCA CXOOQHON C NpeablayLlen N Takke XapakTe-
pu3yeTcst Hannunem B MopoJe Mosyloc pasfnMYyHOro MWHEparibHOro co-
cTaBa M CTpykTypbl. OgHako OHa OTnMYyaeTcs HanuyMem B npegenax
MONoC YAMWHEHHBbIX U YellynyaTblX TEMHOLBETHbLIX MUHeparnoB, KOTO-
pble pacnonaralTcs cybnapannenbHO W OPUEHTUPYIOTCA COrnacHo
nonocyaTtocTn. Takas TekcTypa ABMSEeTCA CNeACTBMEM TEeYeHWs mar-
MaTM4eCcKoro pacnnasa BO BpeMs Kpuctannmaaumu.

MHelicogeudHasi mekcmypa xapakTepHa AN paBHOMEPHO3EepHU-
CTbIX KPUCTamnnuMyeckMx nopof, B KOTOpble TEMHOLIBETHbIE MUHeparsbl
nuctoeaton (6UOTUT) Unu ctonGyatol (porosoit o6mMaHka) hopMbl 06-
Hapy>X1BaloT OTYETNUBYIO cybnapannenbHylo OpUeHTUPOBKY. OTy Tek-
CTYpy MHOrAa HasbIBalOT NUHEWHOW, NpUYEM, IMHENHOCTb MOXET Mpo-
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ABMATLCHA HE TOMbKO B NapannenbHOM OPUEHTUPOBKE MUHEpanos, HO U
B cyGnapannenbHOM pacrofioXeHUn LUMPoBbIX 000CobneHnn n kce-
HonuToB (OGMOMKOB BMelLalLmx nopoAd). OMpeKTUBHOCTL STOWN Tek-
CTYpbl OTpaxaeT HanpaBfeHne TeYyeHuss MarmMaTM4ecKkoro pacnnasa B
npoLlecce KpucTannmaaumm.

TpaxumoudHasi mekcmypa CBOWCTBEHHa MNOMHOKpUCTannnye-
CKMM Mopodam M xapakTepusyeTcs cybnapannernbHbiM pacronoXeHu-
eM NencT n ANMHHOTabnMT4aThiX MHAMBUAOB KanmeBblX NOMEBbIX Lna-
TOB NMBO Nnarvoknasos. [1NOCKOCTU, NapannenbHO KOTOpbIM pacrona-
raloTcs MUHeparnbl, Ha3blBaOTCS MIIOCKOCTAMM TPAXUTOUOHOCTW.

®dmoudanbHasi mekcmypa BcTpeyaeTcs B 3hdy3MBHbBIX NOpoaax
N BbipaxaeTcs B cybnapannenbHOM pacronoXeHUW MUKPONUTOB Mo-
neBbIX LWNATOB, YANMHEHHbIX UHAVBUAOB APYrMX MUHEPArioB N Kakux-
nnbo BKMIOYEHUIN, KOTOPble BbITAMMBAKOTCA B HanpabrieHUU TeveHus
noToka, NpeMMyLLeCcTBEHHO, BA3KOW 3acTbiBatowen nasbl. MUkponuthl,
OPUEHTUPYACH B NOTOKe, 06bIYHO ormbatoT NopdnpoBbLIE BbiAENEHUS 1
Kakve-nmbo Apyrne BKIIOYEHUSA U HEPOBHOCTW.

Bce OVWPEKTUBHbIE UMK HanpaBlieHHble TEKCTYpPbl ABNAKTCA nep-
BUYHO-MarMaTtM4eCKUMn CTPYKTYPHbIMW 3fieMeHTaMn U UMerT 6onb-
Loe 3Ha4YeHune and paCLIJI/I(pF)OBKVI BHYTPEHHEro CTpoeHnda marmaTtunye-
CKMX TeJl, TaK KaK OHM OTpaXaloT HanpaBleHne OABMXEHUA Marmatunye-
CKMX pacniiaBoB B Xo4e Kpuctannmsauun.

5.3.2. Mo cnocoby 3anonHeHMA NpocTpaHCTBa

Mo cnocoGy 3anofiHEHNs MPOCTPaHCTBa BbIAENSAIOT, MMaBHbLIM 06-
pa3oMm, [Ba TMNa TEKCTYP U HECKOSIbKO pa3HOBMOHOCTEMN.

MnoTHas (KOMNakTHasl) TeKCTypa XapaKkTepUsylTcsl TEM, YTO
mMarmMaTuyeckasi Macca LENMKOM 3anoriHSeT MPOCTPaAHCTBO €0 3aHs-
Toe. Mpu aTOM, ropHasi nopoaa COCTOMT U3 COCTaBHbIX YacTel, KOTo-
pble TECHO coMpuKacalTCs Mexay coBoi U HE COOEPKUT KaKux-nmbo
rMop Wnu nycToT.

Mopuctaa TeKkcTypa sBnseTcA TUNUYHOW ANns 3adpdy3MBHBLIX MO-
poa, NPENMYLLECTBEHHO, CPEOHNX U OCHOBHbIX. OHa oTnu4aeTcs npu-
CyTCTBMEM B nopoae nop v nycrot. [lopucrtasa tekctypa obpasyetcs B
pesynbTaTte akTUBHOMO BblOENEHUS ra3oB, PacTBOPEHHbIX B MarmMatu-
Yeckom pacnnase. [Mopbl M NycToTbl 0ObIYHO OGnagalT OKPYrron u
annunconganbHOn OPMON, MHOrAA BbITArMBAKOTCA BAOMb TeYeHUs

69



NaBOBOr0O MOTOKA, NGO B HaMpPaBNeHWN BOCXOASLLMX NMOTOKOB ra3oB B
MOKPOBE faBbl, NPU 3TOM OHW MPUHMMAIOT TPyBYaThI BUA. B Kkncnbix
ahhy3nBHLIX NopoZdax Nopbl U MyCTOTbl NPEeNMyLLECTBEHHO 0GHapYXU-
BalOT HENpaBWUnbHyl opMy, BCreacTBMe Gosblueit BA3KOCTU TakKUX
naB. Mpy HanMMYMM OBMIBHOrO KOMM4YecTBa Mop WU MycTOT B KayecTBe
Pa3HOBUAHOCTU BbIOENSAIOT WIAKO8YIO MEKCMYpy, B KOTOPOW Mopbl U
MyCcTOTbl He 3arofiHeHbl BTOPWMYHBLIMU MUHepanamu. BblgensioT Ose
Pa3HOBUOHOCTU NOPUCTLIX TEKCTYP.

MuHdanekameHHasi mekcmypa BblAensieTcsi B TOM cryyae, koraa
nopbl 1 NYCTOTbl B 3py3MBHbIX NOPOAax OKa3blBAlOTCSA 3anoSIHEHHbI-
My Gonee no3gHUMK BTOPUYHBIMU MUHepanamu. BoinonHeHne MyuHaa-
JIMH MOXeT OblTb MpeAcTaBieHO BeCbMa pasHOOOpPasHbIMM HU3KOTEM-
nepaTypHbIMW MUHepanamu (KanbUUTOM, XIOpWUTOM, 3NULOTOM, KBap-
Lem, xanuegoHoM, ueonutamu). Hepeako MUHOANMHGLI BbIMOMHSOTCS
HECKONMbKAMW MUHEepanaMmu 1, B TaKOM Crlyyae, OHWM 4acTo oGHapyXu-
BalOT 30HaNbHOE CTPOEHMeE.

Muaposioeass mekcmypa BcTpevyaeTcsl B KpYnHO- U rpy6o3epHu-
CTbIX UHTPY3MBHbIX Nopoaax. OHa xapaKTepusyeTcsl HanmymeM nosoc-
Tel, NGO HenpaBWMbHbLIX YrIoBaTblX MYCTOT, OrpaHUYEHHbIX rpaHsaAMM
TMNMANOMOPMHBLIX KPUCTaNNUYECcKnx 3epeH. Takve MuaponoBble nyc-
TOTbl BO3HMKAOT NP ObICTPOM POCTE KPUCTANNNYECKUX 3epeH Unv B
pesynbTate MHEBMAaTONUTUYECKOrO PACTBOPEHUST Kakoro-nnbo MuHe-
pana. MuaporoBble MyCcTOTbl YacTO BbINONHEHb! 6onee No3gHUMU Mu-
Hepanamu, oGpa3oBaBLUMMUCS W3 OCTaATOMHbIX pacnnaBoB. OnHako,
MHOrA4a OHM OCTAalOTCS HAYEM He 3anofIHEHHBIMU.

LLlapoBas TekcTypa HabnogaeTcs cpaBHUTENbHO PedKko B HEKO-
TOPbIX MHTPY3MBHBLIX nopogax (rpaHuTtax, gvoputax u rabbpo). OHa
XapakTepusyeTcs HanuuueM LLapoBbIX M annuncovaanbHbix obpaso-
BaHW, KOTOPble OTYETNMBO BbIAENSOTCA Ha (HOHE KPUCTannUyecku
3€pHUCTON OCHOBHOWM Macchl nopogpl. LlapoBble 1 annuncouganbHble
0o6pa3oBaHMs YacTO UMEIOT KOHLEHTPUYECKM-30HANBbHOE CTPOEHME U
CKOPIynoBaTyto OTAENbHOCTb.

Moaywe4yHas Tekctypa (pillow-lava) ycraHaBnuBaeTcss B OCHOB-
HbIX 9bPy3MBHbIX MOPOAAX, Tak Ha3blBAEMbIX LUAPOBbLIX NlaBax, KOTO-
pble MO cocTaBy 0ObIMHO COOTBETCTBYIOT cnunutam. lNMogylleyHast Tek-
cTypa HabniogaeTcs B nopoaax, obpa3oBaBLUMXCSA NPU NOABOAHOM U3-
NUSIHUM NaBOBbIX pacnnaBoB. TakMe MopoAbl CroXeHbl cepoungans-
HbIMW, OKPYTMbIMU LAPOBUAHLIMK TEMamMU pasMmepom Ao 1 M, KoTopble
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CLEeMEHTUPOBaHbl 0CaA0YHLIM MaTepuanom, NMbo BTOPUYHLIMU MpPO-
OYKTaMu.

5.4. OTAeNbLHOCTbL MarmaTM4eckux nopoa

Mopdonornyeckme TMnbl OTAENBHOCTU

MarmaTuyeckne nopodbl B €CTECTBEHHLIX OOHaXKEHMAX OObIYHO
pa3duTbl cMCTEMaMK TPELLMH OTAENBHOCTN Ha BMnoku pasnunyHoi cop-
Mbl. 1o mopdonorun 61okoB BbIAENATCS MHOFOYMCIIEHHbIE TUMbI OT-
OENbHOCTY, U3 KOTOPbIX MMaBHbIMU ABMASIOTCS cregyoLme.

Mnacmoeass omdesibHOCMb BCTPEYaeTCs BO MHOMMX WHTPY3MB-
HbIX Mopodax. XapaKkTepusyeTcsi XOpOLLIO pasBUTbIMWU FOPU3OHTamNbHbI-
MU TpewmHamKn, KoTopble pas3busaloT nopody Ha OTAernbHble O6roku
nnactoobpasHon copmbl. Ecnv pebpa Takmx GNoOkoB oOKasbiBaOTCA
OKPYrNeHHbIMU, TO OTAENbHOCTb Ha3blBaeTCst MaTpaLeBUaHON.

Mnumyamass omdenibHOCMb OTNVYAETCA HanuMumMem CONMKeH-
HbIX TPEeLUMH, KOoTopble pa3bvBaloT NOpoAdy Ha OTHOCWUTENbHO TOHKME
nnuToobpasHbie 6oKNn.

Cmonb6yamas omdesnibHOCMb TUMU4YHA ANsi OCHOBHbLIX 3hdy-
3MBHbIX MOPOA, KOTOpble pa3buBalnTca TPELWMHAMN Ha OTAENbHbIE Bbl-
TAHyTble CTONObI, YacTO C LUECTUYTONIbHbIMU MONEPEYHBIMU CeYEHMUS-
MU. OTW Npu3maThyeckme CTondbl Hepeako pacnonaralTcsa nepneHaum-
KYNSpHO K BHELLUHEN NOBEPXHOCTU MOTOKa U MOKpOBa.

Lllapoeasi omdenbHocmb (LapoBble naebl TWna pillow lava) Tu-
MMYHa NS HEKOTOPbIX OCHOBHbIX 3(PdY3NBHbBIX NOPO4, BO3HMKLLNX MpU
NOABOAHBLIX U3NUAHUSX. DTOT TN OTAENbHOCTU XapaKkTepuayeTcsi Npu-
CYTCTBMEM LIAapoobpasHbIx (annuncoobpasHeix) "noayLiek”, kaxgasa u3
KOTOpbIX MMeNa CBOK MOBEPXHOCTb OXNaxaeHus. [NpomMexyTkn mexay
OTOENbHLIMU MOAYLUKAaMM BbINOMHEHbI MUMPOKIAcTU4eckum addpy3me-
HbIM MITM OCad04YHBIM MaTepuanom.

Ckopnynoeamasi omoesibHOCMb, KOTOPYK 4YacTO Ha3blBalOT Tak
Xe, Kak 1 B npeablgyLllem criyyae - LapoBOW, BCTPEYaeTCsl Y HEKOTO-
PbIX MHTPY3MBHbIX Nopog. Mpu paspylleHun unu yaape nopogbl pasou-
BaKOTCA Ha OTAENbHbIE CKOPITYyNoOBaTO-LLIAPO0OpasHble OMoku.

Tunbl TpeWMH OTAENBHOCTU B MarMaTM4ecknx nopogax

MpUYMHBbI BO3HUKHOBEHUSI TPELUMH OTAENbHOCTM SIBNSAKTCA CIOX-
HoM npobnemon, kotopas Gonee NONHO M3ydeHa ONA UHTPY3UBHbIX
nopoAa. B nocnegHux, HaunHaa ¢ pabot . Knooca, BblgenstoTcs nep-
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BMYHblE TPELLMHbI OTAENbHOCTM, obpasylolmecs nocrne MosfiHoro oT-
BEpAeBaHUsA nopoabl.

lMepeuYHblie MpewuHbl PAcnonoXXeHbl 3aKOHOMEPHO MO OTHOLLEe-
HUO K JIMHENHbIM, TPaAXUTOUOHBIM U AUPEKTUBHO-MOMNOCATLIM TEKCTY-
pam. I3BecTHO Tpu pasHOBUOHOCTU TPELLMH OTAENbHOCTW 3TOro Tmna:

lMonepeyHbie mpewuHbl — Q, pacrnonaratlTcs NepneHanKyNapHoO K
OVPEKTUBHBIM TEKCTypaMm (TPaxMTOMOHOCTU, MOJIOCYaTOCTU U THEWNCO-
BugHocTK). O6pasytoTcs B pe3ynbTaTte MaKCUMarbHOrO pacTsXeHUs! B
HanpaBneHun ABWXKeHUs. 3TN TpelwmHbl (DOPMUPYIOTCA Ha paHHEen
CTagum OCTbIBAHUS M K HUM 4acTO MPUYpPOYEHbl XuUlbHble 0bpasoBa-
HUS.

lNnacmoeblie mpewuHbl — L, pacnonaratoTcs B NNOCKOCTU NOSoC-
4YaTOCTM U TPAXUTOUAHOCTU N TOXKE YacCTO BbIMOSHEHbI XUIbHLIM MaTe-
puanom.

[MpodonbHbie mpewuHbl — S, pacnonoXeHbl COrnacHo Hanpasne-
HUO NUHEWHOCTU U NepneHauKYNaApHbl K npegbligywiMm AByM Tunam
TPELLMH.

HanoxeHHble TpewmnHbl (TpeLmHbl ckona, oTpbiBa U Ap.) obpa-
3YHOTCA NPWY TEKTOHUYECKUX HANPSHKEHUSAX, BO3HUKAIOLLMX 3HAYUTENBHO
noxe PopMMPOBaHNS MarMaTnyeckmx Tern. 1o MoOBEPXHOCTAM CKOro-
BbIX TPELUUH HEpPeaKo HabnogaTcs 3epkana u 60po3abl CKONbXEHNS.

N3yyeHre pacnonoxeHust NePBUYHbBIX M BTOPUYHBIX TPELLMH B CO-
YyeTaHUM C aHanM3oM MMHEWNHbIX, AMPEKTUBHbLIX, MOMOCHYaTbIX U Tpaxu-
TOMAOHbBIX TEKCTYP MO3BOMseT Cyantb 0 hopMe MarmaTuyeckux Ten, ux
BHYTPEHHEM CTPOEHUN U YCNoBUAX (POPMUPOBaHUA. ITO HanpaBneHue
B M3YYEHUW MarmaTUyeckux Ten SABMsieTcs pasgenom netporpaduu,
KOTOPbIN Ha3blBaeTCA CTPYKTYPHOW NETPOSIOrNEN.

72



6. KTACCUDPUKALINA
MAITMATUYECKUX FOPHbIX MOPOA

CospnaHne knaccudmkaumm nobbix NPUPOAHBIX O0BBLEKTOB npen-
cTaBnsieT cobon CrnoxHyto 3agadvy. TpyaHOCTb nocrneaHen 3HadynTenb-
HO BO3pacTaeT, ecnu knaccupuumpyemesle 00bEKTbI 06nagatT pasHo-
00pasHbIM COCTaBOM U MHOTMMWU Npu3Hakamun. IMeHHO TakMMn o0bek-
TaMu SBNSAOTCA MarMaTuyeckne ropHble Nnopoabl, KOTOpble XapakTepu-
3yl0TCA pa3HOOBpa3sHbIM XMMUYECKMM, MUHEPANOrM4eckum COCTaBoOM U
pasnuyHbIMKU YCITOBUAMU 06pa3oBaHusl.

B cBSA3K co ckaszaHHbIM CTAHOBUTCS MOHATHLIM HanuMyne 60nbLLIOro
yncna Knaccudukaumi mMarmatudecKkmx nopon, KoTopble B pasHoe
BpemMs Obinv npeanioxeHbl y4eHbiMu. bes npeyBenMyeHnst MOXXHO Cka-
3aTb, YTO NMOYTU BCEMU KPYMHBLIMU y4eHbIMU-NeTporpadamu koHua XIX
1 nepBoKr nonosuHbl XX BekoB Oblny NpeanoXeHbl CBOM CXeMbl Knac-
cucbmkauuu.

Bce knaccudukaumm marmaTnyeckux nopos MoXHO pasfennTb Ha
rpynnbl, B 3aBUCUMOCTM OT TEX MPU3HAKOB, KOTOPbIE MOJIOXEHLI B OC-
HOBY KnaccumKaLnoHHbIX NoapasaeneHnii.

CyLLeCTBYIOT reonorm4yeckne, XMMn4eckne, MmHepanormyeckme u
reHeTM4YecKmne KnaccugukaLumm MarmMaTMyecknx ropHbix nopog.

6.1. Tunbl KNnaccudmnkaumumn

Feonorn4yeckue knaccudgpukaymum

3a ocHOBY MpuHMMalOT ycnoBus obpasoBaHud. Tak, ¢ koHua XIX
Beka B netporpadum MPUHATO U LUMPOKO NPUMEHSAETCH pasfeneHune
MarMaTuMyecknx nopon Ha Tpu rpynnbl: FNyOUHHbIE, U3NUBLUMECS WU
XunbHble. B HacTosilee Bpems aTU nogpasferneHnsi, COXpaHMB CBOHO
CYLLLHOCTb, UMEHYOTCS1 OObIYHO:

o NAYTOHUYECKNUMU (MIN UHTPY3UBHBIMW);
. a(pdy3nBHLIMK (BYNKaHNYECKUMN);
. rmnabuccanbHbIMM MOPOAaMM.

Kak BMOHO M3 Has3BaHWii, UHTPY3UBHbIE (MITYyTOHWYECKME) NOpPOAbI
BO3HUKAIOT NPV KpUcTannmsaumm marmaTu4ecknx pacrniaBoB Ha 3Hauu-
TeNbHbIX MybMHax B 3eMHON Kope, YTO MPWBOAWUT K BO3HWMKHOBEHWIO
MOSTHOKPUCTANNNYECKUX CTPYKTYpP. AdpdysuBHbIE MOpOObl BO3HMKAOT
npy OTBEpPAEBAHNM MarMaTUYecKUxX pacrnsiiaBoB (N1aB) Ha MOBEPXHOCTU
3eMIM UMK Ha OHe MOpel U okeaHoB. [Nsi Takux NOpod TUMUYHbI He-
NOSIHOKPUCTANNNYECKNe, CTeKnoBaTtble U adpaHWTOBble CTPYKTYpbl. W-
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nabuccanbHble NOPOAbl, KOTOPblE 4acTO Ha3biBAKOT AAWKOBLIMW, MO
YCNOBUSAM CBOEro obpasoBaHusi U CTPYKTYPHbLIM NPU3HaKaM 3aHMMatoT
NPOMEXYTOUHOE MONOXKEHNE MEXAY WHTPY3UBHbIMU U 3hPYy3MBHBIMU
nopogamu. OHM BO3HMKAKOT Ha HeGoNbLUUX rnybrHax B 3€MHOW Kope U
BCneacTBME [OBOMBHO ObICTPOM KpucTannusauuum marmbl obnagatot
MEIKO3ePHUCTbIMU adhaHNTOBLIMU, MO0 NOPOMPOBLIMU CTPYKTYpPaMM.
MoppasgeneHne nopog MO YCrOBUAM 3arieraHnsi Ha WHTPY3MBHbIE,
acbdy3nBHbIE M fankoBble (rMnabuccarnbHble) LWNMPOKO MCMONb3YTCS
npv Knaccudmkaumm MarmaTMy4ecknx nopoga.

Xumunyeckue knaccudukaumm

Xumnyeckune knaccuukaumm MarmaTu4ecknx Nopos OCHOBaHbI Ha
pasgeneHnn Ux no rna.HbIM YepTaMm XMMU3mMa U Mo MHEHUIO BOSbLUNH-
CTBa uccregoBaTtenen Havbornee KpyrnHble KnaccuduKalMoHHbIE NoAa-
pasgeneHns AOMKHbI BbiAENSATLCH MO COAEPXaHUIO B HUX KPpeMHEKUC-
notbl. Tak No cogepxaHuio B HUX KPEMHEKMCNOTLI BCe MarMatu4eckue
nopoabl NoApasaensioTcs Ha cneaytoLwme rpynnbi:

HasBsaHue rpynn: Copepxanue SiO,
(8 BeC.%)
YnbTpakucnble >78%
Kucnble 78-64%
CpegHue 64-53%
OcCHOBHbIe 53-45%
YNbTpaoCHOBHbIE <45%

3HaunTenbHbIM  pacnpoCcTpaHeHNEM MoNb3yeTca  XMMUyeckas
knaccucpukauma C. LeHpa, koTopbin no cogepxaHuio SiO, Bbligenun
TPW rpynnbl NOPOA:

1. Mopoabl nepcolilieHHble SiO, U coaepXkalyue KBapl.

2. Mopoabl HachbllweHHble SiO,, kOTopble He coaepXaT CBO-
©oaHoro KkBapua, HO Takke He cogepXKaT U HeHacblIleHHbIX SiO, MuHe-
panoB (onvBWHa, HedenvnHa, nenumTa).

3. Mopoabl HeHacblweHHble SiO,, ANs KOTOPbIX TUMUYHO MOS-
HOEe OTCYTCTBME KBapLia M NPUCYTCTBME HEHAacbIWeHHbIX SiO, MuHepa-
nos (onuBuHa, HedbenuHa, nenunTa).

MwuHepanormyeckue knaccudukaumm

MMHepanormquKme KJ'IaCCMCi)I/IKaLI,I/II/I, OCHOBaHHble Ha Ka4YeCTBEH-
HOM W KOJIN4ECTBEHHOM MUHEpPanorm4eCKkoOM cocCTtaBe, MOoJ1b3yKTCA
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OYeHb LUMPOKNUM MPU3HAHMEM. JTO CBA3AHO C OTHOCUTENBHOW MPOCTO-
TOM M BbICTPOTOW onpedeneHns rMaBHOrO KnaccudUuKaLMoHHOro npu-
3Haka — MMHepanormyeckoro coctasa. MuHepanornyeckmx knaccugu-
Kauun MarmaTM4ecKkmnx nopog MHOro, HO OTNINYalOTCSt OHU MO CYLLECTBY
TONbKO B AeTansix.

Bo Bcex MuHepanormyecknx knaccuduvkaumsx BblOensitoTcsa rpyn-
Mbl MOPOA, KOTOPbIE XapaKTepuUayTCst MPUCYTCTBUEM UNN OTCYTCTBUEM
rmaBHbIX NOPOJ006pa3yoLMX MUHEPANoB, UX KONMMYECTBEHHbLIMU CO-
OTHOLUEHMSIMUW, @ HEpedKo U onpederneHHbIM COCTaBOM MWHeparioB.
MwvHepanorudeckue knaccmdukaumm odeHb YAOOHbI NP U3Yy4YEeHUN WH-
TPY3UBHbIX MOPOA, M CO 3HAYUTESNbHBIMU TPYAHOCTAMU MPUMEHSIOTCS
ansa adyamBHbIX nopod. [na knaccudukaumm ncnonb3yeTcs Konmye-
CTBEHHOE COAepXaHWe KBapua, XapakTep W codepXaHwe MoneBbixX
LNaToB, COCTaB Mnarvoknasa, copepxaHve eMny4eckux KOMMOHEH-
TOB.

[o 1995 roga 6bina WMPOKO pacnpocTpaHeHa knaccudukaumns
A.H. 3aBapwuukoro, cornacHo KOTOpPOW BCe Marmatumdeckme nopoapl
noapasgensaTcs Ha BOCEMb rpynr:

1. ['pynna ynbTpaoCHOBHLIX NOpoS,
pynna rab6po-6a3anbTa
pynna gnopwta-aHgesuta
pynna rpaHWTOB-NUNApUTOB 1 FPaHOAMOPUTOB-A4aLMTOB
pynna cueHnTo-TpaxuTa
Mpynna dpenbwnaTongHbiX CUeHNTOB-OOHONNTOB
Mpynna 6ecnoneBolnaToBbiX enbnaTongHbIX Noposa
pynna weno4vHbix rabbponaos-6asansTonaos

ONO A WN

Mopoakl NepBbIX YETbIPEX FPYNn OTHOCATCA K HOpMansHOMY psay,
NSTOW rpynnbl — K cybuienovyHomy, a rpynn 6, 7 1 8 k nopogam Lenoy-
Horo psiga. BHyTpu kaxgow rpynnel no ycnoeusim obpa3oBaHusi Bblge-
NAKTCA WHTPY3MBHbIE, 3dpy3MBHbIE U AanKoBble (rMnabuccarnbHble
nopogpl). MNpy BblAeNeHUN TUMOB WHTPY3UBHLIX MOPOA BHYTPW rpymnn
LUMPOKO WCMONb3YTCA [AaHHble 00 WX KONMYEeCTBEHHO-MUHEpa-
NOrMYeckoM cocTaBe.

OcoberHHocmu knaccugukayuu 3¢hghy3ueHbIx Mopod

Opdy3snBHbIe nopodbl obnagaT B GONbLIMHCTBE CryyaesB nop-
UPOBLIMY CTPYKTYpaMmn, @ OCHOBHAs Macca 4acTo XapakTepusyeTcs
NPUCYTCTBMEM CTEKINA WM OYEHb TOHKOW 3EPHUCTOCTbI. B cBA3M C
LUIMPOKMM pacnpocTpaHeHWEM HEMOSTHOKPUCTaNSIMYECKNX U Aaxe CTek-
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noBaTbIX CTPYKTYp knaccndurkaumnsa addy3mBHbIX NOPOA No MUHeparno-
rMYECKOMy COCTaBy M KOMWYECTBEHHbIM COOTHOLUEHWSM MUHepanos
Hepeako okasblBaeTcs 3aTpyAHEHHON.

Mpu onpegeneHun adpy3nMBHLIX NOPOS NOA MUKPOCKOMOM NPUXO-
ONTCS OPUEHTUPOBATLCA Ha onpedereHne MUHepanorM4eckoro cocrta-
Ba NOpdMPOBLIX BKPAMNMEHHWKOB, Ha XapakTep CTPYKTypbl OCHOBHOWN
Maccbl U ee MUHeparnoruyeckun coctas. [pu aTom Bcerga cneayet
UMeTb B BUAy, YTO MUHepanbl, NpeacTaBneHHble B NOPUPOBLIX BKpa-
NNeHHMKaX, KpUCTannm3yTca NepBbIMM M3 MarMaTU4ecKoro pacnnasa,
NO3TOMY XapakTepuaytoTcs 6onee OCHOBHbIM COCTaBOM, YeM MUHepa-
fbl, criaratowime COOTBETCTBYHOLLME WHTPY3MBHbIE NopoAbl. Tak, B Mo-
pofax cpedHen OCHOBHOCTM, aHAe3uTax, Mnaruoknas BO BKpanneHHu-
Kax yalwe npeacTtasneH nabpagopom, a He aHAE3MHOM, Kak 3TO OOK-
HO Obl BbIno BbITL cyad no obwemy coctaBy nopodbl. Mopduposble
BKpaniieHHWKN 06bIMHO NpeAcTaBrneHbl BEPXHUMU YreHaMu peakuMoH-
Horo psga boyaHa. Tak, B Tex e aHaesanTax 4acTo BCTpeyaloTcs nop-
hupoBble BKpanneHHUKN NMPOKCEHOB, XOTS B @aHaNOrMyHblX No coctaBy
AvopuTtax obbI4HO BCTpeyaeTcs poroasi obmMaHka.

6.2. CoBpemeHHas knaccudmkaums
MarmMaTu4eckux nopopg

B 1994 r., 3atem B 2008 r. MexxBeaoMcTBEHHbIM MeTporpaduye-
CKUM KOMUTETOM BbInin yTBEPKEHBI HOBbIE NeTporpaduyeckne KogeKkchbl
(MeTporpadumyeckuin kogekc, 1995; 2008), B KOTOPbIX paccMaTpuBaroT-
CSs1 HOBblE MPUHLMMbI CUCTEMATUKN U KracCuUKaLum marmaTmyeckux 1
Apyrux TunoB nopogd. Mo Hawemy MHeHWo Haubonee NpUeMIUMbIM U
OOCTYMHbIM ANsi YCBOEHUS MaTepuana no aTon teme sinsetcs eTpo-
rpaduyecknii kogekc 1995 r., cormacHo KOTopoMmy Mbl ganee Oyaem
paccmaTpuBaTh Krnaccudukaumio marmaTuyeckux nopog.

CornacHo 3TOMy KOOEKCYy BCE ropHble MOpOAbl FPYNNMpYOTCS BO
B3aUMOCBSI3aHHblE TAKCOHOMMYECKMNE eAMHULbI: TUMbI, KNacchl, rpynmbl,
psiabl, CEMENCTBA, Buabl. Kaxxgas us aTux kateropui xapakrepuayeTcs
onpeaeneHHbIMU KnacCUUKaLNOHHBIMW NPU3HakaMn U 3aHUMaeT Co-
OTBETCTBYIOLLIEE MECTO B 0OLLEN NEPAPXNYECKON CXEME CUCTEMATUKMN.

Bcsa coBoKymHOCTb TOpHbBIX MOpPOA nodpasgensercs no onpege-
nsawowmm daktopam obpasoBaHUs Ha TWMbl: OCafgoudHble, MarmaTude-
ckne n meTamopduyeckne. [lanee marmaTuyeckne nopodbl no dauu-
anbHbIM YCNOBMSAM AENATCSA Ha ABa Kracca: MiyTOHUYecKkue U Byrka-
HUYeckue; rmnabuccanbHble 3aHNMAaoT NPOMEXYTOYHOE MOJTOXKEHME.
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[anbHerwee nogpasgeneHne marmatuydecknx nopopg 6asvpyetcs
Ha BeLLECTBEHHbIX npusHakax. 1o cogepxaHutio SiO, Bce marmatunye-
CKWe nopoabl NoApasaensaTcs Ha YeTbIpe rpynmbl;

1. ynbTpaocHoBHble — 30-45%;

2. OCHOBHblE — 45-53%;
3. cpepaHne — 53-64%;
4. Kucnble — 64-78%.

Bce rpynnbl Mo cTeneHu LenoYHOCTM pasaensoTcs Ha Tpy neTpo-
XMMUYECKMX psiaa: HopMasibHbIiA, CyOLLENOYHON 1 WENOYHOM.

HanbHeiwee 6onee apobHoe AeneHue marMaTUYecKux nopon Mbl
YBUOMM MNpU OeTanbHOM PacCMOTPEHUN OTAEMbHbIX rpynm.

6.2.1. Mpynna ynbTpaoCHOBHbLIX nNopoa

CornacHo obuen knaccudukauum B rpynny yrbTPaOCHOBHLIX MO-
po4 OTHeCeHbl MarmaTuyeckue nopodbl, coaepxaiwume meHee 45%
SiO,. B aty rpynny BxogaT GecnoneBoLwinaToBble ceMencTea M BuUabl
MarmaTMyeckMx MNOpOA, pasfdensiolmecs Ha [ABa MNETPOXUMUYECKMX
psiga: 1) nopodbl HOpManbHOW LWENOYHOCTH; 2) LWenoYHble nopogpl. Mo
yCcrnoBusiM 0b6pa3oBaHWs BbIAENAITCHA KMNacc MITyTOHUYECKMX, a Takke
Knacc BYfKaHWYECKMX U runabuccarnbHbiX nopos.

MaBHBIMM MMHEpanamu B COCTaBe YNbTPAOCHOBHbLIX MOPOA HOp-
ManbHOWM LLENOYHOCTN SABNSKTCA OMMBWH, MOHOKMMHHBIN 1 poMOuye-
CKUW NMUPOKCEHbI, CoOYeTaHMe KOTOpbIX onpeaenseT cemencTsa 1 Buabl
yneTpamadutoB. B nopogax HopmanbHow wenoyHoctn (Na,O+K,0 <
1,5%) cpeamn NNyTOHMYECKMX MOPO4 rpynmnbl BblAENATCSA ABa CEMen-
CTBa: CEMEWNCTBO CYLLECTBEHHO OMNWBMHOBBLIX MNOPOA (ONMMBUHUTOB-
OYHUTOB) U CEMENCTBO MUPOKCEH-ONUBMHOBBLIX NOpoA (NepuaoTUTOB).
BynkaHudeckme n runabuccansHble Nopoabl HOPManbHON LLENOYHOCTH
006beaNHATCS B OAHO CEMENCTBO — MUKPUTOB.

B ynbTpamadmtax wenoyHoro psga (Na,O+K,0 < 20%) rnaBHbI-
MU MUHEpanamm SBMNSIHOTCA LLENOYHbIE MUPOKCEHDbI (3TMPWH, 3arMpuUHaB-
TUT), TUTAHaBIMUT, HedENWH, NenunT, Menunut. B HekoTopbIX pasHo-
BMAHOCTSAX BO3pacTaeT porb ONMBMHA, anatuta u gp. B nnyToHnyecknx
nopogax LenoYyHoro psga BblAensTCs ABa CEMENCTBA: MENUTONNTOB
1 onagonuToB yrbTPAOCHOBHBIX. B BynkaHWyecknx nopogax Bblaens-
I0TCH TPU CEeMENCTBa: NUKPUTBI LLEMNOYHbIe, MENUNUTUTLI 1 PONOONUTHI
YNbTPaOCHOBHbIE.

YNbTpaoCHOBHbIE MarmMatudeckne nopodbl pPacnpocTpaHeHbl B
npupoAe 3HaAYUTENbHO MEHbLUE APYrnX rpynn U3BEePXeHHbIX Nopof (<
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1%). W3 Hux Hambonee pacnpoCTpaHEHHbIMU SBASAOTCA MAYTOHUYe-
CKve nopofbl HopMasnbHOro neTpoxummnyeckoro psiaga. OHM YacTo cBs-
3aHbl C OCHOBHbIMW MAYTOHUYECKMMW MOPOAAMU B PasfUYHbIX Marma-
TU4eckux opMaLmsaix Kak B cKnagyaTtbliX M KOHCONMUAMPOBAHHLIX reo-
TEKTOHUYECKNX CTPYKTypax, Tak MU B PUEDTOBLIX 30HAX CPeaUHHO-
OKeaHMYeCKNX XpebToB.

MnyToHuyeckme ynbTpamaduTbl, 0COGEHHO B PaCCHOEHHbLIX KOM-
nnekcax MauT-yrbTpamMaduToBbIX WHTPY3UA OObLIYHO CBSi3aHbl C
rabbpovaamy MocTeneHHbIMKU MNepexodamMun 4Yepes nnarMoknascopep-
Xalume pasHoBugHocTu. Ecnn copgepxaHue nnaruoknasa B ynbTpama-
dutax meHee 10%, To K Ha3BaHMO nopodbl AobaBnseTcs onpegene-
Hue “nnarnoknasoBbli’. Ecnn cogepXaHve nnarnoknasa npesblllaeT
10%, TO Takylo nopogy Hy>XHO OTHOCUTb K MENaHOMUTOBbIM pa3HOBUA-
HocTAM rabbponaos, HECMOTpst Ha HU3Koe copgepxaHue SiO,.

6.2.1.1. YnbTpaoCHOBHbIE NOPOALI HOPMarnbHOro psiga
6.2.1.1.1. 'MnabuccanbHble U ByNnKaHU4Yeckue nopopabl

CemelnCcTBO NUKPUTOB.

TepMmuH “nukput” ObIN BBeaeH . YepmakoBbiM B 1866 r. 310 nop-
(hupoBble MU NOPUPOBUAHBIE NOPOALI, CIOXEHHbLIEHHbIE BKparnseH-
HVKamMKn onvBuHa, knuHonupokceHa (o 50%) 1 OCHOBHOW Maccow, co-
CTOALEN M3 KIMHOMMPOKCEHA, Gas3anbTMYECKOW pPOroBo OOMaHKW,
nnarvoknasa, 6unoTnTa, MarHeTuTa, NPUMECK KanbuuTa, anaTuTa, CTek-
na. B cemeinctBe NUKPUTOB MO OCOBEHHOCTSM MWHEPANOrMYecKkoro u
XMMMYECKOro COCTaBa BbIAENSOTCS TpY BUga Nnopos: MenMeudnTbl, NuK-
pUTbI, KOMaTUUTLL. MO XMMUYECKOMY COCTaBy OHW COOTBETCTBYIOT rMe-
pugoTUTaMm.

MeliMeyumbl. TepMuH “mMenmeunt” npeanoxeH B 40-x rogax XX
ctonetns B.H. KoTynbckum gns ynbTpaoCHOBHBLIX MOPOA, COCTOSILLMX
13 NopmpOBbIX BKPANIIEHHMKOB ONMBMHA U CTEKIIOBaTOM NMH0O MUKPO-
3E€PHNCTON OCHOBHOM MaccChl, KOTOpble BnepBble Obinv BblgeneHbl B
baccenHe p. Manmeuva Ha ceBepe Cubupckon nnatgopmbl. NosgHee
Obina BblgeneHa uenas Manmeya-KoTyHckasi MpoBUHLMSA, Toe Menme-
YATbl crnaraloT MOLLHYI0 3dY3NBHYIO TOMNWyY W AaWku. OTO BbICOKO-
MarHesmanbHble MUKPUTOBbLIE NOPOAbI, KOTOPbIE K HACTOSALLEMY Bpeme-
HW U3BECTHbIE HE TONbKO B Poccun, HO n 3a pybexxom. Makpockonuye-
cku B obpasuax - aTo nopcmpoBbie (0ONMBUHODUPOBLIE), PeXe nopdu-
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poBMAHbIE MOPOAbI YacTo cBexero obnmka ¢ 0OMNbHBIMKU BKpanseHHW-
KamMn 3er1eHOBaTOro OSfIMBUHA, MOMPY>KEHHbIMW B YEPHYH OCHOBHYHO
Maccy. TekcTypa OObIMHO MacCUBHasi, HEpeaKo MuHAaneKkaMeHHas.
Moa mMukpockonom HabnopaeTcsa sicHoe NopupoBoe CTPOeHNe Mopo-
Obl, IpyyemM Aonga BKpanneHHWKOB onmBmnHa coctasnseT 35-60% (value
45-50%), ogHako He onyckaeTtcst HWke 20% M He NOgHUMAaeTCs Bbille
80%. KonnyectBo mnHganuH gocturaet 15%. BkpanneHHUKn onmMBuHa
00bIYHO OOBOJMIBHO KPYMHbIE, YAcTo MMEIOT annuncongansHyo dopmy,
UX pasmepbl No AnuHHoM ocu o 10 MM, nHoraa BeTpevatotea oo 20-50
MM. OnMBUH BO BKpaniieHHMKax ODObIYHO MMEET CBeXui obNMK u no
coctaBy OTHocuTcs K chopcteputy (Fa=7-12%). Ans menme4ynToB xa-
pPaKTEPHO MPUCYTCTBME XPOMLUMMHENWAOB B BMAE BKpanseHWi B Onu-
BMHE (NOWKMNMTOBaAsA CTpykTypa), nmbo B CpocTKax C TUTaH-
MarHeTUTOM.

Mo cTeneHn packpucTannu3auum OCHOBHOW MacCbl MenMeuuTbl
pasnuyaroTcsl Ha BUTPOMMpPOBLIE (CTEKMNOBaTbIE) U KPUCTaNMYecKu
3epHUCTbIE MUKponuTOoBble. MukponutoBasi CTpykTypa obycrnoBneHa
HanMuMem OJNIMHHOMPU3MaTUYECKUX, UronbYaTbiX 3epeH (C pasMmepamu
no gnvHe go 0,1 Mm), NpeacTaBEHHbIX KITMHOMMPOKCEHOM, KOTOpbIE
CLIEMEHTMPOBaHbI TOHKOYELLYN4aTbiM CeprneHTMHOM. B ocHOBHoOM Mac-
Ce MOCTOSIHHO MPUCYTCTBYIOT MENKas BKPaMieHHOCTb CyOM3omeTpuy-
HbIX 3epeH MarHeTuTa u TutaHomarHetTuta (ao 10-15%).

CpegHunin XMMMYECKUIn COCTaB MENMEYUTOB MpencTaBreH B Tab-
nuue 2. [nst XMMMYeckoro coctaBa MEMMEYNTOB XapaKTEPHbI BbICOKMNE
cogepxaHma MgO (>30%), Huskme SiO, (<39%), AlLO; (<3%),
Na,O+K,0 (<0,4%), npn cooTHOLLIEHUN LenoYer 6nuskmum Kk 1. Menme-
YUTbI ABNAOTCA 6U3KMM BYNKaHUYECKMM aHanorom nepuosimToB.

MelmeunTbl OBbIMHO TECHO accouMMpyoT C OfIMBUHOBLIMK ba-
3anbTamMu 1M pasHoobpasHbIMM MO COCTaBy LLenovHbIMKU BasanbTonaa-
Mu. MIHorga cnaratoT kpaeBble haumm LWenoYHO-YNbTPaoCHOBHbIX NIy-
TOHOB (["yNMHCKMIA NNYTOH Ha ceBepo-3anage Cubupckor nnatgopmei).

lNMukpumbl — Hanbonee pacnpocTpaHeHHbIe Mopodbl paccMaTtpu-
BaeMoro cememnctea. B oOHaxeHMAX NUKPUTOB 4acTo HabnwogaeTcs
wapoBas nmubo rnbiboBas oTAenbHOCTb. BbiBeTpenasi NMoBepxHOCTb
nopon TeMHoO-Gyporo LBeTa, B CBEXXEM U3NIOMe — TEMHO-3eNeHas!, Noy-
TN YyepHasi okpacka. Ha aTom doHe BblgensoTcs TEMHO-3eNeHbIE, 3e-
neHoBaTo-Oypble BKpanneHHWKN KIMHOMUPOKCEHA, pexe ONnMBUHA.
TekcTypa NMKpUTOB 0ObIMHO MaccuBHasi, pexe cntomgansHas, MMHOa-
nekameHHas (Konn4ecTBo MUHAaANMH gocturaet 25%).
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Tabnuua 2
CpegHuin xuMmnyeckuii coctas yrnbTpamaduToB HopMansHoOro psaa
(no BoraTtukosy v ap., 1987; Conosbesy, 1970)

Oku- OhdysnBHbIE UHTpy3nBHbIE Nopoab!
cnbl nopogbl
1 2 3 4 5 6 7 8

SiO, 40,90 | 43,30 | 44,00 | 40,50 | 37,80 | 45,00 | 44,80 | 44,00

TiO, 169| 070| 058 | 0,16 0,27 | 0,21 | 0,26 | 0,22

AlL,Og 200 530| 700| 150] 1,10| 190 | 3,60 | 5,40

Fe 0s 740 | 580 | 440 2,70 570| 6,00| 3,40 | 4,10

FeO 6,00 920| 750 6,30]|1220| 2,80| 540 | 7,20

MnO 013 023| 0,18| 0,13]| 0,18| 0,10| 0,10 | 0,10

MgO 37,20 | 29,50 | 30,00 | 47,40 | 41,50 | 42,20 | 39,50 | 29,40

CaO 420| 470] 590 | 090 | 0,09 160]| 3,20| 9,10

Na,O 012 100| 028| 0,12| 0,06 | 0,14 | 035| 0,05

K20 016 | 030 0,13| 0,07| 0,05| 0,07| 011 ] 0,28

P20s 020 025| 006, 015] 0,22| 0,06 | 0,18 | 0,06

lMpumeyvaHue. 1 — MeNMeYNTLI, 2 — NUKPUTLI, 3 — KOMATUAUTBI, 4 —
OYHUTBI, 5 — ONUBUHUTBLI, 6 — rapudypruTel, 7 — NepuonuTel, 8 — Bepnu-
Thl.

Mog MMKPOCKOMOM OTHETNIMBO yCTaHaBnuBaeTCcsd npeobnajaHune B
nopdurpoBbIX BKpaneHHNKaxX KMMHOMUPOKCEHA, NpU NOQYNMHEHHON pO-
NN ONMBMHA, B OTNIMYUKM OT MenMeunToB. O0beM BKpaniieHHUKOB CO-
ctaensieT go 30%, ux pasmep go 10 mm. CTpyKTypa OCHOBHOM Macchl
NMUKPUTOB CTeknoBaTtas unuM MukponutoBas. OCHOBHas cTeknoBaTas
Macca B nuKpuTax OObl4HO CeprneHTUHU3NpoBaHa, amdunbonuanposa-
Ha, Nnbo xnopuTtusanpoBaHa. B rmnabuccanbHbIX pPasHOCTSAX OCHOBHas
mMacca NUKPUTOB MukponutoBasi. OHa CrnoXkeHa MUKpPONUTaMu KIMHO-
NMpOKCeHa, OCHOBHOrO nfiarnMoknasa, TMTaHUCTOM poroBon obmaHku. B
HebOomnbLIOM KONMMYecTBe MOTyT MpPUCYTCTBOBAaTb (OIIOronuT, XpPOMLUMK-
Henua, MarHeTuT, anaTuT, ceH, rpaHaT, cynbduapl.

CpeaHunin XnMn4ecknii coctaB NMKpUToB KamuaTkum npeacTaBneH B
Tabnuue 2. OT MENMEYUTOB OTNMYAETCA TEHOEHUMEN K YBENUYEHUIO
SiO,, Al,O3, Na,0, K;0O 1 ymeHnbLienmto MgO, TiO,.

MukpuTbl cnaratoT ganku, Hebonblive rmnabuccanbHble Tena u
BYJIKAHMYeCKne NOTOKN. B ByNKaHUYECKMUX CEPUSIX MUKPUTBI YacTo CBS-
3aHbl C OCHOBHbIMW ByrikaHUTamu. MUKpUTbI pasBuTbl BO MHOIMMX pe-
rTMOHaX Mupa B COCTaBe  ynbTpamMaduToBbIX WM MaduUT-
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ynbTpamMmaduTOoBbIX KOMMMEKCax, MMeLWMN Bo3pacT OT Aokembpus
00 KanHo30s5. B cknagyatbix o6nacTax BblAENATCS YeTblpe Tvna mar-
MaTUYECKMUX KOMMIEKCOB, B COCTaBe KOTOPbIX BCTPEYaTCA MUKPUTLI:

1. TMukpuTt-cnunut-gnabasosble addy3vBHbIE KOMMNekebl (Kam-
yaTka, Yykotka, Tyea, Cananp n 1.4.);

2. Tukput-rabbpo-gnabasoBble runabuccanbHble  KOMMMEKCHI
(Ypan, Hosas 3emnsa v gp.);

3. VIHTpy3nBHO-adbpy3nBHbBIE KOMMIEKCHI AMaba3oBbiX U MUKPUTO-
BbIX nopduputoB (MedveHra, Kapenua v gp.);

4. Nnabas-nuKpuToBLIN rMnabuccanbHble komnnekcsl (KasaxcTtaH,
Kaskas, Ypan v gp.).

Bo Bcex aTnx KoMMnekcax NUKpUTbl SBASIOTCA YNbTPAOCHOBHbBIMM
anddepeHumaTamm nmubo kymynatamm 6a3anbToBOM Marmbl.

MybuHHee MaHTUAHOE NPOUCXOXAEHUE MUKPUTOB U UX FEOXUMU-
Yeckme OoCoBEeHHOCTU yKasblBalOT Ha MX BO3MOXHYK anMa3oHOCHOCTb
(BanagHbIvi ckroH Ypana).

Komamuumsi. TepmuH “komaTnmnt” 6bin BBEAEH B neTporpaduye-
ckyto nutepatypy opateamu P. u M. BunbeHamu B 1970 r. npu n3ayde-
HUM YNbTPAOCHOBHBIX BYMKAHWTOB W BbICOKOMarHesvanbHbIX Oasanb-
TOB apxesi B 6accenHe p. Komatu B KOxHol Adpuke. No3gHee Takme
nopoabl Obinn onucaHbl B ABcTpanun, Kanage, banTtuinckom wute um
ap. Komatumtbl o6pasytoTcs B pesyrbTaTe ObICTPOro OXnaxaeHust u
KpucTannusaumm ynbTPaoCHOBHOrO pacnnasa. Makpockonmyeckn B
obpasuax KomaTumTbl MpeacTaBnaloT cobon TeMHOo-3eneHble adupo-
Bble MOPOAbl C TUMWYHOM LWApOBON OTAENBbHOCTLIO. NSt HUX XapakTep-
Ha 3akKanodHas CTpykTypa “CnMHUEKC” - pa3BUTUE CKENETHbIX Kpu-
CTanmnoB OfMBMHA WU (MNN) KITMHOMUPOKCEHA B MNNOTHOM adaHUTOBOW,
00bIYHO CEepNEHTUHM3NPOBAHHOW OCHOBHOW Macce. [MaBHbIMWU MUHe-
panamy B KoMatumTax SIBASKOTCA ONMBMH U KNMHOMMPOKCEH (aunonug,
aBruT) C MPUMECHLIO LUMUHENW (C BLICOKMM COAEPXKaHMEM XpOMa).

PervoHaneHbii MeTamopduam MpUBOAMT K CyLLECTBEHHOMY MNpe-
0obpa3oBaHMIO NEPBUYHBIX MMHEPANOB C Pa3BUTMEM 3efeHbIX MUHEpa-
NnoB (aKTUHOMWUT, XIOPUT, CEpPrneHTuH, anngoTt). CpeagHnin XumMudeckui
COCTaB HKHO-apPUKAHCKMX KOMATUUTOB npencTaBrneH B Tabnvue 2.
Kak BugHO 13 Tabnuubl, XMMUYECKUIA COCTaAB KOMATUUTOB OMNU3OK K
NUKpPUTaM, OTNNYaAETCS MUHUMAarbHBIMU COAEPXXaHMSIMU LLENTOYEN.
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Llenecoobpa3Ho roBopuTb O BblgeneHun ocobown ByfKaHMYECKOM
KomaTtunT-6a3anbToBon hopMaumm peBHUX cknagdatbix obnacren. C
KoMaTumtamm MoryT ObiTb CBsidaHbl 6oraTble cynbguaHble HUKENEBbIE
pyobl IMKBALMOHHOIO TUMa C O4YEHb BbICOKMMM OTHOLLEHUSIMU HUKENS K
mean (Ni/Cu>10-20). KpynHble MecTopoxaeHust Takux pynd obHapyxe-
Hbl B 1972-73 rT. B toro-3anagHon AscTtpanum n B KaHage.

6.2.1.1.2. NMnyToHN4eckne nopoabl

MMnyToHU4Yeckne ynbTPaAOCHOBHbIE MOPOAbI HOPMAarbHOrO MEeTpo-
XMMUYECKOIo psija SBMSOTCH rofloMenaHoKpaToBbIMU yribTpamaduTa-
Mu (M>90%) (20710 — nonHeIN, Becb, M — cogepXaHne TEMHOLBETHbIX
MUWHeparnoB). [ns cocTaBa 3TWX MOPOA XapaKTepHbl TPU MMaBHbIX MU-
Hepana: ONMBUH, OPTOMUPOKCEH, KIMUHOMUPOKCEH, PeXe 3HAYMTENbHYIO
ponb mMoxeT urpate amgunoon. OHM MOryT BCTpevaTbCsa Mo OAUHOYKE,
nnbo B pasnuyHbiX codeTaHuax. OnuMBuH OBbIMHO NpeacTaBneH dop-
CTEPUTOM, OPTOMUPOKCEHbI — SHCTATUTOM, GPOH3MTOM, KIMHOMUPOKCE-
Hbl — OMOMNCMOOM, aBrMTOM (gnannormtom), amgpubon — obbIKHOBEHHOWN
poroBoii obmaHkon. B kavecTtBe BTOPOCTEMEHHLIX MWUHEPANOB MOTYT
BCTpeYaTbCs OCHOBHOW Mnarnokrnas, ororonuT, rpaHat u gp.  Akuec-
COpHble MVHeparbl B HUX MpeacTaBfeHbl XPOMLINMHENAaMn, MarHe-
TUTOM, TUTAHOMarHeTUTOM, pexe cynbdungamv Hukens n megn. CTpyk-
Typa Takmx nopod OObl4HO naHMaMoMopdHO3epHUCTas, rMnuaguo-
MOpPHO3EpHUCTAas, pexe NOMKUIUTOBas N cnaepoHuToBas. Mccnepo-
BaHus Yanmpkepa, bpayHa (1970), [xekcoHa (1971), Mwuxannosa,
LapkoBa (1973) paccnoeHHbIX MHTPY3UI nokasanu 0COH6EeHHOCTU Kpu-
cTannusauum ynbTpamadutoB n rabbpongos. Hanbonee paHHue kpu-
cTannbl OfIMBUHA, MUPOKCEHOB OCEAAaloT Ha AHO MarmMaTU4eckon kame-
pbl M Ha3bIBATCA KYMYIYCHbIMW, OHW, Kak MpaBuro, UMEKWT WAMO-
MopdHble oyepTaHus. bonee nosgHWe MHTEPKYMYMYCHblE MUHeparbl
LEMEHTUPYIOT MUHEpanbl KyMynycHON ¢asbl 1 0ObIMHO MMEIT KCEHO-
MOpHYIO hopMy. Takme CTPYKTYpbl Ha3bIBAlOTCA CTPYKTYpamMu OCax-
OEHUS UNN KYMYNATUBHBIMU CTPYKTYpamu, a nopogpl - MarmaTuyecku-
MK Kymynatamu. Hanpumep, BO3MOXEH TEPMUH “XPOMUT-OSTIMBUHOBbIN
KymyrnaT”, COOTBETCTBYIOLUMIA HA3BaHWIO NOPOAbI — AYHWT.

