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Mazmamuueckasn Ou(bd)epeuuuauuﬂ UJIU I60/1IOUUA MACMDbL.

Henb3st roBOpuTh, 4TO Kax1ast TOpHas Mopojia 00pa3zoBaiach U3 CBOCH MAarmel.
[Tonamast B HOBbIE TEPMOJMHAMHUYECKHE YCIOBUS BEPXHUX YaCcTEH 3€MJIM, TaK Ha3bIBacMasl,
MAMePUHCKas Mazma U3MEHIET CBOU COCTAaB.

DTOT MPOLECC HOCUT HA3BAHUE MazmMamuyeckKui oughepenyuanuu Vi 3601104 UH MAZMbl
WU MAZMAMUYECKO20 PPAKUUOHUPOBAHUA.
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IIpouecchl, 00yCIaBIMBAKOIINE PA3HOOOpPa3ye MOPOL.

DBOJIIOIMOHHBIC MPOIECCHl (M3MEHEHUE COCTaBa paciuiaBa) OCYIICCTBIISIOTCS
10 O IJJaBHBIM MEXaHHU3MaM:.

*  [PHU KPUCTALUIM3ALMU MarMhl (KpucTaaan3anuoHHas auddepeHmanys),

°* IIpU B3aMMOACHCTBHMH Marmbl ¢ dmongamMu ((QIronaHo-MarMarudecKas
nuddepeHumnanus),

* B pe3yJabrare JUKBALUHU,

°* B pe3yjbrare YaCTUYHOM WU MOJHOW ACCUMWIALMU TBEPIABIX TOPHBIX
IOPOJ JKUIAKOM MarMou,

° B PE3yJIbTAaTC CMCIICHMA CAMOCTOATCIIbHBIX MAI'M.



1. KpucrammmsanuonHass 1upgepeHuuanus

CyLLI,HOCTb 3TOro npouecca 3aKJa4aeTcAa B TOM, HTO KPWUCTA/1/1bl,
BblAenAarowmeca na marmbl, 3aKOHOMEPHO OTIMYHAKOTCA OT HEE MO
cocTaBy (ABnAOTCA 6oNee OCHOBHbIMU M MarHe3nanbHbIMMU).

O6bI4HO OHUM OTIMYAOTCA OT MarMaTUYEeCKOro pacnaasa no
NJAOTHOCTU M MO3TOMY €CTECTBEHEH MPOLLECC UX OTAENEHUA OT
Marmbl (Hanpumep, norpyxeHmne 6osee NIOTHbIX KPUCTANNOB) C
M3MEHEeHWeM COCTaBa OCTAaTOMHOIO pacn/iaBa.



Kpucrannusauus
N oceaaHue




Tuns!
KYMYJISITUBHBIX

CTPYKTYp: a -
OPTOKYMYJISITUBHAS,
6 _
ME30KyMYJISITUBHAS,
B _

aIKyMYJISITUBHAS.

B npouecce kpucTauim3alMoHHON JuddepeHIMay IIepBUYHbIC MarMbl pa3AcisatoTCs Ha
oughghepenuuampt — 0CTATOUHBIC PACIUIABBI U KYM)J1Ambl — CKOIUICHUSA KPUCTAIUINYECKUX
(pa3. CaMbIM pacopOCTPaHECHHBIM MEXaHHU3MOM (DOPMUPOBAHUS KYMYJIATOB SIBJISICTCS
IPaBUTAIMOHHOE OCAXJICHUE PAHHUX KPUCTAINYECKUX (pa3 (OJIUBUH, IMPOKCEH, XPOM-
IIITMHEIb) BOJU3M IOJ0OIIBEI MarMaTHYE€CKUX KaMep.



