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SIMULATION OF LUNAR CARBON CHEMISTRY IN PLAGIOCLASE, P. C. Wszolek,
F. C. Walls and A. L. Burlingame, Space Sciences Lab., Univ. of Calif.,
Berkeley, Ca. 94720.

Solar wind ion implantation of carbon is a major source of this element
on the moon and has been implicated.in the formation of hydrocarbons and car-
bides in Tunar fines. It is also apparent that the chemical and mineralogi-
cal composition of lunar material is important in determining the nature of
some of the carbon species synthesized from solar wind ions. Specifically
the iron and calcium contents of lunar soils are related to the yields of CDy

(1) and CpDp (2), respectively, produced on hydrolysis with deuterium labelled
mineral ac155 To understand the parameters significant for the formation of
lunar carbide and other carbon compounds, we are simulating solar wind ion
implantation in various mineral phases which are known to occur on the moon.
Such studies are also expected to aid in assessing the distribution of carbon
among the components of Tunar soils (1, 3).

Wafers (1 cm x 0.3 cm x 0.1 cm) of plagioclase (Angg) were sliced with a
diamond impregnated wire saw and thoroughly cleaned wigﬁ water, methanol, and
methylene chloride and subsequent heating to 950°C under vacuum. These
plagioclase targets were wrapped with clean, thin E]at1num wire to prevent
surface charg1ng and were then irradiated with 101 {gm at 40 KeV and
3 x 1016 02 /cmé at 12, 18, and 24 K?g In one case, 10 14N*/cm@ at 45 KeV
was used as a proaect1le aTong with '°c* and D on one surface of the target.
The irradiations have been carried out in co]]aborat1on w1§h Dr, M1che1
Maurette and coworkers (4). Two targets irradiated with and D Tﬁ
dissolved in 40% HF in vacuo. The target irradiated with 1 C Dz+ and
was pyrolyzed with 1inear temperature programming from amb1ent to 1400°C (5)
Gases released by both techniques were analyzed continuously with a modified
GEC-AEI MS-902 mass spectrometer at 10,000 resolution.

A vaygety of hydrocarbons and deuterocarbons were released by HF dissolu-
tion of and D»* irradiated plagioclase. The deuterocarbons represent
species synthes1ze5 by the imp]anted ions whereas the hydrocarbons are reac-
tion products of the HF w1th species behaving 1ike carbides. The major reac-
tion product released is CgH , strong evidence that ca1c1gm and sod1g
carbides have been formed in the 1rra?}ated plagioclase. and C3H5
were present in smaller amounts. CHp was detected among t e reaction
products indicating the absence of iron and aluminum carbides which produce
mostly methane on hydrolysis. Methane was the only reaction product detected
from hydrolysis of Tunar fines, an iron film and aluminum artificially irra-
diated with carbon (6). These data indicate that the nature of the carbides
formed in Tunar fines is specifically related to the chemical composition of
the substrate and that it is the cation, in the case of plagioclase at least,
which is the important element. These data provide indirect evidence for the
formation of iron carbide in lunar iron silicates (7) through the agency of
the solar wind.

In Tunar fines, indigenous methane and ethane are released during hydroly-
sis and are thought to be synthesized from carbon and protons in the solar
wind. Our analyses of the artificially irradiated plagioclase show that both
these species are formed in this way. Pillinger et al., (6) have also shown

© Lunar and Planetary Institute * Provided by the NASA Astrophysics Data System




855

Simulation of Carbon Chemistry

Wszolek, P. C., et al.

that methane can be synthesized from solar wind ions. Our analysis of the
irradiated plagioclase 1?§1cates th syntheSTS of two additional species:
ethylene and propy]ene, C2Dg and The corresponding hydrocarbons
have been detected in Tunar f1nes (8), 1n “small amounts.

At present we can only give semi-quantitative data for relative quantities
of the gaseous species released by dissolution of the irradiated plagioclase.
We estimate that a few percent of the 13C* is recovered as hydrocarbons and
deuterocarbons.

Temperature release profiles for the Tgaor spec1es released during the
pyrolysis of plagioclase irradiated with ?g ?re shown in
Figure 1. Implanted carbon is evolved pr]marlly as '°C0 and CO as is the
%ase for most lunar fines. The ratio of !3C0 to for the targets was 5.

