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Abstract: With the advent of multi collector-inductively coupled plasma mass spectrometry, stable isotopic
variations of non-traditional metal elements have provided important constraints on the sources of geologic
materials. This review introduces the principles of magnesium isotopic fractionation and analytical
methods. Recent case studies are also reviewed for the use of magnesium isotope signatures to decipher
the source materials of I-, S-, and A-type granitoids in western North America, Australia, and China.
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trondjemite, granodiorite) 3FFAFoll taix= 7]
Aol =& dRZE] HAEE sigAIZtel |
S&5o] A== ool 3lem (Martin, 1986;
Drummond and Defant, 1990; Martin and Moyen,
2002; Martin et al., 2005), &A1 2l §7pe S5
& A Ztoly} wiamles E3lol| o8] - A Ft
e thgehe Mgel FFe JAA G 1R e R
A s 5o 9ER JdF 9ER 2
(delamination) ¥ t}= Al 2= L th(Rudnick, 1995;
Hawkesworth and Kemp, 2006a). &=31 3}3tz0l =
slol] oJslix] tiEA|Zte] FAdo] dEFAHAA kbt
Az dHadges FHE U tHAnderson, 1982;
Albaréde, 1998; Lee et al., 2008). & 7P Ak
28 A mianke] A 712 780 EA)
st A7t =4 e] A-g§oltt.
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o'l TR/l A7} Edo] &85 s ni
u7b A=A gk 7P 2 g e &
Z 2122 43I (Lachlan Fold Belt) 374¢HS tiat
o2 AlztH -3 3} S-¥ HF ] tH(Chappell and
White, 1974; White and Chappell, 1977). %]
Tl o sMdde] Efo = whEolRl A=
Na “dio] = (T 9404 Na,0 >3.2%) &+
vl 23R (ASI=molar AlLO,/(Na,0+K,0+Ca0))
7} 1.1 o]gtoln] ZHdA ot EJEfe|ES EAA
2 7= v B V1Y EEE sk Sk
Na AEo] Aizlez i ef 5% K,0 ¢AolA
Na,0 <3.2%) HLFr]FZo|H(ASI>1.1) 2o}
Wow, RURlO|E, MFA 55 FHrgitke Zlolth
Ty FF ASE d7E FEE Na AREolu
ASI & w3}, 94 e 71| 5ol wet &
2 glor, B i 2 AL -39 A
A zb sl BbE 379k i(Z infracrustal), S-3
< AF =E2FHAUE 719 EFAA feE st
= supracrustal)*]2= Zo]TtHChappell and White,
2001).

olgfgh shek 71¥EHe] Aole Srolvk Nd, Pb
o} 22 W) F9a 2ol 2 widEria &
HA] kot 8§ skl 71 2R 23 B3
ol &2 A7l el A, e 18 st
Z3HE Y VIR EZ ] WE AFAIe] =AU
< A5 ol I SYAE VISR S U
T FEEIE S -8 YSr/Sr 271X 0.704-0.706,
S-& ¥Sr°Sr 27]x] >0.708; Chappell and White,
1974y a3k Yok 23 9 A4 o]
dojup= Y E9ldA 2B HREY] 7Y B2
Z3 o5 tist o £ ARE AFE F 3
t}h. o] 2 AHojF Hf 5994 24E 24 59
2 233 Agsle] siME wf A7t st mig- A
o7 MunE= Alglelr 2 & 4= lth(Hawkesworth
and Kemp, 2006b; Kemp et al., 2006, 2007).

2he E9A Ase s V1Y BEY AR =
Z o575 ddsks w9 F83F APl AT mi
ulol] FshE EAEo] EFEASA] oo FHsH
oJx}HQl EFL] A4S ZHgoR QF) S S
A}, Abael nlR AR Mg FYATE A 2ofx 9]
Z3lell ofsf) AAF SR FEHo] dojuh= AoR o
@4 93 (Young and Galy, 2004; Teng et al,
2010b) E3o] Wkl Jafir= Aol WstEA] 247

2

ol sPdeke] 719 24 Aol Bk AFAd A
BE AlFs & 4 Jden H Hu| Maie 294
2(Cordillera) & 3}7ere] A2 ol Ha3H o=
225 v} Ackel: Shen er al., 2009). T+ ojwjz}
A Lzl sPeke] Mg FeldAa 24 Hsht o)
Helel 108 o ®2 mi-g- Aol FAje] F FoE
83} o] =HolM= Mg s9d4 Bl d8E
Aty &7 A kvt A7)
(MC-ICP MS, multi collector-inductively coupled
plasma mass spectrometry)S 83 A wWHS
Argsin Brjel 53, Foolx dA SRS o
dom 719 4 il A& AHIE duE Flol

o}
ofadg EeQLe) B

QAT 12349 Mg F718%9] [IAZ] 43}
w24, 25, 26 WO AFTFE = SHLLER
o]FoiA] U=l A AdEolA ZFzke] HlE-2 78.99,
10.00. 11.01% A=o]thBerglund and Wieser, 2011).
AR ] A @A} FEollM & uf Mg F91€4 H]
&2 TEAAEAEH B2 Ao mlant 3ol ¢
diMe dEAA de Ao® dHA SUth(Teng er
al., 2007; Liu er al, 2010). 3-8 *Mge *Mgol
HJ3 8% ol 7PH7] Wil Fshel o] Ao
Jojuh= @AY ool #40] 7tedt A=
HHAgo] dojd F Qg FoR VU Utk
(Young and Galy, 2004).

