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HopmanbHbin psan

Krnacc — miiyToHu4eCcKue:
1. CeMeNCTBO MUPOKCEHUTOB-TOPHOJICHIUTOR
2. CemelicTBO Tab0OpOU10B

Kiacc — ByJIKaHUYECKHUE:

1. CeMelcTBO MUKPOOA3AIBTOB
2. CemMeiicTBO Me1a0a3aiabTOB
3. CemelicTBO 0a3aIbTOB
4. CeMEHUCTBO JICMKOOA3aJIETOB



Munepalibl OCHOBHBIX IOPOJ, HOPMAIBLHOTO Psijia;

[maBusbrie: Pl (An, ), Ol(#Mg 60-80) , CPx (Di-Aug, Aug, Pig),
OPx (#Mg 55-85), Cam (Hbl Oypas, B ByJAKAaHUYECKHUX MOPOJIAX —
Oa3zajabTHYECKas).

Bropocrtenennsie: Phl (Bt), Grt, Spl, Mag.

AKIIeCCOpHBIC: CPEH, LIMPKOH.

MuHepasbl 0CHOBHBIX MOPOJI YMEPEHHO-IIIEIOYHOIO PAJIA;
['maBueie: Pl (An, ), Ol(#Mg 60-80) , CPx (Aug, TiAug), OPx
(#Mg 55-85), Cam (Hbl Oypas, B ByJIkaHUUE€CKHUX HOPOAaX —
OazajabTHYECKas).

Bropocrtenennsie: Phl (Bt), Fsp, Mag, Ne, Anc.

['maBusie: Pl (An, ), Fsp, Ol(#Mg 60-80) , CPx (Di-Aug, TiAug,
Aeg-Aug, Aeg), Cam (Hbl Oypas, Na u Na-Ca, T1), F (Ne, Lct, Lct’,
Nsn, Anc, Ks) .

Bropocrtenennsie: Phl (Bt), Mag.
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CeMelnCTBO MUPOKCEHUTOB-ropHOIEHAUTOB (P1<10%)

| OpTONMpPOKCEHUT Opx>90, Cox<l0, Ol<10, HbI<10

1.1. Aucmamum, OpOH3UMUM, 2unepcmeHum
2 OusinBuHOBBII opTOmHpoKceHUT Opx o, Cpx X 10 OL_, s tii<10
3 BCﬁCTepI’IT OpX5-9O CpX 5.90 Ol<5, HbI<10 (okpyr Bebcrep, CeBeprast Kaponuna,

’  CIIA)

4 OumBunoBbIi Bedcrepur Opx . Cpx | . Ol Hbl_
5 Kiaunonupokcenut Cpx 90-100, Opx_,, O Hbl

5.1 PYOHbLU nupokcenum (kocoeum Mt_, ), Ouoncudum, duaﬂﬂaeum
6 OymBuHOBBII KIMHOMUPoOKceHuT Cpx, ., Opx_ Ol<10, HbI<10
7 T'opHOsIeHaAUT Hbl90_100 (Cpx+OpX)<10
8 OJIMBUHOBBIA TOPHOJICHIUT Hb150-90, Ol . %, CpX,OpX,

J1s. OUPOKCEHUTOB W TOPHOJICHAUTOB CTPYKTypa NaHUAMOMOP(HO3EpPHUCTAS, JIs
pOTOBOOOMAHKOBBIX ~ MHUPOKCEHUTOB U IHUPOKCEHOBBIX  TOPHOJECHIMTOB  —
TUITAIMOMOP(PHO3EPHUCTAS, JIJI1 KOCbBUTOB — CUJICPOHUTOBAsS. [ OpHOJIECHIUTHI BO MHOTHUX
cillydasgx oOpa3yroTcs 3a CYET HUPOKCEHHTOB, B pE3yJabTaTe 3MUMarMaTuyecKoro
3aMEILEeHUs MUPOKCEHAa pOrOBOM OOMAaHKOM.



KJIMHOMMPOKCEHUT




bpoH3uTut (a) u BeOcTepur (0)




PynHbIN DUPOKCEHUT (KOCHBHUT)




PynHbIE OJIMBUHOBEIE
KJIMHOIIMPOKCEHUTHI
XOIIMMI'OJIbCKMM MaCCHB
3anmagHoe [Ipuxyocyrynbe




CemenicTBO radOpouaoB

mesiaHo-

nnarnoknasoBble

Framo
oprgfin-
ceHu Opx yJ'IpraMaCbVlTl:ﬂ O

[IInpoxue Bapruamuy B CEMEHCTBE
rabOopoOuI0B coep KaHMi
IOPO000PA3YIOIINX MUHEPATIOB U
COOTBETCTBEHHO
OPOI000PA3YIOIINX OKCHIOB

mMesiaHo-

CBsI3aHBI C IIpolieccamu
) n OK OBbI brpa |
(paKIMOHHON KpUCTAIU3aIlUU Cpx+ : Y P Ol




CemeiicTBO radbopouaos
1 ragopo PL, ., Cpx %0, Opx_, Hbl<5 (om cmapozo mockanckozo naséanus,
T e

2 oJiuBHHOBOE radoopo Pl .., Cpx .. Ol . Opx_. Hbl .
2.1 0J1UBUHOB0E METAH02a00po (THIIANT)

