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Abstract The study ofM g isotopes has been cawied out for about 40 years since
1970 s W ih analytical progress the study is not only linited to the excess of%Mg
due to decay of short-lived “°A1 in prin itive m eteorites also extended to mass-de-
pendent fractonation of M g isotopes inm eteorites and terrestrnl wcks This paper re
views recent deve bpment n Mg isobpe researches
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1 Introduction

Mg is a major elament of most terrestrial m aterials and extraterrestrial rocks It has
three otopes (*Mg *Mg and *Mg), with relative mass differences bew een them grea
ter than 4% per alan icmass unit ( anu). M g isotopic canpositions can be changed by both
m ass-dependent fractbnation and decay of short-lived rad bnuclile A1 Hence Mg isor
topes can be used to trace geochen ical processes and as an isochronam eter

M g isotopes of extraterrestrialmaterials have been extenswvely studied especially those
fomed in the earlest solar systan. Because excess °M g serves as a proxy for extinct °A 1
(half life T, = Q 73Ma), which is one of the most i portant energy sources of meltng
asteroids A MM g systam holds a pran ise of beng a high-resolition chronan eter for early so-
lar systeam events given **Alwas unifomly distributed throughout the inner solar nebula
Furhemore mass-dependent fractionation ofM g isotopes can trace processes in the terres
trial and the solar nebular evolution

Ahost allMg isotopic canpositbns w ere usually m easured w ith them al ion ization
mass spectranery ( TMS) and especially secondary bnizatbn mass spectran etry
(SMS) "' 10 years aga The analysis precisions of both technijues are 1— 2% 7%,
canpatible to the range of M g isotopic canpositions due to mass-dependent fractbnaton
Muliple-collector nductwely coupled plasma mass spectranetry (MC-ICPMS) provides
w ith a possbility of hzh-precision m easuram ent of M g isotop ic, ratios . The reproductb ility
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of M g/*M g and *M g/* Mg measured by MC-ICPMS is better than 30 to 60 x 107°.
H ence mass-dependent fractionatbn ofM g isotopes can be used to trace cosmochem ical
and geochan ical processes

2 Research progress inM g iso fop ic campositions
2.1 ExcessMg and the refferecd A1/ Al ratios in the solar nebula

A ssuming a hanogeneous distrbutn of Al in the early solar systen, Mg isotopic
canpositbns of d iverse can ponents n prim itive meteorites provide a high-resolution (on te
order of 70000 yeard”! ) chronan eter for the earliest evolutbn of the solar systam.

The CaA Frich nchisions (CAls) and chondrules are m illmeter to centm eter sized
assamblages in chondrites probably fomed at the earliest stage in the solar systam hence
preserve hints of the solar nebu lar processed* * . The accunulated data of*A F°M g iso-
topes n prin itve solar systan m aterial ( CAls and chondrules) demonstrate that A 1 exis

ted in the early solar system with a clear cutoff of nferred A 1/7 Al ratios of ~ 5x 1077 (e
g MacPherson etal '"'). This nferred *A1/” A1 ratio suggests a high abundance of *A 1
in the early solar systam, which produced enough heat form elting parental asterois of ba
saltic achondrites The systematic difference n the referred (A 1/”7A 1), ratbs of CA Is and
chondrules m plies a fom ng nterval of 2M a between them, with CA Is earlier than chon-
dw les

The initial®*A I/ A 1 ratios ofCA Isw ere usually determ ned i siu wih SMS Howev
er them meral "isochron" coull be affected through re-distrbution 0ofM g isotopes between
phases duing secondary events In additbn most of chondrules have too lower AlMg for
SM'S todetect excess of M g In contrast M C-ICPM S provide uswith a new technique to
obtan the buk A M g isotopic canpositions of CAls whichmay not be significantly affect
ed by the secondary events In additbn its hgh precison allow s us to detern ine snall ex
cess of Mg fram sanpleswith low A IM g ratios

B izzarrd " m easured buk M g isotopic canpositions of several CAls and chondmles
fran A llende using MC-ICPMS Their Mg isotope data ndicate that A llende chondwles
fomed as earlest the oldest CAls and contnued for at least 2 5 Myr The " canonical”
(*AV7A] 0 value of the solar systan is ~ 5 x 107", Recently a few of researches sug
gested a " supra-canonical" valie of ~ § 85-7 x 1077 based on high-precision m easure-
m ents ofM g-isotopic canpositions of CAlw ithM C-SMS andM C-ICPM S''". I contract

there are other analyese argueing against the " super-canonical" value ",
2.2 Mg isotope massdependent fractionation in T errestrial and ex terrestrial rocks