Mg 594 E EFEE(HE Dead Sea Magnesium
(DSM)-3; Galy et al., 2003)° tha Azl 7k

AEE (%)= EAIST S

§*Mg = [{(ME/*Mg) i/ (M ME) i)} — 117
1000

o2 HoxE §Mgol §*Mg SHwe] dSEe 2
F oE T HAS gEsAe

APMg' = §*Mg' — 0.521x6*Mg'
Z FAEE ] ed, o714 §Mg = 1000 x In
[(3*Mg + 1000)/1000]-= ] "] gtth(Young and Galy,
2004). ¢1 2olA 0521 HEFAJENE 718 Aolth
@A AT B=(1/m,,— /m,,)/(1/m,, — 1/m,) = 0.521,
m =59 U x0] AAEFES], m,,=23.985042,
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m,;=24.985837, m,,= 25.982593).

shebd Fstoll o8l FAd=o] &8liE W 7
Mg E91927F HeHoz wALde] wel F3) 2

FEO Mg #e EolXtH(Teng et al., 2010b).
74=e] Mg e TR 7]e] Ao ulet
S @o| XU (Brenot er al., 2008) -1.1% 8%
= (Tipper et al, 2006) 3(-0.8%o, Chang et al.,
2003; Young and Galy, 2004; Teng et al., 2010a,
Ling et al., 2011} WE(-0.3%0, Teng et al., 2007,
2010a; Handler et al, 2009; Yang et al, 2009,
Bourdon et al., 2010) #}oll Hlste] ERF o7 vro}
sheba] F3tol] ogk FFFo] el wrgEH] U+
A& gk,

Egfo] ﬁﬂﬂg WS wf gt F3 = *}°l°ﬂ
Al Mg 9194 vlge] BEAEE Jeplie A
I oE E‘raJr Zas

o = (Mg Mg), e/ (Mg **Mg)

rl
Hm

residue

Mge] 59194e] Hul7} U] (Rayleigh) 7ol
o8 AujEci 7PgshA

(26Mg/Z4Mg)IBSldUe:(26Mg/24Mg)0Fa-l

I 2o wdEEH 9714 (MghMg)= B
Az o4 240 Fe 35 A4 ¥ Hot
9= BEF Mgl HIEoItHE F=lold 3kE A8
Qb e ). o] 2] *MgfMgE Mgz ®H
& 73

§Mg, g, = 1000 x [(8*Mg,/1000+1)F*" - 1]

I AT F = (C g Mesmue)/(C xM)E FA|
g & el Ce Mg 5%, M FAE 9u|git)
o] AlLkA el ekl F3lo] WE MgO FE
Mg Atele] AAIE EAIEH o #ho] 1HT}E oA
TE %R YA HE F44S BAtkFig. 1). Fig.
1 Shen er al(2009)¢] o1& &t C =3.5%,
Mg, =-0.3%21 B5¢-2M M, ME 072 713
sem F=0.5, 0221 MgO 2.5%S} 1% A3S 4
Aoz FAISHATE o] ZHolA FshE EYY
SMgE 0.4%0, MgOE 05%=% EoW HEA 4
a=0.9997 BE=Z AXMEHEA 22H3]) MgO ¥k
2 0 =4 ZE A 22 85 Mg(=0.4%0> 2438t
7] 9%k AR E o FolA FEll mE 2o
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Fig. 1. Variation of 5®Mg in weathered soil residues
as a function of Mg concentration for given
fractionation factors(o) ranging from 0.9996 to 1. For
the unweathered protolith, absolute MgO content of
3.5 wt.% and 3*Mg of -0.3%. are assumed. Also it is
assumed that the protolith lost its original mass by
30% (i.e. M 4gq,/M,=0.7) during weathering. Solid lines
represent the points corresponding to F=0.5 and 0.2
(F is the mass fraction of Mg left behind in a soil
relative to the protolith Mg). The vertical and horizontal
dashed lines indicate the range of fractionation
factors for the case of MgO=0.5% and &**Mg=-0.4%o,
respectively.
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[ Cation exchange resin (AG50W-X8) ]

Washing with 0.15N HF (10 mL), 6N HCI (30 mL), and DIW (2 mL)
- Removeresin impurities (e.g., Al, Ca, Na, etc.)

