61 4 GEOLOGICAL REVIEW Vol 61 No. 4
2015 7 Juy 2015
1) 1) 2) 2) 1) 1) 1) 1) 1)
1) () 100083; 2 ) 100037
1
1.1
o ( Modal Classification)
( TUGS)
R. W. LeMaitre
( Le Maitre 1989 2002) 1989 ( )
o 1991
( 1991) . QAP( — —
o )
o 1989 2002
1.1.1 QAP
QAP
- @ (1)
@ (1959) . ( 1980)
. 0=20% 100 x
P/(A+P)( Plagioclase ratio) A
”( 1212011402090) , — ) )
"( 1212011121079 . ¢ " 2014 169 ) . “

( 2012 107 )
:2015-0420; 120150624
: 1935

o Doi: 10.16509/j. georeview. 2015.04. 002

o Email: liucui@ cugb. edu. cn
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—P 20+ 50. 70 85;
( 1991)
( 1987) 15
35 65 85; ( Le Maitre
1989 2002; 1991) 10 35 65
90, Q 5% ~20%
3 (
1959; 1980)
( ) 40 70
(1991) (1987)
35 65 0=20%
5
10 35 65 90.
(2)
(1959) . (1980)
(1991) QAP A )
(3) N
0~10
( 1959 1980;
1987; 1991)

( syenogranite)

( 1985) . QAP
A
; Syenogranite
( Syenite)
(4)
/ (
1959;
1980; 1987;
1991) .
(5) ( Tonalite) (5
) ( root name)
Tonalite(
vd0) ( colour index M) >10% ;
( Trondhjemite)
Plagiogranite( ) (M <
10%) Yoo

vd0o  ydo

(6) (1981) Q—A/(A+P)
A/(A+P) 35% 10%
Q 15%
( Le Maitre 1989 2002;
1991) ( 1959;
1980; 1985; 1987,
1991)  Q 20%;
0=25%
(Q<25%) (Q>25%)
; Q
Q
o A/(A+P) =55% 90%
0 =20%

o (1988) .
(1997) (2002) o
(7) (1979)
( 1989)
( Le Maitre 1989 2002)
3a
1959;

1980; 1987,

1991)

(8) QAP A
( Le Maitre 1989 2002) A=
(An, ~An;) P=
A | )
An, ~ Ang (
Any)

An, ~

(1989) An, ~ An,

A (
1979)

Ang_y,

An;; ~ Anyg, P( )
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Ang_y (Le
Maitre 1989 2002) (
1989) P(
) Q>20%
( P=100xP/(P+A)) >90%

(5 M>10 M<10

)i
(
Ang _y (A)
<10

1979)

( Igneous Petrotectonic Assemblage)

13 ”» 13

” ( Le Matre
1989 2002) “ 7

(9) ( Le
Maitre 1989 2002)
( 2)
( Le Maitre 1989 2002)

(1979) QA

( Le Maitre 1989 2002)

1.1.2
(1) ( Gabbroic rocks)
(a) ( Le Maitre 1989 2002;
1991) 5
3
PI( ) —Px( ) —OI( )
Pl—Opx( ) —Cpx( ) PlI—Px—
Hb( )
(
1991) PI—Opx—Cpx
( Troctolite Pl + Ol)
( Hornblende gabbro Pl + Hb Px <

5%) . . (2002)

PI—Py—O( Py
Px ) Pl—Py—Hb
PI—Opx—Cpx

. ( 2012)
(2002) (2012) 0l

Hb 5%

( ) 0l
Hb > 5% ( Le Maitre
1989 2002; 1991) 0l
Hb
(1985)
01

( Oceanic Slab)

( Ultramafic rocks M >90% )
( Le Maitre 1989 2002;
( mafic minerals)
Ol. Opx- Cpx. Hb
Ol—Opx—Cpx Ol—Px—Hb
Ol—Opx—Cpx

1991)

Ol—Px—Hb
( 1991)

(1987 »

o Harzburgite .

( : ) ol 75%
~95%  Opx 5% ~25% .
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( ; ) 0l <75%  Opx >
25% o
( <5%) “
( 1987) .
(1996)
( 1:2500000) (2004)
(1955) (1958)
( Cakconut )
( Tapubyprur
Harzburgite) ;
( CaKCOHUT)
( 2/3)7.
(1987) ( )
o 1960
( Kpuurodosua 1960) 1957
— ( Copuyano 1957)
( Cakconut) ( Tapubyprur)
Harzburgite(
) (1987)
Harzburgite
. (
» 1983) —
( Coduano 1957) CaKCOHUT
1.1.3
(1) \
( Le Maitre 1989
2002; 1991)
(2) ( Le

Maitre 1989 2002; 1991)

o (2011)
QAP
( 5) (4
TTG
( . . ) ;
Ca0—Na,0—K,0 (
Ca—Na—K )
( Ca0 — Na,O
) K,0
TTG ;
(3) ( Plagiogranite)
( Le Maitre 1989 2002; 1991)
(M <10) o
Coleman Peterman ( 1975)
( Oceanic Plagiogranite) QAP
QP
5
Coleman Peterman
(1975)
1.2 TAS
1.2.1 TAS
TAS( Total
Alkali—Silica — w(K,0) +

w( Na,0) —uw( Si0,)

( Le Maitre 1989) ( Le Maitre 2002)

