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“There are granites and granites” H.H. Read (1957)




«paHNT — BU3NTHasA KapTo4ka 3emnun»

MpaHUT (MTan. granito, OT NaT. granum - 3epHO) - KUCas MarmaTuyeckas MHTPY3uBHas ropHas nopoaa.

CoctonT 13 NoneBbIX WNaToB (KUCMbIX NarMoknas u Kanuesbin nosieson wnart) - 60-65 %;
KBapua - 25-35 %; TeMHOLUBETHbLIX MUHEpanoB (bMoTuUT, pexe porosas obmanka) - 5-10 %. NoneBbie
LnaTbl B CyMME COCTaBnAalT okono 60% obbema nopogbl, kBapu, — He meHee 30%, a Fe—Mg cunukatbl —
Ao 10%.

[1n1s1 BanoBOro XMMnM4yecKoro coctaBa rpaHUTOB XapaKTePHO BbICOKOE CoLepKaHue
kpemHesema (SiO,), kotopoe konebnetcsa ot 68—69 no 77—-78 mac.%. Kpome Toro, rpaHutel cogepxar 12—
17 mac.% AlLL,O, , 7-11 mac.% cymmbl CaO + Na,O + K,O 1 40 HECKOMBKMX MaCCOBbIX MPOLIEHTOB CYMMbI
Fe, O, + FeO + MgO.

Ero cTpykTypa 06bl4HO NOMHOKpUCTanNuyeckas, Hepeako nopdpunpoBnagHasi U rHEMCOBUAHO-MONOCYaTas.

PuonuT (ycTap. HasBaHve — NUNapuT) - ByNKaHWYeCKUiA aHanor rpaHuTta. Ero cTpykTypa B
OCHOBHOW Macce cTeknoBaTas, nopdupoBasd, pexe CKpbITO3EPHUCTaS.

nopcupoBuaHas CTpykTypa

Cawmeble pacrnpocmpaHeHHbIe nopookl eepxHel Yacmu 3eMHOU KOHMUHeHmMasibHoU KOpbl;
(if) pakmu4yeckoe omcymcmeue Ha Opyaux rnaHemax 3eMHOU 2pynirbl;

(ili)  Ux eHedpeHue o0bycrioerieHo rnpoyeccamMu MeKmMOHUKU U 2e00UHaMUKU,;

(iv) B3saumocesiab C npoMbIWIEeHHbIMU KOHUEHMPayUsMU rose3HbIX UCKONaeMbIX. ..




®opMbl UHTPY3UBHbIX Ten

Active s i Ancient \blcanic Features
\blcanism |

volcano

conduit

cinder  recent stock with .
CONE |ava flows radiating dikes palisade

Pasnn4yaloT nepemelLleHHble (annoXTOHHbIE)
N HenepemeLLeHHble (aBTOXTOHHbIE)
rpaHUTHbIE Tena.

T’PAHUTU3ALIUA — npouecc npeobpaszoBaHUS XUM. U
MUHep. cocTaBa r. Nn. (pacnsiasa) B HanpasieHUU
NpUBMXKEHNs cocTaBa MU CTPYKTYP ero npoaykToB K
rPaHUTOBOMY

o enybuHe 3anezaHus:

(i)  CybsyrnkaHu4eckue — riepgble COmHu
Mempos;

(if)  TunabucarnbHbie — 00 1-1.5 Km;

(i) AbucaribHble — 211ybUHHbIE. ..

Mo OTHOLIEHMIO K BMELLLaOLWNUM nopogam
WHTPY3MBLI NOApa3aensoTcs

Ha coanacHble (concordant) n HecoanacHble
(discordant).




NMpoucxoxaeHne rpaHUTOB

Temperature lgneous
Regims Bowen's Reaction Series Rock Types
High temperatung
(=120 C]
Basaltic
{Mafic)
Andesitic
intermediate)
Potassiurm feldpar |
+
Muscovite mica | f;';':',:ﬂ'f
y
Quartz |

*B kayecTBe rnaBHOro MexaHnama obpasoBaHust OObIYHBIX XMMNUYECKNX
TUMNOB U3BEPXXEHHbIX NOPOA, AAOLLMX HEMPEPLIBHYO ceputo OT 6asanbToB
Ao puonutos, H.J1. BoyaH paccmaTpuBasn opakuUoHHYIO Kpuctannmnsawumio
poaoHa4vansHon 6a3anbToBON MarmMbl;

*peakLMOHHbIE PSAbl KPUCTaNNnM3aunm MMHEPanNoB MOryT HapyLlaTbCs B
3aBMCUMOCTM OT COCTaBa pacnnasa, OT TeMnepaTypbl, 4aBNEHUS N OPYrUX
yCrnoBwH;

*rIOPSAOK BblAENEHNS MUHEPASIOB B pPa3fiMyHbIX psigax 3aBUCUT OT cocTaBa
pacnnaBa;

*KaXxabl MUHeparn AaHHOro psga ¢ COOTBETCTBYOLWMM MUHEPASTOM
napannenbHoro psiga obpasyeTt 3BTEKTUKY.

HopmaH JleBu BoyaH
(21.06.1887, Kanaga) -
aMepUKaHCKUI reonor v

neTporpad.

B 1928 rogy onybnukosan
dyHOaMeHTarnbHbIN TPy
Evolution of the Igneous Rocks
(«3OBONIOLMA N3BEPKEHHBIX

nopoa»)

This relationship
can be seen
in the Stillwater Complex in
Montana.




"IlnToreHeTnyeckasa'" moaenb rpaHNTOOOpasoBaHUSA
(B.N. BepHaackun, H.B. ®ponosa u ap.).

*OCHOBHOM 06bEM rnyBUHHBIX 30H NIMTOCdEPLI U NOACTUNAIOLLEN ee MaHTUKN CNOXeH runepbasntamu,
He coaep’KallMMK NosieBbIX LNAaToB U KBapLa;

*UX NnaBfeHne MOrno NopoanTb TONbKO 6a3anbToBbIN pacnias, a NMOTOMY NepBUYHada Kopa 3eMnu
AosmkHa 6bina ObiTb 6a3anbTOBOM, TO €CTb TAKOW Xe, Kak kopa JlyHbl, Mapca n BeHepbl.

“Kak ke o6pasytoTca rpaHnTbl U NOYEMY OHU Pa3BUTbI TOSNTbKO Ha 3emrie = YeMm elle, MOMUMO
NPUCYTCTBUS rpaHnTa, 3eMnsa oTnnyanacb B CBOEW reorilorm4eckon NCTOpUmM OT APYrux nnaHeTt?”
*rpucyTcTeBue B atmocdepe 3emnm ceobogHOro Kucnopoaa v napoe BoAbl;

*[IPUCYTCTBUE XXN3HW, BbICTYMAIOLLEN B KAYeCTBE aKTUBHOIO reOXMMMYeckoro gakropa;

*Hanuyue rmgpocgepsbl.

Tonbko Ha 3emrie NPosBIIEeH NOMHbLIN LMK NinToreHesa ((oopMmnpoBaHUA 0Cag0uHbIX NOPOA).

MeTamoppuram ocagoyHbIX
OTNOXEHNN nopoXxaan nepsble
|\ (S04 HClw L FHENCbl, NOAroTaBNMBasi TakuUM
VAL \ \ \ A\ o6pa3om maTepuan
‘ I‘,,;mx;,m\e \ NPOTOKOPbI K MOCNEAYIOLLIEMY
> KOpOBOMY aHaTeKkcucy
(nnaBneHuio) T.e.
rpaHUTM3aumnn.

rop;mue KMCNOTHBIE LLOXAN \'
\' (Ho504, HCIMT. n. ) :
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paHnTnsauma (4.C. KopxuHckuu, J1.J1. Nepyyk u Op.).

T’PAHUTU3ALUA — npouecc npeobpaszoBaHNA XMMUYECKOTO U MUHEPASTbHOro COCTaBa ropHoOM
nopoabl (pacnnaesa) B HanpasfeHUn NPUONMXKeEHUss cocTaBa N CTPYKTYP ero NPOAYKTOB K
rPaHUTOBOMY MO, BO34ENCTBMEM BOCXOOALMX (PAOMAHBIX NOTOKOB MYOUHHOIO MPOUCXOXOEHUS.

R
B

C - - 1 7
orained GRANITE DIORITE | GABERO | DUMte .
Fine- nite

grained RHYOLITE AMDESITE| BASALT

g 140H Biotite : Olivine

S 75% [ reldepar

% 50% =l

E’ 25%, ——= —

'3 % | Quartz -

L -4 Increasing 510,

2 . Increasing K;0 and Na,0

= Increasing Ca0, FeD and Mg0———9
FELSIC HEEFffE MAFIC [ e

OKcnepuMeHTanbHble AaHHble, MO3BOSMAM YCTAHOBUTL 00LMe 3aKOHOMEPHOCTH (POPMUPOBAHUSA FPAHUTHBLIX MarM B CBSI3U1 C
peakumsMu gerngpatauum.

[Mpn HarpeBaHMn KOPOBOrO BeLLECTBA pasfnoXeHne MyckoBuTa nponcxogut npu 650°C, n 3TOT npouecc NpuBOAMUT K
NOSIBIIEHMIO OTHOCUTENBbHO HNU3KOTEMMEPATYPHbIX MPAHUTHBIX Marm.