Volatility ofmagnesium isbetw een refractory elments (e g, Aland Ca) andm oder
ately volatile elaments (e g, Fe) and so should prove useful as an indicator of planetary
provenance Studies ofM g isotopic variations n terrestrial and extraterrestrial rocks can be
used to identify the processes of planetary accretion and differentiation M g isotopes have
been used to estin ate the relative contributions of chondrules and CA Is to he fomation of
the terrestrial planets, and asteroids because of their distinctive M g isotopic can post



The study ofM g isotope compositbns of terrestrial rocks and me teorites 211

tiond ", However Mg isotopic canpositbn of the Earth is still notwelFconstrained Sane
stud ies on mantle peridotites ndicate that the Earth has heavierM g isotopic canpositions
canpared to chondrites " while other studies also based onm antle perilotites asw ell as o=
ceanic basalts reached opposite conchision' ™. In addition, it is still debated ifM g isotop
ic fractbnatbn can happen anong perilotite m nerals Studies on basalt differentiatbn re
veal lin ited M g isotope fractionatbn during basaltic differentiation' ', which indicates hat
M g isotope fractionatbn should be even gnaller atmantle temperatures considerng that e
quilbrum isotope fractionatbn decreases as the temperature ncreases However signifr
cantM g isotopic fractbnatbn among mantle m merals has been reported i recent sud
ies . If the conclisions of these studies are indeed right then it ismore canplicated to
constrain theM g isotopic canpositbn of the earth since many previous stud ies only use olr
vine to represent the bulk Earth "', Latel, Handler et al " nvestigated M g isotopic
canpositbns ofolwine and a few coexisting pyroxenes and found I ited nterm neralM g ©
sotopic fractionatbn Based on their data the earth is chondritic orgin

Up to now, published data onm eteorites and terrestrial rocks varied w ilely** *"!.

3 Published data of M g isotopic campositions in China

The research ofM g isotopic canpositions started late n China W ith the ntroduction
of advanced analytical equipm ent n recent years more danestic researchers started to pay
attention to this area of reseach and made mportant progress The follow ing w ill introduce
san e of their research woik.

3.1 Analyticalmethods

A procedure has been developed for separatng Mg fran bu k m eteorite and ultram afic
rock san ples by W ang et al '*'. Bb-Rad AG50W -X12 200—400 mesh resn and IM
HNO; are used to separateM g fran sample solutions PurifiedM g sample solutbnsw ere -
troduced to aMC-ICPM S to analyze M g isotope canpositbns The new procedure allows for
a long-tem extemal reproducbility of M g and &M g of Q@ 10 and Q 05%o, and Q 06%o

for &M gt (20, n= 211 overa period of24 months), respectiely Recovery yield of
Mg in this separating procedure is > 9% . The total procedural blank forMg s < 2 0
ng

3.2 MgAl isotopes inm eteorites

Hsu etal " madeA WM g iotopicmeasurements on several CA Is and chondrules fram
the N ngqiang by SM'S Their nitial (A 1/”’A ) ratios for the CAls are generally consist
ent with the value of 5 x 107°. 2 chondrules have the (*° A1/”7 Al), vahes of
0.3—06x107"

Asmentioned above "supra-canonical” valie of (*A1/7Al), is n question. The orr

gn of CAls is also a long-standng issue W ang et al ' measured Mg isotopic can post
tions, of CAls fran both N ngqiang ( ungrouped ) and A llende (,CV3)  carbonaceous
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chondritesw thMC-ICPM S to confim the canonical valie of (**A1/7A1),, and to clarify
M g m ass-dependent fractionation of CA Is In addition, several anoeboi olwine aggregates
(AOAs) fran A llende were analyzed to illm nate he interval of solar nebular condensa
tion because AOAs probably sanpled later condensates in canparison with nomal
CAT™.

The result shows that CA Is fran A llende have a relatively closed A M g system in the
CA s and no significantM g isotope exchangew ith anbientm aterials they have an nferred
mital (A1/7Al), ratio of (4 77 20 39) x 10> close to the canonical valie The AOA s
contan excess M g and plot close to the CAT regression lne which is suggestive of their
conteanporary formation. None of the CAls and AOA s studied in hiswoik show s significant
m ass fractbnaton w ith enrichm ent of the heavierM g isotopes arguing aganst an evapora
tion origin