|

Conditioning with 0.4N HCI (5 mL)

Loading sample with 0.4N HCI (0.5 mLx2)

Washing with 0.15N HF (5 mL) and DIW (2 mL)
- RemoveAl and Ti

Washing with 0.5N HCI-95% acetone (10 mL)
- RemoveFeand Mn

Washing with 1N HNO; (2 mLx4)
- RemoveNa

[ Collecting Mg with 1N HNO; (2 mLx6) ]

Fig. 2. Flow chart of the Mg purification process.
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Fig. 3. Elution curves of interference elements and
Mg. The elements Al and Ti are eluted in 5mL of
0.15N HF, Fe and Mn in 10mL of 0.5 N HCI-95%
acetone. Na in 8 mL of 1N HNO,;, and Mg in 12mL
of 1N HNO,, respectively. The Mg isotopic compositions
of 2 mL aliquot of the Mg cut for DSM-3 range from
-0.67 to 0.65%o, yielding a total variation in §*Mg of
1.3%o.
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e SiO, 70% ©1’de] T+ AlRolA Rt UEbsTE
TEg §°Mg w2 Al Sio,, %71 ¥St/*Sr, **Pb/
2%pb, 80 W H(+)e] A, SN/ N F-
()9 FHAE & B FIUh ol A T
A km RO =FoA HEHTE HollA F emyt
T m FERZ EE vfavt Al2g #E g4 g
2H(Ritcher et al., 2008)EtHE Azt EZo] A w}
amtel] EAEHA 718 SS YEeRATE §°Mg %
7} Si0, A%, St-Nd-Pb-0 994 24 Alele] A
AR FAAAE WESH FARRE W §°Mg, Sr/
%Sr, 2°Pb MPh, §"%0, = '“Nd/“Nd HIE 7=
A miante}l o el 54E 7He dEAZ &
2 Atole] E3tol] oA AHE F e Aol A
AH5S A1E9 Si0,-MgO FAI7F ZAdo] obd A
< Helte AHolA FI-EEAE EH(AFC,
assimilation and fractionational crystallization, DePaolo,
1981)2] F 23S A23IATh Fig. 4= 48 AR
o] MgO-8*Mg #AIE B &5 9 AFC BdA
3} 7ro] vl Aoldl, 24 vhmke] §%Mg=-0.3%,
MgO=2%, EHH A7) §*Mg=0.6%o, Mg0=0.5%
2 7Kg Zlo|t}. Fig. 4914 MgOe] A FujAl+
(D)= 382 7PY3IM AL r(=assimilation rate/crystalli-
zation rate) Ztel 1.5, 1, 022 Al AFC 750l o
slo] AIEIITE WA =1.591 5= vlanfe] o)
A Bolue A9olBZ FEM /M, Bot e vt
amte] Hzx el tigk B]) zk 1-3 el s 2
HL, =191 A vlaeke] e WSkl o=
& F=1) MM, (FF2r} ol gk SFA 2] 1))
0-291 7ol il 26 om, r=0.291 74 mhzvte]
o) B Fo=e AFOIEE F 3 1-0 HHolA
a3tk 9 7 BY Aol EQAE=A vl v
7F 1190 AR(GEE S F=2(r=1.5), M/
M,=1(r=1), F=0.5=02)2 AHS FEAIEAT} ©]
I BR we S =1 7499 AFC 3
AdolA EQA et 24 wiante] A HIE 1118 =
SR Aol A AE7F K3 Hojm AR AlFe]
AMe Hx mlanp F o] A|zto] EHE Zo=E
AT = Tk

Teng et al(2013)2 FF AZWE(Queensland)ol]
1 AHFHE WY 289ke] Mg SH¥4a AE W)
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Fig. 4. Whole-rock MgO(wt.%) versus 8*Mg plot for
samples from eastern PRB(Shen et al., 2009) with
simple mixing and AFC model curves between
juvenile endmember(6®*Mg =-0.3%, MgO =2%) and
crustal assimilant(5®Mg = 0.6%o, MgO =0.5%). Three
AFC model curves are constructed for the case of
r(=assimilation rate/crystallization rate)=1.5, 1, and 0.2.
The partition coefficient for MgO is assumed to be 3.
Thick ticks on the model curves represent the points
of fogmian=1(siMmple mixing), F(M_/M,)=2(AFC with r=
1.5), M,M_=1(AFC with r=1), and F(M /M,)=0.5(AFC
with r=0.2).
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F, v=, S HEY AsE Ao E §Mg
ol s RTE =okom ol st AE2HE A
A& A U1EA 2] Fe Mg @S -0.22%0=
AN BT} = ThH)(Dabie) FAM oA AHE I-
g U FE H(0.26004 -0.14%0)2] §*Mg
e eI SR} 7N T v ke B
AtH(Liu et al, 2010).
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