Buotuta — npn 750-850°C, a amdmbona — npn 900—1000°C. Takme pacnnasbl UMEIOT OTHOCUTESIbHO BbICOKYHO HayasbHY0
Temnepartypy.

Yem rnybxe marmaTtu4eckMn MCTOYHUK, TEM Bbille MOXeT NOAHATLCA Marma, cogepxalias sogy. NepemeweHHbIe
rpaHnTbl CBA3aHbl ¢ 6onee rny6bokMMn KOPOBBIMN NCTOYHUKAMW, UMEIOT OTHOCUTESNBbHO BbICOKYH HadanbHy0 TeMnepaTypy u
B 6onbluen cTeneHn HegoHacCbILWeEHblI BOOOW, YTO obecneynBaeT BO3MOXHOCTb AarlbHEN MUrpaumm pacnnasa.

Ecnu e NCTOYHMK pacnonoXeH Ha MeHbLuen rmybuHe, To pacnnas 4OCTUraeT HacbILWEHWsS U 3aTBEpPAEBAET B BUae
MUrMaTUTOB HeJaneko OT MecTa 3apoXaeHus (annNOXTOHHbIe rPaHUTHbIe Tena).




CoBpeMeHHasa Teopusa obpa3oBaH1A rPaHUTOB

a [+]
Py, ki Seagean wopa TIVORHR kM MIUHOETI. KM
a0 0 30

arg |- BeROEA | 450 | Beewma g4 Mogenu ctpoeHus

670 3emnu:
a - TpaguUnoHHasa

867 Monaersb,
pacnpocTpaHeHHas B
HacToslLLee BpeMs;

# 6 - HoBas Moaenb,
OCHOBaHHada Ha aHanuse

3 ceMcMOoTOoMOrpaguyecKmnx
KapT U AaHHbIX O
CENCMUYECKUX rpaHnLax.

[ paHnTbI KaK 3akniunTENbHAN cTagnsa BepxHen obonoyku 3emnu;

*CocTaB NpoTonnaHeTHOro BellecTea BNM30K XoHApUTaM;

«[ndbdepeHunaymns npmeena k GopmMmpoBaHuo BepxHen MaHTum (nepugotmut = mgOI+Px);
[TapunanbHoe nnaesneHnn MmaHTum ccpopmmpoano npotokopy (Ol+Px+Pl n Gri+Px r.n.);

*B npouecce nocneayouwmx npeobpasoBaHum Px 6bin 3amewieH Amf;

«[lerngpatauna Amf npusena k nepexony Q+Pl B pacnnas n obpasoBaHuio HU3Ko-K “primary crustal
granites” (P-rpaHuntoB);

*3TN rPaHUTLI U NPOAYKTBI NX pa3pyLLUEeHUs nocrne MmarmaTUyYeckoro peunknuira obpasosanu sce |I-,S- 1
A-rpaHuTbI.

Monos B.C., 1993. HoBas reoxvmunyeckasi Mogenb (ooOpMUPOBaHUSA KOHTUHEHTaNbHOM nuTocdepbl 3emnu. N3BecTtus
By308B. [[eonorna n passegka 1, 3—19.
Mywaposckui KO.M., 1996. CericmoToMorpadmsi u CTpykTypa MaHTum: TekToHndeckunin pakypc. JAH 351 (6), 805-809




Knaccudukaumm rpanntongos

i.  MwuHepanorudeckaa knaccudpukaums (IUGS, BGS, netporpadumyeckuin kogekc n ap.);
ii. leoxumuyeckume knaccudukauum (e.g., ASI, S-A-1-M);

lii. TekToHMYeckume knaccudmkaumm (OCHOBaHHbIE Ha reoguHaMMYecknx obcTtaHOBKax).

IUGS - the International Union of Geological Sciences Subcommission on the Systematics of Igneous Rocks
BGS — British Geological Survey

Knaccudmkaumen HasbiBaeTcs pacnpeaeneHmne o6 bekToB No TOMy UM UHOMY CYLLECTBEHHOMY
CBOWCTBY, B pe3ynbTaTe Yero Kaxabli U3 HAX nonagaeTt B TOYHO YKa3aHHbIN Knacc, N0OgMHOXECTBO UK
rpynny.
Ouarpamma (rpeu. - nsobpaxeHune, pUcyHoK, YepTéx) — rpacduyeckoe npeacTaBneHme AaHHbIX,
nossonstoLiee ObICTPO OLEHUTb COOTHOLLEHNE HECKONBbKMX BENMYMH. [peacTtasnseT coboun

reoMeTpu4eckoe CMMBOJSIbHOE M300paXKeHne NHopMaLnmn ¢ NPUMEHEHNEM Pa3fMYHbIX MPUEMOB
TEXHUKM BM3yanu3auunu.

HAuckpumuHaHmMHbIU aHanu3 ucrosib3yemcsi O MPUHAMUS

peweHuUs1 0 moM, Kakue rnepeMeHHble pasudarom (OUCKpUMUHUPYoMm)
0se urnu 6oriee 8o03HUKarowUe COBOKyrnHocmu (2pynribl)




MuHepanorunyeckas knaccucpumkaumsa (IUGS, BGS, neTtporpacpuyeckuin kogekc m ap.)

a start
~Classify under 4‘ consolidated ‘ ** Classify according to relative
Does the rock or sediment contain , - = proportions of pyroclastic and Fi
. gures
>10% volcanic fragments ? VO'“"Q;'S?;%;?AE&:? rocks i —’> epiclastic fragments, fragment 1.9
‘ unconsolidated ‘ size and degree of sorting
mineral mode Classify according to composition Figure
Classif r available of dominant carbonate mineral(s) 25
Does the rock contain >50% - assily under —
7 ‘Carbonatites’
modal carbonate ? no mineral mode:; Classify according to Figure
chemical analysis available whole-rock chemistry 26
Does the rock contain kalsilite,
melilite or leucite, or does ]
it have features characteristic of Go to Figure 2b
kimberlites, lamproites
or lamprophyres ? ‘
|
Classify using QAPF diagram for Figures
A4 M < 90% coarse-grained crystalline rocks 10-14
Can most crystals in the rock be
distinguished by the naked eye, C'_aSSifY under_ [ o Classify by mafic Figures
and does it have a recognisable - 'Coarse-grained crystalline rocks’ | ket mineral content 15 and 16
igneous texture 7
4{ ne T\:Z?E;;;Dde H Use the field classification ‘4{ Flgl;gre ‘
mineral mode available Classify using QAPF diagram for Figures
fine-grained crystalline rocks 18 and 19
Are most crystals in the rock too =
fine-grained to be distinguished b - Classify under | no mineral mode; . . . Figures
S the naked eye% o 'Fine-grained crystalline rocks' | chemical analysis available Classify usingTAS diagram 2%,24
no mineral mode; ' . . Figure
no chemical analysis Use the field classification 18

MexayHapoaHbiv coto3 reonorndeckux Hayk (IUGS)

OCHOBHbIE NPUHLMIMbI KraccurKkauni:

1) ncnonb3oBaThb onucatenbHble aTPUOYTLI (T.€. pa3amep 3epeH, CocTaB 1 Ap.); 2) obecneunTb NPUroaHOCTbL ANA BCEX
reonoros; 3) ncnonb3oBaTb TepMuHonormio ogobpexHyto MCIH; 4) yctaHOBMTL rpaHuMubl Ana TMNOB NopoA; 5) caenatb

NErKkon B NnpuMeHeHuu; 6) ncnonb3oBaTb MeToAabl MoaanbHon mmHepanoruu (QAPF knaccudukaumio); 7) ecnm aTto He
BO3MOXHO - XMUMUYECKUNA aHanms.

[lo 3TOro He 6bIN0 YETKOro onpeaeneHns NoAOOHbLIX MPUHLMIMOB U MX 0BOCHOBAHHOCTM.