3 nopur Pl .. Opx, o, Cpx_. Ol , Hbl_,

4 oJIMBUHOBBII HOpuT Pl ., Opx, .. Ol . Cpx_. Hbl

5 radoponopur Pl ., Opx, .. Cpx, .. Ol . Hbl_,

6 OJIMBHHOBBIN raboponopur P1, .., Opx, ., Cpx, ., Ol ., HbI_,
1-6 | PasHoBUIHOCTH: 96KpUmMbI (AHOPTUTOBBIC rA00OPOUIBI C ANy, ()
1-6 Pa3zHOBHAHOCTH: pozoeooﬁmaukoebte 2aoopouowt npu HbI>5%

7 Tpoxroiut Pl . Ol o (Cpx+Opx)_, Hbl_,

7.1. annuganum —Pl=An,

8 anopro3ur Pl (Cpx +Opx)_ ., 510

8.1. anopmumum, 1a0paoopum, OUMoeHUmMuUm

B 0e301MBHHOBBIX rad0pPoOMIaX BO3MOKHO IPUCYTCTBHE KBapua 10 5%




TexcTtypa TakcuTOBas, YacTto IIojocyaTras, B aJIMBAJIUTAX -
OpOUMKYyJIsSIpHas, CTPYKTypa Tra00OpoBas wiaun radbOpooduToBas,
NOMKHI00(uTOBask. B 0JIMBUHOBBIX HOPUTAX, OJIMBHHOBBIX rab0OpoO U
TPOKTOJIMTAX HAOII0JAEeTCs BEHIIOBAas CTpPyKTypa. B aHopro3urtax
HaOJIOAAeTCd  KCEHOMOP(HO3EpHUCTasd  WJIM  MaHUIUOMOPQ-
HO3EPHUCTAsA CTPYKTYPHI.



TakcurToBasi TekcTypa B rabopoujgax

OpOuKyJsipHask TEKCTypa B aJUIMBaIMTaX




TakcuToBas TekcTypa B rabopoujgax
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TakcuToBas TekcTypa B rabopoujgax




TakcuToBas TekcTypa B rabopoujgax
[Tomocuarasi TeKCTypa B OJJMBUHOBBIX Ta00PO




['abOpoBast cTpyKTypa B rabOpoHOpHUTaX




[ToiikunooduTOBas CTpyKTypa
B OJIMBUHOBOM T'ab0po
[IpaBoTapIaniCKUHCKOIro
MacCHBa



MCX&HI/IBMBI, IIPUBOAAITNC K BOGBHUKHOBCHHUIO PACCIIOCHHOCTH

KoHB eKITMOHHO-Ky My IAITMOHHAL
MoOJIeNb

Mogens HartpaBIeHHON
KPUCTAILII3aI N

HOCTKyMYJIﬂTI/IBHbIG MOIOCIIN

3akpelTasd cucTeMa

1. KpUCTAILIIbI, COACPIKAITICCI B
BUAC CYCIICH3UU BO BHe,Z[pHBHIerofI
Marme

1. m3meneHne ckopocreit
00OpazoBaHus KPUCTALIUSCKIX
sapopelei

1. uHTEpCTUIMATBHBIN pOCT
KPUCTAJLIIOB

2. TeKTOHMIeCKas AeopMartig

2. mappy3uoHHO
KOHTPOJMPYEMBIe 3apPOKISHUS U
pocT

2. MEeTacoMaTo3

3. pOCT KPUCTAILTIOB B YCIIOBUIX
TeMIIEPaTyPHBIX TPagueHTOB

3. pOCT KPUCTAIIOB B YCIOBUIX
TeMIIepaTypPHBIX I'PagleHTOB

3. 30HHAJ UUCTKA

4, HEIIPEPhIBHAA KOBEKITNA

4. HeCMEeCUMOCTD

4. KOHTpaKIWMS, CBA3aHHAS C
3aTBEepIeBaHIEM

5. Iy IbcUpYIONTas KPHBeKIS

5. cerperanyid B IIOTOKax

5. ocTB aAJIbZACKOEC CO3pEBaHNe

6. T'PaBUTAITMOHHOE OCaAXIICHIIC

6. meoiHasg middy3moHHA
KOHBEKIS

6. KOHTaKTOBBIH MeTaMOPhI3M

MarmaTuueckas aedopmMaris

YILIOTHEHMC

O'I‘KprTa}I CHUCTEMA

1. celficMuueckre TOMIKA

2. TIOBTOPHOE 3allOJIHCHIEC MarMaTH4IeCKON KaMepbl

3. KonebaHnd JIeT YHECTH KHUCIIOpOda

4. xonebaHnd napend

5. KpUCTAILTIbI, COACPIKAITICCI B
BUAC CYCIICH3UU BO BHG,Z[pI/IBH_ICf/'ICﬂ
Marme

5. cMelrieHue Marm




['eonornyueckas kapra nepua0TUT-IUPOKCEHUT-

radbopoBoro maccuBa Duke Island (uo vpsuny, 1996)
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EXPLANATION

Granitic rocks
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Figure 1. Geologlcal map showing the Duke Island ultramafic rocks.
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well layered

Olivine clinopyroxenite,
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Figure 4. Blocks and layering in the Hall Cove younger intrusion. Note
the fragmental layer at 1; the convoluted layering at 2 (see Fig. 9);
the blocks-within-a-block above 3; the coarse block at 4; the block and
erosion at 5 (see Fig. 6); the angular unconformity at 6; the layer
ends at 7 and 8; and the convoluted layer at 9.




