Jlekuusa

KapOoHaTuTOoBBIE MECTOPOKACHUSA

Obwas xapakxmepucmuka. OcobeHHOCMU MUHEPANbHO20 U XUMUYECKO20
cocmasa  NOpoo, CMPYKMYPHO  2e0lo2uyecKkas  no3uyusi Uux  MAcCUugos.
Kapbounamuosvie  mena. Duzuko-xumuyeckue  yCio8us 0bpazoeanusl
kapoonamumos.  I'eonocuueckuii  6o3pacm  mecmopodxcoenui. I unome3suvl
obpazoeanus neamamumos (Mazmamuyeckas, 2UOPOMePMAbHAS u
KOMOUHUposauHnas eunomesuwt). Ilpumepvl mecmoposrcoenul.

Kapbornamumui peacTaBIsOT cOO00 CYIIECTBEHHO KapOOHATHBIE MTOPOJIHI,
NPOCTPAHCTBEHHO W TEGHETUYECKHU CBS3aHHBIC CO MIEIOYHO-YIbTPAOCHOBHBIMHU
MarMaTHYeCKMMHU  KOMIUIekcamMu  miatdpopmeHHoro tumna. OHu  oOpasyror
CaMOCTOSITETTLHYIO rpynmny MECTOPOXKACHHH, CPaBHHUTEIIBHO peaKo
BCTPEUAIONIYIOCS W COJIEPIKAIyI0 IIOJIE3HbIE HWCKOTMAaeMble, JIMIIh HEIABHO
BOBJICUCHHBIC B TIPOMBIIIJICHHOC WCIIOJb30BAaHUE: 3TO PYAbl HHOOUS, PEIKUX
3eMellb, amnaTtuTa, (JIOrOmUTa, BEPMHKYJIWTA, a TakKe  IOBBIIICHHBIC
KOHIIEHTPAIIMY MarHeTUTa, IUPKOHUS, TAaHTAJIa, CTPOHIIHUA.

B Hacrosimiee BpeMss Ha 3eMHOM Iape H3BecTHO Ooisiee 250 maccuBOB
yIBTPAOCHOBHBIX IIENOYHBIX MMOpoA. B Poccunm Takue MaccuBbl M3BECTHHI B
Kapeno-Konasckom peruone, Cubupu. Paszmeniarorcsi MacCUBBI Ha 1uiatgopmax u
UMEIOT Ppa3lIMYHBIM Teojorudeckuid Bo3pacT. Cpeaum HUX U3BECTHBI MACCHBBI
nokemoOpuiickoro (Cubupn, CeBepHas Amepuka), kanenoHckoro (tor Cubupm),
repuuHckoro (Mypmanckas 001.), kummepuiickoro (Cubupb, bpazwnmms) wu
ANBITUICKOTO ITUKIIOB Pa3BUTHA (OOJIBITMHCTBO KapOOHATUTOB ADPUKH).

KapGoHatuToBbIE MECTOPOXKIEHUSI CBA3aHBI TOJBKO C IIATGOPMEHHBIM
ATAliOM TEOJIOTHYECKOTO Pa3BUTUS W aCCOIMUPOBAHBI C  KOMILJIEKCAMH
YJIBTPAOCHOBHBIX IIEJIOYHBIX MOPOA. 3alIeKH KapOOHATUTOB 0O0Pa3yloT IITOKH,
KOHWYECKHE JAiKH, Maafoline K EHTPY MacCHUBa, KOIbIEBbIC JaWKH, Adar0IIe
B TPOTUBOMOJIOKHYIO  CTOPOHY, paJuaibHble Jalku. TpybooOpasHbie
KapOOHATUTOHOCHBIC UHTPY3UU YIBTPAOCHOBHOTO — IIEIIOYHOTO COCTaBa B IUIAHE

XapaKTCPU3YIOTCA KOHLOCHTPHUYCCKHA 30HaJIbHBIM CTPOCHUCM 3a CUucT



MHOTr0o(a30BOr0 BHEJPEHUS MarMbl. B HUX BBIICNAIOT YETHIPE TJIABHBIC TPYIIIHI
nopo: 1) paHHUE YIbTPAOCHOBHBIE (IYHUTHI, MEPUAOTUTHI, TUPOKCEHUTHI); 2)
mieoYHble (1IeJ04YHble W HEQETUHOBBIE CHUEHHUTHI); 3) Opeosbl BMEIIAOIIUX
MOPO/I, TOABEPTIIUXCS MICJTOYHOMY METACOMAaTO3y U MPEBPATUBLIUXCSA B (PEHUTHI;

4) kap6onatutsl (puc. 18)
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Puc. Obwas cxema cmpoenus kapooHamMHO20 MECMOPOAHCOCHUA:

1 — wenounvie nopoovl; 2 — yrbmpaocHosHvie nopoovl, 3 — eHelicvl;, 4 —
GeHumol; 5 — wmox KapboHamumos,; 6 — Hcuibl KapOOHAMUMOS.

[Tprdem 30HAIBHOCTH MOXKET OBITH pa3nuuHa. Tak, Ha KoBnopckoM MaccuBe

oT nepudepuu K HeHTPY HAOIIOAAIOTCS TyHUTHI-IEPUAOTUTHI, IIETOYHbIE TTOPOIbI,
OpeoJIbl MeTacoMaTH4eckux mopon — (enutos, kapObonatutoB. Ha Konaepckom
MacCHUBE 30HAJIBHOCTh OOpaTHas — B IIEHTPE YJIbTPAOCHOBHBIE MOPOJBI, Ha

nepudepun MmeI0YHbIC TOPOIBl U KapOOHATHUTHI (pHC.).
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Puc. Cxemamuuecxas eeonocuueckas xapma Kosoopckoeco maccuea: 1 —
CYH2YIUmosvle nopoovi, 2 — Kapbonamumsel, 3 — anamum-gopcmepumoswie



nopoowl, 4 — macHemumogwie pyovl; 5 u 6 — (hroconum-ouoncuo-gopcmepumosule
eueanmoszepHucmole (5) u cpeoHe- u kpynHozepuucmole (6) nopoowl; 7 —
OIUBUHUMBL (DIO2ONUMUIUPOBAHHbIE U OUONCUOUSUPOBAHHbIE, 8§ — 2PAHAMOBbIE
asmockapuvl; 9 — monmuyuennumonumul, 10 — merunrumonumsl, 11 — mypoaumeol;
12 — nupokcenumuvi; 13 — cnmooumvl u CHHOOAHO-NUPOKCEHOBblE NOPOObl, 14 —
Hegenunosvle nupokcenumsl, 15 — nonesowinamosvie utionumel U HeperuHogvle
cuenumsl, 16 — utionum-ypmumsi, 17 — unonrum-menvmeueumsl,; 18 — onusunumeol;
19 — penumul; 20 — epanumocneticoi.

Ilo ycnosusm ¢hopmuposanus cpeau KapOOHATUTOBBIX MAaCCHUBOB MOYKHO
BBIJICTIUTh «OTKPBITBIE» M <«3aKpbIThie». K TMepBBIM OTHOCATCS MAacCHBHI,
JOCTUTIIINE THEBHOW MOBEPXHOCTU. B ATOM ciyyae BO3HMKAIW BYJKaHBI, XKepia
KOTOPBIX  BBIMONHEHBI  3(dy3uBamMu. MacCUBBI TakOro THIIA  IIHAPOKO
pacnpoctpanensl B Appuke, Boctounoii Cubupu (Cymunckuii — 2000 km?); ux
TUTOIIAh M3MEHSETCS OT OJHOTO JIO JIECATKOB KBAJIPaTHBIX KHJIOMETPOB. B HHX
yCTaHABIMBACTCSI BEPTUKAIbHAsI 30HAIBHOCTh: C TIyOWHOW yMEHBIIACTCS
KOJINYECTBO KApOOHATHUTOB M MICIIOYHBIX IMOPOJ M YBEIHMYMBACTCS KOJMUYECTBO
runepoa3uToB.

«3axpvimoley» WIH  «CIOXXKHBIE» MAaCCHBBI B TEPHOJ (POPMUPOBAHUS HE
UMEIN BbIXOJa Ha JIHEBHYIO IOBEPXHOCTb. MakcUMallbHOE pa3BUTHE B HUX
KapOOHATUTOB OTMEYaeTCsl Ha OoJjiee TIIYOOKMX TOPHU30HTAX, YEM B «OTKPBITHIX)
MacCCHUBax.

