THE EXPOSURE HISTORY OF THE APOLLO 16 SITE, AN ASSESS=
MENT BASED ON METHANE AND CARBIDE MEASUREMENTS

C. T. PILLINGER, C. EGLINTON, A. P. GOWAR, A. J. T. JULL
- AND J. R. MAXWELL
234

- yJnclas
07484

A Preprint of a Manuscript from

“63/91 .

THE PROCEEDINGS OF THE SOVIET-AMERICAN CONFERENCE
ON THE COSMOCHEMISTRY OF THE MOON AND PLANETS

HELD IN MOSCOW. USSR, ON JUNE 4--8, 1974

E Y OF
T BASED
NTS
cscl 03B

OSURE HISTOR

THE EXP
AN ASSESSMEN

RBIDE. MEASUREHME
26 p HC $3.75

CA

161249)
LLO 16 SIT

Distributed by

-CR=

THE LUNAR SCIENCE INSTITUTE
 HOUSTON, TEXAS 77058

' ON. METHANE AND.
(Bristol Univ.) -

{ (NASA
| THE APO

|
i
|

TO MAKE THE INFORMATION CONTA INED HEREIN AS WIDELY AND AS RAPIDLY
AVAILABLE TO THE SCIENTIFIC COMMUNITY AS POSSIBLE. NASA EXPECTS 70
PUBLISH THE ENGLISH-LANGUAGE VERSION OF THE PROCEEDINGS IN LA TE

1975. THE FINAL TEXT MAY INCLUDE MINOR EDITORIAL CHANGES IN FORMAT, etc.

- JOMN H. POMEROY, NASA HEADQUARTERS
TECHNICAL EDITOR



SEP 191974
(Mgived )

The exposure history of the Apolle 16 site, An assessment based on

methane and carbide measurements,

C. T. Pillinger, G. Eglinton, A, P. Gowar, A. J. T. Jull and J. R. Maxwell
Organic Geochemi .stry Unit, School of Chemistry, University of Bristol

Bristol BS8 1TS, U.K,

ABSTRACT

Nineteen soils from eight stations at the Apollo 16 landing site
hav; been analysed for methane and carbide, These results, in conjunction
with published data from photogeology, bulk chemistry, rare gésas, primordial and
radionuclides and agglutinate abundances have been interppted in terms of
differing contdbutions from three components, North and South Ray crater ejecta

and Cayley Plains material
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INTRODUCT ION

Analysis of the gases released from lunar fines and so0il breccias
by DCI1 dissclution has revealed that trapped hydrocarbons (particularly
CHQ) and metal carbide (indicated by the evélution of deuterocarbons,
predominantly CD4) are ubiquitous components of these samples (Abell
et al., 1971, Cadogan et al., 1972), The location of methane and carbide
at particle surfaces (Cadogan et al., 1972), a numher of correlation studies
(Abell et al., 1971, Cadogan et al., 1871, Cadogan et al,1972) and the simulation
of lunar conditions (Pillingér_gz_ii., 1972) suggest that the distribution of
both types of carbon is controlled by extra-lunar processes. More specific
loc: “on studies (Cadogan.sg;&l., 1973a and b) have identified the particle types
con::.ining the highest concentrations of methane and carbide as very fine grains
(0.5 - 1Qf¢m diameter) and glassy agglutinates and microbreccias, both the latter
being themselves aggregates of finer grains., These observations are consistent
with the finest grainsrbeing the major reaction site for the initial synthesis of
lunar carbon compounds from solar wind implanted species., The energy for further
rzaction to take place is preéumably provided by micrometeorite impact, which is also
responsible for comminuting, aggrgating and reworking the soil. Recently, it has
beer shown (Pillinger et al., 1973, 1974)lthat the formation of the carbide giving
rise to CD4 is also dependent on the availability of FeII in silicate for reduction
ro Fe' Thus, the major carbide species is presumably some form of irom carbide
<& cevidusly anticipated (Chang et al., 1970, Abell et al., 1971}, -The reduction
srecens 1s also thought to be exposure induced and to involve a reducing agent such
a. it nlanted sclar wind hydrogen (Carter and McKay, 1972, Grant et al., 1973; Housley

el o+, 19735 Pillinger et al, 1973, 1974).