QAPF knaccudumkaums

QAPF classification Q

of coarse-grained crystalline
rocks (IUGS-BGS) 90

— quartzolite

o

quartz-rich
granitic rock s
granodiorite

60 :
tonalite

alkali feldspar

: quartz monzodiorite
granite

i
granite - quartz monzogabbro

quartz /(syeno- | (monzo- \ quartz diorite
alkali feldspar / eranite) | aranite) | ~quartz gabbro
syenite = | \ quartz anorthosite

of 35 ':fa_w' /

20

alkali feldspar quartz | quarlz | ' \ ¢ monzodiorite
syenite '/ syenite | monzonite _——— monzogabbro
A ¢ syenitle | mongzonite | 7/ \
: , foid-bearing | foid-bearing | £ diorite
4 syenite | monzonite | / P gabbro

1o anorthosite

10 - 50

foid-bearing J . gt ’ o
alkali feldspar o . foid l[_hlml-'lmu_rmg diorite
syenite od | monzodiorite foid-bearing gabbro
\, monzosyeniic | foid foid-bearing anorthosite

/
| monz( ygabbro / .
foid-bearing monzodiorite

Fvy Arte H 1
foid syenite foid-bearing monzogabbro

foid diorite
foid gabbro

foidolite

Granite is classified according to the QAPF
diagram for coarse grained plutonic rocks and
is named according to the percentage of
quartz, alkali feldspar (orthoclase, sanidine,
or microcline) and plagioclase feldspar on the
A-Q-P half of the diagram. True granite
according to modern petrologic convention
contains both plagioclase and alkali feldspars.
When a granitoid is devoid or nearly devoid of
plagioclase, the rock is referred to as alkali
feldspar granite. When a granitoid contains
less than 10% orthoclase, it is called tonalite;
pyroxene and amphibole are common in
tonalite. A granite containing both muscovite
and biotite micas is called a binary or two-
micagranite. Two-mica granites are typically
high in potassium and low in plagioclase

Q, A, P and F comprise the felsic minerals; minerals included under M
are considered to be mafic in the context of the modal classifications.
The sum of Q + A + P + F + M must be 100%. Minerals in Q and F are
mutually exclusive. For each rock, the modal volumes for each group
of minerals must be known and QAP or APF recalculated so that their
sum is 100%. For example, a rock with Q = 10%, A = 30%, P = 20%
and M = 40% would give recalculated values of Q, A and P as follows:
Q= 100*3*10/60 = 16.7

A= 100*3*30/60 = 50.0

P = 100*3*20/60 = 33.3

Streckeisen, A. 1979. Classification and nomenclature of volcanic rocks, lamprophyres, carbonatites and melilitic rocks:
recommendations and suggestions of the IUGS Subcommission on the Systematics of Igneous Rocks. Geology 7, 331-335.




TAS gnarpamma onsa xumMm4yeckomn knaccudpukaumm ByrnkaHmyeckux (?) nopopn
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3alTpuxoBaHbl OCHOBHbIE
NorpaHNYHbIE «30Hbl
HeonpeaesieHHOCTUN»
Mexay rpynnamMmm nopoa

Le Bas, M.J. et al., 1986. A chemical classification of volcanic rocks based on the total alkali-silica diagram. Journal of

Petrology 27, 745—750.

LapneHok, J1.H. u dp., 2013. TAS-Ouacpamma cymma wiernodeli—kpemHe3em 05151 XUuMUuYecKoU Knaccugukayuu u
Oua2HOCMUKU r1ymOHUY€eCKUX rMopo0. PeacuoHarnbHas 2eonoaus u memaisno2eHus 56, 40-50.




Knaccudcpukauma ocHoBaHHasa Ha MHAEKC HacbiweHus rnmHo3emom (ASI)

biotite pyroxene aegirine
muscovite hornblende riebeckite
cordierite biotite arfvedsonite
andalusite

garnet

- m
.
.
Y
-,

moles

Na.O| INa,0 INa O

Peraluminous Metaluminous Peralkaline

Shand, S. J. (1943). The Eruptive Rocks, 2nd edn. New York: John Wiley, 444 pp.

MonekynsipHoe oTHoweHune Al/(Ca — 1.67xP + Na + K) gaét BO3MOXHOCTb pasgenntb
KMCNble MarMaTuyeckme nopoabl Ha BbICOKOrMMHO3eMUcTble /nniomMasutossle (ASI > 1.0),
ymepeHHo rnuHodemuctble (ASI < 1.0, npu (Na + K) < Al) u arnantoBble (ASI < 1.0, Ho (Na +

K) > Al).
) ) This ratio has been referred to as A/CNK by Clarke, 1981

and the Aluminium Saturation Index ASI by Zen, 1986.




Neoxnmunyeckmne knaccupmkaumm

WsBecTkoBO-WenoqHan 1. ManUHreHHoe NnaeneHue LLlerouHan cepua

Shd Bel ecTea WcxoaHbli MaTepuan:

Cﬂagle\‘:en:abl\:lg:(;:e:ipoﬁx;lble KOHTUHEeHTanbHON KOopbl CUNbHO MeTamopdpusoBaHHble
TONwKW ocagoYyYHblX nopog

TOoNwM ocago4HbIX nopog.

MromasuToBble

ManuWHreHHbIe rpaHMTONAbI peakomMeTanbHbIe ManuHreHHbIe rpaHUTOMAbI PenkomeTanbHbIe rpaHUTbI
W3B.-Uen. pAaa rpaHuToMabl wernoyHoro pAaga weno4yHoro paga

abuccansHele aunabuccansHble abucansHble aunabuccansHble

(Li-F apaHum'b: /oueokumby

MpombilwneHHbIe cogepxaHua Sn, W, Taun Mo

Beicokue copgepxaHua Li, Rb, Be, F u Au b Uil O

lNleB BnagumupoBuny

Taycou 2. AudhdrepedHymnalua Mars 0CHOBHOTO U CpeflHero cocraea,
COBETCKMI FreOXMMMUK, BO3HUKWWX B pe3ynkrare cenekTMBHOro nnaeneHuA BellecTBa BepXHerd MaHTUn

akKageMuk AH CCCP BasansTonaHble Marmbl AHRE3UTOBbIE pacnass NaTUTOBbIe LWenoYHbIe LWeroYHble ONIMBUHOBLIE
TONEUTOBOro cocTasa GasansTouAaHble Marmb| GasansTouAHbIe MarMs|
MAarMorpaH1Thbl TONeUTOBOro psAaa FPaHuTOUAbI rpaHuTbl NaTUTOBOro arnauToBble peAKOMeTanbHbIe
. aHAe 3UTOBOO Px-Fsp rpaHuTouabI
Ay CE - LSRR KOMH‘:::;:E OGMONMTOBIX (M3B.4uen.) pAga {MOHUOHUTOBOIO) pAAa Nb-320; Zr-2170; Ta-18.5;
b (@) HMH“‘ECKME . : Sr-12; Ba40;
.tzz’-*' FUNDL - /Rb.1080- /Rb6. ; Ba/Rb-14 /Rb-0.
HaWUMeHee NepcreKTUBHbI AN Au-W Au-Ag, CuMo 3anexu WeenuTa, Ta-Nb pegkomeTaneHble
PYJ]OHOCHOCTb : NOTeHLMANBHOM PYAOHOCTHOCTH MOCIOP OOl Sn, Mo, Pb-Znu Au MeCTOp OMASHUA

rPAHuTou.uoﬁ
i YHpraM ETaMCIpCpHIBM WU rPaHUTHU3aU A KpUCTannMyeckoro oCHoBEaHUA KOHTWUHeHTaNIbHON KOpbl

rpaHMTOMAOB Iy 65oKOMeTaMop M30BaHHbIX YHACTKOB 3eMHOW KOpbl, 06pa3o BaBLUMXCA B pe3ynkTaTe MUrMaTU3aLum
WU nocneayrolwero NnanMHreHHOro EbINNagneHMA aHXWM3BTeKTUHEeCKM X rpaHHTOHF[Hbe pacnnasoe.

YrnbTpameTaMopuyecKne rpaHuTbi -
HauMeHee NepcneKTUEHBI 4NA n0TeH|.w|a.anou pyﬂOHOCTHOCTH

ManuHreHes (palin — cHoBa, U génesis — NpoucxoXxaeHue, poxaeHue), obpasoBaHue Marm 3a cyeT
YaCTUYHOIrO UITN MOJTHOTO NJIABNIEHNS 0CaA0YHbIX, MeTaMOP(UIYECKNX NI MarMmaTUYeCKUX rOpHbIX nopoa B
YCNOBUAX 3€eMHOMN KOpbl.




The “genetic alphabet soup”, referred to as S-I-A-M (e.g., Clarke, 1992),

or S-I-M-A (e.g., Sial et al., 1987).

Granite Chemical Specific Source
type features minerals rocks
S (1) Peraluminous  Peraluminous Meta-
ASI>1.1 mafic minerals sedimentary
(cordierite, sequences
gamet, etc.)
[(1) Metaluminous  No peraluminous Igneous
ASI<1.1 mafic minerals materials from
occurrence of deep crustal
hornblende levels
M (2) Volcanic arc Subducted
signature oceanic crust
No letter Alkaline Fe-rich mafic Granulitic residue
attributed  affinities and silicates from a previous
(3) anorogenic melting event

1. S- and I-types are the oldest defined granite types (Chappell and White, 1974).
2. M-type is akin to Archean TTGs and modern adakites (for an overview, see Martin et al., 2005).

3. The type with no letter attributed corresponds to A-type.

*Chappell, B.W., White, A.J.R., 1974. Two contrasting granite types. Pacific Geology 8, 173—174.




M-, C-type and others

There is no need of a specific letter, C-type, for a charnockite type, and for M-type, for mantle-
derived source (Bonin, 2007).

S-1-A-M classification

{gra urce)
W 297

Stype . I-type A-type
(sedimentary source) (igneous source) ~ (anorogenic)
Chappell and Whits, 1974 | Chappelf and White, 1974 ||Loiselle and Wones, 1979

*M-type, pesynbTaTt napunanbHOro nnaBneHns cydayumpyemMon okeaHN4Yeckomn Kopbl (TEXHUYECKN |-

type);
« Martin et al., 2005

*C-type, npegnoxeH Ha 2m Hutton Symposium no rpaHutam, Asctpanus (Kilpatrick and Ellis, 1992);
*C-type He nony4yumn LWMpOoKOro Npu3HaHus cpeam cneumanuncTos;

*C-type npegcraBnseT NpoayKT NnaBneHuUs rpaHynnToB, B O4EeHb BbiICOKOTEMMEpaTypHOM 1 “dry” cpege;
*[lo cpaBHeHUIO ¢ A-TMNOM Marm, xapaktepusyeTtcs ewle bonbwinmm cogepxanuavm Zr, HFSE, Ba n Sr,
n otcytcteuem Eu aHomanun (Elliott, 2003).