[MnyToHuyeckne ynsTpamaduTbl HOpManeHOro psaga nogpasgens-
I0TCS NO OCOBEHHOCTAM MUHEPaNorM4eckoro CoctaBa Ha CyLLeCTBEHHO
ONMBUHOBBIE U MUPOKCEH-ONNBMHOBBIE NopoAbl. COOTBETCTBEHHO BblI-
JensawTca U ABa CEMEWNCTBA: ONIMBUHUTOB—OYHUTOB W MEepUaoOTUTOB.
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PasHoBMaHOCTM nopopn BbIAENAOTCA MO KONMYECTBEHHOMY COOTHOLLE-
HUIO MUHepanoB (puc. 21).

pyware, OV o o _______
ONUBUHUTBI 4
OyHuThbI,
MepupoTuThbl
rapubypruTbl BEepnUTbI (ynsTpaocHoOBHbIE
yneTpamacuThbl)
nepuonuTbI
40 -------- ¥ B S
|
ONIMBUHOBbIE ONUBMHOBbLIE | MupokceHUTbI
OPTONMPOKCEHNTbI OnMBMHOBLIE BeGCTepUTLI KNMHOMMPOKCEHUTLI | (OCHOBHbIE
: yneTpamacduTel)
10 10 !
AN\ BeOCTepUTHI / AN\ _____ Ii _______
OPx 1 4o 90 I CPx

OPTOMUPOKCEHUTbI KITMHOMUPOKCEHUTbI

Puc. 21 Knaccudpumkauma ynetpamadputoB. On-onueuH, OPx—
opTonumpokceH, CPX—KNMHONNPOKCEH.

Kak BMOHO M3 guarpamMmbl OYHWUTbI M ONMBUHUTBI CIIOXKEHbI B OC-
HOBHOM OfIMBMHOM, WHOT4A C MpPUMMEChbio NMupokceHoB (MeHee 10%).
rapubyprTbl COCTOAT U3 ONMBUHA NPU NOAYMHEHHOW POSIN OPTOMUPOK-
ceHa (10-40%), wHorga B HUX B BuAe NPUMECKU BCTpeYaeTCst KNMHoMu-
pPOKCEH. Bepnutbl CroXeHbl ONMMBMHOM WU KITMHOMMPOKCEHOM, MOXET
NpUCYTCTBOBaTb OPUTONMPOKCEH. B nepuonutax npeobnagarowum mu-
Hepanom SIBMSIETCS ONMBWH, BCErga MpuUCyTCTBYIOT OPTO- U KIMHOMK-
POKCEHbI, KONIMYECTBEHHAA POSlb KOTOPbLIX MOXET 3Ha4YNTENbHO Bapby-
poBaTb. B ynbTpamacumtax mMoryt npucyTcTBOBaTb OCHOBHOW Miaruvok-
nas u porosasi obmaHka o 10%, npu 3TOM K UX Ha3BaHWo gobasnsaeT-
Cs nMpucTaBka «nnarnoknasoBble» nNnbo «poroBoobmaHkoBble. Ecrnu
cofepxaHve nnarvoknasa ctaHoButbcs bonble 10%, B Takom crny4vae
nopogy Hago OTHOCUTb K MeNaHoNMToBLIM rabbpoungam.

CemelCTBO ONIMBUHUTOB—AYHUTOB

Mopopbl 3TOro cemeicTBa COCTOAT B OCHOBHOM M3 ONUBUHA, B BU-
Ae HebonbLIoN NpMMecK MOryT NPUCYTCTBOBAaTL NUPOKCeHbl (30 10%).
B 3TOM cemelicTBe BblOENSIOTCS ABa BMAA NOPOA — OYHWUTHI U ONUBU-
HWUTBI. Pa3nnyaloTcs OHU TOMbKO MO TUMOMOPGHOMY PYAHOMY MUHEpa-
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ny: B AYHUTAxX — 9TO XPOMLUMMHENU, B ONIMBUHUTAX — TUTAHOMarHeTuT.
B onuBuHUTax Hepeako B KaYeCTBE aKLECCOPHOro MuHeparna npucyT-
CTBYET NEePOBCKUT.

Takum obpasom, onpedenseTcs U MeTannoreHMyeckas cneuuanu-
3auUMs 9TUX MOPOA: C AyHWTaMM CBsi3aHa XPOMMTOBas W NnaTuHoBas
MUHepanu3auns, ¢ ONMBUHUTaAMU — Xene3opyaHas. [JyHUTbl U onvBK-
HUTbl OTHOCATCA K pa3HbiM POPMaLMOHHBIM TUMaM: ONMBUHUTLI CBOW-
CTBEHHbI LLENOYHO-YNbTPAOCHOBHbLIM KOMMMEKcaM ¢ kapboHaTuTamu,
AYHUTbI — OCPMONUTOBBLIM U 30HASbHLIM KOMMIEKCaM.

AyHumsi. HazBaHvne nopogbl “OyHUT” GbINO gaHO XOXWTETTEPOM
B 1894 r. no rope [yH B HoBown 3enaHguu. [dyHuTbl — 3eneHoBaTo-
cepble MeNnKO3epHUCTble MopoAbl NPW CepneHTUHU3aUUN CTaHOBATCS
TEMHO-CEPbIMK, MOYTU YepHbIMU. [ns OYHUTOB XapakTepHa »entas
Kopoyka BblBETpUBaHUsS. CBexune OyHUTbI BCTpevalTcsa peako. MuHe-
panorm4eckuini coctaBs QyHUTOB — rMaBHbIM 06pa3oM ONMBUH (hopcTe-
puT) 1 xpomwnuHenuabl (3-5%). MNMupokceHbl MOryT NPUCYTCTBOBATL B
KonnyectBax He bonee 10%, Hanbonee oObLIYHLIM ABMSETCA SHCTATUT.
BTopuyHble MuHepanbl NpefcTaBfeHbl CEPNEHTUHOM, TarbKoM, Tpe-
mMonutom, kapboHaTamu, OpycuTOM, TOHKOOUCNEPCHLIM MarHeTUTOM.
MuKpoCTpyKTypa AYHMTOB — MaHMOMOMOP(HO3EPHUCTAs, NPU MHTEH-
CVIBHOW CEepneHTUHM3aunm — netenbyaras.

XUMUYECKMIA COCTaB AYHUTOB npeactaeneH B Tabnuue 2. OH xa-
pakTepusyeTca MakcumanbHbiMK cogepxaHusamm MgO u MuHumans-
HbIMK SiO,, Na,O n K,O. CocTtaB AyHUTOB B pa3sHbiX hopmaumnsax mMo-
KET HE3HAUYUTENbHO MEHATLCS, Tak Kak OHU MOTYT SIBMATLCA PeCTUTO-
BbIMW 06pa3oBaHMAMK, MO0 KPUCTaNIM30BaTbCsl U3 MarM pasnmyHoro
cocTaBa (NepngoTMTOBON, MMKPUTOBON, 6a3ansToBOW).

PectutoBble OyHUTbI OUMONMMUTOBLIX KOMMMEKCOB OObIMHO TECHO
accouMmpyroT ¢ rapubyprutamu n o6pasytoT cpegu HUX 4acTo MNosiochl
HebornbLLON MOLWHOCTU. B Ypanbckom nrnaTMHOHOCHOM Mosice B cOCTa-
BE OYHUT-KITMHOMUPOKCEHNUT-rabOpOoBbIX 30HANbHbBIX KOMMSIEKCOB AYHW-
Tbl cnaralT uUeHTpanbHble Yactu maccvBoB. OT rabbpongoB OyHUTHI
OTAEnNeHbl KIMMHOMUPOKCEHNTOBOWM 0OOMNOYKON, SBNSAOLLENACA pe3ynbTa-
TOM MX peakUMOHHOro B3aumogencTeus. Ha AngaHckom wute B psige
mMaccuB (MIHarnnHCKMA 1 op.) OyHUTbI CriaratoT UX OCHOBHYHO LieHTparb-
HYl0 YacTb. OHOOKOHTAKTOBbLIE YaCTU MACCUBOB HaCbILLEHbI MHOTO4YMUC-
NEHHbIM AarikoobpasHbiMM Tenamm NepuaoTUToB, NMUPOKCEHUTOB, ANO-
PUTOB W LLENOYHBLIX NOPOA.
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C pgyHWTaMu cBsi3aHbl MECTOPOXKAEHUS XPOMUTOB, MELHO-
HVKeNeBbIX Py W NPOSIBNEeHVsI CaMOPOOHOWN MnaTuHbI. OyHUTbl SBns-
OTCS XOPOLLUM ChIpbeM AN MPOM3BOACTBA (DOPCTEPUTOBLIX OrHeyno-
poB.

OnusuHumsl. B obpasuax — 3TO TOHKO-, MESIKO-, CpeaHe3epHU-
CTble MacCUBHble, MHOrAA nonocyaTtble NOpoAbl TEMHO-CEPOro 40 Yep-
Horo upeTta. Kopouku BbIBETPUBAHUS TakKe UMEIT XenThin uBeT. Mar-
HeTUT (TuTaHomarHeTuT) obpasyeT BKPaAMMEHHOCTb MESKUX YEepHbIX
3epeH, NMbo Mernkue rHesga M TOHKME NMPOXUIKW. [NaBHbIM MUHepa-
NIOM B OJIMBUHUTAX SIBNSETCH ONMMBUH C HE3HAYMTENbHOW MPUMECHIO
TUTAHOMarHeTUTa. B OnMMBUHUTAX LLENOYHO-YIIbTPAOCHOBHbBIX KOM-
NIEeKCoB MNOABNAETCA TPETUA TUMNOMOPMHLIN MUHEpan — MNepoBCKUT
(NepoBCKUT U TUTAHOMAarHeTUT B CymMme cocTaBnstoT He 6onee 10%). B
PYOHbIX ONUBMHUTAX COAepXaHue TuTaHoOMarHeTuTa M MnepoBCKUTA
pocturaet 40%. XXenesanctoctb OnNMBMHA OTHOCUTENBLHO HEBLICOKAS,
OofHako obblYHO BbIlE, Yem B onumBuHe ayHuToB (Fa go 15%). B kave-
CTBE MPUMECHBIX U aKLECCOPHbIX MUHEpANoB MOryT MPUCYTCTBOBAaTb
aBruT, rMnepcTeH, poroBasi obmaHka, noronuT, anaTtuT, LUNUHENb,
cdeH, NMMPPOTUH, XanbkonupuTt. BTopuyHblie M1MHepanbl NpeacTaBreHbl
CEpPNeHTUHOM, TPEMOSINTOM, WAAWHICUTOM, AOSIOMUTOM, KarbLUTOM,
TOHKOONCNEPCHBbIM MarHeTUTOM.

MWKpOCTPYKTYpa ONMBUMHUTOB MaHUOMOMOPHAdA, MHOTAa MOXET
ObITb MOpdupoBMAHON. B pasHocTax, oboraleHHbIX pyaHbIMU MUHE-
panamu, ob6bIYHO CMAEPOHUTOBAS, .

XnMU4eckuii cocTtaB ONUMBUHUTOB NpeacTtaBneH B Tabnuue 2. OT
OYHUTOB OTNMYyaeTcsa 6onbLIen XenesncTocTbio U TUTAHUCTOCTLIO.

OnMBMHUTBI B COCTaBe LUENOYHO-YNbTPAOCHOBHbLIX KOMMIEKCOB
BCcTpeyatoTca Ha Konbckom nonyoctpose, Kapenuu, Ha ceBepe Cnbup-
ckon nnatgopmbl, AngaHckom wute. B Manmeua-KoTynckon npoBuH-
LN ONMBUHUTbLI ABMSIOTCS COCTABHOM YaCTbi0 LEHTPasbHbIX UHTPY3UNA,
B KOTOPbIX OHW NpeacTaBnsaoT nepsyto dasy. B N'ynuHckon MHTpy3um
aToro panoHa (mnowagb 500 kMy) ONIMBMHUTEI COBMECTHO C NEpUAOTU-
TaMmn 06pasyroT AyroobpasHyto Nonocy WupuHom B 10 KM 1 NPOTSKEH-
HocTbto okono 30 Km.

CemeNcTBO NEepuMaoTUTOB

B 3TO cemMencTBO BXOASIT ONMBMH-NIMPOKCEHOBbLIE YIbTpamaduThbl,
copepxawme meHee 90% onuemHa. BblaensawoTca Tpu rmaeHbIX BuAa:
rapudyprutel (C OPTOMUPOKCEHOM), BEPNUTLI (C KIMHOMMPOKCEHOM) U
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nepuonuTbl (C OpTO- 1 KNMHONUPOKCEHOM) (puc. 21). Pexe ¢ onnBMHOM
BCTpeyaeTca poroBasi obmaHka (poroBooOMaHKOBblE NEPUOOTUTHI).
BO3MOXHbI pasHOBUAOHOCTK, copepxaliue AOMNOMHUTENbHbIE MpUMEC-
Hble MUHepansl B konudectBax Ao 10%, nnarnoknasosble, critogsHble,
rpaHaToBble NEPUAOTUTLI.

Bbigensiemble pa3sHOBMOHOCTM MEPUOOTMTOB YKasbiBalOT Ha WX
NPUHaANEeXHOCTb K pasfnuMyHblM MarmaTuyeckuMm dopmaumam. Tak
rapudypruTbl SABMSOTCS XapakTePHbLIMU MOPOAaMN OPUOSTUTOBLIX KOM-
nrnekcoB. Bepnutel — TuNM4YHble NOPOAbl OYHUT-KIMHOMUPOKCEHUT-
rabbposoii popmauun. Jlepuonutbl CBOMCTBEHHbLI PACCIIOEHHbLIM MIy-
TOHaM NepUAOTUT-MUPOKCEHUT-HOpUTOBOM hopmaumn. CritogsHble ne-
pyaoTUTbLI (C hNIOroNMTOM) YacTO BCTPEYATCA B MarMaTU4eCckux Kom-
nrnekcax, CroXeHHbIX NopodamMn MOBbILIEHHOW LWernovHocTu. [paHato-
Bble NepuaoTUTHLl (TpaHaT NMMPOMNOBOrO psiAa) XapaKTepHbl Anst UHTPY-
3MBHbIX KOMMNMEKCOB ApPEeBHEro JOKEMOpUSA 1 BCTpeyalTcs B BUAe rny-
OUHHBIX KCEHONUTOB B KUMBEPNUTOBBIX TPybOKax.

Fapuy6ypaumal. o BHelWHeMy Bugy rapubyprutbl Mano otnuya-
loTCA OT AyHWUTOB. B CBeXuMx ckonmax okpacka nopoAbl TEMHO-3erneHas
00 4yepHon. Kopouyku BbIBETPMBAHUS MMEIOT KENTOBATO-KOPUYHEBbLIV
UBET, Ha OHE KOTOPbIX OObLIYHO BBIAENATCS MracTUHYaTble COro-
MEHHO-XenTble 3epHa aHCTaTuTa. TekcTypa OOblMHO MaccuBHas, WHO-
raa nonocyatas. [apubypruTbl CNoXeHbl MPENMYLLECTBEHHO ONTMBUHOM
dopcteputoBoro coctaea (Fa go 12%) npu nog4YMHEHHON pPonu opTo-
NMpOKCeHa (JHCTaTMTa), XPOMLUNMHENUA HabnogaeTca B BUAe akuec-
copHon npumecu (meHee 2-3%). 3epHa onMBuHA OBbLIYHO CybusomeT-
puyyHoro obnuka u Gonee ngnomopdHble, YemM MHAMBUALI HCTATUTA.
3epHa aHcTaTuTa YacTo bonee KpynHble U NpugatoT nopoge nopdupo-
BMOHOe cTpoeHune. CTpykTypa rapubyprntoB naHugnomopdHas, 4acTto
MOXET ObITb rMNNANOMOPCHON.

BTopuyHble MyHepanel B rapubyprutax npeacraBiieHbl CeprneHTr-
HOM, TarbKOM, TPEMOMNTOM, KYMMWUHITOHUTOM, OpycuToM, KapboHaTa-
MW 1 TOHKOAMCNEPCHBIM MarHETUTOM.

XUMmMYeckun coctaB rapubyprmtoB Mano oTnnyaeTcst OT AyHWUTOB
(tabn. 2). B Hux oTmevaroTcsi Bo3pacTaHue cogepxaHui SiO, (Oo
45%), Al,O3 (~1,9%) n CaO (~1,6%), 4TO CBA3AHO C MPUCYTCTBUEM B
nopoge sHcTatuTa.

Mapubyprutbl aBNAOTCA Hambonee pacnpocTpaHEHHbIMU YnbTpa-
MaduTamm B 0pNONUTOBBIX KoMMnekcax. C HUMK MOryT ObITb CBSA3aHbI
MECTOPOXAEHUST XpomuTa, XpusoTtun-acbecra, Tanbka. Camu nopogbl
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MOFYT CMYXWTb CbIpbeM ANs Npou3BoAcTBa (DOPCTEPUTOBLIX OrHEYMo-
poOB M MarHeaunanbHo-pocdaTHbIX YA0OpeHWUIA.

Jlepyonumsi. B o6pasuax nepuonutel 06bIMHO NpaKTUYECKN He
OTNMYalTCa OT OYHWUTOB U rapubypruTtoB. WX okpacka B CBEXWX CKO-
nax TEMHO-3erieHast 4o YepHoW. Ha XenToBaTo-KOpUYHEBBLIX KOPOYKax
BbIBETPUBAHUSI OTMEYAOTCS MMacTMHYaTble 3epHa OPTOMUMPOKCEHA U
KINMHOMMPOKCEHA, KOTOpblE HEPEOKO UMEIT NATHUCTOE pacnpocTpaHe-
Hue. JlepuonuTbl CROXEHbI ONIMBMHOM, KIMHO- U OPTOMUPOKCEHAMK C
NMPVMMECHI0 XPOMLUMMHENNA0B, MarHeTUTa, MHOr4a BCTpeYyaeTcsi rpaHar.
OnuvBWH No cocTaBy COOTBETCTBYET DOPCTEPUTY, OPTOMUPOKCEH — 3H-
CTaTuUTy, KIMHOMMPOKCEH — Auoncuay nubo asruty. CTpykTypa nog
MMKPOCKOMOM OObIYHO rMnManomopdHo3epHUCTad, nomkunutosas. Ko-
NNYECTBEHHbIE COOTHOLLUEHUS MWHEpParioB B FEPLOSNIUTE 3HAYUTENLHO
BapbupytoT. Obbi4HO Npeobnagaet onveuH ~40-80%, npy nNogyuHeH-
HOM PONW KINMHOMUPOKCEHA U OPTOMMPOKCEHA, UX COAEPXKaHUS CcoCcTaB-
naT ~10-50%. B cBA3M ¢ 3TMM BO3MOXHbI MOCTEMNEHHbIE NEPEXOOHbIE
pas3HOBMAHOCTU K rapudyprutam, BepnMtamMm 1 OfMBUHOBLIM BebCTepy-
Tam. BTopuyHble MrHeparbl B NepLonuTax Takue e, Kak 1 B rapubyp-
rMTax: CepPneHTUH, TarnbkK, TPEMONNUT, KYMMUHITOHUT, GpycuT, kapboHa-
Tbl 1 TOHKOOUCMNEPCHLIN MarHeTuT.

Mo xumuyeckomy cocTaBy nepuonutbl 6nmsku rapubyprutam
(Tabn. 2), oHM OTnMYaKTCA NOBbIWEHHBIMU cogepxannsamm CaO, oby-
CMOBMEHHBIMWN 3aMETHbBIM NMPUCYTCTBUEM KITMHOMMPOKCEHA.

Jlepuonutel — 4OCTaTOMHO pacnpoCTpaHeHHble ynbTpamaduTbl B
OhMONNTOBBLIX KOMMIEKCax, rae obpasyloT nocTeneHHble nepexoabl K
AyHUTam u rapubyprutam, Hepegko TAroTelT K KpaeBbiM 30HaM mac-
cvBoB. Jlepuonutel NpeobnagawT B pUEPTOBLIX 30HAX CpPEeAUNHHO-
OKeaHMYeCcKknx xpebToB 1 OOBOSBbHO YAaCTO BCTPEYAOTCS B KCEHONMUTax
13 KUMBEpPNUTOB.

MeTannoreHusi NepLUonMToB OObIYHA Takas e, Kak U Oons gpyrux
ynbTpamaduToB: MECTOPOXAEHUSA XPOMUTA, XpU3oTun-acbecta, Tanb-
Ka, MegHO-HUKENEBbLIE MECTOPOXOEHNS.

Bepnumbl — TeMHO-3eneHble, 3efeHOBaTo-Cepble Mopoabl, He-
penko nopduUpoBUAHbIE C BKpanieHHUKaMK KrvHoMMpokceHa. Ha Bbl-
BETPENbIX NOBEPXHOCTAX MMET GypoBaTO-KOPUYHEBBIE KOPOYKM B OT-
fiM4me oT OyHWUTOB M rapLGypruToB.

MaBHbIMM MUHepanamMu B Beprutax sIBASOTCS ONMBUH W KIMHO-
MUPOKCEH, 13 aKLECCOPHbLIX — YacTO MPUCYTCTBYIOT XPOMLLMMHENUAbI,
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3eneHas wnuHenb (NneoHacT), MarHeTut. B coctaBe BepnuToB ONMBKMH
00bl4HO Gornee XenesncTbli, YeM B AyHUTaX, rapubyprutax u cooTBeT-
cTBYeT xpu3onuty. KnuHonMpokceH Mo cocTaBy OTBeYaeT guorncugy
nnbo aBruty. B BepnuTax mMHorga BCTpedalTcs poroeasi obmaHka,
61oTWT, Nnarnoknas, pegko rpaHat. BropuuyHble MuHepanbl: cepnen-
TWUH, TPEMONUT, ypanuT, XrnopuT, marHeTut. CTpyKTypa BeprMTOB
06bI4HO rMnuanomopdHas, 4acTo oTMe4aeTCcs MONKUITMTOBAS.

CpepHuin XMMmmnyecknii coctaB BepnmToB (Tabn. 2), otTnMyaeTcsa ot
OpYrvMX ynbTpamMadumToB, rMaBHbIM 00pa3oM, MOHWXKEHHBIMWU CoepXa-
Husimm MgO 1 noBbiweHHbIMK — CaO.

BepnuTbl YacTo BcTpeyvaroTcs B cocTaBe ynbTpamadumToB B 0uo-
nuToBbIX KoMNekcax. OHM YacTo ABMASIOTCA COCTABHOW YacTblO UHTPY-
311 rabbpo-sepnutoson dopmaumn. Hapsgy ¢ marmaTm4yeckum npouc-
XOXXOEHMEM BEPMTHI MOTYT BO3HMKATb MeTacoMaTU4eckum nyTem, B
pesynbTate BO3AencTBums rabbponaHbix pacnnaBoB Ha AyHUTLI.

C Bepnutamm MoryT ObiTb cBsidaHbl GoraTble MeAHO-HUKENeBble
BKpareHHbIe 1 MPOXWUITKOBO-BKPaMeHHbIE pyabl.

PozoeoobmaHKkoeble nepudomumabi NPEACTABNAT peakin Bua
ceMencTea nepvgoTUToB, JTO MACCUMBHbIE, TEMHO-CEpbIE A0 YEPHbIX
nopogpl, 4acTo C KpynHo- 1 rpybo3epHncTorn cTpykTypon. MNMopoaa cro-
)XeHa, rmaBHbIM 0O6pa3oM, OfIMBMHOM M POroBov 06MaHKOW, 4acTo npu-
CYTCTBYIOT MUPOKCEHBI, (Orioronnt, OCHOBHOW nnarnoknas. M3 akuec-
COPHbIX MMHEparoB OTMeYalTCH 3efneHas WnuHenb (nneoHacT), Tuta-
HOMarHeTuT, NMMPPOTUH, anatut. Cpean porosoobMaHKOBbLIX NEPNOOoTU-
TOB BbIAENSAIT KopmaaHOumbl v wpuczelimumal. [Ans KopTnaHau-
TOB XapakTepHa nopdupoBugHasi CTPyKTypa, B HUX MNOpdUpoBbIe
BKpamnieHHNKN poroBo o6MaHKM pacronaratlTcs Cpeau ONIMBMHOBOM
OCHOBHOW Macchbl. B wpucrerimeTtax KpynHble 3epHa poroBoi 0OMaHKM
copepXaT MHOTOYMCIIEHHbIE MOWKUIUTOBBLIE BKITOYEHUS ONMBMHA U
apyrmx MuHepanoB. KonnyectBo poroBoiri oOMaHKkM MOXET 4OCTUratb
40%, no Heln 4YacTo pa3BMBAIOTCHA aKTMHOMNUT, MO0 XITOPWT.

OHKM NO XMMUYECKOMY COCTaBYy OTNMYalOTCS OT APYrUX NepuaoTu-
TOB MOBbILEHHbIMU copgepxaHuammn TiO,, Al,O3 1 Wweno4ven.

PoroBoobmaHkoBble NepuaoTUTLl HE 06PasyloT CaMOCTOATENbHbIX
mMarmatumdecknx Ten. OHu obpasyoT Hebonblumne obocobneHns cpean
ONMMBMHMTOB, NMUPOKCEHUTOB, rabbponaoB, BCTPeYaloTCsl B PacCrOeH-
HbIX MadUT-ynbTpamadguToBbLIX KOMMIEKCax MOBLILEHHON LWEeMNOYHO-
CTU N 0BObIYHO accounMpytoT ¢ ropHoneHgutamu. MNpu aTtom MarmaTu-
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Yeckasi npupoda poOroBOOOMAaHKOBLIX NEPUAOTUTOB cUMUTaETCs Mpo-
onemaTun4yHon.

C poroBooGMaHKOBbIMM MepugoTMTamMm MOXeT ObiTb CBsi3aHO
MeOHO-HUKeNeBoe OpyaeHEHNE.

6.2.1.2. YnbTpaoOCHOBHbIE NOPOAbI LWEeNOYHOro psaaa

YNbTpaoCHOBHbIE NMOPOAb! LENOYHOro psiaa OTHOCATCSA K HeOoChl-
LLEHHbIM KpeMHe3deMoM (SiO, < 45%) n cogepXawumu NOBbILEHHbIE
copepxanus wenoyen (Na,0+K,0) B konnuectBax 6onee 15%. K Hum
OTHOCSTCS MOPOAbl C LUMPOKMMM BapuauusiMu LBETOBOMO MHAEKca
«M»=10-100%. B ynbTpamacutax Lweno4yHoro psaga rnaBHbIMY MUHE-
panamy sIBASOTCS LUEMNOYHbIE MUPOKCEHbI (3TMPWH, 3TMPUHABIUT), TW-
TaHaBrnT, HedbenuH, NenunuT, MenUNUT. B HEKOTOPLIX Pa3HOBUOHOCTSAX
COLEPXUTCH 3HAYNTENBbHOE KONMYECTBO OfIMBUHA M anaTuta.

B knacce BynkaHuM4eckux M runabuccanbHbIX NOPOA LLENOYHOro
psOa BblAEnsTCS TPU CEMENCTBA: LENOYHbIX MUKPUTOB, MENUNUTU-
TOB, YNbTPaOCHOBHbLIX (homnanToB. Cpean NNYyTOHUYECKMX ynbTpama-
PUTOB LLIENOYHOrO psiaa BbiAENATCA ABa ceMencTBa: MeNUNUTONUMTOB
N YNbTPAOCHOBHbIX (hOMOO0NNTOB.

6.2.1.2.1. 'mnabuccanbHble U ByJfiKaHU4Yeckue nopoabl

LLleno4Ho-ynbTpaoCHOBHbIE TMnabuccanbHble W BYNKaHUYECKNe
nopoabl TECHO B3aMMOCBsi3aHbl M UMEKOT MHOro o0Lero B MMHeparo-
rMMYeCKOM N XMMU4eckoM coctaBax. OHU BCTpeYatoTCa Ha KOHTUHEHTaX
N B OKeaHuyeckmx obnacTsx, pacnonarasiCb B TEKTOHUYECKU YCTONYU-
BbIX reocTpyKkTypax (nnatdopmax, CpeauHHbIbIX MaccuBax, 30Hax paH-
Hel KOHCONMMAaUUW MOABWXKHBLIX MOSICOB), rAe TArOTEHT K 30HaM rny-
OMHHbIX pa3nomoB M pudTam. OHM 4YacTo cBs3aHbl ¢ Ga3anbTamu, B
YacTHOCTU Ha nepudepun TpannoBbIX NOSEN N HEPEOAKO BCTpeYatoTcs
B CPEONHHO-OKeaHNYeCcKnx xpeobTax.

Mpun pasgeneHumn Nopoa Ha CEMENCTBA YYNTbIBAETCA OTHOCUTESb-
Has pofib B HUX KIMHOMMPOKCEHA, ONMBWHA, MENUIMTa U denbalina-
ToMAOoB. BbigensatoTca ceMeincTBa WenoYHbIX MUKPUTOB, YIIbTPAOCHOB-
HbIX ¢homantoB n menunututoB. CoaepaHue KIIMHOMMPOKCEHA BO
BCEX TUMNax NOpoA paccmaTpmBaeMoro psaa obbl4HO BbICOKOE. 3Hauu-
TenbHOEe NPUCYTCTBME cniog 1 ampubonos HabnogaeTcs NUWb B Aain-
KOBbIX nopojax.
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Mopoabl 3Toro psiga sBMAKTCA pasHOOOpasHbIMM, OL4HAKO [OO-
BOMbHO peakMMu, No3aTOMY NpuBeaeM XapakTepucTuKy Haumbonee pac-
NPOCTPaHEHHbIX: KUMBepPnMTOB, HEMENNHUTOB U MENUITUTUTOB.

CeMeNCTBO WEeNOo4YHbIX MUKPUTOB

Kum6epnumebi. HassaHne nopog npoucxogut oT p. Knvmbepnu B
KOxxHoM Adbpuke, rae oHU BnepBble ObinNy onucaHsbl.

HeunameHeHHble KumMbepnuTbl OBBIMHO MMEKT TEMHYIO 4O YEPHOM
OKpacKy C XOpOLUO BblpakeHHOW nopdupoBon CTpykTypon. Ha coHe
CKPbITOKPUCTANIMYeCKOM OCHOBHOWM MacChl YEPHOro LiBeTa 0bbI4HO OT-
YeTnMBO HabnogaTcss NopdUPOBLIE BKPAMMEHHUKN TEMHO-3eMEeHOro
onuBMHa, drioronnTa, pexe kKpacHo-6opaoBoOro rpaHaTa M YepHbIX 3e-
peH nneMeHuTa. I3MeHeHHble pasHOCTU KUMBEpPNNTOB OObIYHO NMEIDT
3erneHoBaTo-cepyto, ronyboBaTo-cepyto u 6ypoBaTo-KeNTyo OKpacky.

Moag MMKpOCKOMOM KuMbBepnutbl OBHapyXuBalT OTYETMUBYHO
nopcdmpoByto, YacTo OpekineBuaHy0 CTpykTypy. Mopdumposbie Bkpar-
NEHHUKM CMNOXEHbI CyOU30METPUYHBIMW, YIMOBaTLIMU 3EPHAaMU ONNBK-
Ha, cproronnTa, XpoOMLWWNMHENUAa, pexe nupona, KNMHOMNMpoKceHa, op-
TOMMPOKCEHA, MITbMEHWTA, UMPKOHa M anmasa. KonuyectBo onvBuHa
06b14HO coctaenseT 30-60%. B 6pekunmpoBaHHbIX pasHOCTSX Hapsagy C
MUHepanamu BcTpevatTcsi 06noMku nopog (MpamopoB, Kpuctannaude-
CKUX CnaHUeB, rpaHaToBbiX ynbTpamaduTos, aknorntos 1 ap.). OcHos-
Has mMacca penuKTOBO-MUKPONWTOBas, Yalle KpUnTOMUKPOKpUCTanmm-
Yeckasd dnoronnT-kapOoHaT-CEpNEeHTMHOBOrO coctaBa. Kumbepnuthbl
OYeHb 4acTO WMHTEHCMBHO NUOO MOMHOCTbI CEeprneHTUHU3MPOBaHbLI U
KapboHaTM3NPOBaHbI.

Cpeaun pasHOBMOHOCTEN BbIAENAITCA KMMBepnuToBble Tydbl K
Opekunm.

CpenHuin XMMU4Yecknii coctaB KUmMOepnuToB npeacTaBreH B Tab-
nuue 3.

Kumbepnutbl crnaratoT TpyOKku B3pbiBa (AnaTpemsbl), OaWkn U CUM-
nel. QuameTtp Tpybok gocturaet 1500 m (KO.Adpwuka). MowHocTe cun-
nos gocturaet 60 M. Kumbepnutbl Yalle Bcero pacnonaralTcsi B LEH-
TpanbHbIX YacTaX APeBHUX MNaTtdopM, BAanu OT rNyOUHHBIX pasno-
MoB, pudToB. ObnacTtn nposisneHus: KOxHas Adpuka, BoctouHas Cu-
ouvpb, NHaousa, bpasnnusa, ABcTpanusa u ap.

Kumbepnutbl 06pasyoT caMocToaTeNbHY0 Kumbepnutosyto ¢op-
MaLMIo, B COCTaB KOTOPOWM BKIMOYAKT LWenoYvHble nukputbl. C kumbep-
nuTamm MoryT BbITb CBA3aHbl MECTOPOXAEHUS arnMasoB.
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Tabnuuya 3
CpedHun XMMn4eckuin cocTtas yrnbTpamaduToB LLENOYHOro paaa
(no O.A. boratukosy 1 gp., 1987)

OdysnBHbIE Nopoabl MHTpy3uBHbIe nopoapl

Okmenel =3 2 3 4 [ 516 | 78

SiO, 39,8 | 418 | 3741425 |428|41,7 | 43,7443
TiO, 1,46 2,2 25| 15| 26| 31| 28| 14
Al,O; 57 11,2 11,3 127,1]200)103| 5,7|10,7
Fe O3 6,0 53 102 | 36| 53| 63| 7,7| 36
FeO 5,1 7,3 55| 24| 36| 67| 67| 59
MnO 0,1 0,2 01] 01 01] 02] 01| 01
MgO 25,8 14,5 10,8 0,7| 38| 88| 11,3 | 131
CaO 14,6 12,7 166 | 36| 39169 195|115
Na,O 0,21 3.1 34[1135] 92| 45| 11| 11
K20 0,82 1,6 22| 51| 40| 14| 14| 44
P05 0,45 0,9 05| 02| 05| 04| 06| 04

lpumeyaHue. 1 — KMMBepPnUTLI, 2 — ONMBUHOBbIE HEENUHUTHI,
3 — mMenunuTUTbl. 4 — ypTuTbl, 5 — nnonuTbl, 6 — MENbTENrnTHI,
7 — AKYNUPaHrnuTbl, 8 — MUCCYPUTBI.

CeMeNCTBO YyNbTPAOCHOBHLIX (hoManToB

HedgenuHumbl — 3eneHoBaTo-cepble NOpPGUPOBbIE MNOpPOAbl C
adaHUTOBOM, NMOO TOHKO3EPHUCTOM OCHOBHOM Maccol. KonudecTtBo
nopcmnpoBbIX BKpanneHHWKoB cocTaenseT o 45% obbema nopofbl,
cpean KoTopbix npeobnagatoT nanomMopdHble 3epHa HedenuHa pas-
mMepom oT 1-2 go 10 mM. MwuHepanbHbIN cocTaB nopoabl: HedenuH
~40-60% knUHONUPOKCeH (3arnpuH, armpuHaeruT) ~30-50%, B BUAOe
npumMecn oTMedaloTCa anaTuT, MarHeTuT, cdeH, crnoga, NepoBCKUT,
rpaHat. Pegko BcTpevatotcs onueuH 1 nenumt. OcHoBHasi macca o6-
nagaet HedheNNMHUTOBON NN MUKPOrMNNANOMOPOHON CTPYKTYPON.

CpeaHuin XMMmM4yeckuin coctaB HeENUHUTOB MpeacTaBreH B Tab-
nuue 3.

HedennHuTbl MoryT cnaraTe NOTOKW, AAWKKW, CUMMbl, MENKMEe LUTO-
kn. OHM pa3BuTbl B pUTOBLIX 30Hax BocTtouHom Adpurkn, Ha Konbckom
nonyocTpoBe, Ha ceBepo-BocToke Cubupckon nnatgopmel B Marime-
Ya-KoTynckon npoBUHLNN.

[Mopoabl MOryT NPeAcTaBnsATb UHTEPEC Kak Cbipbe Ha nonydyeHue
antoMUHUS 1 COOONPOAYKTOB.
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CemencTBO MENUIUTUTOB

Menunumumsl ABNAKTCSA FMaBHOW NOPOOON 3TOr0 CeMencTsa,
KoTopble 0BbIYHO MMET NOPUPOBYID CTPYKTYPY, OCHOBHas MX Macca
MukponutoBas. lMopdurpoBblie BKpannieHHUKM NpeacTaBeHbl KIMHOMK-
POKCEHOM, a OCHOBHasi Macca CloXXeHa MUKPONUTaMu KIMHOMMpPOKCeHa
n menunuta. MiHorga moryT npucyTcTBOBaTb OfMBUH, OMOTUT, Hede-
JIUH, NENLUUT U MarHeTuT.

CpeaHuin XMMMYEeCKNA CoCTaB MENUITMTUTOB NPUBEAEH B Tabn. 4.

MenunuTutbl BCTPEYalTCa B COCTaBE LLEMOYHO-YIIbTPAOCHOBHbIX
KOMMIEKCOB.

6.2.1.2.2. NMnyToHN4Yeckne nopoabl

LLleno4Ho-ynbTpaoCHOBHbIE MAYTOHWYECKME MOPOAbl BKIOYaOT
JBa cemMeNncTBa: yNbTPaoCHOBHbIX (POMAONNTOB U MEMUMNTOMNUTOB. OTU
nopogbl OTMEYalTCA B COCTABE CIIOXHbIX MACCMBOB LEHTParbHOro
TMNa B BMAE OTAenbHbIX a3 BHegpeHus. OHM NONb3yKTCA pacnpo-
CTPaHEHMEM B TEKTOHWYECKM YCTOMYMBBLIX FEOCTPYKTypax (Ha nnar-
dopmax, KpUCTanmnmyeckux LuTax, CPeOUHHbIX MaccuBax), rga npu-
YpOUYEHbI K y3nam nepeceyeHuss rmyOVHHbIX pas3noMoB MO0 K KOHTU-
TeHTanbHbiM pudTam. OHM YacTO TECHO CBs3aHbl C CBOMMMU 3 dy3unB-
HbIMW aHanoramu 1 POPMUPYIOTCS MO3XKE UX.

[danee ocTaHOBMMCS TOMbKO Ha XapakTepuCTMKe CEMENCTBa ynbT-
pPaoCHOBHbLIX (ONOONMUTOB.

CeMeNCTBO YyNbTPAOCHOBHLIX (hOoMA0NUTOB

OT0 ceMelncTBO 06bEAMHSET YPTUT-AKYNUPAHTUTOBYIO ceputo Gec-
MOMEBOLUNATOBLIX HE(ENMH-NMMPOKCEHOBLIX MOPOA 1 OOVH BUA NENLMUT-
NMMPOKCEHOBBLIX Mopog (MuccypuThl). LiBeToBo MHaekc “M” BapbupyeT
ot 10-15 go 100. lNopoabl 3TOrO CEMencTBa y4acTBYIOT B CTPOEHUU
MHOrogasHbIX MHTPY3UN, B KOTOPbIX acCOLUMMUPYIOT C ONMBUHUTaAMU U
kapboHaTuTamu, nMbo ¢ rabbpomagamm n HedheNMHOBLIMU CUEHUTAMM.

Ypmumesi. MNMopopa BbigeneHa B. Paceem B 1894 r. B paiioHe Jly-
aBp-YpT (XnbuHebl). MNMopoada cpeaHe-, KpyNHO3epHUCTas, CBETNO-cepas,
COCTOUT B OCHOBHOM M3 HedenuHa ¢ NpUMechio NMUPOKCeHoB. [ng H1x
XapakTepHa OTYeTNMBO Bblpa)KeHHas arnaumToBas CTPyKTypa. TekcTypa
MaccuBHas, nHoraa TpaxvTouaHas. KonuyecTtBeHHo-
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MUWHeparnornyecknii coctaB ypTutoB: HedenuH ~80-95%, wenoyHble
MMPOKCEHbI, TUTaHaBrnT ~5-20%, TutaHomarHeTut ~0,5-3,0%, anatut
~0,5-3,0%. ViHorga B ypTuTax 3Ha4yMTeNbHO BO3pacTaeT porb anatuTta,
B Takom criyyae nopofa CrioeHa MpenMyLLeCTBEHHO HedernmHOM u
anaTtuToM W HasbiBaeTcs Heanumom. BTopuyHble MuHepanbl 4acto
BCTpeYaloTCca B ypTUTax M SBMAAKOTCA NpoAyKTamu 3amelueHus Hedpe-
NUHA: KAHKPUHUT, NMBEeHepuT, coganuT, LeonuTbl, KanbLuT.

CpeaHunin XMMUYECKUIA COCTaB YPTUTOB OTMMYAETCA OYEeHb BbICO-
KAMKU cofepXXaHUsIMU TMMHO3eMa, LernoYen N HU3KUMKU — xenesa, mar-
HMSA 1 Kanbumsa (Tabn. 3).

YpTuTbl 0BBIYHO BCTPEYATCA B COCTAaBE MHOTOMA3HbIX UHTPY3UIA
B TECHOW accouuaumm c unonutamu, HedenvHOBLIMU CUEHUTaMMU,
rabbpougammn n ynbtpamacmtamm. OHM ABMASHOTCA NPOAYKTaMWU Kpu-
cTannuaaumm MaHTUIAHBIX LESOYHbIX MarM, boratbix HaTpuem.

MeTannoreHus — ypTuTbl ABNSOTCHA HeOENMHOBOW pyadon Ans no-
nyvyeHuns antommuHms. C HAMU MOXeT BbITb CBA3aHa TUTaHO-HMobneBas
MUHepanu3aums. OHU MOTYT SBNATLCS CbIpbeM A9 NOMyYeHUs Coabl U
LuemeHTa.

Uiionumel. Topoga onucaHa Bnepsble B 1891 r. Pamceem u
Bepkxenem B paioHe xonMa Nusapa B PnHnaHann. 3Ta nopoga vawie
cpefHes3epHNCTasi, MacCcuMBHas WM TpaxuTomaHas, ceporo obnuka.
UiionuTbl crnoxeHbl NPYMEPHO PaBHbLIM KONMMYECTBOM HedenunHa u nu-
pokceHa, obblMHO ¢ nNpeobnagaHveM nepBoro [upokceHbl NpeacTas-
NeHbl aBrMMTOM, TUTAHABIMTOM, 3ATMPUH-aBIMTOM U 3arMpyHOM. Hepegako B
3epHax MMPOKCEHHOB OTMEYaeTCs 30HANbHOCTb, KOrAa LeHTparnbHble
YacTu cnoxeHbl 6ecuBeTHbIM MO0 po30BaTbiM aBrMTOM U TUTaHaBIU-
TOM, a KpaeBble — 3eMeHbIM 3rMPUHOM U 3rMpUH-aBrMToM. B kauvecTtse
npMMecu MOryT OTMeYaTbCHd KanuveBbl MOMeBOW LnaT, Mrarnoknas,
LenoyHble amdpubonsl, BUOTUT, TUTAaHOMarHeTUT, anatuT, cdeH, ne-
poBCKUT, aBamanuT n ap. C Bo3pacTaHMeM KonuyecTsa NoMeBbIX Lina-
ToB (6onee 10%) nopoaa HasbiBaeTCA MONEBOLUNATOBbLIM MIAOMUTOM.
Mpu ganbHenwem Bo3pacTaHWMM KarmMeBOro MoJieBOro Linarta nopoga
nepexoguT B HE(ENMHOBLIE CUEHUTLI, @ C YBENMYEHUEM MarMoknasa
— B LLieNTOYHble rabbpounabl (TepanuTbl).

CTpykTypa unonvToB arnantoBasi, Hepeako naHuamomopdHas. Mo
CTPYKTYPHbIM  MpU3HakaMm BbIOENsATCS  MUKPOUNOMNWTBI,  MNONUT-
nopdupsl, MNONUT-NErMaTUTBI.
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XVIMUYECKMIN COCTaB UNONUTOB OTNMYaeTCs OT YPTUTOB YMEHbLLE-
HMEM cofepXaHus rMuHo3ema, wernoden n ysenmyenHnem MgO, CaO,
FeO (tabn. 3).

Uihonntel 06bIMHO BCTpeYaloTcs B COCTaBe MHOroasHbIX UHTPY-
31N COBMECTHO C APYrMMU LLENOYHbIMK ynbTpamaduTamm B accoumna-
UMKn ¢ HedPENUMHOBLIMKM CUeHUTamK, rabbpoumgamm u kapboHaTUTaMu.
CnaraloT Takke MenKkue LUTOKN U Jaliku.

Uionutel aenstotcss 6egHon pygon Ha rnmHo3em. C HAMKU MOryT
ObITb CBSI3aHbl pyaHble 3anexu anatuta u prnoronuTa.

Menbmetizumbl. TepmuH Ona nopof BrepBble Obin BBeAeEH
B.bperrepom B 1921 r. no Ha3BaHuo aepeBHn MenbTtenr B Hopeerun.
Mopoabl 3aHUMMaOT MPOMEXYTOYHOE MOMOXEHNE MexXady SKynumpaHri-
Tamu 1 wuhonutamu. Mopoabl TEMHble 3eneHOoBaTO-Cepble, YepHble,
cpenHesepHucTele. Mopogbl CrOXeHbl NPEVMYLLECTBEHHO KIMHOMW-
pokceHoMm (40-70%) npy nogyuHeHHon ponu HedenuHa (10-50%), Guo-
TMTa 0o 5%, B ka4yecTBe NpMMeCH BCTpeYatTca anatuT, cpeH, marHe-
T1T. CTPYKTYpa rmnmanomopdHO3epHNCTas C ACHLIM KCEHOMOPM3MOM
HedennHa Mo OTHOLUEHMIO K KIMHOMMPOKCEHY, MHOrga OTMedvaeTcs
NONKNNMTOBAS.

XUMMYECKMA COCTaB MENbTENIUTOB OTNNYAeTCa AanbHENLmm
YMEHbLUEHNEM COAEPXaHUS IMMHO3EMa, LLENOoYen U yBENNYEHNEM —
MgO, CaO, FeO no cpaBHeHuIO ¢ ypTUTaMK N nionutamm (tabn. 3).

MenbTenrntel B MAONUT-KApPOOHATUTOBLIX KOMMIEKCax OObIYHO
crnaraloT MOLUHble KonbUeBble M LWTOKooOpasHble Tena, Aaviku. OHu
Hepegko oboraleHbl TUTAaHOMarHeTMTOM, NMEPOBCKUTOM WM anatuToM,
KOTOpble MOTyT A4OCTUraTh MPOMbILLITEHHBLIX KOHLEHTpaLuii.

Slkynupanaumbi. BnepBble BbigeneHa B 1891 r. O. [Oepbu kak
CYLLECTBEHHO MMPOKCEHOBAsi Nopoda C MPUMMEChbI0 TUTAaHOMarHeTuTa,
6uoTuTa, WNbMEHUTa, NEepoBCKWUTA, anatuTa, HedenvHa. Hassanue
AaHo no p. AkynupaHra B bpasunuu.

Mopoga TemMHOOKpalLleHHasi (YepHasi, TeMHO-3eneHas unm dyposa-
Tad), YacTo KPYMNHO3epHUCTasd, TekCTypa maccuBHas nubo Tpaxutona-
Hasa. KonnyecTBeHHO-MUHepanornyeckuin coctas: TuTaHaBrut ~80% u
bonee, HedenuH go 15%, TutaHomarHeTuT Ao 20%, oTMevatoTcs ana-
TUT, cpeH, nepoBckuT. Mo HaNMMUMID NPUCYTCTBYIOLLMX MUHEPAroB Bbl-
OEensT pasHOBUOHOCTU SKYNMpaHrMToB: amdumbonosble, GUOTUTOBbIE,
nonesoLwINaToBble, pyaHble, anatuToBble W Ap. [Ana AkynupaHruTos
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XapakTepHa naHngnomMopdgHO3epHUCTas CTPyKTypa, a ans oborallex-
HbIX TUTAHOMarHeTUTOM — CUAEPOHUTOBAS.

CpegHnin  XMMUYECKMI COCTaB SAKYNUPAHIUTOB B psay YpPTUT-
SAKYNUPOHIUTOBOW CEpUN OTNMYAETCA MakKCMarnbHbIMU COAEPKaHUAMM
MgO, CaO, FeO u MnHumanbHbIiMK — Al,O3 1 Wwenoyen (Tabn. 3).

AKynMpaHrMTbl 0ObIMHO BCTPEYaloTCsl B COCTaBe MHOrogasHbix
LLENOYHBLIX MHTPY3MI. C HMUMK MOTyT ObITb CBSAI3aHbl OPYAEHEHNS U Me-
CTOPOXAEHUS1 TUTAHOMarHeTUTa, nepoBckuTa. KomnnekcHble Xeneso-
TUTaHOBbIE Pyabl YCTaHOBMEHbI HA KonbCkoM NonyocTpoBe.

Muccypumsbi. Tlopogbl HasBaHbl Mo p. Mwuccypu, roe BnepBble
Obiin onucaHbl B 1896 r. Bugom wn lNupcoHom B wrtate MoHTaHa
(CLUA). Mopopapbl KpyNnHO3EPHUCTLIE U UMEKOT TEMHO-CEPbIA 06MMK. JTO
€[VHCTBEHHbIE MNMNYTOHUYECKME NOopoabl, KOTOpble B CBOEM COCTaBe
copgepxart cBexun nenuut. Nopogbl COCTOAT, rnmaBHbIM obpasom, n3
TEMHOLBETHbIX MUHEpanoB: knuHonunpokceHa ~40-60%, onvBuMHa 00
15%, 6uotuta 0o 5% wu nenumta ~10-30%, oTMeyvatoTCa HedenuH,
TUTAHOMarHeTUT, anatuT. B MuccypuTax NOCTOSHHO BCTpeYatoTCsi BTO-
pu4Hble MuHepanbl: aHanbUmMMm 1 ueonutbl Ao 10%. Ana muccyputos
XapakTepHa annoTpMoMopdHas CTpykTypa, Npy 3TOM OKpYrible 3epHa
nenuuTa pacnonaratTcs cpean KCeHOMOPMHbIX 3epeH TEMHOLBETHbIX
MUHeparnos.

CpefHuin XUMUYECKUA COCTaB MMUCCYPUTOB ONM30K K MEnbTenru-
Tam (Tabn. 3). OHu oTnMyalTCa KanveBon cneunanu3auuern BcneacT-
BME MPUCYTCTBMSA B NOpPOAE nenumTa, Toraa Kak MenbTeENrnTbl MMerT
HaTpMEBYHO crneLmanm3aLmio, o6yCnoBneHHy Hanmunem HedenunHa.

MuccypuTbl aBnsitoTcs pegknummn nopogamn. OHM geTanbHO musyde-
Hbl TONbko B wTaTte MoHTaHa, rae cnaratoT HebOMbLIOW LITOK pasme-
pom 4x0,5 KM, KOTOPbIA NPeACcTaBNAET Xepno ApeBHero BysnkaHa. OHu
Takke BbINn 0TMeYeHbl Ha ByrkaHe Besysui.

6.2.2. Fpynna oCHOBHbIX NOpPOA,

B ocHoBHbIX nopogax cogepxaHue SiO, BapbupyeT oT 45 0o 53%.
OHK Nonb3yloTCs 3HAYUTENBHBIM PacnpPOCTPaHEHWEM NPU CYLLLECTBEH-
HOM npeobnagaHum acpdy3unBHbIX Nopod. Tak B rmobanbHOM mMacluTa-
6e 6asanbTbl bonee 4Yem B NATb pa3 MpeBbIWAOT N0 00bEMY BCe uU3-
nueliKecs nopogbl Bmecte B3ATble. OcobeHHO MHOro 6as3anbToB Ha
OHE OKeaHOB M Ha OKeaHW4eCKMx OocTpoBax. VIHTpy3MBHble nopoapl —
rabbpounabl pacnpoCTpaHeHbl NPENMYLLECTBEHHO B cklagyaTtbiX 06-
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nacTsx, y4acTBylOT B CTPOEHMN OKeaHU4eCcKon Kopbl. Ha kpuctannuye-
CKUX LMTax BCTpeyalTcs Gonblune MaccuBbl aHOPTO3UTOB. basanbThbl
N aHOPTO3UTbI SIBNSAIOTCA XapakTePHLIMU MOpogaMu, criaraloWwummn no-
BEPXHOCTb J1yHbl.

MaBHbLIMM MWHEpanaMuM OCHOBHbIX MOpPOA SIBMSHOTCA OCHOBHbIE
nnarMoknasbl U KIMHOMMPOKCEHbI, YacTO BCTPEYalTCA ONMBWH, OpPTO-
NMpPOKCceH 1 poroBasi obmaHka. B B1ae npumMecHbIX MUHeEpanoB OTMe-
yaroTcst BUOTUT, KanuLinaT 1 KBapu,.

OcHOBHbIE MOPOAbI NOAPa3neNdAlTCa Ha Tpu psida: HOpMarbHbIN
cybwenoyHon n wenovyHon. Tun weno4yHoctTn obycnosnuBaeTcs rny-
OuHOM opmMMpoBaHUA 06a3anbTOBLIX MarM W ONpeaensieT xapakrep
Marmbl Npu ee obpasoBaHnK.

Haunbonee pacnpocTpaHeHHbIMN SBMSAOTCSH OCHOBHblE MOPOAbI
HopMarnbHon wenoyHoctn (Na,0+K,0=0,5-4,5%). B HopmansHom psay
BYJIKAHUYECKMNX rnnabuccanbHbIX Nopos BblAenNsoTCs ABa CEMENCTBa:
nukpobasanbToB—NUKpodonepmuToB n 6asanbtoB—aoneputos. Cpeau
NAYTOHWUYECKUX MOPOS Takke BbIOENSOTCA ABa CEMEWNCTBA: MUPOKCe-
HOB—TOPHONEHANTOB (OCHOBHBIX yribTpamaduToB) 1 rabbpongos.

B cybwenoyHom psay ocHoBHbix nopog (Na,O+K,O no 8%) cpeam
BYINKAHOrEHHbIX MOPO4 BbIOENSAETCAs CEMENCTBO TpaxubasanbToB—
TpaxugonepuTtoB. Cpean NiyTOHUYECKUX NMOPOA BbIAENSOTCA OBa ce-
MENCTBA: MOHLIOHUTOB N 3CCEKCUTOB.

B weno4vHom psgy ocHoBHbIx nopog (Na,O+K,0 oo 20% n 6onee)
cpeau ByNKaHUYeCKMX nopop BblAENSTCH TPU CEMENCTBA: OCHOBHbIX
donanToB, LWenoyHbix 6asanbTonaos, OCHOBHbIX ¢hoHonmToB. Cpeam
NNYTOHUYECKUX TaKKe BbILENAOTCS TPU CEMENCTBA: OCHOBHbIX (hou-
OONUTOB, LUENOYHbIX rabbponaoB, OCHOBHLIX hernbanaTougHbIX Mo-
poa.

