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The K/U ratio for the earth (-104) is significantly lower than that measured for C1 
chondrites (6.7~104)~ suggesting that the earth is depleted in potassium. The large variations 
which exist between the volatile/refractory element ratios of the earth, moon and meteorites indicate 
that volatility played a significant role in determining the chemical compositions of the planets and 
the smaller bodies in the solar system. Another explanation for the earth's apparent depletion in 
potassium has been suggested: that it is dissolved in the liquid portion of the earth's core (see [I]). 
Mass-dependent isotopic fractionation among condensed phases are quite small whereas 
fractionations between condensed phases and gas can be large. Thus, it may be possible to 
discriminate between the processes which produce the chemical differences between meteorites and 
the crusts and mantles of planets by measurement of the isotopic composition of potassium. 
Measurements by thermal ionization mass spectrometry on terrestrial and extraterrestrial samples 
have shown that differences in the mass fractionation of the potassium isotopes are less than 15 
%o/amu [2,3]. 

The potassium isotopes were measured at low mass resolution on the IM-20 ion 
nlicroprobe using a 20 keV 160- primary beam. Potential molecular interferences at masses 39 and 
41 (23~a160+ and 2 5 ~ g 1 6 0 + )  were limited by analyzing minerals with low magnesium and 
sodium contents; their effects were also minimized by analyzing standards and unknowns of 
similar chemistry. Randomly oriented fragments of potassium feldspar from the Colomera IIE iron 
meteorite (sample #5) were mounted in a single polished section with terrestrial igneous (#2,#3) 
and metamorphic (#4) potassium feldspars. An authigenic potassium feldspar (#I) was mounted 
in a separate thin section with potassium feldspars #2,#3. Mass fractionation was calculated by 
comparing 4 1 ~ / 3 9 ~  ratios recorded for the terrestrial and meteoritic unknowns with ratios 
measured on the Madagascar high sanidine (#3). Potassium isotopic compositions are expressed as 
A ~ ~ K  values in %&mu, where A41K = {(41~39~)Uhownl(41~/39~)Standard - 1)  x 1000 12. Each 
measurement was made on a new spot and consisted of a two minute "burn-in" time to permit the 
K+ secondary ion signal to stabilize, followed by 40 cycles through the masses 41 and 39. Each 
measurement consists of 40 cycles on the standard and 40 cycles on the unknown. Each block of 
data consists of at least 5 such measurements. At least 6 blocks were recorded for each unknown 
(Table). The potassium isotopic composition of djerfisherite (K3[Cu,Na][Fe,Ni] 12S14) in a thin 
section of the Kota-Kota EH3 enstatite chondrite was measured relative to that of terrestrial 
djerfisherite mounted in a separate thin section. The K+ signal recorded for both meteoritic and 
terrestrial djerfisherite continued to rise during the analysis despite an extended "burn-in" and the 
ratio measured also changed with time. The poor K+ ion signal stabilization and the fact that the 
unknown and standard were in different thin sections probably accounts for the lower precision of 
isotopic measurements on this phase (Table). 

The precisions obtained by the ion microprobe, M.2-0.3%0/amu, (20) are significantly 
better than those previously obtained by thermal ionization mass spectrometry. While the mass 
fractionation of the potassium isotopes in major potassium-bearing phases is small, significant 
variations do occur. The A4lK values of terrestrial igneous and metamorphic potassium feldspars 
vary by I0.4%0/arnu, indicating that the high temperature processes which concentrate potassium 
do not significantly fractionate it. Authigenic feldspar has isotopically light potassium: the larger 
fractionation in this sample is probably due to equilibrium partitioning at low temperatures. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



430 LPSC X V I I I  

POTASSIUM ISOTOPIC COMPOSITION OF THE EARTH 
Hinton, R. W., Clayton, R. N., Olsen, E. J. and Davis, A. M. 

Both meteoritic samples have potassium which is significantly mass fi-actionated in favor of 
the light isotopes when compared to the standard and to all terrestrial samples measured here. 
Isotopically light potassium has been observed in terrestrial metamorphic rocks [4] but is only 
present where potassium has been introduced by diffusion from a nearby potassium-rich source. 
Spallation from cosmic rays produces potassium with a much higher 41~/39K ratio than the normal 
solar system ratio of 0.07217 and would therefore produce isotopically heavy, rather than light, 
potassium. The mass fractionations observed in the meteoritic samples are thus likely to be 
representative of the parent body in which they formed. C1 chondrites are believed to be the least 
fractionated sample available of the condensible matter in the solar system. Since Kota-Kota has 
about the same K/Mg ratio as C1 chondrites [5], the isotopic composition of potassium in it can be 
assumed to be free of volatility-related mass fractionation processes and is assumed to be that of 
the bulk solar system. As there is little mass fractionation of potassium at high temperature within 
planets, the isotopic composition of potassium in Colomera potassium feldspar should be repre- 
sentative of the parent body. Group IIE irons are closely related to H chondrites in chemical and 
isotopic properties [6]. Colomera is believed to be representative of bulk solar system potassium 
isotopic composition because H chondrites have the same K/U ratio as C1 chondrites [7]. 
Potassium in the earth is therefore isotopically heavy compared to the solar system as a whole. 

The presence of isotopically heavy potassium in lunar soils [8] is thought to be produced 
by vaporization loss of this element. If the low potassium content of the earth is due to incomplete 
condensation or partial evaporation, the earth's potassium should also be isotopically heavier than 
that of the solar nebula. The isotopically heavy values recorded for terrestrial samples are 
consistent with this model. A further test of this model would be the determination of potassium 
mass fractionation in samples from planets and planetesimals with varying K/U ratios. In order to 
predict the potassium isotopic composition of the moon and SNC meteorites, we have assumed 
that potassium was lost from them by Rayleigh distillation. The form of the Rayleigh equation 
used was R = ~ a - l ,  where R = ( 4 1 ~ 3 9 ~ ) r e s i d u $ ( 4 1 ~ 3 9 ~ ) i n i t i a l ,  F is the fraction remaining in the 

residue, and a is the gaslsolid fractionation factor: ( 4 1 ~ 9 ~ ) g a ~ ( 4 1 ~ 3 9 ~ ) S O l i d ~  F is calculated 
from the K/U ratio of the planetary body in question compared with the solar system ratio. Using 
F = (10,000/67,000) for the earth and R calculated from the earth's +1.23 %olamu fractionation 
from the solar system potassium isotopic composition to calculate a-1, the lunar F value of 
2,500167,000 gives a potassium fractionation 2.1 Qdamu heavier than the solar system or A4 1~ = 
+0.9%0lamu compared to the earth. The SNC meteorites have K/U ratios between those of the 
earth and C1 chondrites [7], so they should be isotopically lighter than the earth by 0.0-0.8Qdamu. 
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Table. Potassium isotopic mass fractionation (120). 
Sample No. Data Blocks A4l~(%o/arnu)  
#3 High Sanidine, Madagascar - a . 0 0  
#1 Authigenic Sanidine, St. Peters Sandstone, Wisconsin 6 -0.65 + 0.32 
#2 Orthoclase, Sri Lanka 11 -0.10 + 0.15 
#4 Maximum Microcline, Asbestos, Quebec 7 4 . 3 1  + 0.24 
#5 High Sanidine, Colomera IIE Iron Meteorite 8 -1.19 + 0.21 
Djerfisherite, Coyote Peak, California - d . 0 0  
Djerfisherite, Kota-Kota EH3 Enstatite Chondri te 7 -1.27+ 0.43 
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