(1) TAS
( Le Maitre 1989 2002)
o Cox  (1979) Wilson
(1989 ( p)
(1982) (1982a b) ( 1984) TAS
(1991)
o w( K,0) +
w( Na,0) —w( Si0,)
. Cox (1989) (1991)
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( Le Maitre 2002)
TAS N

(2)
( Le Maitre 1989 2002;
H,0 CO,

1991)

100%
TAS

XRF)
w( Fe,0;)  w( FeO) w( TFe,0,) (
Fe) w( Fe,0;)  w(FeO)

w( Fe,0;)  w( FeO)
w( FeO)

w( TFe,0;)  w( FeO)
w( FeO) w( TFe,0;) ( Fe)
w( Fe,0;)

w( H,0) .w( CO,)

w( TFe,0;)
w( FeO) w( Fe,0;)
w( FeO)

TAS

(3) ( root name)
Le Bas(
) (1986)
name( sub )
( Le Maitre 1989 2002;
subdivision of the root name (
) o
('a) TAS B
( basalt) Si0,

sub-root

1991)

( root name)

(alkali basalt) ( subalkali
CIPW norm

( ne-norm) ne—

basalt) o
norm

Fe w( Fe,0;)  w( FeO) .
CIPW norm Le Maitre
(1976) ( 0X

w( FeO) )
w( FeO) +w( Fe,0,)

FeO. Fe,0, 0X =0.93 -
0. 0042 w( Si0,) -0.022 w( Na,0) +w(K,0) ;
0X =0.88 —0.0016 w( Si0,) -0.027
w( Na,0) +w(K,0) ; (0):¢

w( FeO)
w( FeO) + w( Fe,0,)

w( TFe,0;) =w( Fe,0;) + w( FeO) +0.899

Oxidation ratio OX =

OX =

FeO
Fe,0,
w( Fe,0;)
w( FeO) o CIPW norm
(b) TAS B
( ) 01 ( ) 02 )
03( ) R | )
( subdivision) : N
( terms) ( qualified) Peccerillo

Taylor( 1976)  w( Si0,) —w( K, 0)

( highK) ( Potassic)
w( Na,0) >w(K,0) .
Le Bas (1986)
TAS

w( Si0,) —w( K,0)
1976)

( Peccerillo and Taylor
B.01.02.03 R

( subdivision)

( Le Maitre 1989 2002)

o

( Le Maitre 1989;

1991) Peccerillo  Taylor( 1976)
w( Si0,) —w( K, 0)
w( Si0,) 57%
56%:;

w( Si0,) =70%

( shoshonite series) o
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( Le Maitre 2002)
(B ) w(Si0,)

48% ( ( Peccerillo A &Taylor 1976)
) 45% B
w( Si0,) TAS .
( Le Maitre
2002)
(1.2.1) (1)
( 1991)
( 1991 2002; 2012)
TAS w( Si0,) —
w( K,0)
TAS
(Le Maitre 1989;2002) (03)
(R)
TAS 03 R w( Si0,)
w( Si0,)
w( K,0)
( Peccerillo &Taylor 1976) o
TAS w( Si0,) —w( K, 0)
(c) TAS R
( ) T | ) Ph )
( peralkaline index)
/n( Al,0O;) 1

n( Na,0) + n( K,0)

R ) Ph )
>1
( Le Maitre 1989)
( Le Maitre 2002)

T | )
100 x Q/( Q + An + Ab +

( two root name)

Or) ( CIPW-norm) <20%
( trachyte) > 20%
( trachydacite) TAS T

>1

w( ALO,) 1. 33u( TFeO) +4. 4%
TFeO
FeO ( TFe, 0,
Fe,0,
) o (Le
Maitre 1989)  Fig. B.16
( Le Maitre 2002)  Fig.2.18
(1991) ( ) B. 16
w( Al,0;) w( TFeO)
w( ALO;) =
1.33 w( TFeO) +4.4%
( comenditic trachyte )
( comenditic rhyolite) ( = comendite)

( pantelleritic
trachyte) ( pantelleritic rhyolite) ( =

pantellerite) o

(d) TAS St
( ) 52 )
S3 ( )
w( Na,0) -2%
w( K,0) “ " ( sodic )
“ ” ( potassic ) 5
(st )
( Hawaiite) ( potassic

trachybasalt) ; (2 )
: ( Mugearite)
( Shoshonite
) ( S3 )
( benmoreite)
( latite) ;
(1991) 3

TAS ( Le Maitre 1989

2002; 1991)



4 723
S ( mesostases)
Rittmann (o) Tuttle ~ Bowen  ( 1958)
( suite index)
(0= 100w (K,0) + 100w ( Na,0) */ 100
w(Si0) - 43) o >4
w( Na,0) > w(K,0) ; ( hypersolvus granite) Na
w( Na,0) <w(K,0) ; K
Rittmann ( 2004 ) w( Na,0) ( subsolvus
w( K,0) granite) Na Ca
. Cox( 1979) TAS K
( Potassic)
( Normal) o
(e) TAS Ul
( )
CIPW norm Ol( norm) >10% ()
( basanite) Ol( norm) <10%
( tephrite) o Si0,

( Le Maitre 1989 2002;

1991) ; ( High-Mg)
1.2.2 TAS
1.2.2.1 Middlemost TAS
( Le Maitre 1989 2002;
1991)
TAS (
) o Middlemost ( 1994)
5 :(a) ; (b)
; (c) ; (d)
( heteromorphism) ; ( e)
TAS
Middlemost ( 1994 ) Chayes
(1956)
( statistical appraisal)
(trend) o

» Streckeisen Le Maitre ( 1979) .