IIpepuisucras cepus Henpepuisias 'cepus -

Onupuy AHOp’i‘HT
lupokcet DHTOBHHAT
l (yBeauyenne Fe/Mg) | 1
HHPOfceH - Mlabpazop

'
Poroiaﬂ obMaHKa A 1esns
broty Quur0K1a3
’ —>K-Na-nojesble WnaTe | «— '
Ksapu ‘

boyanom Oblila ycTaHOBJIEHA IIOCJIE0OBATEILHOCTD BBIJICTICHUS KPUCTAIOB U3
MarmM OCHOBHOTO cOocTaBa — pso boyina.
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PacciioeHHble ITYTOHBI — MPUHIUIINAIBbHAS CXeMa CTPOCHMUS
(pa3pe3): 1 — ynprpamaduthl, 2— radopo 1 HOPUTHL, 3 —
(bepporadopo u GeppoaUOPUTHI;



HekoTopble AoKembpuiickue nayToHbl UMEIOT OYEHb KPYMHble pa3mepbl.

* Hanpumep, bywsenbackuii nonoaut B KOxHo AbpuKe (Bo3pacT 2 mapa neT) gocTuraet

400 KM B nonepeyHuKe, a ero obvbem coctaBaset okoso 105 km3;

* maccuB Ctunnyortep B CKanuctbix ropax Ha 3anage CLUA (Bo3pacT 3.2 maps,
NeT) npocnexKeH Ha pacctossHum bonee 50 Km, ero o6bem oueHuBaeTcs B 104
KM3; BEPXHAA TPETb MAaCcCUBA Pa3MbITa. 10



JI0BOJIBHO MMOKa3arejibHA KPUCTAJIN3AIIMA
pacruiaBa, COCTOSIIETO U3 JIBYX KOMIIOHEHTOB.

B 3TOM citydyae BO3MOXKHBI JIBA BapUaHTA
KPUCTAJIU3AIINN:

1) Korga KOMIIOHEHThI HE CLIOCOOHBI
00pa30BEIBaTh TBEPIbIC PACTBOPHI (T. €. IPHU
MX HECMECHUMOCTH B TBEPAOM COCTOSIHUHM ) U

2) KOrJila KOMOOHEHTBI MOTYT OOpa30BHIBATh
HEIPEPHIBHYIO CEPUI0 TBEPALIX PACTBOPOB.

11



ﬂMGI’pGMMbI NSIGBKOCTU C 3BTEKTUKOMU
(623 TBEepAbIX pGCTBOpOB) «C NTUYKOA»

pacnnaes

FeMmexmiyecra

- MoYyxa
1392
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1300
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(o Hoxepy, 1969). 13



TeepAble pacTBOpbLI

Te€pOobie pacmeopbl — 3mo 0OHOPOOHbIE Meepdklie seuecmaa,
8 KOMOpbIX KOHUeHmMpayuu KOMIoHeHmMo8 moaym bbimb USMEHEHbI
be3 HapyuweHuUss 00HOPOOHOCMU 3MO20 8eulecmaea.

‘ doopcTeput
Mg,SIO,

doaanur ‘

Fe,SI0, (FeMg)25i04

Hanpuwmep, onusuH, (Mg, Fe),SIO,, - TBepAbIU pacTBop
xenesucrtoro (Fe,SiO,, gpasanut, Fa) n marHesmnansHoro (Mg,SiO,,
doopcTtepuT, Fo) onnemnHoB. Pasnut n oOpCcTEPUT - KOHEYHbIE YSEHDI
TBEpAOoro pacteopa onvMBuHa.

14



CBoMncTBaMm TBePAbIX PpacTBOpoB 061a4at0T NOYTH BCE
nopogoobpasyowme MuHepansl, Aarowme N3oMmop@PHble paabl
(nnarnoKknasbl, NTUPOKCEHbI, ONNBUHbI, amdubonbl N 1. A4.).