Mpun onpeaeneHnn KOHKPETHBIX Ha3BaHWM Nopofbl (BMAbl) UCMOSb-
3yeTca TaKkoW MNETPOXMMUYECKUA MOKa3aTemnb, Kak TWUM LLENOYHOCTU
(Na,O/K,0), no koTopomy onpegenserca NpUHaaneXxHocTb nopogpl K
onpegeneHHon cepun: 1) HatpueBad cepusa (>4); 2) kanueso-
HaTpueBas (1-4), 3) kanueBas (<1). Takke BaxHa OLEHKa CTEMEHU
rMWHO3EMUCTOCTM (MENaHOKPaTOBOCTM) MO BeNuuMHe koadhdumumeHTa
al’ (al'=Al,03/FeO+Fe,03+MgQO). Mo aToMy KOIDDULMNEHTY BbIAENSOT
HU3KOrMMHo3emMucTble nopodbl al'<0,75; ymMepeHHO-TNMHO3EeMUCTbIE
al’'~0,75-1,0 n BbicoKornMHosemucTble al'~1-2. CTeneHb MenaHokpaTo-
BOCTM 0BbIYHO CBHA3aHa ¢ npoueccamu agnddepeHunaumm marmol.
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BONbLWKWHCTBO OCHOBHBIX NOPOA OTHOCHTCS K KanMeBo-HaTpOBOW U
HaTPOBOW CepuM MOpPOA, KanueBasi CEPUsi OCHOBHbLIX NMOpoa SIBMsSieTCs
penKoi 1 06bIYHO pa3BUTa Cpean OCHOBHbLIX NMOPOA, LLEMNOoYHOro psaaa.

6.2.2.1. OcHOBHbIe NopoAbl HOpManbLHOro psiga

OcHoBHble MopoAbl HopmarnbHow wenovyHocTn (Na,O+K,0=0,5-
4,5%) asnstoTcs Hanbornee pacnpocTpaHeHHbIMU. [NaBHBIMKM MUHeEpa-
namu B COCTaBe OCHOBHbIX NMOPO4 HOPMaIibHOW LLIENOYHOCTU SABMNSATCA
OCHOBHOM nnarnoknas u demuyeckne MuHeparbl: MOHOKIUHHBIA W
pPOMOMYECKNIA NMUPOKCEHBLI, ONIMBUH, poroBasi obmaHKa, coyeTaHune Ko-
TOpbIX onpegensieT Buabl U cemenctea madutoB. CpeaHun xummye-
CKMI COCTaB rMaBHbIX PAa3HOBMAHOCTEN OCHOBHbLIX NOPOA NpeacTaBrieH
B Tabnuue 4.

6.2.2.1.1. 'MnabuccanbHble U ByNKaHU4Yeckue nopopbl

OcCHOBHbIe ByrikaHu4eckme u runaduccanbHble Nopoabl NpeacTas-
neHbl B OCHOBHOM accolmalmen 6a3anbToB U JONEepUTOB.

BasanbTt (OoT admonckoro cnoBa basa — enesocogepxallmi Ka-
MeHb) — 00LLlee Ha3BaHWe BCeW COBOKYMHOCTU Gas3anbToBbIX faB. ATO
NMMPOKCEH-NNAarnoKnasoBasi Nopoabl, MHOr4a C OfIMBMHOM, CKPbITOKPU-
cTannuyeckme, YepHble Mo okpacke. [lonepuTbl 3TO TOHKO-, MEJIKO-,
cpeaHesepHucTble GasanbTbl. [naTtdopmeHHble 6asanbTbl YacTo Ha-
3bIBAlOTCA Tpannamu ¢ XxapakTepHoW NnacToBon OoTAenbHOCTbO. Cpeamn
OCHOBHBbIX BYIiKaHW4eckux obpa3oBaHUM KOHTMHEHTOB U OKEaAHOB Bbl-
OensawTca Tpu rpynnbl accoumaumi: ogHOpOAHbIE, HEMPEPbIBHbLIE, KOH-
TpacTHble.

K rpynne oOHOPOOHbIX OTHOCATCS accounaumsi TorneuToBbiX 6a-
3anbTOB, LUMPOKO pasBUTbIX HA KOHTMHEHTax (OpeBHME NnaTtdopmbl) U
B OKeaHax (cpeanHHOo-oKeaHu4veckue xpebTol). MMnabuccanbHble nopo-
Obl 3TUX accouuauuin npegctaBfieHbl CUNaMm 1 gankamm OorepuToB
n rabbpogoneputoB. lNosiBNeHMe TonemtoBbix Ga3anbTOB CBA3AHO C
obpasoBaHMEM 30H MPOHULAEMOCTM B 3EMHOW KOpE B YCIOBUSIX ONU-
TENbHOrO PacTsHKEHMS.

"pynna HernpepbigHbIX MarMmaTM4eCkuxX accounauun npeacrasneHa
NPOM3BOOHbIMU Marmbl C pasnuyHbiM coaepxaHnem SiO, (6asanbT—
aHgesuT-puonuToBasa accoumaums). B atom cnyyae 6asanbTbl OTHO-
caTca K angesmToson popmauum no FKO.A. KysHeuosy (1964) 1 passuThbl
Ha OCTpPOBHbIX Ayrax. OHN XapaKTepuaylTcs MOBLILWEHHBIM COAEepXKa-
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Hnem AlL,O; (0o 23%), MOHMXEHHBIM COAEpPXXaHMEM TuTaHa, Xeneaa,

MarHus.
Tabnuua 4.
CpeoHuin XMMMUYEeCKNin CoOCTaB OCHOBHbLIX NMOPOA
HopMarnbHoro psiga (Conosbes, 1970)

Ody3nBHbIE NOpoabI WHTpy3uBHbIE

Okuenbl nopoasbl
1 2 3 4 5 6 7 8
SiO, 48,91 | 49,05 | 48,14 | 49,04 | 47,50 | 53,21 | 47,08 | 53,30
TiO, 1,63 | 1,11 1,32 | 146| 137| 168| 0,38 | 0,17
Al,O4 16,44 | 16,93 | 15,75 | 15,68 | 15,25 | 14,54 | 3,93 | 2,90
Fe,O3 490 | 5,51 377 | 404 | 369 | 3,78 | 4,47 1,79
FeO 6,09| 585| 875| 7,70| 8,05 | 8,02 | 564 | 8,01
MnO 0,21 0,22 | 0,17| 026 | 0,18 | 0,19 | 0,11 0,11
MgO 588 | 498 | 658 | 588 | 7,85 | 4,30 | 18,09 | 28,79
CaO 8,78| 7,06 | 10,36 | 9,28 | 10,56 | 6,94 | 18,81 2,78
Na,O 2,70| 433| 222 | 284 | 218 | 3,19| 0,33 | 0,51
K>,O 1,41 0,72 0,70| 092 | 064 | 167 | 0,06 | 0,14
H,O 2,61 384 | 212 | 264 | 252 | 207 | 1,03 1,48
P,Os 044 | 040| 0,12 | 0,26 | 0,21 0,41 0,07 | 0,02
VHTpy3nBHbIE Nopoabl

Oknenel g 10 | 11 12 | 13 | 14 | 15 | 16
SiO, 49,30 | 45,22 | 49,14 | 45,43 | 50,58 | 49,00 | 44,53 | 50,41
TiO, 0,24| 108| 103| 126| 043 | 0,79| 117 | 0,18
Al,O4 4,08 | 13,74 | 16,77 | 17,32 | 16,12 | 17,20 | 12,66 | 27,75
Fe,O3 3,07 | 3,13 | 3,31 327 | 260| 3,13| 2,60 | 0,89
FeO 6,17 | 750| 6,26 | 700| 6,24 | 7,01 | 12,63 1,61
MnO 0,12 | 0,20| 0,24 | 0,14 | 0,11 0,17 | 0,26 | 0,06
MgO 19,74 | 13,74 | 6,70 | 8,37 | 10,43 | 7,81 | 13,84 1,54
CaO 13,87 | 11,55 | 11,19 | 11,62 | 9,83 | 10,32 | 8,17 | 12,23
Na,O 019 | 144 | 244 | 1,91 2,14 | 197 | 1,63 | 3,17
K>,O 0,08| 069| 085| 0,83| 0,51 0,70| 0,50 | 0,86
H,O 30| 162 | 183 | 183 | 092| 137 | 1,82 1,13
P,0Os5 0,04 | 000| 0,24 | 042| 0,09| 053] 0,19 | 0,17

lpumeyvaHue. 1 — 6asanbT, 2 — cnunuT, 3 — gonepwut, 4 — ouabas
06e30nMBUHOBLIN, 5 — AMaba3 oNMBUHOBLIN, 6 — Anabas kBapLueBbIN, 7 —
KNMHOMNMPOKCEHUT (guannarut), 8 — 6poH3uTut, 9 — Bebecteput, 10 —
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ropHénenaut, 11 — ra66po, 12 — onnemHoBoe rabbpo, 13 — Hoput, 14 —
rabopo-HopuT, 15 — TpokTONUT, 16 — AaHOPTO3MWT,

KoHmpacmHble accouunaumy 6as3ansToB pasBUTbl B OCHOBHOM Ha
KOHTUHEHTaXx, B OKeaHax OHW pefku. basanbToBble accounaumm KOHTU-
HEHTOB BXOASIT B HECKOJSIbKO TUMOB Marmatudeckux dopmaumii. Cpegu
HUX Hanbornee M3BecCTHble aHae3nT-6asanbToBasi, COOCTBEHHO Gasanb-
ToBas (goneputoBas), Tpannosas (6asanbT-gonepuTosas) bopmaumn.
Tpannosble 6asanbT-gonepuToBbIE opMauun ApeBHUX nraTdopm
(Cubupckas nnatcopma v gp.) 3aHMMalOT OrpoMHbIe MoLwaan (COTHU
ThICAY KM“), OHM OObIMHO copepXaT MMPOKNACTUYECKMn martepuan u
Oavikn TOro xe coctasa. Tpanmnbl 4YacTo NPUYPOYEHbI K PperMoHanbHbIM
TPeLMHHbIM 30HaM. BospacT TpannoB — OT gokemMbpus go mMes030s.
Cpeavm TpannoB HeT NOpoA CPefHEero cocTaBa, a U3BEPXKEHUS] UMEDT
TUMNWNYHBIN TPELLMHHBIN XapakTep. C HUMK MOTYT ObITb CBSI3aHbl MECTO-
poxaeHusa n pygonposisnenuna Cu, Ni, Co, nnatuHongos, Fe, Pb, Sn, C,
ncnaHgcKoro wnara.

Cpenm BynKaHWYECKMX U rmnabuccanbHbIX OCHOBHBIX MOpog HOp-
ManbHOrO psida BbIAENSTCA [Ba CeMelcTBa: NUKpobasanbToB—
nukpogoneputoB n GasanbToB—AonepuToB. [Ins nepBoro cemewncrea
XapakTepHbl HU3kMe cogepxanms SiO; 1 cymMmbl LWenoven n 6onee Bbl-
cokoe cogepxanne MgO.

CemMeNncTBO NUKpOO6a3anbTOB—NUKPOAONEPUTOB

Mukpoba3anbmbl — ad)aHNTOBbIE U TOHKO3EPHUCTbIE MOPOAbI C
nopdmpoBor nNnbo adupoBon CTpykTypoi. Mukpodosiepumbl — Men-
KO-, cpefHesepHUCTble nopoAbl, Yacto nopduposuaHble. [Mukpoba-
3anbTbl U NUKPOOOMNEPUTHI UMEOT TEMHBIN 0O YEPHOro LBET, ANsl HUX
XapaKTepHbl pXXaBble KOPOYKU BbIBETPMBaHUSA. B nx coctaBe B nopdu-
POBbIX M MOPOMPOBUAHBIX BKpAMIEHHNKAX OObIYHO NPUCYTCTBYIOT ONK-
BMH 1 aBruT. OCHOBHasi Macca CrioXeHa KIMHO- 1 OPTOMMPOKCEHAMM,
OCHOBHbIM MNNarMoknasoM, B nukpobasanbTax Hepeako MpucyTcTByeT
ctekrno. CogepxaHue nnarvoknasa coctaBnsieT ~20-40%, oH no co-
cTaBy oTBevaeT nabpagopy nnbo 6utosHUTy Ne 65-90. KnuHonupokceH
coctaBnsieT ~15-25% n 06bIYHO NpeacTaBneH aBrMTOM, OPTOMMPOKCEH
00 15% (MoXeT nONHOCTLI0 OTCYTCTBOBATbL) NMpeacTaBneH runepcre-
HoM. KonuuyecTBo onmBuHa 3HaunTenbHO BapbupyeT oT 15 go 60%, no
coctaBy oH oTBevaeT xpusonuty (Fa~10-25%). KonunuectBo ctekna
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mMoxeT cocTaenaTb A0 20%. [locTosHHO OoTMevaeTcs pyaHasd Bkpan-
neHHocTb Ao 7%.

CTpykTypa npukpobasanstoB nopdupoBasi OCHOBHas Macca WH-
TepcepTanbHasa nubo MHTeprpaHynspHas. Mukpogoneputsl OTNNYaroT-
cA NopcMpOBNAHOM CTPYKTYPOW, MX OCHOBHAas Macca — WMHTeprpaHy-
nspHas nMbo ocumToBas (goneputosas).

MykpobasanbTbl 0ObIYHO 06Pa3yT NOKPOBLI MOLLHOCTLIO 40 40 M,
accouMMpPYIOT Ha OKeaHWYeCKMX OCTPOBax C TONEUTOBLIMU U CyOLie-
NOYHBIMW ONTMBMHOBLIMKU HasanbTamMu; NMKPOAONepuTbl cnaratT Aanku,
CVnnbI.

[Mopoabl pa3BuTbl HA8 OKEAHUYECKUX OCTPOBAX KXKHOW ATAAHTUKKN U
Tuxoro okeaHa ("aBanckue ocTpoBa).

MeTtannoreHmns — Cu-Ni mecTtopoxgenus ¢ nnatumHougammn (Ho-
punbcknii panoH, KxHas Adpurka). Hanmune MoLHbIX NOKPOBOB BbICO-
KOMarHesuarnbHbIX 1aB — SIBMSETCA NMOMCKOBbIM KpUTEPMEM Ha obHapy-
xeHune Cu-Ni opygeHeHus.

CemencTBO 6a3anbLTOB, AONEPUTOB

Bazanbmebi — YepHble, NNOTHbIE, CKPBITOKPUTaNIMYeckme nopoasbl
C MacCMBHOW, NOPUCTON UNN MUHOANeKameHHOW TekCTypon. YacTto oT-
Me4yarTca nopdrpoBble Pa3HOBUOHOCTM C deHOKpUCTanamMmm onmnBm-
Ha, KIMMHOMMPOKCEHa W OCHOBHOrO nnarvoknasa. o MWKpockonom
GasanbTbl XapaKkTepusylTCs MHTepcepTanbHOM  MUKPOCTPYKTYPOMN.
Honepumsi Takke MMEOT TEMHbIM 40 YepHOro obnvk 1 oTnnyarTCs
HanU4MeMm TOHKO-, MENKO-, PeAKO cpeaHe3epHUCTbIM cTpoeHneM. OHu
YacTo cogepxaTt nopupoBUAHbIE BKPAMNfEHHWKU ONUBUHA, KITMHOMW-
pPOKCEHa M OCHOBHOrO Mnarvoknasa. VIx ocHoOBHas macca WUHTeprpaHy-
napHas, odbuToBas, NONKNNOOGUTOBaS.

B cocrtaBe 6a3anbToB 1 A4ONEPUTOB MaBHY POSib UTPatOT KITMHO-
MMPOKCEHbI U OCHOBHbIE Mnarvoknasbl. Cnopaguyeckun BCTpedvarTcs
OMNMBWMH N OPTOMUPOKCEH (rMnepcTeH). YacTto oTmevaeTcs 3HaYUTENb-
Hasi MPMMECb PYOHbIX MUHEpParnoB (TUTaHOMarHeTUTa, MarHeTuTa, unb-
MeHuTa). CpegHuii xummnyecknin coctaB 6asanbTa npegcraBrneH B Tab-
nvue 4.

B aTom cemencTtBe BblAenalTCA cnegylowime pasHOBUAHOCTU MO-
poa: onuBMHOBbIE BaszanbThbl 1 4ONEpPUTHI; NerkobasanbTbl U Nenkoao-
nepwuTbl; rMNepCTeHOBLIE (ABYNMPOKCeHOBbIE) 6a3anbThl. [epBble Tpu-
BMAa Nopoa TpaauUMOHHO OTHOCSTCS K TONeuToBbiM GaszanbTam, 4veT-
BEPTbIA — K U3BECTKOBO-LLEMNOYHbIM Oa3anbTam. ToneutoBble 6asanb-
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Tbl — HaCbILWEHHbIE MK cnaboHacblweHHble SiO,, WenoyHble (onmBm-
HoBble) 6a3anbTbl — HegocbIweHHble SiO,, ¢ GonbMM cogepXaHnem
MgO u weno4ven. OnueMHoBLIE Ba3anbTbl M JONEPUTLI 0ObLIMHO Mena-
HOKpaToBble MNN Me3okpaToBble nopodbl. OHM 06bl4HO crabo rnvMHo-
3emucTble, NnM6o ymepeHHo rnuHodemuctole (al’<0,75 wnm 0,75-1,0).
BbicokornnHosemunctele 6asanbTbl (al'=1-2) Ha KOHTMHEHTax He Ha-
GniogaloTcsl, OAHAKO YacTO BCTPEYATCH B OKeaHax.

CobGcTtBeHHO 6GasanbTbl M JoNepuTbl — Me3oKpaToBble MOpOabl,
yMepeHHo rmuHo3demunctele (al'=0,75-1,0). JlerikobasanbTbl 1 newnkono-
nepuTbl, a Takke rMnepcteHoBble 6a3anbTbl — fIENKOKpaTOBble, BbICO-
KornmmHosemucTble nopofbl (al’'=1-2). ObbivHO GasanbThl NpegcTaBre-
Hbl HaTpmeBbiMM (Na,O/K,0>4) n kanueBo-HaATPUEBBLIMU CEPUSMU
(NayO/K,0=1-4). Xapaktep LENOYHOCTM OTpaXKaeTCcs Ha MUHepanoru-
YyeckoM cocTaBe 6asanbToB. B 6asanbtax HaTpueBon cepuu obblyeH
TONbKO KIUHOMWPOKCEH, KanneBo-HaTPUEBOW CEepuMM — KIUHO- U OpTO-
nupokceH. CoaepxaHvne onvMBMHa B HUX He npesbiwaeT 5%. Mo cpas-
HEHWIO C ONMBUHOBbLIMKM GasanbTamy U goneputammn 3gechb Habnoga-
eTca bonee BbICOKOE cofepaHuwe nnaruoknasa (45-65%) n bonee
HM3Koe — KnnHonupokceHa (15-45%). ObbiyHa Gonee Bbicokas xene-
3UCTOCTb TEMHOLIBETHbIX MUHEPAIIOB.

N3meHeHHble pa3HocTu 6a3anbToB M OOMNEpUTOB B HacToslee
BPEMS Ha3blBalOTCA B COOTBETCTBMM C TpeboBaHusMM neTporpadmye-
CKOro Kopekca memabasanbmamu, memadosiepumamu (paHblue uc-
nonb3oBanucb TepMuHbl 6asanbToBbI Nopduput, anabas). Metaba-
3anbTbl XapaKTepusylTCsa CUMNbHOW Pa3fOXEHHOCTbI BCEX MUHepa-
OB, OTCYTCTBMEM CTekna (06bIYHO XMOPUTU3MPOBaHHbIM). [narvoknas
anbbuTn3npyeTcs, 3amelLaeTcsl COCCIOPUTOM, XITOPUTOM; MMPOKCEH
3ameLlaeTcs aKTUHONMUTOM, XJIOPUTOM; OfIMBUH — CEPrEeHTUHOM, Mar-
HeTUTOM. 3HauuTenbHoe pa3BUTUE TaK Ha3blBaeMbIX 3€feHbIX MUHe-
parnoB (XMOpWT, aKTUHOMUT, aNUAOT) NpuaaeT metabasanbTam U MeTa-
AornepvTam xapakTepHbll 3eneHbI OTTEHOK.

Cpean meTaba3anbToB BO3MOXHO BbigerneHve crneundunyeckon
BTOPMYHOW MOpOAbl, Ha3blBAEMOW CRUAUMOM, B KOTOPOW Mnarnoknas
Haueno ansbutnanposaH. MoryT ObITb BblAeneHbl Tak HasblBaemble
nanmazoHumossle 6a3asnbmel C renenofobHbIM, U30TPOMHBIM BeLle-
CTBOM OpaHXXEBO-XeNnTon unu GypoBaTo-3eneHon okpacku. MNManaroHuT
BO3HWKaeT u3 oboraweHHoro Bogon 6asanbToBOro pacnnasa. JTa
pa3HOBMAOHOCTb 0asanbTOB LUMPOKO pacnpocTpaHeHa Ha [ApeBHUX
nnatgopmax (Cubupckas nnatdopma).
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Cneuudpmyecknit coctae umeeT mna2uogupoebili 6a3anbm
(nnazuobasanbm) — nopdvpoBLle BbIOENEHUS CrioXeHbl nabpapgo-
pOM, OCHOBHasi Macca — MUKPONUTamMn aHae3nHa C MENKMMU 3epHbIL-
Kamu OnMBMHA, KNMMHOMUPOKCEHA M HENPO3paYHOro Me3ocTasuca.

Mukpodonepumsb! (aHame3umbl) — TEMHO-Cepasi, TOHKO3epHU-
cTas pasHoBMOHOCTb Adoneputa. Npu 3Ha4YMTENbHOM pacKpucTannunsa-
uun nopoapl BblaenswTcs rabbpogoneputsbl, MUkporabbpo, rabopo-
nopdupuTbl. OHU UMEKT TOHKO-, MENKO3EPHUCTbIE CTPYKTYpbI, MOA
MMKPOCKOMOM rabbposas, rabbpoodutoBasi, npuamMaTudeckasi, NMowku-
noodgutoBas. 3TN nopoAbl cnaralwT cunnbl, ganku (rmnabuccansHas
daums nopog). Cunnbl UMET MOLLHOCTM 4O HECKOJIbKUX COT METPOB,
NPOTSXKEHHOCTb B AECATKM U COTHU KUIOMETPOB, MOryT ObiTb MHOro-
spycHbiMn. [MokpoBbl Ha ApeBHMX nnatdopmax (Cnbupckas nnatdop-
Ma) MMeloT oBLLyH0 MOLLHOCTbL A0 3 KM, a nnowagb pacnpocTpaHeHus
1,5 ThIC. KMy.

ToneuTtoBble 6asanbTbl U AONEPUTHI ABRSIOTCA HeanddepeHum-
poBaHHbIMK 0Opa3oBaHUAMM M MOITOMY HE MpeacTaBnsalT ocoboro
nHTEepeca npu nouckax pya. Camm no cebe OHM MOTyT UCMOMb30BaTLCS
AN NPOVM3BOACTBA MUHEPAIbHOW BaTbl, KAMHENUTHBIX N3OENNNA.

6.2.2.1.2. NMnyToHn4yeckne nopoabl

OCHOBHbIE MNYTOHUYECKME MOPOAbI HOPMANbHOMO psifa coaepXxar
SiO, po 53% un Na,O+K,O o 4,5%. OHn npepcraBneHbl oByms ce-
MeNCTBaMM: NMMPOKCEHUTOB—TOPHONEHANTOB N rabbponaos.

CeMenCcTBO NUPOKCEHUTOB—TOPHONEHAUTOB

TpagvUMOHHO OTHOCUBLUMECS K YNbTPaOCHOBHbLIM NMOPOAAM MUPOK-
CEHUTBI U TOpPHONEHAMTBI B paMKax HacTosILen Krnaccudukauum nepe-
HeceHbl B IPymnmny OCHOBHbIX MOPOA MO CBOMM OCOBEHHOCTAM XUMUYe-
CKOrO COCTaBa, XOTS MO BbICOKOMY COAEPXKaHW TEMHOLIBETOB OHU He
OTNNYaloTCA OT YNbTPAOCHOBHLIX NOPOo4 M 06pa3yloT ¢ HUMK Nepexos-
Hble pasHoBuaHOCTK (puc. 21). o 0COBEHHOCTAM MUHEPANOrNMYECKOro
COCTaBa B CeMeNcTBe NUPOKCEHUTOB-TOpHONeHanToB BbigenseTca 6o-
nee 10 B1OOB, M3 KOTOPbLIX Mbl PACCMOTPUM NULb Hanbornee pacnpo-
CTPaHEHHbIE: KIMMHOMMPOKCEHUTLI, OPTOMUPOKCEHUTLI, BEOCTEPUTHI,
ropH6NeHanTbI.
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KnunonupokceHumsli. [MaBHbLIMU MUHEpanamu B 3TUX NOpoAax
ABMAOTCA MOHOKINHHBIE MUPOKCEHbI HEPEOKO C MPUMECHI0 ONMBMHA Y
Torga BO3MOXHbI nepexofbl K nepugotutam (Bepnutam). B obpasuax
3TO cpefHe- UNWN KPYnHO3EpPHUCTbIE, MacCKBHble MO0 TpPaxMTomaHble
nopogpbl C TEMHOW Cepo-3eneHon A0 YepHOW oKpackon. B knMHonmpok-
CeHuTax BO3MOXHa Hebonbluas NpMMechb 3eneHOW LINMHenu, poMmou-
YeCcKoro NMPOKCeHa, OCHOBHOrO Mnarvoknasa, Crodbl U poroBon 06-
MaHKW. A3 pygHbIX MMHEpanoB YacTo NPUCYTCTBYIOT XPOMLUMMHENUAbI,
MarHeTuT, TUTaHOMarHeTWUT, COAepXaHWe KOTOPbIX OT aKueCCOpPHON
npumecu go 20-30%.

Mo coctaBy KAWMHOMNMPOKCEH OTHOCUTCA K psgy  Auoncma—
regeH6eprut ¢ xeneancrtoctoto 10-35%. Hepeako knMHonmMpokceH 06-
nagaeT ToHKoln oTaenbHocThio Nno (100), KOTOpPbLIN Ha3biBaeTCA ananna-
romM, U1 B TakOM cry4dae nopofa HasblBaeTca Awvannarutom. Mukpo-
CTPYKTYpa B KNMHOMMPOKCEHUTaX OBbIYHO NaHWAMOMOpdHas, B OfMBU-
HOBbIX W NNarnoknasoBbIX Pa3HOBUAHOCTAX — rMNNANOMOPMHO3EPHU-
CTasi, B PyAHbIX KINMHOMMPOKCEHUTax — cupgepoHutoBas. Korga coaep-
XaHune pyaHbIX MWHEparioB B KIMHOMUPOKCEHUTaX CTaHOBUTCSA 3Hauu-
TenbHblM 10% u Goree, B TakOM Crny4vae MX Ha3biBalOT KOCbBUTaMMW.
Mpun 3ameTHbIX cogepxaHusax onveuHa (10-40%) BbIgEnsAOT ONMBUHO-
Bble KINMHOMUPOKCEHUTbI (puc. 21).  BTOpWYHblE M3MEHEeHMs uvalle
NPOSIBAAIOTCA B ypanuTM3aumu KIMHOMMPOKCEHOB. [py MHTEHCUBHBLIX
N3MEHEHUSX MOTyT BO3HUKHYTb XMOPUT—TarnbK—aKTMHOMMTOBbLIE Napa-
reHes3unchbl, Hepeako B accoumaumm ¢ CeprneHTUHUTamu.

CpedHuin XMMNYECKUA COCTaB KIMHOMMPOKCEHUTOB NpeAcTaBneH B
Tabnuue 4.

KnuHonupokceHnThbl BCTpeyaroTes B coctaBe OyHUT—
KMMHOMMPOKCEHNT—-rabBpoBbLIX KOMMMeKkcax B cknagyaTtbix obnactsx
(MnaTtnHoHOCHBIN nosic Ypana, FOB yactb Ansickn). B HUX KMMHOMMPOK-
CeHWTbl craraloT NMMHeNHble Tena cpeau OyHUTOB, BEPNUTOB M rabb-
pongoB. KnnHonupokceHuTbl Takke OOblYHbl AN OPMONUTOBLIX KOM-
MMeKCcoB 1 06bIYHO NMPUYPOYEHbI K 30HaM nepexoaa OT ynbTpaMmaduTos
k rab6povgam. [Ins KOMNNekcoB C pe3kum npeobnagaHneM OCHOBHbIX
NOpPOA KMMHOMUPOKCEHUTLI HE TUMUYHbLI. KNMHOMMPOKCEHUTBI ABASAKOTCA
reTeporeHHblMn 06pa3oBaHUsIMK, Hapsdy C MarMaTUYecKMM MpPOMCXo-
XOeHneM, OHN MoryT obpasoBaTbCA METaCoOMaTUHECKUM NYTEM.

C KnUHoNUpKCeHUTaMmu MOryT BbiTb CBSA3aHbl KPYMHbIE 3anexu Tu-
TaHOMarHeTUTOBbIX U MarHeTUTOBbLIX Py C HEBbICOKUM coaepKaHuem
TUTaHa M BaHagus, a Takke MeCTOpPOXAEHUS NNaTUHOMAOB W XPOMMU-
TOB.
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OpmonupokceHumsl. [lopogbl NPakTU4ECKN MOHOMMUHEparbHble
N CroXeHbl rmaBHbIM 06pa3oM OpTONUPOKCEHaMW, MHOTAA NPUCYTCTBY-
€T ONWBWH, NPU 3aMETHbIX COAEPXKaHWAX KOTOPbIX BO3HWKAKOT nepe-
XOOHble pPasHOBWAHOCTU K rapubyprutam. MakpocKonmyeckM opuTomnu-
POKCEHWUTLI CEpPOBAaTO-3E€MEHOM0 LBETA, HAa KOpo4vkax BbIBETPMBAHMS
oKkpawwmBatoTcsl B OypoBatbii UBeT. OHM 0ObIYHO MMEKT cpegHe- Unu
KPYMHO3EPHUCTOE CTPOEHUE N MAacCCUBHYIO TEKCTYpY. B oputonupokce-
HUTaX 4YacTO OTMEYAITCH XPOMLUMUHENWADI.

OpTOnMpoKCEH OObLIYHO MPEACTaBMEH SHCTATUTOM M BGPOH3NTOM,
pexe rmnepcreHom. B 3aBucumocTn oT coctaBa OpTONMMPOKCEHA Bblae-
NSAT PasHOBMOHOCTU: 3HCTATUTUTBI, BPOH3UTUTLI U TMNEepPCTeHNTLl. B
cryyae nNpuCyTCTBUSA 3HaUUTENbHbIX Konudects onuemHa (10-40%) BbI-
OensiloT ONIMBMHOBLIE OPTOMNUPOKCEHUTBI (pUc. 21).  [na opTonupokce-
HWTOB XapakTepHa naHuavomopdHas CTPYKTypa, a AN ONIMBUHOBLIX
pasHoBuaHoCcTeW O6bIYHO runuanoMopdHas. OpTONUPOKCEHUTLI Mpu
BTOPWUYHBIX M3MEHEHUSAX NOABEPralTCA OTANbKOBaHWMIO, CEPNEHTUHM-
3aUun 1 TPEMONUTMIALNN.

CpenHuin XMMUYEeCKUIn COCTaB OPTOMUPOKCEHUTOB NPEACTaBreH B
Tabnuue 4.

OpTONMPOKCEHNTLI YacTo HabnogawTcss B COCTaBe MorocyaTtbiX
OYHUT-rapuOyprnToBbIX KOMMIIEKCOB B OMUOMMTOBLIX accoumauusix.
OHuM 06bl4HO 00pa3ylT XWUMbHbIE, pexe OalKoBble Tena, Nogyepku-
BaloLLMe nofocyaToe CTpoeHme QyHUT-rapudyprutosoro cyberara.

OpTONUPKCEHNTLI BCNEACTBUE MENKUX pa3MepoB OObIYHO He 00-
Hapy>Xu1BatoT Kakon-NnMbo 3aMeTHOro opyaeHeHMsI.

Beb6cmepumsbi. HassaHne paHo I, Yunbsimcom no okpyry Be6-
ctep B wtaTte CeBepHaa KaponuHa, CLUA. BHelHe — 3TO MaccuBHbIE,
TEMHble, cepoBaTo-3erieHble nopoAbl. OHU CNOXEHbI MOHOKITUHHBLIMU 1
pPOMBUMYECKMMM MUPOKCEHAMU CO 3HAYUTENbHBIMU KONMMYECTBEHHBLIMU
BapuaumsiMiM, MOXeT MpPUCYTCTBOBaTb ONMBUH W XPOMLLMUHENWAbI.
BebcTepuTbl, NpyM yYMEHbLUEHWM COOEPXKaHUA B HUX OPTOMMPOKCEHA,
nepexogsT B KIMHOMUPOKCEHUTLI, MPU YMEHbLUEHUW KITMHOMUPOKCEHa —
B OPTOMUPOKCEHWUTLI, @ NPU YBENWYEHWM ONMBUHA — B OJSIMBMHOBbIE
BebcTeputhbl (puc. 21). MuKpoCTpyKTypbl B BebcTepuTax MoryT ObiTb
naHnanomopdHble, runuguomopdHble, Hepeaku rpadudeckme, mMo-
cnegHve obycnoBneHbl B3aMMHbIM MpopacTaHMeM OpTo- U KIIMHOMU-
POKCEHOB, CBA3aHHbLIM C pacnagoM TBEPAbIX PAaCTBOPOB.
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Xvmunyeckun coctaB BebcTeputoB (Tabn. 4) 6nmM3oK K KMMHOMUPOK-
CeHuUTaM, OTNMYaETCs MOBbIWEHHbIMKU coaepxaHmamm SiO,, MgO wu
NoHmkeHHbIMK CaO.

BebcTepuTbl — OTHOCUTENBHO peakme nopoabl. OHM BCTpevaroTes
B MaccuBax 0MONUTOBLIX KOMMNMEKCoB. Pexe BebGCTeEpUTbI NpUCYTCT-
BYIOT B MaccuBax AYHUT—KIMHOMMPOKCEH—TabbpOBLIX KOMMIEKCOB B
cknagyaTbix obnactax. O4eHb YacTo OTMeYalTcs BeEOCTEpUTLI B KCe-
HOMMTax KUMOEpPNUTOB W SIBNSAKOTCA BbICOKOOapuieckumu nopogamu
BepxHen maHTuun. KceHonnTbl BeGCTEPUTOB BCTpeYarTcsa Takke B Oa-
3anbTax 30H nepexofa OT KOHTUHEHTOB K okeaHam. Obpa3oBaHue Beb-
CTEPUTOB Yallle BCEro NpoMCXoauT MeTacomaTuyeckum nyTem npu
npueHoce B ynbTpamadutel Ca, Al, Fe, Na n K. >KunbHble BebcTepuTsl,
04yeBUOHO, MOryT obpasoBaTbCs NPW YaCTUYHOM MNNABMEHUN HEUCTO-
LLIEHHbIX NEPUAOTUTOB BEPXHEN MAHTUN.

MpakTnyeckoro 3HayYeHMs1 BeOCTEpPUTLI HE UMEIOT, OOHAKO creuna-
NN3MPOBaHbI Ha 3NeMEHTLI FPYNMbI kenesa U NNaTMHOWZOoB.

FopH6neHdumsbl. HasBaHve nopoabl OT HEMELKOro TepMuHa
hornblende — poroBasi obmaHka. NMopoga nmeeT 0bbIYHO KpPYMHO-, rpy-
603epHUCTOE CTPOEHME U YepHyto okpacky. OHa crnoxeHa npeumylle-
CTBEHHO POroBON OOMaHKOW, MOTYT NPUCYTCTBOBATb ONMBWH, MUPOKCE-
Hbl, OCHOBHOW NriarMoknas, cnogpl, anaTut, rpaHaTt, MmarHeTuT. Mukpo-
CTPYKTYpPbl — NaHugmMoMopdHas, rmnanomopdHas, npu CroXXHoOM Mu-
HepanbHOM COCTaBe MOXET ObiTb CMAEpOHUTOBas, nonkunutosas. o
COCTaBy MPUCYTCTBYHOLMX MUHEPASIOB BbIAEMST Criegyowme pasHo-
BUOHOCTWN rOpHONEHANTOB: nnarMoknasoBble, rpaHaToBble, CrOAsHbIE,
NNbMEHUTOBbLIE U Op.

CpegHunin  XMmMu4eckui coctaB ropHONeHaAUTOB npeacTaBrneH B
Tabnuue 4. CnegyeT OTMETUTb, YTO XMMUYECKUIA COCTaB SBMNSIETCH He-
YCTOMYMBBLIM M 3aBUCUT OT MuHeparnbHoro. OTMevaeTcs HU3Koe Co-
aepxanue SiO, (~45%), noBbiweHHoOe konmyecTBo TiO,, Al,O3;, NayO,
Na,O, nepemeHHoe — CaO, MgO (vale 6onee 10%).

"opHONEeHANTLI pedkne Nopoabl, YacTo TArOTEKT K KIMHOMMpPOKCe-
HUTaM B AYHWUT-KITMHOMMPOKCEHUT-rabbpoBbix komnnekcax. OHn obpa-
3ylOT MenKue Tena, y4yacTKM HenpaBWibHOW (POpPMbI, CEKyLiMe maro-
MOLLHbIE XWibl. [IPUHATO cumTaTh, YTO rOpHONEHANTLI 0bpa3yroTcs 3a
CYEeT KIMMHOMUPOKCEHUTOB NGO MenaHokpaToBbIX rabbpongoB B pe-
3ynbTaTe 3amMeLlas KIMHOMMPOKCEHA POroBov O0OMaHKOW nog BIIMSIHW-
€M OCTaTOYHbIX pacTBOPOB, 06OraLLeHHbIX NeTy4MMU KOMMOHEHTaAMM.
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MeTtannoreHus FOpH6J'IeHﬂVITOB NpPakTn4eckKoro 3Ha4eHna He nme-
eT. OHu cneunanmn3npoBaHbl Ha XXenes3o, TUTaH U Medb.

CemeincTBO rabopoungoB

B cemelicTBO rabbponaoB BXOAAT OCHOBHbIE MIYTOHUYECKUE MO-
POAbl, COCTOSILLME N3 OCHOBHOTO MiiarnMoknasa, KnnmHo-, OpTONMPOKCEHA,
OnUBUWHa, poroBoit obmaHu. Mabbpouabl OTHOCATCS B OCHOBHOM K MO-
podam HopmanbHoro psiga (SiO, go 53%, Na,O+K,0 — go 4,5%), B
KOTOpbIX COAEpKaHune narnoknasa obHapyXMBaeT 3HauYMTemNbHbIE Ba-
pnauun ot 10 go 100%, 4awe ot 35 go 65%. CocraB nnarvoknasa ot
nabpagopa [0 aHopTuTa. MOHOKMMHHBIA NMUPOKCEH MPEACTaBReH Au-
oncmaom nmbo aBruTomM, pOMBUYECKMIN — TMNEPCTEHOM N BGPOH3UTOM. B
Ka4yecTBe NMPMMECHbIX MWHEpPanoB MOryT NpucyTCcTBOBaTb OMOTUT, op-
TOKNas, kBapL M Ap. AKLECCOPHblE MUHepanbl NpeacTaBreHbl Yalle
TUTAHOMAarHeTUTOM, pexe anaTUTOM U OPYTUMW.

Ma66ponabl knaccurumMpyoTCca No YeTbipeM NpU3HaKam:

. MO COOTHOLLEHMIO MMarvoknasa M TEMHOLBETHLIX MUHepa-
nos;

. Mo COCTaBy MPUCYTCTBYIOLWMX [MaBHbIX TEMHOLBETHbLIX MU-
Heparnos;

. Mo COCTaBy NPUMECHbLIX MUHEPAroB;

. Mo XapaKTepy BTOPUYHbLIX N3MEHEHWIA.

Mo cooTHoweHuto nnarvoknasa (M) u TeMHOLBETHLIX MUHEPaSIOB
BblAENSTCS creaytolime pasHOBMOHOCTM rabbponaos:

Ha3eaHue Konuyecmeo
2ab6poudoe nnaz2uoksasoe
JlenikonuToBble >85%
(aHOpTO3UTLI, NAabpogopuThI)

JleikokpaToBble 85-70
Me3soTunHble 70-30
MenaHokpaToBble 30-15
MenaHonuToBble 15-10

MenaHonutoBble rabbpouabl ¢ YMeEHbLUEHMEM COAEepXKaHusi nna-
rmoknasa (<10%) nepexodsaT B nnarvoknascogepxaiime ynotpamadu-
Tbl (NNArMogyHUTLI, NarMonepuaoTUTbI).

Mo cocTaBy NPUCYTCTBYHOLLMX FMaBHbLIX TEMHOLIBETHLIX MUHEparioB
(T/uB) BbIgENSAIOTCA CNeayoLMe rMaBHble PasHOBUAHOCTU rabbponaos:
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HaseaHue 2ab6poudoe TeMHOUBemHbIe MUuHeparsbi

[ab6po KnuHonupokceH

OnuenHoBbIE rabbpo KnuHonupokceH, onveunH

HopuThl OpTonupokceH

OnvBnHOBbIE HOPUTHI OpTOnNMPOKCEH, ONUBUH

TpokToNUTbI OnuBuH

ab6po-HopuThI KnnHonmpokceH, opTonupoKceH

OnuBunHOBbIE rabbpo-HOpPUTbl  KIMHONMPOKCEH, OPTOMMPOKCEH,
ONUBUH

PoroBoobmaHkoBble rabbpo PoroBasi obmaHka

Mo cocTaBy NPUMMECHBIX MWHEPanoB BbIAENSIOT PA3HOBUAHOCTU
rabbpongos: GMOTMTOBBIE, OPTOKNA30Bble, KBapLeBble (rpaHodupo-
Bble, pyaHble (oboralleHHble MarHeTMTOM) U Apyrue.

Mo xapakTepy BTOPUYHBIX U3MEHEHUN MUHEPAroB BbIAENSAIOT pas-
HoBMAHOCTM rabbpongoB: amdnbonuanpoBaHHble (ypanuTuanpoBaH-
Hble, aKTMHONMUTU3UPOBAHHbIE), COCCIOPUTMU3NPOBaHHbIE, amdubon-
COCCIOpUTOBbIE.

Fa66poudbl MakpockonuMyeckn OObIMHO TEMHO-CEPOro, Ceporo
LBEeTa, KpOMEe aHOPTO3MTOB MMetLMX 6enbin NMbo po3oBkIn UBeT. Ons
nabpagopvTOB XxapakTepHa OTYETNIMBasi UpuM3auus CUHEBATOro OTTEH-
ka. CTpykTypa OT MENKO3epHUCTOM OO0 nermatougHoun. TekcTypa ux
MaccuBHas, Hepegko nonocyartas n TpaxmtongHas. Mo Mukpockonom
rabépoungbl MOryT UMETb pasfnuyHble MUKPOCTPYKTYPbI: NaHugnomopd-
Haga (rabbpoBas), oputoBasa n rabbpo-oduntToBas, BeHLOBasI, MOUKUIIN-
ToBas. B M3aMeHeHHbIX rabbpongax (ypanutusaumsi NMPOKCEHOB, COC-
CHOpUTM3auUs NarMoknasoB) OTYETNIMBO MPOSIBIIEHbI CTPYKTYpbl 3a-
MeLLEHUS.

B atom cewmelictBe Hamboree pacnpoCTpaHEHHbIMU SABMSAKTCS
rabbpo, B coctaBe KOTOPbIX HAOMO4aTCA OCHOBHOM Mrarnoknas, Knu-
HOMUPOKCEH, MOryT NMPUCYTCTBOBAaTb ONMBWH, OPTOMUPOKCEH, poroBas
obmMaHKka 1 6uoTuT. AKLEeCCOopHble MUHeparbl NpeAacTaBneHbl, TUTaTo-
mMarHeTuToMm, anatutom. CogepxaHve MuHepanos: nnarvoknas — 35-
65%, knuHonupokceH — 10-65%, onmenH Oo 35%, OpPTOMMPOKCEH OO0
5%, poroBasa obmaHka [o 5%, 6uotut 0o 5%, pyaHoeie o 5%.

Bapuauun xummnyeckoro coctaBa Haubonee npeacTaBUTENbHbIX
rabbpoungoB npueeaeHsl B Tabnuue 4.
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Ma66ponabl pa3BuTbl BO MHOMMX pernmoHax Poccum B coctase pas-
NNYHBIX KOMMIEKCOB: AYHUT-MUPOKCEHUT-rabbpoBblX, O0UONNTOBBIX,
rabbpo-nnarmorpaHNTHbIX, aHoOpPTO3UTOBbLIX. OHW cnaralwT KpynHble
paccrnoeHHble MaccuBbl (NOMOMUTLI), LWTOKKW, Adankn. [abbpouab
BCTPEYAOTCA B Pa3fMyHblX CTPYKTypax 3eMHOW Kopbl (Cknag4vatble
nosica, gpeBHuWe nnaTgopmbl, CPeAMHHbIE MacCcuBbl, pUMTOBLIE A0MM-
Hbl CPeAHVMHHO-OKeaHNYecKkMx XpebToB). BOMbLIMHCTBO pacCnOEeHHbIX
nHTpy3un (byweensn, Cendepu, MoH4eropckuin maccus 1 gp.) pacrno-
naratoTcsa B nNpegenax ApeBHUX LUUTOB cpean MeTamopdmyeckmx no-
poa ookembpus.

C rabbpovgamu cBsizaHbl MECTOPOXAEHUST MEOHO-HUKENEBbIE, TU-
TaHOMarHeTUToBble, MNaTUHOMAOB, XpoMUTOB. JlabpagopuT asnsdetcs
npekpacHbIM 06NNLOBOYHBIM MaTEePUanom.

6.2.2.2. OCHOBHbIe NopoAabl CyOLLeNoYHOoro psaa

B pasHOCTsIX MOBbLILEHHON LLENOYHOCTU (CyOLLenoYyHon psig) Ha-
Gnopatotcs cneumdmyeckne MUPOKCEHbl M amcubonbl (TUTaTaBrnT,
KEPCYTUT), XENe3ncTblni GUOTUT, KanmneBbI NONEBON LINAT, pexe nen-
unt, HedenuH. CybuwenoyHble rabbpouabl BcTpedawTca B rabbpo-
CUEHUTOBBIX, rabbpo-MOHLOHUTOBLIX, rab0pPO-aHOPTO3UTOBLIX Maccu-
BaXx.

6.2.2.2.1. 'mnabuccanbHble U ByJIKaHU4Yeckue nopoabl

OcHoBHble BYynkaHu4eckne u runabuccanbHble nopoabl cybuie-
noyHoro psga (Na,O+K,0=8%) npencraBneHbl 0gHUM CEMENCTBOM —
TpaxmbasanbToB. [MOBbILWEHHAA LWENOYHOCTL MOPOon NOoAYepKnBaeTcs
npuctaBkon mpaxu. OCHOBHON HOCUTENb LLENOYen B 3TMX Nopodax —
LLIENOYHbIE MONEBLIE LUNATHI.

CemencTBO TpaxubasanbToB

B 3ToM cemelcTBE Mbl pacCMOTPUM TpaxmubasarnbTbl, OKeaHUTbI U
MYZKNEPUTDI.

Tpaxu6a3anbmbl — KanueBo-HaTpyeEBblE NOPOAbI C MOBbILLEHHbIM
copgepxaHvem SiO;, Al,O;, wenoven (cogepxaHune K,O npumepHo
2%), Huskmmn cogepxanuammn TiO,, CaO, cymMmbl xenesa. Nopogdbl
06bIYHO MMEIT NOPUPOBYIO CTPYKTYPY W CIOXEHbl NnAarnoknasom,
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KMMHONMPOKCEHOM, OfIMBUHOM, KanveBbiM NOMeBbIM LWNaToM, KepcyTu-
TOM, BMOTUTOM, PyAHLIMU MUHEPanaMm, anaTuToM.

OnuBWH NpeacTaBneH BbICOKOXENE3UCTON Pa3HOCTLIO - TOPTHONU-
ToM (Fa~70%). MNMnarnoknas BO BKpanfeHHWKkax ocHoBHoW (An~45-75%)
n 6onee kucnbln B ocHoBHOW Macce (An~20-45%). Kanvesbin nonesown
LINaT NpUCyTCTBYET B BMAE KCEHOMOPMHbIX 3€peH B OCHOBHOW Macce,
pexe BO BkpanneHHukax. Obuwee cogepxaHue kanuwnarta — go 5%.
Opyrve MuHepanbl 06bIMHO MOTYT MPUCYTCTBOBATbL B BUAE MPUMECHbIX
N aKLeCCOPHbIX KOMMOHEHTOB.

CpegHun xvMMu4YeckMn coctaB Tpaxubas3anbToB npeacTaBfieH B
Tabnuue 5.

TpaxubazanbTbl (TpaxugonepuTbl) BXOAAT B cocTaB avddepeH-
LMpoBaHHbIX cepui cybLuenoyHblx nopod. MoryT mpucyTcTBoBaTth B
dopmMaLmax nopos HopMarbHOW LenoYyHocTu (cpean 6asanbToB, aH-
Ae3nToB, JAaUNTOB, PUOSNUTOB).

B okeaHumax cylwecTBEHHbIM OTNMYMEM OT TpaxubasanbToB siB-
NsieTca BbICOKOE coepxaHune onveuHa go 25% v bonee (B Tpaxmba-
3anbTax ONMMBUH HaXoOUTCH B NEPEMEHHbIX KONMYECTBAX U B MEHbLLIEM
obbeme — 0-15%).

MyOxuepumbl XxapakTepusyrTCsi HU3KUMU 3HadveHusimu MgO
(<4%), CaO (>7%), npu BbiCOKMX 3HadeHusx TiO,, xenesa (cymma xe-
nesa go 14%), K;O (6onee 2%). OcobeHHOCTbI0 MMHEpPanbHOro cocTta-
Ba MypKuepuTa sBnseTca Hannyue aHoptoknasa (10-15%), Bbicokoka-
NMEBOrO ONUroKIasa unu onunroknas-aHae3unHa.

6.2.2.2.2. NMnyToHN4Yeckne nopoabl

OCHOBHbIE MMYTOHMYECKME Mopoabl CyOLLEeNoYHoro psiga npea-
CTaBrfeHbl CeMencTBaMu MOHLOrabbpo, accekcuTamm U COOTBETCT-
BYHOLUMMM BUZaMmM nopof. B ux coctaBe B 3aMeTHbIX KONMYeCTBax Mo-
ABMAOTCA NIENKOKPATOBbIE LLENOYHbIE MUHEparbI: WeNoYHbIe NoneBble
wnatbl (5-20%), HedbenuH (ao 10%), aHanbumm (8o 5%).

CemencTBO MOHLIOrab6po
MoHuyo2ab6po makpockonuyeckn B obpasuax 3To 06bIYHO TEMHO-

cepble 00 4YepHbIX nopoAbl NPakTU4eCKn He OTIIMYMMbIe OT HOpMalib-
HbIX ra66po. Mo MUKPOCKONOM B MUX COCTaBe yCTaHaBIIMBAKOTCA rnaB-
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HbIM 06pa3om nnarmoknas (Mo cocTaBy OTBEYaKLMA aHOe3nHy, nNnbo
nabpagopy) (30-60%) n TemMHoOLUBETHbIE MUHEparnbl (TUTaH-aBruT, aru-
puvH-aBrnT, onveBuH N 6MoTUT) (30-40%). B 3ameTHbIX konuyecTBax
NPUCYTCTBYIOT KanueBsbln noneson wnaTt (5-15%), BO3MOXHa nNpuMech
TUTAHUCTON poroBor obmaHku, opTonupokceHa u anatut. CTpykTypa
runnamomopdcHas

CyMmmapHoe cogepaHue Liernoyen OOBOMbHO CYLLECTBEHHOE U
aoxoauT 0o 9% B oTnu4YMe OT HopMarnbHbIX rabbpo.

Tabnuua 5
CpenHuin XMMMYeckuii CocTaB OCHOBHbIX NMOpoS
cybuienoyvHoro u wenoyHoro psigos (Conoebes, 1970)

O hy3mBHbIE NOPOAbI VIHTpy3MBHbIE nopoabl

Oxkucnbl 1 > 3 Z 5 6 7

SiO, 47,00 | 49,02 | 40,68 | 49,62 | 46,72 | 46,03 | 47,78
TiO, 1,54 1,86 2,17 1,21 1,38 1,76 0,88
AlL,Oy 16,58 | 16,90 | 12,41 | 17,98 | 18,92 | 17,12 | 15,05
Fe O3 3,20 4,74 6,42 3,63 4,16 4,42 4,96
FeO 7,50 4,91 5,91 6,03 7,19 5,89 5,64
MnO 0,19 0,20 0,14 0,15 0,43 0,23 0,29
MgO 6,32 509 | 14,54 4,35 3,81 4,91 5,24
Ca0 6,82 7,58 | 10,62 6,91 8,71 8,63 9,24
Na,O 3,88 3,66 3,44 3,62 6,81 4,06 4,15
K,O 2,86 2,74 1,29 3,38 1,27 1,97 4,80
H.O 3,45 2,65 1,98 2,62 0,48 4,34 1,13
P,0s 0,66 0,65 0,40 0,50 0,12 0,64 0,84

lMpumeydaHue. 1 — TpaxubasanbThl, 2 — TedppuThbl, 3 — 6azaHUThbI, 4
— 9CCeKCUTbI, 5— TepanuTbl, 6 — TELNHWTBI, 7 — LUOHKUHUTBI.

CemMeNncTBO 3CCEKCUTOB

Accekcumsbl. B obpasuax - 3T0 cepble, NeCTpble MO OKpacKe Mo-
poAbl NoxoXxue Ha rabbpo nubo anopuTbl. MaBHble MUHepansbl B MNo-
poAde npeacTaBfieHbl Niarmoknasom (aHgesvHom, nnbo nabpagopom)
(30-40%), KNMUHOMWPOKCEHOM  (TUTaH-aBrMTOM, pexe  3rUpuH-
aBrmtom)(20-50%). B 3ameTHbIX KonmyecTBax HabnogaeTca HedenvH
(8o 10%), kOTOpbIN OBLIMHO MOMHOCTBLIO 3aMeLleH MUPO3EPHUCTLIMU
arperatamy BTOPWUYHBIX MWHEPArnoB, a Takke LWeNnoyHble Mnonesble
wnatbl (8o 20%). MoryT npucyTcTBaTb ONUBMH, TUTaHWUCTas porosas
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obmaHka n 6motut. M3 akueccopHbiXx MUHepanoB HabnwaawTes ana-
TUT, chbeH, marHeTuT. CTpykTypa runmanomopdHas. B accekcntax vac-
TO NPOSIBNSIETCHA TPAXUTOMAHAsA TEKCTYpa.

CpegHnin XuMMYeCcKnin COCTaB 3CCEKCUTOB NpeacTaBneH B Tabnuue
5. CymmapHoe cogepxaHue wenoyein Moxet gocturatb Ao 8-9%.

MoHuorpab0po 1 accekcuThbl cnaratT HebomnblUNe Terna COBMECT-
HO C MONeBOLWNaTOBbIMU UIAONUTaMU, TepanuTaMmn, TelleHuTammu, on-
antamn. MiHorga obpasytoT ganku. OHM OTHOCATCS K rpynne LWerovHo-
rabbpoungHbix popmaumii. MNpaKkTM4eckoro 3Ha4eHst He UMEHOT.