( mesostases)

Tuttle and Bowen  ( 1958)
Middlemost TAS (1994)
TAS ( Le Maitre 1989 2002; 1991)
w( Si0,) 41% 45%
Peridotgabbro TAS
( Pc) ( Le Maitre 1989 2002;
1991)  Picrobasalt Peridotgabbro
( olivine) ( peridotite) i
olivine gabbro olivine gabbro TAS
B ( basalt) PI—Px—0l
( Le Maitre 1989 2002; 1991)
olivine gabbro Peridotgabbro

1.2.2.2
(1) Cox(1979) TAS
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TAS Wilson( 1989)
Middlemost( 1994) ( 1.2.2.1 )
TAS » Rollison( 1993)
TAS Cox
(1979) TAS
TAS ( Le Maitre
1989 2002; 1991)
o Middlemost( 1994)
TAS
TAS o
Cox TAS
TAS
TAS (R ) (Le
Maitre 1989 2002; 1991)

{ n(Na,0) +n(K,0 /n(AlLO,) }

1.2.1 (3)(c) (
)
TAS
o Cox TAS
(
)
!
(2) Roche (1980) RI—R2
( Rollison 1993) . R1 R2 ( Cation
proportions) ( 107%)

( expressed as millications)
Rollision( 1993)
R1 =4 n(Si) =11 n(Na) +n(K
-2 n(Fe) +n(Ti)
R2 =6 n( Ca) +2 n( Mg) +n( Al)
Rollison( 1993)
0 R1
R2
( to reproduce)
R1—R2
( Tonalite) —

o R1
Na K
TAS
TAS
TTG .
TAS
Middlemost( 1994) o
1.3
( 1.1) TAS ( 1.2)
) ;@
— HE) S A
@ K .
1.3.1
(1) TAS (Le
Maitre 1989 2002; 1991)
Middlemost( 1994)
TAS (1994) TAS ( Le
Maitre 1989 2002; 1991)
( Le Maitre 1989 2002;
1991)
(2) TAS
TAS
o (Le
Maitre 1989; 1991)
90 3
- 2000 Le Bas
( Le Bas
2000) 2002 ( TUGS)
( Le Maitre 2002) . (Le
Maitre 2002; 1991) (Le
Maitre 1989; 1991)
( 2002; 2012)
( Le Maitre 1989)
(3) ( Picrite)

( Komatiite) ( Meimechite)
( boninite)

(a) w(Si0, >52% w( Mg0) >8% w(TiO,) <

0.5% (
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) o ( Le Maitre 2002; Le Bas
2000) w(Si0,) > 52% (Le
Maitre 1989) w( Si0,) > 53%

TAS

w( Si0,) =52% ;w( MgO)  w( TiO,)

(b)30% <w(Si0,) <52%
w( Na,0) + w(K,0) <3%
Middlemost( 1994)
( Perdotite) ( Le Maitre 2002; Le Bas
2000) w( Si0,) <52% <53%
( Le Maitre 1989) ; w( MgO) >12% ( Le Maitre 2002;
Le Bas 2000) w( MgO) > 18% ( Le
Maitre 1989);  w( Na,0) +w(K,0) <3% ( Le
Maitre 2002; Le Bas 2000) w( Na,0) +
w( K,0) <2%/( Le Maitre 1989) .
(¢)30% < w(Si0,) <52% w(MgO) % > 18%
w( Na,0) + w(K,0) <2%
w( Ti0,) < 1% ( Komatiite) ;
w( Ti0,) >1% ( Meimechite) o
w( Si0,) <52% ( Le Maitre 2002; Le Bas 2000)

w( MgO) >12%
( picrite) o

w( Si0,) <53% ( Le Maitre 1989;
1991) ; w( Na,0) +w(K,0) <2% ( Le Maitre
2002; Le Bas 2000) w( Na,0) + w
(K,0) < 1% ( Le Maitre 1989; 1991) .
w( MgO) .w( TiO,)
1.3.2 — —
(TTG )
1.3.2.1 O’ Connor An—Ab—Or norm
( )
(1) CIPW-norm (O’ Connor 1965)
o Jahn  (1981)
TTG ( suite)
Na( Na-rich) K
( true granite) o O’ Connor( 1965)
>10% (
)
TTG QAP ( Le Maitre
1989 2002; 1991) ( >10% )

(2)

w( ) Middlemost( 1994)  TAS

/ /
CIPW-norm (
( OX) ( Le Maitre 1976) )
Qznorm =10% An. Ab.Or

100% 0’ Connor An—Ab—Or

(2011 2013) .
(3) O’ Connor An—Ab—Or norm

TTG
Rollison( 1993) (2011)
TAS TT  ( Tonalite—
Trondhjemite— )
TAS Na,0 K,O
alk TTG
Na K
0’ Connor Na  K(
An—Ab  Or )
TT
1.3.2.2 TTG