Putmuunas pacCCIIOCHHOCTDb IICPUAOTHUTOB U ITHPOKCCHUTTOB
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Figure 2. Graded fragmental layers in peridotite, Hall Cove younger
intrusion. Coarsest elements are small pyroxenite fragments.
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IlonocyaTtoCTh B OJIJMBHHOBBIX ITMPOKCCHUTAX

igure 3. Coarse modal lamination, Judd Harbor olivine clinopyroxenite.
his layering is almost continuous through a section 1.5 km thick
pxtending laterally for almost 3 km.
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[1m1p 0OMMBUHOBOIO KJIMHOMUPOKCEHUTA B TOHKO PACCIOEHHOM
TIEPUIOTUTE

=N L Y - f G m i ' : *& ¥ ; s
Figure 6. A 1-metre olivine clinopyroxenite block plus finer debris
along an unconformity in layered peridotite. (Locality 5, Fig. 4).
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Figure 7. Layering in olivine-rich clinopyroxenite draped over a large
block of older olivine clinopyroxenite. The layers thin over the
block, so by the top of the outcrop, they are almost planar.
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T. N. IRVINE

A i ; # ' jise .~.5°33 & 3 o 2 F . ¥ i 5 ., : 3 " 'v;. . :
Figure 8. Peridotite layers disturbed by a pyroxenite slab (slightly
highlighted). Parts of the layers were dislodged, swept to the right,
and redeposited in reverse order.
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Ay

.Figure 9. Convoluted layering in pyroxene-rich peridotite (Locality 2,
Fig. 4). The convolutions apparently reflect deposition accompanying
the impact of a medium-sized pyroxenite block (see Fig, 4).
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Figure 10. Block of layered olivine clinopyroxenite draped by layers of
similar composition, just outside the northeast edge of the younger
intrusion.



Figure 11. A quartz xenolith in layered olivine-rich pyroxenite. About
a dozen of these xenoliths in the Hall Cove younger intrusion are the
only foreign rocks in the Duke Island ultramafic complex.
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Figure 12, Olivine clinopyroxenite showing primérywtéxiﬁ'eéuét4€ﬁe
bottom, recrystallization at the top. Elsewhere in the same outcrop

the recrystallization is transgressive (Irvine 1974, Plate 35).
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ﬁig. 13. Layered olivine clinopyroxenite largely replaced by
peridotitic rock with large, ragged oikocrysts of augite.




I'mnmaduccajbHbIe OCHOBHBIE IIOPO/bI

Mukporadopo — paBHOMEPHO3EPHHUCTAs CTPYKTypa, MUKpOraboponas

Jloneput — nopoxa, uMeronias opuToByro (arnada3oBylo),
MOMKHUIIOO(PHUTOBYIO WIIM JOJIEPUTOBYIO CTPYKTYpy OM. CTpyKTypa
nopoAsl: ahupoBasi, moppupoBas, NOpGUPOBUIHAS. (0m cpeu.
Doleros — obmanuuenwiii)

Jlnaba3 — TepMUH UCHOJIB3YETCS ABOSIKO. bpuTaHcKkas 1mKosia
noApa3syMeBaeT HHTEHCHBHO M3MEHEHHYIO ITIOPOAY, a (ppaHITy3CcKasl,
HEMeIKas 1 aMEepUKaHCKas — IIOPOY C O(DUTOBOM CTPYKTYPOH.
Ternepp TEPMUH NPUHAT KaK CHHOHUM JI0JIepuTa. (om epey. Diabasis
— nepexoosuuil)



ba3zaapThl

Ooun u3 camvix ()pe@Hux MEePMUHOB, 6EPOAMHO e2UNEemCcKozco I’lpOMCXODfC()eHU}Z, 00bIYHO npunquleaeMbld Inunuio.

CaMpblil ipocTol nerporpaduyeckuid npru3Hak: npucyrcreue Ol.

Ho cHJIbHO 3aBUCHUT OT CTEIICHH HACBIIIEHUS 0a3aJIbTOB KPEMHE3EMOM
M0 OTHONICHWIO K MarHvio u xene3y. [lo 3ToMy mpu3HaKy MOXHO
BBIJICIUTh JBE KaTEropuu 0a3ajbTOB:

1. [Ilepecvintennvie m 2. HeOOCHIULEHHBIE CO 3HAYUTCIHBHBIM
KOJIMYECTBOM OJIMBHUHA.

B NepechIeHHBIX OJIMBUH TEOPETHYECKHA JOJKEH OTCYTCTBOBATh,
IIOCKOJIBKY COACpKAaHWE KpEMHE3eMa B HHMX JOCTATOYHO JJIA
IIpeBpaIllCHUU BCErO OJMBHUHA B POMOMYECKUI MUPOKCEH. OIHAKO ATa
peakis. MOXET OBbITh MNPEAOTBpalllcHA 3aKaJIkoHM, B pe3ylbTare
COXpPAHSIETCS HEKOTOPOE€ KOJUYECTBO OJIMBUHA. A HW30BITOYHBIN
KPEMHE3EM BXOJIMT B MarMaTM4YE€CKHM OCTATOK - CTEKJIO, B KOTOPOM
coaepkanue kpemHezeMa jgocturaet 70%. Takum oOpazom, psf
opod OT OJMBHHCOACPIKAIMX JO KPEMHE3EMHUCTBIX C OOJbIIUM
KOJIAYECTBOM  MAJOKAJIBIIMEBBIX IMUPOKCEHOB CTaJld  Ha3bIBaTh
TOJICUTAMU.



