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Introduction: The depletion of moderately volatile 

elements in many Solar System bodies is thought to re-
sult from nebular thermal processing [1]. Undifferenti-
ated meteorites, chondrites, which have not been heated 
to the melting temperatures, preserve, at least partially, 
the chemical and isotopic records from the protoplane-
tary disk. Among moderately volatile and relatively 
abundant elements, only potassium (K) has more than 
one stable isotope (39K and 41K) that makes it a good 
candidate for studying history of volatile element deple-
tion in the early Solar System. The chondrites show var-
iable depletions in K which are routinely expressed as 
the K/U ratio, which can also be measured remotely. Re-
mote g-ray measurements display large variations of 
K/U ratios among un-sampled planetary bodies [2]. Yet, 
no K isotopic differences within the uncertainty of ~0.5 
‰ were found among the Solar System bodies [3]. The 
recent, higher precision (~ 0.1 ‰) K isotope data do 
show a significant K isotopic fractionation (~ 0.4 ‰) 
between the Earth and Moon [4-5], which was inter-
preted as the result of K loss during Moon formation. K 
isotopic fractionations have also been observed among 
other planetary bodies [6], but not between the Earth 
and chondrites. Given the large variations of K/U ratios 
among these bodies, such differences are expected. 
Also, large K isotope variations have been found among 
chondrules by ion probe measurements [7-8]. The 
mechanisms causing the depletion of K and other mod-
erately volatile elements are still debated and need to be 
tested by higher precision K isotope measurements. 
This would help to better understand the K variations 
among planetary bodies and the physical environments 
of chondrite formation in the early Solar System. 

Here, we present our initial results of K isotopic 
studies of CI, CV, L and H chondrites. The ultimate goal 
of this project is to understand how to predict K loss and 
accompanied isotopic fractionation under a given set of 
solar nebula conditions. The results may also be appli-
cable to the evolution of other moderately volatile ele-
ments during planetary formation/accretion in the early 
Solar System. 

Samples and K isotope analysis:  Samples ana-
lyzed here include 12 ordinary and 3 carbonaceous 
chondrites. Samples of all carbonaceous chondrites and 
4 ordinary chondrites (Peace River, Bruderheim, 
Guareña, and Grady) were prepared by crushing and 
powdering of >10 g of each meteorite. Samples of other 
ordinary chondrites were 3-5 g which is supposedly 
enough to represent the bulk average composition of 
higher (5-6) petrologic types. Aliquots (50-100 mg) of 

the whole-rock powders were dissolved in multiple 
steps using mixtures of HF, HCl and HNO3. Samples 
were heated in a CEM MARS 6 microwave digestion 
system and then dried down on hot plates, and re-dis-
solved in 0.5N HNO3 for K column chemistry. The so-
lutions were loaded on 13 mL Bio-Rad AG50W-X8 cat-
ion-exchange resin (100-200 mesh) chromatography 
columns (described in [4]). Purified K cuts were dried 
down and then re-dissolved in dilute HNO3 (~2%) for 
ICP-MS analysis.  

The K isotopes were measured using a Nu Sapphire 
(SP001) multi-collector ICP-MS at Harvard University. 
This is a new type of dual path (high or low-energy) ICP 
instrument. For this work we used the low-energy path 
with a hexapole collision cell in order to eliminate ArH+, 
Ar+, and ArO+ mass interferences and charged Ar-re-
lated species. There is no generally accepted standard 
for K isotope measurements. Our measured K isotope 
values, expressed relative to a lab standard, Merk Su-
prapur KNO3 of 99.995% purity, are consistent with 
previous results [4-5]. Uncertainties are reported at the 
two sigma level. Other commonly used standards are 
also measured relative to Suprapur: seawater and NIST-
SRM-3141a yielded d41K = +0.22 ±0.02 ‰ and +0.03 
±0.01 ‰, respectively.  

The analytical solution containing 300-400 ppb of K 
yielded a 39K signal of ~350 V. A single sample-stand-
ard bracketing run (5 repeats) consumes ~1 µg of K. 
Thus, the advantages of our measurements are (1) high 
intensity of K signal (~1000 V/ppm) with the Nu Sap-
phire, (2) a very small amount of K needed for a single 
run, and (3) a good long term reproducibility (~25 ppm) 
as well as internal and external precision of ~10 ppm 
and ~30 ppm, respectively. This allows analyzing sam-
ples with very low K concentrations or tiny aliquots of 
extremely precious samples such as meteorites and lu-
nar rocks. 