KapGoHatutoBbie MECTOPOXIECHHUS MOTYT OOpa30BBIBATHCS HA Pa3HBIX
rryouHax.  Beimensror  cienyronue  ypoBHH  (danuu) rayowmHHOCTH: 1)
MOBepXHOCTHBIM 1-1,5 kM (BylnkaHudeckas W CyOByJKaHH4YecKas Qaiuun); 2)
Maneiii  2,5-3 kM (runabuccanbHas — Qamus); 3) cpenHudr  5-6 KM
(me30abuccanbhbIi); 4) Tyookuit 8-10 kM (abuccanbHBIN).

B kapbonatuTax yCTaHOBJIEH CTAIUNHBIN XapaKTep MUHEPATO00pa30BaAHUS:
B TIEPBYIO CTaaAWI0 (OPMHUPYIOTCS KPYMHO3EPHUCTHIC KAIBIUTHI C MUHEpAIaMU
TUTAaHA W [UPKOHUS; BO BTOPYIO — CPEAHE3EPHUCTHIC KAJIBIUTHI C
JOTIOTHUTENBHBIMA ~ MUHEpaJIaMH THTaHa, YypaHa, TOPUA, B TPEThIO —
MEJIKO3EPHUCTHIN KaJIbIIUT-A0JIOMUTOBBINA arperat ¢ HUOOMEBON MUHEPAIU3ALIUEH;

B 4YCTBCPTYIO — MCIKO3CPHUCTBIC MACChlI JOJIOMHT-aHKCPHUTOBOI'O COCTaBa C



peAKOo3eMEeNbHBIMU ~ KapOoHatamMHu. TekcTypa  KapOOHATHTOB  MAacCHBHaf,
rojocyaras, y3JioBaTas, IoidaTas, CTpyKTypa — pa3HO3E€pPHHUCTAS.

l'enesuc xkapboonamumog 110 HACTOSLIETO BPEMEHU CUUTAETCS BOIPOCOM
JMCKYCCUOHHBIM. [IpeBamupyromumu sBJSIOTCS JBE THUIIOTE3bl: COOCTBEHHO
MarMaTuueckas U TuJpoTepMalibHO-MeTacoMaTH4YecKasl.

Maemamuueckass eunomeza. ®dopma Ten KapOOHATUTOB TOBOPUT O
BO3MOXXKHOM HX O0Opa30BaHUM MPU PACKPUCTAUIM3ALUU U3 MarMaTuyeckoro
pacmmaBa. OO0 ATOM CBHJACTEILCTBYIOT OOJIOMKM BMEHIAIONIUX TIOPOJA B
KapOoHaTuTax, GQIOWAHAsS TEKCTypa HEKOTOPhIX KapOOHATUTOB, HalW4Yue B
cOoCTaBe KapOOHATHUTOB OCTBHIBIIUX PACIUIABJICHHBIX BKJIIOYEHUM C TEMIIEpaTypoi
romorenuzanuu 880-558°C. Ilociennee 00CTOATEIBCTBO MO3BOJIMIO TMOCTABUTH
BOIIPOC O SIBJICHUM MarMaTU4eCcKOW JIMKBaIlMM C OTJEJICHHWEeM KapOOHATHOTO
pacmiaBa npu Temnepatype 900+£50°C. DTy mpeactaBieHUs MOATBEPKIAIOTCA
AKCTIEPUMEHTATBLHBIMU JJAHHBIMU.

l'uopomepmanvuas eunomesza. HIKT0 #3 wuccienoBareyel He OTPHUIAET
HaJIM4YMe KapOOHATUTOB FUAPOTEPMAIBHO-METACOMATHUYECKOTO TIPOUCXOXKIeH . B
NOJIb3y 3TOW THUIOTE3bl CBUJETEIBCTBYIOT CIEAYIOIINE JaHHBIC: HAIUYHE
MIOCTETICHHBIX MEPEX0/I0B OT KAPOOHATUTOB K 3aMEIIAEMbIM UM MOPOJIaM; HAJIMYUe
PEIUKTOB HE3aMENICHHBIX CHJIMKATHBIX MOPOJ, MPOHU3AHHBIE CETHIO MPOKUIIKOB;
MeTacoMaTh4YecKasi 30HaJIbHOCTh B PAcCIpeIeJICHUA MUHEPAJIbHBIX acCOLMalNii, Ha
KOHTaKTe KapOOHAaTHBIX ¥ CHJIMKATHBIX TIOPOJ; 3aBUCHMOCTh  COCTaBa
TEMHOIIBETHBIX UM  aKIECCOPHBIX MHHEpPAJIOB KapOOHATUTOB OT COCTaBa
3aMeIaeMblX CHJIMKATHBIX TOPOJ; H30MpaTeIbHBIM XapakTep KapOOHATHOTO
M€eTacoMaro3a.

Komnnexcnas  eunomesa. KapOoHaTUTBI UMEIOT KOMOWHHUPOBAHHOE
MPOUCXOXKJEHNUE, HX OO0pa3oBaHME HAYMHAETCS HAa MarMaTM4YecKoM »JTane U
MPOAOJDKAETCSA Ha TUAPOTEpMAIbHOM. Ka)k/Iblil 3Tan BKIOYAET HECKOIBKO CTaauu,
CBA3aHHBIX C IIOCJIEIOBATENIbHBIM  BHEAPEHUEM MOPUUNA  MarMaTUYECKUX
PacCIUTaBOB: yIBTPAOCHOBHOTO, MIEIOYHOTO, KAPOOHATHOTO, a TAKXKE PA3TUIHBIX TI0

COCTaBy M TEMIIEpAaTypaMm IMOPLHI THAPOTEPMAIBHBIX PacTBOpPOB. BHenpenue



pacIuTaBOB M PACTBOPOB OCYIICCTBISICTCS IO MFJIMHIPHUYECCKUM, KOHUYECKUM,
paaviaJIbHBIM TPEIMHAM B OCTBIBAIOIIEM MHOT0()a30BOM HHTPY3UBE.

IIpumepor mecmoporcoenuti. KapOOHATUTHI UMEIOT BaXKHOE MPOMBITIIIEHHOE
3HaueHrne. C HUMU CBS3aHbl OCHOBHBIE PECYpPChI TaHTaJIa, HUOOUS, PEIKUX 3€MEJIb,
CYIIECTBEHHBIC 3aIlachl TUTAHA, KEJIE3HBIX Py, (Girooputa, (JIOroNMUTa, alaTuTa U
Ap.

MuHepalbHBIE THUIBI PYJAOHOCHBIX KapOOHATHTOB OTBEUYAIOT Pa3IMIHBIM
YPOBHSIM MX BO3HUKHOBEHHS U TIOCIEAYIOIIETO 3PO3UOHHOTO Cpe3a.

Ha tnyOoune 3-6 kM OT TOBEPXHOCTH (DOPMUPYIOTCS JKENe30, HUOOMIA,
docdhop. B cpeaneit 3oue (3-2,5 kM) — HUOOUMN, TaHTaJ, PEAKUE 3EMIIH, IEPHIA,
ceneH, Qocdop, xemne3o, (uoronur. B BepxHel 30HE W3 MOCTMArMaTHYECKUX
(mocTKapOOHATUTOBBIX) PACTBOPOB 00pa3yroTcst GI0OPUT, OAPUT, CTPOHIIMAHUT.
W B mpunoBepXHOCTHOW 30HE HAKATUIMBAKOTCS TOPUH, PEIKUE 3EMITH.