(1) Streckeisen &Le Maitre ( 1979)
ANOR norm

Q A
( Streckeisen &Le Maitre 1979) .
Q  =Q/(Q+0Or+Ab + An)
ANOR =100 x An/( Or + An)
» Rollison( 1993)

13

( Streckeisen &Le Maitre 1979)

QAP
Q’—ANOR norm
50% ( ( Streckeisen

&Le Maitre 1979) P179)
47.8% ( Streckeisen &Le Maitre 1979 P181 5) .
ANOR An Ab
Pl o
(2) Roche  (1980) R1I—R2
Rollison( 1993)
1.3.3 I /S /A

(1) A/CNK
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AlLO HMA
A/CNK = n( AL, 0,) (
n( Ca0) + n( Na,0) + n(K,O) ) (
CIPW-norm -norm S 2010) .
.S (2)
A/CNK >1( 1.1) A/CNK > 1( w( MgO)  Mg*
1.1) -norm S o My = n( Mg)
TTG I TTG n( Mg) +n( TFe)
A/CNK>1( 1.1) -normo w( TFeO) /w( MgO) ( ) 2
Maniar &Piccoli( 1989) Lan et al( 1996 1997) Chen ( 1) .
(2004) (2013) TTG A/ 1 HMA( 2015)
CNK >1( 1.1); Table 1 The HMA to be defined by several geologists
TTG -norm 7.9( Helz 1976) . w(Mg0) |y jw( TFeO)
g
S . . (%) w( MgO)
( 2004) . ! S8 Le Maitre 1989 2002;
1991
(2) I ° 2 >6 Tatsumi &Ishizaka 1982a b
~ Shirey et al. 1984;
3 >6 >0.57
I .S A o 2004
4 >0.60 Crawford 1989
( 3) ( ) 5 >5 <1.0 | Tatsumi 2008
° 6 >5 <1.5 2010
( 4) S A 7 >7.5 | >0.67 Zhang H F et al. 2003
. 8 >6.5 | >0.60 | <1.10 | XuJ F et al. 2000
(Pitcher 1993) - 9| >6.5 | >0.60 2004
1.3.4 10| >6 |>0.57] <1.35 2014
Foley (1978) ( Ultrapotassic) I >3.6 | >0.60 2007
(K,0) >3% w(MgO) >3% w(K,0) / 2] >3.4 2007
L ™ o WiV e 13| >1.0 | >0.40 Smithies et al. 2000
w( Na,0) >2.
14 Martin et al. 2005
3.90 0.57
— ( Mo et al. 2006
2009) . 1.3.5.2
1.3.5 (HMA) ( magnesian andesite—MA)
(MA)
1.3.5.1 (HMA) Kay( 1978) (70-B49
(2010 2015) ADK-53)
Defant & Drummond ( 1990)
o Adakite Adakite “
(1) Sanukite( ) 7 (2007)
Setouchi ( Tatsumi &
Ishizaka 1982a b) ( boninite) “ i
Bonin ( Taylor et al. 1994) . Shirey o w( MgO)
&Hanson Setouchi w( TFeO) /w( MgO) Adakite
( Sanukite)
Sanukitoid( ) ( Shirey &Hanson ( 2007 2010 2015;
1984, 2004, 2010) . Jenner( 1981) Moyen &Martin 2012 ) o Defant
Tatsumi  (1982a b) & Drummond( 1990) Adakite

( HMA)
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( their HMA 11 ~ 14( Smithies et al. 2000;
intrusive equivalents) ( tonalites) 2002; Martin et al. 2005; 2007) HMA
( trondjemites) o MA w( MgO) HMA -melt
1.3.5.3 w( Si0,) MA o
HMA MA 1.3.5.4
(1) (1) w( Si0,) —w( Mg0)
(<1.5 GPa) w( Si0,) >52%
H,0 / / / /
HMA; / / TTG
MA( TTG . HMA MA
) Jean¥rancois Moyen &Hervé Martin . HMA
(2012) (2007 2010) o ( )
HMA MA w( MgO) w( TFeO) / ( ) : MA (
w( Mg0) Si0, ) ( ) ( );
w( S5i0,) —w( MgO0) 2 3 HMA MA
2 HMA w(MgO0) ; Adakite  TTG
( 2007 2010) MA MA ]
Table 2 The lowest value of w( MgO) of the experimental (2) HMA MA
HMA-melt and the suggested value
TAS
HMA B.0,.0,-0, R
w( MgO) w( MgO) !
w(Si0,) (%) |52.89 [54.35 [60.26 | 52 | 55 | 60 w('8i0,) —uw(K,0) ke KooK
wW(Mg0) (%) | 6.58 | 6.00 | 5.77 | 7.0 | 6.0 | 5.7 w( Si0,) —w( Mg0) ( 2.
3) Mg.Mg Mg
3 MA w( Si0,) ( %)
w( MgO) ( %) ( 2010) o
.Table 3 The sugg.ested lowest value of. w(MgO) at the (3) HMA MA
given value of w( SiO,) based on experiments of MA-melt
MgO
w( Si0,) (%) | 52 55 60 [62.5] 65 |67.5| 70 °
w(Mg0O) (%) | 4.5 | 3.5 | 2.9 | 2.5 | 2.0 | 1.0 | 0.8 1.4
(1)
(2) (2010)
HMA-melt  MA-melt
w( TFeO) /w( MgO)
w( Si0,) —  w( TFeO) /w( MgO) ( Miyashiro
1974) CA HMA MA o
w( MgO) ( 2. 3).
w( MgO) MA o
w( TFeO) /w( MgO) o
w( Si0,) —  w( TFeO) /w( MgO) TH (2) ( modal)
CA MA
MA o o (2001)
(3) 2 3 1 7 ~10
( Xu et al. 2000; Zhang et al. 2003; : (1993)
2004; 2012) 4
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(1994)
123

