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Introduction:  Studies of Mg isotopic composition 

of the Earth not only are important for understanding 
its geochemistry but also can shed light on the accre-
tion history of the Earth [1-3]. However, to date, the 
Mg isotopic composition of the Earth is still poorly 
constrained and debated. There is uncertainty in the 
magnitude of Mg isotope fractionation at mantle tem-
peratures [1, 4-7] and whether the Earth has a chon-
dritic Mg isotopic composition or not [3, 5-8]. The 
uncertainties mainly result from the limited database 
for terrestrial samples and meteorites, as well as possi-
ble analytical artifacts in high-precision Mg isotopic 
analysis by multi-collector inductively coupled plasma 
mass spectrometer (MC-ICPMS). 

Knowledge of the mantle is derived largely from 
studies of peridotites, the only direct samples of the 
lithospheric mantle [9, 10], and oceanic basalts, the 
products of decompression melting of the mantle [11]. 
Absence of isotope fractionation during partial melting 
and basalt differentiation is required to use oceanic 
basalts to derive information on the isotopic composi-
tions of their mantle sources. Teng et al. [8] investi-
gated basalts from Kilauea Iki lava lake and found no 
measurable Mg isotope fractionation during basalt 
differentiation, suggesting that oceanic basalts can be 
used to study the Mg isotopic composition of the man-
tle. 

 
Samples:  To eliminate potential bias in high-

precision Mg isotopic data produced in different labor-
atories, to constrain further the Mg isotopic composi-
tion of the mantle and chondrites, and to investigate 
Mg isotope fractionation during planetary formation 
and magmatic processes, we have analyzed Mg iso-
topes for a globally dispersed, chemically diverse set 
of fresh samples, including 47 mid-ocean ridge basalts 
(MORBs) covering major ridge segments of the world, 
63 ocean island basalts (OIBs) from Hawaii and 
French Polynesian Islands, 63 olivine grains extracted 
from OIBs, 29 peridotite xenoliths from Australia, 
China, France, Tanzania and USA. We also analyzed 
38 chondrites from all major groups (CI, CM, CO, CV, 
L, LL, H, EH and EL). All samples are fresh and well-
characterized.  
 

       Analytical Methods: Separation of Mg was 
achieved by cation exchange chromatography with 
Bio-Rad 200-400 mesh AG50W-X8 pre-cleaned resin 
in 1 N HNO3 media by following a similar procedure 
as that described by Teng et al. [8]. Magnesium isotop-
ic compositions were analyzed by the sample-standard 
bracketing method using a Nu Plasma MC-ICPMS at 
the Isotope Laboratory of the University of Arkansas. 
The precision on 26Mg/24Mg and 25Mg/24Mg ratios was 
better with a “wet” plasma than with a “dry” plasma. 
Loss in sensitivity was largely obviated by a substan-
tial gain in stability.  
       Precision and accuracy were assessed by full pro-
cedural replicate analyses of synthetic solutions, sea-
water, rocks, minerals and pure Mg standards. The in-
run precision on the 26Mg/24Mg ratio for a single mea-
surement of one block of 40 ratios is less than ± 0.02 
‰ (2SD). The internal precision on the measured 
26Mg/24Mg ratio, based on ≥ 4 repeat runs of same 
sample solution during a single analytical session, is 
better than ± 0. 1‰ (2SD). The external precision, as 
shown by replicate analyses of a synthetic solution, 
mineral and rock standards, is ~ ± 0.07 ‰ for δ26Mg. 
Multiple analyses of IL-Mg-1, a synthetic multi-
element standard solution with concentration ratios of 
Mg:Fe:Al:Ca:Na:K:Ti = 1:1:1:1:1:1:0.1, yielded δ26Mg 
values of -0.07 to +0.05, with an average value of -
0.01 ± 0.07 (2SD, n=13). This is in agreement with the 
expected true value of 0 and shows that our data are 
accurate within a precision of ± 0.07 ‰ for δ26Mg.  