['MmaBHBIMM ~ THUIAMU  TPOMBIIIICHHBIX ~ MECTOPOXKJICHHHA  SIBJISTFOTCS
CIENYIONINE: anamum-mazHemumosvle Kapoonamumul u3BeCTHbBI Ha Koibckom
nonyoctpoBe (KoBmopckoe), B Adpuke, Kanane, bpasmiuu; 3amacel xeie3HOM
PY/bI TOCTUTAIOT COTEH MUJUIMOHOB TOHH TIPH cojiep kanuu xene3a ot 20 no 70%;
3amachl armaTuTa COIMOCTaBUMBI 0 MaciuTabam npu cogepxkanuu P,Os 10 — 15 %;
@roconumosvle  Kapbonamumsi, O00pa30BAaHHBIE HAa  KOHTAKTE  KEJIe30-
Mar"e3uajgbHbIX MOPOJ CO MIEJIOYHBIMU W TPECTAaBICHHBIE KPYMHBIMH 30HAMH
CIIo/, (PJIOTONMUTOBBIMHU KWJIAMH M TPOXKWIKaMU. B Kope BBIBETpUBAHHS IO
¢dnoromuram Ha KoBIOpCKOM MECTOPOKIAECHUU 00PAa30BBIBAIOTCS OOTATHIE 3aJICKU
BEPMUKYJIUTOBBIX PYI; CYIbPUOOHOCHbBIE KAPLOHAMUMDbBI- MECTOPOKICHUE
menubix pyn I[lama6opa (FOAP) ¢ 3amacamu meau 1,5 MiTH. T. , a Tak)kKe CBUHIIOBO-
MHKOBBIE Pyabl FOxHas Cubupn

IIpoexTHOE 3aganme: M3yuntsb 0COOEHHOCTH dbopmupoBaHUs
KapOOHATUTOBBIX MECTOPOKICHUH.

Bonpocsl 1y1si CAMOKOHTPOJIS 3HAHUM:

1. Yro Takoe kKapOOHATUTHI?

2. C KakuMU KOMILUIEKCAMHU MOPOJI CBS3aHbl KApOOHATUTHI?



B kakux reonornueckux o0CTaHOBKax 00pa3yroTcs KapOOHATUTHI?
dopma pyaHBIX T KapOOHATUTOB.

Tunomop@pHbie MUHEPATIBI KAPOOHATUTOB.

o 0k~ w

30HaIBHOCTH KAPOOHATUTOBBIX MECTOPOKICHHI

7. Kakue Bbiaenstorcst rpynmnbl KapOOHATUTOB MO COCTaBY IOJIE3HBIX
HCKOIaeMBbIX?
8. Kakue reonormueckue CTPYKTYypbl KOHTPOJIUPYIOT KapOOHATHUTOBBLIE

MCCTOPOKIACHUS IMOJIC3HBIX HCKOIMaeMbIX?
9. Hazosute oTanuune COTKPBITBIX» U «3dKPBITBIX)» Kap60HaTI/ITOB.

10. T'myOunbl 06pa3oBaHUsI KapOOHATUTOB

AJNBOUTHUT-TPE3€HOBBIC MECTOPOKIACHUSA

Obwas  xapakxmepucmuka arbOUMum-2peti3eHo8ble  MeCmOopPO#COCHUS.
l'eoxumuueckas  nepeepynnupoéka  nopooooOpasyilowux  dJ1eMeHmos U
MUNOMOPHBIX MEeMAI08 NPU HOPMUPOBAHUU ANbOUMUMOE U epelizeH08. Du3uKo-
Xumuueckue ycnogus mecmopodicoeHuti. Ilonesnvie uckonaemvie u npumepbvl
AnbOUMUMOBLIX U 2PEU3EHOBBIX MEeCTNOPOHCOCHULL.

ANBOUTUTBI W TpPEM3eHbl OOBEAMHSIOT OOIIHOCTH MPOUCXOXKIICHUS,
JOKaNM3ausi M MCTOYHHUK PyA000pa3yromux BemiecTB. B o0meM TunuyHoOM
Clly4ae OHU CBS3aHBI C AMUKAJIBbHBIMU (BEPXYIICUYHBIMHU) BBICTYIIAMU MAaCCHUBOB
KACTBIX W IIEJIOYHBIX TUNAOMCCANIBHBIX H3BEPKEHHBIX TMOPOJ, TMOIBEPTIINXCS
OCTMarMaTHYecKoMy IIEJIOYHOMY MeTacomaro3y. llpu sToM BcieacTBue
HATPOBOT'O0 METACOMATO3a, AMKAIbHBIE YaCTU TPAHUTHBIX KYIMOJIOB U UX anodus
ObLTM abOMTU3UPOBAHBI, a M30BITOK KalWs BBIHECEH W CBSI3aH B Tpeii3eHax,
c(hOpMHUPOBABIIUXCST BOMM3M KPOBIM MHTPY3MBOB CpeIy BMEMIAOMUX Topona. B
pe3ynbTaTe TMEepPEerpynmupoBKA KOMIIOHEHTOB B albOMTHUTaX HAKAIUTMBACTCS
HAaTpUii, a B CIHIOASHBIX rpeu3eHax — kKam. [lpum 3TOM mpoucxoaut
padbUMHUPOBAaHUE TIOPOABI OT METAJUIMYECKUX DJJIEMEHTOB — TPUMECed U

INCPCOTIOKCHNC HX YaCTU4YHO B 2UII>6I/ITI/IT21X, a4 4YaCTH4YHO B rpeﬁseHaX. B



aTbOMTUTAX HAKAIJIMBACTCSl IUPKOHUM, HUOOMU W TOpUH, a B Trpel3eHax —
Oeppuiiuid, TUTUH, 0JIOBO, BOIb(pam.

EnuncTBO Tpoliecca BO3HMKHOBEHUS aJbOMTHUTOB W TPEH3EHOB HE BCETa
OPUBOAUT K WX COBMECTHOMY OOpa3oBaHUIO M HaxoxaeHuoo. dopmupoBaHue
ATBOUTUT-TPEH3EHOBBIX MECTOPOXKJIECHUN MPOUCXOIWIO 32 CUYET BO3ACHCTBHS
BOCXOJMIIIIUX ~ TOPSYMX M  XHUMHYECKH  arpecCHBHBIX  pacTBOPOB  Ha
PaCKpHUCTANIN30BABIIYIOCS ~ WMHTPY3MBHYIO  mopoay.  Iloctmarmaruueckue
PacTBOPHI SBISUIUCH TIPOU3BOJHBIMU TE€X KE KHCIBIX WIHM IICIOYHBIX MarMm, W3
KOTOpBIX  (opmupoBanmuchk UHTPY3uBHL. «lIpomuThiBas» BCIO Maccy Yyxke
3aCTHIBIIMX MHTPY3WBOB [0 TyTH CJICJJOBAaHUS BBEPX K KPOBJIC HHTPY3HBA,
pPacTBOPHI IEPErpyNIUPOBHIBAIIN TTOPOI000PA3YIONINE IIEMEHTHI.

BHavarne pa3BuBaCS Kanueswlil Memacomamos — paHHsIS MUKPOKIUHUZAYUS,
KOTOpasi MPOUCXOAnIa OOBIYHO B SIEPHBIX YacTSIX MAacCHBa MPHU TeMIepaTypax
650-580°C B 00cTaHOBKE MOBBIIMICHHBIX AaBICHUI. 3aTeM MPOUCXOIUIIa UHBEPCUS
npolecca U aKTUBU3UPOBAJICS HAMPUesblli Memacomamos pyu temreparypax 550-
400°C, uTo mpUBOAWIO K paHHEH anvbOumusayuu nepudepudeckux 30H MacCUBOB
B YCJIOBUSIX MIOHMKEHHOTO JaBieHus. [Iporecc nmpoucxonun Ha GoHE BOCXOASIIEH
KUCIIOTHOCTU pacTBopa. [Ipm STOM Kanuil BBIHOCWICS M CMEHSJICS HaTpHEM.
PactBOpHBI OCTaBaNKCH €€ HAIKPUTUUECKUMHU.

MakcumalnibHasi KUCJIOTHOCTh PacTBOPOB HACTYIaja B CIEAYIOUIYIO CTaJHIO
MEeTacoMaro3a — cmaouro epeuzeHuzayuu. PacTBOpbI, MOJHUMASACh K KpOBIE
MAaCCHBOB, TIEPEXOIUIIU B THAPOTEPMAIIbHbBIE. TeMIiepaTypsl IPH STOM CHUKAIUCH
or 450 go 200°C. B ycrnoBusxX MOBBIIEHHOW aKTUBHOCTH (TOpa, Oopa u3
WHTPY3UBHBIX TIOPOJ] BBIHOCWJIUCH IIEJIOYH, ATIOMHUHHNA, PYIHBIE DJIEMEHTHI
npuMecu. Tak, B BEPXHUX YACTAX HHTPY3UBOB U HAJl HUMHU (POPMUPOBAIUCH
TPENU3EHBI.