(3) Middlemost( 1994)

~

( modal) .
)
2
2.1
(CA). ( TH)
CATH A

( 1991 ) o

3 ( CA.TH
(1) (CA)
w( Si0,) — w( TFeO) /w( MgO)

w( TFeO) /w( MgO) AFM
w( Na,0) +w(K,0) - w( Ca0)

99
66 80

(2011)

CIPW-norm

o

(A)

A)

@
w( TFeO) —

; @ w( Sioz) -
; @ w( Sioz) -

w( K,0) + w( Na,0) . @ w(Si0,) —A. R. (

) ® w(Si0,) — w(K,0) ;® Ca—Na—K
( ) CIPW-norm  Qz—Ab—Or ;@
A/NK—A/CNK( ) Barbarin( 1999)
(CA) .
(2) ( ) (TH) 4
;@ CIPW-norm  Ol—Cpx—Qz—Ne
7 @ w(Si0,) —  w( TFeO) /w( MgO)
w( TFeO) —  w( TFeO) /w( MgO) ACM ;@
w( Si0,) — w( K,0) ( LKCA) =
(TH) ; @ w( SiO,) —A. R. ( ) e
(3) (A) 6 @
w( Si0,) —  w( K,0) + w( Na,0) . (@ A/NK—
A/CNK ; @ w(Si0,) —A. R. @ w(Si0,) —
w( K,0) + w( Na,0) - w( Ca0) ;. & CIPW-
norm  Ol—Cpx—Qz—Ne . © Le
Maitre  TUGS =
( Le Maitre 1989 2002; 1991) .
(4) CA.TH. A
(
)
CA/TH/A
2.2
(1)
w( ) (
)? A/NK  A/CNK(
) w( )
(2) Mg* FeO
FeO*
FeO* Fe,0;;
Fe,0, FeO**
FeO**
TFeO FeO' FeO*
2.3 Peacock -Rittman
Wright (A.R.)
0
1985)
( 1991;

2004) .



729

o Peacock
w( Si0,) w( K,0) + w( Na,0)
w( CaO) Peacock alkalidime
index ( ) ( 1991;
2004) (1981)
( CA) ( Calc-alkali index) ;  Rittmann
(o) w( Si0,) w( K,0) + w( Na,0)
( 1991; 2004) .
Wright @
w( Si0,) >70% o (
)
;@ w( Si0,) —
Rittmann ¢ CA
CA+TH A
QAP —
Wright 3 CA.A
( 1985; 1991)
Wright CA
( 1991;
2004) !
Arculus( 2003) CA
Irvine & Baragar( 1971)  w( Si0,) w( K,0) +
w( Na,O)
w( Si0,) =67% ? (2004)
4
2
w( Si0,) = 69%
Wright
Rittmann (o)
( )
2.4 w( Si0,) —w( K,0)
w( Si0,) —w( K, 0) Peccerillo & Taylor
(1976)
CA

Ewart ( 1982) w( Si0,) —w( K, 0)

Queensland

HK( ) ( HKCA ). .

HKCA
o Rollison( 1993)

( subalkaline)

UGS ( Le Maitre 1989 2002;
1991) 1.2.1 (3)(b) .
w( Si0,) —w( K, 0)
CA
CA ( arc-TH)
CA o
@ w( Si0) — w( K,0) +
w( Na,O) ©)
w( Si0,) — w( TFeO) /
w( MgO) AFM CA
2.5 w(Na,O0) —w(K,0)
w( Na,0) — w( K, 0) A
( 1991) .
3 Na, O I K,0
S Na,0 K,O A
A o
(1)  White & Chappell( 1983)  w( Na,0) —
w( K,0) w( Na,0)  w(K,0)
A ( 1991)
I S w( Na,0)
w( K,0) A o
(2) King (1997) w(Na,0)— w(K,O)
A I
w( Si0,) >75% 1 o
(3) (1991) Collins
(1982) Collins  ( 1982) w( Na,0) —
w( K,0) Collins  (1982) A
( most felsic) (20

most felsic

w( Si0,) =76.03%)
( very felsic)
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w( Si0,)
Ce ZrZn.Y.Nb  Ga o
(4) King (1997)  w(Si0,) I
I ( highly fractionated I-
(felsic) A
w(Si0,) Zr Ce
w( Si0,) (=

type granites)

74%)

(5) Whalen  (1987) Ga/Al ( versus)
A
( highly
fractionated) 1 S
A
Whalen  (1987)

A I

[43

2.6 Maniar&Piccoli

(1)

( Maniar &Piccoli 1989)  Fig. 3;
(2002) 25 2~5 o
(2) POG( )
POG
o POG
TAG( ) +
CAG( ) + CCG(
) RRG(
) + CEUG(

POG

( POG )
POG POG
( POG) .
POG
(3)
AFM  {  w(ALO,) -

w( Na,0) —w(K,0) — w(TFeO) — w( MgO) ;