HenocelleHHbIE KPEMHE3EMOM MOPOALI CO 3HAYUTEIBLHBIM KOJUYECTBOM
OJIMBMHA CTaJli Ha3bIBaTh IIEJIOUHBIM OJIMBUHOBBIM 0a3aJbTOM. DTH MOPOIbI
BBIZICJIEHBI CPEAX JPYTUX OJUBUHCOJECPKALIUX IOPOJ 3TOW TIPYINbI II0
IPUCYTCTBUIO TaKUX KOJIWYECTB IEJIOYEeH , OCOOCHHO HATpHs, KOTOPBIX
JTOCTATOYHO JUJIS MOSIBJICHUS B HOPMAMUBHOM COCMAse Heghenuna.

Dt

Terpasapuyeckas

aHarpaMMa CHCTeMBbI
Di — Fo— Ne — Qz

Kpumuyecrast ' N aocKocms

bazanet, umeromuii coctaB, KOTOPBI  pacroyiaraeTcsi JieBee IUIOCKOCTH
Di-Fo-Ab, B  He(eIWHOBOW IMOJOBUHE IUArPaMMbl, KPUCTAJLIU3YETCS
TakuM  00pa3oM, 4YTO COCTaB OCTAaTOYHOM  JKUAKOCTH CMENIaeTcs B
HalpaBJIeHUH oOoraieHus He(heTMHOBBIM KoMIIOHeHTOM. Hao60poT, cocTaBsl,
OTBEYAIOUINE JPYrOil TOJNIOBHHE AWArpaMMbl, MPH KPUCTAILIM3AIMUA JaroT
OCTaTOYHBIC KUJIKOCTH, XOTS M HEPABHOMEPHO, HO BCE-TAaKW CMEIIAIOIINECs
B HalpaBJICHUH K KBapily. [leficTBUTENEHO, B COOTBETCTBHU C 3TUMH JaHHBIMU

.IEJIOYHO-OJIMBHH-0a3aJIbTOBBIE  MarMbl JOJDKHBI TG (GEPEHIINPOBATECS B

HampaBlIeHUH OOOTaiieHusl IeoYaMu, Torna Kak — JuddepeHmuanus
TOJIEUTOBOM MarMsl OyZIE€T CONPOBOXKIATHCS OOOTAIEHUEM KPEMHE3EMOM.

[Ipenmonaraercs, 4ro B mporecce audhepeHIranim
IIpM JABJIICHMSX, CYLICCTBYIOIIMX B 3E€MHOH KOpE,
TEPMUYECKUN pa3lies, paclolaraloluics B IIIOCKOCTH
Di — Fo — Ab, He MOXeT mepecekaThCsi cOCTaBaMu
U3MEHSIOIUXCs Kuakocred. OTcroma, B YacTHOCTH,

/0CHGEMD HACBIUWEHHOCTIY, ClIeyeT, 4TO  MaTepUHCKas  MarmMa  COCTaBa,
HedocvrujeHHoC I - HPEMHE3eMOM N
npeMHeseMoM Ab \ o OTBEYAIOMIETO HE(EITMHOBOW MOJOBUHE CUCTEMBI, HE
Ne - 2 Moxer B pesynbsrare muddepeHInanul ¢ ynaaeHHueM
OJIUBUHA JIaTh TOJICUTOBBIC OA3AIBTHI.
En

Fo



Ilpn kpucTaANIM3ALUM KOHKPETHBLIX 0a3aJIbTOB M3 PAaCCMOTPEHHBIX BbIIIE OCTATOYHBIX KMIAKOCTEH WJIN
BbINAAAK0T HanOoJ1ee Mo3aAHue GpaKkuuu KPUCTAJIIOB, UJIM Ke OHM 3aTBEPAeBalOT B BU/IE CTEKJIA. ITO NPUBOIUT
K TOMY, 4YTO He(eJNHOBBbIIi KOMIIOHEHT MIEJOYHbIX OJMBHHOBBIX 0a3aJbTOB, MNMOA00HO KBapuy B
nepechbIeHHbIX TOJEUTOBBLIX 0a3a/IbTaX, YACTO He NMpeACTABJIEeH B peajlbHOM MHHEPAJbLHOM COCTaBe. JTOT
KOMIIOHEHT BXOAMT JIMOO B CTEKJIO, JH0O, €CJIM KOJM4YecTBAa ero HeBeguku (mopsinka 1—2%), B cocras
CJIOKHBIX MOHOKJIMHHBIX NMUPOKceHOB. Kak yke 0TMeuajioch Bblllle, MOHOKJMHHbIE NMUPOKCEHbI OOBIYHO
coJep:KaT THUTAH, a TaK)Ke HEKOTOpOe KOJUYecTBO HATpus U ajnwMuHus. Ilockoabky B mogaBjsoieM -
O0OJILIIMHCTBE IEJOYHBIX OJUBHHOBBIX 0a3a/1bTOB NPHUCYTCTBYIOT JIMIIb He3HAYHMTEJIbHbIE KOJUYECTBA
HOPMATHBHOTIO HedeInHA, HanboJiee YI0BJIeTBOPUTEIbHBIM KPUTEPHEM I HAeHTH(UKANMH 3TUX MOPoJ (MpH
OTCYTCTBHM XHMHYECKHX AHAJM30B) YaCTO MOXKET CJIY:KUTh MMEHHO XapaKTep MOHOKJIHMHHBIX NMHPOKCEHOB.
BcaeacrBue HecoBMecTMMOCTH HedeJIMHA M JHCTATHTa OecKaJibliMeBble MHPOKCEHbI OOBIYHO He