B npupone yaie nMeroTcs rpeii3eHOBbIe MECTOPOXKIACHUS 0€3 aJTbOUTUTOB U
aTLOUTUTOBBIE O€3 TPEU3ECHOB.

ANTBOUTHTOBBIE W TPEH3CHOBBIE MECTOPOXKACHUS (HOPMUPOBAIUCH B

CPCAHIOIO KW IIO3JHIOIO CTaAMKM TI'COCHHKIIMHAJIIBHOIO IHKJA, a TaKXKE IIPpU



aKTUBU3AIlMM MarMaTM4eckod JesTeIbHOCTH Ha JpPEeBHUX IIaTdhopmax.
AnpOuTH3aIUs XapakTepHa s METOYHBIX METACOMATUTOB APEBHUX IIUTOB, JJIS
KOHTAKTOBBIX YacTeM IIeTOYHBIX MaccuBOB (KanenoHuasl Tsub-lllans) nms
palioHOB pacmpocCTpaHEeHUs CKapHOBBIX MecTopoxkaeHuil (CeepHbiii u CpegHuit
VYpan), nns pyaHbIX MOJeH TPEH3EHOBBIX M alOTPAaHUTOBBIX MECTOPOXKICHHI
(3abaiikanbe). 3a TrpaHULEW 3HAYUTEIbHBIE MECTOPOXKACHHUS aIbOUTUTOB U
rpeiizeHoB u3BecTHbl B HMunonesun, Kwurae, bupme, Apctpanuu, HOxHou
Awmepuke, Ucnianuu, YexocioBakuu U Jip.

[Tpu oOuHOCTH (HUBUKO-XUMUUECKUX YCITOBUM 00pa30BaHUs allbOUTUTOBBIX
U TPEN3EHOBBIX MECTOPOXKJACHUN OHM pa3IMYaloTCsa B JeTalsX Ipoiiecca.
AJBOUTUTHI BO3HUKAIOT paHbIIE, W3 00Jie€ BHICOKOTEMIIEPATYPHBIX IIETOYHBIX
HAJKPUTUYECKUX PACTBOPOB B THUJIOBOM YAaCTHM METAaCOMATUYECKOW KOJIOHHBI, a
IpEe3eHbl — TM03KE, W3 MEHEE BBICOKOTEMIIEPATYPHBIX KHCIBIX PACTBOPOB IO
dbpoHTY MeTacomarto3a.

Anboumumosvle Mecmopoicoenust

TepMuH anbOUTUTHI BO3HUK B COBETCKOM T'€OJIOTMYECKOW IJUTEpaType B
NSATUACCATHIX TOJlax Tociie oOHapykeHuss A. beycoMm 3THX MECTOPOXKIEHUH B
Bocrounom 3abaiikanbe. OHHM TPEACTABISAIOT COO0OM IITOKOOOpPA3HBIE MACChI
METAaCOMATHYECKH TMpPeoOpa30BaHHBIX KYIMOJOB W  anou3 MaTepUHCKHUX
U3BEPKEHHBIX MMOPOJI, TOCTUTAIOLIUE 10 MJIOIIAAN HECKOIbKUX KBAIPATHBIX KM.

AJBOUTUT MPEACTABISAET COO0OHN JEHKOKPATOBYIO MOPOAY, B KOTOpOH Ha
(boHE OCHOBHOW MEIIKO3EPHHUCTON albOMTOBOM MacChl HAOMIOAAIOTCS TOPGUPOBHIC
BBIJICJICHUSI KBaplla M MUKPOKIHMHA, a TaKKe IUIACTUHKH CIIOAbI M PEXe
menoyHoro amdubona. Pa3nuuHple anbOUTUTHI  XapaKTEPU3YIOTCS EIUHBIM
MapareHe3ucoM TJIABHBIX MUHEPAJIOB, COCTOSIIIMM M3 albOWTa, MUKPOKIWHA H
kBapma. JIJist 9THX MECTOPOKIIeHUH OOBIYHA BEPTUKAIBbHAS 30HAIBHOCTD, KOTOpPAS
BBIPAKaeTCs B PA3BUTUM CIIEYIOIIUX 30H (CHHU3Y BBEpX): OMOTHTOBBIE T'DAHUTHI
(Mi, PI, Q; Bi), nBycmonsasie rpanuthl (Mi, Pl; Q; Bi, Mus), ans0uTH3MpOBaHHBIC
rpaauTsl (Mi, Ab, Q, Mus), ans0ututsl (Ab, Q, Mus), rpeizens! (Mus, Q).



B 3aBrcuMoOCTH OT cOCTaBa UCXOJHBIX MOPOJ MEHSETCS U COCTAB IMOJIE3HBIX
HCKOIMAEMbIX B albOMTUTAX pa3IMYHOIO MPOUCXOXKIEHHUSA: B albOUTUTAX IO
rpaHUTaM HOPMaJBHOTO psfa BeIyIIUM sBIseTcs Oepwuiuii (Oepuin); B
anbOUTUTAX MO TpPaHUTAM CYOILIEIOYHOTO psAla — JUTHM, pyOuAuii, TaHTan u
HUOOMI (JIEMUAOIUT); B aIbOUTUTAX MO FPAHUTAM ILIEJIOYHOTO Psiia — LUPKOHUH,
HUOOUM, UTTPUEBBIC PEAKUE 3eMJIM (IUPKOH, TAHTAIUT-KOJIYMOWT, MUPOXJIIOP).
Conepxanue KoMoHEeHTOB: HUOOUs 110 0,3%; uupkonus no 0,7%; mutus g0 0,05-
0,06%.

[ petizernosvie mecmopoicoenus

I'pelizeH — cTapuHHBIA TEPMHUH HEMEIKHUX PYIOKOMOB (greisen — IIO-
HEMEIKHU «pacuieruienne»). Takoe Ha3BaHUE CBS3aHO C TEM, YTO THUIHYHBIN
Ipel3eH COCTOUT M3 JIETKO PACHICIUISIONIEroCcs arperara Ciroibl — MYCKOBHUTA,
KBaplia, MECTaMu TypMajnHa, Tornasa, (PJIroopuTa U pyJIHbBIX MUHEPAJIOB.

['maBHast macca rpei3eHOB (GopMHUpOBajach B aMMKaJIbHBIX BBICTYIMAX
IPAaHUTHBIX MAaCCHUBOB M QJIIIOMOCHJIMKATHBIX MOPOJAX WX KPOBJIM (TIECUAHHKH,
cianibl, 3¢ dy3uBsl U Ty(bl); pe’ke OHU BO3HUKAIM B OCHOBHBIX U KapOOHATHBIX

opojIax KpoBiu (puc.).
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Puc. 23. Cxemamuueckuti nonepeunvlii 2eonocuveckuil paspe3 epetizeHo8020
MeCmOpONCOeHUsL 8 UBBECMHAKAX Y KOHMAKMA ¢ epanumom. 1 — nopgupumouosi,
2 — cmooucmo-@prioopumossie epeuzeHvl, 3 — O0uacnop-monasz-guoopumossie
epetizenvl; 4 — monasz-@aroopumossle epelizensl, 5 — Keapy-monazoevle epeli3eHbl,
6 — cunvHo epelizeHU3UPOBAHHbIE 2PAHUMDbL, 7 — YMEPEHHO 2Peu3eHU3UPOBaAHHble
epanumsl;, 8 — cnabo eperzeHu3UposanHvle cpanumol, 9 — u36eCmHAKU.



['petizeHpl, BO3HUKAIONIUME B PA3TUYHBIX TOPOJAxX, O0JANAal0T 30HATBHBIM
CTPOCHHEM U XapaKTepHbIM HabOopoM dauuii (pucyHok). B cBsa3u ¢ Tem, 4To
IPEU3EHBI PACIIONIAralOTCsl KaK CPeAr MarMaTHYECKUX TOpOJa, TaK M B IMOPOJAx
KPOBJIH, CPEIU HUX BBIACISIOTCS: YHAOTPEH3CHBI U IK30TPECH3CHHBI.

['petizeHOBBIE MECTOPOXKACHUS UMEIOT (GopMmy: 1) IITOKOB, BO3HUKAIOIIMX
IIPU MAacCOBOM METacoMaTro3e; 2) MITOKBEPKOB, OOpa3yIOIIUXCS MO T'yCTOW CETH
MEJKUX TPEIIMH; 3) KW, CJICIYIONIUX BIOJL Pa300IIECHHBIX TpemuH. IlepBbie
(bopMbI IPe00IIaIat0T CPeU FHIOTPEU3EHOB, MOCIEAHUE — CPEAN IK30IPEH3EHOB.