Bonin, B., 2007. A-type granites and related rocks: Evolution of a concept, problems and prospects. Lithos 97, 1-29.
Xiao, L., Clemens, J.D., 2007. Origin of potassic (C-type) adakite magmas: Experimental and field constraints. Lithos 95,
399-414.

Martin, H., Smithies, R.H., Rapp, R., Moyen, J.F., Champion, D., 2005. An overview of adakite, tonalite—trondhjemite—
granodiorite (TTG), and sanukitoid: relationships and some implications for crustal evolution. Lithos 79, 1-24.




| —igneous source; S — (meta-) sedimentary source

I-types

S-types

Relatively high sodium, Na,O normally >3.2% in felsic
varieties, decreasing to >2.2% in more mafic types

Relatively low sodium, Na,O normally <3.2% in rocks with ~
5% K.,O, decreasing to <2.2% in rocks with ~ 2% K,O

Mol. Al,O./(Na,O + K,O + Ca0) <1.1

Mol. Al,O./(Na,O + K,O + Ca0) >1.1

CIPW normative diopside or < 1% normative corundum

>1% CIPW normative corundum

Broad spectrum of compositions from felsic to mafic

Relatively restricted in composition to high SiO2 types

*Hornblende is common in the more mafic |-types and
generally present in felsic varieties;

*Sphene is a common accessory in the I-type;

*Apatite inclusions are common in biotite and hornblende of
I-type granites;

*hornblende-bearing xenoliths;

sInitial Srg,/Srgg ratios in the range 0.704-0.706

*Hornblende is absent, but muscovite is common, in the more
felsic S-types, biotite may be very abundant, up to 35%, in
more mafic S-types;

*Monazite may be found in S-types;

*Aluminosilicates (garnet and cordierite) may occur in S-type
xenoliths or in the granites themselves;

*Apatite occurs in larger discrete crystals in S-types;
*metasedimentary xenoliths;

*Initial Srg,/Srgs >0.708

Volcanic rocks typically contain Qz, PI, Opx and Cpx

Volcanic rocks typically contain Qz, Pl, Opx and Crd

(i) low-temperature I-type contains abundant inherited
zircon, formed in a tectonic setting other than simple
subduction (cf. Collins 1998).

(ii) high-temperature |-type lacks inherited zircon.

(i)  two-mica leucogranite representing pure crustal melts of
thermal minimum composition,

(i)  cordierite- or garnet-bearing granitoids explained as
retaining a strong Al-rich restitic component.

U—Pb (zircon) and Zr (bulk-rock) studies of low temperature I-
type granites reveal that they crystallized from zircon-
undersaturated magmas and inherited zircon crystals reflect
melting and assimilation of a meta-sedimentary source (Kemp
et al., 2005).

Sr—Nd isotopic data show that two-mica leucogranite could
result exclusively from the melting of metagranites ( Turpin et
al., 1990) and experimental studies (Patino Douce, 1991,
1999) show that incorporation of at least 50% basalt into 50%
metapelite is required to generate liquids of S-type composition

CHAPPELL B. W. & WHITE A. J. R. 1974. Two contrasting granite types. Pacific Geology 8, 173-174.
CHAPPELL B. W. & WHITE A. J. R. 2001. Two contrasting granite types: 25 years later. Australian Journal of Earth

Sciences (2001) 48, 489—499.




S-Type granitoids — syn-collisional granitoids (Pearce et al., 1984), continental collision
granitoids (Maniar & Piccoli, 1989), and muscovite—peraluminous granites (Barbarin, 1999)

*pe3ynbTaT napLmanbHOro nnaBneHns 0cagoyHbIX Uy NpeTepneBLLMX MeTamopdr3M 0CagouHbIX NMOPOA;
*BCTPEYAIOTCS KakK N30NmMpoBaHHbIe NIYTOHbI UM MeTamopduieckne sapa yTosweHHON KOHT. KOpbl;
*00bI4HO OTMeYeHbl B accouunaumm ¢ 6onee MagMyHbIMU NOpoaaMMU;

*e.g. Himalayan granites.

I-Type (Andean) granitoids — volcanic arc granites (Pearce et al., 1984), island arc and continental arc
granitoids (Maniar & Piccoli, 1989), or amphibole-bearing calc-alkalic granites (Barbarin, 1999)

Continental €
Trench volcanic arc §

*pe3ynbTaT napLumanbHOro nnaBneHns MarMaTu4eckmx r.m.;
*B OCHOBHOM MarHe3uarnbHble (Frost et al., 2001);
*OKUCNUTENbHbIE YCNOBUS;
e.g. Cordillieran granites.

Oceanic’
crust

© 2000 Tasa Graphic Arts, Inc.




BbicokornuHosemuctble I-tun rpaHnTbl !?

1.2

Bega Batholith

MCTOYHUKA,

«|-type igneous rocks are commonly, wrongly,
conceptualised as being metaluminous, but more
than half of the low-temperatures I-types analysed
from the LFB in SE Australia are peraluminous».

*n36biTok Al,O, B rpaHutax I-Tvna 3aBncuT OT npotiecca
nnasnenus (Bi, Amf »PXx) n He cBa3aH ¢ BanoBbIM COCTaBOM

*rpu Bonee BbICOKMX TEMMNEPATypax YaCTUYHOIO MIaBfeHNS,
T 0 65 70 75 80 KanbLUMW 1 Apyrue coctaBHble anemeHTbl Cpx pacTBOpSAOTCS B

% Si0, pacnnaee, KOTOPbI B UTOre CTaHOBWIICS
YMEPEHHOIMMHO3EMUCTLIM.

*Chappell, B.W., Bryant, C.J., Wyborn, D., 2012. Peraluminous I-type granites. Lithos 153, 142—153

*HMU3KO-TEMMepaTypHble I-rpaHnTbl ABCTpanuu
chopmMmnpoBanncbL B UHbIX reognHaMN4eCKnx
ycnoBusix Hexxenu npocto cyoaykuus (cf. Collins
1998);
*BbICOKITMHO3EMUCTbIE |-TUNbl Marm obpasytoTcs 13
YMEPEHHOTTTMHO3EMUCTOrO UCTOYHUKA;
*rpaHUTbl S-TUnbl 06bLIMHO MEHEE MMNHO3EMUCTLIE YEM
nopoabl N3 KOTOPbIX OHM 0DpasylTCS.
A/NK (Al,Oy/Na,0+K,0) vs. A/ICNK (Al,0,/Ca0+Na,0+K,0, all in
molar quantities) diagram of Shand's index (Maniar and Piccoli,
1989)

AlLO,/(Na,0+K,0), molar

metaluminous

peraluminous

— S-type

i

- peralkaline

L 1 L 1

1.1 1.2 13 14 15
AlLO./{Ca0+Na,0+K,0), molar




A-type granites and related volcanic rocks

OaMH M3 camMbiX «3arafjoMHbIX TUMNOB» MarmMaTU4YeCKUMX oOOpa3oBaHUMA; Ha OCHOBe CBOEero
6e3BoaHoro (ot anrnunckoro Anhydrous), wenoyHoro (Alkaline) u rmmHosemucToro (Aluminous)
cocTaBa, a TaKke, B CUJly UX MNPOSABMEHUSI B pasfiM4HbIX reoAMHaMM4ecKMX OOCTaHOBKax:
aHoporeHHbIX (Anorogenic), atnaHtTuyeckux (Atlantic, Harker, 1909), After (B cmbicne
NOCTKONMNU3UOHHLIX, Liegeois, 1998), n, B pe3ynbtaTte 3a roAbl OXWBJMEHHbLIX AUCKYCCUU
3acCnyXvBLUMX elle OAUH TepMUH — «ABYCMbICIieHHble» (Ambiguous) nonyuumn HasBaHue A-
«rpaHMTOMAbI».

*A-type rocks are associated with ultramafic rocks, alkali and tholeiitic basalts, and intermediate rocks
(Richey et al., 1961);

*A-type granites were originally defined for continental areas, but most, if not all, granitic rocks emplaced
within oceanic contexts share A-type characteristics and are associated with alkaline, transitional, or
tholeiitic mafic rocks (e.g., Giret, 1990).

*On Moon, 4.4-3.9 Ga granite clasts display Qz + Ory, o5 + Ange 5= + Fa + Px+lim+accessory minerals +
FeS + Fe—Ni metal assemblage, indicating fayalite—iron—quartz (FIQ) buffering conditions (Warren et al.,
1983) striking affinities to WPG and A-type high-silica granites;

4

[aHHbIN TN MarmaTU4ecknx nopoa obpasoBaH B YCITIOBUSX PE3KO OTIINYAOLWMXCA OT TaKOBbIX ANS
OPYrnx TUNOB rpaHUToB. VX nposBneHns nogaepXxuBaroT Aoka3aTesibCTBO, YTO BOMPEKU
TpagMUMOHHBLIM BbiBO4AM — accounaums Boabl, KOHTUHEHTANbHOW KOPbI U NPOLIECCOB NAUTTEKTOHUKN
HE sBnsaoTcs npegnockinikamn obpasoBaHna rpaHUTHbIX pacnnasoB A-tuna (Bonin, 2007).