Results: We found some differences between ordi-
nary and carbonaceous chondrites as well as between 
the Earth and chondrites (Figure 1). The bulk average 
K isotopic composition of d41K is about - 0.2 ‰ for CV 
chondrites, - 0.4 ‰ for CI chondrites, and - 0.7 ‰ for 
ordinary chondrites. There is no significant difference 
between and within the L and H chondrites, except for 
the three outliers. It is unclear whether these outliers re-
flect real variations among ordinary chondrites or result 
from inhomogeneity of the powdered samples. We have 
tested homogeneity of the Allende powder by analyzing 
3 aliquots which have yielded indistinguishable values. 
However, ordinary chondrites contain tiny K-rich grains 
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[9] which may be unevenly distributed in the powdered 
samples. We plan to investigate this option as well as to 
identify if secondary processes are responsible for the 
fractionation of K isotopes in outliers. 

Moreover, Earth which is depleted in K, has a K iso-
topic composition similar to CI. Though some varia-
tions in d41K  observed among different terrestrial rocks 
range from ~ -0.35‰ to ~ -0.55‰ [10], the average K 
isotopic composition of Earth agrees with our CI value. 
Thus, in order to explain the lack of isotopic fractiona-
tion between the Earth and CI chondrites, it is important 
to explore the different formation scenarios of K deple-
tion and isotopic fractionation during formation of 
chondrites and the Earth. 

 

 
 
Figure 1: Chemical and isotopic variations of K in ordinary 
(L: green and H: blue), carbonaceous (pink) chondrites, Earth 
[10] and the Moon [4]. Uncertainties are similar to the size of 
the data symbols. Ordinary chondrites overall have lighter K 
isotopic compositions than CI and CV chondrites (the light-
est). The K depletion is only weakly correlated with the iso-
topic composition, implying that more than one process was 
involved in the formation of different chondrite groups.  

 
Discussion:  Our current results provide the first es-

timates of the K isotopic compositions of different 
chondrite groups and the early solar nebula (= CI chon-
drites). We found systematic differences between the 
ordinary and carbonaceous chondrites, with the former 
being lighter and the latter being heavier than the CI 
chondrites. Yet both the ordinary and CV chondrites are 
depleted in K relative to the CI chondrites implying that 
no single process can explain the observed K depletion 
and isotopic fractionation. More samples need to be 
measured including enstatite chondrites whose O iso-
tope compositions are similar to the Earth and Moon [11] 

to explain the variations observed and to further inves-
tigate possible physical processes that fractionate K iso-
topes in the primitive materials.  

The outliers among ordinary chondrites may be due 
to metamorphism and/or aqueous fluids having altered 
some of the primary minerals/objects in these samples. 
While CAIs from Allende were identified as the earliest 
preserved objects in the Solar System (close to 4.57 Ga) 
the Rb-Sr model ages of some Allende samples fall be-
low the 4.57 Ga isochron implying a late disturbance of 
the Rb-Sr system (later than 3.5 Ga) [12]. Low-temper-
ature phases from secondary alteration were found in 
CAIs [12] with some of them containing high Rb (~ 10 
ppm, called high-Rb Ca-Al aggregates). If Rb is altered, 
then K and other alkali elements might also have been 
affected. The late secondary processes must have oc-
curred in the parent body rather than in the solar nebula. 
Chondrites certainly contain a record of nebula pro-
cesses, however, this very early record has been modi-
fied or obscured to different degrees by later processing. 
We will be testing whether the outliers have young Rb-
Sr model ages suggesting that secondary parent body 
processes may also have fractionated their K isotopes. 

The lack of correlation between K concentrations 
and isotopic compositions rules out the evaporation un-
der  Rayleigh conditions as the cause of depletion of 
moderately volatile elements [3]. However, both the 
cosmic spherules [7-8] and evaporation experiments 
[13-14] show that a Rayleigh-type evaporative loss of K 
from these objects is accompanied by large increases in 
d41K. Also, because there is a tight correlation between 
K/U and Rb/Sr ratios in chondritic meteorites, eucrites, 
Moon, Mars and Earth [15], their volatile/refractory ra-
tios might have been affected in a similar way. However, 
the exact mechanisms of moderately volatile depletions 
and the observed isotopic fractionation (K) need further 
investigation and measurements. 
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