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“There are granites and granites” H.H. Read (1957)
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This relationship
can be seen
in the Stillwater Complex in
Montana.
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IUGS - the International Union of Geological Sciences Subcommission on the Systematics of Igneous Rocks
BGS — British Geological Survey
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QAPF

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 alkall
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.
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, (ASI)

Al/(Ca-1.67xP + Na+K) 4 ! !
/ (ASI > 1.0),
(ASI < 1.0, (Na + K) < Al) (ASI<1.0, (Na+

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

and the Aluminium Saturation Index ASI by Zen, 1986.



M3BecTKoBOALEOYHARA
cepuA
McxoaHbIA MaTepuan:
cnabo MeTamopd3oBaHHbIe
TOnNWM 0Cafo4HbIX Nopoa.

1. ManuHreHHoe nnaeneHue
Belw ecTBa
KOHTUHEHTaNbHON KOpbl

Leno4yHan cepua
McxoAHbIM MaTepuan:
CHUINbHO METaMopCbVISOBaHHbIe
TOSIWM 0CaAO0YHBIX NopoA

ManuWHreHHble rpaHUTOUABLI
M3IB.4len. pAaga
abuccaneHble

MromasuToBble
pegKomMeTanbHble
rpaHuToMAabl
sunabuccaneHbie

(Li-F ebanum'b: léueo@mby

ManuHreHHble rpaHUTOMAbI
weno4yHoro pAaga
abucanbHbie

PeakomeTarnbHble rpaHUThbI
weno4yHoro paga
2unabuccanbHble

MpombilwneHHbIe cogepxaHua Sn, W, Taun Mo
Beicokue copgepxaHua Li, Rb, Be, F u Au

W-Mo MecTopoxgeHUA

2. QuipdgrepeHynalua marsd OCHOBHOIO U CpeAiHero cocTaBa,

BO3HUKWWX B pe3ynkrare CeneKTUBHOro niaBneHua BellecTBa BepXxHen MaHTUM

BasanbToMaHble Marmbl
TONenTOBOINo cocTaea

AHOe3WTOBble pacnnaBbl

NaTUTOERIE WEeNOYHbIe
BaszansToMAHbIE Marmel

weno4yHble ONIMEMHOELIE
BaszansToMAHbIE Marmbl

nnarvorpaHuTbl ToNeMTOBOrC pAga
rMaBHBIA KOMMOHEHT O¢OMONUTOEbIX
cepumn

HaumMeHee NepcnekKTUEHEI ANA
NoTeHUManbHOW PYAOHOCTHOCTH

AIII.JI-W Au-Ag,. Cu-Mo
MECTOP OO eHUA

rpaHuTomMAabl rpaHvTbl NaTUTOBOrO arnavToBble peaKoMeTanbHble
aHAe 3UTOBOTO Px-Fsp rpaHuTouabI
{nsB.wen.) pAga {MOHUOHUTOBOIO) pAAa Nb-320; Zr-2170; Ta-18.5;
: Sr-12; Ba40;

3anexu WeenuTa,
Sn, Mo, Pb-Znw Au

Ta-Nb peakomeTanesHble
MEeCTOP OO eHUA

3. Ynerpameramoptpusm U rpaHATU3aLUA KpUCTaNNIMYeCKoro 0CHOBaHUA KOHTUHeHTaNIbHOW Kopbl

rPaHMTOMAOB Iy 50KOMeTaMop M30BaHHbIX YHACTKOB 3éMHOW KOpbl, 06pa3o BaBLUMXCA B pesynkTaTe MUrMaTU3aLum
WU nocneayrolwero NnanMHreHHOro EbINNagneHMA aHXWM3BTeKTUHEeCKM X rpaHHTOHF[Hbe pacnnasoe.

YrnbTpame Tamophuieckue rpaHuTbI |

HanMeHee NepcnekKTMEHbI AnA I'IOTeHLI,HaJ'inOH pyﬂOHOCTHOCTH
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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).

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) {
997
S-type I-type A-type
{sedimentary source) {igneous source) {anorogenic)

Chappell and Whits, 1974 | Chappelf and White, 1974 ||Loiselle and Wones, 1979

M-type, ! ! ( -

type);
» Martin et al., 2005

*C-type, 2 Hutton Symposium 3 (Kilpatrick and Ellis, 1992);

*C-type ;

*C-type : ! “dry” ;

. A- : % ! Zr, HFSE, Ba Sr,
Eu (Elliott, 2003).




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

l-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 + Ca0O) <1.1

Mol. Al,O./(Na,O + K,O + Ca0O) >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

eHornblende is common in the more mafic I-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;

ehornblende-bearing xenoliths

eInitial Srg,/Srg ratios in the range 0.704-0.706

eHornblende 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;

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

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

eInitial Srg,/Srg >0.708

Volcanic rocks typically contain Qz, Pl, Opx and Cpx

Volcanic rocks typically contain Qz, PIl, Opx and Crd

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

(i)  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. 2001. Two contrasti
_Sciences (2001) 48, 489-499.