6.2.2.3. OCHOBHbIe NOpPOoAbI WEeNOo4YHOro psaaa
6.2.2.3.1. 'mnabuccanbHbIe N ByJNIKkaHU4Yeckue v nopoabl

OcHOBHbIE BynKaHWYeckne Nopoabl LWEeNoYHOro psaa oTnuyakTes
BbICOKMMU cogepxaHusamun wenoden (Na,O+K,O go 20%). Cpeam Hux
BbIAENATCA TPU CEMENCTBA: OCHOBHbIX (DOMAMTOB, LLENOYHbIX bGa-
3anbTOB, OCHOBHbIX poHONMMTOB. Mbl paccmMoTpuMm ABa Buga nopog —
TedpuTbl (CEMENCTBO LUENOYHbIX 6a3anbToB) U NENUNTUTBI (CEMENCT-
BO OCHOBHbIX )OMONTOB).

CeMeNCTBO LUEeNoYHbIX 6a3anbLToOB

Tegppumbi — weno4vHble 6a3anbToMAbl MAaKPOCKOMMYECKN NMpaKTu-
YeCKM He OTNNYUMbIE OT OBbIYHbIX 6a3anbToB. OHM CMOXEHbl OCHOB-
HbeIMK nnarvoknasamu (20-50%), HedenmHom (10-25%), KIMHOMUPOK-
ceHamn (10-40%), onusuHoM (8o 20%), LWENOYHbIMM NOMNEBLIMA LLINA-
Tamun (8o 10%). CtpykTypa 06bI4HO MopdmpoBas, BO BKpanfeHHUKax
HabnogatoTca nnarnoknas, HedenvH U TEMHOLBETHbIE MUHeparibl.
OcHoBHas Macca MMeeT UHTepcepTarbHYyl0 CTPYTYpY, 0OYCrOBMNEHHYIO
MHOFOYUCNEHHBIMN BECMOPSAOYHO  PACMONOXEHHBIMM  MUKPONMTaMM
nnarvoknasa.

B kavecTBe pasHOBMOHOCTEM TedpuTa BbIOENATCA OaszaHUTHI
(onuBmHOBbIE TedhpuThl), GepelnTbl (NenKokpaToBble TEOPUTLI C Npe-
obnagaHnem BKpanseHHUKOB HedenuHa) 1 aBruTuTbl (BynKaHUYeckme
BUTPOMMPOBLIE NOPOAbI), B CTEKNOBATON OCHOBHOM MaccCe KOTOPbIX
HabniogalTcs BKpanneHHUKM aBruTa M marHetuta, B KadyecTBe Mpu-
MECHbIX KOMMOHEHTOB MOIYT MPUCYTCTBOBATb ONMBWH, HedenuH, 6uo-
TUT 1 ap.
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CpegHuin xmmmn4yeckuii coctaB TecpuToB M GasaHUTOB NpeacTas-
neH B Tabnuue 5.

OTn nopoabl 0Opa3yloT Kak ByNKaHU4Yeckue, Tak runabuccanbHble
daumn. OHM BCTpevaroTCsl MOYTM Ha BCEX KOHTUHEHTaX. TEKTOHUYECKM
OHU TArOTEIT K 30HAM 3aBEPLUEHHOW CKMagyaTocTu, YCTONYMBLIM Go-
Kam ckrnagyaTtbix obnacren, gpeBHUM nnatdopMam, 30HaM UX aKTUBU-
3aumm, K pugToBbIM cuctemam. OHM BCTpeYaloTcs B MaccuMBax CrOX-
HOro CTPOEHWUSI C yYyacTUEM OCHOBHbIX W LUEeNoYHbIX nopod. Hepeako
00pa3yloT  codeTaHusi  pasHodaumanbHbiX  nopod  (BYrKaHo-
NAYTOHWYECKNE accoumaumm).

TUNUYHBIMX paliloHamMKU pacnpocTpaHeHus siBnslTcs 3anagHas
AscTpanus, 3anagHas Adpuka. TedpuTbl, oboralieHHble HedenmHoM,
MOryT paccmMaTpuBaTbCsl B KAYECTBE MCTOYHMKA ANs1 NONyYeHWs TIMHO-
3ema, coabl U LeMeHTa.

CeMeNCcTBO OCHOBHbIX (honanToB

Jleliyumumal — cepble, TEMHO-CEPbIE NOPOALI OObIYHO C OTYETNN-
BOW nopdumpoBon CTpykTypon. Cpeaun BKpanfieHHUKOB U B OCHOBHOW
macce npeobnagatoT okpyrible 3epHa nenunta (40-60%), obycnasnu-
BaloLLME OLENNApPOBYK CTPYKTypy. HedbenmH Habniogaetcs pegko u
TONbKO B OCHOBHOM Macce. Kpome henbawinatongoBs B coctaBe nopo-
Abl oTMeyvatoTcs knuHonupokceH (20-40%), onueuH (8o 5%), weno4vHown
nonesov wnat (5-15%). B Buage npumecn BcTpevawTca 6Guotut, ne-
POBCKWT.

OO6bIYHO BCTpeyvalTCcs B accoumaumu C KanmeBbiMU OCHOBHbIMMU,
YNbTPAOCHOBHBIMU U cpegHuMK nopogamu. OHWM MOryT ObiTb CbipbeM
ONS NONy4YeHUs: antoMUHAUS, Kanus U KanunHbIX yooopeHui.

6.2.2.3.2. MNnyToHn4yeckne nopoabl

OCHOBHbIE MIYTOHUYECKNE MOPOAbI LIENOYHOro psga obpasyoT
TPU CEMEeNCTBA: OCHOBHbIX (hoMOoNUTOB, LLEeNnoYHbix rabbpongos, oc-
HOBHbIX (penbaLnaTonaHbIX CUEHUTOB.

CeMeNCcTBO OCHOBHbIX (hongonuToB

K ocHOBHbLIM cbongonntaM OTHOCATCS NMOMEBOLLNATOBbLIE YPTUTLI U

NNonuTbIl, a Takke deprycuTol. MNopodbl 3TOro cemencTsa OTnMYaloTCA
OT CXOAHbIX MO Ha3BaHWIO CEMENCTBA YNbTPaoOCHOBHbLIX (POMAONUTOB

112



HanNU4MeM LEeNoYHbIX NoNneBbiX WnatoB (anbbutas, nnbo kanuwnara),
cogepxaHue koTtopbix oo 10% (nHorga 6Gonee). Cymma wenoyen B
aTnx nopopax gocturaet 20%.

Monesownamoesie ypmumsbi. CBeTnble, 3erneHoBaToO-Cepble
MacCUBHbIE NMOPOAbl, YaCcTO KPYMNHO3EPHUCTLIE, MHOTAA NermaTonaHble.
OHn crnoxeHbl HedenuHoM (70-90%), KIMHOMUPOKCEHOM (3rpUHOM,
3rMPUH-aBrMTOM, TUTaH-aBIMTOM) U LLEMOYHLIMW MONEBLIMU LUNATAMM
(5-10%, pemko o 25%). CtpykTypa ux runugmomopdbHasl, 4yacto ar-
nautoBas. B xummyeckom cocTaBe MOpoAbl BbICOKOE COAEpXKaHWe
rnvHo3ema (o 30%), wenoyen (Ao 20%).

lMonesownaToBble YPTUTLI ABAAIOTCA PYAON Ha antoMUHUNA.

lMonesownamosesie utionumsbl. MaccyBHble nopoabl TEMHO-
ceporo uBeTa, 4YacTto nopdupoBuUaHbIE (BKPanieHHUKU 3rupuHa, Ka-
nvwnarta) ¢ Mernko3epHUCTOW OCHOBHOW Maccol. [Mopofbl CRoXeHbl
HedenuHoMm (30-50%), KMMHOMMPOKCEHaMn (TUTaHaBMMTOM, STUPUH-
aBrutom) (30-50%), LWeno4HbIMM NOMEBbIMU LUINATaMK (KanuLunaTom,
anbbutom) (5-10%), moryT npucytcTBoBaTb amdubonsl, GuoTut, rpa-
HaT, cdeH, anaTtuT, TUTaHomarHeTuT. oA MMKPOCKONOM CTpyKTypa
rMnnamomopdHas.

BwmecTte ¢ gpyrmu wenoyHsiMn rabbpovgamu nonesoLunaToBble
NAONNTBLI BXOAWUT B COCTaB Pa3fUYHbIX LLENOYHbIX KOMMEKCOoB (Mno-
NUT-NOMNEBOLUNATOBbLIA,  UAONUT-MaNUHBUT-NYSABPUT-IOBUTLIN,  YPTUT-
NNOMUT-AKYNUPaAHTUTOBBIN, LUOHKUHUT-ManuHbLUTOBLIN.

MoneBowwnaToBble MNOMNWUTBHI MOFYT MCMONBL30BaTLCH ANS MNony4ye-
HUSA antMWHKUS, COAOMPOAYKTOB, LieMeHTa 1 docdopa.

®Pepaycumsi

B oTnnune oT nonesowwNaToBbIX UAONUTOB U YPTUTOB (PeprycuTbl
ABMAOTCA TUNWYHLIMWA MNpeacTaBUTENsIMU  KanuesbiX (OWUAONUTOB.
Makpockonuyecku B obpasuax OHU MMEIOT 3e1eHOBaTO-Cepyro Unn po-
30BaTO-Cepyto okpacky. CTpykTypa nopoabl 0ObIYHO CpeaHe3epHUCTas.
YacTto xapakTepHbl MHOTOYUCMEHHbIE KPYMHblE OKPYrMble BblAeneHns
nceegonenumutTa cpean 3epHUCTOM OCHOBHOW Macchbl, KoTopble oO6y-
CraBnmMBalT TUMUYHYIO OLENMAPOBYIO CTPYKTYpY. [lopoAbl CrnoxeHsbl
knuHonupokceHammn (30-50%), nenuntom (40-60%), LWEeNOYHbIMU MO-
nesbiMn wnatamu (8o 10%). Betpevatotea dprnoronut, HedenuH, rpa-
HaT, anaTuT U MarHeTuT.
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B xumn3me Habnogaetcs peskoe npeobnagaHve Kanus Hag Ha-
Tpuem.

depryccuTbl BCTpeYarnTca B BUAe HeOOMbLUMX CyOBYNKaHUYECKNX
Ten AankooobpasHon nnu Tpybuaton dopmbl. PeprycuTbl BCTpeyatoT-
Cs B COCTaBe LenoYyHo-rabbponaHbix dhopmauni.

PepryccuTbl ABMASOTCA MOTEHUMANbHOM pyaow Anst nonyvyeHus
rmMHo3ema, notawla, LLeMeHTa.

CeMeNCTBO Weno4HbIX rabépoungos

Tepanumbi. TemMHO-cepble, CpeOHE3EPHUCTLIE MOPOAbl, HEPeaKo
KPYMHO3EepHUCTbIE, MermMaToMaHble C MacCUBHOW HEPEOKO C MATHUCTON
TeKkcTypor. MnHepanormyeckmii coctaB: OCHOBHOW nnarnoknas (nabpa-
nop, 6utoBHuT) (20-40%), HedbennH (10-30%), knuHonupokceH (10-
40%), onueuH (oo 20%), anaTut, TMTAHOMarHeTUT, MOryT NPUCYTCTBO-
BaTb KanuwnaT, KepcyTuT. MUKpOCTPYKTypa Tepanutos rmnmamomopd-
Hasl.

TepanuTbl ABNAKTCA TUNWYHBIMU LLENOYHbIMKM rabbpougamm. Ax
CpenHuUi XMMMYECKMIN cocTaB NpeacTaBreH B Tabnuue 5.

TepanuTbl pegko 0b6pa3sytoT caMoCTosATENbHbIE Tena, 4acTo acco-
UMMPYIOT C OPYrMMW LenoYHbiMM rabbpougamm (NoneBoLwnaToBbIMU
ypTuTamm, TeweHnTtamm u ap.) U HedennHoBbiMM cueHuTamu. Camo-
CToATENbHblIE MacCyBbl TEPanUTOB UMEDT POPMY MENKUX LUTOKOB, Aa-
eK. Hepegko TepannTtbl CBA3aHbl CO CBOUM 3OPY3nBHBIM aHanorom —
TedpuTamu.

TepanuTbl 0co60ro NPaKTUYECKOro 3HaYEHNS HE UMEIOT.

TeweHumsl. TeleHUTbl OBbLIMHO ABRAKTCA rvnabuccanbHbIMK
nopogamu. OHM TEMHO-CEPOrO LiIBETA C PO30BATbIM OTTEHKOM, OObIYHO
mMaccuBHble. MyHepanormyeckun coctaB 6rnmM3ok Tepanutam: nnarnok-
na3s (20-40%), knuHonupokceH (20-50%), onusuH (8o 10%), aHanbuum
(10-20%), B BMOE NpuMMecuK BCTpevarTcsi poroBasi oOMaHka, GuoTuT,
KanvwnaTel. B oTnnymne ot TepanuToB B TelleHuTax rMnaBHbIM denba-
wnatongom aendetca aHanbuum (NaAlSioOg*H,0O), MuHepan kybuye-
CKOW CUHFOHUW. [10 XMMUYECKOMY COCTaBy OHU CXOAHbl C Tepanutamu
(Tabn. 5).

O6bl4HO BCTpedvarTcs B accounaumm C APYrMMU  LLENOYHbIMM
rabbpovgamu.
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LIoHKUHUMBI — TUNU4YHbIE NPEACTaBUTENM MOPOA KanMeBon ce-
pun. OTO TEMHO-CEpbIE, PO30BaTO-3€NIEHbIE NMOPOAbI C Pa3HOW 3epHU-
cTbio. X MrHepanbHbI cocTas: kanuwnatbl (10-40%), ncesgonenuut
(5-20%), knuHonupokceHsbl (30-70%), onueuH, 6uotnt (Ao 20%), He-
denunH (oo 10%). Mpu yBenuueHnn cogepxanHns HedenuHa (8o 20%)
LUOHKMHUTBLI MEepexoasaT B MasuHbumabl. CTpyKTypa nopog rmnuavo-
MopdHas, YacTto oTmevaeTcst nonknunutoast. OT LLOHKMHUTOB BO3MOXK-
Hbl nepexodbl K OPTOKMA30BbiM MUPOKCEHUTAM U MeNaHOKpaTOBbIM
CUeHuTaMm.

B xvmunyeckom coctaBe cpeiu LLenoYen 3ameTHO npeobnagaHune
kanusa. CpegHuMn XUMUYECKUA COCTaB LLUOHKMHUTOB NpeacTaBlieH B
Tabnuue 5.

LLUOHKMHUTBI BXOOAT B hopmaumio LernodHbix rabbpongos u
BCTPeYalTCa B accoumnaumm ¢ NnMpokceHuTamu, peprycutamu, Lienoy-
HbIMW CUEHUTaMU, UAONMTaMMK, KOBUTAMMK U Op.

LLUOHKMHUTBI ABASIOTCS NOTEHUManbHOW KOMMMEKCHOM PpyAoOn Ha
aniMUHWIA, kKanui, rannmi. C HUMK MOryT ObITb CBA3aHbI MPOMbILLIIEH-
Hble cogep)XaHus marHetTuTa u dnoronuta. OHM cneunann3npoBaHbl
Ha kobanbT, Mefb, 301070, cepebpo.

CeMeNCTBO OCHOBHbIX (beﬂb.quJnaTOVI,D,HbIX CNeHunToB

Puc4oppumsbi. Cepble nnbo 3eneHoBaTo-cepble nopoabl 06bIYHO
C KPYNHO3EPHUCTLIM CTPOEHNEM N MacCMBHOW UNWN TPaxXMTOUAHON TeK-
cTypon. Bo3moxHbl nopdumpoBble pasHOCTU. Pucyopputbl CroXeHbI
kanvwnaTtamu (40-70%), HedenvHom 20-40%, KNUHONUPOKCEHOM (5-
20%), poroson obmaHkon (go 10%), nenngomenaHom (go 10%).
CTpykTypa rmnmgmomopdHas B cov4eTaHUU C NOVKUNNUTOBOW U MUKPO-
rpaconyeckon.

PrcyoppuTbl BCTpeyalTca B MaccvBax COBMECTHO C ApYrumu Lie-
noYHbIMK rabbponaamm yaile B MHOrodasHblX MaccmBax LieHTparbHO-
ro Tvna.

6.2.3. N'pynna cpegHux nopoa

OT1a rpynna obbeanHaeT nopofbl ¢ cogepkaHnem SiO, — 53-64%.
Mo copepxaHuio LWenodven BblaenseTcs Tpu psaa: 1)HopManbHbIn —
Na,O0+K,0=5-7,5%; 2) cybwenodHonn — Na,0+K,0>5-7,5%, HO MeHb-
we 9-14%; 3) wenoyHon — Na,O+K,0O no 23%. B uHTepBane copep-
XaHus wenoven ot 8-10% [o 14 % cpeaHve nopoapl CyoOLLENOYHOTO U
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LLIeNOYHOro psiga nepekpbiBaoTca. B aTOT MHTepBan nonagatoT nopo-
Obl CEMENCTBA TPAXMUTOB, CUEHMTOB, LLEMOYHbIX TPAXMTOB U LLENOYHbIX
CUEHUTOB.

CpefHve xmMmudeckme cocTaBbl NMOpoS CpedHero cocraea npea-
CTaBneHbl B Tabnuue 6.

B nopogax cy6Lieno4yHoro psiga COBMECTHO C Marvoknasamm
NPUCYTCTBYET Kanuwnatbl. TEMHOLBETHbIE MUHeEpanbl NPeAcTaBneHb
KNUHOMMPOKCEHOM, pOroBoi 06MaHKoM 1 BUOTUTOM, YacTO C MOBbILLEH-
HOW TUTAHUCTOCTbLIO.

Tabnuua 6
CpeagHnin XumMmnyecknin coctaB CpeaHX NOpPo4 HOPMarbHOro,
cybuienoyvHoro u wenoyHoro psigos (Conoebes, 1970)

HopmanbHbIn pag Cy6Lweno4dHon psg LLlenoyHom
Oxkucnebl psg

1 2 3 4 5 6 7 8
SiO, 56,22 | 61,90 | 59,30 | 54,97 | 59,48 | 60,64 | 60,41 | 61,79
TiO, 0,73|] 063] 0,79| 1,09| 065| 062| 049 | 0,57

AlL,Oy 17,16 | 16,81 | 17,22 | 17,71 | 17,30 | 17,33 | 18,01 | 16,59

Fe, 04 288 | 223 | 3,78| 309| 286 | 347 | 280 | 2,76

FeO 492 | 299 | 225| 470 324 | 183 189 | 2,32
MnO 0,15| 0,09| 0,18| 0,14| 0,22| 009]| 0,17 | 0,43
MgO 360| 255| 302 317 1,71| 184 | 089 | 0,98
CaOo 7,05| 522 | 590 | 658 | 403 | 323| 240 | 2,18
Na,O 366 | 359| 380| 3,89| 402| 376 | 542 | 7,35
K,O 164 | 228| 2,08 | 321| 488 | 547 | 6,22 | 3,37
H,O 1,73 | 147 141] 109| 135] 151 108]| 1,56
P20s 026 | 0,24| 0,27] 0,36| 0,26| 021] 0,22| 0,10
OKUCTb LLlenoyHou psa

9 10 11 12 13 14 15 16

SiO, 54,07 | 53,44 | 54,30 | 55,28 | 56,61 | 54,73 | 55,51 | 54,27

TiO, 063| 087 106| 048] 0,30| 0,31 0,42

AlLOy 21,13 | 22,14 | 16,85 | 22,00 | 21,36 | 22,00 | 21,90 | 20,75

Fe, 04 300 289 | 649 | 144 | 345| 227 | 2,06 | 2,71

FeO 242 | 129| 214 | 249] 097 ] 151 201 | 1,90
MnO 035] 0,28 042]| 016 | 0,22 | 0,13 - 0,14
MgO 067] 0,72 129| 069| 0,28 097| 0,13 | 0,71
CaO 1,73 136 ] 199] 204 121] 326 | 2,11 | 3,24
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Na,O 927 | 985| 888 | 7,58|12,00| 3,96 | 10,70 | 4,24
K;O 549 | 6,06 | 500 617 | 268 | 830 | 350 | 8,40
H,O 1,09 105] 151| 164| 092| 237 | 208| 2,71
P20s 0,15 -] 0,07] 0,03 -1 0,19 -] 0,51

lMpumeyvaHue. 1 — puopuTsl, 2 — KBapLEBbIE AMOPUTDLI, 3 — aHAE3n-
Tbl, 4 — MOHUOHUTBI, 5 — CUEHUTLI, 6 — TPaxuTbl, 7 — LLENOYHbIE CUEHN-
Thbl, 8 — LWenoYHble TpaxuTtbl, 9 — onsanTbl, 10 — xMbuHUTLI, 11 — nysa.-
putbl, 12 — muackuTbl, 13 — mapuynonutel, 14 — nceBoonNenUUTOBLIE
cueHnTbl, 15 — poHonNUTLl, 16 — NenumMToBbIE (DOHOMUTLI.

6.2.3.1. CpegHue nopoabl HOpMarnbHOro psiaa

MaBHBIM MWMHEpanom B CpedHWX nopogax HopManbHOro MeTpo-
XMMWYECKOIo psga SABMNSETCA CPpegHU nnarMoknas ¢ xapakTepHbIM 30-
HanbHbIM CTpOeHne. TeMHOLBETHbIE MUHEpanbl NpeacTaBrieHbl O0bIK-
HOBEHHOWN POroBoN OOMaHKOW, HEpPEeOKO aBMMTOM, OMOTUTOM U pexe
rmnepcTteHoM. 1o COOTHOLLEHMIO LWerovYen BblAensrTCcd HaTpuesas
cepus (Na,O/K,0>4), kanueo-HaTpmeBasa cepusi (Na,O/K,0=0,4-4).
Mo koadbdpuumneHty rnuHoszemmctoctn (al'=Al,03/FeO+Fe,03+MgO)
cpeau HUX BblOENSATCS YMEPEHHO MMUHO3eMucTbIe (al’=1-2) 1 BbICOKO
rnnmHosemucTole (al'=2-10).

6.2.3.1.1. 'MnabuccanbHble U ByNnKaHU4Yeckue nopopabl

CpeaHve BynKaHM4YeckMe MopoAabl HOPManbHOro psiga npeacra.-
neHbl AByMsi cemencTBamu: aHaeanbasanostoB (Si0,=53-57%) n aHge-
3utoB (Si0,=57-64%).

Cemelicmeo aHOe3uba3asibmoe

AHOe3uba3zasnbmbl. 3TN NopoAbl MO CBOEMY COCTaBY SIBMSOTCSA
NpOMEXyTouHbIMM Mexay 6asanbtamun n aHgesutamu. o xummnyecko-
My COCTaBy OHW COOTBETCTBYIOT MHTPY3MNBHbIM aHanoram — guopuTam.
Makpockonuyeckn B obpasuax — 3TO TEMHO-cepble, adupoBble NMbo
nopdunposble Nopoda ¢ MacCUBHOW, MOPUCTON UM MUHOANEKAMEHHON
TEKCTYpPOW, OHU NPAKTUYECKN HE OTNNYUMBI OT GasanbToB. VX MuHepa-
NOrMYECKMI COCTaB: MNarnoknas, MOHOKIMHHBIA U POMOMYECKMIA Mu-
pokceHbl, DasanbTuyeckas poroBass obMaHKka, pexe OnMBWMH, OObIYHO
NPUCYTCTBYET BYIKaHMYeckoe CTekno. B nopdupoBbix BKpanneHHMKax
npeobnagaet nnarnoknas (Ansggs), X KONMMYECTBO MOXET 3HAYUTENMb-
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Ho BapbupoBaTb OT 10 oo 75%. BkpanneHHukn npegcraBneHbl MOHO-
KNMUHHBIM MUPOKCEHOM (B OCHOBHOM aBIUT) M POroBon OOMaHKoM A0
35%. PoMBuyeckuin NMpoKceH — peaknii MuHepan B 3TUX nopogax (4a-
e runepcTeH), ero cogepxaHne o 20%. OcHoBHas Macca B aHOesu-
GazanbTax COCTOWUT M3 MUKPOMMTOB MNrarvoknasa, 3epeH aBruta, TUTa-
HOMarHeTuTa W ByJIKaHUYECKOro CTekna.

AHpe3nbaszanbThl LUMPOKO pa3BuTbl B CKNagyatbix obnacTtsax, B
BYJIKAHUYECKNX accoLMauusax COBPEMEHHbIX OCTPOBHbLIX Ayr. BospacT
CaMblil pa3nu4HbI — OT apxes OO YeTBepTUYHOro BpemMeHn. OHu pas-
BWUTbI B OKPaWHHO-KOHTUHEHTamNbHbIX, BHYTPUKOHTUHEHTANbHbBIX U pexe
okeaHu4veckux obnactax (Kypuno-Kamuatckuii pervon). o cpaBHeHuto
¢ 6asanbtamu aHgesvbasanbTbl MEHee pacnpoCTpaHeHHble Mopoabl.
AHpge3nbasanbTbl — TUNUYHBIE NpeacTaBUTENN opMaLMii HaTpMeBbIX
6azanbToB, 6a3anbTOB—aHAE3UTOB—PUONINTOB (B CMOXHBLIX accouualim-
ax ux gons gocturaeT 15%). O6bl4HO aHae3nbasanbThl paccMmaTpuBa-
I0TCA Kak gudbdepeHumaTsl 6a3anbToBOM Marmbl.

C aHpeanbasanbTamu cBsidaHbl MeOHble, KOnYeAaHHbIe U 30M10TO-
cepebpsiHHble MecTopoxaeHnsi. OHM ABMAKOTCA XOPOLUMM CTPOUTESb-
HbIM MaTepuarnom.

Cemelicmeo aHOe3umose

Cpean BynKaHWYECKUX MOPOA, aHAE3WUTbl ABMSIOTCA LUMPOKO pac-
NpPOCTPaHEHHbIMW Nopoaamu, kak u 6asanbTel. VIx gonsa coctaBnseT o
23% OT BCeX M3BEPXKEHHbIX MOpoS,.

Ande3umsl. MNopopaa BbigeneHa J1. Byxom B 30-x r. XIX Bek. Mo
BHELUHEMY BMUAY NpakTU4eCcKu He oTnmyaeTcsa oT 6a3anbToB U aHOoe3u-
6asanbToB. B cocTtaBe aHOe3nToOB B NOPGUPOBLIX BKpanieHHUKax Ha-
6ntogaeTcs nnarnoknas, No cocTaBy OT aHAe3vHa o nabpagopa, He-
pPeaKo C XapakTepHbIM 30HarnbHbIM CTpoeHneM. KonmyecTBo BKpanneH-
HWKOB nnarvoknasa moxet gocturate 40%. B ocHoBHOM Macce nnaru-
oknas HabnwogaeTca B BuAe MUKPONMMTOB U NpeacTaBrieH Gonee Knc-
NbiIMW  pasHOCTAMU aHAe3nHa. MOHOKIUHHbIE MUPOKCEHbI ABMAIOTCH
XapakTepHbIMM MWHepanamv Ons aHgesvMToB WM npeacTaBneHbl aBru-
ToM, 6o amoncmuaom. Pombudeckne nMpokceHbl (rmnepcTeH) BCTpe-
YyalTcsa peako. AMdpubonbl BCTpedalTesa 4acTo B BUAe KpacHo-6ypon
0asanbTNYeckon poroBon 0BMaHKM C pPe3KMM MreoXpomn3MomM, KOTpas
Hepeako onauuTuMaupoBaHa. BuMOTUT Takke BCTpevaeTcsl O0BOMbHO
4yacTo, 1 TaKkke NoABeEpPraeTcs onaumMTusaumm.
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CTpykTypa OCHOBHOWN MacCbl aHAE3UTOB MUKpOnMToBas (rmanonu-
nutoBas, NMMboO NUoOTakCUTOBas), HEPEAKO cTeknoBaTtas. B ocHoBHOM
Macce 00bI4HO MPUCYTCTBYIOT MESIKMEe 3epHa MarHeTuTta, TuTaHomarHe-
TUTa.

Mo xumuyeckomy coctaBy (Tabn. 6) aHOe3uUTbl ABMNSIOTCA aHano-
ramMmv KBapLeBbIX JUOPUTOB, @ HE MOPUTOB, KaK CYMTaNOCh paHee.

Pa3HoBMAHOCTU ycTaHaBNMBAKOTCA MO OCOBEHHOCTSIM MUHeparno-
rMyeckoro coctaea (OBYMMPOKCEHOBLIE, MUPOKCEHOBLIE, MMPOKCEH-
poroBooOMaHKoBbIe M Ap. aHAe3uThbl). AHOE3WTbl, ¢ Gonbwnm coaep-
KaHMeM BYIKaHMYECKOrO CTEeKra, HasblBaloTCa 2uajioaHde3umamu.
lMepexogHble Nnopoabl OT aHOE3UTOB K KUCIbIM 3dhdpy3nmBamMm MMeEHYOTCSA
dayuaHde3umamu. AHLE3NTbI, B KOTOPbIX MUHEPArbl B 3HAYUTENbHOM
CcTeneHn 3ameLleHbl BTOPUYHBbIMW NPOAYKTaMK, Ha3bIBalOTCA MemaaH-
de3zumamu. [pn MmeTacoMaTMyeckoM nNpeobpasoBaHUM aHOE3UTbI npe-
BpaLLaloTCs B NPONUUTLI.

AHOE3UTOBbLIN BYNKaHW3M Hanbonee TUMWYEH AN OCTPOBHbIX Ayr
N OKPaMHHO-KOHTMHEHTAmbHbLIX MOSICOB. AHAE3uTbl HabnwogawTcst B
pasHbix daumsix (3cpdy3nBHoN, cyOByNKaHMYECKOW, MUPOKIAcTU4e-
CKOW), 4acCTbl MOKPOBbI, MOTOKWU, OAWNKKX, CUIIbl. AHAE3UTbI TUMWYHBI 4N
TPETUYHBIX U YETBEPTUYHBIX CTPATOBYIIKAHOB B Pa3fIUYHbIX PEermoHax
mupa (CLUA, Mekcuka, AnoHus u gp.). OHn obpasytoT cOBCTBEHHO aH-
OEe31TOBYIO0 POpMaLIMIO, a Takke BCTPEYAlOTCHA B COCTaBe ApYrux, Jalle
aHgesnT-6a3anbToBOW, a Takke aHAe3nT-4auuTOBOW, aHAe3uT-AauunT-
pUONNTOBOMN.

C aHgesnTamMm U UX U3MEHEHHbIMW PA3HOCTAMU MOTYT CBSi3aHbl
mectopoxaeHus Cu, Pb, Zn, Mo, Au, Ag, Hg, Sb, As, Sn, Mn, S, Al.
OHM ABNAOTCA XOPOLLMM CTPOUTENBHBIM MaTepuanom.

6.2.3.1.2. MNnyToHn4yeckne nopoabl

Cpe/J,M NINYTOHNYECKMX Nopoa HOPMalibHOro neTpoxXmMmn4eckoro
pdaaa sblgendeTcd ogHo CEMENCTB: ANOPUTOB.

CemencTBO AMOpPUTOB

Huopumsi. B oTnnuve ot aHOe3vMToB AMOPUTHI MOMb3YKTCS ro-
pasgo MeHbLUMM pacrnpocTpaHeHMeM U cocTaBnsaT ~2% oT obuen
Maccbl Marmatuyeckux nopod. HaseaHue “gmMoput” OT rpeyeckoro
“OuopuuyeliH’, 4To o3HavaeT pasnudams. TepMUH NpeanoxeH B 1827 r.
aton. B o6Gpasuax agMopuTbl UMEKOT CEepPYo, NECTPYH OKPacKy C pa3Hon
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3epHUCTLI0. B cocTaBe AMOpUTOB AOMWHMPYIOWMM MUHEpPanoM SABnis-
eTcs nnaruoknas, ero cogepxanHue cocrtaenseT 60-80%. OH npeg-
CTaBrieH 30HasnbHbIM aHAe3VHOM. TeMHOLBETHble MuHeparnbl COCTaB-
naT 30-35% w npegcTasneHbl Yawe 0bbIKHOBEHHOW poroBon obman-
kon. MoryT npucyTCTBOBaTb MOHOKIIMHHbIE MUPOKCEHbI (aBruT, AWoM-
cvpg) n 6moTut. B nepeMeHHbIX 1 OTHOCUTENBHO HEDOMbBLUMX KONMMYeCT-
Bax NpuCcyTCTBYeT KBapL, (0 5%). AKLeccopHble M1Heparbl npeacTas-
NeHbl MarHeTUTOM, anaTtuToMm, ccheHoMm, LIMpKOHOM, Mx obliee coaep-
XaHue He 6onee 5%. CTpykTypa anoputoBas nmbo oduToBas.

CpenHun xmMmmnyecknii CoctTaB AMOPUTOB MOKa3aH B Tabnuue 6.

Mpun BO3pacTaHMM OCHOBHOCTM MIiarnMokriasa, CTeNeHn MenaHokpa-
TOBOCTM, MOBLILEHNM POSNN MUPOKCEHOB BbIAENSAOTCHA NepexoaHble K
OCHOBHbIM MOpPoOA4aM pasHOBUOHOCTM — 2ab6poduopumsbi. C BO3pac-
TaHvMeM B nopogax ksapua 6onee 5% BbloensiioTcs keapyesblie OUO-
pumsbi (cogepxaHue kBapua o 15-20%). CpegHun XMMUYECKUI Co-
CTaB KBapLEeBbIX AMOPUTOB NpeacTaBneH B Tabnuue 6.

Ovoputbl pegko obpasyoT camocToaTernbHble Macchl. Yalle oHu
BCTpeYalTca BMECTe C rpaHuToungamu unm rabbpongamm. B rpanunTto-
MOHBIX MaccuBax OMOPUTBLI OObIYHO ABMsitOTCA Gonee paHHMMUK obpa-
30BaHuAMN. CaMOCTOSATENBHO AMOPUTLI 06Pa3yT MENKMe LUTOKK, NTakK-
KOnMuTbl, Janku. OnopuTbl CBOWCTBEHHbI CKragdaTtbiM obnacTtam, He-
peaKo CBsi3aHbl C 30HaMM TEKTOHO-MarmMaTu4eCcKkon akTuBu3aumm.

Ovoputel HabnopgalTcs B cOCTaBe TOHaNUT—MNarMorpaHuT—
rPaHoaANOPUTOBON, ANOPUT—TPaHOANOPUTOBON, rabbpo—anabasoBon
dopmaumi. Kpome mMarmatnyeckon npumpodbl QUOPUTOB €CTb MHEHWe
06 nx obpasoBaHun rMOpPUZHbLIM NyTEM MpPU BO3LAENCTBUM Ha rPaHUT-
Hyl0 Marmy rabbponaoB, N3BECTHSAKOB U ApYrMxX OCHOBHbIX nopog, Nnbo
npv B3aumogencTemmn rabbposon (6asansToBON) U rPAHUTHON Marm.

C gvoputamu MoryT ObiTb CBsi3aHbl OPYAEHEHUS U MECTOPOXAe-
Hua: Fe, Au, Mo, W 1 nonumeTtannoB. OHU SBNSAOTCSA XOPOLLUMM CTPOU-
TenbHbIM MaTepuanom.

6.2.3.2. CpegHue nopoAabl cy6uenoyHoro psaaa

MaBHbIMM MUHepanamum B CpeaHuX CyOLlenoyvHbIX nopogjax siB-
NATCA Kanuwnat u nnarmoknas, obblMHO ¢ NpeobnagaHMemM nepeoro.
TemMHouBeTHbIE MUHEpanbl NPUCYTCTBYIOT B NOOYNMHEHHOM KONUYECTBE
W NpeacTaBreHbl KIMHONMMPOKCEHOM, POroBOM obMaHKom U BUOTUTOM,
KOTOpble XapaKTepu3yTCsl NOBbILUEHHOW TUTAHUCTOCTLIO.
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6.2.3.2.1. 'mnabuccanbHble U ByJIKaHU4Yeckue nopoabl

B cybLieno4YHOM MEeTPOXUMUYECKOM psigy CPean BYJKaHUYECKUX
nopog Bbl4enstoTCcs TpU CeMencTBa: TpaxuaHgeanbasanbToB, Tpaxu-
aHOe3nToB — NaTtMTOB U TpaxuToB. B aTUX mopogax cymma LUenoyven
Na,O+K,0 no 14%.

CemencTtBO TpaxmaHgesmbasanbToB

B cemelncTtBe TpaxuangesnbasanbToB HabnogaeTcsi OTHOCUTENb-
HO HeBbicokoe cogepxaHue SiO, (53-57%), cymMMapHOe KOnm4ecTBO
Lenoyen coctaensieT 5-8%.

TpaxuaHde3ub6a3anbmbl SBASIOTCA 3PY3MBHLIMU aHanoramu
MOHUoAnoputa. OTO TEMHO-cepble nopoAbl, 06bIMHO € nopdrpoBon
CTPYKTYpOKn. BkpanneHHukn B nopdupoBbIX pasHOBUAHOCTAX COCTaB-
naT Ao 40% v npegcTasneHbl NAarnoknasom, MOHOKITMHHBIM MUPOKe-
HOM, pPOroBo OOMaHKOW, pexe OfMBMHOM U POMOMYECKMM MMpOKCe-
HOM. BkpanneHHvKkun nnarnoknasa MMeKT cocTaB OT aHaesuTa o nab-
pagopa (Angoep) C MPUMECHIO OPTOKIIA30BOro kKomnoHeHTa (4o 18%) B
BMAEe TBEpAoro pactesopa Nnbo CyOGMMKPOCKONMYECKUX aHTUNEPTUTOB.
MOHOKNMHHBIN MUPOKCEH MpecTaBfeH TUTaHaBrMToM, NMBO aBrmMTOM.
CTpyKTypa OCHOBHOW Macchl 0BObIMHO MHTEpcepTarnbHas, pexe rmano-
nunutoBas. OCHOBHas Macca CrnoXeHa MWKponuMTamu nnarvoknasa,
KanuwnaToM, MenkuMy 3epHamMmn KIMHOMMPOKCEHAa, a Takke BynNKaHu-
YeCKUM CTeKrnoM, Nnbo NpodyKTaMu ero packpuctannmsaumm.

TpaxvaHgesnbasanbTbl  SABRSAKTCA  pPegkuMmn  nopogamu, OHU
BCTpeYaloTca B ckrag4vatbix obnactax, B npegenax nnardopm, pud-
TOBbIX 30H. V13 HUX Hanbonee YacTbl poroBoobGMaHKoOBbIE, MUPOKCEHO-
Bble pasHOBMAHOCTW. TpaxunaHaesnbasanbTbl (hopMypyloT HebonbLume
LUTOKW, Xepna, HeKkW, TpellMHble WHTPY3uu, cunnbl. Hepegko nepe-
crnauBaHue ¢ TpaxumbasanbTamu, 6asanbtamu, TpaxmaHgeautamu. OHu
BXOOAT B COCTaB TpaxubasanbT-TpaxuaHOesuT—TpaxmpronmnToBon u
TpaxuaHae3nToBon hopmaLmii.

CeMelCcTBO TpaxMaHAe3UTOB—NaTUTOB
N3 cemeicTBa TpaxuaHOe3MTOB—NATUTOB PACCMOTPUM OAHY pas-
HOBWOHOCTb — TPaxuaHOesuT.

TpaxuaHdesumsl.  [lopoabl paccmaTpvBaemMoro CemeiicTBa,
nMmetoT Gornee LIMPOKOE pacrnpoCTpaHeHWe, Yem nopodbl CeMencTsa
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TpaxmaHgesmbasanbToB. Mopoga umeeT GonbLloe CXOACTBO C Tpaxu-
aHpe3nbasanbTamu, OTNMYaOTCA FNaBHbIM 06pa3oM Tem, YTo nnaru-
oknasz 3gecb Gonee  KMCMbIM U MNpeAcTaBneH  aHOe3VHOM
(Anz0.40).

C TpaxuaHgesubasanbtaMmu U TpaxmaHgesmTamm MoryT ObiTb CBsi-
3aHbl HebonblUME MNPOSIBNEHUS MeOHOKONYeaaHHbIX, MONUGOEHOBbIX,
NoNUMETAaNNNYECKNX, pPeaKo3eMernbHbIX U TUTaHOBLIX pya. Yaule wuc-
MoNb3YHTCS B KAYECTBE CTPOUTENBHIIOrO MaTepuana,

CemelNCTBO TPaxmToB
B cemelcTBe TpaxmnToB NOPOAbLl XapakTepuayroTcst 6oree BbICOKMM
cogepxaHvem cymmebl wenoden (0o 14%).

Tpaxums! aBRAOTCA 3PdDY3NBHBIMA aHanoramm CUEHUToB. Tep-
MUH OT rpeyeckoro crnoea “mpaxuc’ — wepwasbili. B obpasuyax aTo
cBeTrble, po3oBaTo-cepble, BypoBaTble nopodbl 06blYHO € nopdupo-
BOW UNnN apupoBON CTPYKTYpPOW. [MaBHbIMY MUHepanamu B nopgupo-
BbIX BKpanflieHHUKax TPaxvMTOB SIBNAOTCA KanuwinaT, pegko Mrarnok-
nas, MOHOKIMHHBIN MNUPOKCEH, amdmbonbl n 6GuoTtut. [narnoknas
npeacTaBneH OfIMIroKNa3oM Wnu aHae3uMHOM (AnNgg.3s); MOHOKITMHHBIN
NMMPOKCEH — TUTAHaBIMTOM, aBrMTOM, gnoncnaom. CTpyKTypa OCHOBHOWM
Maccbl — TpaxuToBasi, opTodupoBas, creknosatasi. Cpeam MUKpoONnUTo-
BOW, NMMGO TOHKO3EPHUCTON MONIEBOLLNATOBON OCHOBHOW MaccChbl OTMe-
YalTCsA TeMHOUBEeTbl, KBapL M BYfKaHM4YeCcKoe CTEeKro, coaepxkaHue
KoToporo obbl4HO He npeBbiwaeT 20%.

CpeHuin XuMn4ecknin CocTaB TPaxmMTOB NOKa3aH B Tabnvue 6.

DdopMbl 3aneraHns Takume e, kak U TpaxmaHaesnbasanbToB 1 Tpa-
XNaHAEe3nNTOB, C KOTOPbIM COCTaBMSOT efuHble (hopMaLlmn.

C TpaxuTamu cBA3aHbl MeCTOPOXAEHMWS Xemnesa, mapraHua, Meau,
3onoTta 1M nonumetannoB. LLUnMpoko ncnomnb3yloTcst B kKa4ecTBe CTPOU-
TEenbHOro Mmartepwuana.

6.2.3.2.2. NMnyToHn4yeckne nopoabl

B nnyToHuyeckuii nopodax cyobLLeno4yHoro neTpoxXnMmYeckoro psi-
[a BblAensoTcs ABa ceMecTBa MOHLOHUTOB Y CUEHUTOB.
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Cemelicmeo MOHUOHUMOB

PaCCMOTpI/IM Ose nopoAdbl: MOHLUOHUTbBI U MOHLOOMOPUTBI, KOTOPbIe
MMEIT MNEeCTPYK OKpacCKy M MaKpOCKOMUYeCKM Nno BHELUHEMY O6J'II/IKy
OYeHb NOXO0XXN Ha OANOPUThI.

MoHuyoHumebl. lNopoga Ha3BaHa No UMeHN ropbl MoHuoHu B Ce-
BepHon Utanum B 1895 r. P.Bbperrepom. MNMopoga po3oBaTo-cepasi, Oy-
poBaTo-cepas B pa3fIM4HON CTeNeHn 3epHMUCTas, uHoraa nopdgupoena-
Has. [lopoga cnoxeHa NPeMMyLLeCTBEHHO MNarMokna3om u Kanvna-
TOM, NMPUMEPHO B PaBHbIX KONMYecTBax, nx obllee KorM4ecTBO MOXET
pocturate 80%. TeMHOLUBETHbIE MWHEparbl NpPeacTaBreHbl KIMHOMK-
POKCEHOM, poroBo o6mMaHkon n 6uoTutom. MNnarmoknas MMeeT cocTas
aHpgesunHa (Angpsp), pexe ornyckaeTcs 4O ONuUroknasa M nogHUMaeTcs
0o nabpagopa. Kanuwnat npegcraeneH opToknasom, Mo MUKPOKIU-
HOM, 4YacTO NepTUTUINPOBAHHBLIMU. B KpyMHbIX NOPUPOBUAHLIX 3ep-
Hax KanuwnaTta Hepeako HabnioaatTcsl MOWMKUMUTOBLIE BKIHOYEHUS
nanoMopdHbIX 3epeH nnarnoknasa. MOHOKMHHbBIA NMMPOKCEH BCTpeYa-
eTCsl B MOHLOHUTaxX AOBONIbHO 4acTO W MNpeacTaBneH aBrMToM Nmbo
anoncngom. OBblkHOBEHHasi poroBasi obmMaHKka u BMOTUT Takke 4acTo
BCTpevaloTcsa B MOHUOHMTax. Obuwee copepxaHMe TEMHOLBETOB B
MOHLOHUTaxX Korebnetcsa B LIMPOKUX MNpegerniax M MOXeT OOCTuraTb
40%. Keapy B MOHLIOHMTaxX nHorga npucytcTeyeT Ao 5%, ecnu 6onee
(0o 15%) nopopa HasbiBaeTcsa KBapLEBbIM MOHLIOHMTOM. [1ns MOHLO-
HATOB XapaKTepHa MOHLIOHMTOBAasi MMKPOCTPYKTypa, obycrnoBneHHas
pe3kUM MaMoMopM3MOM MfarMokrnasa Mo OTHOLIEHWUIO K Kanuwinary.
Mpun HanNuuMn KBapua NpPosIBNSIETCS rMNMaMomMopdHas CTpykTypa.

CpegHuin XuMM4eCcKknin CocTaB MOLIOHUTOB MOKa3aH B Tabnuue 6.

MOHUOHWTBLI 06pa3ytoT Kak cCaMoCTOATENbHbIE MAaCCUBLI, Tak U 00-
pasyloT MHorodgasble B accouuaumm ¢ Apyrumu cyoLenoyHsiMy nopo-
aamy  (MOHLOOMOPUTaAMK, CUEHUTaMMW, KBapLeBble MOHLOHUTAMKU W
ap.). dopMa MaccrMBOB — LUTOKU, NAKKOMUTbI, AaNKN.

C MOHUOHMTamMKu MoOryT BbiTb CBSI3aHbl MECTOPOXOEHWUS N opyae-
HeHus Fe, W, Mo, Cu, Au 1 nonumeTannos.

MoHyoduopumsl. 0 XMMUYECKOMY COCTaBy MOPOAbI SABMNSHOTCA
NPOMEXYTOYHBIMU MexXay CybLenovyHbIMM anopuTaMmm U MOHLOHWUTa-
Mu. NMopoabl cepble 40 TEMHO-CEPbLIX B PA3HON CTEMNEHbIO 3€PHUCTOCTH.
Mopoga cnoxeHa npeuMMyLlecTBEHHO nnarnoknasom (45-60%) npu
nogYMHeHHoM KomnudecTBe kanuvwnarta (10-25%). KonnyectBo TeMHo-
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useToB 4o 40%, oHM npeacTaBneHbl MOHOKIMHHBIM MUPOKCEHOM, POro-
BoM obmaHkonm n 6uotutom. WHorma npwucyTtcTByeT kBapy A0 5%.
CTpykTypa nopogbl — rmnMgmMomMopdHO3epHUCTas, auopuToBas, npu-
YyeMm Hambonee MAMOMOPMOHBLIM MUHEPArIOM SIBMSIETCS MNarnoknas.

Mopoaa pasBuBaeTCs Ha OPOreHHon ctaaum obpasoBaHUA cknag-
YyaTblx obracTel, B 30HaX TEKTOHO-MarmaTu4yeckoin aktusmsaunmn. dop-
Mbl TEN — MENKWe LWITOKKN, Aanku. Yale MoHUoanopuTbl HabrnopatTes
B CMOXHbIX AMOPUT—FPaAHOANOPUT—MOHLIOHUTOBLIX MaccuBax.

C MoHuoanoputammn cBsidaHbl NOAOOHLIE MECTOPOXAEHUS U OpYy-
OEHEHUS], YTO U AN MOHLIOHUTOB.

CemMeNCTBO CUEHUTOB

Mopoabl cemencTBa CUEHUTOB — OTHOCUTENBHO CBETIble C PO30-
BaTon nubo ByposaTon okpackon. OHW CroXeHbl NPeuMyLLECTBEHHO
KanuwnaToMm npv NOAYMHEHHOM KONMyecTBe nrarnoknasa TemHouBe-
Tbl B HUX 0ObIYHO cocTaBnsAoT npumepHo 10%, pexe go 30%. Hepegko
npucyTcTByeT KBapu A0 5%.

CueHumbl. B obpasuax cneHuTbl MMET po30BaTylo, po3oBaTo-
CEpylo OKpacKy, pa3HON CTEMEHN 3epHUCTOCTU, HEPEOKO NOpUpPOBUA-
Hble. B nmopogax OCHOBHbIM MWHEpanom SABMASKTCA KanuwnaTel (60-
80%), koTopble npeAcTaBneHbl OPTOKNAa3oM, NMMBO MUKPOKIMHOM, KO-
TOpble 4YacTo MMEIT NepTUTOBOE CTpoeHue. CoaepkaHne nnarnoknasa
10-30%, cocTaB KOTOPOro MOXeT BapbupoBaTb OT anbbuTta 0o aHgesu-
Ha (An4o35). KonuuectBo TemHouBeToB pefko npesbiwaet 10-15%,
nHorga 0o 25%. OHu npeactaBneHbl MOHOKIIMHHBIM MMPOKCEHOM (aB-
rMTOM, AMOMNCUOOM, TUTAHABIMTOM), POMOUYECKUM NMUPOKCEHOM (runep-
CTeHOM), amdnbon — 0ObIKHOBEHHOM POroBoW OOMaHKoW, GUOTUTOM
(nennpomenarom). CogepxxaHue kBapua oo 5%, npu ero BospactaHum
0o 15% nopogbl HasbiBalOTCA KBapLeBbIMM cueHuTamn. CTpykTypa
CUEHUTOB — r’MNNONOMOPGHO3EPHMCTasi, MOHLIOHUTOBAs!, YacTo MposiB-
nseTcs NOMKUNUTOBAS.

CpegHnin XuMmn4ecKknii CocTaB CMEHUTOB NOKa3aH B Tabnuue 6.

dopMbl 3aneraHns; WTOKK, OanKy, NaKKOMUTbI, TPELMHbIE UHTPY-
31MK. YacTo cueHnTbl BXOOAT B COCTaB CUEHUT—TabOpOBbIX, MOHLIOHUT—
CUEHUTOBbIX, MPaHUT—CUEHUTOBLIX MaccuMBOB. B maccuBax Hepegku
nocTeneHHble nepexodbl K KBapLeBbIM CMEHUTaM U rpaHuTamM. B Moh-
LOHUT—CUEHUTOBLIX M rabbpPO—CMEHNTOBBLIX MaccuBax CUEHUTLI cnara-
0T BHYTPEHHME 4YacTW MacCMBOB, MMes C OPYrMMy nopogamu nocre-

124



MeHHble Nepexoapbl, pexe peskne KoHTakTbl. B kpynHbIX MaccuBax cue-
HWTOB XapakTepHa MHOrogasHOCTb (CMEHUTbI — KBapPLIEBLIE CUEHUTbI
— FPaHnThI).

C cueHMTamMu cBA3aHbl MECTOPOXAEHUS TUTaHO-MarHeTUTOBbLIX U
MarHeTuToBbIX pya, Cu, Mo, , Au, nonumeTannos, noopuTta, peako-
mMeTanbHoe opyaeHeHne. OHM MOryT OblTb UCTOYHWKAMWU TUTAHOBOTO U
anaTuToBOrO ChIpbS.

6.2.3.3. CpegHue nopoabl Weno4YHoro psiga

"MaBHbIMM MUHEpPanamMun B CPEAHUX LLENOYHBLIX NOpPoAaXx SBNSTCS
KanuwnaT, nMbo kanuwnat U HedenuH. TeMHOLBETHble MUHepanbl
NPUCYTCTBYIOT B NOAYMHEHHOM KOSIMYECTBE W MPEACTaBMEeHb! LLeroy-
HbIMW KITMHOMMPOKCEHAMU (STMPUHOM, SrMPUH-ABIMTOM) W LLIENOYHBIMU
amdmbonamm (apdeaCcoHUTOM U pUBEKUTOM), pexe BUOTUTOM.

CpefHuve LWenoyHble MOpoAbl HEPEAKO CBA3aHbl CO LUENOYHbIMU
nopogamu Apyroro coctaBa, obpasys C HUMW HeMnpepbiBHbIE CEPUN.
BcTpeyvatoTest ByrkaHo-NyToHMYeckne accoumnaumn. denbalinatons-
Hble CMEeHUTbl U (POHONUTLI, KaK NPaBUo, NPUYpPOYEeHbl K 30HaM akTu-
BM3aLMN ApeBHUX nnaTtdopM U pudptam. OHM oBpasytoT Menkune LWTo-
KM, BOPOHKOOOpasHble Tena, TpeluHble UHTPY3UBbI, Kyrona, NokpoBbl
1 notokn. KonmyectBeHHO NpeobnafaloT MHTPY3UBHbIE dhaunm.

6.2.3.3.1. 'mnabuccanbHble U ByJfiKaHU4Yeckue nopoabl

B wenoyHom psigy cpegHux nopog cpeamn 3ddy3nBOB Bbl4ENSOT-
Ca ABa CEMENCTBA — LLENOYHbIX TPaXUTOB U (POHOMMUTOB.

Cemelicmeo wjes1o4YHbIX mpaxumoe

UenoyHble mpaxumsbil. B oTnvyne oT cyOLLenoyvHbIX nopos B
LLENOYHBLIX TpaxuTax CoAepXaTcs LienoYHble MUPOKCEHbI U amdunobo-
nbl. Mopoabl cBeTrble, po3oBaTo-cepble ¢ acdmpoBon NMbdo nopdupo-
BOM CTpykTypon. KonuyectBo MNOpPdUPOBBLIX BKPanieHHWKOB MOXeT
gocturaTte 50-75%. Bo BkpanneHHukax npeobnagaeT kanuwinar, pexe
BCTPEYaloTCA LENOYHbIE MUPOKCEHBbI (3MMPWH, 3TMPUH-aBIWT) U LLEenoy-
Hble amdunbonsbl (apdencoHnTt n pudekut). OCHOBHas Macca CrioxeHa
Takke NPeuMyLeCTBEHHO KanuwinaToM, Npu nog4MeHHon ponu anbbm-
Ta U TEMHOLBETOB, MOXET MPUCYTCTBOBAaTb BIKAHWYECKOE CTEKIO, KO-
NU4eCcTBO KOTOpOro uHorga pocturaet 75%. LUWlenoyHble TpaxuTbl

125



00bl4HO 06nagalT TPaxMTOBOW CTPYKTYPOW C hnionmaanbHOW Mnu no-
niocyaTon TEKCTYPOM.

CpenHuin XMMUYECKMIN COCTaB LUENMOYHBIX TPaxmMToB MpeacTaBrieH
B Tabnuue 6.

Mopoabl pefkue, BO3HMKAKT OObIMHO B 3aKMOYUTENbHBLIN 3Tan
dopmmnpoBaHMsa cknagvaTeix obnacted wnM B CTaguMl0  TEKTOHO-
MarmaTuMyeckon aktuemsauun. B npupoge cnaraloT pasnuyHble Mo
dopme 1 HebornbLUMe NO pa3mepaM Tena: LITOKW, Kynona, Aanku, nak-
KOnuUTBI.