All the evidence now available suggest that methane and iron carbide are
formed as a result of exposure of lunar samples at the very surface of the
regolith. As a corollary, the sbundance of these carbon species should be
important indicators of exposure and reworking, provided the effects of bulk
chemistry are taken into consideration. Indeed,carbon chemistry has already con-
tributed to the understanding of ‘the history of the lunar regolith as a result
of the analysis of the Apollo 12 double core, the Apollo 14 surface gamples and
the Apollo 15 and 16 drill stéms (Wszolek et al., 1973). 1In the case of the
double core, methane and carbide measurements have indicated that although layer-
by*layer deposition may be the predominant mechanism of regolith formation, small
scale mixing across stratig;aphic boundaries can be important (Cadogan et al.,
1972) . For the Apolle 14 samples both natural lunar and accidental (astronaug-~
induced) mixing of soils have been inferred from the amounts of CH4 and CD4 released
by acid dissolition (Cadogan et al., 1972; Mays, 1973).

The purpose of the present paper is to demonstrate that carbon chemigtry,
in conjunction with other exposure measurements and geochemical data, may assist

in recognising the major events at the Apollo 16 site,



EXPERIMENTAL

All acid dissolution studies to measure CHQ and CD4 were performed using
DC1 (387 in D20) on bulk soil gamples (10 - 20 mg ) in'the usual way (Cadogan
et al., 1972; Cadogan EE_EL" 1973). To check that systematic errors were
unaltered, a sample of Apollc 11 fines 10086 was analysed and the CH4 and CD4
concentrations released shown to be within + 107 of those from samples previbusly
measured. |

All the samples analysed are soils (Table 1), The ﬁajority (those having 1
as the final interger of their catalogue number) have been sieved at the curatorial
facility to remove particles greater than 1 mm in diameter, Samples having a
catalrjue mumber which ends in O are unsieved. For the purposes of comparison in
this discussion, sieﬁed and unsieved smmples are assumed to be identical, A map

showing the essential features of the Apollo 16 landing site, together with the

location of the various sampling stations, is shown as Fig. 1.



RESULTS

The amounts of CH, and CD released by DCl dissolution are

4 4
given in Table 1. We have previously reported (Pillinger et al., 1973,

1974) that the concentratioms of carbide, as indicated by CDA’ in Apollo 16
lunar fines are decreased compared tqpamples from other missions having
similar exposure (estimated from the abundance of solar wind implanted 36Ar).
Thus, we suggested that synthesis of carbide was dependent not only on exposure
of the samples but also on the availability of FeII for reduction to Fe. At
present, no definite relationship between CH4 and FeII has been observed,
although the quantities of CH& released from Apollo 16 samples also appear

to be reduced compared to previous missions (Pillinger et al,, 1974 ). Such
differences may be due to increased diffusion losses from minerals low in

FeII rather than the lessened extent of a hypothetical synthetic process

for CH4 involving either FeII or Fe (Royal Society Luna Sample Investigation
Team, 1974),

In addition to the differences observed between the CH4 and carbide
contents of Apollo 16 soils and those of samples from other sites, considerable
differences are apparent between samples collected at various stations of the
Apollo 16 site. Samples from stations south of the Lunar Module (LM) (64421,
66081, 68121, 69921, 69941 and 69961), with the exception of 68501 and 64501,

&4
63500, 67701, 67941, 67960). Soils from approximately the same latitude as

release more CD, and CH4 than samples from north of the IM (63321, 63340,

the 1M (60501, 61141, 61161, 61501) release intermediate quantities. Although
bulk chemistry varies across the site [Tor example, iron as FeO increases
from 4.0 in the north to 6.17 in the south (sece iEEEE.EliE Bansal et al.,
1973; Brunfelt et al., 1973; Compston et al., 1973; Laul and Schmitt, 197317,
the differences involved are insufficent to account for the large variations