KPHUCTAJIM3YIOTCS B PacCMATPMBAaeMbIX MOPOAAX; KaK NMPaBWJI0, B HUX, IOMHMO OJIMBHHA, MPUCYTCTBYET B
KayecTBe NIABHOW (pa3pl JMIIbL OAUH KajJdblMeBbIli mNHpPokceH. CnpaBa oOT IUIOCKOCTH HAaCHIIIEHUS
KpeMHe3eMOM B TeTPajyIPUYecKoil JuarpaMMe pacnojaraloTcs CcOCTaBbl IMepechbIlleHHbIX 0a3aJ1bTOB,

oTBevaloniue 00Jblei 4acTH KOHTHHEHTAJIbLHBIX TOJIEUTOB.
Di

Terpasapuueckas
AUarpamMma
CHCTEMbI
Di— Fo—Ne —Qz

B cpenneit o01acTu aAuarpamMMbl MeXKAYy ABYMSI IIOCKOCTAMU
HACBHILIEHUSI  KpPEMHe3eMOM  PacHoJIaralTcsi  COCTABbI
OJIUBHHOBBIX  0a3aJIbTOB, OTBe4Yallide PACIIMPEHHOMY
onpee/ieHUIO TOJIeUTOB. Takue nmopoabl 0C00eHHO 00MJIbHBI HA
IVIOIIAAAX OKEAHUYECKHUX BYJIKAHOB.

HKpumuvyecrast /

RAOCKOEMD
HedocvIujeHHOCIW -
npemHeIeMoM

Nnocrocms
HACBIUEHHOCTIL
HpEMHE3eMoM

Ne

Fo



ToneuntoBble Oa3anbThbl

LLleno4yHble 6a3anbTbl

(a) PeHOKPUCTLI peaku, KpyrHble
deHOKPUCTbI ONMBUHA OBLIYHO HE
30HanbHbI, MOTYT HabnaaTLCS
peakunoHHble kanMbl Opx. Opx MOXeT
Takke BCTpeyaTbCH B BUAE
BKpansieHHNKOB

TunuyHa Takas nocnegoBaTesibHOCTb
nosiBreHnsa BKpanmneHHUKoB:olivine
<plagioclase<augite phenocrysts of pale
brown augite

(b) OM 00ObI4YHO TOHKO3EpPHUCTasA U
cTeknoBartas, HeT onueuHa B OM, Px
OM — Aug % Pig, HeT KILW nnun Anc,
NHTEpPCTULMANbHOE CTEKNO OBbIYHO

(c) KceHonUTbI NIEpLOSIUTOB OYEHb
penKku

BcTpeyaloTcsa B accoumauum ¢
NUKpUTamMm, o6oraweHHbLIMU
BKpanneHHukamu Ol

BkpannenHuku Ol cpegHero pasmepa, 4acTto

CUJTbHO 30HASTbHbI
Opx HeT

Pl BKpanneHHMKNn MeHee 00blYHbI U TUNNYHA
criefyoLas nocrieqoBaTesibHOCTb
NOSABIEHUS BKPAnSIEHHUKOB:
olivine<augite <plagioclase

titanilerous augite phenocrysts. strongly
zoned with purplish brown rims

OM oTHocuTenbHO 3epHuctaga, 8 OM
NPUCYTCTBYET OSIMBUH U TUTAHABIUT,
NPUCYTCTBYIOT MHTepcTUUManbHblie KM n
Anc, cTekrnia marno unm HeT COBCEM

KceHonuTtbl yresTpaoCHOBHbLIX NOPOL,
OObIYHbI

BcTpeyaroTcsa B accoumauum ¢
aHKapamuTamu, oboraleHHbIMMU
BKpanneHHukamm Ol n Cpx




Toneut — HSTOT TEepMHUH BbI3BAJ  OONBIIYID MyTaHUILY.
[lepBoHaYanbHO OBLTI ONPEACIEH KaK JOJIEPUTOBBIA TparIl,
cocTodmMii W3 anpomra u wibMeHuTa. B koHie XIX Beka
Po3eHOyIl ompeneiansl TOJEUT, KakKk O€IHYI OJUBUHOM HJIH
0€30JIMBUHOBYIO IJIArMOKIa3-aBIUTOBYIO ITOPOAY C MHTEpCEpTaIbHOM
CTPYKTypoi. 3aTeéM OH CTaHOBHUTCS PAa3HOBHIHOCTHIO Oa3ajbra,
coCTosIIIe M3 Ja0pojopa, aBruTa, TMIEpCTEHAa M MMIKOHHUTA, C
OJINBUHOM (4acTo IPOSIBIISIONIEM PEAKIIMOHHbBIE
B3aMMOOTHOIIICHHUS) WJIKM KBapIEM M YacTO HWHTECPCTUIIUAIBHBIM
crexiioM. B 1962 r. Moxep n Twiui ONpeneiig ero XMMHUUECKH
KaK THUIEPCTEH-HOPMATHUBHBIM 0a3ajbT, B OSTOM CMBbICIE OH
UCHONB3yeTCs 10 cux mnop. OJHAKO OKa3ajloCh, 4YTO THUIOBAs
nopoga Oblla HE TOJEUTOM, KaK OH XHMHYECKH OMNpeesicH
Nonepom n Twun. (Toxeii, pation p. Hase, Caapnano, Iepmanusi)

NU3BecTKOBO-IIIEJIOYHON  Oas3anbT. HasBanue HgaHoO HE B
COOTBETCTBUM C  MHUHeEpajiormed 0Oazanpra, a IO  €ro
MIPUHAJICKHOCTH K O0a3anbT-aHIEe3UT-JallUTOBOU cepuu
OPOr€HHBIX MOSICOB U OCTPOBHBIX AVT.



e 2L I7AL

B M R = 6. . K o

M

AFM nuarpamma uisi oTiiduusi 0a3ajibTOB
toneutoBoi  (TH) w  H3BECTKOBO-
menodnon (CA) cepuit: A =Na O + K, O;
F =FeO + 0.9Fe,0,; M = MgO. (Irvine &
Baragar,1971).