B npouecce Kpnctananlaumm NnPpOUCXoauT HENPEpPbIBHAA peakuus
MeXay BblAENUBLIMMUCA KPUCTANIAMU N pacniaBoM, BCieACTBUE
4Yero M3MeHAOTCA COCTaBbl pacn/iaBa U KPUCTaZI0B B HaNpPaBAEHUU
oboralweHna meHee TYyroniaBKkMMm KOMMNOHEHTOM.

15



Aduarpammsr nnaskocTu
¢ obpa3oBaHuem TBepAbIX PACTBOPOB

«C pbI6KOU>
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PaccmoTpum KpUCTanamsauuio AByX MMHEpPanoB, 06pasylowmx HenpepbiBHYIO CEPUIO TBEPAbIX
PacTBOPOB Ha NpuMmepe NAarMoKnasos.

KpuBas cosudyca nokasblBaeT U3MEHeHne cocTaBa TBepaoi ¢asbl N0 mepe nageHna TemnepaTtypbl,
a COOTBETCTBYHOLLINE USMEHEHUA COCTABa ¥XUAKOCTU PUKCUPYIOTCA KPUBOW aUKBUOYCA.

Ecnn ncxoaHbin pacnnas umeet 45 % aHopTtuTta (An) n 55 % anbbuta (Ab) (T.A), 3 pacnnaBa
BblAennTcA HeboibLLOe KONMYECTBO KPUCTANI0B € cocTaBomM 1s (4yTb meHee 80 %An). BoigeneHue
3TUX KPUCTAN/I0B NpUBEAET K U3SMEHEHMIO COCTABA Pacrn/jaBa, KOTOPbIA NO CPAaBHEHUIO C UCXOAHbIM
CTaHOBUTCA boravye aibObUTOBbIM KOMMOHEHTOM.

[Mpn NOHMKEHUN TEMNEPATYPbl 3TOT pacniaB B3aMMOAENCTBYET C BblaenBLLUENCA TBEPAOMK da30M,
NOCTENEHHO N3MEHAA ee COCTaB N0 KPMBOW coamayca.

Ecnhn oxnaxaeHne nponcxogmT BbICTPO, NOSIHOE paBHOBECUE MEXKAY TBepAon Ga3on U KNOKOCTbIO
He HacTynaeT, 0bpa3yoTcA KPUCTAN bl MAATMOKNA3a C 30HANIbHbIM CTPOEHMEM. Y NNArMOKAA30B C
obwmm coctaBom, oTBeYatoLWMM Nabpaaopy, UEeHTPaIbHbIE YaCTU KPUCTANII0B MOTYT ObITb
npeacTasneHbl naarnoknasom ¢ 80 % An, a BHewHUe 30HbI — C 5 %AN.

30Ha/IbHbIE MAATMOKNA3bl XapPaKTEPHbI ANA NOPOA, KPUCTaNIN30BaABLUUXCA B rMnabuccanbHbIX Uan
NOBEPXHOCTHbIX YCOBUAX. 17
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2. OaoungHo-MarmMarudeckast 1upepennuanus

e B Marmarndeckoi Kamepe MOryT IPOUCXOAUTh KPYITHOMACIITaOHbIE
au@Py31u0oHHbBIC SIBICHUS MO BIUSHUEM BOJIbI U APYTHUX JIETYUUX
KOMITOHEHTOB.

e 3a reoJ0oru4eCcKy NpodoJLKUTEIbHBIC IEPHUO/Ibl BDEMEHH CYIIICCTBOBAHUS
MarMaTH4eCcKoro paciuiaBa IpoucxoauT KoHuenrpanus H,O B Tex ero yacrix,
IJI¢ YCTaHABIMBAIOTCS 00J1ee HU3KHE TeMIIepaTyphl U J1aBjieHus (T. €. B
BEPXHHUX TOPU3OHTAX ).

e [Ipu 3TOM MIETOYN U HEKOTOPBIE METAJIIBI OYAyT pearupoBaTh C BOAOU U
BMECTE C HEW KOHIIEHTPUPOBATHCA B YUACTKAX HAMMEHBIIMX JABJICHUMN U
TEMIIEPATYP.