(CHAPPELL B. W. & WHITE A. J. R. 1974. Two contrasti ng granite types. Pacific Geology 8, 173-174.
ng granite types: 25 years later. Australian Journa

| of Earth




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

° # ’
*e.g. Himalayan granites.

I-Type (Andean) granitoids — volcanic arc granites (  Pearce et al., 1984 ), island arc and continental arc
granitoids ( Maniar & Piccoli, 1 989), or amphibole-bearing calc-alkalic granites (  Barbarin, 1999 )

o | !
. ! (Frost et al., 2001),

e.g. Cordillieran granites.
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«l-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».

. AlLLO, |-
(Bi, Amf 6 Px)

! * Cpx

4

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

' (cf. Collins

AINK (Al,O4/Na,0+K,0) vs. A/ICNK (Al,0,/CaO+Na,0+K,0, all in
molar quantities) diagram of Shand's index (Maniar and Piccoli,
1989)



A-type granites and related volcanic rocks

3 « »

( Anhydrous), (Alkaline) (Aluminous)
(Anorogenic), (Atlantic, Harker, 1909), After (
, Liegeois, 1998), , ) '
o - « » (Ambiguous) -

« »,

*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 + Org, o« + Ang. . + 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;

%

14 3 - (Bonin, 2007).



3 -
3
Nb, Ga, Y &-, |,
Al ("), Mg Ca.

& #

( )

( ) !

! %
F CL
0
Ga/Al




Zr+Nb+Ce+Y versus FeO*/MgO and (K20 + Na20)/CaO; 1000 0*Ga/Al versus Ce, Zr,
Nb, Y plots of A-type granites and also fields for fractionated felsic granites (FG) and

unfractionated M-, |- and S-type granites (OGT).

1000 7 T = 10000 F 7 ! E
1000
- 1000 - = X
£ ] 8 f -
= = z
=y =y o o100
“ = 3
o N c,
o o
10 ° E 100 = =
OGT F
&
FG
1F - 10 - 1
1 il 1 1l
1000 7 ! B 1000 F7 . '— 10000 F '
S
h
100 e 100 5 5,
: . g
= =3 X 100 ¢
-~ (=9 ~ £
= “r S
Z. —~ =
10 - 4 10 4z
: +
Q
1
S
1 - 1 : 1
1 1 1 1 [ | 1 1 1 [ R | 1 1 1 1 [ | 1 1 1 R |
1 10 100 1 10 100
10000* Ga/Al 10000* Ga/Al

Zr+Nb+Cet+Y, ppt

et b vt
10 100 1000 10000



0 (syn-
COLG), (VAG),
(WPG) (ORG).
- ORG I # :
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.




1 A2

- «These Al and A2 discriminant
- diagrams should only be used for
E 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

R Whalen et al. (1987)».
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Na,0 + K,0 - Ca0, mac.%

[Frost, et al., 2001] : (alkalic), -
(calcic) A-, S I-type
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Q, 0 Ferroan “ /A |
+ 08
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18
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, - . L& — Na,0+K,0-CaO (MALI); ,
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(ASI<1.0, Na+K<Al) (ASI<1.0, Na+K>Al).

[Frost, Frost, 2011]




0 CaO/(FeO*+MgO+TiO2) — CaO, CaO/(FeO*+MgO+TiO2) — Al20 3,

FeO*/(FeO*+MgO) — Al203, FeO*/(FeO*+MgO)

04

02
« - »

08 -

06 -

¢

CaO/(FeO*+MgO+TiO,), mac.%

/ Calc-alkaline

[

| )

l,. A-type Graﬁites

P N R O EE U E M BN
10 12 14 16 18 20 22 24

CaO+ALO,, mac.%

FeO*/(FeO*+MgO), mac. %

10 \
Reduced A-type
\__
( - [ T
)k ¢
! k-] | N
o9
B ONQ
8L
x
0T ‘
Calc-alkaline
06
100 12.0 14.0 16 18.0 200

0
ALO,, mac.%

— Al203/(K20 /Na20), (

%)
. ),

CaO/(FeO*+MgO+Ti0,), mac. %

10 |
i /Calc-alkaline
06 4
£ <_5 - —
04 - ‘l‘ - \
. A-type Granites
0z f | L )
0ot §
10 lll IIZ 1I3 14 1I5 1I6 1I7 ll8 19 20
ALQO,, mac.%
FeO*/(FeO*+MgO), mac. %
wlk
|" Reduced A-type
sk \K/ﬂ_
N
T
Fo 9
NS
3 < _
gl Calc-alkaline
0.6 :
u

f w5 w s w
ALO/(K,0/Na,0), mac. %
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&'()*+),-./ . -012 (,.*+.1.¥2 (-(345'6 7.4)(*+89 )

* 1,216  ((,3, 2.7:3)8 .3198,(<.,=6 (10;3. .31*+;3>1 )
218(+1 836 .+>.1< () (((,. @)+1) ,.1(*)15).,(+* /1 (,;@31(0/ ), .+ A/5./ 836
A3+=@,-1)2.,0%./2 , 09A-93(.+510(+2 9),-.1< , B81 ='5'0*04 C,);+)94* (,3DE1-/1 (,).1@,8-,86F+1 (.'3/
(3D81)

8% G-YE1-/1 0+1.+% , 9;1)1..,B3+..=1;+0*/1 + 'B@'+*,-/1 B).+*/ ,

Y%( * (% — +%),CH),-/1)+,3+% , (;1.8+% + @'.*1331)+¥/
H135., -+=-10%(-/<8,F135.B, ,>131=+0%<-3,-/<0,0¥- ,-/0,(+1 (,.EL*'E++ ()9@.,+,../2 LIL,
+ox(, HFS (@)1>81 -01BNb, Ga  Y) + REE ( Eu) Sr, Sc, V

, ~F.