LLlenoyHble TpaxmTbl BXOAAT B COCTaB pasnMyHbiX oopMaumi: Tpa-
Xnba3anbToB-TpaxmaH4e3UTOB-TPaxmMToB, TPaxmUT-OOHOMNNTOB.

Cemelicmeo gpoHosIumMoOB
B aTom cemencTBe paccMoTpumM ABe nopoabl: OHONUTLI U Nenuu-
TOBble DOHONUTHI.

@oHOoNMuUMbI — rNaBHblEe NOPOAbI 3TOTO CEMENCTBA ABMAIOTCH BY-
KaHU4eckumMmn aHanoramu enbawnaTtongHelXx cueHuToB. HasBaHue
O3Ha4yaeT “3BY4YHbIi KaMeHb” (naTuHckoe phone — 38yk, lithos — ka-
menb), gaHo Knakpotom B 1801 r. PoHOMMTBLI 0ObIMHO NopdupoBbIE
nopogpl Co CBeTNo-cepon, Nnbo 3eneHoBaTo-Oypon okpackon. B co-
CTaBe MopoApl rMaBHYK ponb UrpaT HedenuH (kak BO BKparnieHHu-
Kax, Tak M B OCHOBHOM Macce), KOTOpbIi BMECTE C KanuwnaTtoM Co-
ctaenseT 80-95% obbema nopogpl. [narnoknas pegok, ero KonmyecT-
BO 00 5-10%, oH npeactaBneH ansbuTomM 1 NPUCYTCTBYET Npenmylie-
CTBEHHO B OCHOBHOW Macce. TeMHOUBETHblE MUHEpPanbl NpeacTaBneHbl
LLEeNOYHbIMU MUPOKCEHaMU (ArMPUHOM, 3rnpuH-asrutom) (10-20%) wu
LenoYyHbiMu amcumbonammn (apdpencoHnTom u pubekutom) (4o 10%).
CTpykTypa OCHOBHOW Macchl OblBaeT ABYX TWMOB: TpaxvuToBas, ecinv B
Hel npeobragaeTt kanuwnat, unn HedenuHMToMaHas, ecny npeobna-
OaeT HedbenuH, MOXEeT NMPUCYTCTBOBATL BYIIKAHNYECKOE CTEKIO.

CpegHun xumu4yeckuin coctaB hOHONMUTOB NpeAcTaBneH B Tabnu-
ue 6.

doHonuTbl — peakue nopodsl (0,2%) n accoummnpytoT Yalle BCero ¢
cybuenoyHbiMm 6asanbTamu, TpaxmaHaesMTamu.

dopmbl 3aneraHnsa — NOKpoBbI, CyOBynkaHMYeCcKne Tena.

C cdoHonMTamMn MoOXeT BbITb CBA3aHa pedkomeTarnbHas MUHepa-
nmn3auusi. OHM Takke SBMSOTCA NOTEHUMANbHbIM UCTOYHUKOM ANs Mo-
NyYeHns antoMUHNS, WenoYen n uemeHTa.
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JleGiyumoesie ¢poHonmumMsbl. llecTpble, TOHKO3EpPHUCTLIE, NGO
CTeknosaTtble NOpoAbl YacTo ¢ nopdumposon cTpyTypon. OHM CrIOXKeEHbI
kanuwnaTtom (40-60%), nenumtom (20-30%), LWENOYHBLIMWU KAMHOMU-
pokceHamu (5-10%), onmeuHoM (8o 5%), 6uotutom (8o 5%), nnarnok-
nasom (0o 5%). OcHoBHas mMacca MMeeT TPaxmuToBYHO CTPYKTYPY, a nNpu
HanMuYuy ByIKaHWYECKOro CTEKNa - BATPOUPOBYIHO.

VX cpegHun XMMmMYeckuin coctaB NpeacTaBreH B Tabnuue 6.

Mpu yBENMYeHMN ponu nenunuta nopoabl NepexodsT B seldyumo-
¢upenbl.

JlenuutoBble nopofgbl y4acTByOT B 0Opa3oBaHWM KanveBbiX ByIi-
KaHO-NMJTyTOHNYECKMX KOMMIIEKCOB U chopmaumn (popmaunsi kanmesbix
NUKPUTOB, NENUNTOBBLIX TEPUTOB, NENLMTUTOB, (DOHONUTOB U Tpaxu-
ToB). OHM BCTpEYaloTCa C KanvmeBbIMU MUPOKCEHUTaMM, LLOHKMHUTAMMU,
HedEeNNHOBBLIMW CUEHUTAMM U OPYTUMU LLENOYHBIMU NOPOLAMM.

Bbicokokanuesble NenumMToBble POHONUTLI N NEUUTODUPLI MOryT
CNY>XUTb CbipbeM 41151 NPOU3BOACTBA KanumesblX U docdaTHbIX yaobpe-
HUA. COBMECTHO C APYrMMU LWEMNOYHbIMU MOPO4aMU OHWM OOpasyloT
NaMnpounToBble Cepun, NOTEHLMANbHBIE HA arTMa3oHOCHOCTb.

6.2.3.3.2. MnyToHn4yeckne nopoabl

B MITYTOHNYECKMX LWEeNIOYHbIX nopoAdax TaKXe BblAeNATCA OBa
CeMeuncTBa: WenoYHbIX CUEHUTOB U Cpeﬂb,D,LLII'IaTOVI,D,HbIX CNEHUTOB.

Cemelicmeo wes104HbIX CUeHUMos8

LjenoyHble cueHumsbi. B oTnuyne ot CUEHMTOB B UX COCTaBE MNo-
ABNSOTCA LWENoYHblEe NMPOKCEHbI U amcmbonbl. B obpasuax oHu poso-
BaTO-CEpble, UMEIT PasfMYHyl0 CTEMNEHb 3EpPHUCTOCTW, MHOr4a nop-
dupoBuagHeie. TekcTypa Mx mMaccuBHasi unu TpaxmtongHasi. OHu crno-
XeHbl npenmMyLecTBeHHO kanuwnatamu (20-70%), Npu 3HaYUTENbHbIX
Bapuaumsx anebuta (0-50%). TemHoLBeTbI NpeAcTaBneHbl  LENOYHbI-
MW MMPOKCEHaMK U amcpmbonammn nx Konm4ecTBO MOXeT gocTuraTb OO
35%. CtpykTypa — runugunomopdHO3epHUCTas, nHorga arnantosas.

Mo xumuyeckomy coctaBy (Tabn. 6) WenovHble CUEHUTbI aHano-
TMYHbI LLEMNOYHbBIM TpaxuTam.

BblgenstoTcs pasHOBMAHOCTU MO  XapakTepy NPUCYTCTBYHOLLNX
TEMHOLBETHLIX MUHEpanoB (pubeknToBble, apdeaCcoOHUT-3rMPUHOBLIE U
4p.), a Takke No Hanuuuio, NMMbo oTCyTCTBUIO kBapua. KeapueBble Lie-
NOYHbIE CUEHWTbI Ha3biBalOTCS HopOMapkumamu (Npu coaepxaHuu
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kBapua oo 10%), a npu NOMHOM OTCYTCTBUM KBapua — nysacKkumamu,
B KOTOpble BO3MOXHO MPUCYTCTBME HedenuHa.

LLlenoyHble cueHnTbl siBNSOTCA peakummn nopogamu. OHW 3anera-
0T B )OpMEe NaKKONMTOB, LUTOKOB, TPELMHHbLIX MHTPY3nA. OHWM MOryT
ObITb CBsI3aHbl C LWEeNoYHbIMK rpaHuTamu. OHKM MOryT BXOAUTL B COCTaB
pa3Hbix doopMaLumiA, B YaCTHOCTU, CUEHUT-rabbpoBOA.

LLlenoyHble CMEHUTBLI UMEKOT METANOrEHNYECKYHO CneLmann3awmio
Ha pegkve MmeTannbl, 30510To, hroopuT.

CemeincTBO (henbaLINAaTOMAHLIX CUEHUTOB

CewmelicTBO benbawwnaTongHbiX CUEHUTOB BKMIOYaeT Uenblin psg
pasHoBugHocTen ¢ cogepxaHmeM SiO, — 53-57%, Na,O+K,O po 17%,
rmuHo3sema [0 22%. Mo ocobeHHOCTAM MUHepanbHOro cocTaBa Bblae-
nalTCca crnegywowme nopoabl: honaAnUTbl, NySBPUTHI, MapuynonuThbl,
MMWacCKUTbI, NCeBOONENUUTOBbIE CUEHUTLI. Bce Buabl cpegHux denba-
LINaTOMAHbIX CUEHUTOB — NOPOAbLI B OCHOBHOM JEAKOKpaTOBbIE C Mac-
CVIBHOW, pexe TPaxMTOWOHOW (MysiBpUT) UMK THEWCOBUOHOW TEKCTypa-
MU (MMacknT). DT NOPOAbl AOCTAaTOYHO PacnpOCTPaHEHHbIE, OHX Cra-
ralT eavHble MaccuBbl C LWenoYHbiMy rabbpomgamu n dongonuramu,
BXOAAT B hopmaumy LWenoYHbIX nopod. MiHorga oHu obpasyoT Kpyn-
Hble camocTosiTeNnbHble MaccyBbl (Konbckuii nonyocTpos).

Ona donantos, nyaBputoB, MapuynosiMToB M MUACKUTOB Xapak-
TepHa pegkoMeTanbHas MUHepanu3auus U OHW SBASKOTCA NOTEHUU-
arnbHbIM UCTOYHWKOM Ha FIMHO3EM.

dolssumbl — Hanbonee pacnpocTpaHeHHble nopodbl 3TOro ce-
mMencTBa. OHM HasBaHbl N0 MMeHU ropbl MoHTe-®onsa B [NopTyranum
Bbnymom B 1861 r. lNopoabl UMEKOT CBETNO-CEpylo, pO30BaTO-CepYHo
OKpacKy C pa3HOW 3epHUCTOCTbIO. VX MUHepanbHbIn cocTas: HedernuH
(25-40%), kanuwnat (30-50%), LWernoyHble KIMMHONMPOKCEHb! N amdu-
6onbl (8o 15%), anbbut (8o 5%). NHorga npucyTCTBYET CUIBbHO Xere-
3UCTbIN onuBKUH (2-3%). CTpyKTypa NpeMmyLLecTBEHHO rMnuganomMmopd-
HO3epHUCTas, Mectamu norkunuToBas. Bo3amoxHa arnavToBasi CTpyk-
Typa.

Cpeamn pasHOBMAHOCTEN Haubornee M3BECTHbl XUGUHUMbBI — TpYy-
603epHMCTbIe MOPOAbI C MOBBILLEHHBIM coAepXaHuem HedenuHa (oo
45%), B HUX NPUCYTCTBYIOT 3ArMPWH, IBAMANUT U Apyrue pegkve cunu-
KaTbl. BblaensTca ro8uUmMbl, CMNOXEHHble KanuwinaTtoMm, SrUpUH-
aBrmToM, 6motntTom n HedpenuHom (~35%).
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CpegHune xumudeckme coctaBbl (OMAUMTOB M XMOMHUTOB Mpeg-
CTaBneHbl B Tabnuue 6.

DopMbl 3aneraHus: Mernkue LWTOKW, TPEeLUMHbIE UHTPY3WUU, pexe
KpynHble maccuBbl (XnbuHbl, nnowags 1300 KMZ), nononuTebl ¢ 30HamMu
OT ypTuTa oo domnanta u nyasputa (Jlososepckun maccus, Konbckum n-
oB). B gpyrux cny4yasax (B TyBe) B MaccuBax HabnogatoTcs nepexoabl
OT POMANTOB K NynackuTam u accekcmtam (Ha nepudepun).

doranTbl YCTaHaBNUBAKTCA B COCTaBe pasHbiX opMauui: Lie-
FI0YHO-YNbTPAOCHOBHOM, LLlerioyHo-rabbpomnaHon, LLIeNOYHO-
rPaHUTOMAHON.

Jlyssepumsbi ycTaHOBMNEHbI No3gHee PONSANTOB U Ha3BaHbl MO Mac-
cuBy JlyaspuT Ha Konbckom n-Be (Pam3an, 1894). 3eneHoBaTo-cepble
nopoabl, rMaBHON UX OCOBEHHOCTLIO ABMAETCA TpaxMTounagHasa TeKcTypa
3a cyeT cybnapannenbHO OPUEHTUPOBAHHbIX TabnUTYaTbIX 3epeH Ka-
nuwnaTta. OHn cogepxat Ao 30% TemMHoLBETOB (B OCHOBHOM 3rMpuH),
HedenuHa (20-45%), kanuwnaTa (35-50%), anbbuta (5-10%), yacTto
oTMeYaeTcs 3BaManuT.

CpeLHuin XuMmn4ecknii cocTaB NysIBPUTOB NMoka3aH B Tabnuue 6.

B maccuBax oHM 0BbIMHO TECHO CBHA3aHbl C dhonanTamm (XMOUHM-
Tamu).

Mapuynonumsi BnepBble onucaHbl Moposesnyem B 1901 r. B Ok-
pectHocTAX r. Mapuynons. Ceenas, 3eneHoBaTo-cepas nopoga c pas-
NNYHOW 3epHUCTOCTbI0. OCOBEHHOCTBIO 3TOM NOPOAbl ABASETCH MNpu-
CYTCTBME M3 MONIEBOro Wwnarta Tonbko ansbuta (40-60%), HedenuH oo
30%, a TeMHOLBeTHI NpeAcTaBneHbl UronbYaTbiM 3rMPUHOM, apdenco-
HUTOM, >KENe3ncTbiM BUOTUTOM.

CpenHuin XMMMYeCKMIn COCTaB MapuynonuToB NpeacTaBneH B Tab-
nvue 6.

Muackumbi BnepBble BCTpedeHbl Po3e B 1837 r. Ha toXXHOM Ypane
Ha p. Muac. MNopoaa ceporo uBeta. 1o MMHepanornyeckoMmy cocTtaBy
BO MHOIOM CXOAHa C (POMSAWUTOM, OTNNYAOTCH 3aMeTHbIM NPUCYTCTBU-
€eM Xenesmctoro 6uotuTa, Kak rmaBHOrO0 TEMHOLBETHOIO KOMMOHEHTA.
Wx coctas: kanuwnat (20-60%), HedenuH (20-30%), anbbuT (3o 20%),
onotut (5-20%), poroasi obmaHka (o 20%), Kpome Toro, Mmackuthbl
yacto obnagaloT OTYETNIMBOM NOMOCYATONW TEKCTYpPOW 3a cyeT Hepas-
HOMEPHOro coaepXxaHusi buoTuTa.

CpeaHnin XMMMUYECKNA COCTaB MUACKUTOR MNokasaH B Tabnuue 6.
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lNceedoneiiyumoenie cueHuUmMbI. Bnepeble 3TV Nopoabl On1caHbl
B wrate ApkaHsac, CLUA. OTo nemnkokpaToBble, pO30BaTo-Cepble B
pa3HOW CTEMEHN 3epHUCTbIE MOPOAbl, YacTo nopdrpoBuaHble. Bkrpan-
NEHHUKM NpeacTaBreHbl OKPYrnbIMU 3epHaMu nceegonenumTa (CMecb
HedenuHa, optoknasa). OCHOBHasi Macca CroXeHa MceBAoNnenLmMTom
(25-70%), kanuwnatom (20-50%), HedpenuHom (8o 10%), KNMHOMUPK-
ceHom (5-20%), G6uotutom (oo 10%), B BuOE NpMMeEcCH OTMeYaroTCs
OMNWBWH, rpaHaT, TuTaHoMarHeTuT. CTpyKTypa nopog rmnMamomMopdHo-
3epHucTas, annotpuomopdHosepHuctas. KpynHble, okpyrnble 3epHa
nceesgonenunMTa ONpeaensioT Tak Ha3blBAEMYK OLIENNAPOBYH CTPYK-
Typy.

CpegHunin XMMMYECKNA COCTaB NCEBAOSIENLNTOBBIX CUEHNOB Mpea-
cTaBrneH B Tabnuue 6.

Pa3HOBMAHOCTN C MOBbLILEHHLIM COAepXaHMems nceeBgonenumTa
(0o 80%) Ha3sbIBaOTCA CbIHHbLIPUMMBI, B KOTOPbLIX Hanbonee oT4yeTnun-
BO BblpaXeHa ouennspoBas CTpykTypa. B Hux pasmepbl oBovaoB
gocturaloTt 5 cm B guameTpe.

lMceBooONENUMTOBbLIE CUEHMTBI OOLIYHO Y4acTBYIOT B 06pa3oBaHMu
CMOXHbIX MarmMaTM4yecKMX KOMMIEKCOB B (POPME LUTOKOB, KOMbLEBbIX
WHTPY3Wnin, aaek. MNopodbl ABNAIOTCA XapaKTepHOW COCTaBHOW YacTbio
KanveBbIX LLEeNoYHbIX hopMaLmi, B KOTOPbIX acCoOUMMPYIOT C ynbTpa-
Madutammu n rabbpongamu.

[MceBooONENUMTOBbLIE CUEHUTbI, CbIHHBIPUTLI MOTYT CNY>XWUTb Cbipb-
€M Ons NosfyvYeHns KanumHbix yooopeHni.

6.2.4. M'pynna Kkucnbix nopopa

K KMcnbIM OTHOCATCS MarmaTuyeckue nopodbl C COAepXaHueM
Si0,>64%. MaBHbIMX MUHEpanamu KUCNbIX MOPOA SIBMSIOTCA KBapl,
KanuwnaTtbl U KACMble nnarMoknasbl C HEOOMbLLOW NPUMECHID TEMHO-
uBeToB (OvoTWTa, poroBon OoOMaHkW, pexe nupokceHoB). Kncnblie no-
poAbl NOMNb3YHTCH LUMPOKUM pasBuTnemM u coctaBnaoT ~50% oT obuye-
ro obbema marmaTudeckmx nopog. o cogepXkaHuio WenoYven Kucrble
nopoabl NoApas3nensTcsa Ha TPU NETPOXMMUYECKMX psAa: HopMarnb-
HbIn (Na,O+K,0 go 8%), cybwenoyHon (Na,O+K,O go 10%), wenou-
Hou psag (Na,O+K,0 6onee 10%).

CpepHue xMMuyeckume cOCTaBbl KUCTbIX MOpPOA MpeacTaBreHbl B
Tabnuue 7
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Tabnuuya 7
CpeaHuin XMMMYECKNA COCTaB KUCTbIX MOPOoS,
(Conosbes, 1970)

Okucnbl 1 2 3 4 5 6 7 8
SiO, 65,33 | 72,97 | 64,45 | 71,84 | 74,53 | 67,64 | 74,46 | 73,02
TiO, 055| 0,20 053] 0,27 0,13| 0,70 | 0,14 | 0,40

AlL,Oy 16,48 | 13,99 | 15,78 | 14,59 | 13,83 | 14,13 | 13,83 | 12,29

Fe O3 251 124 1,71| 113] 080 15| 0,79 | 1,88

FeO 156 092| 268| 133 | 066 | 351 | 0,73 | 1,51
MnO 0,15| 007| 0,13| 0,04| 005| 008 | 005| 0,15
MgO 144] 043| 189| 063 | 040| 039| 041| 040
CaO 368 | 126 | 386 | 167| 125| 248 | 1,18 | 088
Na,O 424 | 342 | 436 | 335| 345| 3,34 | 3,60 | 3,81
K;0 273 | 415| 3,02 | 422 | 416 | 526 | 4,09| 5,09
H,O 106 | 129 131| 080| 065| 0,76 | 0,66 | 0,48
P05 0,27 | 006| 025]| 0,13] 0,09| 0,15] 0,06 | 0,09

lMpumeyvaHue. 1 — pauuTbl, 2 — pyonnuTbl 3 — rpaHogMopuUTbl, 4 —
rpaHnTbl, 5 — NenKorpaHnTbl, 6 — rpaHUTbI-panaknem, 7 — ansackuTbl, 8 —
rPaHUTbI AarnpuH-apdeaCOHUTOBLIE.

6.2.4.1. Kucnble nopoabl HOpManbHOro psaga
6.2.4.1.1. 'mnabuccanbHble U ByJIKaHU4Yeckue nopoabl

[ns KMcnbiX ByfNKaHUYECKMX Nopog HOpPMarnbHOro psaa BbigeneHsl
TPU cemencTBa: 4auMToB, puogaumToB, puonutos. Cpeamn cTeknoBaTtbixX
pasHOBMAHOCTEN OauMTOB, pMOSALMTOB U PUOMMTOB BbIAENSAT 06CK-
AnaHbl, NepnuThl 1 Nem3y, B KOTOPbIX coaepxaHue ctekna 6onee 80%.

O6cuduaHbl UMEKT CMOSMUCTbIA KOPUYHEBO-YEPHbIA,  YEPHbIi
LUBET, B HUX cogepxaHue Boabl MeHee 1%. [Ina HUX xapakTepeH pako-
BUCTbIN M3rioM. OHM ABMSILOTCA XOPOLUMM OTAENOYHBIM MaTepunanom.

lMepnumbl nMelOT 3eneHoBaTO-Cepylo, OypoBaTo-Cepyto, Cepyto
OKpacKy C XapaKTepHOW NepnutoBOW CTPYyKTypolr. B otnnumne ot obcu-
ONaHOB B HMX Bo3pacTaeT posnb BoAbl (bonee 1%).

lMem3bI 4Ype3BblYaNHO MOPUCTLIE CTEKIOBATbIE MOPOAbl, KOTOpbIE
He TOHAT B Boge. OHM ncnonb3ytoTcs B KayecTBe 3anonHutens n abpa-
3MBHOMO Martepwuana.
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CemencTBO gaumToB

Hayumsbi. 3170 TEMHO-Cepble, 3eneHoBaTo-Cepble Nopoabl 4acTo C
nopcunpoBom CTpyKTypou. Nopdunposble BKpanieHHUKM COCTaBnNSoT 40
20%, pepko Gonbwe. Pasmep BkpanneHHukoB Ao 2 mm. OHuM npea-
CTaBrneHbl 0ObIYHO MArMokna3om, poroBor obmaHkon, Guotutom, pe-
e nupokceHamu 1 kBapueM. KanuwnaT Bo BKpanfeHHWKax, kak npa-
BMMO, oTcyTcTByeT. [lnarvoknas obblMHO NpeacTaBneH Onvroknas-
aHOe3VHOM, MOHOKIMHHBIA NUPOKCEH — aBrMToM. Hepedko Bkpannex-
HUKU pasfnyHbIX MUHEPanoB KOPPOAMPYKTCA OCHOBHOW Maccow 1 3a-
MeLLalTca BTOPUYHBIMM MUHepanaMmu. Yacto Habnogaetca onauntu-
3aums porosol obmaHkm u 6uotnta. OCHOBHasA Macca JauuToB MOXET
OblTb MUKPONMTOBOW (rManonuIMTOBOM), ECIIM OHU MO COCTaBy GNM3KK
aHgesvTam, nMbo MUKPO3EepHUCTON (henb3nTOBOW, CHeponuToBon), B
cnyyae 6nusoctu Kk puonutam. OCHOBHas Macca CrioxeHa nnarvokna-
30M, Kanuwnatom, KBapuem, poroBor 0OmMaHkon, GUOTUTOM, pyLaHbIMU
MUWHepanamu, cTekrnom. MHorga oHa MOXET ObITb MOSIHOCTLIO CTEKIO-
BaTOW (NEprMTOBON).

CpeaHuin XuMmn4ecknii cocTaB 4aunUTOB NpeacTaBneH B Tabnuue 7.

HaunTtbl oOpasyloT NoTokM, Kynomna, ganku. Onu obpasytoTcs
00bIYHO B 3aBepLUaOLLyHOCA CTaauilo pa3BUTUS aHOEe3UTOBOrO BYyriKa-
HM3Ma. Jauutbl OKeaHNYeCKNX XpebTOB M OCTPOBHbLIX AYr OTHOCATCS K
dopmaumm HaTPUEBLIX PUONMTOB, @ Ha OKPaMHaX KOHTUHEHTOB N BHYT-
Py MaTepUKOBbIX MOSICOB — K aHAEe3UTOBOW dhopMaLuu.

C pauutamy MoryT BbITb CBA3aHbl MECTOPOXAEHUS 3010Ta, Meau,
nonMMeTannoB. ABMSOTCSA XOPOLUM abpasnBHLIM MaTpUarnom.

Puodayumbl — NpoMexyToyHble nopodbl Mexay Aauutamum u
puonutamu. Okpacka nopoabl cepasi, po3oBaTto-cepasi. CTpykTypa
nopcupoBas. Bo BkpanneHHMKkax MOXHO HabniogaTe nrarnMoknas,
KBapy, Kanuwnar, GuoTuT, poroByto 0OMaHKy 1 pexe NUpokceHsl. [na-
rMoKMna3 4acTo 30HaneH, Mo COCTaBy OTBEYaeT ONWUroknas-aHaesviHy.
CTpyKTypbl OCHOBHOW Macchl: enb3utoBas, cdeponuToBasi, MUKPO-
nermaTuMToBas, CTekrnosaras.

Hanbonee pacnpocTpaHeHbl puogaunTbl B BYSIKAHUYECKUX nosicax
OKpamH KOHTUHEHTOB W BHYTPU KOHTUHEHTamnbHbIX 30H TEKTOHO-
MarmaTM4yecKkon akTuBM3auumW, B MeHbLUen CTeneHu B npefenax okea-
HUYECKUX OCTPOBOB U OCTPOBHBIX Ayr. OTHOCATCH K aHOEe3MTOBOW UNnn
pYonMTOBON hopmMaLmsIM.
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Puonumbi. TepMyH pnonnTt BBeAeH B netporpacmio B 1861 r., B
nepeBode C rpeyeckoro o3HadaeT peka, TeyeHwe (CMHOHMM — nuna-
puT). [No okpacke — 3TO CBeTrble, pO30BaTO-CEPble NOPOAbl C MaccuB-
HoM nnBo nonocyaton TekcTypon. OBbIMHO PUONUTLI UMET  nopdu-
poByto CTpykTypy. lMopduposblie BkpanneHHukn (0o 30%) crnoxeHbl
NPeMMyLLECTBEHHO KBapLEM W KanuwinaToMm npy MOSYMHEHHOW ponu
6uotnTa M poroBor oOMaHKW, MOCMEeOHME Y4AcTO OMAUUTU3UMPOBAHBI,
nHorga oTtmevaeTcs nnarvoknas. OcHOBHasi Macca cTekrnoBaras,
denb3uToBas COCTOUT U3 MENKUX 3epeH TeX e MuHepanos. Ha gonto
OCcHoBHoW macchl npuxoantest 70-80% ot obLiero o6bema nopoasbi.

CpenHun XmmMmn4yecknii CoCTaB pMOIMTOB MOKa3aH B Tabnwuue 7.

Puonutbl o6pasytoT noTtoku, kynona v gankn. Hambonbsliee passu-
TMe pUONUTbl MMEKT Ha OKpaumHax KOHTMHEHTOB, pPacnpoCTpaHeHbl
Takke U BHYTPU KOHTUHEHTOB. Pvonuntbl BXoOAT B cocTaB copmMauumin
HaTpUEBbLIX PUONNUTOB M aHOE3UT-PUONUTOBBLIX (hOpMaLIn.

C pvonutamn moryT 6bITb CBSA3aHbl MecTopoxaeHua Cu, Sn, W.
ABNSOTCA XOPOLUMM CTPOUTENBHBIM MaTeprarom.

6.2.4.1.2. NMnyToHN4eckne nopoabl

Cpe,CI,VI KMCIbIX MITYTOHUYECKUX Nopon HOopMalibHOro pAaga Bblioe-
JTeHbl TPpU cemencTea: rpaHoanopuToB, rpaHUTOB, HGVIKOFpaHVITOB.

CemMeNCTBO rpaHOQUOPUTOB
CeMeicTBO rpaHoAMOPUTOB BKITKOYAET TOHANUThLI Y TPaHOAMOPUTI.

ToHasiumeil. 3Ta NopoAbl MO XMMWUYECKOMY COCTaBY SIBMSIHOTCS
aHanorom paumTa. OHM Ha3BaHbl MO MECTy HaxoxaeHus — B ToHane
(Anbnbl). HekoTopble aBTOpbl  CYMTAKOT TOHANUTLI CUHOHMMOM KBapLie-
BbIX AMOPUTOB, GoraTtbix poroBov obmaHkow n kBapuem. Makpockonu-
Yeckn ToHanuTbl OBbIMHO cepble, YacTO MeCTpble NMOPOAblI C Pa3HOMn
cTeneHbto 3epHUcTocTu. OHM cnoxeHbl kBapuem (15-25%), nnarmokna-
30M (Angs.so) (45-65%), kanmwnatom (o 10%), TemHouBeTbl (amdu-
6on, BUOTUT, pexe MOHOKMUHHBIN nupokceH) (10-25%, wHorga no
40%). Mnarnoknas o6bIMHO UMeeT 3oHanbHoe cTpoeHune. CTpykTypa
TOHaNUTOB — MNMAMOMOPEHO3EPHNCTAsA, FPaHNTOBas.

®opmbl 3aneraHus — LWITOkU. YacTo accoumupyeT C rpaHoavopu-
Tamu, KBapLeBbIMU AuopuTamu. ToHanuTbl HabnogawTca B cocTaBe
TOHaNUT—MNNarMorpaHNT—rpaHoOAMOPUTOBONM hopmaLiMn.

MeTtannoreHusa ToHanutos: W, Mo, Cu, Au, Ag, nonumeTansnsl.
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IpaHoduopumel N0 XMMUYECKOMY COCTaBy COOTBETCTBYIOT Aauu-
Tam. HasBaHue nopogam gaHoO Mo 3epHUCTON CTPYKType (NnaTuHCkue
“epaHyM” 03HavaeT 3epHo, rpedveckoe “OuopuuyelH” — pasnudame). B
nutepatypy TepmuH BeegeH B 1897 r. B obpasuax aT0 cepble nopoabl
C pa3HoOW CTEMNEHbIO 3EPHUCTOCTMU, Hepeako NoprpoBUaHbIe. [NaBHble
MuHepanbl: nnarnoknas (Angg.4o) (35-65%), kanuwnart (10-20%), kBapy,
(15-25%), TemMHoLBETHbIE MUHEpanbl (amdundorn, BMoTUT, pexe MOHO-
KMWHHBIV nupokceH) (10-25%). MNMnarnokna3s nmeeT cocTaB OnUroknas —
aHAe3vHa, Kanuwnatbl — MUKPOKIMH-NEPTUT UMW OpPTOKNa3-nepTuT.
CTpykTypa — runmgnomopHo3epH1CTast, rpaHMToBas.

CpefHuii XMMWYECKMA COCTaB PaHOAMOPWUTOB NpencTaBreH B
Tabnuue 7.

"paHognopuTbl 06pasyoT Kak CaMoCTOATENbHbIE MAaCCUBbI, Tak U
BCTPEYalTCa B COCTaBE CMOXHbIX TeN BMECTE C TOHanuTamu, rpaHu-
Tamy, MoHUoauopuTamum U guoputamu. dopmauumn:  TOHaNUT—
nnarmorpaHnT—-rpaHoAMOpPUTOBas, ONOPUT-TPaHOANOPUTOBAS TPAHUTO-
Basi. MeTannoreHuns aHanormyHa ToHanuTam.

CeMeNcTBO rpaHUTOB
B aT0 cemeiicTBO 06beanHAOTCA NarnorpaHnTbl (TPOHOABLEMUTDI),
rPaHUTbI M YapPHOKMTBI.

lMnazuoepaHumsi. [lopoabl ceporo LBeTa, pa3HOW 3epHUCTOCTY,
Hepegko nopduposugHble. MuHepanormyeckun coctas: nnarnoknas
(An4o40) (30-60%), kBapy (25-35%), kanuwnat (4o 15%), TemHouBeT-
Hble MuHepansl (buotut, MyckoBwuT, poroBas obmaHka) — Ao 10%.
CTpykTypbl — TnuanomMopdHO3epHNCTas, FrpaHNTOBas.

PopMbl 3aneraHnst: LUTOKKU, NTAKKONUTLI, TPELLUHbIE UHTPY3WK, Aali-
ku. YacTto HabniogatTcsa BMecTe ¢ rpaHutamu. BeTpevatotest B cocTta-
Be rabb6po-nnarMorpaHnTHOW, rabbpo—anopuT—nnarnorpaH1ToOBON,
MUrMaTUT—NarMorpaHnToBOM hopmaLmi.

MeTtannorenus: Mo, Cu, Au, Sn, W, Fe, nonumeTtannsl.

paHumesl. B nutepatype TepMUH BnepBble nosisunca B 1596 r. B
obpasuax nopoabl MMEeT po30BaTO-Cepbil, KPEMOBLIV LBET, C pas-
NNYHOWN 3€PHUCTOCTBLIO, YacTo nopcmpoBuaHble. TEKCTYPbl MacCUBHbIE,
pexe NATHUCTbIE U rHencoBuaHble. OHU crioxeHbl kanuwnatamu (30-
40%), nnarvoknasamun (Anqgzo) (10-20%), kBapuem (25-40%), TemMHo-
usetamm (BMOTUT, MycKOBMUT, poroBas obmaHka) (go 10%). MNMnarnoknas
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00bIYHO MMeeT COCTaB ONUroknasa, pexe npeacTaBneH aHAe3VHOM,
KanuwnaT — opToknas, nMbo MUKPOKNMH. MUKPOCTpyKTypa — runvamo-
MOpHO3epHUCTas, rpaHMToBasi, B NOPUPOBULHBIX Pa3HOCTAX BKparn-
NEeHHWKN npeacTaBneHbl B OCHOBHOM KarnuvLinaTtoM.

[paHUTbI B KOTOPbIX TEMHOLBETLI NpeAcTaBneHbl rMnepcTeHoOM Ha-
3bIBAKOTCHA YapHOKUMamu.

CpepHue xvMMuyeckme cocTaBbl FPAaHUTOB NPeACTaBneHbl B Tabnu-
ue7.

PaHUTbl SABNSKOTCA LUMPOKO pacrnpOCTpaHEHHbIMK MopogamMu BO
BCEX CKMnagyaTtbix 06riacTax ¢ BO3pacToOM OT MpPOTEpOo30sl A0 HeoreHa.
paHuTamn crnoxeHbl KpynHble BaTonuThbl Mnowaasio 2000-2000 kM2,
BmecTe c rpaHMTamMu B MaccmMBax BO3MOXHbI FPaHOAMOPUTBI, ANOPUTbI,
nevikorpaHutel. Hanbonee pas3sutbl OMOTUTOBBIE N ABYCMAOAAHbBIE pas-
HOBMAHOCTYM nopog, pexxe ampunbonosble.

paHuTbl 06pasytoT cBO hopmaumio (FPaHNUTHYIO), a Takke SABMs-
I0TCA COCTaBHbIMW 4YacTAMW CROXHbIX opmauun (rpaHoguopuT—
TOHaNUT—rpaHuTHas, rabbpo—rpaHoguopuT—rpaHuTHas). B dyHoameH-
Te ApeBHMX nnatdopm (bantuickui WKT) pasBuTbl JOKEMOpUckmMe
rpaHuTbl (4apHOKUTLI) C POMOMYECKUM MUPOKCEHOM (TMMEPCTEHOM),
obpasys cneunmryeckyo YapHOKUTOBYHO hopMauuio.

MeTannoreHusi rpaHMToB O4YeHb obWwwMpHas M pasHoobpasHas,
4YacTo MeCTOPOXAEHMS Xenesa, NonMMeTansos, 3of0Ta v ap.

CeMeNCTBO NEeMKOrpaHUToOB
B aToM cemencTBe pacCMOTPUM TOSTbKO NTEAKOTPaHUTbI.

JlelikoepaHumbl 06bI4HO OTHOCATCH K Hanbornee no3gHUM dasam
FPaHUTOUAHbIX MHTPY3MIA, MOSTOMY B XMMUYECKOM COCTaBE 3TUX MOPOS
6onbwe SiO,, Al,O3, meHbwe CaO, Fe (tabn. 7). Ona nopoa xapak-
TEPHO OYeHb He3HaAYMUTENbHOE coaepkaHue TeMHouBeToB. B obpasuax
3TO CBeTIble, pO30BATO-CEPLIE NOPOAbI, B Pa3HOW CTENEHN 3EPHUCTLIE,
BMIIOTb OO nermatougHbix. MuHepanbHbii cocTaB: kBapy (30-40%),
kmcnbii nnarnoknas (Ansg) (10-30%), kanuwnat (25-45%), 6uoTwuT,
MyckoBuT (0o 5%), Yacto BcTpeyaeTcs TypmanuH. CTpykTypa rpaHuTo-
Bas.

JlevikorpaHntel — nopogbl abuccanbHOW WM Me3oabuccarnbHoM
daummn. dopMbl 3aneraHus — HebornblUMe LUTOKW, anoguabl KPYMHbIX
Ten, NNacToBble 3aNeXu, MHBEKLMMN.
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JleikorpaHnTbl YacToO BCTPEYATCA B COCTaBe rabopo—rpaHnUTHbIX,
ajamMennMT—rpaHnNTHbIX, PaHOANOPUT—TPAHUTHBIX U FPaHUTHBIX ¢op-
MaLmn.

C nenkorpaHMTamm MoryT ObiTb CBSi3aHbl MECTOPOXAEHUS U OpY-
aeHenunst Sn, W, Mo, pegkvux MeTannoB, Criogbl, KEpaMUyeckoro Chbl-
pbsi.

6.2.4.2. Kucnble nopoabl cyoLwieno4yHoro psiga
6.2.4.2.1. 'mnabuccanbHble U ByJIKaHU4Yeckue nopoabl

Cpean Kucnbix BynKaHMYeckMx nopon cybuienovHoro psiga
(Na,O+K,0 pgo 10%) BbligenawTca Tpy CeMencTBa: TpaxuaauuTos,
TPaxuprogauuToB, TPAaXMpPUOSNTOB.

CemencTBO TpaxnaaumToB
B aTOoM cemelicTBe paccMOTpuUM TpaxmaauuTol.

Tpaxudayumsl. OTa Nnopoga NPoOMEXyTOYHast Mexay TPaxvuTom u
daumTtom. B obpasuax — ato cepas, 6ypoBaTo-cepas nopoga, 06bI4HO C
nopcupoBON CTPYKTYPOW. BKpanneHHWKM CroXeHbl: nrarnoknasom
(Anzo45), KanuwnaToM, KkeapueM, 6uotutom, amdumdonom, pegko Knu-
HonupokceHoMm. OCHOBHas Macca MMeeT TOT Xe COCTaB, YTO U BO BKpa-
NreHHUKax, MOXeT NPUCYTCTBOBaTb BynkaHnyeckoe ctekno. CTpykTypa
OCHOBHOW MaccCbl NUNOTakcuToBasi, TpaxutoBasi, Penb3nToBas, CTek-
nosarasi u onpeaensaeTcss XMMMUYECKMM COCTaBOM MOPOAbI.

dopMmbl 3aneraHusa — Kynona, notoku, gankn. O6bIMHO cybLenoy-
Hble KMCMble MarMaTU4eckMe nopodbl Hanbonee xapakTepHbl A4S KOH-
TUHEHTANbHbIX PUMTOB, aKTUBHbLIX OKpPaWH KOHTMHEHTOB. OHWM BCTpe-
YalTCcHa B COCTaBe TpaxnmaH4e3nToOBOW U TPaxnmpuonmtoBon oopmaumi.

C TpaxvgauuTamy MoryT OblTb CBA3aHbl CBMHLOBO-CEPEOpPSIHHbIE,
MonubaeHoBbIe, BONbpamMoBble MECTOPOXOEHMS.

CemMeNCTBO TpaxupuopauuToB
B aTom cemelicTBe paccMOTpMM TpaxuproaaunTbl.

Tpaxupuodayumsbi. CBeTno-cepasi, po3oBaTo-Cepas Mopoaa,
06bl4HO nopdupoBas. BkpanneHHWKM npencTaBeHbl KanuinaTom,
Kncneim nnarnoknas (Anqsag), kBapuem, 6uotutom. CoctaB OCHOBHOW
Maccbl MOAOOHbLIV BKpanieHHWKam, Hepeako MpUCYTCTBYET CTEKIIO.
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CTpyKTypa OCHOBHOW Macchl — enb3NTOBas, cheponmToBas, CTEKNO-
BaTas.

B aToM cemelcTBe BbIOENAT OH20HUMBbI, NOPOAbI MO CBOEMY
coctaBy 6bnuskue Tpaxupuogaumtam. OgHako B HUX croda npeacras-
neHa NUTUCTBIMU U PTOPUCTLIMU Pa3HOCTAMU (NEennaonuT, LMHBanb-
OWT 1 Op.) U 4acTo NPUCYTCTBYIOT ONIIOOPUT 1 ToNas.

dPopwmbl 3aneraHms — kynona, notokn. OBbIYHO TECHO acCcoLMUpyT
C ApYrMMu cyOLLENOYHBIMM NOpPOLAMM.

MeTtannorenus: Pb, Zn, Bi, Sn, W, Li n gpyrue pegkvme anemeHTbl.

CeMeiNcTBO TPaxXupuosnuToB
B aTOM cemelcTBE pacCMOTPUM TPaXUPUONUTLI.

Tpaxupuonumbi. Cepble, po3oBaTtble, KpeMOoBble NMOPOoAbl, 00bIY-
HO nopcmpoBble C MaccuBHOM NMBO nonocyaTon TekcTypoWn. Mopdu-
pOBble BKPAMNMeHHWKN CNOXeHbl KBapLeM, KanuwinaTtoM, nnarmoknasom
(Ans.2), pexxe BUOTUTOM U poroBov oOmaHkon. OCHOBHas Macca Cro-
)KeHa MuHepanamu, YTo M BO BKparnfieHHUKax, Hepeako npucyTcTByeT
BYINnKaHu4yeckoe ctekrno. CTpykTypa OCHOBHOM Macchl — (benb3vuToBas,
cdeponmToBasi, MMKponermaTuToBasl, CTekroBaTas.

dopmbl 3aneraHnst — NOTOKM, Kyrnona, Aavku. TpaxmpuonuTbl ycTa-
HaBnMBalTCA B COCTaBe TPaxXMpUONUTOBOM W TpaxvmaHOEe3MTOBOW
copmavrmm

C Tpaxupuonutamm MOryT ObITb CBSiI3aHbl MECTOPOXAEHUSA N Opy-
OEeHeHns CBUHUa, UuHKa, onosa, drtooputa. OHM SABASIOTCA XOPOLUMM
CTPOUTESNbHBLIM U 0Opa3NBHLIM MaTepuanom.

6.2.4.2.2. NnyTOoHN4Yeckne nopoabl

B Cy6LLI,eJ'IO‘-IHOM pagy nnyToHUMY4eCKUX nopon BblOerieHbl Tpu ce-
MelncTBa: rPaHOCUEHUTOB, YMEPEHHO-LWEeNIO4YHbIX TPaHUTOB U yMepeH-
HO-LLEJTOYHbIX ﬂeVIKOFpaHMTOB.

CeMeNCTBO rpaHOCUEHUTOB
B atom cemenctee paccmoTpum Hambornee npenctaBUTESbHblE
rPaHOCHEHWTBI.

IpaHocueHumsbl. B o6pa3uax 370 po30Bble, KPEMOBbIE B pa3HoOW

CTENneHn 3epHUCTble Nopoabl, Hepeako nopdpuposuaHele. MNMopoga cno-
XeHbl npeumyllecTBeHHO Kanuwnatom (30-60%), npu NoAYMHEHHOWM
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ponu nnarunoknasa (Anyg.3) (15-30%), kBapua (15-25%), TemHoLBETOB
(cniogpl, poroBon 0OMaHku, peako KruMHonupokeHos) (5-25%). Mnaru-
oKkna3z — B OCHOBHOM OfWroknas, kanmuwinat — OpTOKMas-nepTuT Wnu
MUWKPOKNUNH-NepTUT. CTpyKTypa 06bIYHO rpaHNTOBaS.

dopmbl 3aneraHvs — LITOKK, NaKKONUTbI, Jalku. B cnoxHbIx mac-
CvMBax BCTpPeYalTCA BMECTE C HOPAMAapKUTaMM, LLEMNOYHbIMU rpaHuTa-
Mu. dopMaLmn: rpaHNT—rPaHOCMEHNTOBAS, MOHLIOHUT—CUEHUTOBAS.

MeTtannorexus: Fe, Ta.

CeMeiNcTBO yMepeHHO-LeNo4YHbIX FPaHUTOB

B aTom cemeiicTBe pacCMOTPMM LLIESNIOYHO-MONEBOLLNATOBLIE rpa-
HWTbI, CybLLenoYHble 4BYMNONEBOLLNATOBbIE MPaHWTbl (MOHLOMPaHNUTLI),
MWUKPOKMUH-anboUTOBbIE FPaHUTbI (aMa3oOHUTOBbLIE TPaHUTLI), TPaHUTbI—
panakuBu.

lljeno4Ho-noneeownamosblie e2paHumsl. [lopodbl po3oBaTo-
cepble. /X MuHepanbHbi cocTaB: kBapy (25-30%), kanuwnat (55-
65%), nnarnoknas (Ans.30) (80 10%), TemHouBeTbl (BMOTUT, racTUHr-
cuT) (3-10%). CTpyKkTypa rpaHNTOBaS.

Cy6uwieno4Hble dsyriosiegowrnamosbie 2paHUmMbI (MOHUoO2pa-
Humbli). Po3oBaTo-cepble nNopoabl, Yacto nopduposuaHbie. VX muHe-
panbHbIi cocTaB: kBapy (25-50%), kanuwnat (20-50%), nnarnoknas
(Anq0.30) (10-30%), TemHouBeTbl (buotut, MyckoBuT, amdubon) (oo
5%). CTpyKTypa rpaHuToBas.

LLlenoyHo-noneBownaToBble rPaHWTbl U CybOLLENoYHbIE ABYyMNore-
BOLUMATOBbIE TPaHUTbI (MOHLOrPaHWUTLI) cnaralT Menkue LITOKW, Oai-
kn. C HMMM MOryT OblTb CBSI3aHbl MECTOPOXAEHUSI U OpyOeHeHus
Bonbgpama, monunbaeHa, Heobusi, TaHTana, croopuTa, Mbe3okepa-
MWYECKOTO CbIPbSi.

MukpoknuH-anb6umossbie epaHumsl. ABnstoTcst Hanbonee pac-
NpOCTpaHEHHbIMM Nopogammn 3aTtoro cemenctea. OHM PO30BOro LBETa,
NHorga cepo-3enexble (amasoHUTbl). OHU CrIOXEHbl MUKPOKITMHOM (25-
45%), anbbutom (35-45%), kBapuem (25-35%), TemHouBeTaMn (MyCKo-
BUTOM b0 myckoBuTom ¢ 6uotutom (3-10%), HepeaKko NpUCyTCTBYIOT
Tonas, cnopuT, TypMmarnwuH, rpaHaTt, KOnM4ecTBO KOTOPbIX AOCTUraeT
3%. CTpykTypa rpaHuToBasi. TekcTypa caxapoBuaHasi, 06bl4eH ropoxo-
BUAHbIN KBapL.

C MVKPOKIUH-anbOUTOBLIMU FpaHUTaMm OBbIYHO CBsi3aHbl pPeaKo-
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MeTanbHble mectopoxaeHus (Nb, Ta), a Takke Snu'W.

IpaHumsbi-panakueu (rHMNOM KameHb). B Hux Habnwogatotca
KpynHble NopdupoBuaHLIE BKpanieHHWKN OBomnaanbHOM hOpMbl po30-
BaTO-KPACHOro OPTOKMa30M, OKPYXeHHble GenbiMv OoTopoYKamu Ornu-
roknasa. CogepxaHue oBovpoB goxoauT o 60% ob6bema nopofbl.
Pa3mepbl oBongoB go 3x4 cM. OcHOBHasi Mopoabl CNoXeHa KBapueM
(25-50%), kanuwnatoMm (20-50%), nnarvoknasom (Anyg.so) (10-30%),
6uotuTom, poroBasd obmarkon 0o 10%, oTMevaroTCa akLeCcCopHbIe Mu-
Heparnbl adanuT, anaTuTt, TypManuH.

CpefHuin XMMmn4ecKknii CoCTaB rpaHUTOB-panakvBu NpeacTaBnieH B
Tabnuue 7.

dopma Ten: 6artonuTbl, KPyMHblE LWITOKU (panakMBu 3aHMMAKT B
Kapenuu 10-15 KMZ).

C rpaHuTamu-panakveM MOryT ObITb CBSi3aHbl MECTOPOXAEHUS
Mo, W, Fe, Nb, Ta.

CeMeNCcTBO YMEPEHHOLLENOYHbIX NIeMKOrpaHUToOB
B sTom cemelicTBe paccMoTpuM Haubonee npeAcTaBUTENbHbIE
MOHLIONENKOrPaHUTbI U ansickUTLI.

MoHuyonelikoepaHumsbi. B obpasuax — po3oBaTo-cepble NMopoabl
B pasnU4YHOW CTEMEHW 3epHUCTble, nopdupoBuaHble. MuHepanornye-
ckun coctaB: nnarnoknas — 10-30%, kanuwnat — 30-50%, kBapy — 30-
40%, TemHouBeTbI (6MOTUT, MycKoBUT, amdunbon) — o 5%. MNnarnok-
nas obbl4HO npeacTaBneH onuroknasom. CTpykTypa — runmgmomopd-
HO3epHWCTas, rpaHUToBRas.

Ansickumabl

TepmuH BBeaeH B 1900 r. ana o603Ha4YeHNs1 rpaHUTOB, COCTOSILLINX
N3 KBapua, KanuwinaToBs, nnarnoknasa. 3To CBeTNooKpalleHHble Nopo-
Obl pO30BaTO-Cepble, KpacHOBAaTbIE B 3aBMCMMOCTM OT LBETA KanuLuna-
Ta. OcHoBy nopoabl cocTtaensAT kanuwnat (55-65%) n ksapu (30-
45%), npy NoAYMHEHHOM KonuyecTBe nnarvoknasa (ansbuta) (8o 5%),
TemMHouBeToB (bnoTtuta, amdguodona) (oo 5%).

CpegHnin XMMMYeCKNA COCTaB ansiCKUTOB MokKa3aH B Tabnmue 7.

dopMmbl 3aneraHnsa — WTOKM nnowaabto go 600 kM. AnSICKWTBI
BXOOAT B COCTaB pasHbIX popMaLMi: rpaHUT—ansCKMTOBON, LLIENOYHO—
rpaHuTOBOW U Ap.

MeTannoreHunsa: rpen3eHoBbIN TUN  MECTOPOXAEHWA  OFOBa,
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BOfbgpama u monmbaeHa.
6.2.4.3. Kucnble nopogbl LWeno4yHoro psga

B KMCnbIX LWENOYHbIX nopoaax NnpUCyTCTBYIOT LLEJNIOYHbIE NMNPOKCe-
Hbl W/WNKU LWEeNoYHble aMCbVIGOJ'IbI. M3 noneBbix LUNaToB XapaKTepHbl
KanuwnaTt u ansour, npn 3Ha4YNTENTIbHOM npeo6nap,aHV|M nepsoro. Mo-
poabl BCTpeYaTCA pexe HopMalibHbIX U Cy6LIJ,e.I'IO‘-IHbIX TNOB,; OHU
OObIYHbI B 30HAaX KOHTMHEHTAaIbHbIX pVId)TOB, BCTpe4arTCA Ha aKTuB-
HbIX OKpanHax KOHTUHEHTOB, HAa OKeaHN4YEeCKMNX OCTpOBax.

6.2.4.3.1. 'mnabuccanbHble U ByJIKaHU4Yeckue nopoabl

Cpe,u,m KUCNbIX BYNKaHW4YECKUX nopoa LenoYyHoro pdaa Bblgena-
IOTCS ABa CEMENCTBA: LENOoYHbIX TpaxnoaunuToB M naHTennepuToB—
KOMEeHOWNTOB.

CeMeNCTBO LEeNOoYHbIX TPaxuaaumToB
B sTOoM cemencTBe pacCMOTPUM LLENOYHbIE TpaxuaauunTbl.

UjenoyHble mpaxudauyumsi. [Nopoabl cepble ¢ NopdUpoBo, Nn-
60 admpoBon cTpykTypon. U3BecTHbl Tydbl n cTekna (obcmanansbl)
aToro coctasa. MimetoTca nepexodbl K WenoYHbIM Tpaxmtam U naHTen-
neputam. BkpanneHHuKkn npeacTtaBneHbl B OCHOBHOM KanuwinaTtom (4o
20%), MeHblle TemMHouaBeTaMu (3rMpuH-aBruT, BapkeBukuT, apdsea-
COHUT, pnbekunH) (0o 9%), nHoraa keapu, peako d6motut un daanut. Ka-
nMwnatel 06bIMHO UMeET nepTuToBoe cTpoeHue. OcHOBHas Macca
CrnoXeHa 3TUMU Xe MUHepanam, Hepeako MPUCYTCTBYET ByMKaHU4e-
CKOe CTeKNo, ANs Hee XapakTepHa TpaxuTouaHasi, cdeponutosas,
rpaHochmpoBas CTpyKTypa.

dPopmbl  3aneraHnsi — MOTOKM, cybBynkaHuyeckue Tena. Yacto
BCTPEYalnTCA COBMECTHO C MAaHTENNEpUTaMm 1 KOMEHOUTAMMU.

ABnst0TCA NOTeHUManbHbIMW Ha OBHapyXeHUs opyaeHeHus peg-
KMX U pedKko3eMernbHbIX MeTasnos.

CemencrtBo naHTennepuToB—KoOMeHAUTOB
B aTtom cemenctse paccMOTpuUM NaHTENNepnThbI.

MNManmennepumsl. Nopoakbl 3eneHoBaTo-cepble, ¢ NopdrpoBoin
nnbo adupoBow cTpykTypoi. BkpanneHHukn coctaBnsitoT ~30%. OHu B
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OCHOBHOM MpeACTaBreHbl Kanuwinatamu, LWenoyYHbIMA MUPOKCEHaMW,
KBapueM, pexe amcpumbonamn, nHorga Bctpedaetca daanut. OcHos-
Hasi Macca CrioXeHa TEMW Xe MWHepanamMu U MMeeT CTEKNoBaTylo,
TPaxXUTOBYH Y MUKPOMErMaTUTOBYIO CTPYKTYPY.

Bnuskn K HAM Mo cocTaBy U CTPYKTypam KoMeHOUmbl, KOTopble
Gonee cBeTsble MO OKpacke.

6.2.4.3.2. NMnyToHn4eckne nopoabl

|_|J'IyTOHVI‘-IeCKVIe nopoAdbl LWeNIo4HOro paga noapasgendarTcAa Ha
TPn CeMENCTBA: LWEeNoYHbIX rPAHOCNEHNTOB, LWEJTI0OYHbIX TrPaHNTOB, LWe-
JTOYHbIX J'IeVIKOI'paHVITOB.

CeMeNCTBO WEeNno4YHbIX F[PAaHOCUEHUTOB
B aTOM cemeiicTBe pacCMOTPUM LLENOYHbIE IPaHOCUEHUTHI.