3C0 is released mostly between 800-900°C with a sma]?er amount from about
1050-1200°C, The same pyro]ys1s pattern was observed for CO released by
plagigclase and the finest grains separated from 10086D fines (3). Most of
the 13C0,, on the other hand, is evolved from 1000-1200°C with another smaller
evolution at 800-900°C, and a very minor evolution around 400°C. Our data
confirm that the Tow temperature CO2 in lunar fines does not derive_to any
significant extent from solar wind. Our results the evolution of 13c0 from
irradiated plagioclase differ from those of Chang et al, 512) for irradiated
mature Tunar fines. In their experiments most of the 13C0 was released above
900°C. The apparent discrepancy may be dye to one or more of the following:
(1) different total doses of 13C (1016/cm¢ vs. > 1017/cm2); (2) different
mineralogical composition of the targets; (3) chemical state of the metal in
the targets. The two studies should complement each other and represent solar
wind carbon implantation into lunar materials with varying degrees of surface
exposure. *her species detected during the heating of the plagioclase were
HOD and H13cT4N (Figure 1) which were released at about 400-600°C and 800-900°
C, respectively. HCN is typically evolved from 400-700°C in mature Tunar
fines (5), and both HCN and DCN are observed among the gaseous products re-
leased when Tunar fines are dissolved in DF (9). Our detection of HOD in
irradiated plagioclase and quartz lends support to proposals (10, 11) that
hydroxyl groups and water can be SynthESTZed from solar wind hydfggen and Ehg
oxygen of Tunar materials. Fifty-six hundredths percent of the and |
was evolved as HI3CN and 0.25% of the Dy* was recovered as HOD. Note that
these molecules contain labile, exchangeable hydrogen probably deriving from
water in the mass spectrometer.

1. P. H. Cadogan, et al., Geochim. Cosmochim. Acta, Suppl. 4, Vol. 2, 1493
(1973). 2. P. C. Wszolek and A. L. Burlingame, Geachim. Cosmochim. Acta,
Suppl. 4, Vol. 2, 1681 (1973). 3. P. C. Wszolek, et al., this volume. 4.

J. P. Bibring, et.al., this vo1ume. 5. B. R. Simoneit, et al., Geochim.
Cosmochim. Acta, Suppl. 4, Vol. 1635 (1973). 6. C. T. Pillinger, et al.,
Nature (Phys. Sci.), 235, 108 (19?2) 7. C. T. Pillinger, et al., Nature
Phys. Sci.), 245, 3 (T@?B) 8. 0. Muller, Geochim. Cosmochim, Acta Suppl. 3
Vol. 2, 2059 (1972). 9. P. T, Holland, et al., Nature (Phys. Sci. ) 235,

106 (1972). 10. E. J. Zeller and L. B. Ronca, Icarus,‘z, 372 (1967). TIT.

D. A. Cadenhead and W. G. Buergel, Science, 180, 1166 (1973). 12. S. Chang,

© Lunar and Planetary Institute * Provided by the NASA Astrophysics Data System




856

Simulation of Carbon Chemistry

Wszolek, P. C., et al.

et al., Geochim. Cosmochim. Acta, Suppl. 4, Vol. 2, 1509 (1973).

233 PYROLYSIS PLAGIOCLASE 7

TI= 4831. SUM Hr/E= 19.0168
HOD
1 Prbriad s
Ti= B21. T sun rvE=  28.0142 :
- AﬂNfﬂJW\wgJﬂ
”/\Aj\f\}\ FAVI.YVV. A Y.l , Fal A(V\A Adenird\
TI= 17180. SUM MrE= ZH. 9982
13
Co
L e A e e e S s
[1_3__ 2637, Sur MsE= 44,9931
|3Cc)2
T T T T T T T T T T T T T T T T T T T T T T T T T e T T T P T T .-,.|.......,.|.,‘mf$m'l*rl,
200° 400° 600° 800° 1000° 1200° |400°

Temperature °C

Fig. 1: Species released by pyrolysis_of
?Tagioclase irradiated with !3c*,
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