Sunda (Ringjamy”
calc-alkaline series

o ] 1 | | J
45 50 55 60 65 70

% Si0,

Huarpamma FeO*/ MgO - SiO,. nuist otimnyaus
6a3anbToB ToslenToBOM (TH) 1 M3BECTKOBO-IIEI0YHOM
(CA) cepuii; FeO — Bce Fe B popme FeO (macc.%).
PasznenurenpHast THHUS ONMCHIBACTCS YPABHCHHUEM:
FeO'/MgO = 0.1562 x SiO, - 6.685. (South Sandwich,
Luff (1982); Marianas, Meijer& Reagan (1981);
Sunda, Foden(1983)).



MexayHapoaHas KinaccudUuKalusa 1 HOMEHKJIATypa BYJKaHUYCCKUX MOPOI




Knaccudukanusa no Ilerporpadpuueckomy kozekcy, 1995.

HopmasbHbid psan
Kiacc — BynkaHH4YECKHE

CemelicTBO NHKPO0A3A/IHTOB

[U—

nukpodaszaasT Ol, Cpx; o.m.: Ol,
CpX, P1<35, Mt, Gl

CeMelcTBO MeJ120232J1bTOB

Hert Pl BO
BKpaINICHHUKAX

[U—

mesadazaabT Cpx+Ol, Opx; o.M.:
Cpx, =01, Opx, P1, Gl

Cemencreo 0232J6TOB:

[

OJIMBHHOBBIH 0232J1bT
Ol, Cpx, PI; o.m.: Pl, Cpx, Ol, Mt, +
Opx, Gl

oazaasT Cpx, Pl, £OI, Opx; o.Mm.:
P1,Cpx, Opx, Gl

CeMeHCTBO JIEHK00232J1bTOB

miaarnodaszauast Pl; o.m.: Pl, Cpx,
Opx, Gl, +Q, Fsp

Ecth Pl BO BKpamjieHHUKax

rHNEepPCTeHOBbIH 0a3a/IbT
P1, Cpx, Opx, Mt, +OI; o.m.: P1, Cpx,
Opx

I'nano6a3aabT = TAXMJIUT — YSPHOE
0a3aJITOBOE CTEKJIO, OOBIYHO COMIEPIKAIIINE
KPUCTAJUIUTHI, HUKOT/Ia HE 00pa3yeT MOIITHBIX
TeJ1, HEOOJbIIINE JIUH3bI, KOPOUKH. (0m 2ped.
lachys — ovicmpuiti u litos — pacnnaénexHslii,
pacmeopumblii)



CeMenCcTBO MUKPO00a3anbTOB
(DUKPOIOJICPUTOB)
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[Innnoy-iaBel, NOAYIIEYHAS OTACIBHOCTD




OIUBUHOBBINA 0a3aJIbT




CTpyKTypa BapHOJIUTOBAS

bazaiapr



CTpyKTypa TOJIEUTOBAS

bazaiapr






Crpykrypa nopduponas
CTPYKTypa OCHOBHOM MAacCCHI - TOJICUTOBAs

CEAE ST L TR R RS







L -

[ momeponopdupoBbIi 0A3aIbT C
THAJIOTIMIIMTOBOM OCHOB

- ’ . . p—
o g m Tovel 1}




TN D
Jlomeput
a TIOUKUI00(UTOBAS

s
» . - 4 - -

.

-
5

#i Crpyicryp P
) SRS T AnE N e

."',“

...



Pacnag nmxonura

orthopyroxenes 1200°C

1000°C

« Solvus »

800°C

(Mg,Fe),S1,0, Ca(Mg,Fe)Si,O,



B kakux reoorudyeckux 00CTaHOBKAaX BCTPEYAIOTCS 0a3abThl
HOPMAJILHOTO psAga?

1. CpeanHHO-OKEaHNYECKHE XPEOTHI (CIIPEINHT)

2. OcTpoBHBIE AyTH (CYOMyKIIHS)

3. AKTHBHBIC KOHTUHEHTAJbHbBIC OKPAUHBI (CYyOTyKIIHSA)
4. Tpanrsl (BHYyTPUKOHTUHEHTAJIBHBI MarMaTu3M )

5. Konmn3uoHHBIE 30HBI



Chapter 13: Mi1d-Ocean Rifts

The Mid-Ocean Ridge System

Ttarc | ofy ~Aftef Minsteref al.
75° J7 fg ) 1974) Geophys. J. Roy. Astr.
Soc., 36, 541-576.




Oceanic Crust and
Upper Mantle Structure

Typical Ophiolite

Figure 13-3. Lithology and thickness of
a typical ophiolite sequence, based on
the Samial Ophiolite in Oman. After
Boudier and Nicolas (1985) Earth
Planet. Sci. Lett., 76, 84-92.