19
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ComnocragiieHue paCTBOPUMOCTH BOJIBI B
CUWJIMKATHBIX PACIUIABAX PA3JIMYHOIO COCTAaBA!

1 - 6a3anst (1100°C); 2 - ange3utr (1100°C);
3 - rpanuTto-nermMatut (695°C).

Bo ¢mronnpl, paBHOBECHBIE C MarMamu, MEPEXOST
KOMIIOHEHTBI, HW30BITOYHBIC 10 OTHOIICHHUIO K
OBTCKTUYECKMM  COCTaBaM, TakKUM  00pa3om,
TpaHCMarMaTU4eCKHE bronHbIe IIOTOKHU
CIIOCOOCTBYIOT HanpaBJICHHOM SBOJIIOIIIH
MarmMaTuueckux paciiaBoB. Ilo  Mepe  artoi
SBOJIIOLIMK B PSIAY MOPOA HOPMaJIbHOM IIEIOYHOCTH
BO3HMKAIOT BCE€ 00JIe€ KPEMHEKHUCIIbIC PaCIUIaBhI,
OeIHBIC MarHUEM, KaJabIIMEM, JKEJIE30M. 0a3ajIbThl —
aHJIe3UTbl — JaluuThl — puoauThl. [Ipu sTOM
YCUJIMBAETCSl CPOJICTBO CHIIMKATHBIX PacCILIaBOB IO
OTHOIIEHHUIO K (PIIFOUIHBIM KOMITIOHEHTaM. OO0 3ToM
MOXXHO CYIUTh MO pacTtBopuMoctd B Hux H,0,
KOTOpasi CYIIECTBEHHO BO3pPacTae€T B YyKa3aHHOM

psiIie TIOPO/I.
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3. .JII/IKBaIII/IH — pacuierJieHue Ha JIBe HeCMeIIMBAIOIINECH KUAKOCTH.

Ecam marma pacuwennseTca Ha ABe HECMELLUMBAKOLWMECA KNAKOCTU HEOAHOPOAHOTO
COCTaBa, TO NPOAYKTbI KPUCTANNN3ALUMNU KAXKA0W N3 HUX ByayT pas3/inyHbI,
c/le0BaTE/IbHO, NUKBAUUA (HECMECMMOCTb }KUAKOCTEN) ABNAETCA NPUYNHOM
anddepeHumaumm marmaTu4eckmnx nopoa.

Takne npumepsbl, Kak BKIOYEHUSA cyNbPMa0B B OCHOBHbIX MOPOAAX, U3YUEHHbIE
JIYHHble 6a3anbTbl U AP., OTYETIMBO NPOAEMOHCTPUPOBAIN ABIEHUE NNKBALUU B
Marmax.

BO3MOXXHOCTU IMKBALMUU YCUNNBAIOTCA B Cneayrowmnx cayyanx:

® NMPU KPUCTANAU3ALNUM MarM, 060raleHHbIX NeTYMUMU KOMNOHEeHTaMu, 0CobeHHOo
wenovyamm; ptopom

* Npyn GPaAKLNOHNPOBAHNM 0OOraLEeHHbIX XXEeNe30M KUAKOCTEN TONEeUTOBOro TMna.

21



SIBiIeHUE NUKBAIMU B Oa3aJIBTE.

B unmepcmuyusax Mexay KpynHbIMU 3€pHaAMM IIJIarMOKJIa3a M MUPOKCEHA pacroJiararoTcs
MEJIKHUE 2100yau 00oraroro kejae3oM cTekiaa B 00j1ee KpEMHEKHUCIIOM CTekye. BynkaHnueckue
IIOPOABI, COCTOSIIME U3 NOA00OHBIX 000COOICHUI HA3BIBAIOTCS 6APUOTIUMAMU.