LjenoyHble epaHocueHumsl. [opogbl 6NM3kM MO CocTaBy K HOP-
OmapkuTam (KBapLeBbIM LLEMNOYHbIM cueHuTam). Nopoabl BblAeneHbl B
1890 r. B HopBeruun. BHeluHe 3TO po30Bble, B pa3HOW CTEMNEHU 3epHU-
CTble, YacTo nopdupoBuaHbIe Nopoabl. VIX MMHepanorniyecknii cocTas:
kanuwnaTtel (40-70%), kBapy, (15-20%), nnarvoknas (5-25%), wenou-
Hble MMPOKCEHbl U amdunbonsbl, a Takke 6uotnt (5-15%). MNMnarnoknas
npeactaeneH anbbuT-onuroknasoMm, Kamuwnart — OpTOKMa3-nepTuToMm
nmMbo  MUKPOKMNWH-NEPTUTOM, LWENoYHble TEeMHOLBETbl — 3rUpuH-
aBrMTOM, 3rMpUMHOM K pubeknuTom. CTpyKTypa rmnanomopcHO3epHN-
cTas.

LLlenoyHble rpaHOCMEHWTbI cnaralT HebornbluMe camoCcTosATEeNb-
Hble MacCuBbl, 4aCcTO BCTpPEYaloTCA B COCTaBe rpaHMTOMAHbIX Maccu-
BOB. Y4yacTBYIOT B COCTaBe rpaHUT-TPaHOCUEHMTOBOW dopMaLmu,
dopmaumm HepenMHOBBIX CUEHUTOB—LLENOYHbLIX CUEHNTOB.

MeTannoreHusi: pegkue 3emnu.

CeMeiiCTBO LWenoYHbLIX rpaHUToB
B oTOoM cemeiicTBE  pacCMOTPUM  LLEMOYHbIE  LLENOYHO-
MOMeBoLNaToBbIEe rPaHUTbI.

Ujeno4yHble weno4YyHo-rnosiegownamosesie epaHumsl. Po3oBa-

TO-Cepble, KpeMoBble, cBeTrble nopoabl. OHM CrOXEeHbl KanuwnaTtom
(50-70%), kBapuem (25-35%), WEeNoYHbIMM MUPOKCEHAMU U/Mnu Le-
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noyHoeiMn amdpubonamm (3-10%). CTpykTypa rMnnanoMopdHO3epHu-
cTasl, NONKNNNTOBAas.

CpegHui XUMUYECKUIN cocCTaB LLENOYHbIX ArUpuH-
apdeCoHMTOBBIX FPaHUTOB NpeacTaBneH B Tabnuue 7.

dopMbl 3aneraHMs — UHTPY3MBHbIE Tena pasHbiX pa3MepoB, WHO-
roa nnowaabto o 10 Tbic. Kkm> (Konbckuii n-oB). Pa3euTthbl Yalle Bcero
Ha KOHTUHEHTaX, peXxe — OKeaHU4YeCKMX OCTPOBaAX U OTHOCATCH K Lue-
NoYHorpaHnTHOM dopMaumn. Hepeako BMecTe C MNaHTenneputamu,
KOMeHOuTamy o6pasytoT ByJIKaHO-NITyTOHNYEeCKMe hopmMauum.

C HMMK cBSA3aHbl MECTOPOXEHUSI PEAKMUX U pedKo3eMerlbHbIX Me-
Tannos.

6.2.5. HekoTopble 0co6eHHOCTU rMnabuccanbHbIX
(mankoBbIX) nopon

[aikoBble nopodbl 4acTo SABNAKTCA rMnabuccanbHbIMKU aHanora-
MU MHTPY3UBHbIX obpasoBaHuii. Mo CTPYKTYpHbIM OCOGEHHOCTSIM OHU
3aHMMaIOT MPOMEXYTOYHOE MONOXKEHNE MeXOy WHTPY3UBHbIMU U 3d-
py3MBHbIMI NopoaaMM.

Cpean OaikoBblX MOpoA MO OCOGEHHOCTSIM MUHEPANorMyeckoro
cocTaBa BblOeNsT ABE rpynmbi:

o acxucToBble,

. ANACXUCTOBbIE.

6.2.5.1. AcxucroBble (HepacLienneHHble) nopoabl

Mo MuHepanormdyeckomy COCTaBy OHM COOTBETCTBYKT pacnpo-
CTPaHEHHBbIM WHTPY3MBHbIM MopodamMm. B 3aBucumocTn oT xapaktepa
CTPYKTYp aCXuUCTOBbI€ NOpPOAbl NOAPA3AENATCA Ha ABa paaa:

. MUKPO3EPHUCTLIN,

° nopdunpoBbIN.

Ons MMKPO3EpHUCTbIX OaNKOBbIX MOPOA XapaKTepHbl paBHOMEp-
Hble MEeNKO- U TOHKO3EPHUCTLIE CTPYKTYpbl. HasBaHusa nopog obpasy-
0TCS M3 Ha3BaHWS UHTPY3UBHOW NOPOAbl COOTBETCTBYIOLLErO CcOCcTaBa C
MPUCTaBKOW «MMUKPO», Tak HanpuMmep, BblAENATCA MUKPOrPaHUT, MUK-
pPOAMOPUT, MUKPOCUEHUT U Ap.

[ns gankoBbIx NOpoa NOpUpoBOro psiaa xapakTepHsl nopdupo-
Bble CTPYKTYpbl C NOpcMpOBLIMM BKpanneHHukamn (deHokpucTanna-
MW) OOHOrO UMW HECKOMbKUX MUHEpPanoB U MernkosepHucTasa unu ada-
HUTOBas OCHOBHas macca. HassaHus nopopg aToro psiga obpasyloTcs
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M3 Ha3BaHUS COOTBETCTBYIOLLEN UHTPY3MBHOWM MOPOAbI C NpnbasneHu-
€M B KOHLIe crioBa nopdup mnun noppmput (Hanpumep: rpaHnT-nopdup
1 guoputoBbIn nopcumput). Cnoeo «nopdup» ucnonb3dyerca ons odo-
3Ha4YeHus1 Nopof, B KOTOPbIX NPUCYTCTBYET B (heHOKpUCTanmnax Kanuw-
nar, kBapL, HedemnuvH, a «nopmpuT» ncnonblyeTcs Ans 0603Ha4YeHUs
nopoa, B KOTOPbIX MOPUPOBLIE BKpanieHHUKM obpa3syeT nnarMoknas.

6.2.5.2. [lnacxmucroBble (pacLienneHHble)
AankoBble nopoabl

OTu nopoabl MO MUHEpPanorMiyeckoMy CocTaBy OTNMYalOTCs OT Ma-
TEPUHCKMX MHTPY3MBHbIX Nopogd. Mo 0coGeHHOCTIM MUHEepPanorm4ecko-
ro cocTaBa B 3TOW rpyrnne BblAensoT ABa psiga noposa:

. nenkokpaToBble

o MenaHoKpaToBble

NeikokpaToBbIie AalikoBble NopoAbl

NelikokpaToBblE OANKOBLIE MOPOAbLI XapakTEPU3YIOTCS MEHbLLIMM
CofepXKaHWeM TEMHOLBETHbIX MWHepanos, 4Yem 6nuskue no coctaBy
MHTPY3uBHble MopoAbl, WHOr4a TEeMHOLBETbl COBCEM OTCYTCTBYIOT.
Cpeny NenkokpaToBbIX AANKOBLIX NMOPOA N0 OCOGEHHOCTSAM CTPYKTYpbI
1 NPOUCXOXOEHWIO BbIAENSIOT annuTbl U NerMaTuTb.

Annumsbl 3TO CBETIOOKPALUEHHbIE MESIKO- MW TOHKO3EpPHUCTbIE
nopogpl, B KOTOPbIX MPaKTUYECKM OTCYTCTBYIOT TEMHOLBETLI. B 3aBu-
CMMOCTM OT MUHEpPANorM4ecKkoro coctaBa OHW MONyYalT Ha3BaHWUsS OT
GrIM3KON K HAM MHTPY3MBHOW NopoAdbl (HanpuMmep, CUeHWUT-annuT, auno-
puUT-annuT 1 gp.), @ NOpoAbl, COOTBETCTBYIOLLUE rpaHMTaM, Ha3bIBaKOT-
cs npocto annuTamu. OHM OObIYHO CROXeEHbI KBapueM, KanuiinaTom,
nnarnMoknasomM C NpUMEpPHO paBHbIM cogepkaHnem. CTpykTypa ux an-
nnTOBas, AN KOTOPOW XapaKTePHO Hannume CybuM3oMeTPUYHbIX U He-
npaBuIbHbIX MO YOpMe 3EPEH MUHEPANOB.

Annntel 06pasyoT Jankm nMbo NOCNonHbIe Tena u ABNAKTCA Npo-
AyKTamun Kpuctannusaumm marmaTM4eckoro octaTka, noTepsiBLLEro fe-
Ty4me KOMMOHEHTbI.

Meamamumai MoryT GbiTb CBSA3aHbl C Pa3NMYHBIMKU TUNAMK Nopoa,
HO Yallle BCTpevalTcs rpaHuTHble nermMatutbl. OTNUYUTENBHOW KX
YyepToW ABNsieTcs rpybo3epHNCTas], MMraHTo3epHUCTas CTpykTypa. Pas-
Mep KpucTanmoB MoXeT gocturatb Ao 1 M. [od MUKPOCKOMOM Arst HUX
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XapakTepHa nermaTutoBasi CTpykTypa, 006ycrnoBrneHHas 3akOHOMEPHbIM
npopactaHMeM KeBapua W kKanuwnaTta. Paccmotpym  rpaHuThbI-
nermaTuThbl.

MwHepanormnyeckuin coctaB 6nmM3oK rpaHuTam. [NaBHbIMU MUHe-
panamu ABASIOTCS MUKPOKMWH, KBapL, onuroknas, 6uotut. B HMX He-
peako BCTpevyalTcss MUHepanbl, coepxalue neTyyne 3MeMeHTbI:
MYCKOBMT, NMUTUEBLIE CNOAbl, TYypManuH, Tonas, 6epunn.

MermatnTbl OBbLIMHO BCTpe4YalTCs B BUAE XMMOOOpasHbIX Ten,
rHe3n, NuH3 nMbo Aapyrmx no opmMe Ten HenpasunbHoW opmel. lMer-
MaTWUTbl YacTO TECHO CBHA3aHbl C annMTamMn U MOryT obpas3oBbiBaTh C
HAMKW NOCTENEHHble nepexodbl. B nermatntax oTmevyaeTcs 4acto 30-
HaInbHOCTb.

MpucyTcTBME MYCKOBMTA, NMTMEBBLIX CMOA, TypManuHa, Tonasa,
Oepunna n gpyrux MMHEparnoB, CoAepXallux netyyme SnemeHTbl, on-
penensieT NpakTU4ecKyto LLeHHOCTb NermMaTmuToB.

MenaHokpamoenbie dalikoebie NOpPoOdbI (namrpoghupsbi).

MenaHokpaToBble NnankoBble MopoAbl (lamnpodupkl) MO CBOEMY
MUWHepanorn4eckoMy CocTaBy HE UMEIOT aHasNoroB cpeam NHTPY3UBHbBIX
nopod. Jlamnpodumpbl XapakTepu3yrTCs BbICOKMMW COAEPXKaHUAMMU
TEMHOLBETHbIX MMHEparnoB: buotuTa, poroBon 06MaHKM, MOHOKITUHHBIX
MMPOKCEHOB, LLEMOYHBIX MMPOKCEHOB M aMmdubONoB, 3epHa KOTOPbIX
OTNNYaloTCHA BbICOKOW CTeneHbto ngnomopdmama. OHM MOryT npucyT-
cTBOBaTb MO OAHOMY, NMBO B codveTaHun Apyr ¢ gpyrom. CTpykTypa
00bI4HO NopdnpoBas, pexe MENKo- N TOHKO3epHUCTasi. B nopdmnpoBbix
BblOENEHMAX MPUCYTCTBYIOT TOMbKO TEMHOLBETHbIE MUHEpATsbl, a B OC-
HOBHOM Macce Hapsgy C TEMHOLBETaMU NPUCYTCTBYIOT MOMeBbIe Lina-
Tbl, benbawnaTnab.

CncrtemaTtuka namnpodupoB MPOBOAMTCS MO COYETAHUIO Xapak-
TEPHbIX TEMHOLBETHbIX W CBET/IOOKPALUEHHbIX MWHEpanoB W npea-
cTaBneHa B Tabnuue 8.

Cpeam AnacxmcToBbiX AaWKOBbIX MOPOA BblaensieTca ocobas rpyn-
na fnamMnpouToB.

Jlamnpoumsl. TepMmuH BnepBble npeanoxeH M. Hurrnm B 1923 T.
B aty rpynny obbeavHSaTCS BbiCOKOMarHesumarbHble KanveBble Nnopo-
Obl MPEeuMyLLECTBEHHO 3KCTpy3mBHOM dauum OHU HedoCbIEeHHbIe
SiO,, ¢ Huskum cogepxaHuem Al,O; n CaO. Mo cogepxaHuto SiO, co-
CTaBbl NTAMMNPOMTOB KONeboTCa OT YNbTPAOCHOBHLIX A0 cpeaHuXx. Mo
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COOTHOLUEHMIO TMNMHO3EeMa W LenoYen BbIOENSATCA armnauToBble U
MWAaCKUTOBbIE Pa3HOBUOHOCTMW.

BonbWMHCTBO NOpPOA NaMnpOUTOBOM CEPUUN CITOXKEHO OSIMBMHOM,
dnoronuToMm, OUOMNCUAOM, NEWUMTOM, OPTOKMa3oMm, B BuAe MNpUMECHU
MOTyT MPUCYTCTBOBATbL XPOMLUMUHENMAbI 1 anMasbl.

JlamnponTbl 0ObIYHO cnaratT Aarku, Mernkue runabuccarnbHble
Tena, Tpybku B3pbiBa. B 1976 r. B namnpontax 3anagHoi ABCTpanvu
6bIno oTKpbITO BoraToe MecTtopoXxaeHue anmasoB (Tpybka Apransi). B
Poccun, namnponTbl BbiSIBREHbI B AKYTUM Ha ANAaHCKOM LmTe.

Tabnuuya 8

CuctemaTtuka namnpodumpos

TeMHOLUBEeTHbIE

NMoneBble Wwnartbl

OO6uee Ha3BaHUue

MWHepanbl
lnazuokna3 | Kanuwnam
CniogaHon
Buomum KepcaHTut MwuHeTTa A
namnpocdup
Pozoeas PoroBoo6MaHKoBbIN
CneccapTut Boresut
obMaHKa namnpodmp
ABIMTOBBIN,
Aesaum, ~
OpuHuT - OJTMBMHOBBIN
OJIUBUH
namnpodup
TutaHaBrMToBbLIN,
HatpueBas 0apKEBMKUTOBLIN
TumaHaeaum KamntoHuT .
MUHeTTa LLIENOYHON
namnpdup
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7. OBLWUE BOMNPOCHI
NMPOUCXOXAEHUA MATMATUYECKUX NMOPOAO

I'Ipo6neMb| NPOUCXOXAOEHUA MarmMaTuU4eCKuMxX nopon npuerekarT
BHMMaHMe MHOIMX uccrnegosaTenen, ogHako, 4O HACTosALWEero BpemMmeHun
OCTaKTCA ANCKYCCUOHHbLIMW. Ons peweHna aTunx np06neM ncnonbay-
IOTCA MHOIo4ncrieHHble (baKTI/ILIeCKI/Ie OaHHblE reosiIorm4ecKkux, FGOCbI/I-
3NYECKUX N SKCNEepunMeHTarbHbIX nccnegoBaHun.

Mbl nUWb OCTaHOBMMCS Ha Hanbonee obLLUMX BOMnpocax npouncxo-
XOEHUA MmarMaTtun4eckmnx nopoa.

7.1. NMoHATMe 0 MarmMaTu4eckmnx coopmanmsx

PasnuyHble MarmaTuyeckve nopodbl BCTpevarTcd B npupoge B
onpegeneHHbIX accoumaumsix, KoTopble SBASTCA 3aKOHOMEPHBIMU U
NOBTOPSAIOTCA BO BPeMeHU K npocTtpaHcTBe. COBMECTHO BCTpeYvatoTcs
NopoAbl, KOTOPble 06bIYHO TECHO CBA3aHbI CBOUM NMPOUCXOXAEHUEM.

[na o603Ha4YeHN TakMxX 3aKOHOMEPHbIX accoumauui marmatuye-
CKMX nopon BBeAEHO Takoe MOHATUe, Kak «MarmaTtuyeckume dopma-
Lnn».

Takum obpasom, Mazmamuyeckasi ghopmayusi npeacTaBnseT co-
GOV eCcTeCcTBEHHYI 3aKOHOMEpPHYI accoumaumio marmMaTUyeckux mno-
POA, YneHbl KOTOPOW CBA3aHbl Mexay cob0n OAHOTUMHBLIM NOMNOXEHNEM
B TEKTOHUYECKMX CTPYKTypax, Grn3ocTblo OCOBEHHOCTEN BeLLeCTBEeH-
HOro cocTtaea W KoTopble cchopMupoBanucb B OAWH TEKTOHOMarmaTu-
YECKUIM LUKI.

TepMmuH «MarmaTunyeckas dopmauunsa» 6bin npeanoxeH s 1888 r.
®.10. JleBuHCOHOM-JTECCMHIOM 1 K HACTOALLEMY BPEMEHWN NOMyYun Lwu-
pOKOe pacnpocTpaHeHue.

Mo MHeHWO MHOIMX MEeTPoNnoroB Marmatudeckass dopmaumns
[OImKkHa obnagaTe cneylowyMy Npu3Hakamu:

. OOHOTUMHOE MOSIOKEHNE B TEKTOHWYECKUX CTPYKTypax W
MPUYPOYEHHOCTBIO K ONPeAerieHHbIM 3Tarnam Ux pasBuTus;

. onpeaeneHHbIM HaGop rMaBHbIX TUMOB NOPO.;

. o6Lme oco6eHHOCTN BELLECTBEHHOIO cocTaea (MUHepano-
rMyeckme, NeTPoXNMUYECKNE U FTEOXUMUYECKME);

. XapakTepHas MeTannoreHeTMyeckas creuvanvsaums.

Mpu aTOM cxoAHble accouMaLny MarMaTUYecKUX Nopos BO3HMKAIOT
B pa3Hoe BpeMms U B pasHbliX MecTax. CpaBHEHWEe KOHKPEeTHbIX dhopMa-
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LUMA NO3BONWUMO BbiAENWUTb TUMbl MarmaTuyeckmx copmaumn. dopma-
LUMOHHbIE TUMbl XapaKkTepusylTcs Havboree yCTOMYMBLIMWU NpPU3HaKa-
MW, MOBTOPSIOLLMMUCS BO BCEX KOHKPETHbIX hopmaLusiX.

B cBsi3u ¢ BbigeneHmem hopMaLMoHHbLIX TUMOB TEPMUH «MarmaTu-
Yeckas cdopmaunsiy NpUMEHsIETCS PSOOM Y4YeHbIX TOMbKO B kavyecTBe
0000LLEeHHOro NoHATUA Ans 0603Ha4YeHns abcTpakTHOW TUNoBoKr dop-
Mauun, a KOHKPETHble accoumauMm marmaTtudeckux nopopg HasbiBawT
KoMMnrekcamu.

Maamamud4eckutli Komnsiekc npeactaBnseT cobon COBOKYMHOCTb
NMPOCTPAHCTBEHHO COMPSPKEHHBIX Tel MarmaTtuyeckux Nopof, CBsA3aH-
HbIX Mexagy cobor 6M30CTbI0 reonorMyeckoro Bo3pacrta, OAHOTUMHBIM
NONOXEHNEM B TEKTOHMYECKUX CTPYKTypax U OBLLHOCTLIO MPOMCXOXAe-
HWS, KOTOpas BblpaXkaeTCd B ONpedernieHHbIX netporpaduyeckmx, Mu-
Hepanornyeckmx, NEeTPOXMMUYECKMX FEOXMMUYECKMX U MeTanmnoreHu-
YeCKMX OCOBEHHOCTSAX.

B reonoruyeckon nutepaTtype BbIAENEHO U OMMUCAHO 3HaYUTEINb-
HOE YMCNO MarMaTu4ecknx hopMauuin, Krnaccupukauusa KoTopbiX Npo-
BOAMTCSA MO OCOOEHHOCTSIM MX TEKTOHWYECKOrO MONOXEHUS M NeTpo-
rpadouyecknm npmsHakam. lNMpouecc cTaHOBMNEHMS TOPHBLIX MOpoa, T.e.
BO3HWKHOBEHWE, BHEAPEHWE U 3acTbiBaHME Marmbl, TECHO CBSi3aH C
TEKTOHUYECKNUMW ABWXKEHUSMU 3EMHOWN KOPbI.

MarmaTtuyeckne nopogpl 0bpasyoTcs B onpedernieHHon nocneno-
BaTenbHOCTU. ELlle B Havyane XX Beka A.Xapkep oOTMe4an cnegyroLinn
nopsgoK MarmMaTtudeckux MpoueccoB: B NepBbIA dTanm NPOUCXOAWT K3-
NUsiHWe naB, BO BTOPOW — BHeApeHWe KPYMHbIX WHTPY3MBHbLIX Maccu-
BOB, @ B TPETUN, 3aKMOYUTENbHLIA 3Tan, npoucxoaut obpasoBaHue
OaekK, NaKKONMUTOB M OPYrnx HEOOMbLUMX UHTPY3UBHbIX TEN.

K HacTosLLeMy BpeMeHMN yxe AOCTOBEPHO YCTAHOBIEHO, YTO Mar-
MaTU3M OCHOBHbIX F€OTEKTOHUYECKNX SNIEMEHTOB 3EMHOIN KOpbl — reo-
CVIHKNMHanen (MogBwHbIX 30H) M NnatdopM (YCTONYMBLIX obnacTen)
NUMEET pasHbI XxapakTep.

B reocuHknMHansix BbI4ENsAOT TPY IMaBHbIX 3Tana pas3BuUTULA: paH-
HUW, cpeaHUn 1 no3gHuin. Kaxabld M3 Tpex 3TanoB XapakTepusyeTcs
CBOMM OCOObIM MarmMaTu3MOM.

B paHHun aTan, B pe3ynbTtate NpornbaHus reoCMHKNnHanemn obpa-
3YIOTCA MHOTOYUCIIEHHbIE TNYBOUHHBIE Pa3noMbl. TOT aTan 3HaMeHyeT-
CSl UHTEHCMBHOW BYJIKAHNYECKOW AEATENBHOCTLIO B YCIOBMSIX MOPCKOro
baccenHa. N3nuBLluascs naBa umeeT OCHOBHOM cocTaB. B pesynbTaTe
N3nnsaHUst 06pasytoTcst NOKPOBLI 6a3anbTOBbIX NOPUPUTOB, CIUIIUTOB,
KepaTodupoB, KOTOpbIE TECHO acCOLMMPYIOT C TychaMm OCHOBHOIO CO-
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ctaBa u Tydcputamun. MNpn 3aTBepaeBaHNN MarMbl B NOABOASILLUX Ka-
Hanax BO3HMKAlOT Aalkm U rmnadbuccanbHble Tena aguabasos. [anb-
Hellwass MarmaTuyeckas LesTenbHOCTb crnocobcTByeT obpasoBaHuto
WHTPY3UBHbIX COMMacHbIX 3arneXen OCHOBHbIX MOpod. A No rmyoGuHHbIM
pasnoMam hopMUPYHTCS Tena NHTPY3NBHbIX NOPOA YrbTPaOCHOBHOMO
cocTaBa.

B cpegHuii atan npoucxoouT NepepoXxaeHne reoCUHKNMHanm B
cknagyaTyto obnacte. B aTo BpeMsa 3eMHas Kopa UCMNbITbIBAET MHTEH-
CcvMBHOe cxaTue. [1oaToMy mMarma He MOXET MPOHUKHYTb A0 MOBEPXHO-
CTW, a 3acTbiBaeT Ha rybuHe B Buae abuccanbHbix Ten. CoctaB mar-
Mbl B 3TOT 3Tan obbl4HO Kucnbi. B pesynbtate o6pasyoTcsa KpynHble
rpaHuToMaHble GaTonuTbl. B HavyanbHyt0 cTaguio cpegHero atana BoO
BPEMS [MIaBHOW CKIagyaToCTM BO3HUKAKT 6aTonuvTbl rpaHOAMOPUTOB,
LUMPOKO MpPOSIBfEHbI MPOLLECChl aCCUMMUMSALMM MarmMow BMeELLaoLLMX
nopog. Bo BTOpyto cTagmio obpasytoTcst 6aTonuTel rpaHUTOB N ansicku-
TOB, T.€. 6bonee kucnbIx nopon. B oboux cnyyasax 6atonutel ABRASIOTCS
MHorogpasHblMM Tenamn. B ogHuX cknagyaTbix 06nacTsiX NposiBNsATCS
oba TMna 6aTonuToB, B APYrMX TONBKO OOWH, OOHAKO, OHW BCEraa Cro-
)KeHbl pasHOoOOpa3HbIMU MO COCTaBY rpaHUTONaAMM.

B nosgHuiA, 3aBepLualoLLMi 3Tan OPOreHHOro pasBUTUST CKragya-
Ton obnactn, B pesynbTaTe BO3ObIMaHUSA 3eMHOM KOpbl 0GpasyoTcs
rnybuHHbIE pa3nomebl. 1o pasnomam NpoxoauT BHeEAPEHME U U3NUAHNE
mMarm. NposiBnsieTca ByfkaHU4YeCcKkas OeATEeNbHOCTb B Ha3eMHbIX YCIo-
BUsIX C 06pasoBaHnem adhpy3nBHbLIX NOPOA CPEOHErO M Yalle KUCIoro
cocTaBa B accouuauumn ¢ kucrnbimm  Tydpamun. B pesynbtate MHTpy3nB-
HOW OesTenbHOCTU B 3TOT 3Tan obpa3syloTcs Hebonblune TPELLUHHBbIE
Tena, manble UHTPYy3un. CoctaB Ux 0BbIMHO OYEeHb MECTPbLIN, OHU CIo-
XKeHbl KaKk KUCMbIMW M OCHOBHbIMM MOPOAaMu, Tak U 4acTo nopodamu
LLieNnoYHoro psaa.

MpuBeOeHHas cxemMa marmaTuama B cKragdaTbiXx obracTsx siBnisi-
€TCA yNpoLleHHON. B KagoM KOHKpeTHOM pernoHe marmatuam bonee
CNOXHbINA 1 3aBUCUT OT MHOTMX 0aKTOPOB.

Ha nnatdopmax marmaTtuveckasi OAesTeNbHOCTb OObLIYHO MeHee
WHTEHCMBHA, YeM B FE€OCUHKNMHanNsX. 34ecb rMnaBHY pofib urpaet
3ppy3nBHBLIN MarmMaTuaMm, a MHTPY3MBHbIe 0b6pa3oBaHUA nNpencTasne-
Hbl CUaMK U TPELLMHHBIMKU Tenammn manbix MHTpy3un. Hanbonee xa-
pakTepHbIMX NNaTOPMEHHBIMM 0Opa3oBaHMAMU SBASIOTCS Tpanmbl,
KAMOEPNUTbLI, LWENoYHble U  LEeNOYHO-YIbTPAaOCHOBHbIE UHTPY3UN.
Tpannbl 06bI4HO CrOXEHbI OCHOBHBLIMW MOPOAaMU 1 3aneratoT B hopme
OrpomHbIX cunnoB. Kumbepnutbl cnaratoT Tpyoku B3pbiBa. LLlenoyHble
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N LWEeNoYHO-YNbTPaoCHOBHbIE MOPOA4bI CraralT Tena LeHTparbHOro
TMna.

Takum obpasom, Tunbl U NocnegoBaTenbHOCTbL 06pa3oBaHus mar-
MaTU4EeCKMUX MOPOA B KAKAOM pernoHe TeCHO CBs3aHbl C ero TEKTOHU-
kon. OgHako, OOUH U TOT XX€ PervoH B pPasHble TEKTOHUYECKME LIMKIbI
MOl urpatb pasHyl porib, TaK Kak MOMOXEHWEe TeOCUHKITMHANen wu
nnatgopmM He NOCTosIHHO. Tak Ypan B repuMHCKUIA LUK OblNl FEOCUHK-
NVHanbIo, a B anbMUMNCKUIA LIMKN NpeacTaBnan cobow yxe nnatdopmy.

MeTporpadmyeckme 0cCOBEHHOCTUN KaXXOOro permoHa OonpeaenstoT-
cs BCen uctopuen marmatmama. Ho nocnegHss marmatudeckasl ges-
TenbHOCTb 00bIYHO Boree HarnsagHo oTpaxaeTcs Ha obnuke permoHa.

7.2. XuMUYeECKUI cocTaB "
¢usnko-xuMmmnyeckne 0Co6eHHOCTU Marm

Marmbl NpeacTaBnalT coOOM CUNUKaTHbIe pacniaBbl, HACLILEH-
Hble NEeTy4YMMU KOMMOHEeHTaMu. Marmbl Nepuoauyeckn BO3HMKaKOT B
nutocdepe. Bonpoc obpasoBaHus marm siBnsieTcs cnopHbiM. MNpeano-
naraetcsi, YTo MarMbl 06pasyeTcsl B OTAENbHbIX o4Yarax B HUXHEN Yac-
™M nuTocdepbl B pesynbTaTe HapylleHUs U3NKO-XUMMUYECKMX YCIO-
BUI, TO €CTb TBEPAOE BELLECTBO BCMEACTBME W3MEHEHUs pU3nKo-
XUMUYECKUX YCINOBUI MepexoauT B Xuakoe coctosiHue. [danbHeiwas
3BOSIIOLUMA Marm cBsidaHa C MX nepemMelleHnemM B 3eMHOM Kope. B oa-
HUX crny4vasx Kpuctannmsauus MarMmbl OCYLLECTBSIeTCA Ha 3HaYMTerb-
HoW rnyGuHe B 3eMHO Kope, B ApYrnx U3nnBaeTcsl Ha NOBEPXHOCTb.

Mo cocTaBy Marmbl MOryT ObITb FOMOrEHHbIMW pacniaBamu, ogHa-
KO, Yallle BCEro OHW NpeacTaBnsoT cobol cMecb KpucTanmnoB U pac-
nnaesa. COOTHOLLEHNE pachnaBa WU KPUCTasnsfIoOB MOXET 3Ha4MTeNbHO
N3MEHSITbCS, OQHAKO, BO BCEX CMy4asX MarMa COXpaHsieT TEKYYeCTb U
CMOCOBHOCTb K NepeMeLLIEHUIO.

O XMMWYecKoM cocTaBe MarM Mbl CyauM MO XMMUYECKOMY COCTaBy
MarMaTU4Yeckux nopopn, KoTopble ABMAAOTCA NPOAYKTaMu ee oTBepae-
BaHUS NpPU MOHWKEHUN TemnepaTypbl. Marmbl npedcTaBnstoT co6oi
CMNOXHble CUMMKATHbIE pacnnaBbl, FMaBHOW COCTABHOMW YacTbio KOTOPbIX
asnsaetca SiO,.

CoBMECTHO C KpeMHE3eMOM B NMepeMeHHbIX KonmnyecTBax npucyT-
CTBYIOT nopogoobpasytoiime okucnbl: TiO,, AlL,O;, Fe,05, FeO, MgO,
MnO, Ca0, Na,0, K,0, P,0s, H,O, CO,, SO4 n ap., Hapsiay € KOTOpbl-
MM B Marmax npucyTCTBYIOT anemeHTbl npumecu Ba, Be, Pb,Cu, Zn, Co
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n gp. Marmbl Bcerga oborauleHbl NeTy4MmMmM KOMNoHeHTamu (dnionga-
MM), KpoMe Bogbl, NpucyTcTBYOT coeauHennsa F, Cl, P, CO.,.

OpHako Mo cocTaBy FOPHbIX MOPO4 Mbl MOXEM TONbKO Mpubnu-
)KEHHO CyAMTb O COCTaBe MarMbl, Tak Kak NpupogHble pacnsaBbl 3Ha4u-
TenbHO oboralleHbl cromgammn, KoTopble 0BbIMHO TEpPSItOTCSt B MpPO-
uecce Kpuctannu3aumu. Hanuuve cnovgoB B MarmMe 3Ha4MTENbHO
CHWXaeT ee BA3KOCTb W TemnepaTypy Hadana kpuctannmsauumn. Oco-
6oe 3Ha4yeHne meeT cogepxaHune B pacnnase H,O 1 ee aaBneHue.

dopma HaxOXOEHUS XMMUYECKMX 3IEMEHTOB B pacnsiaBe OKOH4Ya-
TENbHO He BbISICHEHA, PaHee CyLLEeCTBOBANo NpeAcTaBlieHne, YTO Xu-
MUYECKUE ANIEMEHTbI HAXOOATCH B MarmMe B BuAe aTtOMOB U OKWUCIIOB.

B HacTtosilee Bpemsi akCnepuMMeHTarbHO [AOKa3aHo, YTO Marma
npegcraBnsAeT cobon CNOXHbIA pacTBOpP-pacnsiae, B KOTOPOM MPUCYT-
cTBYIOT kKaTuoHbl MeTannos (K, Na*', Ca*?, Fe*?), koMnnekcHbIX aHvio-
HOB [SiO4] 4 [SiOg] 2 apyrve. Pacnnas CTpeMuTCs K yNnopsiaoyeHuio
CBOEW CTPYKTYpPbI, YTO Bblpa)kaeTcsi B HEMPEPbIBHOM BO3HUKHOBEHUN U
pacnage CoedVHEHWA, COOTBETCTBYHLUMX MO CcocTaBy nopogoobpa-
3ylWUM MyUHepanam. Takasi 3aKOHOMEPHOCTb XapaKTepHa Anis Marm,
HaxoAsLLNXCS B NPeAKPUCTanIM3aunoHHOM COCTOSTHUN. B 3TOT MOMEHT
B MarmMe HernpepbiBHO BO3HUKAKT WM pacnagarTcs COedWHEHWs, Co-
CTaBMSIOWME OCHOBY [NABHbIX CUMMKATHbIX MWHEpanoB, marmartude-
Ckux nopog. [MaBHbIM MPOLECCOM, ONpeaensiioWmM Nepexoq Marmbl B
TBEPAOE COCTOsHME, SBMASETCA €e KpucTannmsauus, cBsidaHHas C
yMeHbLUEHNEM TemnepaTypbl.

7.3. NMepBuUYHbIe (poaoHaYanbHbIe, UCXOAHbIE) Marvbl

PasHoobpasHble No CocTaBy TuMbl MarMaTMyeckux MOpoA 4acTo
BCTpeYalTca BMECTe, BXOOAT B COCTaB OAHOW accouvauun, MMmerT
obLllee nNpovcxoxaeHue, YTO MO3BOMSieT npeanonaratb X obpasoBa-
HWE U3 O4HOW NepBUYHON (podoHa4vanbHON) Marmbl. [eTponory, 3aHu-
MatoLmecss nNpobreMon MPOUCXOXKOEHUS] TOPHbIX MOPOA, YXe OaBHO
OTKasanucb OT NPeACTaBIiEHNS O TOM, YTO Kaxgas ropHas nopoga ob-
pasoBarnacbk U3 cBoen 0cobon NnepBUYHON MarmMbi.

AHanua pacnpocTpaHeHHOCTU MarmMaTu4eckux nopog cBuaeTenb-
cTBYeT 00 OrpaHuM4YeHHOM 4ucrie UCXOOHbIX (PoAoHaYarbHbIX), Marw,
3apoX4aloLMXCs Ha 3HAYUTENbHbIX FNyOUHax.

YCTaHOBMEHO, YTO MHOrMe Marmbl SIBNSIOTCS B CBOK OYepefb npo-
N3BOOHLIMM OT NEPBUYHbIX Marm.
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(MaBHbIMM NpU3HaKaMu NepPBUYHON (POAOHAaYanbHOW) Marmbl SAB-
nawTCs:

. MHOrOKpaTHOE MPOSIBIEHME €€ Ha NPOTSXKEHUM reornornye-
CKOW nctopun B Oomnblunx obbemax u Ha BomMblIMX yyYacTkax 3eMHOM
Kopbl;

. npeobnagaHne nopof, OnM3kux No CocTaBy K MEPBUYHOMN
Marme BO MHOMMX MarmaTuyecknx doopmaumsix.

Bonpoc o uncne nepBuYHbIX MarM ocTtaeTcsd A0 HaCTOSLWEro Bpe-
MEHW OMCKYCCMOHHbIM. B 30-40 rogax mpowsoro CToneTusl LWMpPOKOoe
npu3HaHue nonyyuna runotesa H. BoysHa. CornacHo aton runotese
MMeeTCs TOMbKO OHAa MepBUYHas (podoHavanbHas) marma 6asanbTo-
BOro cocTaBa. OTa runoTesa OCHOBbLIBAETCS Ha CNeAyLUMX OaHHbIX:

o n3nnsHuSa 6asanbTOBOW MarmMbl Mamno U3MEHSIHOTCHA MO Co-
CTaBy, OHM NOBTOPSNMCb BO BCE re0normyeckne nepuogbl, BO BCEX reo-
CVIHKINMHansx u Ha Bcex nmnaTtdopmax, (cnegosaTensHo, 6asanbtoBas
MarmMa umeeT BceobLlee pasBuTue);

o BasanbTbl U NMPOKCEHOBbLIE aHOE3UTbl SBMSAITCA CaMbIMU
pacnpocTpaHeHHLIMWU NOpOoAaMK, Toraa Kak cpeau MHTPY3MBHBLIX MOPOS
npeobnagatot rpaHnTel. OTCloga cuMTaeTcs, YTo 6asanbThbl, Kak addy-
3MBHblE Mopofbl ObLICTPO 3aTBepAeBLUME, NPEeACTaBNsAT cobor npo-
OyKTbl NepBUYHON HeamnddepeHUNpoBaHHOW MarMbl. A UHTPY3UBHbIE
rpaHuTbl, 06pa3ytoTcs NpU MeANEeHHOW KpucTannmaauum n MoryT nosny-
unTbcs bnarogaps auddepeHumauyum 6a3ansToBON Marvbl;

. HeKoTopble JonepuTbl n guabassl cogepxaTt kBapy, 1 KILL,
KOTOpble BblOENATCA NOCNeAHUMM NpU KpucTannm3aumm 6a3anbToBon
mMarmbl. CriegoBaTenbHo, npouecc avddepeHumaumm 6GasanbToBOW
Marmbl MOXeT NPUBECTU K 06pa3oBaHUI0 KUCIOro pacniiaBa, KOTOpPhIN,
OTOENUBLUNCE, MOXET KPUCTamNnM30BaTbCsl B BUAE FPAHUTHbIX MOPOL.

To ecTb ¢ no3uuum runotesbl H. BoyaHa Bce pa3HooGpasve mar-
MaTUYECKMUX MOPOA BO3HMKAET NpU pacLuensieHnm 6a3anbToBoOW MarMbl.

OpHako, ®.10. JleBUHCOHOM-JleCcCMHIOM U OpYrMMU OTEYEeCTBEH-
HbIMW neTporpacpamm Obina NpeanoXxeHa rmnoTesa O CyLleCTBOBaHUU
OBYX MEPBUYHBIX Marm: KUCIOW (rpaHWTHOM) U ocHoBHoW (6asanbTo-
Boi). OHM cuUMTaT, YTO OOHWMM W3 JOKa3aTeNbCTB CyLLEeCTBOBAHMS
OBYX poAoHayanbHbIX MarM sIBNSETCA OYeHb LUMpOKas pacnpocTtpa-
HEHHOCTb rpaHUTOB Hapsady ¢ 6asanbTamu. Hanmdne gsyx marm cooT-
BETCTBYET U3BECTHOM rMnoTese O pasfeneHnn 3eMHon Kopbl Ha bornee
NErkylo BEPXHIO cuanuyeckyto obonouky, boraTyio KpeMHMEM W Lie-
fiodaMmn N TSXKENYI HWXKHIO cumaTudeckyto obonouky Goratyto mar-
HMem n xenesom. Hanbonee BaxHbIM Aoka3aTenbCTBOM CyLLECTBOBA-
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HUSA TPAHUTHOM MarMbl SIBNISIETCA HEBO3MOXHOCTb 0Obpas3oBaHus rpo-
MafHbIX MAYTOHOB rPaHUTOB 3a cuyeT anddepeHumnaumm 6asanbToBoOwM
Marmbil.

Kpome Toro, ecnu ©Obl rpaHuTbl obpasoBbiBannCb M3 OCHOBHOM
MarmMbl, To Takke Obl YacToO AOMKHbI BCTPeYaTbCs U YNbTPAOCHOBHbIE
nopoabl, Yero B 4ENCTBUTENBHOCTM HE HabnoaaeTcs.

Cnegytowas rmnotesa O CyLeCTBOBaHUM TPEX NEPBUYHbIX Marm:
6a3anbTOBON, rPAHUTHOW U NEPUAOTUTOBLIN, BbiABMHYTasA A.XONIMCOM.
OTa rmnoTesa OCHOBbLIBAeTCS Ha rMaBHbIX ABYX (pakTax:

. NPUCYTCTBUE B TEOCUMHKITMHASBHbLIX 30HAX MNPOTSKEHHbIX
MOSICOB YIbTPAOCHOBHbIX NOPOS, Pa3BMBAOLLNXCS HE3AaBUCMMO OT pac-
NPOCTPAHEHHOCTM OCHOBHbIX UHTPY3UBOB;

. Hannyne xapakTepHbIX OCOOEHHOCTEN B XUMU3ME ynbTpa-
OCHOBHBbIX NMOpO[, pasHoro npoucxoxaeHus. . Xecc nokasan, 4to B ne-
pyaoTUTax, BO3HUKLIMX M3 POAOHAYasnbHOW YrbTPaOCHOBHOW Marmbl,
oTHoweHne Mg/Fe Bcerga >6, a B nepugoTuTax, KOTopble ABMSOTCS
npou3BogHbiMM BasanbtoBon marmbl, Mg/Fe=3,5-7,5. T. NuHyc noka-
3an Takke, YTO NepBble NOpPOAbl, B OTNMYME OT APYruX, cogepxart npu-
mMecb Cu, He cogepxart Ti, He3HauMTenbHoe KonnyecTo Al, 0YeHb Ma-
noe cofepkaHue Lenoyen, ocobeHHo Kanus.

B HacTosLee Bpemsa 6ONbLUMHCTBO UCCredoBaTenen cunTatoT, YTto
CYLLLECTBYIOT YeTbIpe TUNa nepeuYHbIX MarMm: 6asanstoBast (OCHOBHas),
rpaHuTHas (kucnas), ynbTpaoCHOBHasA U, BO3MOXHO, aHAe3UTOBas.

OTn pogoHavarnbHble MarMbl OTMYAKOTCA APYr OT Apyra He TONbKo
Mo cocTaBy, HO M MO MECTy CBOEro 3apoxaeHus. Cpean HUX Bblaens-
IOTCS1 MAHTUMHbIE U KOPOBbIE.

basanbToBas 1 aHAe3MToBast MarmMmbl BOSHUKAOT NpU BbIOOPOYHOM,
YaCTUYHOM MaBEHMN BELLECTBA BEPXHEN MAHTMK, @ yNIbTPAOCHOBHAs
npu ee NonHoMm nnaeneHun. KopoBble MarMbl 00pasytoTcst Npu BblGO-
POYHOM MNIIABNEHNM BELLECTBA 3EMHOW KOPbl U OOBIMHO MMEIKT KUCTIbIN
COCTaB.

OcTaHOBUMCS Ha XapaKTEPUCTUKE KaXgoro Tuna Marmbi.

bazanbmoeasi Mazcma

basanbToBasg marma, Kak nepsu4yHas, Npu3HaeTcs BCEMMU UCCrie-
posatensmu. O6 ee peanbHOM CyLLIECTBOBaHWM CBUAETENLCTBYHOT
MHoOrne cakTbl: LUMPOKOE pacnpocTpaHeHne 6a3anbToB B 3€MHOW KOpe,
MHOIOKpaTHOe MX MPOSIBIIEHNE Ha MNPOTSXKEHUM FeOfIorMYeckon UCTo-
pun, npeobnagaHne 3aTMX NOPoL BO MHOTMX MarMaTU4ecKkux oopmawm-
ax. Mo cBoemy coctaBy 6asanbToBasg MarmMa He ABMSIETCS MOCTOSHCT-
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BOM, M BbIOENSATCA HECKONbKO ee Tunoe. bonblMHCTBOM MccneaoBa-
Tenen npu3HaeTcsa CyllecTBOBaHME ToneuT-6a3anbTOBOW U ONIMBUH-
6aszanbToBOM MarMm. HekoTopble BbIAENAT MarMy BbICOKOMMMHO3EMU-
CTbiX 6a3anbToOB, 3aHUMAIOLLYIO MO COCTaBy MPOMEXYTOYHOE MOnoXe-
HWe MeXay NepBbIMU ABYMS TUNAMWN.

TonenT-60a3anbToBas N onNvMBMH-0a3anbTOBasi MarMbl OTNNYaOTCS
mexgy cobon no copgepxaHuio SiO,, TiO,, KO 1 Na,O. B onusumH-
6asanbToBON MarMe oTMevaeTcsi yBenmdeHme Ti U Wwenovyen n yMeHb-
LeHue Si, B oTNn4Me oT ToneuTt-6asanbToBOWN.

Bce Tunbl 6asanbtoB No obuieMy MNpu3HaHMIO 3apoXxdakwTcs B
BEPXHEWN MaHTUX, UMEIOLWEN YNbTPaoOCHOBHOW COCTaB, NMoATBeEpXaato-
LA COCTaBOM TFMYyOUHHBIX KCEHONMUTOB, a Takke reoduU3n4eckumm m
3KCNepPMMEHTanbHbIMU UCCIEA0BAHUAMM.

CornacHo A.E. PuHreyga, BepxHsAs MaHTMS MMeEEeT MUMPOSIMTOBLIN
CcOoCTaB, 3TO rMNoOTEeTUYECKOE BELLECTBO YMbTPAOCHOBHOMO COCTaBa,
CoCTOsILee U3 TPeX YyacTen nepnaoTmTa u ogHom yactm 6asanbta. A.E.
PuHrByg 1 psig opyrmx uccriegoBarenemn cumTatoT, 4To 6asanbTbl obpa-
3yl0TCA NpY BbIDOPOYHOM NIIaBNEHUN NUPONnTa.

OpHako MHOrve MccrnefoBaTenu CKITOHSKTCA K TOMY, YTO COCTaB
BEPXHEN MaHTMM OTNIMYAEeTCA 3HAYUTENIbHOM HEOOHOPOAHOCTHLIO U B
CBOEM COCTaBe MOryT codepaTb NepuaoTuTbl, MMPOKCEHUTLI, aMmdu-
OonNUTbI, 3KMOrUTHI.

OpaHako, HeCMOTpPst Ha ANCKYCCUMOHHOCTL BOMpoca O COCTaBe BEPX-
Hen MaHTuUKM, BONbLUMHCTBO MUCCredoBaTenen cuYnTarT, YTo OasanbTo-
Bbl€ Marmbl 3apoXaarTcs B acteHocdepe, B 30HE NMOHMKEHHbIX CKOPO-
CTen cecMu4eckmx BorH Ha rnybuHax ot 30-95 go 200-400 km.

Pasnuuusa B coctaBe Tonent-6a3anbToBON 1 ONUBUH-0A3anbToOBOM
MarM oBbACHAETCHA pasnuyHbIMKU FyGuHamMK ux 3apoxaeHus. Mo gax-
HeiM B.T. MeTpoBa onuBMH-0a3anbToBblE MarMbl 06pa3yoTcs Ha rny-
ouHax ~ 200 kM 1 bonee, a TONEUTOBbIE MarMbl BO3HUKAOT Ha MEHb-
wmnx rnybuHax okono 150 kM. OgHako Hago y4UThIBaThb, YTO NpUBEAEH-
Hble OaHHble O rnybuHax 3apoxgeHusi 6a3anbTOBbIX MarM SIBASKTCA
rmnoTeTMdeckumun. HekoTopble uvccrnegoBaTenu [OMyCcKalT BO3MOX-
HOCTb MX reHepaLuMmn Ha 3HaYNTENBHO MEHbLUMX rMybuHax.

I'paHumHaﬂ Mazma

B HacTosiwee BpemMA MHOrne mccnepnosartenn npusHarT CyLllecT-
BOBaHME CaMOCTOSTENbHOMN FpaHI/ITHOIZ Marmbl. Ee camocToaTenbHOCTb
[OKa3bIBaeTCA MCKNIOYNTENbHO OonbluMMu obbemammu rPaHNTONOHbIX
TEen, BO3HUKLLNX BO BCe MNepuoabl reonorn4yeckomn NUCTOpUN, a TaKxke
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3HaYMTENbHBIM PacnpPoOCTPaHEHWEM KWUCIMbIX BYMKaHWYECKMX MOPOA.
OpHako 3Tu hakTbl HE MCKMYaloT BO3MOXHOCTM O0Opa3oBaHNSA HEKO-
TOpbIX KONMYeCcTB 06pa3oBaHMs pacniaBoB B pe3dynbTate AnddepeH-
uvauun 6a3anbToBON Marmbl. OTO MPEAnorioxeHue MoaTBepXaaeTcs
accoumaumnen B oTAemNbHbIX CryYasx KUCMbIX BYNKaHUYECKUX MOPOS C
aHpesnTtamum M OasanbTamu, a Takke HanuMuyMem B COCTaBe eOMHbIX
dopmaumii rpaHUTOMAOB 1 rabbponaos.

OpHako rmaBHy pornb B (bOpMUPOBaHWM KUCTbIX MOPOA uUrpaet
BCE XX€ CaMOCTOSTENbHAsA pofoHavanbHas rpaHuTHast marma. [paHuT-
Hast Marma bopMUpyeTCsi TONBbKO B MaTEPUKOBOW YacTy 3€MHOW KOpbl U
OTCYTCTBYET B OKEaHWYECKOMN.

Mo cBoeMy XMMWYECKOMY COCTaBy rpaHUTHas marma He ABnsieTcs
OfHOpoAHON. AHanu3 pacnpoCTPaHEHHOCTU Pa3fUYHbIX TUMOB rpaHu-
TOMAOB NO3BONSAET NpeanonaraTe, YTO B OOHUX CIyvasix OHa oTBevaeT
COCTaBy HOPMarbHOro rpaHuTa, B Apyrux rpaHoguoputa. Oba Tuna
rPaHUTHLIX MarM SIBASILOTCA KOPOBbIMW O0Opa3oBaHUsIMKM U 0bpasytoTcs
B pe3ynbTaTte BbIOOPOYHOro NnaeneHus rnyboKMX CrioeB 3eMHOW KOopbl
0Ccaf04HO-MeTaMopPrHECKON N rPaHUTHOM OBOOYKN.

CocTtaB rpaHuTHbIX UK rPaHOANOPUTOBBLIX MarM 3aBUCUT HE TOJb-
KO OT cocTaBa Nopof NOABEPrUnXCS MIaBfEHUI0, HO 1 TepMoanHaMm-
YECKMX YCMOBWUSIM Mpouecca MarmoobpasoBaHus. [paHOAMOPUTOBbIE
Marmbl 0bpasyloTca B yCcrnoBusx OOmnblIMX TemnepaTtyp M OaBneHun
YeM rpaHuTHas, YTO NOATBEPXKOEHO aKcnepumeHTanbsHo. o npeacras-
nexHunsm B.T1. TeTpoBa rpaHUTHLIA TUM KMCMOM MarmMbl obpasyeTcsi Ha
CpaBHUTENBHO HebonbLKX rMybuHax B 3eMHoM kope (15-20 km) npwm
Temnepatype ~ 600° u paBneHun 5 kbap. [paHogmopuToBass marma
BbINnaBnsaeTca Ha 6onbwmx rnybuHax npu temnepatypax ~ 700° n 6o-
nee BbICOKUX OaBIEHUsIX.

YnbmpaocHogHasi mazma

'MnoTesa O CyLleCTBOBaHUM MEPBUYHOW YNbTPAOCHOBHOM Marmbl
nepuaoTUTOBOrO cocTaBa Obina BblABUHYTA aHIMACKMM METPOSIOrom
A. Xonmcom. OcHOBaHMEM ANs TaKoro NPeAnorioKeHUs ABMSTCA
crepytoLwme gaHHble:

) NPUCYTCTBUE B CKrag4vaTtbiXx 06nacTsaX MPOTSPKEHHbLIX MOos-
COB YIbTPaOCHOBHbIX NMOPOA, hOPMMUPYIOLLMXCS He3aBUCUMO OT rabb-
POVAHbIX NHTPY3UIA;

. HanuMumMe xapakTepHblX OCOOEHHOCTEN B XUMWU3ME ITUX
ynbTpamadputoB. OHM OTNMYADTCA NO MUHEPANOrMYeckoMy cocTaBy OT
YNbTPAOCHOBHbIX MOPOA CBsi3aHHbIX C rabbponaamu. OTnuyaoTcs OHU
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Opyr oT gpyra v no Kputepuio Xecca, KOTopbli Ansa nopog, obpaso-
BaBLUMXCA M3 yNbTPAOCHOBHOW Marmbl 6onee 6, a Ans ynbTpaoCHOB-
HbIX nopop obpasoBaBLunxca M3 6asanbToBOM MarMbl meHee 6. Cyue-
CTBOBaHWE CaMOCTOATENbHON YNbTPAOCHOBHOW Marmbl NpU3HaeTcs He
BCEMW UCCnegoBaTensamu.

OyeBuaHoO, 4YTO pogoHavanbHas Marma yrnbTPaoCHOBHOIO COCTaBa
BCE € CYLLEeCTBYET, O YEM CBWUAETENbCTBYET HanuMyne B HEKOTOPbIX
3(by3nBHbIX POpMaLMAX BYIKAHUYECKMX MOPOL, YIbTPAOCHOBHOIO
cocTaBa (MenMe4uTbl), a Takke HanMyune UHTPY3UBHbIX YIbTPaoCHOB-
HbIX NOpoA B (hopmaumy yrbTPaOCHOBHbIX U LLENOYHbIX MOPOA.

[NCKYCCUOHHBIM ABMASIETCA M BOMPOC O COCTaBe YrbTPaoCHOBHOM
Marmbl. HanbornbLuee Yncrno CTOPOHHUKOB 3TOM MMNOTE3bl CYUTALOT, YTO
ee cocTaB NepuaoTUTOBBIN, Apyrve CHUTaloT ee OYHUTOBON.

dopmupoBaHMe YNbTPAOCHOBHOM MarMbl OCYLLECTBNSETCHA B BEPX-
Hel MaHTMW B pesyrnbTaTe e€e MOSIHOro MnaBfeHus Ha 3HaYMTErNbHbIX
rnybuHax.

AHOe3umoeasi MazMma

CyLecTBOBaHME 3TON MarMbl 060CHOBLIBAETCS LUMPOKUM pacrhpo-
CTpaHeHneM aHOe3nTOB M aHAe31MbasanbToB B CkriagyaTtbhix obnacTsax u
XapaKTepoM COBPEMEHHOTO BYfiKaHM3Ma B TUXOOKEaHCKOM BYIKaHU4e-
CKOM rosice, rge 3Tu nopodbl npeobragatoT.

Mo mHennto KO.A. KysHeL0Ba, aHOe3nToBasi Marma BO3HMKAET B
pesynbTaTte BbIGOPOYHOro nnaeneHms 6a3anbToOBOro cros nurocdepsol.
OgpHako A.E. Punreyg n [.X. 'puH nokasanu B cBomx paboTax, 4to 00-
pas3oBaHMe Marmbl aHOE3MTOBOro cocTaBa MOXET OCYLLECTBSTLCS B
BEPXHEN MaHTUM MPU MEHbLUMX TemnepaTypax, Yem Temnepartypa Bbl-
nnaeneHus 6asanbTa, T.e. aHOe3UTOBas Marma siBnsieTcs cBoeobpas-
HbIM TUNOM Ga3anbTOBOW Marmbl U hopmupyeTcst Ha rnybuHax ~ 100
KM y BEPXHEW rpaHuLbl acTeHocdepsl.