B rpeiizeHax Bcex pa3HOBHIHOCTEH COCPENOTOYECHBI pecypchl: 1) ojoBa
(xaccurepur); 2) Boabdpama (Bonbdpanut); 3) muTus (JEMUI0IUT, IHHHBAIBINT),
4) Oepumnust (Oepwni, xpuzoOepwn1). M3BeCTHBI MECTOPOXKIACHUS TMPOCTHIE
OJIHOMETAJIbHBIC M  KOMIUICKCHBIC:  OJIOBSIHHO-BOJIb()PAMOBBIC,  BOJb(paM-
Mosb1eHOBBIC, MoJUOIeH-0epuiuioBbie (CriokoHEHCKOe B 3abaiikanbe, AkuaTay
B Kazaxcrane), kaccutepuT-Toma3 KBapleBbli (OTbika B 3abaiikanse) u
KOMIUIEKCHBIH BOJIb()PAMUT-MOTUOICHUT-TONIA3-KBAPIIEBBIi (Boctounsrit
Koynpan (Kazaxctan) ¢ HHOOMEM, TaHTalOM, HUPKOHUEM, TOPHUEM, OJOBOM,
BOJIb()paMOM, MOJTUOACHOM, OCPHIIITHEM, BUCMYTOM).

IIpoekTHOEe 3aganme: 3yunth 0coOEHHOCTH (HOPMUPOBAHMS aATBOUTHUT-
TPEU3ECHOBBIX MECTOPOKICHUM.

Bonpocekl 1j1s1 CAMOKOHTPOJISI 3HAHU M

1. Yro Takoe anbOUTUTHI?
2. UTto Takoe rpen3eHsbl?
3. C KkakuMU MarMaTHYeCKHMMH TOPOJaMU CBA3aHO (HOPMHUPOBAHHE

aMbOUTOB U TPEU3EHOB?

4, @opMBbI PYIHBIX TEJ I'PEU3EHOB U aJTbOUTUTOB.

d. Uto Takoe 3H/10- U IK30TPEU3EHBI?

6. OU3NKO-XUMUYECKHE YCIIOBUS O0pa30oBaHUs aTbOUTHT TPEH3EHOBBIX
MECTOPOKICHUM.

1. [Tone3Hbie ncKkomaeMblie aTbOUTUTOBBIX MECTOPOKICHUM.



8. ITone3Hble HCKONaeMble IPEN3EHOBBIX MECTOPOKIACHUM.
CKapHOBI)Ie MECTOPOKACHUSA

Obwas xapakmepucmuka. IH0o u sx30ckapusl. CkapHosvie mena noae3Hsix
uckonaemvix.  Paznosuonocmu  cxapnos  (uzeecmkosvle,  MacHesualvHbie,
cunuKkamuvie). 30HanbHOe CMpoeHue CKApHOBbIX 3anedcel. PU3uKo-xumuyeckue
yeaogus obpazosanus ckaphos. I enemuueckue cunomeswi. Ilonesnvle uckonaemvle
CKAPHOB (CKapHOBblIe MeCmOpOMCOeHUs Jicele3d, 8obppama u mMoauboena, meou,
YUHKA U CBUHUA).

CkapHaMu OOBIYHO HA3BIBAIOT MOPOJBI M3BECTKOBO-CHJIMKATHOI'O COCTaBa,
oOpa3oBaBIIMeCs METACOMAaTUYECKUM IyTeM B MPUKOHTAKTOBOM oOJjacTu
UHTPY3UBOB CpeAu KapOOHATHBIX, pEXe CUIUKATHBIX TOpoA. BrIaenstoT
9K30CKApHBI, pacloJiarallirecss 3a TNpejaeiaMd WHTPY3UH, W DHIOCKAPHBI,
HaxoJsAIIMUecs BHYTpU rmnocienuux. OtrMedaercss OoJibllioe  pasHooOpasue
ckapHOBBIX Tel. [IpeobanaroT IK30CKapHBI, JOKATU3YIOIMINECS HEMOCPEICTBEHHO
B 30HE KOHTaKTa HHTPY3UBOB.

dopma 3anexeldl CKapHOBBIX MECTOPOXKIACHUH OOBIYHO CIOXKHAS U
pazHooOpa3Has. DTO MIACTHI, JUH3bI, IITOKU, TPYObI, KUIIbI, THE3/]a U CJIOKHBIE
KOMOMHUpPOBaHHbIE 3aiiexu. Hawuboniee KpYNHBIMU SABIAIOTCS IJIACTOBBIE U
miacTooOpa3Hble CKapHOBBIE Teja, mpoTsaruBarontuecs nHoraa Ha 2000-2500 M
pu MoiHocTH 10 200 M.

[Io cocraBy HCXOAHBIX TOPOJA CKapHbl pPA3AeislOTCS HA TPU THIA:
U3BECTKOBBIM, MarHe3ualibHbIA U CUJIMKATHBIM.

N3BecTKOBBIE CKapHBI HanOoJee PacpPOCTPAHEHBI B IPUPOIE U 00pa3yroTCs
M0 M3BECTHAKaM. VX cocTaB: rpaHaThl psaa TpOCCYNSIp-aHAPAAUT U MUPOKCEHbI
psnga auorncua-renenOeprutr. MHorna mupoko pa3BUTHI BE3YBHAH, BOJUIACTOHHT,
CKamnoJuT, aMpuOOJIbl U SIUIOT.

Marue3uanbHble ckapHbl Ooisiee peakd. OHUM BO3HUKAIOT MPU 3aMEUIEHUU
JOJIOMUTOB W COCTOST W3 JWONCcHAa, (opcrepuTa, UINMUHENH, (IOTONUTA,

CEpIICHTUHUTA, JIIOJBUTUTA U PEXKE IPYTHUX MUHEPAIIOB.



CunukatHble CKapHbl OTHOCATCS K peakuMm oOpazoBaHusiM. OHu
GopMupyIOTCS O TpaHUTOMJAM, mopdupam u ux Tydam, Tpammam. [Insg ux
MUHEPAJIBbHOI'O COCTaBa HanboJiee XapaKTePEH CKAOJIuT.

JUisi cCKapHOB XapakTepHBI JPY30Bble, KPYCTU(PUKALMOHHBIE, MOJIOCYATHIE,
MAaCCHUBHBIE U BKpAIJICHHBIE TEKCTYPHI.

CkapHOBBIM 3aJie’)KaM CBOMCTBEHHO 30HAJIbHOE CTpoeHue. B olmieM ciydae
B CJIEIYIOUIEM BHJI€ MPOUCXOJUT CMEHAa MHHEpaJbHOro coctaBa. HemsmeHeHHbIE
IPaHUTHI TIO HANPABICHUIO K KOHTAKTY C BMEIIAIOIIMMH MOPOJAAMH CMEHSIOTCS
OCBETJICHHBIMH, MYCKOBHUTH3MPOBaHHbIMU TpaHuTaMu. OHU B CBOIO oOuepeb,
NepexonsaT B OKOJIOCKAPHOBBIE  MOPOABI  WJIM  DHAOTEHHBIE  CKapHBI
NPEUMYIIECTBEHHO TPAaHATOBOTO cocTaBa. Bciex 3a ATUM 30HAa 3K30CKApPHOB,
KOTOpasi TEPEeXOAUT B TpPAaHATOBbIE M MUPOKCEHOBBIE CKapHbl. C HHUMH
COIPUKACAIOTCS MPaMOPU30BAaHHBIE M3BECTHSIKU, CMEHSIOIINECS HEM3MEHEHHBIMHU
U3BECTHIKAMHU.

Ot 00pa3oBaHUs W3BECTHBI C PAHHErO0 JOKEMOpPHS M XapaKTepHBI s
wiatGopmM, MOOMIIBHBIX MOSICOB U 00JIACTEM TEKTOHO-MAaTHYECKOW aKTHBHU3AIUH,
I7Ie OHU AaCCOUMUPYIOT C IUIAarMOTPAaHUTAMHM, TUIATMOCHEHUTAMH M TpariamH,
POU3BOJHBIMU  0a3allbTOBOM MarmMbl; C TPaHOJUOPUTAMU OAaTOIUTOB H
TPaHUTOMAAMH MaiblX UHTPY3uil. CKapHblI MOTYT OBITh CBSI3aHBI C JIIOOBIMH
(azamMu HHTPY3UBHOTO MPOIIECCa, HHOT/IA CO BCEMH.