"HS %

+09*0*-+1 >131=+0*/2 Q+3+("*,-
s 1)+09*0%-+1 >131=+0%/2 0+3+(*,

(C1)),B181.A1)B+* C1))B'0*+.BO+* C'<B63+* + '.+* ) +3+ 2)'(*1)./2 836
'B@'+*,-/2 )'=.,0*1<

1 JB4)+., )C-180,.+4* + )+AL(+* ' *(>1 @1)*+* /< @,31-,< K@™

L).+*7 -*+@',5151./-'00,E+'E++0,0.,-./;+ +=-1)>1../;+ @,),8'
/! ,(1'.+510(,;81 , 0% 01 I# 2 B S #
M'*+<./1 =.'51.+6 +=*@./2 0,,*. K1.+< (Rb-Sr, Sm-Nd).
l,;+;, F,Y,Zr+B)9@@/)18(,=1;13D./2 J31;1.*,- , 7-B)".+*,+8/ +=-10*./ + (‘'( +0*,5.+( Sn,"*(>1 W,
Ta, Nb + Be. Sn-In ;+.1)'3+='E+6 2')'(*1).' 836 *,@'=,-/2 B)".+*,- 01-1), -,0%5.,<+ E1.*)'3D.,<
N)'=+3++ (e.g. Botelho, Moura, 1998). FeO-Cu-Au @),6-31.+6 @')'B1.1*+510(+ 0-6="/ 0 7 -B)".+*;+ K**'

M+009)+(OP7) (Kisvarsanyi and Kisvarsanyi, 1990) + 7-0*)'3++ (Polard, 2006).

* - 9%)+@3+*./2 8, B) .+E 0(,3D>1.+6 @3+* . A-B)'.+*/ + )+,3+* '00,E++)94*06 0 ;' *+<./;
;o @34;,; (C'<63+*-/1)+,3+* Q133,90%.' );-0%15'4*06 - ,A3'0*62 (,.*+.1.*3D.,B, )+C*,B1.1="
Y% S % (B).+*/1 (;@31(0/ 7C)+(+  , R>.< 7;1)+(+ +01-1), --,0%5.,<50* OP7 ,,A903,-31../1)'0()/*+1;
7*3'*+510(,B, ,(1\"  );'*(>10-6="/0(,;@31(0+  ,90%.,-3L./;+-=,2 ()9@., -'OK*A./2
(,*+.1.3D.J2)0*6>1.+<  (@),+E+6 N'001<.,- + S)1A*- , =@ )+ OP7 ).

o+ (L2 +

- %% *(,
$ %




«C

)
3!
*
& *
!
U, Th Zr
Nb Y

Fe, Mg, Ca, K Na

(

» 7?7

[Bea, 1996].



Fenitization-type ( , )

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,

2012).
& -
( ;- )
1
I . H# -

MeO + H, = Me + H,0;
FeO+H,5 Fe+ H,0; o7 —* | %
Fe,0; + 3H, 5 2Fe + 3H,0. (H,0, CO,, CH,, H,, Ar,He ). 0

. Mg, Fe,

Ca Ti, * %  #

L+ Na,0, K,O, SiO,,



i (Na,0+K,0) — Fe,0,T x5 — (Ca0+MgO)x5 (
- ) Nb=Y-Ce(/) A-

Na,0+K,0,
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.




T (Na,0+K,0) — Fe,0,7x5 — (CaO+MgO)x5 (. -

S-, |

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

o A1 Tun
D @ A2 Tun
..$ oS- unl-Tunol

CaO( )=CaO( .%) x 1000/56.08;
MgO(  )=MgO( .%) x 1000/40.32;
Fe,0,( .)=Fe,0,( .%)x 1000/159.68;
Na,O ( .)=Na,0( .%)x 1000/61.99;
K,O( J)=K,0( .%)x1000/94.20.

Fe,O, x5, (CaO+MgQ)x5,
MOJ. KON-BO MoOJ. Kon-BO.



S-, |

Na,0+K,0,
MOI. KOn-BO

Al: 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;

s . 62,25,13).
Sr/*Sr=0.7055-0.7734

VSr/ ' Sr=0.7031-0.7073

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



1)1
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2) 1 -+
| H##
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3) 1
2 -

(Na,0+K,0) — Fe,0,Tx5

Na,0+K,0,
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/

S-ultunbl

\
\

Fe,0,'x5,
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&

Si0,>67

«
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(Ca0+MgO0)x5,
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