CocTosiHMe npobnembl

CHARACTERISTICS AND ORIGIN OF ANOROGENIC GRANITES

LOISELLE, Marc C., and WONES, David R., Department of Geological

Sciences, Virginia Polytechnic Institute and State University,

Blacksburg, VA 24061
Granitoid rocks generated along rift zones and within stable conti-
nental blocks (anorogenic or A-type) are usually mildly alkaline, with
low Ca0 and Al,0; contents, high Fe/Fe+Mg, high K,0/Na,0 and absolute
K0 contents. Examples include the Pikes Peak batholith, the White
Mountain Magma Series of New Hampshire, the Nigerian Younger granites,
and the Gardar Province, Greenland. Petrographic studies of crystal-
lization sequences indicate low H,0 fugacity; the F content of biotites
indicates a relatively high HF/H,0 ratio in the magma; oxides and
accessories indicate low to moderate oxygen fugacity. A-type grani-
toids are enriched in the incompatible trace elements (REE (except Eu),
Zr, Nb, Ta), and low in trace elements compatible in mafic silicates
(Co, Sc, Cr, Ni) and feldspars (Ba, Sr, Eu). Initial 878r/86gr ratios

range from 0.703 to 0.712. The majority of A-type granitoids are
produced when alkali basalt either a) interacts with a granulite
facies lower crust (which has undergone a previous partial melting
episode) to generate magmas with moderate to high initial Sr isotope
ratios, or b) fractionates directly without crustal interaction to
yield granites with low initial 875r/86Sr. 1In compressive orogenic
zones basaltic magma (or its latent heat) commonly interacts with

a thick crustal sequence to produce calcalkaline (I-type) or
peraluminous (S~type) granitoids. Continental blocks undergoing
rifting or fracturing provide minimal opportunity for interaction
between basic magma and the crust.

[MepBas cTaTbs, B KOTOPOU
ncnosib3oBancs TepMuH A-rpaHnThl,
nosieMnack Tonbko B 1982 r. E€
aBTOpPbl OTHECNU K A-TUMNY rPaHUTHbIE
KOMMJIEKCbI HOro-BOCTOYHOM
ABCTpannn Ha OCHOBE BbICOKMX
koHueHTpauun Nb, Ga, Y n P33, npu
HU3Kknx cogepxxanunax Al (1), Mg n Ca.
PaHHss kpuctannmsaumm amdpubona
(racTuHrcuTa) u no3gHasa buoTtuta
(aHHWUTa) 0O BACHANUCL aBTOPaMM Kak
pesynbTaT oboralleHums
mMarmatudeckux pacnnasos F u Cl.
mu ke BnepBbie BbISI0 YCTAaHOBEHO,
YTO BbICOKME 3Ha4YeHna Ga/Al
ABIIATCA XapaKkTepHoun yepton A-
pacnsiaBoB.

Loiselle, M.C., Wones, D.R. Characteristics and origin of anorogenic granites. Abstracts of papers to be presented at
the Annual Meetings of the Geological Society of America and Associated Societies. San Diego. California. November

5-8. 1979. 11. P. 468.

Collins, W.J., Beams, S.D., White, A.J.R., Chappell, B.W., 1982. Nature and origin of A-type granite with particular
reference to southeastern Australia. Contributions to Mineralogy and Petrology 80, 189-200.




Zr+Nb+Ce+Y versus FeO*/MgO and (K20 + Na20)/CaO; 10000*Ga/Al versus Ce, Zr,
Nb, Y plots of A-type granites and also fields for fractionated felsic granites (FG) and

unfractionated M-, I- and S-type granites (OGT).
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Whalen J.B., Currie K.L., Chappell B.W., 1987. A-type granites: geochemical characteristics, discrimination and
petrogenesis. Contributions to Mineralogy and Petrology 95, 407-419.
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ONCKpUMUHaHTHBbIE AnarpaMmmMbl AN CUHKOSIJTU3UOHHbIX (Syn-
COLG), synkaHun4yeckux ayr (VAG), BHyTPUNNUTHbIX FPaHUTOB
(WPG) n rpaHuToB okeaHu4yeckux xpe6Tos(ORG).
MyHKkTMpHasa nuHua — rpadnua ORG ang aHamanbHbIX pUTOB.

Note that post-collision granites can plot in all but the ORG fields,
and that supra-subduction zone ocean ridge granites plot in the VAG field.

Pearce J.A., Harris N.B.W., Tindle A.G. Trace element discrimination diagrams for the
tectonic interpretation of granitic rocks // Journal of Petrology. 1984. 25. P. 956-983.
Harris N.B.W., Pearse J.A., Tindle A.G. Geochemical characteristics of collision-zone
magmatism / Cowards M.P., Ries A.C. (Eds.). Collisions tectonics. Geological Society,
London, Special Publication. 1986. 19. P. 67-81.
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TpounHaa guarpamma Nb-Y-Ce ansa pacno3HaBaHus A1 u A2 rpaHuTOoMaOB.

Nb [T 7 ToEmme T

«These A1 and A2 discriminant
diagrams should only be used for
granitoids that plot both in the within-
plate granite field of Pearce et al.
(1984) and the A-type

granitoid field of the Ga/Al plots of
Whalen et al. (1987)».

OpHyM 13 BaxkHbIX BbIBOAOB Npodeccopa
MaccauyceTtckoro yHuBepcuteta HenbcoHa O6u
ABNSAETCA 3aKnto4eHne o TOM, 4To A-rpaHuTounAabl
MOTyT ObITb O6pa3oBaHbl CaMbIMU Pa3NUYHbIMU
nyTsiMU, KOTOPbIe He BCeraa CoOoTBETCTBYHOT
aHOPOreHHOMY pexumy.

Y Ce

A1 - xucrnble marmaTmyeckme nopoabl OKEaHNYECKNX OCTPOBOB N KOHTUHEHTAITbHbIX PUCTOB
aHOPOreHHbIX 06CTaHOBOK. ICTOYHMK - Ba3anbTbl okeaHnyeckmnx octpoBoB (OIB) B ob6cTtaHoBKax
BHYTPUMNSIUTHOIO UKW pUEPTOBOro MarmaTuama.

A2 - LUNpOKNn grManasoH reogmMHaMmmnyeckmx o6CTaHOBOK (B T.4. KOMSIM3MOHHBIX M COCTaBISOLLNX
NCKITIOYEHME — aHOPOrEeHHbIX FPaHUT-panakmMemn), BO3HUKIA 3a cHeT 6a3anbTOBOro MCTOYHMKA
KOHTUHEHTanbHbIX OKpauH 1 ocTpoBHbIX Ayr (IAB) nnu B pesynbtarte 4acTUYHOIO NraBneHns Kopbl.

Eby, G.N., 1992. Chemical subdivision of the A-type granitoids: Petrogenetic and tectonic implications. Geology 20, 641-644.




Onarpamwmel [Frost, et al., 2001] c nonsamu weno4Hbix (alkalic), 13aBecTKOBO-LWENOYHbIX, LWESTO4YHO-
M3BECTKOBbIX U U3BecTKOBbIX (calcic) cepuin ¢ coctaBamu A-, S u I-type rpaHuToB

12 -

A-type
S 1.0 -
= 4 alkalic - —=
S Q ool  Ferroan
y =
O 1 + 08 {
~ ] //
o Q o7 . ——Fe* =
Q o = 06 Magnesian
x H]
§ o ..l S-type
w .
o, 4 w
(] 0.4
= I-type
8 - 0.3 —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 L It 1 1 1 1 1 Il 1 1 1 1
50 54 58 62 66 70 74 78 50 54 58 62 66 70 74 78
SiO, Mac.% SiO, Mac.%

B cuctematuky 3a ocHOBY 6binv NPUHSTLI TPU OCHOBHbIX XMMUYECKUX NapamMeTpa: MHAEKC XKene3ucTocTu,
MO3BONALWMI pasgensaTb MarHesnanbeHble (magnesian) v xenesuctole (ferroan — cobctBeHHO A-Tun) rpaHUTONabI;
MoAUhULMPOBaHHBLIN LWENOoYHO-n3BecTKoBUCTbIN nHAEKC M. Nukoka — Na,0+K,0-CaO (MALI); n nHaekc HacbIWweHUA
rnmHo3emom (ASI) garoLmii BO3MOXHOCTb pa3genuTb KUCTble MarMaTuyeckne nopoabl Ha BbicokornnHosemucTole (ASI>1.0)
ymepeHHornnHosemuctble (ASI<1.0, npu Na+K<Al) n arnantosble (ASI<1.0, Ho Na+K>Al).