. . . . . 1T
observed in CH4 and carbide. The small increase in the amount of Fe



available for reduction to Fe® south of the LM could play only a minor
‘role in acbbuﬁting for the increased quantities of carbide found in
samples from this region. The major differences in CHk.and carbide

content must reflect the exposure history of the samples

B



DISCUSSLON

Gross differences between samples from opposite ends of the Apollo 16
landing site have previously been reported for a number of ¢her parameters.
Kirsten et al. (1973) have suggested that the concentrations of trapped solar
rare gases in soils increase from north to south, Similarly, samples collected

W

at the rim of North Ray crater have larger graphic mean grain sizes (Butler et _al,,
1973) and a smaller proportion of agglutinates (McKay and Heiken, 1973) compared X
to those from south of the LM,
Photogeologic sequencing suggests that North Ray crater was formed at

an earlier stage of the Moon's history than South Ray crater (AFGIT, 1973). The
exposure ages for rocks thought to be North and South Ray crater ejecta have been

. track andravre gas 6 6 .
estimated from fmeasurements as 46=-50 x 10 years and 2 x 10 years respectively
{Behrmann et al., 1973; Turner et al., 1973). The 2lNe exposure ages for soils
suggest a 50-60 x 1()6 yr age (Kirsten et al., 1973; Walton et al., 1973) for
North Ray wich is in good agreement with the rock age and photogeologic sequencing,
The high ages (> 200 x 106 yrs) measured for almost all soils south of the LM
(Kirsten et al., 1973; Walton et al., 1973) suggest that these materials were not
formed from south Ray crater ejecta, McKay and Heiken (1973) have suggested that
the apparent discrepancy may be explained if soils south of the LM are pre-existing
regolith onto which blecks and fragments from South Ray crater have been scattered,
This argument is strongly supported by carbon chemistry data and a station-by-
station examination of the soils returned by the Apollo 16 mission leads us to
conclude that no soil solely from South Ray crater has been sampled. However,

both North Ray crater soil and a mature soil (referred to as Cayley Plains soil)

c'm be recognised. The CH, and carbide data for the majority of



samples analysed may‘be exp1a1ned in terms of mlxtures of Cayley Plalns
;materlal with elther North or South Ray eJecta (Teble 2). | Wherever'p0551b1e
- we have attempted to verlfy the ass1gnments made by reference to other
_approprlate data such es hnlk chemlstry, pr1mord1a1 and cosmogenzc radio-

- nuclldes, rare Sases and the pIDPOrtlcn of glassy agglutlnates (Teble 2).

North Ray ctater 5011

50118 from Staﬁon 11 at the very edge of.North Ray crater must have
| derived from the eJecta ‘of this crater. They are very immature and consist
.ma1n1y of freshly eJected materlal (i.e. low content of glassy agglutlnates.
‘(McKay and Helken, 1973)) Therefore, the amounte of CH4 and carblde now.
observed in sanples 67701 67941 and 67960 are presumebly due to the exposure
of these soils_ernce the North Ray crater event. The regollth at Statlon 11
appeared to be very th1n (AFGIT 1973), during a 46- 60 x 106 year exposure
it sheuld heve been very well gardened and thus spent a ‘considerable tlme
'expoéed”tofthe:solar wind., However, methane has only reached a maximum

of 1.7 ug/g (67960) and carbide only 3.4 ug/g (67701), show1ng that the
accumulatlon of both specles is slow.‘ For the purpose of later dlscuss1on,

sample 67701 is. con31dered typlcal of North Ray crater so11

Cayley Plalns 8011

Photogeology shows that Station 9 is in anlerea of low albedo (AFGiT,
1973); this: locatlon should be charaecteristic of Cayley Plains meter1a1
unaffected by the recent addltlon of immature ejecta from either North or’
South Rey~craters. | . ‘ .
| The éh' (2 4 ug/g) and CD (9.5 ug/g) releasad from the surface sklm
(69921) collected at Statlon 9 suggests a well—exposed mature regolzth

consistent w1th the hlgh lNe exposure age of 240 X loeyr (Walton et al., 1973)



For the purposes of later discussion sample 69921 is considered typical
of Cayley Plains soil,.