22



FeO + MnO + TiO, + CaO + P,O4

Fe-rich glass ;" -

Experimental
immiscibility field

Tholeiite host rock :,

Silica-rich glass | -

. M - M "

Cocras
HECMEIIINBAIOIINXCSI
YKUJIKOCTEU B
TOJIEUTOBOM Oa3zalibTe.
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4. ACCMMUJIAIIMA.
Accumunayusa [assimilatio — ynomo6neHue | —Imporecc IoIHOTO
YCBOCHHUS U TUIABJICHUS ITOCTOPOHHETO MaTepraia (OOKOBBIX II. U Ip.) B
UHTPYAUPOBABIIIEN Marme, ¢ 00Opa30BaHUEM TMOPUIHON MATMBI .

* TepMMH aCCUMUNALMA O3HAYaET NOI/IOWEeHNe BMELLaloLWmMX nopoa Mmarmon, u
ec/IM BMeLLaoLLe Nopoabl UMEKT COCTaB, OT/IMYHbIM OT Marmbl, 3TO NMPUBOAUT K
M3MEHEHUIO COCTaBa pacnaasBa M K 3BONOLUMKM pacnaBa.

* TepMMH KOHTaMUHAUUA TaKKe NCNONb3YeTcA NPU ONMUCaHMUKM 3TOTO ABIEHUA, HO C
APYrMM OTTEHKOM (Hanpumep, MOXHO CKasaTb, YTO FPAHUTHbIN pacnaas
aCCMMWIMPOBAN MMUHUCTbIE OCAAKN UK, HAOBOPOT, YTO OH bblin
KOHTaMWUHUPOBAH UMMU).

24



min

YacTuuHOo pe30pOMpOBaHHOE
3€pHO KBaplia B OCHOBHOM
Macce. HepoBHbIE TpaHUIIbI
3€pHA YKa3bIBalOT HA €r0
YaCTUYHOE TIJIABJICHUE.
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5. CMelmieHHe MarmM

IIponiecc 0OpazoBaHus THOPUAHBIX MAarMaTHYE€CKUX ITOPOJI 3a CUET
CMEIIECHUS JIBYX WM HECKOJIBKHUX Marm pa3jMyHOro COCTana .

TMbpuaHble nopoabl, 0COBEHHO BYIKAHNYECKME NN MANOINYOUHHbIE UHTPY3UBHbIE,
MoryT pOpMMPOBATLCA B pe3yanbTaTe CMEeLEeHNA MarMm pas/IM4HOro cocTasa.

NHorga Ha6}1I-O,£I,aETCFI JNIOKaJ/ibHOEe MeXaHUYEeCKOeE nepemelinBaHmne nN3BepreHHbIX
NPOAYKTOB, KOTOPOE HA3bIBAETCA MUH2/1UH20M.

K cobcTBEHHO CMELWeHUIo ceayeT OTHOCUTb NepeMeLIMBaHNE Marm PasiM4yHoro
cocTaBa B pe3ynbrate Audpdysmmn Ha aTOMHOM YPOBHE.

CmelweHne mexay OCHOBHOM U KMCZIOM Marmamm nmeet Hebonbllioe 3Ha4YeHue, n3-3a
CYLLLECTBEHHbIX PA3IMYUIN B BAZKOCTU U TEMNEpPaTypPax Marm.

bonee LLNPOKOE pPacnpocCTtpaHeEHNE MMEET CMelleHne Cpean pacnaiaBos CpeaHEro U
KNC/10ro COCTaBOB.

26
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CNACUB0 3A BHUMAHMUE!

Chaine de voicans de Lakaglgar, Islande (64°04'N - 18°15° 0)

Hcnangus. [TokpoBbl 0a3a16TOB ILIOMIAIBIO B JECATKHA KBaJIpaTHBIX KMJIOMETPOB.
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