YMepeHHOIrNMUHO3EMUCTbIE  BLICOKOIMUHO3EMUCTbIE ArnauTtoBble
KEene3nuctbleé rpaHUTONAbl  kene3ucTble rpaHUTOUAbI  KENe3ncTble rpaHUToOnAbI
LWenoyHo- WM3BecTKoBO- Weno4yHo- WU3BecTKOBO- Lleno4yHo-
LRENORHELE M3BeCTKOBble LeNoYHble W3BECTKOBbIe W3BECTKOBbLIe lWEeMNoYHble Wenounele . 0 crkoBbIe
Bbicokoe P Huskoe P -V A *\ /1 A KopoBa#sd
— KopopBasn |‘ /V\ ‘ accumMunauunna
P accUMUNAUUSA v \\ ]
e L2z L |
OuddrepeHunauus MNapunanbHoe MNapunanbHoe AudrdepeHunauun OudrcpepeHunauus
TONEUTOBbIX nnaeneHue ﬂuqaﬁqnepeuu,wau,un nnaeneHuve 6azansToB LLeNIOYHbIX
BasanbToB Kopbl {HU3Koe P) sl KOpbl (HU3Koe P) nepexonHoOro Tuna 6asankToB

Cxema, unnocmpupyroujasi nempo2eHe3uc passiudHbIX muroe xene3ucmsbix 2paHumoudoe [Frost, Frost, 2011]

Frost B.R. et al., 2001. A geochemical classification for granitic rocks. Journal of Petrology 42, 1771-1802.
Frost C.D., Frost B.R., 2011. On ferroan (A-type) granitoids: their compositional variability and modes of origin. Journal of Petrology
52, 39-53.




Ouarpammbl CaO/(FeO*+MgO+TiO2) — CaO, CaO/(FeO*+MgO+TiO2) — Al203,
FeO*/(FeO*+MgO) — Al203, FeO*/(FeO*+MgO) — Al203/(K20/Na20), (mac.%) ¢ nonsimu
M3BECTKOBO-LLENMOYHbIX U A-TUNOB rPaHNTOB (”OKUCIIEHHbIX” U “BOCCTAaHOBMEHHbIX).

Anderson J.L., Bender E.E. Nature and
origin of Proterozoic A-type granitic
magmatism in the southwestern United
States of America // Lithos. 1989. 23.
P. 19-52.

YTOuHALWMIN TEPMUH
«OKUC/EHHbIN A-TWUMN» BHOCUT elLle
6oNnbLY HeonpeaeneHHOCTb B
NOHMMaHMe  A-rpaHMTOMAOB B
LlesIoM, MOCKOSIbKY 60MbLLINHCTBO
Knaccnpumkaumim, paccMOTPEHHbIX
Bbllle, He CnOoCObHbl OTANYNTL
noaobHble o0bpazoBaHMs KakK oOT
COBCTBEHHO A-rpaHUTOB, Tak W OT
OpPOreHHbIX (M3BECTKOBO-
LLeSTOYHbIX), U |-rpaHNUTOB.

Dal’Agnol R., Olivera D.C. Oxidized,
magnetite-series, rapakivi-type granites of
Carajas, Brasil: Implications for
classification and petrogenesis of A-type
granites // Lithos. 2007. 93. P. 215-233.
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OCHOBHbIE OCOBEHHOCTU A-TPAHUTOB N X BYNIKAHNYECKUX AHAJIOIOB

Accouymnauyum A-
rpaHUTONA0B

3aKapTMPOBaHbl HAa BCEX KOHTUHEHTAX (BK/IOYaA AHTapKTMAY)

Bpemsa obpa3oBaHus

OT Heoapxen (0Koso 2.7 MApA. NeT) Ao KariHo3oa (10 MaH. NeT u monoxe)

(DOprI nposassieHnA

Peakve ana HUKHeN Kopbl (Kak, Hanpumep, HEKOTOPbIE YaPHOKUTOBbIE KOMMAEKCbI), OHM 06blYHbI A/
611M3NOBEPXHOCTHbIX, CY6BYNKAHMYECKUX YPOBHEN, Fae 3a4acTyto GOpMMUPYIOT KO/bLIEBbIE KOPHENOABOAALLME KaHa/bl
Kanbaep

Knaccudukauua

KBapueBble CMeHUTbl, yMePEHHOTTMHO3EMMUCTbIE N arManuTOBbIe FPaHUTbI,

d BYJIKAHN4YeCKue aHanorm — BVITpOd)VIpOBbIe pPnoanTbl, KOMeHANTbI U NAHTE/NIEPUTDI

Xvmuueckuii coctas

LLlenoYHO-M3BECTKOBbIN A0 LWEeN0YHOrO, ¥KeNe3nCTbll BaNIOBbIA COCTaB, BbICOKME KOHLEHTPaLUMn KpynHonoHHbIx LIL,
HFS (npexae scero Nb, Ga n Y) u REE (3a nckntodueHmem Eu) n HM3Kkune cogepxkanunsax Sr, Sc, V n obunune
rasoreHoB, 0cobeHHo — F.

MuHepanbHbIii cocTaB

MpucyTcTBue Kenesuctbix cunnkatos (depporegeHbeprut, deppractUHIreUT, GakannuT U aHHUT) AWM XapaKTEPHbIX ANA
arnanToBbIX Pa3HOCTEN: 3TMPUH, apdBEACOHUT U PUBEKUT, @ TaKKe NePTUTOBbLIN NONEBOM LIMAT.

FeHe3uc

FpaHUTbI A-TMNa OTMeYeHbl B aCCOLMALMM C OCHOBHLIMU M3BEPXKEHHLIMM MOPOAAMM U HA KOHTUHEHTaX, U Ha
OKEeaHMYEeCKOM [iHe, UX MPOUCXOXKAEHUE CBA3bIBAIOT C MAHTMITHBIMU NPOU3BOAHBIMM.
MaHTUIMHbIE 3HAaYEHWs M30TOMHbIX cooTHoweHwui (Rb-Sr, Sm-Nd).

MeTannoreHuMyeckui
notTeHyuan

Momumo F, Y, Zr v rpynnbl peaKosemenbHbIX 3N1€MEHTOB, A-rpaHMTOMAbl N3BECTHbI M KaK UCTOYHMK SN, a Takke W,
Ta, Nb 1 Be. Sn-In muHepanusauma xapakrepHa 415 ToNasoBbiX IPaHUTOB CEBEPO-BOCTOYHOM U LIEeHTPaIbHOM
Bpasuaum (e.g. Botelho, Moura, 1998). FeO-Cu-Au npossneHus napareHeTMYeCcKM cBA3aHbl C A-rpaHMTaMm LUTaTa
Muccypum (CLUA) (Kisvarsanyi and Kisvarsanyi, 1990) u Asctpaauu (Polard, 2006).

FeopnHamunueckue
ycnosua npoassieHna

OT BHYTPUMNAUTHBIX A0 rPaHULL CKONAbMXKEeHUA NAnUT. 3a4aCTYHO A-rpaHnTbl U PUOIUTbI aCCOLMMPYIOTCA C MaHTUIMHBIM
natomom (dpaiianntosble puoanTbl MennoycroHa); BCTpeyatoTca B 061acTaX KOHTMHEHTaNbHOro pudToreHesa
(rpaHuTHbIE KOMNAEKCbl AdpUrKK, KOKHOM AMEPUKMN 1 ceBepo-BOCTOYHOW YacTn CLUA, obycnoBaeHHble packpbiTem
ATNaHTMYECKOro OKeaHa); a TaKXKe CBA3aHbl C KOMM/IEKCaMM, YCTaHOBEHHBIMM B 30HAX KPYMHO-MAaCWTabHbIX
KOHTUMHEHTaNbHbIX pacTaxeHui (npoBuHUMA bacceiHoB 1 XpebToB, 3an. okpanHa CLLUA).




«Cneuncpuyeckne oco6eHHOCTU MarmaTM4eCcKux nopoa ns-3a
He3Ha4YnTesIbHOCTU Pa3NIM4iuUKN B COCTaBE OCHOBHbIX METPOreHHbIX OKCUAOB
Ansa nopoa 6nM3Kon KPeMHEKUCTTOTHOCTU BbISIBUTb HEBO3MOXHO» 7?77

AﬂbTepHaTI/IBHbIVI noaxo4d B UCMOJ1Ib30OBAHUN OCHOBHbIX
NEeTPOreHHbIX 3J1IEMEHTOB

PaccesiHHble aneMeHTbl B KACIbIX pacniasax (B oTnnyue ot
6as3anbToB) 0OLIYHO ABMATCA HEKOrepeHTHbIMKU [Bea, 1996].

