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As a continuation of our efforts towards an understanding of regolith evo- 
lutionary processes which lead to the formation of finely divided iron metal 

0 
(Fe ) ,  and hydrolysable carbon (C ) in the lunar soil, we have investig- 
ated a variety of particle separa!% derived from highland soil 68501. This 
sample has been subdivided according to our previously documented methods (1) 
to give size fractions and progressively more magnetic agglutinates of diff- 
erent density. So far ca. 60 samples have been investigated for magnetic 
susceptibility (x) and isothermal remanent magnetisation (IRM) ; selected 
materials have been treated with DC1 to release CDq and light rare gases. 
Efforts have been made to characterise more fully the method whereby 613c 
values are obtained from CDq; data tabulated are preliminary to more 
precise determinations using sample gases which have been matched to stan- 
dards. Major element analyses of 68501 fractions are described elsewhere 
together with similar studies on other highland materials (2). 
C D I + , ~ , I R M , ~ H ~ , ~ ~ N ~ ,  and 613c for 68501 are listed in the Table. Consid- 

ering these data in the light EF4our previous studies on separated soils, we 
make the following observations: (i) We note the marked invariance of CD 

4 
X I  and IRM for particle sizes > 20ym, whereas He and Ne increase regularly 
in fine fractions. Morris (3) has previously reported a very low -n value 
for I measurements made on a sieved fraction of 68501. An interpretation 

s 
of the particle size data would be that 68501 is a very mature soil, and in- 
deed the I /FeO value of 85 obtained for the bulk material (4) is among the 

s 
highest seen with Apollo 16 samples. Our x values for bulk and separated 
materials support this conclusion, but CD values are comparatively low, 

4 
approximately half the concentrations observed from other mature Apollo 16 
soils. We therefore conclude that 68501 is depleted in C relative to 
samples such as 69921, 69941, 69961, 66040, etc. (ii) ~o@'!!he samples where 
data are available, there is a marked correlation between CD and X. Twelve 

4 data points plot with a correlation coefficient of 0.98 to glve a slope of 
0.21, and a x intercept of -0.07. A concentration of carbon in iron of ca. 
0.17i0.04 wt 8 is suggested; this value is similar to samples 12023 and 
15601, but possibly higher than the majority of Apollo soils and well in 
excess of Luna 24 materials (1). (iii) For 57 samples a plot (R=0.92) of 
x vs IRM has a gradient of 17.6 and an IRM intercept of 1.24. Thus the IRM/ 
x ratio for 68501 is considerably lower than for any other sample we have 
studied. Within the IRM to x relationship, there is a slight tendency for 
IRM/x ratios to increase in the order samples (p i 2.96) < (p2.6-2.96) < 
bulk sieved fractions. We have yet to establish whether any significance can 
be attached to this trend. (iv) The absolute values of x measured for 
68501 separates are comparable to the corresponding data for samples from 
12023 e.g. for 68501, 106-75ym, p2.6-2.96, M2.0 x = 3.82, for 12023 106-75pm, 
p<2.96, M2.0 x = 3.62. Thus complementary samples presumably contaip a 
similar amount of Fe . Bearing in mind the very much lower bulk Fe con- 
tents of 68501 fractions, ca. 5-6 wt % as FeO ( 2 ) ,  this implies that a high 
proportion of the total iron in the highland sample is in a reduced state. 
For the most magnetic agglutinates (M3.0 fractions) over 408 of the total 
iron must be as metal. (v) We observe a clear fractionation of light rare 
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gases relative to CD in agglutinate samples compared to the bulk sieved 
4 

fractions from which they were derived. The depletion factors involved are 
greater for 68501 than for 12023, and probably reflect the higher melting 
temperature of highland materials.(vi) For 68501, we have been unable to 
distinguish the clear relationship between X, magnetic separation distance, 
and size, previously noted for 12023. 
Two major problems exist in using the static mass spectrometric measure- 

ments of CD to furnish the carbon isotopic composition of C (5). The 
4 

first, fractionation due to partial labelling during the aci9~2issolution 
step, has been studied by calculation of the equilibrium constant for the 
exchange reaction: 

13 CD4 + 12cD3H e+ 13CHD + 12 
3 CD4 

based on the harmonic approximation data on methane internal equilibrium CO- 
nstants of Bottinga (6) and Richet (7). It is inferred that the equili- 
brium distribution would result in a lower 13c/12c ratio in partially deut- 
erated than in fully deuterated methane, with: 

at 80°c; thus assuming equilibrium the correction factor we have proposed 
to allow for the occurrence of 1 3 ~ ~ ~ 3  ions at m/e 20 is probably satisfact- 
ory. The minimisation of both long &d short term errors in rat0 determin- 
ation is prerequisite to detailed experiments investigating natural sources 
of isotope fractionation, and yield problems. An increase in statistical 
precision of ion beam measurements for a 1.5x10-~g sample of C as CDq has 
been accomplished by increasing the trap current in the ion source to 100pA 
(although this inevitably leads to enhanced gas pumping), and by modificat- 
ion of our amplification system: we are now able to estimate the average 
value of thirteen determinations of the 21/20 ratio with a la standard 
error of 0.31%0. From studies conducted with a Faraday plate collector, 
gas pumping appears to follow first order kinetics with a rate constant 
which is directly proportional to the trap current (I ) over a range in I 
from 4 to 200pA. To within the accuracy of measuremenE, pumping rate con- 

t 

stants for m/e 20 and 21 are identical, though noticeably different from 
that for m/e 19. Thus, even at high I it is unnecessary to correct for 
21/20 fractionation by pumping during the course of the experiment. Normal 
operation of the system involves an electron multiplier, and variations in 
its response are now believed to have, on occasion, disguised source effects. 
Furthermore, the 21/20 ratio is not always independent of beam intensity, 
and for samples releasing amounts of CD less than half the standard ali- 
quot of reference gas the precision of6j3~ suffers considerably. It is con- 
cluded that valid ratio comparisons of sample and standard require careful 
attention to major ion beam matching and to multiplier conditioning: this 
precludes the use of the spiking technique previously employed. 
The 613c values for agglutinate samples from 68501 given in the Table 

are thoughgDko be among the best values so far obtained using our static 
mass spectrometric method. However we are now performing experiments using 
sample amounts calculated,on the basis of the data in the Table, to liberate 
a quantity of CDI, gas closely approximating the standard aliquot. We then 
hope to confirm that, as suggested by our studies on 12023 (5) and from the 
data in the Table, agglutinates are enriched in 13c relative to bulk sieved 
fractions, and very fine material is depleted in the heavy isotope. 
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TABLE Magnetic susceptibility (x), isotherni-' lzmanent magnetisation (IRM), hydrolysable 
carbon (CDq) and its 613c, and llght rare gases (He,Ne) for 68501 soil separates. 

Magnetic 
61% 

He Ne 
Sample susceptibility (x) IRM CDk '34 arbitrary 

description ~ o - ~ G  cm3 g-I ~e-l ~ o - ~ G  cm3 g" p g ~ / g  %o rel. to PDB units 

size fractions 
(urn) 

2-150 
15C-106 
106-75 
53-40 
32-20 
<lo 

150-106um 
p<2.6 
M3.0 
M2.5 
M2.0 
W2.0 

2.6<0<2.96 
M2.5 
M2 .o 
ML. 5 
M<1.5 

Notes. x and IRM data have been determined on ca.50 other samples. 613c errors are + 20 from 
standard errors In sample and standard ratlos. The standard CDI, has been taken as -28.9%0 
rel. to PDB. 
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