A—F—M } ACF {  w(ALO,;) —w( Na,O)
- w(K,0) —w(Ca0) — w(TFeO) + w(MgO) ;
A—C—F }; ( Yy—x
) ( )
“©” AFM
ACF A )
ey
;@ AMF  ACF F
F  w( TFeO) F w( TFeO)
+w( MgO) F;: ®
A “0 »
A
( MF  CF)
MF  CF
2.7 (trace)

(felsic) ( )

( mafic)



4 731
REE MORB
( Pearce) Ti—Zr—Y
o Ti—7Zr—Y
(2) o
o Pearce Rb—(Y + Nb) Rb— (2) Zr/Y—Zr Pearce&Norry( 1979)
(Yb+Ta) Ta—Yb ( Pearce et al. 1984a) ( ) ~MORB
( syn-COLG)
( Hyrcynian) — . 1983 Pearce ( Sub-
S o Liegeois continental lithosphere)
(1998)  Sylvester( 1998) Pearce  ( 1984a) Zr/Y—7x
S ( ( Pearce 1983) .
) ( Post—collosion) ( intra-eceanic arcs oceanic arc)
o Harris (11986) ( continental arc)  Zr/Y  Zr 1979
( alkaline) ( Post-collosion) (1979 )
Liegeois( 1998) 1979
( post-erogenic) . Zr/Y—Zr
o Zr/Y 3
“ i ( Pearce 1983; Rollison 1993)
(3) ( volcanic arc character)
X Y Zr/Y—Z7r
o Y 1979 ( Rollison 1993) 1983
X ? o ( Pearce 1983)
2.8 Ti—Zr—Y 1979
(1) Ti—Zr—Y Pearce &Cann( 1973)
0 1979
Rollison( 1993) . 1972 ( Penrose) 1983 Pearce( 1983)
( MORS) o Pearce 2003 2.9 Hf/3—Th—Ta Cr—Y
Pearce Hf/3—Th—Ta Cr—Y Wood( 1980)
Cann( 1973) Troodos ~ Oman Pearce( 1982)
( Austrian Alps)  “ 7 o Pearce  (1984Db)
Ti—Zr—Y « ( ssZ )
”( “Ocean floor basalt”) ( Greek)
; MORB
Miyashiro( 1973 1975) VAB( )

Troodos
MORS ;
MORS
SSZ ( Supra-subduction Zone) ;
Pearce( 2003) Ti—Zr—Y

( back-arc spreading)
( seadloor spreading in a supra-subduction zone

setting) o

MORB



732 2015
MORB 3(4): 289 ~300.
Ss7 . . 1997. (1:5 000 000)
1~32.
MORB . 2002. (2 ).
2 “ 1 ~399.
| . 2002. . : 1 ~348.
. 2009. —
1 ~396.
. . 1980. ) : 1
~363.
. 1991,
1 ~725.
. . 1982a.
(7): 0~10.
. 1982b. ().
° 1982 (8): 0~9. . 1985.
1 ~340.
/ References 1991 . : 1 ~276.
. 2012, ( ) ( “ ”
. 1987. . 1987.
). : 1 ~620.
=721 . 2004.
- 2001 49: 1179 ~
1 ~274. _—
. 1958. . Lo : 1~ 010,
333 26:2495 ~2512.
- 1987. Tatsumi Y. 2008. : . 53:
1~ 198. 978 ~990.
. 1991. (). 1991,
10( 1) : 36 ~42. 1 -953.
- 2004. . 2011. —
1~381. _ ( )
. 2007. 1 ~229.
11: 392 ~ 404. 1994,
. 2010. / ( HMA) 1 ~213.
/ (MA): . 1987.
37(4) 11112 ~1118. | ~336.
. 2002.
.2015. ) 61 1 ~294.
(3) 1473 ~484. 2007
. 1989. (3):35~39.
1 ~471. . 2002.
. 2011. TTG 31:43 ~
17(3) : 406 ~414. 48,
. 2013. — . 1988.
1 ~168. 1~311.
. 1959. ( . 1996.
). : 1~181.
1 ~230. . 2004.
. 1993. Sanukite( ) . 20( 6) : 1355
1 ~734. ~1362.
. 1981.
: 2012. ( HMA)
( ). : 1981: 19: 187 ~ 194,
132 ~136. . 2004. (1:2 500 000)
. 2007. . 2004. : 1 ~246.
SHRIMP ) 23:767 . 1979.
~776. 1 ~421.

. 1984. ( )

Arculus R. 2003. Use and abuse of the terms calcalkaline and



733

calcakalic. Journal of Petrology 44 (5): 929 ~935.

Barbarin B. 1999. A review of the relationship between granitoid types
their orgin and their geodynamic enviroments. Lithos 46: 605 ~
626.

Chen CH Wayue I Lan C Y et al. 2004. Geochemical Sr and Nd
isotopic Characteristics and tectonic implications for three stages of
igneous rocks in the late Yanshanian ( Cretaceous) orogeny SE
China. Trans. Royal Soc. Edinburgh: Earth Sci. 95:237 ~248.

Coleman R G Peterman Z E. 1975. Oceanic plagiogranite. Journal of
Geophysical Research. JGR 80( 8) : 1099 ~ 1108.