['eonornyeckue CTPYKTypbl CKAapHOBBIX OOpa30BaHUIl ONpENENSIOTCS: -
ITOBEPXHOCTBIO KOHTAKTa HM3BEPKEHHBIX INOPOJA IO OTHOLIEHUIO K CIOUCTOCTH
BMelmatomux Ttoiul. CornacHelii KOHTakT MeHee OnaromnpusiteH. Cekymui -
OJaronpuATHBIN, MOPGOJOTUS TET TPU ITOM OOBIYHO CIOXKHAS; -CIOUCTOCTH
BMEUIAIOMIUX TOPOJ] OOECIeynBaeT BBIOOPOUHOE pa3BUTHE MeTacoMaTo3a II0
OMpEICJICHHBIM IIJIaCTaM MOPOJ U BJIOJIb UX KOHTAKTOB; -CEKYILIUE TEKTOHUYECKUE
pa3phIBBI JIOKATU3YIOT CKapHBI, (GOPMHPYS KUIBHBIC Tella, CIy)KaT KaHaJaMH,
o0ecneunBaIIMU IPOHUKHOBEHUE CKapHOOOpa3yoIuX pacTBOpOB,
ONpENEISIIOT ~ yCIOBHA  pa3MEIICHHUs OpPYACHEHUS Ha IMO3JHUX CTaaAMsX

CKapHOOOpa30BaHMUs.



Quszuxo-xumuueckue  ycnosus oopazoganus. CkapHbl ~ 00pa3yroTcs B
pe3yiabTate KOMOMHUPOBAHHOTO BO3JCUCTBUS TEIUIAa HMHTPY3UM U TOpAYUX
MUHEPAJIM30BaHHBIX Ta30BO-XKUIKUX BOAHBIX pacTBOpoB. OHHM MporpeBaroT
OKpY’Karolue MOpoJibl, MPUBOJIA K X MEPEKPUCTAILIU3AIMN O€3 MPUBHOCA HOBBIX
BEILIECTB.

[Ipu cTaHOBIEHUU JIFOOOTO MHTPY3UBHOI'O TejJa BMEHIAIOIIUE MOPOJIbI
HCIBITBIBAIOT TEPMAJIbHBIA  M30XUMHUecKuil mMeTamopdusMm. [lo crannam
00pa3yroTCsi KOHTAaKTOBBbIE POTOBUKH, IO TMECYaHUKAM — KBapIUTHI, IO
U3BECTHSAKAM — MpaMoOphbl. 30HBI TaKUX MPEeoOpa3OBaHUI MMOJYyYArOT Pa3BUTHE
BOKPYT' HMHTPY3UH TpU JIOOBIX TiyOMHax u pAaBieHud. C JApyrol CTOPOHBI
HaOMI0aeTCs BIMSHUE (IIIOUIOB, BBIICISIONIMXCS B TPOIIECCE OTBEPACBaHUS
UHTPY3UH B €€ DHJIO- H DJK30KOHTakTax. [JyOMHBI CKapHOOOpa30BaHUS
onTUMasIbHBI HAa uHTepBae 0,2 — 0,5 kM.

TemnepaTypHslii 1uamna3zoH GOPMUPOBAHUS CKApHOB: U3BECTKOBBIX OT 1000
mo 400°C, wmarbHesnalbHBIX MarmMatudeckor craguu oT 1000 mo 650°C,
MarHe3najabHBIX ITocjieMarMmaTuueckou cragnu ot 650 mo 450°C.

[Tporecc oOpa3oBaHus CKAPHOBBIX MECTOPOXKJACHUN MHOTOCTAIUHbBIN. Tak,
Ha TOJIMMETANINYECKOM CKapHOBOM MecTtopoxaeHun Bepxuee (IIpumopckuii
Kpall) MuHepasooOpa3oBaHHWE IMPOTEKATIO0 B YEThIpe CcTaauu:l) TpeapyaHyro
CKApPHOBYI0 — BOJUIACTOHHUT-TpaHaToByr0 (cBeime 600°C), 2) ckapHOBO-
cyneunuayo (600-400°C), 3) cdanepuro-ranenutoByto (350-120°C), 4)
xanuenoH-kanbuuToByto (100-20°C), MuHEpalibl KOTOPBIX OTJIAraluCh B BUJIE JIPY3
B OTKpPBITBIX  TOJOCTSX. Takum  oOpa3oM  HadanmpHas  TeMmIeparypa
ckapHooOpa3oBanus He npesbimaet 900°C, a koneunas 100-50 °C.

[IpoucxoxaeHne CKapHOB W CKapHOBBIX MECTOPOXKICHHI Hauboiee
JeTalbHO paccMaTpUBaeTcss B JBYX TIMIOTe3aX — HWHQWIBTPAIMOHHO-
mubdysnonnoit, paspaborannoit JI. C. KopxuHCKMM, U CTaauiHOM,
npemioxxennoi I1. I1. [Tununenko.

[Ipu ungpurvmpayuonnom npoyecce noctMarMmaTU4eCKUe pPacTBOPbl MOTYT

MPUBHOCHUTH C COOOI KOMITOHEHTHI, 0co0eHHO pyanbie — Cu, Pb, Zn, W, Mo. Oun



MOTYT LMPKYJIUPOBAaThb IO TPEIIMHAM B SK30KOHTaKTaXx WHTPY3UH TaMm
OTKJIaJIbIBaTh MHUHEpalbl CKApHOB. TeMmepaTypbl TaKUX pacTBOPOB MOTYT
cHmxkatbes oT 400 10200°C n naxe HUKE.

Ilpu cmaoutinoii eunomese 11. II. IlununeHko cyuTaercs, 4YTO TJIABHAs
Macca BEUIECTBA CKAapHOB U Py NPHUBHOCUTCS U3BHE CHEUPUUECKUMHU
pactBopaMu. Ilo Mepe CHMXKEHHUS TeMmepaTypbl COCTaB MPUBHOCHUMBIX BEIIECTB
MEHAJICSA, OO0yCNOBIMBAas MMHEpaJbHYI 30HaNbHOCTh. [Ipeamonaraercs, 4ro
JTOMHHHUPOBAIN METACOMAaTHYECKHE MPOLECCHI, TPOTEKABIINE B IIECTh CTAUH.

Ilonesnvie uckonaemvie

['maBHast oOuienpuHsTasl CUCTEMATUKA MO COCTABY IMOJIE3HBIX MCKOMAeMBbIX:
1) xenezo (MaruuTHas ropa, Ypaiabckuii xpeOer); 2) Boiabppam (IIPOBUHIIMU
IICeNIMTOBBIX Py B ckapHax - Cpeaneasuarckas (Yapyx-/aiipon), Xakacckas u
HOxHo-Ypansckas), 3) menp (TypbuHckue pyaHuku Ha Ypane, YaTblpkym B
Kazaxcrane, lOmuss B Boctounom CasiHe), 4) CBUHEL-IMHK (BCTpPEYArOTCS
JOBOJILHO YacTo - rpynna TeTioxe (MecT. Bepxuee) na [lansnem BocToke, ANThIH-
Tonkan u Kancaii B Cpenneit Aszuu, lOtta, Hero-Mekcuko, Kanudopnaus B CILA
U Jpyrue), 5) MonuOJeH (BCTpEUaroTCsl PeaKo, JIOKATU3YIOTCS B KOHTaKTOBBIX
30HaX YMEpPEHHO-KHUCIBIX IpaHuToB - ThIpHBI-Ay3 (KaBka3), 6) onoBo, 7) 60p u
Ipyrue.

IIpoekTHOe 3amanme: M3yunth 0COOCHHOCTH (HOPMHUPOBAHUS CKAPHOBBIX
MECTOPOXICHUI

Bonpocsl 1yist CAaMOKOHTPOJIS 3HAHUM:

1. UYTto Takoe cKapHbI?

2 UTo Takoe 3H/10- U HK30CKAPHBI?

3 Kakyro ¢hopMmy pyaHBIX TET UIMEIOT CKAPHOBBIE MECTOPOKIACHUS ?
4, Kak pa3znensitorcs ckapHbl 0 COCTaBY UCXOAHBIX MOPOA?