U, Th n Zr Bxogat rnaBHbIM 0O6pa3oM B COCTaB akLLECCOPHbIX
MUHepanos: anatuTta, UMpKkoHa, cpeHa, optuta n MoHaumTa

Nb 1 Y KOHUEHTpUpYOTCA B okcmaax n amdumbonax, n nx
coAepXXaHusi oTpaxatoT UCTOPUIO KPUCTanNn3aunm n HEKOTopbie
MHTEHCMBHbIE NapameTpbl (PYrmMTMBHOCTL KMCnopoda u Boabl)
9TOro npouecca

KopoBasi KoHTaMnHaLmMs Takke 00bIYHO OKa3biBaeT ropasao
bonbluee BNNAHNE Ha CoAepKaHUSA paccesiHHbIX 3rIEMEHTOB B
rPAHUTHbIX, HEXEenn, 6onee OCHOBHbIX pacniaBax

Bbi1OOp NneTpoXuMMyYeCcKux napamMmeTpoB:
Copepxanue Fe, Mg, Ca, Kun Na




Fenitization-type (weno4yHon meTocomaTo3)

The mantle-derived fluid is alkali- and silica-bearing, and is
able to transport a very wide array of elements, including
the high field-strength elements, and a broad variety of
anions are available to do the job. Fenitization-type
reactions transform the refractory intermediate to mafic
rocks of the lower crust to fertile assemblages that can melt

(in cases completely) to give A-type granitic magmas of
metaluminous or peralkaline character, or nepheline
syenitic magmas, or carbonatitic magmas (Martin, 2006,

T H, CH, 2012).

NManunHreHHo-mMmeTacomaTn4yeckoe
rpaHUTOoOOpaszoBaHue
(d.C. KopxuHckuu, J1.J1. lNMep4yk u Ap.)

*[ paHUTHbIE Marmbl 3apoXXgatoTcs B rMyOOKMX rOPU3OHTaX
KOHTUHEHTaNbHOW KOpbl NOA, BANSAHWEM He NPOCTO TENMOBbIX, a ONLHO-
TEnnoBbIX NOTOKOB;

*dritonabl — 3TO HAOKPUTUYECKME CMECU NPEUMYLLECTBEHHO ra3oBbIX
komnoHeHToB (H,O, CO,, CH,, H,, Ar, He u ap.). NIx rmybuHHasa npupoaa
AoKasaHa NoBbILLEHHbBIM COAEP)KaHMEM TSHKerbIX M30TOMOB yriepoaa u
BOAOpOAA;

*[Tpouecc rpaHMTM3aumMmn CBOANTCS K NoTepe ucxogHeimu nopogamu Mg, Fe,
Ca n Ti. OTK anemMeHTbl BbIHOCATCS LWeNoYHbIMU doritongaMmn n3 nepBUYHbIX
nopoa. B ctopoHy rpanHuta Bospactaet koHueHTpaumsa Na,O, K,O, SiO,, a
TaKkke MpPUCYLLNX rPaHUTam 3f1IeEMEHTOB-NPUMECEN.

MeO + H, = Me + H,0O;
FeO + H, — Fe + H,0;
Fe, O, + 3H, —2Fe + 3H,0.




ConocTtaBneHue amnarpamm (Na,0+K,0) — Fe,O,T x5 — (CaO+MgO)x5 (mon.
kon-8o) u Nb — Y — Ce (r/1), ansa rpaHutoB A-Tnna.

Na,0+K,O,
MOI. KOIN-BO.

Fe,0,'%5, {CaO+MgO) x5,
Mon. Kon-go. MOI. KON-BO.

A-1 representative of a rift environment: Naivasha, East African Rift system; Zomba-Malosa, Chilwa
province, Malawi; Yemen rift ; and the Eastern Trans-Pecos magmatic province, Texas. As representative of a hotspot
or plume environment the following have been selected: White Mountain batholith, New Hampshire; Kaerven complex,
East Greenland; Ras ed Dom complex, Sudan; and Velasco, Bolivia.

A-2 representative of the postcollisional or postorogenic environments: Gabo and Mumbulla,
Lachland fold belt, Australia; Topsails complex, Newfoundland; Habd-Aldyaheen, Arabian Peninsula; Malani suite,
northern India; Narraburra granite, Lachland fold belt; and subalkalic-peralkalic rhyolites of the southern British
Caledonides. The rapakivi granites are also members of this second chemical group, and a rapakivi suite
(Suomenniemi complex) from Fennoscandia is included as an example.

Fpe6eHHuKoB A.B. NpaHuTonapl A-tuna: npobnembl AMarHOCTUKN, (OOPMUPOBAHNA U cucTemaTtukn // Meono2usi u eeogpusuka. 2014.
T.55, Ne9 C. 1356-1373.




TponHasa anarpamma (Na,0+K,0) — Fe,0,7x5 — (CaO+MgO)x5 (mon.kon-Bo)
ANA pa3geneHuAa coctaBoB A-rpaHMTonaoB
N KMCNbIX Marmatm4yeckux oopasosaHmm S-, u | Tunos

Na,O+K,0,
MOJI1. KON-BO

OKOJI10 2500
XUMUNYHYECKNX

o A1 Tun
® \ eA2Tun
o S-ul-Tunbl

AHAJIN30B

CaO (mon.) = CaO (mac. %) x 1000/56.08;
MgO (mon.) = MgO (mac. %) x 1000/40.32;
Fe,0, (Mon.) = Fe,0, (mac. %) x 1000/159.68;
Na,O (mon.) = Na,O (mac. %) x 1000/61.99;
K,O (mos.) = K,O (mac. %) x 1000/94.20.

Fe,O, x5, (CaO+MgO)x5,

MOJ1. KOJ-BO MOJ1. KOSM-BO.




TpouHas anarpamma (Na,0+K,0) — Fe,0,7x5 — (CaO+MgO)x5 (Mon.kon-eo)
AnA pasgeneHus coctaBoB A-rpaHMTouMaoB
WU KACIbIX MarMaTtu4yeckmnx obpasosaHuum S-, u | Tunos

Na,0+K,0,
MOIJ1. KONn-BO

Mona paszodeneHsl AUHUAMU € KOOpOUHaMamMu
A1:40,60,0; 66,34,0; 62,25,13; 21,39,40; 21,67,12.
A2: 66,34,0; 95,5,0; 45,17,38; 19,27,54; 21,39,40;
L 7 1 62,25,13).

Sr/*Sr=0.7055-0.7734

St/ Sr=0.7031-0.7073

S-ul-TunbI

Fe,0,'x5, (CaO+MgO)x5,

Mon. kon-8o |\ couucnenteii Asmun» (oxidized Adtype) | won. kon-Bo.




WHTepnpeTauusa AaHHbIX

1) Feoxnmmnyeckas: Anarpamma (Na,0+K,0) — Fe,0,7x5
— (CaO0+MgQO)x5, ocHoBaHHasi Ha MOMEKYNAPHbIX
KONMYeCTBax NETPOreHHbIX OKUCINOB, MO3BONAET
AOCTaTOYHO HAOEXHO pa3genuTb A-rpaHnuTonabl 1
KUCnble MarmaTtmnyeckne obpasoBaHus opyrnx TUMNOB;

2) eHeTnyeckas: BolgeneHHble nons cpean A-Tunos
COOTBETCTBYIOT ABYM NETPOreHeTUYECKUM TUnam,
BO3HUKLINX B pe3ynbTate audpdepeHumaymm LWesio4Ho-
6a3anbTOBbLIX MarM, NP1 HeE3HaAYUTESbHbIX NpoLieccax
accummnsaumm (A1), n obycnoBreHHbIX 3HAaYNTESNbHBIM
KOHTaMWUHUPYIOLLMM B3aUMOAENCTBUEM MaHTUNHbIX
pacnnaBoB C KUCMNbIM MaTepuanromMm KOHTUHEHTaNbHOM
kopbl (A2);

3) NeognHammnyeckas: A1 - none KPeMHEKUCIIbIX NOPOoA
BHYTPUNMUTHBIX reogMHamMmnyecknx o6CTaHOBOK:
OKeaHMYECKMX OCTPOBOB U KOHTUHEHTAasbHbIX PUTOB;
A2 - Kncnble MarmaTuyeckme accounaumm NPosBNEHHbIE
B reogMHaMmnyeckmnx o6CcTaHOBKaxX CKONbXEHUS NiuT
BHYTPU- N OKPANHHOKOHTUHEHTANbLHOro Tuna.

Na,0+K,0,
Mon. Kon-Bo

S-ul-Tunbl

Fe,0,'x5,
MOn. Kon-Bo

(Ca0+MgO0)x5,
MOIJ. KOI-BO.

Psan orpaHuyeHuii:

*CMONb30BaTh TOSMBKO KUCIblE MarMaTUYECKME NOpPoabl
Si0,>67 mac.%;

*UCKITIOYNTb NOPOALI NOABEPKEHHbIE 3HAYUTENBbHBLIM
BTOPMYHBIM M3MEHEHMSIM, NPEACTABNSAOLLNE BYKaHUYECKNE
cTekna, bsiMMe Unu nx cparMeHTbl, a Takke
«9KCTpemarsbHble» pasHocTu (SiO, > 80% mac.%) u
NpoayKTbl NMUKBALIK;

*OCMOTPUTENBHO NMOAXOAUTbL NPY TPAKTOBKE COCTaBOB A-
«FPaHNTONZOB» pacnoniaralolmxcs Ha rpaHule nonen A2 un |-
S-TMNoB B CBA3M C BO3pacTaHneM 06nacTu NepekpbITUS ¢
BblCOKOANM PEPEHUMPOBAHHBIMU «OPOr€HHBIMM >
NpPOn3BOAHLIMM.