3.3 The canparison M g Isotopic canpositions bet een terresirial and exterrestrial materials

It is still few and inconsistent for the published M g-isotope data on terrestrial and ex
raterrestrial sanples I additbn whether terrestrialm aterials of M g isotopic characteris
tics is sin ilar to chondrites or non-chondrites has been disputed W ang et al '*’" analyzed
sameMg isotopic data of the mantle rocks and four buk meteorites analyzed by M C-
ICPM S Their data ndicate that terrestrialmafic and ultram afic rocks that probably derived
fran the m antle display sin ificant variation of &M g fran — O 52%0 to Q 19%:, suggestive
of heterogeneous cam positions of M g isotopes of the terrestrialmantle These varntionsm ay
not be due to smple partialm eltng and/or fractional crystallizaton because m ineral sepa
rates ( nchidng olivhe clnopyroxene and orthopyroxene) of the peridotites show no frac
tionation of M g isotopes Mg isotopic canpositions of 3 chondrites are rather han ogeneous
Hovever to deducewhether the earth Mg isotopic cam positions origin fran chondrites or
not stillneed more data

Y ang et al '**' have studied a set ofwell characterized mantle peridotite xenoliths fran
Sanyitang and Beiyan North Chna craton which have diverse orgnsw ih differentm ner
alogy, chemical canpositbn and degree of partialm eltng and m etasan atism. The resulis
display a small variation n M g isotopic canpositbn TheM g isotopic can positions of he
coexisting oliving orthopyroxene and clnopyroxene n all peridotites are dentical within
theirr extemal precisbn (~ FQ 1%, 2SD), suggesting thatM g isotope fractionation be
ween olivihe and pyroxenes at the tamperauures of > 900C is msgnificant These resulis
are thus consisten tw ith the absence ofM g isotope fractionation during basalt differentiaton
Overall the Mg of the mantle is estimated to be — Q 26 £0 16 (23D). This value is
sm ilar to o chondrites (Allende and M urchison) (~ — Q 3). Their data shov the silr
cate earth has a chondriticM g isotopic canposition

Liet al ' found he §°M g relative to the orighal solution range fran — 2 03 to
— 0. 33%0, positively correlated w ith pH.

4 Questions and directions

There is a lot of confusbn on the research of Mg isotopes n early, solar systan and, ter



The study ofM g isotope compositbns of terrestrial rocks and me teorites 213

restrial process The questions focus on

(1) W hether the upper lin it of nitial (*A 1/7A 1) ratio of 5% 107 is true

(2) W hether A 1 is han ogenous n early solar nebular

(3) W hether terrestrialmaterals show M g isotopic characteristics siilar to chondrites
or non- chondrites

(4) The origin ofCA Is is also a long-stand ng issue Mg isotope canpositions can pro-
vile better evidence

Further research is beneficial to address these issues

A cknow ledgen ents GRV 99027 was supplied by the Polar Research Instiute of Chna

This study was supported by the Pilot Project of Know ledge Innovation Progran of the Chr
nese A cademy of Sciences ( kzex2-yw-Q08) and the N atural Science Foundation of China
(G rants 40873054).

References

[ 1] M acPherson G]J Davis AM, Zimer E(1995): The distrbutbn of alun nun-26 n the early solar sys-
tem-A reapprasal M eteoritics 30 365-— 38a

[ 2] GuanY, Huss GR, MacPhemson GJ et al (2000): Calcim-akm nun-rich nchisions fuun enstatite
chondrites ind enous or foreigr’ Science 289 1330- 1333

[ 3] KitaNT, Huss GR, Tachbana Set al (2005): Constrants on the origh of chondmulks and CA Is from
short-lived and bng-Lwved mdionuclides ASP Conf Ser, 341 Chondrites and the Pwotop hnetary
Dik 558

[ 4] Clayton RN, M acPheson GJ Hutcheon ID etal ( 1984): Two bsterite-bearing FUN nclisions n the
A llende meteorte Geochimica et CosmochmicaA cta 4& 535— 548

[ 5] Schranm DN, TeraE W assetburgG J( 1970): The kobopic abundance of *Mg and lin itson *°A 1 in the
early solar systan. E arth and P hnetary Science Letters 10 44— 59

[ 6] MisavaK, FujitaT(2000): M agnesiun isotop i fractionations in barred olvine chondm ks fran the A}
lendem eteorite M eteoritics and Planetary Scienceg 35 85— 94

[ 71 LeeT, Papanastassou DA, W assetburg GJ( 1976): Deamonstraton ofM g-26 excess in A lknde and evr
dence forA 126 GeophysicalResearch Letters 3 41— 44

[ 8] RubmnAE(2000): Petwlogic geochemical and experimental constraints onmodels of chonduk Hbme
tion Earth-ScenceReviews 50 3-27