Typical

Lithology Thickness
Deep-sea sediments 1 ¢. 0.3 km
Basaltic pillow lavas 0.3-0.7 km
Sheeted dike complex 1.0-1.5 km
Isotropic gabbro

Foliated gabbro

Plagiogranite

Layered gabbro 2-5 km

Wehrlite
diapir

Wehrlite
Chromite pod

Ultramafics Gabbro

up t0.7 km

Harzburgit
el (exposed)

Mafic dikes

Dunite




The major element

chemistry of
MORBSs

Table 13-2. Average Analyses and CIPW Norms of MORBs

(BVTP Table 1.2.5.2)

Oxide (wt%) All MAR EPR IOR
SiO, 505 50.7 50.2 50.9
TiO, 1.56 1.49 1.77 1.19
AlLO3 15.3 15.6 14.9 15.2
FeO* 10.5 9.85 11.3 10.3
MgO 7.47 7.69 7.10 7.69
CaO 11.5 11.4 11.4 11.8
Na,O 2.62 2.66 2.66 2.32
KO 0.16 0.17 0.16 0.14
P20s 0.13 0.12 0.14 0.10
Total 99.74 99.68 99.63 99.64
Norm

q 0.94 0.76 0.93 1.60
or 0.95 1.0 0.95 0.83
ab 22 17 22.51 22.51 19.64
an 29.44 30.13 28.14 30.53
di 21.62 20.84 225 22.38
hy 17.19 17.32 16.53 18.62
ol 0.0 0.0 0.0 0.0
mt 4.44 4.34 4.74 3.90
il 2.96 2.83 3.36 2.26
ap 0.30 0.28 0.32 0.23

All: Ave of glasses from Atlantic, Pacific and Indian Ocean ridges.

MAR: Ave. of MAR glasses. EPR: Ave. of EPR glasses.

IOR: Ave. of Indian Ocean ridge glasses.




* MgO and FeO
* AlL,O, and CaO
e S102

* Na,0, K, 0, TiO,,
PO,

Figure 13-5. “Fenner-type” variation
diagrams for basaltic glasses from the
Afar region of the MAR. Note different
ordinate scales. From Stakes et al.
(1984) J. Geophys. Res., 89, 6995-7028.




Trace Element and Isotope Chemistry

 REE diagram for MORBs

Rock/Chondrite
1000

Figure 13-10. Data 100

from Schilling et
al. (1983) Amer. J.
Sci., 283, 510-586.

10

laCe Nd SmEu Tb TmYb Lu



» N-MORBsS: /Sr/%°Sr < 0.7035 and **Nd/!**Nd >
0.5030, - depleted mantle source

 E-MORBESs extend to more enriched values —
stronger support distinct mantle reservoirs for

N-type and E-type MORBs

Atlantic N-MORB

0.5132 -

Figure 13-12. Data from Ito

©
, £ 05130
et al. (1987) Chemical = ~_E-M ORB‘
Geology, 62, 157-176; and = Pacific N-MORB~__ |
O J
LeRoex et al. (1983) J. =z 0.5128|— e =
Petrol., 24, 267-318. ¢
Bulk Earth
0.5126}— ¥ —
] | | | 1 I
0.702 0.703 0.704 0.705

87Sr / BGSr



MORB Petrogenesis

Generation
 Separation of the plates

« Upward motion of mantle
material into extended zone

* Decompression partial
melting associated with
near-adiabatic rise

* N-MORB melting initiated
~ 60-80 km depth 1n upper
depleted mantle where it
inherits depleted trace
element and isotopic char.

Lithosphere ~ Mid-Ocean Ridge

1 660 km

Figure 13-13. After Zindler et al. (1984) Earth
Planet. Sci. Lett., 70, 175-195. and Wilson (1989)
Igneous Petrogenesis, Kluwer.




Pillow Ridges
—
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A modern concept of the axial |
magma chamber beneath a Figure 13-15. After Perfit et al.

E-MORB (1994) Geology, 22, 375-379.
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 Nisbit and Fowler (1978) suggested that numerous, small,
ephemeral magma bodies occur at slow ridges (“infinite leek”™)

« Slow ridges are generally less differentiated than fast ridges

— No continuous liquid lenses, so magmas entering the axial
area are more likely to erupt directly to the surface (hence
more primitive), with some mixing of mush

400 - . SLOW

300

Rift Valley

200 -

o
|

100

(o))

Depth (km)

111111

300

Number of Samples

200

10 5 0 5 10
Distance (km)

100

Figure 13-16 After Sinton and Detrick (1992)

J. Geophys. Res., 97, 197-216.
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Ocean-ocean — Island Arc (IA)

Ocean-continent — Continental Arc or
Active Continental Margin (ACM)

Figure 16-1. Principal subduction zones associated with orogenic volcanism and plutonism. Triangles are on the overriding
plate. PBS = Papuan-Bismarck-Solomon-New Hebrides arc. After Wilson (1989) Igneous Petrogenesis, Allen Unwin/Kluwer.




Chapter 17:
Continental Arc
Magmatism

Figure 17-1. Map of western South America showing
the plate tectonic framework, and the distribution of
volcanics and crustal types. NVZ, CVZ, and SVZ are
the northern, central, and southern volcanic zones.
After Thorpe and Francis (1979) Tectonophys., 57,
53-70; Thorpe et al. (1982) In R. S. Thorpe (ed.),
(1982). Andesites. Orogenic Andesites and Related
Rocks. John Wiley & Sons. New York, pp. 188-205; and
Harmon et al. (1984) J. Geol. Soc. London, 141,
803-822. Winter (2001) An Introduction to Igneous and
Metamorphic Petrology. Prentice Hall.