Collins W J Beams SD White AJ R etal. 1982. Nature and origin of
A-ype granites with particular reference to southeast Australia.
CMP 80: 189 ~200.

Crawford A J. 1989. Boninites. London: Unwin Hyman 1 ~465.

Defant M J  Drummond M S. 1990. Derivation of some modern arc
magmas by melting of young subducted lithosphere. Nature 347:
662 ~ 665.

Ewart A. 1982. The mineralogy and petrology of Tertiary—recent
orogenic volcanic rocks: with special reference to the andesite—
basalic compositional range. In: Thorpe R S. ed. Andesites
orogenic andesites and related rocks. New York: John Wiley &
Sons 25 ~95.

Foley S F Venturelli G Green D H et al. 1987. The ultrapotassic
rocks:  Characteristics classification and  constraints  for
petrogenetic models . Earth Sci. Rev. 24:81 ~134.

Harris N B W Pearce ] A Tindle A G. 1986. Geochemical
characteristics of collision-zone magmatism In Coward M P Ries A
C. eds. Collision Tectonics. Geol. Soc. Spec. Publication 19: 67
~81.

Helz R T. 1976. Phase relations of basalts in their melting ranges at PHZO
=5kb Part I Melt Compositons. Journal of Petrology 17(2):
139 ~193.

Jean<¥rancois Moyen Hervé Martin. 2012. Forty years of TTG research.
Lithos 148: 312 ~336.

Jahn B M Glikson A'Y Peucat JJ etal. 1981. REE geochemistry and
isotopic data of Archean silicic volcanics and granitoids from the
Pilbara block western Australia: implications for the early crustal
evolution. Geochimica et Cosmochimica Acta 45:1633 ~1652.

Kay R W. 1978. Aleutian magnesian andesites. Melts from subducted
Pacific ocean crust. J. Vol. Geotherm. Res. 4:117 ~132.

King R L. White A J R Chappell B W et al. 1997. Characterization
and origin of aluminous A-type granites from the Lachlan fold belt
southeastern Australia. Journal of Petrology 38:371 ~391.

Lan CY Jahn B M Mertzman S A et al. 1996. Subduction—related
granitic rocks of Taiwan. J. Southeast Asian Earth Sci. 14(1 ~
2) 111 ~28.

Lan C Y Chung S L. Mertzman S A et al. 1997. Mineralogy and
geochemistry of granitic rocks from Chinmen Liehyu and Dadau
islands Fujian. JGS China 40(3): 527 ~558.

Le Bas M J. 2000. IUGS reclassification of the High-Mg and picritic
volcanic rock. Journal of Prtrology 41(10) : 1467 ~1470.

Le Bas M J et al. 1986. A chemical classifition of volcanic rocks based
on the total alkali—silica diagram. Journal of Petrology 27(3) :745
~750.

Le Maitre R W. 1976. Some problems of the projection of chemical data
into mineralogical classication. CMP 56:181 ~189.

Le Maitre R W. 1989. A classification of igneous rocks and glossary of
terms. Oxford: Blackwell Sci. Pub. 1 ~193.

Le Maitre R W. 2002. Igneous Rocks A Classification and Glossary of
Terms. Cambridge: Cambridge University Press (2nd ed.): 1 ~
236.

Liegeois J P. 1998. Preface
magmatism. Lithos 45:15 ~17.

some words on the post-collisional

Maniar P D Piccoli P M. 1989. Tectonic discrimination of granitoids.
GSA. Bull. 101: 635 ~643.

Martin H Smithies R H Rapp R et al. 2005. An overview of adakite
tonalite— trondhjemite—granodiorite ( TTG) and sanukitoid:
relationships and some implications for crustal evolution. Lithos
79: 1 ~24.

Middlemost E A K. 1994. Naming materials in the magma/igneous rock
system. Earth Sci. Rev. 37: 215 ~224.

Miyashiro A. 1973. The trooaos ophiolitic complex was probably formed
in an island arc. EPSL 19:218 ~224.

Miyashiro A. 1974. Volcanic rock series in island arcs and active
continental margins. AJS 274: 321 ~355.

Miyashiro A. 1975. Classification
ophiolites. J. Geol. 83: 249 ~281.

Mo X X Zhao Z D Deng J F et al. 2006. Petrology and geochemistry

of post—eollisional volcanic rocks from the Tibetan: Implications for

characteristics and origin of

lithosphere heterogeneity and  collision-induced —asthenospheric
mantle flow. GSA Spec. Pap. 409: 507 ~530.

0’ Connor J T. 1965. A Classification for quartz—rich igneous rocks based
on feldspar ratios. U. S. Geol. survey Professional Paper 525B:
B79 ~ B84.

Pearce ] A Cann J R. 1973. Tectonic setting of basic volcanic rocks
determined using trace element analyses. EPSL 19: 290 ~300.

Pearce ] A and Norry M J. 1979. Petrogenetic implications of Ti Zr Y
and Nb variations in volcanic rocks. Contrib. Mineral. Petrol. 69:
33 ~47.

Pearce J A. 1982. Trace element characteristics of lavas from destractive
plate boundaries. In: Thorpe R S. ed. Andesites Orogenic
Andesites and Related Rocks. New York: John Wiley & Sons 525
~548.