 
       Results:  Global oceanic basalts and peridotite 
xenoliths have similar Mg isotopic composition (Fig. 
1), with δ25Mg = -0.13 ± 0.05 and δ26Mg = -0.26 ± 
0.07 in 110 global oceanic basalts and with δ25Mg = -
0.13 ± 0.03 and δ26Mg = -0.25 ± 0.04 in 29 global pe-
ridotite xenoliths. Olivine grains from Hawaiian lavas 
have δ25Mg = -0.13 ± 0.08 and δ26Mg = -0.26 ± 0.14, 
identical to global oceanic basalts and peridotites. 
This, together with identical Mg isotopic compositions 
in oceanic basalts and peridotites, suggests that Mg 
isotope fractionation during partial melting of perido-
tite mantle and magmatic differentiation of basaltic 
magma is insignificant. 
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Fig. 1. Magnesium isotopic composition of the Earth 
based on studies of global oceanic basalts and perido-
tites as well as all types of chondrites (Grey bar). 
 
      Thirty eight chondrites have indistinguishable Mg 
isotopic composition, with δ25Mg = -0.16 ± 0.03 and 
δ26Mg = -0.30 ± 0.06 (Fig. 2). The constant Mg isotop-
ic composition in all major types of chondrites sug-
gests that the primary and secondary processes that 
affected the chemical and oxygen isotopic composi-
tions of chondrites did not significantly fractionate Mg 
isotopes. 
 

 
Fig. 2. Magnesium isotopic composition (this study) 
and Mg/Si ratios[12] of chondrites. 
 
      Conclusion:  Collectively, the Mg isotopic compo-
sition of  Earth’s mantle, based on oceanic basalts and 
peridotites, is estimated to be -0.25 ± 0.07 for δ26Mg 
and  -0.13 ± 0.04 for δ25Mg (2SD, n=139). The Earth, 
as represented by the mantle, has Mg isotopic compo-
sition similar to chondrites (δ26Mg= -0.25 vs. -0.30; 
δ25Mg = -0.13 vs. -0.16) when the long term external 
precision of ± 0.07 for δ26Mg and ± 0.06 for δ25Mg is 
considered.  
        Our results are different from Wiechert and Hal-
liday [3], who concluded that the δ26Mg of the Earth 
was on average ~ 0.3‰ higher than that of chondrites 
hence the Earth had a non-chondritic Mg isotopic 

composition. The difference may reflect analytical 
artifact associated with high-precision Mg isotopic 
analysis by MC-ICPMS. Our results are consistent 
with other recent high-precision Mg isotopic studies 
[5-6, 8], which suggested that the Earth and chondrites 
actually have identical Mg isotopic composition at a 
precision of ± 0.1 ‰ for 26Mg/24Mg ratio. However, 
these studies [5-6, 8] relied on a limited and uncertain 
data set of chondrite measurements (Fig. 3). The 38 
chondrite measurements presented here clearly show 
that there is no heterogeneity in Mg isotopic composi-
ton from one chondrite group to another.  
      

Fig. 3. Comparison of δ26Mg of chondrites between 
this study and literature data [1,3,5,7,8,13]. 

 
The chondritic composition of the Earth implies 

that Mg isotopes have been well mixed and have not 
been affected by planetary accretion  processes. Simi-
lar processes should not fractionate isotopes of litho-
phile elements with similar volatility to Mg either. 

 
References: [1] Young E.D. and Galy A. (2004) in 

Geochemistry of Non-Traditional Stable Isotopes, 
MSA, Washington D. C. 197-230. [2] Norman M.D., 
et al., (2006). GRL 33, L15202. [3] Wiechert U. and 
Halliday A.N. (2007) EPSL, 256, 360-371. [4] Pearson 
N.J., et al. (2006) Chemical Geology, 226, 115-133. 
[5] Yang W., et al. (2009) EPSL, 288, 475-482. [6] 
Handler M.R., et al. (2009) EPSL, 282, 306-313. [7] 
Young E.D., et al. (2009) EPSL, 288, 524-533. [8] 
Teng F.-Z. et al. (2007) EPSL, 261, 84-92. [9] Jagoutz 
E., et al. (1979) Proc. 10th Lunar Planet. Sci. Conf., 
2031-2050. [10] McDonough W.F. and  Sun S. S. 
(1995), Chemical Geology, 120, 223-253. [11] Hof-
mann A.W. (2003) in The Mantle and Core, Elsevier-
Pergamon: Oxford, 61-101. [12] Wasson J.T. and Kal-
lemeyn G.W. (1988) Philos. Trans. R. Soc. London, 
Ser. A., 1988. 325, 535-544. [13] Baker J. A. et al. 
(2005) Nature, 436, 1127-1131. 

 

2019.pdf41st Lunar and Planetary Science Conference (2010)