7.4. Npouecckl, o6ycnaBnuBalLwme pasHoo6pasue
MarmaTM4eckumx nopog

Taknum 06pasom, U3 xapakTepUCTUKN MEPBUYHBIX podoHAYarbHbIX
MarM crnegyeTt, YTO UX YNCNO KparHe OrpaHU4YeHo, a PacCMOTPEHHbIE
paHee MarmaTU4yeckMe MOopoAbl XapaKTepusylTcsi pasHoobpasHbIM
netporpacdunyeckum coctaBoMm. Nx pasHoobpasme obycnosrneHo npo-
Lueccamu anddepeHumnaumm, acCCUMUnNSALMM U CMeLIEHNEM PacTBOPOB.
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7.4.1. QndphepeHumauyms

OnddepeHumauma marmbl — 3TO NpoLecC pasgeneHus ogHopoa-
HOW Marmbl Ha ppakumMM pasHOro coctaBa, 4YTO B KOHEYHOM UTOre Npu-
BOAMT K 06pa3oBaHMI0 pasHblX MO MUHEPANorniyeckoMy CocTaBy nopog.

OnddepeHumauma MOXeT OCyLLeCTBNATbCS Kak Ha rnybuHe (B
MarmaTMyeckoM o4vare) 4o BHeAPEHNUst MarMbl B BEPXHUE YacTU 3€MHOWN
Kopbl, Tak U B MarMaTU4ecKon kamepe, rae npoucxoauT 3acTbiBaHUe
Marmbl U NpeBpaLleHne ee B UHTPY3UBHOE TESO.

Mpu anddepeHumaLmm marmbl Ha rnybrHe 1 NocneaoBaTenbHOro
NOCTYMNEHNss NMPOOYKTOB 3ToM AndpdepeHumaumm B BEpXHUWE YacTu
3EMHOM KOpbl 0O6pa3ylTCa Cepum MarmaTM4yeckux nopon, BXOASLUX B
COCTaB OOHOW MarmaTtuyeckon copmauun. Mo MHEHMMIO BonbLUMHCTBA
neTponoroB rnyobuHHas anddepeHumalms sBnsaeTcs rnaBHbIM MNpo-
Leccom, kKoTopasi NpMBOAMT K pas3HOOOpas3uio nopon n3 nepBUYHON
Marvbl.

B pesynbrate guddepeHumaumm Mmarmbl Ha MecTe 3acTbiBaHUSA B
MarmaTMyeckon kamepe oOpasyloTcs crnoxHele AnddepeHunpoBaH-
Hble UHTPY3UN.

PasnnyatoTt Tpu BMaa gudpdepeHumaumnm:

. AOKpUucTannmsaunoHHaa, marmatTun4eckas,
(] KpucTtannn3aumoHHad;
L] rasoBas.

MarmaTtuuyeckas, gokpuctannusaunoHHas auddepeHumnaums

MarmaTtuyeckas guddepeHumauus ocyLecTBNsAeTcs B pesyrbTa-
Te pacLlenneHns NepBMYHO OQHOPOAHOW MarMbl Ha MPOM3BOAHbIE pac-
nnaebl 40 Havana kpuctannusaumn. Marmatudeckas guddepeHuma-
Uus npoucxoauT B pesynbrate NukBauun, ouddysnmn u rpaBUTaLMoH-
HOro PaccrioeHus.

Jlukeayust — 37O NPOLIECC pacCrOeHUsl NepBoHaYanbHO O4HOPOA-
HOW >KMOKOCTM Ha OBa HECMELLUBAIOLLNXCS CINOsi NMPU NOHWKEHUN TEM-
nepaTypbl. ATO ABMEHNE Hanbonee XOpoLLO M3y4EHO Ha NpMMepe pac-
TBOPOB W 3aKr4aeTcss B TOM, YTO MpW BbICOKMX TeMMepaTtypax ABe
XKMAKOCTU MONHOCTbI PaCcTBOPSOTCA APYr B Apyre, a Npu MOHWKEHUN
TemMnepaTtypbl pacnagalTcs Ha ABa HECMELUMBAOLIMXCS Crosi, KOTO-
pble pacrnonaratoTcsi B COCyae B COOTBETCTBUM C UX MNOTHOCTBLIO.

CTOpoHHMKaMM npouecca NMKBaLUuKn SBRASKTCS MHOMMe NeTporiony,
B ToM umcne ®. HO. JleBuHcoH-Jleccuur n P. [lenn, oHn npegnonarator,
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4YTO NepBOHaYanbHO OQHOPOAHAsl Marma Npu MNOHWXKEHUN TeMnepaTypbl
MOXET pacnagatbCsi Ha ABa NPOM3BOAHbIX pacniiaBa pe3ko pasfnyHo-
ro coctaea (Hanpumep, Ha pacnnas, oboraileHHbIn Si, Na n K n pac-
nnas, oboraweHHbin Mg, Fe u Ca).

OkcnepumeHTtaneHo [.I1. puropbeBbiM Gbina nokasaHa BO3MOX-
HOCTb JIMKBALIMM CUITMKATHBIX pacniiaBoB B NpUCYTCTBUM OIIONO0B.

[lokaszaHo Takke, YTO HECMECUMOCTb B XXWOKOM COCTOSIHUM SABNSi-
eTca adhPeKTMBHLIM CPEACTBOM pasfeneHns cynbmuaHbIX U CUNUKaT-
HbIX pacnnasoB. [NpegnonaraeTcs, YTO MarmMaTuyeckue MecTopoXxae-
HUs cynbuaHbix pyg obpasyloTcs nyTem nvKBauuK, KOorga Kanenbku
TSDKENoro cynbuaHoro pacnnaea, OTAENMBLUMECS OT Marmbl MocTe-
MEHHO, OMYyCKaKTCH M HaKanMBaKTCS Ha AHE MarMaTU4EeCKOM KamMmepbl.
OpHako OO HacTosILWEro BpEMeHM 3HadeHue nukeauum npu opmmpo-
BaHWM pa3HoobpasHbIX NOPoS OCTaeTCs AUCKYCCUOHHOMN.

Augpy3us npepcraesnser cobor npouecc U3MEHEHUSI KOHLIEH-
Tpauui KOMMOHEHTOB B pacniaBe WM B pacTBOpe M CBs3aH C nepe-
MELLLEHNEM KOMMOHEHTOB B CTOPOHY MX MOHWKEHHOW KOHUEHTpauuu. B
NPUMEHEHMM K MarmaTM4YecKMM pacnfiaBam MCMoNb3yeTcs «MnpaBuiio
COP3», cornacHo KOTOPOMY MWUIpauus MOHOB OCYLLECTBASIETCH B TeX
yyacTKax Marmbl, rie BO3HUKAET TeMNepaTypHbIA rPaaneHT.

MpeononoXxmTeneHO 3TO MOXET MPUBOAMTBL K oboralleHuto kpae-
BbIX YacTten marmatmyeckmx ten Fe n Mg. OgHako 3¢bdeKTMBHOCTb
3TOro mpouecca BMAMMO OYeHb Mana, Tak Kak CKOpPOCTb Murpauum no-
HOB B CUIMKaTHOM pacniaBe BeCbMa He3HadyuTenbHas.

pasumauyuoHHOe paccrioeHue pacnsaea. B pesynbTate 3T0ro
MexaHuaMa anddepeHumaLnm marmbl NPOUCXOOUT NOrpyXeHne Tsxe-
NbIX WU BCMMbIBAHWE FErkMX MOJSIEKYN, YTO NPUMBOAUT K OboralleHuto
BEPXHUX YacTel MarmaTU4eCKMX OYaroB LUeriodamMnm U KpeMHEe3eMOM.
OpHako cnegyet MOMHUTL, YTO FpaBUTALMOHHOE pPacClOeHUe 3Kcne-
pUMEHTanbHO AOKa3aHO TONbKO ANs BOAHbLIX PAacTBOPOB.

Mo MHeHuto A.M. KysbMuHa Takon npouecc MOXeT UMeTb MECTO B
MarMaTuM4yecKknx Kamepax 3HauYUTENIbHOM BEPTMKASIbHOM MPOTSHKEHHO-
CTU N B YCNOBUAX OMUTENLHO CYLLECTBYIOLEN CMOKOMHOW TEeKTOHU4Ye-
ckon obcTaHoBKKU. B aTOM cnyyae nepBnyHas Marma MOXeT oKasaTbCs
paccrnoeHHON Ha psg NPOM3BOAHbIX pacnfaBoB — OT YbTPAaOCHOBHOMO
B HWXKHMX YacTAX Kamepbl 40 KACMNOro B ee BEPXHUX YacCTsIX.
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OpHako 3ToT MexaHu3M gudbdpepeHumaLmm ocTaeTcs HegocTaTou-
HO OBOCHOBaHHbLIM 3JKCMEPUMEHTANbHLIMWU U FEONTIOrMYECKUMN haKkTa-
MW,

3HayeHne marmatmnyeckon andpdepeHunaunmn oLeHMBaeTcs Heoa-
HO3Ha4YHO pasnuyHbiMKU nccregoatenamu. OOHU CYUTAKOT €e OCHOB-
HOM NpUYMHON 0OpasoBaHUs pasHOOOpa3HbLIX Mopon, OpPYrne Xe He
NPUAAKT €M CYLLECTBEHHOIO 3Ha4YeHUs.

KpuctannusaumoHHasa gudpdepeHumnaums

KpuctannmsaumoHHas pudpdepeHumaumss GBnsieTcss OOHMM U3
Hambornee AOOCTOBEpPHbIX (PAKTOPOB, KOTOpas O0ycrnaBnuBaeT pasHo-
obpasune nopoa. Teopusi KpucTannuaaumoHHonm guddepeHumanmm obl-
na petanbHO paspabotaHa H. BoysHom, koTopbli obocHoBan ee wuc-
nonb3ys pesynbTaTbl 3KCMEPUMEHTarbHbIX U NeTporpaguyeckmx uc-
cnepgosaHun. KpuctannusaunoHHas gudpdepeHumnaums asnseTcs npo-
LLleCCOM paclLenneHms MarMbl B Xoae ee Kpuctannmsaumu.

MHOroOYMCrEeHHbIMX OMbITAMW Ha CUJIMKaTHBIX pacnnaBax Obino
nokasaHo, YTO MMHeparbl BbIAENSTCA U3 HUX HE OQHOBPEMEHHO, a B
onpeaeneHHon nocneaoBaTenbHOCTU, B COOTBETCTBUM C PeaKLUNOHHbI-
MU psagamu. Hambornee paHHMMM BbigensitoTca M3 6a3anbToBOro pac-
nnaea MarHesmasnbHble CUNUKaTbl (ONIMBKH, opTonupokceH). OHn obo-
raweHel Mg n yactnyHo Fe, B Toxe Bpems o6egHeHbl Si, noaTtomy 06-
nagatoT bonee BbICOKOW MMAOTHOCTbIO, YEM pacnras, U3 KOTOPOro Bbl-
aenvnuce. Moatomy Fe-Mg cunukaTbl nog BAWSHMEM CUINbl TSXKECTU
CNOCcOBHbI ONyckaTbCA B HWKHWE TOPU3OHTLI MarmMaTU4YecKOM Kamepbl.
B pesynbTtate Takoro otaeneHus (ppakuMOHUPOBAHMWS) HDKHUE FOpK-
30HTblI Marmbl 6yayT oborawatsca Mg un Fe. Tskensle MuHepansl, oce-
Jasd Ha OHO KaMepbl, MOryT oKasaTbCs B YCMOBUSAX, rAe Temnepartypa
OCTaeTcs JOCTaTOYHO BbICOKOWM, NMPY KOTOPOW OHM MOTYT pacnnaBnsTb-
ca. B aTom cny4vae Ha rnybuHe obpasyeTcs marma Goratas KOMMOHEH-
Tamu, BXOAALLMMY B paHHWE NPOAYKTbI KpUCTannmaauum.

Takum obpasom, B pesynbTaTe ANUMTENBHOW KPUCTannmM3aunoHHON
anddepeHumaumm  (ppakuMoHMpoBaHusa) nepBuYHas OasanbToBas
Marma MOXeT pacllennsaTbCa Ha NPou3BOAHbIE pacnaBbl PasfMYHOro
cocTasa.

KpuctannmsaumoHHasa gudpdepeHumaumsi NpMBoguT Takke K Hako-
nrneHuio 6onee TXKENbIX PygHbIX MUHEPArOB, KPUCTamNMM3YHOLWMXCA U3
Marmbl. Tak XpOMLIMNMHENWUAbLI, UMetoLme GonbLUy NOTHOCTL, OyayT
«TOHYTb» B MarMaTU4eCKOM pacrnnaBe U KOHLEHTpPUpoBaTbCA B BuAe
LUNMPOB B YNIbTPAOCHOBHbLIX NOpOAaX.
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KpuctannmsaumoHHasa guddepeHumanma Hambonee adhdekTuBHa
Ha paHHUX CTagusax KpUcTannMsauum marmbl, Korga pacnnas sBnsieTcs
He CrMMLLKOM BSI3KMM M €ero Konu4ectso npeobnagaeT Hag Kpuctanna-
MU. Ha no3gHux ctagmax kpuctannusaumm, npeobnagaloT Kpuctannsl,
a pacnnaB coxpaHsaeTca Nuwb nopax. Ecnu nog oencTBMeM TEKTOHU-
YEeCKMX CUI NPOM30NAET CKaTne TakOM MaccChbl, OCTAaTO4HbIE pacrnasbl
OyaoyT BbDKMMATbCSt U MOTYT JaBaTb CaMOCTOATENbHbIE UHTPY3uto. Ec-
NN Xe TEKTOHMYECKMEe CUmbl BbI3OBYT PacTsiKEHWE Mony3akpucTanmu-
30BaBLUENCSA MaccChbl, B 3TOM Clly4ae OCTaTOYHbIA pacnnaB yCTpemIis-
eTca B 0O6pa3oBaBLUMECH NYCTOThl U NMPOU3ONAET «aBTOMHTPY3usi». Ta-
Kve cnocoObl OTAENEeHNs OCTaTOMHOrO pacniaBa OT KpucTansoB nosny-
Yunn HasBaHue «PUNbTP-NpPeccuHry. Mo AENCTBMEM TEKTOHUYECKUX
CXKMMAaIOLLMX CUM NPOUCXOANAT, BUONUMO, MHBEKUMWN HEGOMbLUMX NOPLMIA
MarmMbl, KOTopble 06pa3ytoT >XUrbHbIE MOPOAbI, CONPOBOXAAOLINE WH-
Tpy3un. Takum obpasom, BeposATHO, 0bpasyroTCs XunbHble cynbhua-
Hble Y TUTAHOMarHeTUTOBbIE MECTOPOXAEHMS!, FEHETUYECKUN CBA3AHHbIE
C OCHOBHOW MarmMmou.

Bonblwoe 3HayeHWe nMpugaeTcss TakkKe KpUCTann3auMoHHON
anddepeHumnaumm B xoge nogbema MarMmbl B BEPXHUE TOPU3OHTbI Nn-
Tocdhepbl. AnddepeHumnaums B npouecce nepemMeLleHnsa Mmarmbl Crno-
cobcTBYET PPaKLUMOHMPOBAHNIO N CO3AaET yCrnoBus Ans obpasoBaHus
MonoC 1 rOPM3OHTOB ONpeaerneHHOro MMHepPanorMyeckoro cocTasa.

B HacTosiee Bpems BceMu uccriegoBaTensamu npusHaeTcs Kpu-
cTannusaumoHHasa gudpdepeHumaums, kak dakrtop paclwienneHunss 6a-
3anbTOBOM Marmbl Ha NPOM3BOAHbIE COCTaBnswLWme. OTOT MEXaHWU3M
XOpOLLO 0BOCHOBaAH aKCnepuMeHTanbHbIMU U Fe0norMyeckMmMmn gaHHbl-
MU. HenocpeacTBeHHble HAbMOAEHUS BHYTPEHHEro CTPOEHUSI UHTPY-
3MBHbIX TeN WU BYMKaHWYECKNX MOTOKOB BO MHOMMX cCry4asix nogreep-
XKOaKT peanbHOCTb KpucTannmsaunmoHHon auvddepeHumauun. B Hux-
HMX YacTaX marmaTudeckux Ten Habnogaet oboralleHne Nopoa Tshke-
neimm Fe-Mg MuHepanamu, a BepxHME FOpPU3OHTbI coaepXaT MOoBbl-
LUEHHOE KOMMYECTBO MUHEPArioB C MOHWXKEHHOW MIOTHOCTLI (nnarum-
oknas, kanuwnat u kBapL). NpoBegeHHbIE pacyeTbl MOKa3bIBaKOT, YTO,
HEeCMOTpPS Ha 3HAYUTENbHYK BSA3KOCTb CMIMKATHbIX pacnnasoB, 6nus-
KMX no coctaBy 0as3anbToBOM MarmMe, CKOPOCTb MOrPYXKEHWUS pPaHHMX
MUWHeparbHbIX BbiAENeHN SBNSETCS 3Ha4YMTENbHOW, Tak AN CUCTEMbI
aHOPTUT-AMNONCUA-KPEMHE3EM CKOPOCTb MOMPYXEHUS paHHUX KpucTan-
nos guoncuaa cooTseTcTByeT 84 m/rog, a aHopTUTa, KOTOPLIN Bblge-
nsietcsa nosxe — 12 m/rog.
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FasoBas audcepeHumaums (ra3oBbIN NepeHocC)

Moa rasoeon gudbdpepeHumaLmen NoHMMaeTCs NpoLecc M3MeHe-
HWsi cOCTaBa MarmaTMYeCKMX pacrniiaBoOB B CBSI3W C YAanNeHUEM WUnu
nepemelleHnem ¢niongHbIX KOMNoHeHToB. OHM 06bIYHO Nepemella-
IOTCS BHYTPU MarmMaTM4YecKoW Kamepbl UM MarmMaTudeckoro odara B
Y4YacCTKM C MOHWXEHHbIM OaBneHUeM (0ObIYHO anuKanbHble Y4acTKu).
dntomabl (B YaCTHOCTU BoAda) MOryT pacTBOpPATb U NEPEHOCUTL 3HAYU-
TelNbHblE KONMYECTBA HEKOTOPLIX KOMMOHEHTOB U MX coeanHeHuin (K,0,
Nay0, SiO;), NoaToOMy B BEPXHUX FOPM3OHTaX MarMaTU4YecKuMx Tern Mo-
ryT BO3HMKaTb pacniaBbl MOBbLILLEHHOW KUCIOTHOCTU UMK LLEMNOYHOCTH,
N3 KOTOPbIX 3aTeEM KpUCTannmM3yloTCs COOTBETCTBYHLUME MO COCTaBy
nopogepl.

C nosuumi rmnoTesbl ras3oBon anddepeHUnn MOXHO OOBACHUTb
paHHUEe BbIOPOCHI KUCHLIX MOPOA MPY BYINKAHUYECKUX W3BEPXKEHUSIX,
KOTOpble 3aTEM CMEHSIIOTCA UNUSHUSMW aHAE3UTOBbLIX 1 6a3anbTOBbIX
naB. NposiBneHne 3Toro npouecca B rMyOMHHBLIX YCIOBUSIX HUYTOXHA,
TaK Kak rnaBHasi 4acTb NEeTy4nx KOMMNOHEHTOB OTAEeNseTcs B KOHLE
npouecca kpuctannusauun. OgHako B6M3N NOBEPXHOCTU B YCIOBUSIX
OENCTBYIOLLEro BYyNKaHW3Ma, MPOWCXOAUT WMHTEHCUMBHOE BblaeneHue
NETY4YMX KOMMOHEHTOB M AENCTBME ra3oBOro nepeHoca, BEPOSITHO, MO-
XeT cnocobecTBoBaTh AndddpepeHLmauUmm marmol.

B 3akntoueHne xapakTepucTuku npoueccoB anddepeHumaumnm
Marmbl, cnegyeT OTMETWUTb, YTO B NPUPOAE He CyLIeCcTBYEeT eAMHOro
YHUBEpPCanbHOrO MexaHW3Ma pacliensnieHnMsi marMbl Ha MPOV3BOAHbIE
pacnnaea, a Bce MHoroobpasuve MarmaTuyeckux nopon, O4YeBUAHO,
0ByCrnoBnNeHo CINOXHbIM COYMETAaHMEM PasfMYHbIX MEXaHU3MOB And-
dhepeHumnayun.

7.4.2. Accumunaums

AccMUnsALMet HasbIBalOT NPOLIECC MOMHOro MOrMoLLEeHUs MarMoi
BMELLALWMX NMopod. ACCUMUNSALMS OCYLLECTBIISIETCS B TOM Crly4yae,
korga Marma 1 BMellatoLlme nopodbl XMMUYECKU HepaBHOBECHbI U KO-
roga B Marme MMeeTcsl JOCTaTouYHbIA 3anac Tenna, YTobbl obecnevnTb
npoTekaHne peakuuy B3aMMOOENCTBUSA €€ C BMeLLaoLLMMM nopoaamMu.
BcrnegcTteue accumunaummM marma M3MeHsieT CBOW COCTaB, TO eCTb 3a-
FPASHAETCA YYXUMK MopodamMu (KOHTaMUHUPYETCs), YTO MPUBOAMUT K
NOSIBMNEHMI0 HOBbIX PasHOBMOHOCTEN ropHbIX NMOPoA, KoTopble OTnu4a-
0TCA 0COBEHHOCTAMM UX cocTaBa. Ecnu nopoasl, cnaratolume Kpaesble
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YacTy MacCUBOB, OTSINYAKOTCS MO COCTaBY OT NMOPOA LieHTpanbHON vac-
™M MaccuBa M oboralieHbl KOMMNOHEHTamMW, KoTopbiMu GoraTbl BMe-
Lialolume nopoabl, TO MOXHO Mpednonaratb, YTo 06Gpa3oBaHue Takux
nopog NPoUCcXoamno 13 KOHTaMUHUPOBaHHOW Marmei.

Mo MecTy MposIBNEHUs pasnuyaloT ABa TMNa acCUMUNALWMK: hy-
GUHHasA (npoucxoasiiasa Ha NyTAX ABVMXKEHUS MarMbl) U BHYTpUKaMep-
Has (Ha MecTe CTaHOBNEHMs Marmatudyeckux Ten). [MNybuHHas accu-
MUMAUMS SBNAETCA npearonaraeMbiM, MMNOTETUYECKUM MPOLIECCOM U
He [oKa3blBaeTCs reoyiorMyeckumy HabnogeHusMu. A BHyTpUKamep-
Has acCUMWUMAUMS MpPeAcTaBnsieT MNPOLecC, XOpPOLO 0BGOCHOBAHHbI
reoriorM4eckMmmn HabniogeHUSIMU.

Ponb accumunsiumm B co3gaHum pasHoobpasHbIX NOpog SBMseTcs
[ABYCTOPOHHEW. Bo-nepBbiX, OHa MPUBOAUT K 3HAYUTENIbHOMY M3MeHe-
HUI0 COCTaBa MarmaTU4eckux pacnnaBoB, a BO-BTOPbIX, aCCUMUMALMS
MOCTOPOHHEro BellecTBa HapyllaeT (PU3MKO-XMMUYECKOe paBHOBeCUE
N ABNAETCA CTUMYMATOPOM npoLeccoB auddepeHumaumn. Tak, ycsoe-
HVe marmoli nopofd 6oraTblX OCHOBaAHMSIMU NPUBOAMT, Mo MHeHuio [.C.
KopXMHCKOro, K BO3pacTaHuio aKTUBHOCTM CUIbHbIX OCHOBaHWI (0Co-
GeHHO LLenoYyeit) U K paHHeMy BbIAENIeHNI0 M3 pacniaBa LIEeNoYHbIX
nonieBbIX LWNAaToB nubo denbawnatngos. B aTom crnyyae accumuns-
LS cnocobcTByeT 06pa3oBaHmMi0 NOPOA C MOBbLILLEHHON LWENOYHOCTbIO.

ACCUMUNSILMS OCYLLECTBAETCS ABYMS NMYTAMMU:

. B pesyrnbTarte pacnnasBneHs MarmMoi NoCTOPOHHEro Marte-
puana;
. B3aMMHbIMW peakLMsiMy pacrnasa ¢ KCeHoNnMTaMmm 1 BMe-

LLIOLWUMN BOKOBLIMI NOpoaaMu.

PacnnaeneHnme NOCTOPOHHEro MaTepuarna OKasblBaeTCs BO3MOX-
HbIM, ecnn Marma obnagaet 6onbWMM 3anacoM Ternna. Tak 6asansTto-
Bas MarmMa MOXeT pacnnaBnsATb KACMbIE U cpeaHue nopoabl, a Kucnas
MarmMa He MOXEeT pacnnaensaTb Nnopoabl 605ee 0CHOBHOIO CocTaBa, U B
3TOM crly4ae yCBOEHMEe MarmMol OCHOBHbIX MOpo4 OCYLLECTBNAETCS Mny-
TEeM B3auMMHbIX peakuuii, 1 B pesynbTaTe uaeT B3aMmMHoe oboralleHue
KOMMOHEHTaMM Kak Marmbl, Tak 1 BMeLLaloLLMX Nopoa npyu 3TOM MX CO-
cTaBbl cbnuxkatoTca. B oGoux cnydasx MOXeT MpoucXoduTb 3Hauu-
TenbHOe U3MeHeHWe NepBUYHOro cocTasa Marmbl.

Mpoleccbl accUMUNALMKA peanbHO NpeacTaBneHbl B npupoae U
noATBepXKAalTcs MHOMMMM hbakTaMu, U3 KOTOPbIX OTMETUM crieayto-
Lme:

. AIBMeHne NoCTENEeHHOro pacTBOPEHUS KCEHOTNUTOB;
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) M3MeHeHne cocTaBa MarMaTM4YecKux Nnopog OKOMO KCeHo-
NNTOB M KOHTaKTOB C BMELLaLLMMM NOpPoaaMu;

o Hepedko Habntogaetcs oboralleHne MarmaTuU4eckux ro-
POA, KOMMOHEHTaMW, XapaKTePHbIMU A1 BMELLAKOLLMX TONLL,.

Ponb accumunsuum B hopMUPOBaHUM pasHOOOpasHbIX marmaTu-
YeckUx Mopop OLeHMBaeTcs uccrnegoBaTtensiMum HeodHo3HavyHo. OpHu
CUMTalT €ee OOHWMM M3 rMaBHbIX MPOLIECCOB M3MEHEHMS COCTaBa nep-
BnYHon marmbl (P.HO. JleBUHCOH-JIeCcCcuHr), apyrne oTBOOAT € Nogyu-
HEHHYIO POrb.

[o cux nop Mbl paccMaTpuBann acCUMUMAUMIO Kak pesynbTat
MOSTHOTO YCBOEHWs MarMoi MOCTOPOHHEro MaTepuarna C BO3HWKHOBe-
HMEM pacniaBoB oAHOpogHoro coctaesa. OgHako B nmpupoge oTnunya-
€TCsl U HEMosHOE YCBOEHME MarMoi BMeLLatoLLMX Nopog, YTo NpusoauT
K BO3HMKHOBEHWIO pacnfiaBoB aHOMarlbHOro CocTaBa, B KOTOPOM CO-
aepxartcs Ae3VHTErpupoBaHHbIE BKIIOYEHUS] MUHEPAOB acCUMUUPO-
BaHHbIX nopod. Mpu KpucTannmMsaumMm Takux pacnnaBoB BO3HWMKAOT
nopoAbl HeOBbLIYHOTO COCTaBa, KOTOpble Ha3biBAlOTCS 2U6PUOHBLIMU.
CocTtaB 1 CTpoeHue rMOpUAHbIX MOpo4 OTpaXkaeT MX OBONCTBEHHOE
npoucxoxpgeHne. Hanbonee xapakTepHbiMM OCOOEHHOCTAMM TMBPUA-
HbIX MOPOA ABMSATCA CreayoLme:

o HeogHopoaHas TEKCTypa Nnopos;

) BONMM3N KpaeBblX YacTell WHTPY3MBOB MPUCYTCTBYIOT Kce-
HOMUTLI, @ Bnuke K LEHTPY MaccuBa, rae kceHonuTbl 6onee nepepabo-
TaHbl MarMow, HaxXO4ATCsl y4acTKM Nopogd, OTNMyatoLmecss No cocTaBy
N cTpykType. B pesynbTtate obpasyeTcs obLias aTakcutoBas TEKCTypa.

. pa3Hoobpasne 1 HeBblOepPKaHHOCTb CTPYKTYP Kak Mo Kpyn-
HOCTM 3epeH Tak U No NpoucxoxaeHuto. B rubpuaHeix nopogax Habnto-
0aeTcsl COYeTaHWe TUMWUYHBIX MarMaTU4eckmx rMNMOUoOMOpPdHbIX
CTPYKTYP M MeTamopguyeckux. XapakTepHbl HEOObIYHblE peaKLMOH-
Hble B3aMMOOTHOLUEHUS MUHeparioB. Tak OTMeYaloTCs «rnasku» KBap-
Lia, OKpY>KeHHble 00O0OYKON U3 3epeH NMPOKCEHA.

. HEMOCTOSIHCTBO MMHepanbHoro coctaBa. COOTHOLLEHUS
(HEMMNYECKNX U CaNMYECKUX MUHEPANIOB B TakMX MOPOAAX MOryT ObICTPO
N3MEHSITBbCS.

B coctaBe rMbpuaHbIX NOPOL MOrYT BCTPETUTBLCS KCEHOreHHble
(4yxgble) ons marmatmyeckux nopopg MuHepanbl. OHW BO3HMKAOT B
pesyrbTaTte acCMMMUIIALUM OCafouvHbIX nopod. Tak npyu accuMunsiLum
IMUHUCTBIX CriaHueB marma oboraliaeTtcsa rfMHO3eMOM, Mpu 3TOM B
rMoépuaHbIX nopogax obpasyoTcs CUNNMMaHKT, CTaBPONUT, KOPAUEPWT,
rpaHat u gpyrue metaMmopuyeckme MMHepansi.
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Ans rmbpuaHbIX Nopon XpakTepHbl NMOBLILEHHbIE COAEPKaHUS aK-
LIeCCOPHbIX MUHeparoB, Goratbix JIETYYMMM KOMMOHEHTaMU: anaTuTa,
dnooputa, optuta. ATOT haKT CBMAETENLCTBYET O TOM, YTO Hanudue
NeTy4Ynx KOMMOHEHTOB TaKkKe CnocobCTBYeT acCUMUNALNN.

7.4.3. CmewleHue Marm

CyLiecTByeT MHeHUWe, 4YTo paszHoobpa3sne noposd MoOXeT ObiTb Bbl-
3BaHO CMeLUeHMeM OBYX NepBUYHbIX (POAOHAaYarbHMX) Marm: OCHOBHOM
n kncnon. OgHako obbIMHO COCTAB MHOMMX MarmMaTU4eckux Nopof He-
BO3MOXHO 0DOCHOBaTb, OCHOBBLIBAsCb TOMbKO HA MPOCTOM CMELLUEHUN
OCHOBHOW 1 KMCnon marm. [oaTomMy aTO ABMeHne, BEPOATHO, He urpaeT
CYLLLECTBEHHON ponu npu obpa3oBaHUM pPas3HOOOpPa3HbIX MarmaTude-
ckmx nopoa. OHo, BUANMO, MOXET UMETb MECTO B OTAESNbHbIX CriyyasXx,
N NpMBOAUT K 0BGpas3oBaHMIO CBOeOobpasHbIX Nopofd, B KOTOPbIX OTMe-
YalTCa HepaBHOBECHblE NapareHe3uchbl. Hanpumep, B HEKOTOpPLIX Nna-
Bax BO BKparnsfieHHUKax MpUCYTCTBYET Mrarnoknas pasHoro cCocraea,
4YTO TPYOHO 06bSCHUTL auddepeHUmaumnent, ogHaKo 3TO Nerko oobAc-
HSeTCA C MO3UUUW CMELUEHUA Marm, Korda MpoucXoguT CMeLleHue
OBYX YaCTUYHO 3aKpUCTaIM30BaBLUNXCS PacniaBoB.

®. epHep u Ouc. depxyreH oTMeyanu, YTo CMeLLeHne Marmatu-
YEeCKMX pacnnaBoB, BO3MOXHO B TOM Criyyae, €Cfiu OHU BO3HWKIN U3
OHOWN NepBUYHON MarmMbl Npu andgepeHumaLmm Nnnm acCUMNNALUN.
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8. MPONCXOXAEHWE OTAENBbHbIX rPYMN
MAIMATUYECKUX NOPOA

8.1. NleTeporeHHOCTb MarmMaTu4eckux nopoa

MpoucxoxgeHve rmaBHbIX FPyNn U TUNOB MarMaTUYECKUX Mopog
MOCTOSIHHO NpVBIiEKaeT BHUMAHWE MHOTMMX TEONIOOB W BbI3biBAET
OXMBIEHHbIE AMCKyCcCUMMW. [nuTenbHOe BpemMsi YCUMs yYeHbIX Obinu
HanpaBreHbl Ha CO3[aHNe YHUBEPCAlbHOW rMnoTesbl, KoTopasi cMorna
Obl 00BbACHMTE 0OpasoBaHMe BCero pasHoobpasnst MarmaTuyeckmx rno-
po4 B pesynbTarte eguHoro npouecca. Takon rmnote3on sBnsnach rm-
notesa K. BoyaHa, 13 kotopon crnegyet, 4TO BCe MarmaTuyeckme nopo-
Obl obpasoBanucb M3 6a3anbLTOBOM MarMmbl B pesynbTaTte KpucTanmnu-
3aUMOHHON anddepeHumaumm. ITa runoTesa nony4una HanbonbLlyo
nonynspHocTb B 20-30 rr. NpoLUnoro cToneTus.

OpHako yxe B Havyane XX B. MHOMMe NeTPosiorn ctanm CKNOHATLCSA
K MHEHMIO O CYLLECTBOBaHUM HECKOITbKMX TWUMOB MEPBUYHBLIX (pOoAoOHa-
YanbHbIX) MarM, a MHoroobpasune nopof oO6bACHATL NpoLeccamMu, Kak
onddepeHumaunn, Tak n accummnauun. Tak &.KO. JleBuHcoH-JleccuHr
obocHoBan camocToATeNbHOE CyLLECTBOBaHME ABYX TUMOB NEPBUYHbIX
Marm: rpaHuMTHOW u 6a3anbTOBOW, M BbIOENWUN ABE COOTBETCTBYHOLLME
caMOoCToSATENbHbIE TPYMMbl MarMaTUYeCKNX Nopoa, KOTopble MOryT 00-
pa3oBaTbCA Kak M3 KUCMOW, Tak U OCHOBHOM Marm. Takum obpasom,
BO3HWKITO NpeAcTaBrneHne 0 reTeporeHHOCTU MarmMaTu4eckux nopog.

[Mon eemepo2eHHOCMBIO MOHNMAOT BO3MOXHOCTb 0Opa3oBaHus
MarMaTtmyeckmx nopopn O6mnmMs3koro MmMHepPanorn4eckoro M XMMMUYECKoro
COCTaB M3 pasHblX MEPBUYHbIX (POAOHAYanbHbIX) MarM B pesynbTaTe
pasnuyHbIX MpPOLLEeCccoB: AuddepeHumauumn, acCuMunauum M meTaco-
maTo3a.

[Mpobnembl reTeporeHHOCT MarmMaTu4eckux nopon Havbornee
nonHo 6einun ccpopmynmpoBanbl KO.A. Ky3HeloBbIM B foknaae Ha Bcee-
Col3HOM neTporpaduyeckom coewannm B 1953 r.. OH BCECTOPOHHE
obocHoBar MonoXeHne 0 HeOBXOOUMOCTU BblAeNeHnst Tpex OomnbLInX
reHeTUYeCcKMX rpynn mMarMaTMyecknx nopoa: rpaHutongHon, 6asansto-
noHom n rmnep6asnToOBON, KOTOPbIE BKMKYAKT MO COCTaBy pPa3HOO6-
pasHble NopoAbl, BO3HUKAKLLME U3 NEePBUYHbBIX MarM COOTBETCTBYOLLE-
ro coctasa.
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8.2. NMpoucxoxaeHne KUCnbIX nopoa

Mpy paccMOTPEHUN MPOUCXOXKOEHUS KUCHABIX nopon Heobxoammo
OCTaHOBUTLCH OTAENbHO Ha 3hPY3UBHBLIX M MHTPY3UBHBLIX MOPOAAX.
Tak kak Marmatuyeckoe MpouCXoXaeHue Kucrbix acpdysmeoB n cyb-
BYJIKAHWYECKNX TPAHWUTOB HE BbI3bIBAET COMHEHWUI, OOHAKO BOMPOCHI
reHeauca rpaHuMToB rMyOuHHbIX hopMauuin (0COBEHHO AOKEMOPUINCKMX)
ABMNSTCA ANCKYCCUOHHBIMMU.

B ogHux cny4dasx npoucxoxgeHue kucnbix 3ddy3nBoB npegnona-
raeTcs M3 marmMaTtu4eckoro MpOU3BOAHOMO pacniaBa, BO3HWMKAMLLErO
npu anddepeHumnaummn 6asanbToBon Marmbl, NM6O Npu yyactum npo-
LLeCCOB acCMMMUIIALMN el KUCTbIX nopod nutocdepbl. O Takom npouc-
XOXAEHUN KUCMbIX 3hdy3nBOB CBUAETENBCTBYET UX TECHas CBHA3b C
0azanbTamMn 1 aHgesutTamym B OTAENbHbIX Tonwax addpysmBoB. Tak
Hanpumep, B 6asanbT-aHAEe3WUTOBbIX TOMLWAX Hepeako MpUCYTCTBYIOT
JaunTbl U PUONUTLI.

Ecnu e acbdy3anBHbIE TOMLLM CITOXKEHbLI UCKITFOYUTENBHO KUCIBbIMM
nopogamu, obbACHUTbL NX NPOUCXOXOEHME C No3numn auddepeHuma-
unn 6a3anbTOBOM MarMbl HEBO3MOXHO. B aToM criyyae kucnble achdy-
31Bbl, BUAMMO, BO3HMKAIOT MPU U3NUSHUN HA NMOBEPXHOCTb 3€MHOW KO-
pbl NEPBUYHOW rPaHUTONOHOW Marmbl (N1aBbl).

Takum obpasom, kucnble 3pdy3nBbl ABAAOTCA reTepPOreHHbIMU
nopogamu n BO3HMKatoT nMbo npu guddepeHumaumm nepesudHon 6a-
3anbTOBOM Marmbl, IMGO 00pa3yoTCcsa N3 CaMOCTOSATENIbHOM UCXOLHOM
rPaHUTHOM Marmbl.

3HauntenbHO Gonee cnoxHom siBNAeTcA npobrnema Npoucxoxae-
HUA NAYTOHWYECKUX NOpoS rpynnbl rpaHnToMaoB. Bece runoTtessl MoryT
ObITb 00begUHEHBI B TPW FpynnbI:

. rmnoTe3bl UHTPY3NBHO-MarmMaTn4eCKoro nponcxoxneHus;
. rmnoTesbl METAaCcoOMaTUYECKOIro NPONCXoxXaeHus,;
(] rmnoTes3bl NPOUCXOXOEeHUA rpaHUTonaoBs nytemMm marmatu-

YeCKOro samMmeLlleHuA.

MHpr3MBHO-MarMaTM‘-IeCKVIe rmnoTe3bl

CTOpOHHI/IKVI 9TUX TUMNOTE3 CHUTAIOT, YTO FpaHUTOMAbI BO3HUKAIOT
npu Kpuctamindaunm KMUCIbIX MarMmatn4eckmnx pacnjiaBoB, BO3HUKLUNX
Ha 3Ha4YnUTEJIbHbIX rny6V|Hax N BHEOAPUBLUNXCA B BEPXHUE 3TAXUN JINTO-
Cdﬁ)epbl. 3T rMNoTesbl UCXOAAT U3 TOro, YTO BO3HUKAOLLE B ITIY6VIHHI:IX
MarmMaTnyecknx odarax rpaHuTHble U rpaHoAuopmUTOBbIE MarmMbl Mo OC-
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nabneHHbIM 30HaM (MarMoBbIBOLALLMM KaHanam) noctynatwT K Mectam
CTaHOBIIEHNSI UHTPY3UBHbLIX MacCHBOB.

MpoucxoxgeHne cammx rpaHUTOUOHbLIX MarM OCTaeTcsl AMCKYCCU-
OHHbIM. Bngmmo, yacTb Kuchnbix Marm BO3HUKaET B pe3ynbTaTe ganeko
3aweqwen andpdepeHumaumm pogoHadansHon 6a3anbToBON MarmMbl €
y4yacTMeM MpPOLIECCOB acCCUMMIIALMM €K KUCMbIX nopog, nutocdepsl.
paHuTOMAObI, MMEKLLME Takoe MPOVCXOXAEHUE, OObIMHO TECHO acco-
LUMMPYET C NOpoAaMu MOBbILLEHHOW OCHOBHOCTM M BCTPeYatTca B Mar-
MaTUYECKMX KOMMIIEKCax COBMECTHO ¢ rabbpovgamu n gnoputamu.

[dpyrMe CTOPOHHMKM MarMaTU4ecKoro MPOUCXOXOEHWUS TPaHUTOM-
OOB YyTBEPXAAKT, YTO Gonbliasg MX 4acTb BO3HMKAET M3 CaMOCTOSs-
TeNbHOW MNEePBUYHOW FPaHUTHOM Marmbl, BHEAPANLWENCS B BepxHue
yactu nutocdepbl 13 rmybokMx marmatudeckmx odaroB. OCHOBOMO-
NOXHUKOM 3TUX runoTtes senaetca O.H0. JleBUHCOH-JleccuHr.

BonblWMHCTBO UccnegoBaTeNne Ha COBPEMEHHOM 3Tarne cyuTatoT,
4YTO rpaHWTHasi MarmMa UMeeT BTOpU4YHOE npoucxoxgeHue. OgHu m3
HUX, KaK Mbl y)ke HEOLHOKpPaATHO OTMEeYarnu, CHMTaT FPaHUTHY Marmy
npou3BogHon GasanbToBoW Marmbl. [lpy aTOM npegnonaraeTcsi, 4To
caMu o4ary marmooOpasoBaHWsi MOTyT MPOHUKATb BBEPX B KOPHEBbIE
YyacTu cknag4yatbix CTPYKTYp, T.e. MPONCXOANT BepTuKaribHast MUrpaums
MarmaTu4yecKnx O4aros.

OpHako BHe 3aBMCMMOCTM OT MPOUCXOXKOEHUS FPAHUTOUOHbBIX pac-
NnaBoB B MOSb3Y UHTPY3UBHO-MarMaTU4eCKOro NPONCXOXAEeHWS rpaHm-
TOMOOB CBUAETENbLCTBYIOT Criegylolime aHHble:

. ceKylliee NomnoXeHue rpaHUToOMaHbIX Ten Mo OTHOLLEHUIO K
BMeLLIaloLLIMM Nopoaam;

. Hanuuyve anodus M 3aKaneHHbIX 30nbGaHOoB Yy MHOMMX
rPAHUTOUAHLIX MITyTOHOB;

. MOHOMWHEPanbHOCTb U OQHOPOAHBIA COCTaB rPaHUTOUAOB
Ha BonbLUMX Nnowaasx;

. BNM30CTb XMMUYECKOro cocTaBa rPaHUTOMAOB M KUCHbIX

appy3nBOB, MarMaTtMyeckoe MpPOUCXOXAEHUE KOTOPbIX He Bbl3blBaeT
COMHEHUMN.

OpHoBpeMeHHOo cnegyet OTMETUTb U TPYAHOCTM rMnoTe3bl Marma-
TMYECKOrO MPOMCXOXOEHUS, KOTOPble BO3HUKAKOT MNP OOBbACHEHUN He-
KOTOpPbIX 0CODEHHOCTEN COCTaBa M CTPOEHUSI TPAHUTOMAHLIX MITYTOHOB:

. Hanbonee cnoxHo ob6bACHUTL NpobnemMy MNpPOCTPaHCTBA,
KakuM obpasom MpoUCXOAUT 3aBOeBaHWe rPaHUTHOM MarMon npo-
CTpaHCTBa, 3aHMMAEMOrO NHTPY3MBHbIM TEMNOM;
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. HeoBBbACHNMBIMU OKa3blBalTCA MPOCBEYMBaIOLLME CTPYK-
TYPbl HEKOTOPbLIX TPAHUTOUAHbLIX TEn;

. OTCYTCTBUE CNedOB MEXaHW4eCcKoro BO3OEUCTBUA Marmbl
Ha BMellaloLLme nopoap!.

F'MnoTe3bl MeETaCOMaTUYECKOro MPOUCXOXAEHUA rPaHUTONAOB

CTOpPOHHMKM MeTacoMaTU4eCKOro MNPOUCXOXOEHUS] TPaHUTONOOB
(TpaHcopMUCTbI, METAaCOMAaTUCTLI) NnonaratT, YTO rPaHUTU3auUms SB-
nseTca MNpoLeccoMm, B pesyrnbTaTe KOTOPOro TBepable nopoabl npe-
BpaLLalTca B NOPOAbl rPaHUTHOrO coctaBa 6e3 NpoxoXaeHusa yepes
MarMaTmyeckyto ctaguio. TpaHCOPMUCTbI CHUTAKOT, YTO FPaHUTbl MO-
rytT obpasoBaTbCs 13 UCXOLHbLIX NOPOS pa3nNUYHOro coctaesa brnarogaps
MeTacoMaTMYecKMm npoueccam nog Bo3oeNCTBMEM MOTOKAa BeLlecTBa
oborauleHHoro rpaHodunbHbIMKU koMnoHeHTamn K, Na, Si. B To Bpems
kak Ca, Mg u Fe BblHocATCS. Takum obpasom, 6onblias YyacTb rpaHu-
TOMAOB, MO MHEHMIO TPAHCHOPMNCTOB, ABMSIOTCS MeTamMopUYEeCKUMM
nopogamu, Bo3HUKawowWmmy 6e3 ydactus marmbl. OgHako, OHM He OT-
pyUaT CyLecTBOBaHWs 06a3anbTOBOM MarMbl U MPOM3BOAHON M3 Hee
Kucnon, kotopas obpasyeT rmnabuccanbHble rpaHUTOMOHbIE Tena u
Kncnble addy3mBbI.

CyLIHOCTb MeTacoMaTMYeCcKon rpaHnTU3aumm 3aknoyaeTcsa B 060-
ralieHMm rpaHnTU3MpyemMblX MOPOL KOMMOHEHTaMW, CBOWCTBEHHbLIMMU
rpaHuTam, npu ogHOBPEMEHHOM BbIHOCE M3 HUX FPaAHUTOGOBHBLIX KOM-
noHeHtoB (Mg, Ca n Fe). MuHepanornyeckm rpaHuTMsauus nposiBns-
eTcs B oboralleHnn nopon Keapuem, KanuwnaTtoMm, KACIbIM MnarMok-
nasoM, KOTOpble pa3BMBAOTCA Ha MecTe paHee CyLLECTBOBaBLUMX MU-
HepanoB MHOro coctaea. PasnuyatoTt gBa cnocoba rpaHUTM3aLmK:

o nytem anddy3nun BelLecTBa Yepes XuOKne MexrpaHynsp-
Hble MMEeHKN;
o nytem auddysum B TBEpAON cpefe (Cyxorn MeTtacomaroas).

Haunbornee BepoATHON ABMSETCA MUrpaumMs BeLlecTBa B XKMOKOM
MexrpaHynspHoi cpeae. Mpu npolecce rpaHUTU3aUUM B onpeaeneH-
HOW MOCNeaoBaTenbLHOCTM MPOUCXOANT U3MEHEHME COCTaBa UCXOAHbLIX
nopod. Ha HavyanbHbIX CTagMsiX NEpPBUYHBLIE CUIMKATbl UCXOAHBLIX MOo-
PO paspyLlaloTcs M 3aMeLlaroTcs nnaruoknasamu. B saBucumoctu ot
TemnepaTypbl npouecca U UCXOAHOro cocTaBa MOpPoA BHavane nosis-
NATCA OCHOBHbIE UMM CpeaHMe Mnaruoknasbl, 3aTemM OHU 3amelLaloT-
CA KMCMbIMM Mnaruoknasamu. Ha BTopoW cTagun uaeT 3amelleHve
nnarvoknasa kKanuwnaTtoMm ¢ obpasoBaHneM CBOeobpasHbiX KOppo3u-
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OHHbIX CTPYKTYp. Ha KOHeYHbIX cTagusx npouecca rpaHuTM3aumm no-
poabl oboralalTcsa KBapLeM.

Takvum 06pa3oM, B 30HY rpaHUTU3aUMM NPUBHOCATCS LLUENOYM U
KpemHe3eMomMm, a BblHocaTcsa Mg n Fe. CnegoBaTensHO, B 3€MHOM Kope
OOJSMKHbI CYLLIECTBOBATL 30HbI, B KOTOPbLIX ByayT Hakannueatbca Mg u
Fe. Takne 30HblI HasblBalOTCA (PPOHTOM Oasndukauumn, a 3NemMeHThl,
KOTOpble B HEW HaKannMBalTCs, HasblBaOTCA rpaHMTOOOHbIE.

B nonb3y meTtacoMaTU4ecKoro NpOUCXOXAEHUS TPAHUTONLOB CBU-
OeTenbCTBYHOT criegytowme dakTopbl:

. nerko paspeluaetcs npobnema nNpocTpaHCcTBa, MOCKOSbKY
rPaHNTLI BO3HMKAIOT Ha MECTE paHee CyLLEeCTBOBaBLUMX NOPOS;

. oboralleHre BMELLAIOLLMX NMOPOA KanuwinataMmm u apyrumm
MUHepanamu, XxapakTepHblM1 A4Sl (PaHNTONAOB;

. BO BMeLLALWMUX Nopogax BCTpevatTcs KpyrnHble nopdu-
pobnacTbl Kanuwinata, KoTopble MOfIHOCTbIO COOTBETCTBYIOT Kanviina-
Ty B NOPHMPOBUOHbBIX BbIAENEHMAX IPAHNTONOOB;

o HanMunMe MoCTEeNeHHbIX MEepexoJoB OT [PaHUTOUAOB K
BMELLIAIOLLIMM MOPOaaM;
. NPUCYTCTBME B rpaHUTOMAAX NPOCBEYMNBAIOLLMX CTPYKTYP.

OpHako CyLLecTBYHT hakTbl NPOTUBOPEYaLlLne TMnoTese rpaHnUTH-
3auuu:

. He paspaboTaH BOMPOC O MPOMCXOXOEHUN TPaHUTU3UPYIO-
LLMX PacTBOPOB M OTCYTCTBME SKCMEPUMEHTANbHBIX AOKa3aTENbCTB;
. C NO3MLIMM FPaHUTU3aLIMMN HEOOBACHUMbIMM OCTAOTCH Ha-

nuyve anodua B 3akaneHHbIX 3omnbbaHaax U Hanuune pesknx KOHTaK-
TOB;

o OnM30CTb XMMWMYECKOro COCTaBa PaHUTOMOOB M KUCIbIX
adhdhy3MBOB U UX YacTasa CONPSPKEHHOCTb BO BPEMEHMN;

. MHOTFOMUHEPanbHOCTb MPaHUTOMAOB U UX OOHOPOAHBLINA CO-
cTas,;

o BbICOKOTEMMNEPATYPHbIE pachiaBHble BKIMIOYEHUS B MUHE-

panax rpaHnTonagoB.

vnoTesbl NPoOUCX0XAEeHNUA rPaHUTONO0B

nyTemM MarMaTM4yecKoro samelleHuUsA

MnoTtesa MarmaTM4eckoro 3amelleHus bbina BblABUMHYTA U 0060C-
HoBaHa [.C. KOpXWMHCKMM W OornorfiHeHa ero y4deHukamu. CormnacHo
3TUM TUMNOTEe3aM rpaHUTOMObl BO3HMKAKT MpU KpucTannusaumu pac-
MnaBoB COOTBETCTBYHLIErO COCTaBa, KOTOpble BO3HMKAKT Ha MecTe
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3aneraHusl paHee CyLleCTBOBaBLUMX OCaAOYHbIX NGO WMHBLIX NOpOA.
Taknm ob6pasom, KpynHble rpaHUTOMAHbIE Tena npeacTaBnsitoT cobon
3aKOHCEPBMPOBaHHbIE MarMaTU4YecKne oyaru, a rpaHuTonabl SBNSTCS
B 3HAYMTENBHOWM YacT! MarmMaTU4eCcKUMK, HO HEe UHTPY3UBHbIMK Obpa-
3oBaHuaAMK. PacnnaBbl, ob6pa3oBaBLUMECA MPU MarMaTU4eckom 3ame-
LLIEHUN CUanMyeckon oboMnoYKM, Ha3bIBatOTCSA MOSIMHIEHHBIMW Marmamu.
McTouHrKkamMn nepennaBneHns cuanmnyeckor ODONOYKM CYMTAKT pas-
NNYHbIE MPOLIECChl, MpoMcXoadALMe B 3EMHOM KOpe: TEKTOHU4Yeckue
MpoLEeCcChl, paanoakTMBHBIN pacnag, gerasauus BepxHen MaHTuum, nog-
HATUE MarmMaTM4ecKkMx MacC OCHOBHOrO COCTaBa, KOTOpble SBMASIOTCH
NCTOYHMKaMW Kak Tenna, Tak U1 MarmaTU4ecKMx pacTBOpPOB.

Mo mHeHuto [.C. KopxuHckoro obpasoBaHMe rpaHUTHOW Marmbl
NPOUCXOAMT Nog BO3AEWCTBMEM CKBO3bMarmaTW4ecKkux, TpaHcMarma-
TMYECKUX PacTBOPOB, KOTOPbIE NOAHMMAKTCS U3 FMYyOUHBLI NoA BNUSIHU-
eM rpaBuTaumoHHon auddepeHLmnaLmm 3eMHOro BeLLecTaa.

CkBO3bMarmaTu4eckue pacTBOpbl, MpocavMBalonecs no 3oHam
MOBbLILUEHHOW MPOHMLAEMOCTI, UrpatT NpyM MarmMaTM4eckoM 3amelle-
HUM OBOVIHYKO ponib. C OAHON CTOPOHbI OHU MPUBHOCAT B NMOPOAbI rpa-
HUTOUNbHbIe KOMMoHeHThl (K, Na, Si) u BbIHOCAT rpaHUTOodO6HLIE
komnoHeHTbl (Mg, Fe, Ca). C gpyron HecyT ¢ coboi 13 rnyouH 6onb-
lWMe 3anacbl TEMSIOBOW 3HEPrnv, BO3LENCTBME KOTOPOW MpMBOAUT K
MOBbILLEHMIO TeMMepaTypbl NOPOA, Yepe3 KOTOpble OHW MpOcCavMBaloT-
cs.