Pearce J A. 1983. Role of the sub-continental lithosphere in magema
genesis at active continental margine. In: Hawkesworth C J Norry
M J. eds. Continental Basalts and Mantle Xenolites. Nantwich:
Shiva Publishing Limited 230 ~249.

Pearce ] A Harris N B W Tindle A G. 1984a. Trace element
discrimination diagrams for the tectonic interpretation of granitic
rock. J. Petrol. 25:956 ~983.

Pearce ] A Lippard S ] Roberts S. 1984b. Characteristics and tectonic
sigificance of supra-subduction zone ophiolites. In: Kokelaar B P
Howells M F. eds. Marginal Basin Geology. Oxford: Geol. Soc.
Blackwell Sci. Pub. 77 ~94.

Pearce J A. 2003. Supra-subduction zone ophiolites: The search for
modren analogues. In: Dilek Y Newcomb S. eds. Ophiolite
Concept and the Evolution of Geological Thought. GSA. Spec.
Paper 173:269 ~293.

Peccerillo A Taylor S R. 1976. Geochemistry of Eocene calc-alkaline
rolcanic rocks from the kastamonu area northern Turkey. CMP
58:63 ~81.

Pitcher W S. 1993. The nature and origin of granite .
Champman &Hall 1 ~321.

Rollison H. 1993. Using geochemical data: evaluation presentation

London:

interpretation. London Longman Group UK Ltd. 1 ~352.
Shirey S B Hanson G N. 1984. Mantle-dirived Archean monzodiorites



734

2015

and trachyandesites. Nature 310:222 ~224.

Smithies R H Champion D C. 2000. The Archaeanu high-Mg diorite
suite: Links to tonalite—trondhjemite—granodiorite magmatosm and
implications for early Archean crustal growth. J. Petrol. 41:1653
~1671.

Streckeisen A Le Maitre R W. 1979. A chemical approximation to the
Modal QAPF classification of the igneous rocks. Neues Jahrb
Mineral Abh 136(2) : 169 ~206.

Sylvester P J. 1998. Post—collision strongly peraluminous granites.
Lithos 45:29 ~44.

Tatsumi Y Ishizaka K. 1982a. Origin of high-magnesium andesites in
the Setouchi volcanic belt southwest Japan |
chemical characteristics. EPSL 60:293 ~304.

Tatsumi Y. 1982b. Origin of high-magnesian andesites in the Setouchi

petrographic and

volcanic belt Southwest Japan [l melting phase relations at high
pressure. EPSL 60:305 ~317.

Tuttle O F  Bowen N L. 1958. Origin of granite in the light of
experimental studies in the system NaAlSi; Og—KAISi; 04—Si0O, -
H,0. Geol. Soc. Am. Mem. 74: 1~153.

Taylor R N Nesbitt R W Vidal P et al. 1994. Mineralogy chemistry
and genesis of the boninite series volcanics Chichijiwa Bonin
Island Japan. J. Petrol. 35(3):577 ~617.

Whalen J] B Currie K L Chapell B W. 1987. A-type granites:

geochemical characteristics ~discrimination and petrogenesis. CMP
95: 407 ~419.

White A J R Chappell B W. 1983. Granitoid types and their distribution
in the Lanchlan fold belt southeastern Australia. GSA Memoir
159:21 ~34.

Wilson M. 1989. Igneous Petrogenesis. London Unwin Hyman 1 ~
466.

Wood D A. 1980. The application of a Th—Hf—Ta diagram to problems
of tectonomagmatic classification and to establishing the nature of
crustal contamination of basaltic lavas of the British terfiary volcanic
province . EPSL 50:11 ~30.

XulJF Wang Q Yu X Y. 2000. Geochemistry of high-Mg andesites
and adakitic andesite from the Sanchazi block of the Mian-Lue
ophiolitic melauge in the Qinling Mountains central China: Evidence
of partial melting of the subducted Paleo-Tethyan crust. Geochem.
34:359 ~377.

Zhang HF Sun M Zhou X H et al. 2003. Secular evolution of the
lithosphere beneath the eastern North China craton: Evidence from
Mesozoic basalts and high-Mg andesites. GCA 67: 4373 ~4387.

Coduano T A Pen. 1957. Anro— PYcckun Teonordeckun CroBapb.

1 ~523. Kpumiroposuy A H Pen. 1960.

Teonoryeckun CnoBaps. Mocksa: Toc. Ha.-Te. Mag. Tom. I

(A—JI) 1~402; Tom. [M(M—4). 1 ~445.

Mocksa: Toc. Usp.

On the Correct Application in the Common Igneous Petrological

Diagrams: Discussion and Suggestion
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Abstract: In this paper we discuss and review the common igneous petrological diagrams including

classification chemical parameters and discrimination of tectonic settings. We have reviewed the original
petrological meaning of the diagrams and following misunderstanding by others. We also consider different divisions
by different people for the same diagrams with same parameters and different interpretations for the same terminology
in the diagrams with different parameters. Both correct and incorrect data processing are discussed as well. The
discussions and reviews show that complex and multiple systems of the igneous rock must be examined by more
diagrams with different parameters in order to better determine the petrological characters. The correct
understanding and application of the common igneous petrological diagrams and subsequent suggestions of “the

unified platform for the research” may be useful for studying regional petrology.

Keywords: classification of igneous rocks; petrological chemical parameters; discrimination of the tectonic
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