- = Early Cretaceous
continental lithosphere;

50° I:l = Early Cretaceous
island arc system;
I:I = Early Cretaceous
turbidite basin;
:l = Jurassic
accretionary prism;
I:I = the early Paleozoic
continental lithosphere;
48°— ‘:l = Paleo-Pacific plates;
HI]]I]]]]]] = oceanic lithosphere;
= transform plate boundary.
46° : 5
) . I:l = Early Paleozoic continental blocks:
L /" Y, 5 K 9 BR = Bureya, KHN = Khanka;
= | » , p = Paleozoic continental margin terranes
EKHANKA ) e y '6)’ I:l thrust onto Jurassic accretionary prisms;
3

and limestones, and Triassic cherts:

SM = Samarka, NB = Nadankhada-Bikin,

— KHB = Khabarovsk;

7 = Middle Cretaceous accretionary prism terrane

? 136° I:l containing fragments of Jurassic basalt, chert,

and rocks derived from Early Cretaceous island
arcs;

- = Early Cretaceous (Neocomian) accretionary prism
terrane containing fragments of Devonian—Triassic
limestones, basalts, and late Paleozoic and
Triassic—Jurassic cherts and argillites: TU = Taukha;

: = Early Cretaceous turbidite basin terrane:

ZH = Zhuravlevka-Amur;
I:I = Early Cretaceous island arc system:
KM = Kema;
= Paleogene graniteids (a), = Late Cretaceous granitoids (a),

-El and valcanic rocks (b); and volcanic rocks (b);

- = late Albian — = Hauterivian-Aptian granitoids;

early Cenomanian granitoids;

- = late Albian gabbro-monzo- [~ | = Central Sikhote-Alin Fault.
/ ek
g y -

) y = & %
1‘ ~ “"?—% "o l:] = Jurassic accretionary prism terranes containing
J Y P fragments of Paleozoic ophiclites, cherts,
-

an

N

Formation of the new
continental lithosphere

nesn—

NMPUMEPDI

Hauterivian-Aptian
(130-120 Ma)

b JOR
:f::ﬂ“

The late Albian

(110-98 Ma)
<=

X, W
(I

T Astenosphere
injection

Cenomanian-Maastrichtian
(95-65 Ma)

Paleocene-Eocene
@ (60-45 Ma)

injection
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CoctaBneHo C.A. KacaTKuHbIM
Ha ocHOBe AaHHbIx Engebretson et al., 1985

B roTtepmB—anTe oporeHHbIn 3Tan B npegenax
CuxoTte-AnnHsa accouumpyeTcs ¢ COBUTOBLIMA
AaucnokaumamMmn paHee naneo3oncknx
KOHTUHEHTanbHbIX 65I0KOB, NocneayoLLEN
nAedopmanmen IpPCKUX U paHHEMESOBbIX
TEPPENHOB N BHEAPEHUEM «NEPBLIX»
rpaHMTOMAOB S-TUnNa.
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AlLO,/(CaO+Na,0+K,0), mol.

® = The late Albian rock compositions
(Biser granitoids);

~ = The late Albian rock compositions

~ (Dalnii granitoids);

=« _ Barremian—Aptian rock compositions

~ 7 (Khungari granitoids).

Fe,0,'x5, mol.

(CaO+MgO)x5,
mol.

B TeuyeHne nosgHero anbba tepputopus Cuxota-AnnHA nogsepriacb COCABUroBbIM AUCIIOKALMAM
00YyCnOBMEHHbIX KOMMN3NEN C anTCKOM OCTPOBHON Ayron B pe3ynbTaTe Yero NpounsoLusio BHegpeHNE

OrpOMHbIX 06 bEMOB

U LLleNOYHo-

M3BECTKOBbIX Xerne3nctbix (A-type) rpaHMTOMOOB MO CUCTEMAM PasfioMOB B 06MacTu cxatus u

pacTsaXXeHnAa COOTBETCTBEHHO.
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[MepemelieHme nnntbl A3aHarn B ceBepo-
3anagHoM — 3anagHoM HarnpasSieHUn B
CEHOMaH-MaacTpUXTe Bblpasunocb BO
dpoHTanbLHoM cybayKkLumm naneo-
TUXOOKEeaHCKOM NINTLI, YTO, B CBOKD oYepeab,
OTpas3nnocb B 06paszoBaHmm 6onbLmx 06 beEMOB
NNaTo-UrHUMBPUTOB N UX UHTPY3UBHbIX
aHanoroB M3 KUCHbIX MarmaTmu4eCcKnx
pacnnasoB |-Tuna.

ALO,/(Na,0+K,0), mol.

Na,0+K,0-Ca0, wt.%

3.0

I~
o

O =

o
T T

_ Paleocene rock compositions
~ (Yakut granitoids);

| (@ A-type O o I - (d)
YP -k %% A0 3 1 peralkaline
£ Q G 0 o
g o alkaline .
= —“waﬂ&oi
2 0s
: %ﬁé@ °
x o7l [e] o
6 O@ o %P 5551 0
< 06|
= o
= ol 82300 % s e 9 calc-alkaline
E‘tEI ‘ E‘tll ‘ éE ‘ éZ ‘ éE ' 7‘EI ‘ 7‘4 ‘ 7‘8 64 66 68 70 72 74 76 78 80
Sio, wt.% Sio, wt.%
L (b o [ (e
(b) A type\‘ ann,( )
ferroar . A-type granites
% o Paleocene
E Fe [ ignimbrites
" E so0f A/’g
r magnesian
? 2 e R
N T %Oo ods %‘6
I-type S-type ol ° 082 =5 o
: 1 & S- typescp &1° e ©
50 54 58 62 86 70 74 78 05 15 25 35 a5 55
1 0,
SIEHUIRE 10000*Ga/Al
£ (e} Na,0+K.0, mol.
[ metaluminous peraluminous 56.6+ 1.2 Ma (U-Pb)
E Alenicheva and Sakhno, 2008
N
o o, S-type 0 | 578+ 11 Ma U-PB)
I-type %< @Qj% 95 A2 Jahn etal., 2015
<
o 2 o L 553+ 2.8 Ma (Rb—5r)
o © 68@ d Grebennikov and Maksimov, 2008
r 5 57.01+ 0.4 Ma (U-Pb) 827208 Ma (U_Pb)
e Jahn et al., 2015 Jahn etal. 2015
A1 778.1 £ 0.8 Ma (U-Pb)
fkali
N m— L Jahn etal, 2015
EI 7 1) E 1) B 1.0 1.1 12 13 14 18

70,7 £ 0.8 Ma (U—Pb)

Jahn etal, 2015
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Jahn etal.,, 2015 (Ca0+Mg0)x5, mol.

ALD,/{(Ca0+Na,0+K.0), mol.

Maastrichtian rock compositions

s Fe,0.'x5, mol.
(Dal'negorsk granitoids);

_ Santonian—Campanian rock compositions
(Ol'ga granitoids).

[ManeoueH—30LEeHOBbLIN pUTOreHHbIn MarmMaTnam B npegenax Cuxote-AnnHs Obin

=

MHULUMPOBAH cpa3sy Nnocne 3aBepLUeHns CyOayKLUK U CBS3aH C TPAaHCHMOPMHbLIM CKOMNbXEHUEM
OKeaHW4YeCcKOoM MMnUTbl OTHOCUTENbHO KOHTUHEHTaNbHOW. Pa3pbiB crnaba u BHeapeHue

acTeHocdepHbIX pacnnaBoB B CYOKOHTUHEHTaNbHYO NUTocepy OTpasurcs BO BHEAPEHUN
namMnpouToB 1 PansnUTOBbIX PUOSIUTOB U MHTPY3UAX rabbpo 1 weno4vHblx rpaHuToB (A-Tuna).




ﬂuarpamma — J9TO BCero Jimib MHCTPYMEHT BCECTOPOHHEero aHaniun3a Mmarmatn4eCcKux
KOMIMJ1eKCOB.
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Llennoe He pasHO cymMMme npocmbix sew,eu

[Mpn aHanu3e AaHHbIX, BBIHECEHHbIX Ha
nobyo gnarpamMmmy, He0BX04MMO NPOSABIIATb
onpefeneHHy OCTOPOXHOCTbIO CBA3bIBad
MarmaTmyecKkme KOMIMEKChbl C TOM NN NHOW
reoguHaMmn4eckom o6CTaHOBKOW, NMOCKOSbKY
reoxmmmyeckme oCobeHHOCTN rPaHUTHbIX
Marm rnpexzae Bcero oTpaxarT cocTaB UX
NCToYHMKa. bonee Toro, BynkaHnyeckune (kak un
WHTPY3UBHbIE) ddaLnmn SABNAKTCA
NPOU3BOAHBLIMW CIIOXXHOIO COMEeTaHUS
XapaKTepUCTUK BHYTPUKOPOBbLIX pacrniaBos,
6a3nToBLIX MarM 1 ocago4vHoro cybcrpara.

Hukakasa guarpaMmma He MOXET 3aMEHUTb
BCECTOPOHHWUI aHanu3 AaHHbIX MO COCTaBy U
N30TOMHbIM CBOMCTBaAM MarmMaTU4eCcKmx
nopoa, a Takke UX CTPYKTYPHOMY MOSOXEHUIO
1 BO3pacTy Ans Toro, 4Tobbl NOHATb UX
reHe3nc n reogMHaMmn4ecKme ycnoBms
dopMnpoBaHUSI.