) [Ipu kakux Temrepatypax U JIaBlIeHUSX 00pa3yrOTCsl CKapHbI?

Konueoannvie mecmopooscoenusn
Obwasa xapaxkmepucmuxa. Ieoounamuueckue ycious @opmuposanus.

Pyonvie mena. I'eonocuueckuii eozpacm. Inyouna, memnepamypa u OdasjeHue



00pazo8anusi  KONYEOaHHbIX — MeCmopoxcoeHull. Imanvl  pyoooobpa308aHusi.
Kunpckuii  mun  cepnoxonueO0aHHblx — MecmMOpodcOeHul.  Yparnockuil — mun
MeOHOKOIuedannvlx  mecmopoxcoenut. Tun  Kypoko  (pyOHoanmatickuti)
KOI4e0aHHO-NOIUMEMATLIUYECKUX MECTOPOHCOEHUII.

K xomuegaHHBIM OTHOCSATCS MECTOPOXKACHUS, PYIbl KOTOPBIX CIIOKECHBI
MPEUMYIIECTBEHHO CyabUIaMU JKelle3a, C PEIKUM MpeodiaJaHueM IHPUTa,
MUPPOTUHA, MapKa3WTa, C KOTOPHIMU AaCCONMUPYIOT XaJbKOIUPHUT, OOPHHUT,
cdanepur, Oaekibie pyabl. HepymaHble MEHEPATbl pa3BUTHI C1a00 U MPECTaBIICHBI
OOBIYHO OApUTOM, KBApIIEM, KAJILIIUTOM, CEPUIIUTOM, XJIOPUTOM, TUIICOM.

N3meHeHnss OOKOBBIX IOPOJ, BMEIIAONIMX  KOJTYCIAHHBIC 3aJICIKH,
NPOSIBIIIOTCS Yallle BCEr0 B XJIOPUTH3AIlUW, CEPHUIIUTH3AIMU, OKBAapIICBAHHH M
TUPHUTH3AIUH.

KomdenanHble MECTOPOXKIACHUS aCCOLMUPYIOT ¢ 0a3aIbT-PHOIUTOBBIMH HITH
U BYJKAaHOTCHHBIMH (OpPMAIMSIMU pPaHHEH CTaJWKM T'COJOTHYECKOTO pPa3BUTHS
HBIC€OCUHKIIMHAJIEH, BO3HUKAIOT npu MeTamopduzme, Ha MecTe
T€OCUHKJIMHAIIBHBIX TPOTOB, BBHIMOJHEHHBIX TUTYTOHUYECKUMU U BYTKaHUYECKUMHU
NPOU3BOJHBIMU  0a3albTOMJAHOW MarMbl, a TakKe HX [HUPOKIACTaAMHU,
NEPEMEXKAIOIIMMHE C TIPOCIOAMH TEPPUTEHHBIX 0CaKOB. B mpesenax 3TuxX moscos
KOJTYEJITAHHBIE MECTOPOXIACHHS BBITATUBAIOTCS MPEPHIBUCTHIMHU LEMAMH, JIMHA
KOTOPBIX JOCTUTAET HECKOIBKUX THICSY KHJIOMETPOB.

Pyanbple Tema  KOMYENAHHBIX  MECTOPOXKACHUN  UMEIOT  CIOXHYIO
KoH(purypanuo. B HUX pa3nuyuamT COTJIACHYIO C BMEMIAIOMIMMH TOPOJAMHU
MIaCTOOOpa3HYI0 YacTh M CHCTEMY CEKYIIUX MPOKUIKOBO-BKPAIUICHHBIX PYI.
Tunuanapie GOpMBI PYAHBIX TN — JIMH3BI, KWIO - U MJIACTOOOpa3HBIC 3aJIEKU U
IITOKHM, BKPAIJICHHBIE M MPOKUIKOBBIE 30HBI. [0 TEKCTYypHBIM OCOOEHHOCTAM
pa3TUYarOT MACCUBHEIE, CIIOUCTHIC U MTPOKUITKOBO-BKPAIJICHHBIC Py IbI.

Kondenannple  3ajeXw  CONMPOBOXKIAIOTCS  OpPEOJIaMA  HM3MEHEHHBIX
BMEIIAIONINX BYJKAHOTEHHBIX TIOPOJ, MPEBPAIICHHBIX B MHUPUTH3UPOBAHHBIC

KBapL-CEPUILMTOBBIE, KBAPI[-CEPULIUT-XJIOPUTOBBIE U APYTUE€ METACOMATHUTHI.



Pynoknactel — OOJIOMKM M KaTyHbI KOJTYEIAaHHOW PYyJbl B BYJIKAHOTE€HHO-
0Ca/IOYHBIX OTJIOKECHUSX.

Komuenanubie pyabl CiiyxaT ChIpbeM ISl TOOBIYM CEPHOU KHUCIIOTHI, MEIU U
IIMHKA C MONYTHBIM MOJIydeHHEM OapuTa, 30510Ta, cepedpa U JIPYrux METaJIOB.
Tepmun «komadenanbl» BBEJEH PYCCKUMM Teojioramu. Ha aHrnuiickom si3pike OHU
HazpiBatoTcst  «Cupryferos pyritc deposits» (MeIHO-)KEIE3UCThIE MUPUTUCTHIC

OTJIOKEHUS).
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Puc. Obwas cxema cmpoenus xonuedanno2o mecmopodcoenus. Tyghor u
KOHenomepamul: 1-Kkucinoeo cocmaea, 2-cpedue2o cocmasa, 3¢pgy3uswl: 3-Kucioeo
cocmasa, 4-cpedne2o u OCHOBHO20 COCMABA, 5-MACCUBHASL KOTYeOaHHAas pyoa, 6-
20pU30HmMbL  PYOOKIACMO8, 7-NpOACUNKOBO-6KpANIeHHas — pyda  cpeou
2UOPOMEPMAILHO UBMEHEHHBIX NOPOO, 8- 30HbL CMAMUSL U OPOOIEHUS.

Bce xomuenanHbie MECTOPOXKACHHS PACCMaTpPUBAIOTCS KaK TMPOMYKThI
BOCXOJISITITNX MUHEpaIN30BaHHBIX ra3oruIpoTepMaIbHbIX MOTOKOB,
TeHEPUPOBAHHBIX TIIYOMHHBIMH BYJKAHMYECKUMHU oyaramMu. Yacte pyaHOTro
BEIECTBA ITHX MOTOKOB OTJIAraeTcs Ha MyTAX UX MOabeMa, PUIBTPYSICh CKBO3b
BYJIKAHUYECKHE TOPOAbl Hu  (GOpPMHPYS BYJIKAHOTCHHBIE THAPOTEPMAIIbHO-
METAaCOMATHUUECKUE 3aJIeKU MPOKWIKOBO-BKpAIUIEHHBIX pyA. Jpyras wyacTe
JOCTUTAeT JHA TCOCHHKIMHAIBHOTO OacceiiHa W  BhIMajgaer, o0pasys
BYJIKAHMYECKHE TUPOTEPMAIIbHO-0CAI0YHBIE TUIACTOBBIE 3aJI€KU MACCUBHBIX PY/I.

T'eonocuueckuii 6o3pacm. B apxelickoM LUKIIE 00pa30BaHbl MECTOPOKICHHUS
Kanagei, CIIA, Asctpanuu, Kapenuun. B mnporepo3oiickoe Bpemsi BO3HHUKIU

komyenansl [lpubaiikanbs, [lonspHoro VYpana, Unaum, FOAP. Kanenonckue



KOJIYEIaHbl XapakTepHbl bypsatun, 3ananusix Casan, Kananel, bupmel. ['epuunckue
KOJYEaHHbIE MECTOPOKICHHMS OYEHb PACIpOCTpaHeHbl Ypan, Pynnwiii Antai,
Kazaxcran, Mcnanus u 1.1. KummMmepuiickue kondenanbsl u3BecTHbl Ha KaBkase, B
SAxyTtun. Anonun. Anenuiickas meramiorenus - Typuus, ['penus, @pannus, Kyba
U T.JI.