[ 9] ShulH, ShangH, GounelleM etal (2001): The origin of chondrules and refracory nclisbns n
chondritic meteorites A stophysical Joumal 548 1029- 1050

[10] BizzarroM, Baker JA, Haack H(2004): Mg isotope evilence for conten poraneous fom atbn of chon-
dw ks and refractory nchisons Nawurg 43t 275- 278

[11] YoungED Smon JI Galy A et al (2005): Supra canon cal”’A1/7 Aland the residence tine of CA Is
n the sobr potop lanetary disk  Science 308& 223- 227

[12] M acPherson GJ Bulbck ES Janney PE et al (2007): H gh Precison A M g Isotope Studies of Con-
densate CA Is Lunar and Planetary Instiute Science Conference A bstracts 1378

[13] LuMC, M cKeeganKD, DavisAM (2006): M agnesim Isobp it Compositons of C(M H bon ite G ans
37th Annual Lunar and P hnetary Science Con ference 2428

[14] TengFZ W adlwaM, Janney PE et al ( 2007): M agnesim isotopic system atics of chondrules and
CA'ls fran A llende M urchison M urmy and Burbole Lunar and P bnetary Instiute Conference Ab-
stracts 1837

[15] Jacobsen B CosarnskyM, W asserburg GJ et al (2008): M g Isotop it Can positbn ofLow A /Mg Pha
ses, i CAls, The Injital Soht26M g /M & Lunar and Plane tary. Institute Science Conference A bstracts



214

[16]
[17]
[18]
[19]

[20]

[21]

W ang Guiqin etal

23871

Young ED, GalyA (2004): In The isotope geochen istry and cosnochemistry ofm agnesium M mnerabgr
calSociety ofAmerica 55 197- 230

W kchert U, Hallday AN (2007): Non-chondritic magnesim and the origins of the nner terrestrial
planets Earth and P hnetaty Science Letters 256 360— 371

Noman MD, Yaxky GM, BenneitVC et al (2006): M agnesim Boopi canpositon of olvine from
the Earth M ars M oon, and palhbsite parent body GeophysicalResearch Letters 3% 15202
HandkrMR, Baker JA, SchilkrM etal (2009): M agnesium stab k isotope can positon of Earth § up-
permantle Earh and Planetary Science Letters 282 306— 313

Peason N] GrifftWL Alad O etal (2006): The sotopic canpositon ofmagnesim i m antle ol
vine Records ofdepleton and metasomatism Chan ical Geobgy Specinl Issue in Honour of R. K. O -
Nbns 226 115-133

Teng ¥Z W adhwaM, HelzRT (2007): Investigation ofm agnesim isotope fractbnation during basalt
differentiatonr  Inp lications for a chondritic can position of the terrestrial mantle Earh and P hnetary
Science Letters 261: 84— 92

Wang G (2006): Ph D. Dissertaton, Graduate School of the Chinese A cadany of Sciences Guang-
zhou

HsuW, Huss GR, W assetburg GJ (2003): A WM g systematics of CAls POI and ferromagnes an chon-
dw ks fran N ingqiang M eteoritics and P hnetary Scencg 38 35- 48

Wang GQ, LnYT, DaiDQ (2007): BukM g Isotopic Can positions of Ca; A FR ich Inclusbns and A -
moebodd O livihe AggregatesMAPS 42 1281 1289

Wang GQ, LinYT (2007): Buk chen ical compositon of the N ngqang cabonaceous chondrite An &
sue of chssification A cta GeologicaSimica 8t 141— 147

LinYT, KimuraM (2003): Ca-A trich nclisbns fiom theN ingq ang m eteorite Continuous asseanb la
ges of nebular condensates and genetic link to Type B inclisions Geochim a et Cosmochm ica Acta
67 2251- 2267.

Wang GQ, LnYT, Wang DD (2008): Comparson ofMg Isotope Compositbns Bew een BukM eteor
ites and M aficU ltran afic R ocks fran TerrestraIM an tle 71stA nnualM eeting of heM eteoritical Society,
held nM atsug Japan M eteoritics and Planetary Science Supp lanent 43 5146

YangW, Teng FZ Zhang HF( 2009): Chondritic magnesim isobpic compositbn of the terrestril
mantk A case study of peridotite xenoliths from the North Chia craton Earth and P hnetary Science
Letters 288 475— 482

Zhen LS 7hu XK, Xno0 YK etal (2008): A surprising correlation betw een magnesim isotope com-
posiion and (H mn synthetc calcim catbonates precipitated fm saline water Geochm ica et Cosno-

chin ica A cta Supp kement 72 545