OnutensHoe BO3gencTBue Ha NOpoAdbl CKBO3bMarMaTU4YecKkmnx pac-
TBOPOB MPMBOAUT K MX OBOralleHuo rpaHUToUIbHLIMU KOMMOHEHTa-
MK, a TakkKe K pasorpeBaHuio 40 BbICOKUX Temnepatyp. B pesynbTate
3TOro nopofbl MO CBOEMY MWHeparnornyeckoMy coctaBy Bce 6onee
NpUBNMXKaTCA K rpaHUTHOWN 3IBTEKTMKE, KOTOpasi MpeAcTaBnsieT cobon
NerkonnaBKyl CMeCh KBapua, Kanuwinara v K1ucnoro nnarvuoknasa. Npu
OOCTVXXEHUN 3BTEKTOMOHOrO cocTaBa M TemnepaTypbl NMaBneHUs 3B-
TEKTMKN MPONCXOAUT BbINIABEHNE rPaHNUTHOIO Ui rPaHOAMOPUTOBOIO
pacnnaBa. Pacnnae Bo3HMKaeT Ha MeCTe U3MEHSeMOW nopoAbl U 3a-
mMelwlaeT ee. [anbHenwee BO3OENCTBME CKBO3bMarmMaTU4eckux pac-
TBOPOB NPMBOOUT K AanbHeWLeMy pacniaBieHuio BMeLLaloWwmx no-
poa, npu 3ToM QPOHT MarmMoobpa3oBaHWs NepeMeLLaeTcs B Hanpas-
NEeHNN OBWKEHNSI CKBO3bMarMaTu4ecknx pactTBopoB.

OfHOBpPEMEHHO C MeTacoMaTU4eCKUM U3MEHEeHMeM nopog U ux
MarMaTM4eckum 3ameLleHMeM CKBO3bMarmMaTuyeckme pacTBopbl BbIHO-
CAT B 9HAOKOHTAKTOBbLIE 30Hbl FPAHUTOOOHbLIE KOMMOHEHTLI, KOTOpbIe
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dumKkeupytoTest B OMoTUTE, poroBon obMaHke 1 Apyrmx MUHepanoB KOH-
TaKTOBbIX POrOBUKOB.

Bo3moxHOCTb 06pa3oBaHUsA NOMMHIEHHOW FPaHUTHOW Marmbl Mpu
YacTUYHOM BbIGOPOYHOM MMaBMAEHMM OCafOYHO-MeTaMopPUYECKON
060Mn04KM 3eMHON KOpbl JoKa3aHa dKCNepUMEHTaNsHO aMepUKaHCKUMM
ydeHbiMu K.A. BoyaHom n TatTtnom. HekoTopble uccnegosarteny noa-
YepkmBalT Oonblloe 3HauYeHWe BOAbl Af1s1 BbINMaBNEHUs FPaHUTHBIX
pacnnaBoB. Ponb Bogbl B cOCTaBe pacrniiaBoB BO3pacTaeT C yBenuye-
HMEM OaBrieHusl. Tak B LIENOYHO-anoMOCUIIMKAaTHBIX pacniiaBax npwu
T=1280° C n paBneHusx 200-400 MlNa pacTBopeHHasi Boga CMOXET
gocturate go 10% obuwero obbema. OHa coaepKMTCa Kak B MOJSIEKy-
NSApHOM BuAe, Tak 1 B guccouumnpyemom B Buge OH.

[ocTonHcTBa rmnoTesbl MarMaTn4eckoro 3ameLleHus

. rmnoTesa MarMaTU4ecKoro 3ameLleHns pelaeT npobnemy
NMPOCTPaHCTBA, TaK Kak rpaHUTHasi Mmarma BO3HUKAeT Ha MecTe 3arera-
HWsi paHee CyLLeCTBOBaBLUMX NMOPOL;

. nerko oo6bsACHAET OTCYTCTBME MEXaHU4YECKUX BO34ENCTBUI
Ha BMeLllaouwme nopoabl CO CTOPOHbI KPYMHbIX MHTPY3MBHBLIX TEJ;
. 3aBMCMMOCTb COCTaBa MHOIMX rpaHUTOUAHbIX NITYTOHOB OT

COCTaBa BMeLlaolmnx nopoa.

3aBepliasi paccMoTpeHe NpoOneMbl NMPOUCXOXOEHUS TPaHUTOU-
[O0B, cneayeT, BUOUMO, METb B BUAY BO3MOXHOCTb UX BO3HUKHOBEHMS
B pe3yrbTaTe pa3HoobpasHbix npoueccoB. Tak, hopMMpoBaHUE NHTPY-
3MBHO-MarMaTUYEeCKUX FPaHMTOMOOB HEpPEeOKO COMPOBOXOAETCS MeTa-
COMaTMYECKON rpaHnTM3aLme NOPoL 3K30KOHTaKTa, B pe3yribTaTe OHM
npeBpaLlaTcs B rpaHMTonodobHble MeTacoMmaTnyeckue nopogpl. O6-
pa3oBaHWe rPaHUTOUZHOW MarMbl B NMpoLecce mMarMaTU4Yeckoro 3ame-
LLeHNs oOKa3blBaeTCs BO3MOXHbIM TONbKO MOcne npeaBapuTenbHON
MeTacomMaTU4ecKoN MOArOTOBKM 3aMellaemMblX nopod, KoTopas Bblpa-
)KaeTcs B MX rpaHMTU3aLmnn.

OTn obcTosATENnbCTBA MO3BOMAKT CYMTATb, CYLLECTBOBaHWE, MO
MEHbLLEN Mepe, TPeX FeHETUYECKNX TUMOB rPaHUTONOOB: UHTPY3UBHO-
MarMaTU4YeckuX, MeTacoMaTUYECKUX WU MarMaTUYECKOro 3aMelLeHus.
PasnuyHas porb Ux B 3HAYUTENbHOW CTEMNEHN 3aBUCUT OT FNyGUHBLI 06-
pa3oBaHWs TPaHUTOMAHbLIX MIYTOHOB, ANS rMnabuccanbHbIX YCNOBUWIA
(cpaBHuTENBHO  HebomnbWKMX  MyOWMH)  XapakTepHbl  MHTPY3WBHO-
MarMaTuyeckue rpaHuTomabl (annoxXTOHHbIE), @ AN Me3oabuccarnbHbIX
n abuccanbHbix (cpegHue n Gonbline rmybuHbl) — rpaHuTONdbl MeTa-
COMaTMYeCKOro 1 MarMaTM4eckoro 3aMeLLeHNs (aBTOXTOHHbIE).
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8.3. MpouncxoxaeHne 0OCHOBHbLIX NOPOA HOPMAarbLHOro psaaa

MHorvne nccnegosaTenu cumTaloT, YTO 6oNbLUMHCTBO rabbponaos
n 6asanbToB 0OpasylTca B pesynbTaTe KpucTannusaumm pooHa-
YyanbHou 6a3anbTOBOM MarmMbl, a pasnuunsi, oTMeYaeMble B UX COcTa-
BE, BMAMMO, OOYCMOBMEHbI CYLLECTBOBAaHMEM pPas3fu4yHbIX TUMNoB Oa-
3anbTOBbIX MarM, W3 KOTOpbIX HauMbornee Mpu3HaHbl TONEWUT-
OasanbToBasi U ONMBUH-0a3anbTOBas.

Bo3HukHOBEHME M3 nepBMYHOro 6asanbToBOro pacnnaBa rabot-
poMOoB C pasfMyHbIM COAEPXKaHMEM TEMHOLBETHLIX MUHEPASIOB U OC-
HOBHOIO Mfarvoknasa WuccrneaoBaTeNu CUYUTAKT pe3ynbTaToM Kpu-
cTannusaumoHHon andpdepeHumaumm kak Ha MecTe CTaHOBIEHUS ny-
TOHOB, TaK M Ha NyTSX OBWMXEHUs MarMbl B BEPXHWE TOPWU3OHTbLI NIUTO-
coepbl. Taknm obpasom, obbscHAeTCa obpa3oBaHWe NENKOKPaTOBbIX
ra6bpongoB, aHOPTO3UTOB C OAHON CTOPOHLI MU MENaHOKPaTOBbIX U Me-
NaHONMUTOBbLIX C ApYyron. B pacnonoxeHun pasnuyHbix TMNoB rabbpowu-
OOB BHYTPU WHTPY3UBHbIX TENT BLISBMAIOTCA ONpPeAerieHHble 3aKOHO-
MepHoCcTU. YacTo menaHokpaToBble rabbpouabl TArOTET K HUXKHUM
YyacTsiM MIyTOHOB, a NEWKOKpaToBble K BepxHUM. MHorga Takas pac-
CINOEHHOCTL NPOSABMSETCS OYEHb XOPOLIO, B HWKHUX YacTdX Marmartu-
YeckMx Ten obocobMnATCS rOpM3OHTLI MeNaHoONUTOBLIX nopoAd. B apy-
rMxX cnyyasix MnyTOHbl XapaKTepU3YKTCHA CIOXHbIM  MoriocyaTbiM
CTPOEHMEM C 4YepedoBaHMEM MOSIOC C Pa3fMYHbIM KOJNIMYECTBEHHBIM
COOTHOLLUEHMEM TEMHOLIBETHBIX MUHEPArIOB M OCHOBHOIO Mnarvoksasa.

Bnuskne 3akoHOMepHOCTU oTMmevatoTcs U Ans 3dy3nBHbBIX MO-
poa. Hepepko npu o6pa3zoBaHMM NOTOKOB M MOKPOBOB OOHapYXMBatOT-
ca cneabl guddepeHumaumnm, KoTopble BoipaxatoTcs B oboralleHnm nx
HWKHUX YacTel ONUBMHOM U MUPOKCEHAMM, a BEPXHUX MIlarnoknasom.
Takum obpasoM, nNpoucxoxaeHne GonbLUMHCTBA TUMNOB rabbponaos U
6a3anbToB XOpOoLWO 0ObSCHSETCA C NO3UUMEN TMNOTe3bl KpUcTanmaa-
UMOHHOM audbdpepeHumaumm 6a3anbTOBbIX pacnnaBoOB Ha MecTe MX
CTaHOBIIEHUSI UMK Ha rMyOuHe (Ha nNyTaX OBWXKEHMS Marmbl K MOBEpX-
HOCTW).

OpHako npu pelleHnn 3Tor NpobremMbl BO3HMKAOT U TPYAHOCTW.
Tak npu nonbiTke OOBLACHUTBL NoniocyaTble TEKCTypbl B rabbpougax,
Korga B HUX HabnogaeTcsl MHOrOKpaTHOe YepefdoBaHve NCeBOOCIIOEB
C pes3Ko pasfnu4yHbIM COAep)KaHueM MopoAoo0pasyLWmnX MUHEpParnos,
OfHW MWCcnefoBaTenM MbiTalTCA OOBSACHWUTL  KpUCTaNn3aLMOHHON

171



anddepeHumaumen marmbl B npoLecce ee ABmxeHus. [pyrue cuntarot
ee pes3ynbTaToM JIMKBALNOHHOIO paccrnoeHnst Marmei.

Hanbonee anMckyccMoHHOM ocTaeTca npobrnema aHopTo3uToB. He-
COMHEHHO, YTO YacTb NEenKONUTOBbLIX rabbpougoB obpasyeTtcsa npu
anddpepeHumaummn 6a3anbToBOM MarmMbl, U1 B 3TOM Criy4yae OHU TECHO
CBSI3aHbl C ApYrMMK Tunamu rabbpovgoB 1 o6pasyoT ¢ HUMK eauHble
nnyToHbl. OQHAKO BCTPEYatoTCst KPYMHble aHOPTO3UTOBLIE MITYTOHbLI, B
KOTOpbIX rabbpouabl NpakTUdeckn OTCYTCTBYHOT NMOO BCTpevalTcsl B
HebonblwoM konmnyecTBe. Takum aBnsieTcs [PKyroKypckui aHoOpTO3u-
ToBbIN MaccuB (~10 KMZ). [poucxoxgeHne Takux KpPYmnHbIX aHOPTO3M-
TOBbIX MAYTOHOB HE HAaxOAMT OO HacCTOSALWEro BpPeEMEHM [OCTaTOYHO
nonHoro obbsacHeHus. OgHM MccrnegoBaTenu CYMTalT MX NPOU3BO4-
HbIMW @HOPTO3UTOBOrO pacniaBa, KOTOPbIA BO3HWKaET B pesynbrarte
rnybuHHON accMUNALUKN rPaHUTHOW Marmoun 6onblumx ob6bemMoB Kap-
OOHaTHbIX M BbICOKOIMMHO3EMUCTBIX nopod. Opyrne wnccneposaTenu
obpasoBaHMe aHOPTO3UTOBOrO pacnnaBa CBA3bIBAOT C PPAKLNOHMPO-
BaHMEM paHHMX BbIAENEHMI Nnarnoknasa u3 QUOPUTOBOro pacrsasa.
HekoTopble nccrnegoBaTeny cYMTaOT MX MeTacoMaTu4eckummn obpaso-
BaHUSAMM 3@ CHET KPUCTASNIMYECKNX CNAHLEB NOA BNUSTHUEM PacTBOPOB
oboraleHHbIX HaTpUeM U1 aniomMuHeM. Buammo, Takke Henb3si oTpu-
uaTtb MPOUCXOXAEHUS aHOPTO3WTOB MarmMaTtu4yeckum MnyTeMm B Xoge
anddepeHumnaumm 6a3anbToBON MarMbl BO BpeEMSI €€ OBWXKEHUS B
BepxHMe aTaxu nutocdepobl.

8.4. NMpoucxoxaeHne yrnbTpaoCHOBHbLIX NOpoA
HOpMarnbHOro psiga

[eonornyeckut M netporpaduyecknii mMatepmansl CBUOETENbCT-
BYIOT O 3HAYMTENIbHOW rETEPOreHHOCTU YNbTPAOCHOBHLIX Mopod. Tak
KaKk OHM BCTpeYalTCsi B COCTaBe PasfiMyHbIX MarmaTuyeckux dopma-
unn: rabOpo-NUPOKCEHNT-OYHUTOBOW, rabbpo-cneHnToBown, rmnepbasm-
TOBOM, rabbpo-HOPUTOBOW, LLENOYHO-yNbTpaocHOBHON. Kak cneagyeT n3
Ha3BaHMN PopmMaLMii, B COCTAaBE KOTOPbLIX OHW BCTpeYarTCs, ynbTpa-
OCHOBHble Nopoabl 06bIMHO TECHO accouunpyeTt ¢ rabbpovgammn nmdo
0BpasytoT caMOoCTOATENbHbIE MAYTOHBbI.

HecoMHeHHO, MarmaTuyeckoe MpPOUCXOXKOEHWE UMEIT YyrbTpaoc-
HOBHblE NOPOAbl B COCTaBe «NCeBOOCTPATUMDULNPOBAHHBIX» UHTPY3UIA.
OHu BO3HMKaOT Gnarogaps KpucTannu3auuoHHo nnbo marmaTude-
ckon aunddepeHumnaumm pogoHadansHon 6as3anbToBOM Marmbl, B pe-
3ynbTate rpaBUTALNOHHON OTCAOKW KPUCTamsoB OfMBMHA U MUPOKCeE-
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HOB MM B MNpoLEecce rpaBMTALMOHHOIO paccrnoeHnst pacnnaea. [lpu
3TOM BO3HUKAKOT NITYTOHbI NPENMYLLECTBEHHO rabbpomaHoro cocrasa,
B HWXXHMX FOPU3OHTaX KOTOPbIX B OOMbLUNX UM MEHbLUMX KONUYecTBax
NPUCYTCTBYIOT yNbTpamaduThl.

OpHako M3BeCTHbl rabbpouaHble Tena, Ofis KOTOPbIX XapaKTepHO
CMNOXHOE MorocaToe CTpoeHune, 00YyCrnoBreHHoe YepenoBaHuem rabo-
povaoB u ynbTpamaduToB, 6e3 4eTkoro 060cobneHns yrbTPaoOCHOB-
HbIX MOPOA B HWXXHUX FOPU30OHTaX.

Monb3ytloTes pacnpocTpaHeHeM rabbpo-ynbTpamaduToBbie Mny-
TOHbI, chOpMMpOBaBLUMECS B pe3ynbTaTe MnocrnefoBaTeflbHOro BHe-
OPeHNs1 yrbTpaoCHOBHOIO, a 3aTeM rabbpougHoro pacnnasoB. [pen-
nonaraetcs, 4Yto anddepeHuma 6asanbToBOM MarmMbl NPOUCXoAuna B
rnyoMHHOM MarmMaTM4eckoMm ouvare Unu Ha nNyTax ee OBWKEHNS.

B o6oux cnydasx ynbTpaoCHOBHble MOPOAbl TECHO CBsi3aHbl C
rabbpongamm N Mx mMarmMaTU4eckoe NPOUCXOXOEeHME U3 pogoHayarb-
Hol 6a3anbTOBOM Marmbl HE Bbi3bIBAET COMHEHWN.

Haunbonee OuUCKyCCMOHHOW siBNsieTCA NpobriemMa npoucXoXaeHus
anbMMHOTUMNHBLIX TMNepbasmMToBbLIX MacCMBOB, FPYNMNUPYHOLLUXCA B JU-
HeliHble nosica. B aTom cny4ae ynbTpaoCHOBHLIE NOPOALI HE COMPOBO-
XOAarTCsa 3HAYMTENbHBIMM MaccMBamu rabbpongos.

CyLecTByeT HECKOMNBbKO TOYEK 3PEHUsI Ha MPOUCXOXOEHWE anbnu-
HOTUMHbLIX runepbasutoB. OgHU UccrnegoBaTeENM CUMTAKOT MX MPOU3-
BOOHbLIMW CaMOCTOATENbHOM MNEPUAOTUTOBON Marmbl, odarnm KOTOPOW
HaxoOaTCs B BEPXHEWN MAHTMM U BO3HUKAKOT B pe3ynbTaTe JIoKaribHOro
pasorpeBa, 00yCrnOBMEHHOrO pasnnyHbiMKM NpUYMHaMm1 (CHATME faBne-
HWS, pagMoaKkTMBHOIO pacnaga). MMybuHHbIE pas3noMbl CnykaT nyTaMu
NPOHUKHOBEHUS YNbTPAOCHOBHOIO pacnrasa B 3eMHyto kopy. OgHako ¢
TOYKN 3PEHUS MArMaTU4ecKoro MPOUCXOXAEHUS anbMUHOTUMHBLIX TU-
nep6asntoB TPyaHO OOBLACHWUTL OTCYTCTBMEM BbICOKOTEMMNEPATYPHbIX
N3MEHEeHNn BMeLLaloLMX Nopond Ha KOHTakTe ¢ runepbasutamu U Ha-
NnYMe TEKTOHMYECKUX KOHTAKTOB C BMELLAKLIMMKN NOPOAaMN, a He UH-
TPY3UBHBbIX.

BoyaH n TaTTn BbIABMHYMM IMNOTE3Y O BHEAPEHUM rvnepbasuto-
BbIX TEN B «Kalleobpa3HOM» COCTOsIHMM, TO €CTb B BUAE KpucTaninye-
CKOro arperarta ¢ OCTaTOYHOWM XNOKOCTb. C 3TON TOYKM 3PEHUS HU3KO-
TEMMEepPaTYpPHbIA KOHTAKTOBbLIN MeTaMopduam runepbasntoB 00bACHS-
eTca HebomnblMM 3anacom Tenna, BenuyMHa KOTOPOro MponopLmo-
HanbHa KONUYeCTBY OCTaBLUENCS XUOKOW ¢hasbl.

B nocnegHee Bpemsi LUMPOKOE pacrnpocTpaHeHne nony4duna rmno-
Te3a 00 0OpasoBaHUM anbMMHOTUMHBIX rMNepO0asnToB B pesyrnbTarte
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npoTpy3n. To ecTb OHW BHeApPSATCA B TBEPAONNACTUYHOM COCTOS-
Hun. CornacHo 3Ton runoTese B pesynbTaTe Aerasaumn 1 YaCTUYHOro
nnaeneHns BepxHerW MaHTUM opMUpyeTcs AYHUT-rapubyprutoBbIn
cybceTpaT, KOoTopbIA HaxoauTca B TBEPOO-NNACTUYHOM COCTOSHMM. 3a-
TeMm, Bbnarogapsi pacTsKeHUo 3eMHOW Kopbl M obpasoBaHuio ocnab-
NEHHbIX 30H BOOSb MMYOGUHHbBIX Pa3fioMoB, AYHUT-rapubypruToBbin cy6-
cTpaT (MaHTWUIAHbIN PecTUT) BHeapsieTCs B 3eMHylo Kopy, Gnarogaps
BbICOKMM TemnepaTypam U AaBfEHUsIM COXpaHSAeTCs UX nnacrtuyeckoe
cocTosiHMe. B 3emMHoON kope anbnMHOTUMHbIE rMnepbasnTbl COBMECTHO C
nopogamu obpamneHns noaBepralTCcs npoueccaMm perMoHarnbHOro
meTamopcdmsmMa 1 nocregyowmm npoueccam gecdopmauun. O meTa-
MOPOreHHOM MPOUCXOXAEHUN anbNUHOTUMNHBLIX rMnepbasnToB ceuae-
TENbCTBYIOT MHOTOYUCNEHHbIE AAHHbIE!

. pa3meLlieHne noAcoB anbnMHOTUMHbIX rl/ll'lep6a3l/ITOB KOH-
TPOJIMPYETCA permoHanbHbIMU CTPYKTYPaMU;
. FVIFIepGGSVITOBbIe MacCuBbl HaCTO UMEKT BbITAHYTYHO, JIUH-

30BUAHYI0 hOpPMY U OBGHapyXMBaloT KOHOPMHOE 3arieraHne K CTpyk-
Typam nopop oGpamIieHuns:;

. OYHWUTBI U rapuBypruTel 0GHapPYXXMUBaOT MOL MUKPOCKOTNOM
mMeTamopduyeckne CTPYKTYpbl MOJOOHbIE CTPYKTypam BMeLLaloLwmx
nopoga.

OpfHUM 13 rmaBHbIX HELOCTATKOB 3TOW rMNOTE3bl ABNSETCA TO, YUTO
CTOPOHHUKM €€ HEMOTYT npeackasaTh, Kakme TEKTOHUYECKME CUIbl CMo-
CcOOCTBYIOT CyOBepTMKanbHOW MpOTPY3MM TMnNepbasnTtoB B BepXHUE
YacTn 3eMHOW KOpbl, TaK Kak MIOTHOCTb rMnep06asnTtoB HamMHOro 60orb-
e, YeM NJI0THOCTb NOpPOA NMTocdeEpbI.

B nocnegHee gecatunetne Hanbonee LUIMPOKOE pacnpocTpaHeHue
nony4unnun rmnotesesl 06 odmonuToBon npupoge runepbasntor. Hanbo-
nee pbsiHbIM CTOPOHHUKOM 3TuX runotes aenaetca K.J1. [lobpeuos. O1n
rMNoTe3bl OCHOBBLIBAKOTCHA Ha MO3NUMAX TEKTOHWMkU nauT. CornacHo
3TON runoTese O(MONUTOBBLIM pa3pe3 NPencTaBnsioT COOON TECHYH
accoumauunio MetTamopdUYecknx nepuaoTUTOB, KYMYNSTUBHOMO YibT-
pamaduT-MaduUTOBOro Kommnnekca, rabbpouaos, komnnekca napan-
nenbHbIX JAaeK OCHOBHOMO cocTaBa M OCHOBHbIX addpy3nsoB. Odumonu-
Tbl NPEACTaBNSAOT cOOOM hparMeHThbl APEBHEN OKeaHUYeCcKom Kopbl. B
pesynbTate MNpoLeccoB cybaykumu, T.e. Mpy MOrPYXEHUN OKeaHu4e-
CKOW KOpbl MOA KOHTMHEHTbI, B JTOKamnbHbIX y4YacTKax BO3MOXHbl MpoO-
ueccbl 064yKuuM, Korda yqacTKM OKeaHU4eCKOW KOpbl OKasblBaKTCH,
HaOBWMHYTbl HA KOHTUHEHTAanbHYIO Kopy. Takum obpasom, opMupyLOT-
€ 0(PMONUTOBbLIE NMOKPOBbI.
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B semHON kope oronuToBble MOKPOBbLI NOABEPralTCA TEKTOHM-
YeCkUM BO3OENCTBUSAM, B pedynbTaTte Yero paspyluaetcs (peayumpyer-
ca) odmonuToBas accoumaums. Hanbonee pgpeBHUe odUONUTOBLIE
MOKPOBbLI SABNSAKTCA Haubornee peaoyuMpoOBaHHbIE U B TakOM Criydvae
rmnep6asnTbl YacTo OTOPBaHbl U He OBHapy>XMBaKOT TECHON CBA3U C
APYrMMn CcOoCTaBHbIMM 4rieHamu odmonuToBoro nokposa. Haubonee
COXpaHuBLLUMECH O(UOMNMUTOBBIE MOKPOBbI XapaKTepHbl Afs MOnoAblX
cknagyaTbix obnacten (Anbnbl).

CBoeobpa3Has Touka 3peHUs Ha NPOUCXOXAEHWEe anbNUHOTUMHBIX
runepb6asuToB BblABUHYTa B.B. BenuHcknum. OH cuntaeT, 4To B HEKOTO-
PbIX CryyYasx anbfMHOTUMHbIE rnepbasnTbl MMET  0Cago4HO-
mMeTamopduyeckoe npovcxoxgeHne. CornacHo 3ToW runoTtese B pe-
3ynbTaTte MpPOrpeccUBHOr0 MeTamopduama KaofUHOBBLIX U MOHTMO-
PUNAOHMTOBbLIX MWUH 0BpasyloTca cepneHTUHNUTLI. A 3aTem, Grnarogaps
BO3pacTaHuio TemnepaTypbl, NPOUCXOAUT AecepneHTusaumsa u obpa-
3yloTca MeTamopduydeckne AyHUTbl U rapubypruTel. 3Ta runotesa noa-
TBEPXAaeTCcsa aKcrnepuMMeHTanbHbIMU AaHHbIMU. C TOYKM 3peHus 3Tow
rmnotesbl Hamboriee ferko MOXHO OOBSCHUTb HanMuMe COrfacHbIX
NEHTOBUAHbIX TeN CepneHTUHUTOB cpeau MeTamopduyecknx obpaso-
BaHW, MOLLIHOCTb Takux Tern meHee 1 kM, a yawe He npesbiwaet 100-
200 M, ogHaKo NPOTSAXEHHOCTb UX Benuka — A0 HECKOMbKUX OECHATKOB
kunomeTpoB. Takue Tena rmnep6asnToB COBMECTHO C BMELLAILMMU
nopoAamMu y4acTBYIOT B CKNagyaThIx npoueccax.

Ctonb NpoTvBOpeYMBbIE B3rMsAAbl Ha NPOUCXOXAEHWE YNbTpaoc-
HOBHbIX NOPOA, BUAMMO, OTPaXatoT UX reTeporeHHoe NpoucxoxaeHuve,
N KaXkgas U3 HUX He NULIeHa CBOUX OCTOMHCTB W He4OCTaTKOB.

Bonpoc o nponcxoxgeHun ynbTpaoCHOBHLIX MOPOA B COCTaBe Le-
NOYHO-YMbTPAOCHOBHbLIX hopmauni B HacTosiee Bpemsa nmeet 6onb-
Wyl onpegeneHHocTb. Wccnegosatenu noavepkmBaroT OGnmM3ocTb
CTPYKTYPHO-TEONOMNMYECKOro MornoXeHust 3TUX nopog U KumbepnuTos,
OBLLHOCTb MX NETPOXMMUYECKUX OCOBEHHOCTEN, OAMHAKOBbIN Habop
aKLUeCCOPHbIX MWHEeparioB U paccesHHbiX anemeHToB. Kumbepnutbl
cofepxaT B CBOEM COCTaBe «POACTBEHHbIE» BKITHYEHUSA rPaHaTOBbIX
nNepuaoTUTOB U SKMOMMTOB, HECYLUMX MUPOMOBLIV rpaHaT. ATU BKIOYe-
HUS paccMaTpuBalOTCs MHOMMMU UCCNEeaoBaTensMu Kak penukTbl Be-
LlecTBa noAeepriieroca nnasneHnto. Pasnuuna mexay kumbepnutamu
N nopogamm LLEnoYHO-YNOTPAOCHOBHbLIX KOMMMEKCOB 3aKMioyatTcs B
MeHblUen cTeneHn audpdepeHumaumy B pacnnasax KuMOepnuTos.
Pacnnasbl cnocobHble k avddepeHumauumn Ha NPOMEXYTOUHbIX YPOB-
HSX MCMbITbIBAOT 3HAYMTENbHbIE U3MEHEHUSA B COCTaBe WM MpU MHOro-
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KpaTHOM BHegpeHMn obpasyloTcs CMOXHbIE CEepUU YNbTPaOCHOBHbIX U
Weno4vHbIX nopod. Kumbepnutbl no BeLleCTBEHHOMY COCTaBy npen-
CTaBnsaT cobon cMeCb MaHTUNHBIX TBEPAbIX NOPOA U AepuBaToB, CO-
CTOALNX U3 BOAbI, YINEKUCNOThl U wenoven. Knumbepnutel paccmartpu-
BalOTCH, KaK BbIHECEHHblE ras3amu Opekyiny MaHTUWHOrO cocTaBa, He
NPOXOAMBLUNE NITABIIEHUS B YCNOBUSIX 3€MHOW KOpbI.

MarmaTuyeckoe MpomucxoXxaeHne, HECOMHEHHO, UMEIOT yrnbTpaoc-
HOBHble 3dpy3mBbI (MENMEUNTLI N KOMATUUTBI).

B 3akmouyeHun, Bnammo, crniegyet cgenaTte AOCTaTOYHO OBOCHO-
BaHHbIA BbIBOA O TOM, YTO B MPMpOAE CyLLEeCTBYET HECKONbKO reHeTu-
YECKMX TUMOB ynbTpamacuToB, BO3HWUKAIOLWIMX PA3NUYHBIMK MYTSMMU,
Kak NpoaykTbl anddepeHunauumn 6a3anbToBOM MarmMbl, NPOOYKTbl PO-
AoHavanbHOW MepuaoTMTOBOM Marmbl, Kak pesynbTaT npoTpy3un Be-
LecTBa BepxHen MaHTuu, Bnarogaps obayKUMM OKeaHUYEeCKOW KOpbl
Ha KOHTMHEHTANbHY U OPYTUMU NYTAMMN.

8.5. MpoucxoxaeHne cpegHUX Nopoa HOPManbHOro psaa

Mpn paccMOTPEHUN NPOUCXOXKAEHWUSI NOPOA 3TOW rpynnbl HEOOXO-
OMMO YyYUTbIBaTb LUMPOKOE pacnpocTpaHeHne addy3mBHbIX obpa3oBa-
HWIA, NPY CKPOMHOW PONW MHTPY3MBHbBIX NOPOA — OUOPUTOB.

AHOE3UTbl N UX NaneoTUMHbIE aHanoru, 04eBUAHO, MOMYT BO3HM-
KaTb pasnuyHbIMK NyTsMU. Bo MHOMMX cryyasix OHWM TECHO CBSA3aHbl C
6asanbTamu 1 o6pasyroT C HUMKM obLLmMe BynKaHuyeckue tonwm. B He-
KOTOPbIX COBPEMEHHbLIX BYyfkaHax HabniogaeTcs vyepedoBaHue CrioeB
0a3anbLToBOM M aHO4Ee3UTOBOM fnaB. JTO MO3BOMMIO CYMTATb UX NPOU3-
BOAHbIMW nepBu4HOM 6asanbToBOM Marmbl. OpHM uccnegoBaTenu
rMaBHytl0 ponb Npu obpas3oBaHUU aHOE3UTOBLIX pacnnaBoB OTBOAAT
KpucTannusaumMoHHon anddpepeHumaummn 6a3anbToBon marmel. [pyrue
cyuUTaloT, YTo Gonblune OObeMblI aHAE3UTOBOrO pacrnnaBa BO3HMKaKT
npu accumunauum 6asanbToBOM MarMoW KUCHbIX NOpOf4 nuTocdepbl.
PackucneHue 6a3ansToBOM MarMbl BO3MOXHO NP aCCUMMUNALMN BOAbI.
OkcnepyMeHTamMn YCTAHOBIIEHO, YTO 3HaYWUTeNbHOE napuvanbHoe
AaBrieHne Kucropoga orpaHnynBaeT KpucTannm3auuio OnvMBMHa U nu-
pokceHa, Ho cnocobcTByeT obpa3oBaHWio MarHeTuTa, a, criegoBaTenb-
HO, BO3HMKaeT M3bbITOK KpeMHe3eMa B XMOKOCTU. YBenuyeHve gaere-
HUA KMcnopoa NoHwXKaeT TemnepaTypy Kpuctannmsauuum nnarmoknasa
N 3afepXvBaeT ero BbigeNeHne M3 marmbl. OTW npoueccbl crnocobeT-
BYIOT AvddepeHumanmmn 6asanbToBon MarmMel ¢ obpasoBaHneM aHae-
3MTOBbIX pacrnaBoB.
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CnepoBatenbHoO, ecnu Marmbl 6a3anbTOBOr0 coctaBa MOryT Haxo-
ONTbCSA JONroe BpeMsi Cpeam reoCUHKIMHanNbHbIX NOpod, OTAMYaoLWwmnx-
Csl BbICOKMM cofepXXaHnem BOAbl, TO CO3[alTCA YCroBus Ans ee
anddepeHumaummn B ycrnoBusaX MOBLILWEHHOMO AaBfeHUs KUCMIOpOoAa.
dpakunoHHas Kpuctannusaums B 3TOM crnyyae MoxeT obpasoBbiBaTb
3Ha4YMTENbHOE KONMYECTBO pacniaBa aH4e3nTOBOro coctasa.

O6Gpa3oBaHue e B 3Ha4YUTENbHbIX Maccax aHOe3uToOBOro pacnna-
Ba, Onarogaps npoueccaM acCUMUMAUUM MOXET OCYLLECTBMATLCA
NVLWb B CIlydae CUITbHOIo neperpesa MCXOAHOW Marmbl.

OpHako Hepegko aHOe3uTbl SBMSAKTCA npeobnagarolymMy nopo-
daMn B COCTaBe HEKOTOPbIX MarMaTu4ecknx cbopmauuii, YTo NO3BOMS-
€T npegnonaratb O CyLeCTBOBaHMN CaMOCTOATENbHON aHOe3VTOBOM
Marmbl. 3TO NpeAcTaBneHne NoATBEPXKAAETCA XapakTepom COBPeMeH-
HOro BynkaHm3ama B TWXOOKeaHCKOM Mosice, KOTOPbIA ABMSETCS Cylie-
CTBEHHO aHAEe3MTOBbIM.

Bonpocbl NponcxXoXaeHus MHTPY3MBHBIX MOPOL OVMOPUTOB Takke
peLlatTcsl HeoQHO3HAYHO. [uopuTbl pegko obpasyoT camocTosTenNb-
Hble MaccyBbl, @ 0ObIYHO TECHO accoLMUPYIOT C APYrMMU TUNamu no-
poa. B cBoe Bpemsa @.1O. JleBuHcoH-JleccuHr obocHoBan npeacrasre-
HME O CyLLEeCTBOBaHWM OBYX F€HETUYECKUX TUMOB OUOPUTOBLIX MOPOA
rPaHUTOMAHOrO M 6a3anbTOMAHOO.

YCTaHOBMEHO, YTO 3HauWUTENbHas 4acTb OUOPUTOB U KBapLEBbIX
OMOPUTOB TECHO CBS3aHbl C rpaHNTOMgamMun 1 cnaraet obLne NnyToHbl,
B KOTOPbIX AMOPUTLI 06pa3yloT SHOOKOHTAKTOBbIE 30HbI C y4YacTkamu
CKOMMEHUSA KCEHONMUTOB. JTO CBUAETENbLCTBYET O TOM, YTO AMOPUTHI
obpasyoTca B pesynbTaTe acCCUMUMSLMW FPaHUTOMAHOW MarMoun 3Ha-
YMTENbHbLIX KONMMYECTB OCHOBHbIX NopoAd. B3anmogencresne rpaHUTHON
MarMbl 1 MarmaTunyeckoe 3amellieHme KapOoHaTHbIX MOPOoL Takke Tpe-
OylOT NeperpeTocTn XUOKOCTM M CONPOBOXAAKTCS HE TOMbKO pacTBO-
peHnem KapboHaToB, HO M BbIHOCAM KpeMHe3eMa BO BMeLLaloLLme Mno-
poabl.

B apyrvx cnyyasix AuopuTbl OKa3biBalOTCS TECHO CBSI3aHbl C rabot-
povgamu, cnaras yyactkun B gudpdepeHumpoBaHHbIX NiyToHax. Bos-
HVKHOBEHME Taknx OMopuTOB 06BACHAETCA npoueccamn pacluenseHms
06asanbToBOM Marmbl, a Takke ee guddepeHunaumen unm accuMmns-
uMer 3HaunTenbHbIX 06BEMOB KMCMbIX Nopog nutocdepsl.

OpgHako 9TWM OBe TOYKM 3pEHUS HE MWCKMYalT BO3MOXHOCTb
TpeTbeln, obpasoBaHMsa HeBOMbLUMX aBTOHOMHbIX OUOPUTOBBLIX Maccu-
BOB NpW KpMUcTannnsaumm camocToAaTensHON aH4e3nTOBON MarmMbl.

177



BhllwensnoxeHHble rMnoTe3bl 0O6pa3oBaHNs aHOe3UTOBbIX pacrnna-
BOB He NULIEHbl HeJocTaTkoB. puH M PUHIBYA nNpeanoxuny runotesy
Ha OCHOBE 3KCMepUMeHTarnbHbIX paboT, CormacHO KOTOpOW aHae3uTo-
Bble Marmbl 0b6pasytoTcs B ABe cTaann. Ha nepBol ctagum nponcxogut
nnaeBneHve MaHTMMHOrO BellecTBa C obpasoBaHnem 6GaszanbToOBOW
MarmMbl, kKoTopasi 3aTeM noasepraeTcs auddepeHumaummn ¢ obpasoa-
HMEM KBapLiEBbIX TONEWUTOB. ATU Tonwy GasanbTOB NMpU U3MEHEHUU
TEPMOANHaMUYECKMX YCNOBUIA (NpW BO3pacTaHWM OaBrieHUsi Bbllerne-
Kallmx TorL, HaKkanmmMBaLWmXcs B FeOCUHKNMHANSX) NpeBpaLlalnTcs B
aKnoruTbl. BecrneacTBue yBennyeHUst NNOTHOCTM SKMNOMMTLI NOrpyXKaroT-
CA B MaHTMIO M BHOBb MOABEPratoTCs YacTU4HOMY nnaeneHuto. Co-
rnacHo akcnepumeHtam npu gasnenun go 30 kbap (rmy6uHa 100-150
KM) HauMeHbLUyl0 TemnepaTypy MnaBfeHusi MMEelT aHAe3WTbl, 4YTO
obycnaenuBaeT MUX MaCCOBYK FeHepauuio, a BO3HUKLIME pachnasbl
CNocOOHbI BHEAPATLCS B BEPXHME TOPU3OHTLI 3€MHOWM KOpbl U U3nu-
BaTbCs Ha MOBEPXHOCTb 3eMu.

8.6. NMpoucxoxaeHune cpeaHUX cybLenoYHbIX nopoa

CpegHue WHTpy3MBHbIE CyOLlenoyHble nopodbl 0OblMHO OGHapy-
XMBalOT TECHYIO MPOCTPAHCTBEHHYIO W, MO-BUOUMOMY, FE€HETUYECKYIO
CBSA3b C rabbpovgam nmMbo rpaHNTOMgAaMU U criaratoT C HUMW NITYTOHbI
CMOXHOro COCTaBa.

Cessb ¢ rabbpongamm OCOGEHHO OTYETNIMBO MPOSIBNSETCA NpwU
N3y4eHun NryToHOB rabbpo-cueHntToBon dopmaumm, ans KOTopon Tu-
MAYHO MOCTOSIHHOE MNPUCYTCTBME Hapsify C PasfMYHbIMU MO COCTaBY
rabbpongamm HopmarnbHbIX M LLENOYHLIX CUEHWUTOB. Takue MiyTOHbI
ABNSTCA MHOroasHbIMU: paHHMe hasbl BHEOPEHUS NpeacTaBMneHbl
OTHOCUTENBbHO CaMOCTOSATENMbHBIMK, YacTo AvddepeHUMpoBaHHbIMM
mMaccmBamu rabbponaoB, a No3gHee xapakTepusytoTcs obpasoBaHUEM
cveHnToB. Takasli TecHas NPOCTPaHCTBEHHAsI CBSI3b CMEHUTOB C rabob-
povaaMu XapakTepHa And MHormx nnyToHoB KysHeukoro Amnatay wu
BoctouHoro CasiHa n Apyrmx perMoHoB, YTO NMO3BONSAET npeanonarartb
reHeTUYECKYH0 CBSA3b CUEHMTOB C 6a3anbTOBOW MarMomn.

OpaHako 0o HacTosILWEro BpeEMEHU MexaHu3m obpas3oBaHUsA CUEHU-
TOBbIX pacnnaBoB M3 NepBUYHON Ga3anbTOBOW Marmbl OCTaeTCA He-
[OCTaTOYHO BbISICHEHHbIM. BOYaH 1 ero CTOpoHHMKM cuuTalT obpaso-
BaHMe TaKMX pacniaBoB Npu Aaneko 3allefllent KpuctannmsaumnoHHoN
anddepeHumnaumm onmenH-6a3ansLToBOM Marmel. [ipyrme cuutaroT, 4To
3Ha4MTENbHbIE OOBEMBI CUEHUTOBLIX pPacriiaBoB MOTYT BO3HUKHYTb W3
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6a3anbToBOM Marmbl MpuM ee B3aMMOAENCTBMM C MOPOOAMU HMDKHUX
ropM3oHTOB NUTOCKEpPBI U Nocreayowen gupdepeHumaumm.

C ppyron CTOpPOHbI OTYETNMBO NPOSABASIETCS NPOCTPAHCTBEHHANA U
reHeTnyeckas CBsA3b CMEHUTOB C rpaHuTougamu. MHorve rpaHuTona-
Hble NNYTOHbI coAepXaT B CBOEM COCTaBe HopMasibHble W KBapLiEBblE
CVEHUTbI, FPaHOCUEHUTLI, KBApLIEBbIE MOHLIOHUTBI Y CUEHUTO-ANOPUTHI,
KOTOpble 4allle BCEro npuypoYeHbl K 3HOOKOHTaKTOBbIM 30HAM, pexe
BCTPEeYalnTCs B LieHTParbHbIX YacTaX NyTOHOB B BMAE NSATEH U NONOC.
Takas TecHasi CBSI3b CMEHUTOBBIX MOPO C FPaHNTOMAAMU MOXET ObiTb
00bsCHEHA pasnMYHLIMK MPOLECCaMmn: acCMMUIISAUNENA TPaHUTONOHON
MarmMow BbICOKOINIMHO3EMUCTLIX WM KapboHaTHbIX Mopod, ra3oBon
anddepeHuymaumen.

Odpy3nBHbIE NOPOOLI-TPAXUTbI U TPAXMTOBbIE NMOPMUPLI, Takke
Kak 1 cMeHUTbl 0BHapy>XMBaloT CBA3b Kak ¢ rabbpongamu, Tak U rpaHu-
ToMAamu, T.e. SBMSAOTCA reTeporeHHbIM1 obpasoBaHuaMU. YacTb Tpa-
XUTOB TECHO accouuupyeT ¢ 6asanbTamu B COCTaBe TpaxuaHOe3uTo-
BOW, Tpa3nbas3anbTOBON, LLENOYHON ONMBUH-0a3anbToBOW dhopmauui
M cnaralT ¢ HAMK obwme Tonwm. KonnyectBeHHO OHM Bcerga nogyu-
HeHbl 6a3anbTam M BO3HMKAKT B KOHLUE BYNKaHWYECKMX LUKMOB U cra-
ralT B pa3pesax 6a3anbToBbIX TOML, BEPXHWE FOPU3OHTbI. BonblumH-
CTBO MccriegoBaTenert cHMTaloT, YTO TPaxMTOBbIE pacniaBbl BO3HMKA-
0T NPV KpUcTannusaumoHHon anddepeHumnaunm onnmBmnH-6asanbToBON
Marmbl B rMyGUMHHOM MarmMaTudeckom oyare. [pyrve cumtatoT, 4To Ta-
Kne pacnnaebl 0b6ocobnatoTca Gnarogaps rasoson anddepeHunaumnm
B BEPXHUX YACTSAX MarmMatuyeckux kamep, rge npouMCXOAWT  Hakomnne-
HUE LLIENOYeEn.

BmecTe ¢ Tem TpaxuTbl U TpaxmutoBble nopdupbl BCTPeYaloTCs B
BYJIKAHUYECKUX TOMLLAX, CMOXEHHbIX MPEUMYLLECTBEHHO  KUCMbIMU
appysnBamu. Tak B pMONMTOBOW hopMauun Hapsay € puonutamu
MPUCYTCTBYIOT, TPAXUThl, YTO CBUAETENBLCTBYET O CBA3N 3TUX NOPO Tak
)K€ W C KACIOW rpaHUTHOM Marmom.

8.7. MpoucxoxaeHue WenoYHbIX Nopon

Bonpocskl nponcxoxgeHus WenoYvHbIX Nopod A0 HacTosALWwero Bpe-
MEeHW HedocTaToO4YHO paspaboTtaHbl. Bece cyuwecTtByowme rmnoTesbl Ha
UX reHe3nC MOXXHO 06bEeANHUTL B TPU rpynmbl:

) rmnoTesa O MPOUCXOXAEHUM enbALNAaTOUAHbLIX MOPOL
npu KpucTannMaaumoHHon auddepeHumaumm nepBn4Hon 6asanbToBOW
Marmeil;
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. rmnoTtesa O BO3HMKHOBEHUW denbAlnaTtonaHbiX nopon B
pesynbTate gecunukauum nepBUYHON Marmbl (KUCAOW UM OCHOBHOW) B
pesynbTate acCUMUMSUMM 3HAYUTENbHbIX KONMUYECTB KapOOHaTHbIX
nopog;

. rmnoTesa ra3oBoro nepeHoca, cBsisbiBatoLLlasi 0bpasoBaHue
LLENOYHbIX pacnyiaBoB U3 NepBUYHOW Marmbl B pesyrnbTaTe nepeHoca
NeTy4YMMn KOMMOHEHTAMW LLENOYEN C NX KOHLEHTpaUMEN B ydacTkax C
NOHWXEHHbIM aBNEHNEM.

OpHako HM ofHa M3 3TUX TMMOTE3 HE MOXET JOCTaTovHO ybeau-
TenbHO 06BbACHUTbL NosIBNEHNe hbenbaLnaToMaHbIX Nopos.

MHoroobpasHble TUNUYHO LLEMNOYHbIE accounauun MnposiBNATCS
rnaBHbIM 06pa3oM B COCTaBe CrneayoLmMx eCTECTBEHHbIX PSOOB NOPOA:

o LLIeMOYHO-YITbTPAOCHOBHbIE KOMMIIEKChI C KapboHaTMTamu;

. rabbpo-cneHUToBbIE KOMMIEKChbI C BO3MOXHbIM 06pasoBa-
HMEM Ha NocneaHnX cTagmsix HedenMHOBBIX CUEHWUTOB UM HOpAMap-
KUTOB;

. LWEenoYHoM psig  MOPOA:  LUOHKWMHUT-NCEeBOONENLMTOBLIN
CNEHNT-HeDENNHOBBIN, CUEHUT-TPAHOCUEHUTOBBIN.

[Ona ©6onblUMHCTBA pa3HOBUOHOCTEN MOPOA B COCTaBe Nepeyunc-
NEHHbIX PSA0B UMEIKTCA Kak UHTPY3MBHbIE, Tak U addy3mBHbIE 0bpa-
30BaHuA. B npouecce CTaHOBNEHWsI CMOXHbIX MO COCTaBy MacCUBOB
nopodbl obpasyloTca B pesynbTaTe MOCNefoBaTENbHOMO BHEApPEeHUs
pasnuyYHbIX NOPLNIA pacnnaBa pasHOro coctaea.

Mpn paccMmoTpeHun reHeamca nopopg LEeNOYHO-YNIbTPAOCHOBHOM
dopmMaLmm yxxe oTMedanocb, YTo B o6pa3oBaHMM NepBOro KOMMeKca
yyacTBoBana Marma ynbTPaoCHOBHOMO pacnriasa MOBbILEHHOW Lie-
noyHoctn. bonee ANCKYCCUOHHBIM ABASIETCS BOMPOC O MpUYMHAXx, npu-
BOAALLMX K NOSABMAEHMIO BbICOKOLLENMOYHBIX MOPOS HAa KOHEYHbIX cTagu-
X opMUpPOBaHMSA KOMMIEKCOB. HakonneHue Lenoyen n oboraileHme
NETY4YUMU KOMMOHEHTAMU B OCTATOYHbIX pacrnraBax sIBNSANTCA B3au-
MOCBSI3@aHHbLIMW Mpoueccamu. Takue siBNeHus B MyOUHHBLIX mMarmatu-
YeCKMX o4arax MOryT MpoOUCXOOUTb NULLb B pesyrbTate oTAeneHus u3
pacnnaBa TYronnaBKux Xerneso-marHeananbHblX MUHepanoB. JTO OT-
AeneHne MOXeT OCYLLECTBIATbCA NyTEeM KpUCTannu3auMoHHOW And-
depeHunauumn Bo BCEM 06bEME MarMaTMyYecKom Kamepbl U akKymMyns-
uun TBepAabix a3 Ha gHe. bonee achdeKkTMBHBIM NpoLeccoMm obpaso-
BaHMWS LLEMOYHbIX pacnnaBoB, BUAMMO, SBNSETCHA NPOLECC KpucTanmnu-
3aumMm B rmybuHHOM oyvare, HauYMHaKLWMNCS B NPUOOHHBIX y4acTkax,
KOTOpble HaxogAaTcsa B ycrnoBuax Gonbluoro gasneHus. Npu sTom npo-
UCXoauT nocnegoBaTtenbHasa nogadva m3 riyObuHHbIX FOPU3OHTOB pac-
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nnaBoB MeHee Madunveckmx u oboralleHHbIX wenodammu. OcTtaTouHble
pacnnaebl, 06pa3syloLmecs npu TakoM KOHTpone, cnocoocTByOT o6pa-
30BaHN0 NNONNT-MENbTENTMTOBLIX NOPOS, a TakKe pacTBOpoB HoraTbix
Lenovyamy, KOTOpble OKa3blBalOT WHTEHCMBHOE MeTacomaTuyeckoe
BO3[ENCTBME Ha paHee chopMmnpoBaBLLMECS MarMaTuyeckne nopoabl.

[abbpo-cMeHNTOBbIE KOMMIEKCHl B KOHEYHble cTagum ¢opMupo-
BaHUA MOryT CMocobGCTBOBATbL HAaKOMIMEHMIO B OCTATOYHLIX pacrniaBax
nnbo weno4yen, Nnbo KpemHesema. B pesynbTaTte Yero B NepBOM Cry-
Yae obpasyTca HedenMHOBLIE CUEHUTBI, @ BO BTOPOM HOPOMAPKMUTHI,
KBapLieBble CUEHWTbI U Aaxe rpaHuTbl. Beibop ogHOro n3 atux nyrten
anddepeHumauumn, BMAMMO, ONpedensieTcd, npexane BCero, Benuyu-
HoM obLero n BOAHOIO AaBMEHMst B MarmaTn4eckom o4vare. BoccraHo-
BUTENbHbIE YCNOBUSA rMyOGuMHHON andpdbepeHumaummn NnpmBogaT K Bblge-
NEHN0 ONMBMHA paHblle, YeM MarHeTuTbl U, YTO OBYCMOBUT HEKOTO-
pbin gedbnumt SiO, N0 OTHOLWIEHMIO K LLENoYaM N OCTaTOMHOWN XUAOKO-
CTU. A BO3HMKalOLLlee BbICOKOE JaBreHne MOXeT NpensiTcTBOBaTb Bbl-
AeneHno onnMBMHa M CnocobCTBOBAaTb KpUCTaNNM3auumn NMpoKCeHa, YTto
elle 6onee ymeHbLUaeT KONMMYECTBO KPEMHE3EMA B OCTATOYHLIX MPO-
OyKkTax. M B aToM crniyyae wenoyHo-6asansToBasi Mmarma MoXeT faBaTb
anddepeHumaTbl He TONbKO CUEHUTOBOIO, HO U HEeENNH-CUEHUTOBOIO
coctaBa. OKucnuTenbHble YCNOBUST OOMKHbI NPUBECTU K KpUcTanimsa-
UMM MarHeTuTa, remaTnTa, YTo HapywuT 6anaHc Wenoyn n KpemHese-
Ma B nonb3y nocrnegHero. OcTaTouHbIE XUAKOCTM NpU 3TOM AakoT cue-
HUTbI U HOpAMapPKUTbI. TN ABa BUAa auddepeHumauumn, BUANMO, sIB-
NATCA KPpaNHUMKU U3 BO3MOXHbIX. B peanbHbIX YCNOBUSIX MOXET Cy-
LecTBOBaTb pasnuMyHasg OKUCMUTENbHO-BOCCTaHOBUTENbHAA obcTa-
HOBKa NpW KpuUcTannusauum, YTo MoXeT NpUBOAUTb K OQHOBPEMEHHO-
My BO3pacCTaHUIO KONMMYecTBa LLEenoYen U KpemMHeseMa B OCTaTOYHbIX
npoaykTax.

LLlenoyHble komnnekcbl, 6oraTble KanMem, U3BECTHbI B UHTPY3UB-
HoW, adbdy3MBHOM U AakoBOW dhaLmsx, KOTopble MHOrAa BCTpeyalTcs
BmecTe (AngaH). [na aTMx NnopoA MCXOOHOW ABMSIETCA Marma LLUOHKM-
HUTOBOIO WIIM 3CCEKCUTOBOrO cocTaBa. Bbicokasi TemnepaTypa u no-
BblLUEHHbIE KOHLEHTpaUun Kanus CrnocobCTBYHOT KpucTannmsaumm B
rMyOVHHbBIX YCIOBUAX NMUPOKCEHOB AMOMNCUA-refeHbeprnToBoro psga ¢
HU3KMM COLEPXKaHNEM HaTpUSA U xenesa. ATOT NPOLECC AOSDKEH Bbl3bl-
BaTb Jecunukaumilo pacnnaBa C nocrneayolen Kpuctannusauuemn
denbawnatugoB. Ecnm Ha aTon ctagum pacnnas nepemellaeTcs K
NMOBEPXHOCTU, TO KpUCTannuayeTcs nenunT, KOTopbli obpasyeTcsa B
pesynbTate ObICTPOro OXNaXXA4eHWsl, O4HAKO OH B AarbHENLEM 3ame-
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LaeTcs HeEeNMHOM U MONEBLIM LWNATOM. JIeMUUT 9TO MUHepan HU3KUX
BOOHbIX OABMEHUIA U MO3TOMY, OMEBUAHO He MOXeT obGpasoBaTbCs B
marmatudyeckoM odare. K ckasaHHomy crieayeT 0o6aBuUTb, YTO HEKOTO-
pble denbanaTonaHble Nopoabl MOryT BO3HMKATb METACOMATUYECKUM
nyteMm. MeTacomaTuyeckme denbalinaTonaHble nopoabl oGpasyoTcs B
pesynbTaTe BO3AEWCTBUS Ha paHee CyLLEeCTBOBaBLUME OCHOBHble MO-
podbl LEenoYHO-TNIMHO3EMUCTLIX PacTBOPOB, YTO MPUBOAUT K 06paso-
BaHMIO HedenuHa. Takum obpasomM, MOryT BO3HMKaTb HedennHoBble
CUEHUTbI, TepanuTbl 1 ap.
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