I'nybuna, memnepamypa u  oOasienue  00pA308aHUS  KOJIYEOAHHBIX
mecmopodicoenuti. KonuenanHble MECTOPOXIEHUS (POPMUPYIOTCS B HAYaJIbHYIO
CTaJIMI0 TEOCHHKJIMHAJIBHOTO LMKJIA CBSA3M C 0a3aJbTOMJIHBIM BYJIKAaHU3MOM.
bosbiias yacTh MOAYYEHHBIX JAHHBIX TOBOPUT O TOM, YTO KOJYEIAHHBIC
MECTOPOXKIeHUSI (POPMHUPOBAIKCH B MPUIOHHBIX YacTAX nameomopeit. [Ipu stom
BYJIKAHOT'€HHO-OCA/I0YHBIE JIACTOBBIE 3aJI€KW MACCHUBHOU PYJbl OTJIarajiich Mpu
CPaBHUTEIbHO HU3KOM JIaBJICHUM, a KOJOHHA MOJICTUJIAMIIMX UX MPOKUIKOBO-
BKpAIUICHHBIX Py, yxojsmias a0 riayounsl cseime 1000 M, dopmupoBanuch B
00CTaHOBKE BBICOKOTO JIaBlieHHA. B mepBoM cilydae naBlieHHE OMpeaesnsercs
CTOJIOOM MOPCKOM BOJIbI, KoTOpoe mpu riyoune B 500 m coctaBiso 5 Mlla, a mpu
MakcuManbHoH Tiryoune 10 000 m morio gocturats 100 Mla.

Temneparypsl 00pa3oBaHUsi KOTYEIAHHBIX MECTOPOXKICHHUM C y4E€TOM BCEX
TOHKOCTEH — OT mepepadoTKu OOKOBBIX MOPOJ 10 BBIMAJICHUS MOCIEIHUX MOPIIH
pPy1000pa3yonux MHHEpPAJIOB - HAXOAUTCS B IMIHUPOKOoM uHTEepBaie ot 500 mo
40 °C.

Omanvl  pyodoobpazosanus. B oOmel  UCTOpUM  KOJTYSAAHHOTO
pya1000pa30BaHus TOCTATOYHO OTYETIMBO HAMEUAIOTCSA TPH dTara.

[lepBeiii  (mpeapyaHblii) 3Tam  OOYCIOBIEH  BBICOKOTEMIIEPATYpPHBIMU
KUCIBIMM  Ta30BBIMM  pACTBOpaMH,  HOPUBOIAIIMMU K  HMHTEHCUBHOU
MEeperpynmnupoBKe MUHEPAIBHOW MacChl BYJIKAHOTEHHBIX TOpOJ, 0€3 3aMETHOTrO
MIPUBHOCAa BElIECTBA. B 3TUX yCIOBHUSIX BO3HHUKAKOT METACOMATHYECKHU
W3MEHEHHBIE MMOPOBI.

Bropoii (komdemaHHbI) 3Tan MOCTENEHHO CMEHsIET MepBbld. B 3TOT 3Tan

IIpOUCXOaUuT HaKOIIIICHHUC OCHOBHOI MacCChI CYHB(bI/II[OB KCIIC3a n3



THAPOTEPMAIILHBIX PACTBOPOB, IUPKYJIUPYIONIUX BIOJb TPEIIUH B U3MEHEHHBIX
KBapIIl-CEPUITUTOBBIX MTOPOIAX.

Tpetuit (pyaHblil) 3Tam OTMEYAEeTCsl JIUIIb HAa HEKOTOPBIX KOJMYEIAHHBIX
MECTOPOXKICHHUSIX. B OTIIMUME OT MEepBBIX CIUTHBIX 3TAlOB, OH OTICISICTCS
JUTMTEITLHBIM TIEPEPHIBOM, BO BpEMs KOTOPOTO MHHEPAJIBbHBIE MAacChl pPaHHUX
ATaliOB  MOTYT TPETEepIeTh HEKOTOpBIH  MeTamMop(du3M, TEKTOHHYCCKHE
nedopManuy U BHEJPEHUE JaeK U3BEP>KEHHBIX TTOPOI.

Tunvr  KonueoanHnvix mecmopodscoenuu. Ilo coctaBy pyn, CBSI3IM C
Pa3TUYHBIMUA BYJIKaHUUYECKHUMHU (OPMANMAMHU, TCOIUHAMUYCCKUM OOCTaHOBKAM
KOJTYEIaHHBIE MECTOPOXKJACHUSI MOTYT OBITh MPEICTABICHBI  CIEAYIONTUMHU
OCHOBHBIMHU THITAMH: CEPHOKOIYCIAHHBIM (KATIPCKHUIA THIT), MEIHO-KOIYCIaHHBIM
(YpaJIbCKUH THIT), KOJYSTAHHO-TIOIMMETAIUTMYCCKAM (QJITAHCKUH THIT WIA THII
Kypoxo).

CepHoxonuedannvie mecmopodicoerus (kunpckuii  mun). OOpa3yroTcs B
CIPEIMHTOBBIX 0OCTAHOBKAX, CBSA3aHbI C 0a3aJbTOUIHBIM BYJIKaHU3MOM, CJIOKEHBI
NUPUTOBBIMU PYyJlaMU C HEOOJIBIION MPUMEChI0 KBapia. MecTopOoKIeHUsI 3TOTro
tuna u3BectHbl Ha Kunpe, Ypane (Kapabamickoe), Apctpanus (bpokken-Xumr), B
Ucnanuu, Anonuun. [TupuT cy>KUT HCTOYHUKOM JJIS MOTYYEHUSI CEPHON KUCIIOTHI.

Meono-konuedannvie (VpanrbCkuii mun), MECTOPOKISHUSI CBSI3aHbI C PUOJIHT-
0a3anbTOBBIMH (OpMAIIUIMH U 00pa3yroTcsi B CYONYKIIMOHHBIX OOCTaHOBKaX.
Pyasl mpencraBieHbl mpeoOnamammuMu - cyidbbuaaMu - ckeneza  (IUPUTOM,
MapKa3UTOM) W XaJIbKOMUPHUTOM; BTOPOCTETICHHBIC pPYyIHBIE MHUHEPAIbl —
chanepur, TUPPOTHH, OJICKIIBIE PYIbI, TAJICHUT U JIp. DTOT TUI MECTOPOKICHUM
IIUPOKO PACTIPOCTPAHEH M JIETAJBbHO KCCIENOBAaH B TEPIMHCKUX KOMIUIEKCAX
VYpana (Cubait, I'ait, Yuanel, bassuackoe).

Konueoanno-nonumemaniuueckue mecmopodcoenusi CBsI3aHbl € PUOJUT-
aHAe3uT-0a3aIbTOBBIMA BYJIIKAHOTCHHBIMU (GopManusiMu. [ JTaBHBIMH PYIHBIMU
MUHEpaJIaMH SBIISIOTCS THPUT, CHaAJCPUT, TATCHUT, PEXKE XaJIbKOMUPUT, CPEIH
KWJIBHBIX MUHEPATIOB TIPEO0IaMar0T KBapPIl, OapuT. MeCcTOpOXKIeHUS JaHHOTO THUTIA

pa3Buthl Ha Pyanom Anrae (Puanep-CokonbHoe, 3bIpsiHOBCKOE, THIIMHCKOE), B



[Tpubaiikanbe (XonomueHckoe), 3abalikanbe (O3epHoe), B Kazaxcrane (MKaiipewm,

Texenn), B I'py3un (Magueynu), B Anonun (Kypoko), B Ucnanuu (Puo-Tunro

(puc. 36)).

IIpoexkTHOe 3axanue: N3yunth 0cCOOEHHOCTH (HOPMUPOBAHMS KOTUETAHHBIX

MECTOPOXKIACHUM.

Bonpoce! Aj1s1 caMOKOHTPOJISI 3HAHMIA:

1. Kakne MecTopoxkAEHUS OTHOCATCSA K KOTYETAHHBIM?

2. Kakyto ¢popmy UMEIOT pyiHbIE Tella KOJTYeTaHHBIX MECTOPOKICHUM ?

3. Uto Takoe pyJaoKJIacThI?

4, Ha kakux rayOMHAX MPOMCXOAUT OOpa3oBaHUE KOJTYETAHHBIX
MECTOPOKICHMI ?

S. Kakne temmnepaTypbl M [OaBIEHUS XapaKTEpHbI [JIs KOJYEJAHHBIX

MECTOPOXKICHMI?