Caribbean Plate

Cocos 14
Plate &

s / Ectador
"4 South
American
Peru Plate

-

Argentina
'
40°S 8 \ j'/
2K . s
®Rise | 195
[Py,
-4
\ SNl >
Antarctic '

A Active volcanoes
A alkaline volcanoes

Precambrian crust
- > 50 km thick

Cretaceous or
younger crust

Spreading
ridge




Heat flow
— 71 HFU
S e = i B
Trench volcanic front .
Forearc \\/olcamc Back arc
(accretionary prism) e basin

ol

km

100

150 asthenosphere

Figure 16-2. Schematic cross section through a typical island arc after Gill (1981), Orogenic Andesites
and Plate Tectonics. Springer-Verlag. HFU= heat flow unit (4.2 x 107 joules/cm?*/sec)



FeO*

Tholélitic

Na O+ KO v v v v Mgo

A Tonga-Kermadec O Guatamala + Papua New Guinea

Figure 16-6. b. AFM diagram distinguishing tholeiitic and calc-alkaline series. Arrows
represent differentiation trends within a series.
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Figure 16-6. From Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.



Tholeiitic vs. Calc-alkaline di
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Figure 16-6. From Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.



Calc-alkaline differentiation

— Early crystallization of an Fe-Ti1 oxide phase

Probably related to the high water content of
calc-alkaline magmas in arcs, dissolves — high f_,

— High water pressure also depresses the plagioclase
liquidus and — more An-rich

— As hydrous magma rises, AP — plagioclase liquidus
moves to higher T — crystallization of considerable
An-tich-S10,-poor plagioclase

— The crystallization of anorthitic plagioclase and low-silica,
high-Fe hornblende 1s an alternative mechanism for the
observed calc-alkaline differentiation trend



. REE- Trace Elements
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Figure 16-10. REE diagrams for some representative Low-K

(tholeiitic), Medium-K (calc-alkaline), and High-K basaltic andesites

and andesites. An N-MORB is included for reference (from Sun and 10
McDonough, 1989). After Gill (1981) Orogenic Andesites and Plate
Tectonics. Springer-Verlag.
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* MORB-normalized Spider diagrams
— IA: decoupled HFS - LIL (LIL are hydrophilic)

What 1s 1t about subduction zone setting that
causes fluid-assisted enrichment?

10 G e
~ Rock/MORB =
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St K RbBaTh Ta NbCe P Zr HfF Sm Ti Y Yb

Figure 14-3. Winter (2001) An Introduction to Igneous
and Metamorphic Petrology. Prentice Hall. Data from Sun
and McDonough (1989) In A. D. Saunders and M. J. Norry
(eds.), Magmatism in the Ocean Basins. Geol. Soc. London
Spec. Publ., 42. pp. 313-345.

100

Rock/MORB

1778 K RoBa Th Ta Nb Ce P 2Zr Hf Sm Ti

Figure 16-11a. MORB-normalized spider diagrams for
selected island arc basalts. Using the normalization and
ordering scheme of Pearce (1983) with LIL on the left and
HFS on the right and compatibility increasing outward
from Ba-Th. Data from BVTP. Composite OIB from Fig
14-3 in yellow.



Isotopes

 New Britain, Marianas, Aleutians, and South Sandwich
volcanics plot within a surprisingly limited range of DM

Figure 16-12. Nd-Sr
isotopic variation in some
island arc volcanics.
MORB and mantle array
from Figures 13-11 and
10-15. After Wilson
(1989), Arculus and
Powell (1986), Gill (1981),
and McCulloch et al.
(1994). Atlantic sediment
data from White et al.
(1985).
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'"Be created by cosmic rays + oxygen and nitrogen in upper atmos.

— — Earth by precipitation & readily — clay-rich oceanic seds

— Half-life of only 1.5 Ma (long enough to be subducted, but
quickly lost to mantle systems). After about 10 Ma “Be is no
longer detectable

— 1'Be/”Be averages about 5000 x 107! in the uppermost
oceanic sediments

— In mantle-derived MORB and OIB magmas, & continental
crust, '’Be is below detection limits (<1 x 10° atom/g) and
"'Be/’Be is <5 x 1071



* Phlogopite is stable in ultramafic rocks beyond the conditions at
which amphibole breaks down

« P-T-t paths for the wedge reach the phlogopite-2-pyroxene
dehydration reaction at about 200 km depth

distance from trench (km)
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Figure 16-11b. A proposed model for
subduction zone magmatism with 100

particular reference to island arcs.
Dehydration of slab crust causes hydration
of the mantle (violet), which undergoes
partial melting as amphibole (A) and
phlogopite (B) dehydrate. From Tatsumi
(1989), J. Geophys. Res., 94, 4697-4707 and
Tatsumi and Eggins (1995). Subduction

Zone Magmatism. Blackwell. Oxford. 200




AFRICA

Etendeka

Figure 15-2. Flood basalt provinces of Gondwanaland prior to break-up
and separation. After Cox (1978) Nature, 274, 47-49.



Figure 15-3. Relationship of the Etendeka and Parana plateau provinces to
the Tristan hot spot. After Wilson (1989), Igneous Petrogenesis. Kluwer.
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Present setting of the Columbia River Basalt Group in the Northwestern United States.
Winter (2001). An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.



