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146,147Sm-142,143Nd SYSTEMATICS OF EARLY TERRESTRIAL DIFFERENTIATION; 
C. L. Harper Jr. & S. B. Jacobsen, Department  of  Earth and Planetary Sciences,  Harvard 
University, 20 Oxford Street, Cambridge, MA 02138 

Isotopic Vestiges of a Beginning? The earth's uncratered surface stands mute testimony to the complex 
history of a geologically active planet: no trace of a primary crust remains and the oldest known surviving crustal 
materials --a trace population of zircons in Western Australian sediments-- date only to -350 Ma after the initial 
accretion of the planet [I]. Were it not for the survival of certain subtle isotopic clues, Hutton's observation "no 
vestige of a beginning" would hold true today as it did over 200 years ago [2]. In principle, knowledge of very 
early earth processes can be inferred from isotopic reservoir anomalies left behind b the decay of the longer-lived 
extinct radionuclides 1468, ( -142~d,  mean-life T , ~  = 149 Ma), ~ U P U  (-131.13e1347136Xe, r 2 ~  = 115 Ma), 
92Nb ( -92~r ,  7 9 2  -52 Ma) [3], 1291 (-129~e,  2129 = 23 Ma), and 182Hf ( - 1 8 2 ~ ~  2182 = 13 Ma)[41. Reservoir 
anomalies are produced when differentiation processes fractionate Srn/Nd, PulXe, NblZr, W e  and Hf/W ratios 
between distinct planetary reservoirs at very early times when the parent nuclides are still live. If these reservoirs 
survive and are accessible to sampling, and if there is not significant inter-reservoir transport and isotopic 
rehomogenization of the daughter elements of interest, then information indicating the chronology of the early 
reservoir-forming differentiation remains indelibly imprinted into the isotopic composition of the reservoir and is 
indestructable with respect to all intra-reservoir processes. The practical prospects for extracting useful 
information from these systematics are dependent on several factors: (i) the abundance of the parent nuclide at the 
time of the elemental fractionation of interest; (ii) the magnitude of the elemental fractionation; and (iii) the 
available precision for measuring abundance anomalies in daughter nuclides. The types of differentiation events 
causing elemental fractionations of central interest to very early earth studies are: (i) core formation; (ii) crust 
formation and associated degassing; and (iii) mantle stratification. Ideally, a systematics should "see" only one of 
these processes; if several processes are active then it is not possible to extract an unambigous interpretation 
from reservoir anomaly data. Competing elemental fractionations involved in the preaccretionary reservoir, 
(particularly volatile loss), tend to obscure the signature of postaccretionary processes, e.g., in the cases of Pu/Xe 
and W e .  The xenon chronometers are also subject to gross uncertainties related to the unknown initial isotopic 
composition and parenudaughter ratios of the bulk exth. The late admixture of a "chondritic veneer" may further 
compromise the interpretation of Xe signatures. Interpretation of Pb isotopic data is also problematic because 
nebular differentiation, planetesimal accretion, core formation, and silicate differentiation all fractionate UtPb. In 
comparison, the coupled 1461147Sm-142,143Nd systematics are particularly attractive because preaccretionary 
events are unlikely to fractionate Sm/Nd. The initial earth boundary conditions are probably accurately defined by 
a CHUR parameterization based upon high-precision measurements of Nd isotopes and Sm/Nd ratios in primitive 
chondrites. As core formation will not directly fractionate Sm/Nd, the coupled 146,147Sm-142,143Nd 
systematics should provide a hi hly selective "window" on silicate earth differentiation. 5 Utility of the 1469147Srn-14 , 1 4 3 ~ d  Systematics for Early Earth Differentiation Studies: The presence of 
live 146Sm in the early solar system is well established on the basis of several achondrite mineral isochrons, and 
all laboratories involved in 142Nd measurements are now in essential agreement on the solar system ab initio 
abundance of 146Sm: 146SmJ144Sm = 0.008+-0.001 at 4566 Ma [6]. Evidence for the presence of 142Nd 
reservoir anomalies in lunar and martian (viz., SNC meteorite) samples has been recently presented by Nyquist 
and Harper and others [5,6]. The magnitudes of the reservoir anomaly differentials are -70 ppm for both bodies. 
Prospects for resolving 142Nd reservoir anomalies in the earth are good if analytical precision in 142Nd/144Nd 
ratio determinations can be pushed to f lOppm or better at the 20  confidence level (1 ppm = 0.01 &-units). Our 
reproducibility on multiple standard analyses show that this is possible for carefully optimized multicollecting 
mass spectrometers operating in the static mode, if sufficient quantities of Nd are available. 

The 143Nd record surviving in the -3.8 Ga Isua (W. Greenland) supracrustals and Skaglek-Hebron (Labrador) 
gneisses [7,8] indicates that the mantle reservoir from which these rocks derived experienced prior fractionation- 
depletion events hundreds of millions of years earlier ( ~ 1 4 3 ~ ~ ~ ~ ~ ~  = 3-4 at -3.8 Ga). It is possible that some or 
all of this time integrated high-Sm/Nd signature is a result of primordial differentiation of the bulk silicate earth 
and might possibly be the signature of global differentiation associated with the freezing of a giant terrestrial 
magma ocean. The timing of this putative fractionation is of particular interest for giant impact origin-of-the- 
moon scenarios, though the geophysical and geochemical consequences of a magma ocean freeze-up are far from 
clear. The model age, tZ, of the pre-3.8 Ga Sm/Nd fractionation is indeterminate in the 1 4 7 ~ m - 1 4 3 ~ d  
systematics because there are two unknowns and only one chronometric equation. However, addition of the 
second chronometric equation in the coupled 146>147Sm-142,143Nd systematics allows a unique solution for the 
model age of the depletion in a constrained two-stage differentiation model (1st = CHUR evolution; fiS"t/Nd = 0 
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[fiSmlNd = ( 1 4 7 S r n / 1 a ~ d ) , / ( 1 4 7 ~ m / 1 4 4 ~ d ) ~ ~ ~ ~  - 11; 2nd = depleted reservoir evo1ution;fiSmlNd = unknown; 
tl = 4566 Ma; t2 = unknown; t3 = 3810 Ma). 

Measurable 1 4 2 ~ d  Isotopic Heterogeneity in the Earth?: The appropriate equations governing isotopic 
evolution are: 

where Q142= 354 and Q143 = 25.13 Ga-1. Equation 2 is exact for an "initial" value at 3.8 Ga. (Identity with a 
present-day measured &14zNdm value assumes that 1463111 decay after t3 contributes insignificantly to the final 
1 4 2 ~ d  anomaly. This assumption is justified because in situ 146Sm decay will not be significant for stage 3 
residence in the crust at typical samplehSmlNd -values.) The curve for a two-stage model in the coupled Sm-Nd 
systematics is shown in the figure (round symbols), where the x-axis age is tz. (Note that the y-axis has been 
scaled by 300 to convert &14zNdCm / &l'nNdCHUR to the 142Nd anomaly in ppm, for = +3.0.at t = 
3.81 Ga.) A curve for a continuous evolution model is also shown (square symbols), where the x-axis is the 
mean age of fractionation in the depleted reservoir. The anomaly predicted in the latter model is significantly 
larger than the two-stage model prediction for mean ages < 4.4 Ga. The figure demonstrates that the high initial 
&143Nd values found in many early crustal rocks strongly suggests that measurable &14ZNd heterogeneity should 
exist in early crust and mantle reservoirs. 
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