Two ccher soil samples were collected from Station.9. A sample (69961)
from beneath a boulder, has even higher quantities of both methane and carbide
than does 69921 (Table 1), Sample 69941, which was scoobgd from immediately
below 69921 is intermediate both in absdute amounts of CH4 and carbide and in
CD4/CH4 ratio., Possibly during collection of 69941, the scoop may have
passed through the highly exposed layer represented by 69921 to collect a small

'ampunt of the even more highly exposed layer represental by 69961, On this basis,
the latter layer wduld need't; exfend hofizontally beneath Station 9 for at
least & meter,

All three soils (69921, 69941 and 69961) have the same major element chemistry
(Laul and Schmitt, 1973) and primordial radionuclide content (Rancitelli et al.,
1973)., Thus, the matum layers probably derived from the same source material.

Photogeology indicates that Station 6 lies on a ray from South Ray crater,

Two samples from Station 6 have been analysed, The first, 66081, had been collected
from a patch of white, indurated ﬁaterial lying on top of the regolith and the
second, 66040, was typical local ?egolith. The amounts of CH4 and CD4 released

by the two samples (Table 1) suggest that they are essentially similar to each other
and highly mature like 69921. It appears therefomethat neither sample represents
South Ray crater ejecta as suggested by photogeology and that the white patch could
have arisen from a small local impact, Bulk chemistry (Laul and Schmitt, 1973)
indicates that both samples ha&e slightly more total iron than presumed Cayley
Plains fines (69921) but never the )ess they probably represent part of the same

formation.



Spils conceniﬁgiNcrtﬁ-Rey ejecta and Cayley Plains material -

‘F‘rm phomeokgy (Arcn 1973) Station 13 lies on the North Ragf Crater

‘ eJecta blanket. However methane and carbide data, supported by bulic chemlstry
and rare gas analyses,'1nd1cam:that 50113 collected from this site are inter-
mediate"betweéﬂ North Ray crater ejecta and Cayley Plains soils and thus soil
mixing may have eccerred. We have interpumted the Bulﬁ'chemical data to indicate
that samples 63321, 63340 and 63500 may be a 2 to 1 mixrure.of North Ray crater

" fines /((r‘ée reesse%nt%e b%;" 66957201) .anig:s%?mlier?g t agg; srl%atte\f%n%ver rate for 63500
(the exposed regcllth at Statlon 13) was gimilar to the turnover rate at Statlon
11, then clculat1cns suggest that the quantltles of CH& and CD4 which might be

,released_from.63500 WOuld-be 1,6 pug/g and 5.3 ug/g,-respectlvely., These values
ire in goed aéreeﬁent with the actual experimentel,dare_(cna; i.l pgfg; CDA;
5.7 ng/g) obtaiﬁee_fer 635@0; 'The CH, and carbide in eehple 63321,\ﬁﬁich was
from the'permaneetlyﬁshdded'aree under the boulder at StétidﬂlB weulﬁ'ﬁresuﬁably
not have reaeved any further ccntrlbutlcn from exposure if the ahleldlng boulder
was emplaced by ‘the North Ray cratering event, Thus, lt may be explained:as
a 2:1 miXture of North Ray 5011 (contalnlng no CH4 or carbide) -and mature Cayley
Plains fines. Ageln the calculated values for CH, and CD 0.8 yg/g and 3.2 uglg
respectively) are‘ln,gocd agreement with the measureivalues (1.1 ug/g and 3.1 ug/g
respectively). :Seﬁple 63340 has also been shielded Since tﬁerNorth Ray event,
However, the slightly greater quantities of C34 and Cnareleased from this eample
may be explained.ifirhis_sample contains a slightly increased proportion of
mature Cayley Ehiee materlal. The slightly greater aﬁeunr:cf metere soillrequired
would be coesietect Vith the known sampling conditions fer 63340; ie. this |
sample was collecred”frqm a slightly greater depth (beloﬁfé?éZl)laed may heﬁe

sampled more material from an underljing layer,
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3Ar concentrations for the Station 13 soils measured by Kirsten et al.,

{1973) and Eberhardt et al., (1973), are also consistent with an approximately
2:1 mixture of North Ray crater ejecta and Cayley Plains material.

Comparison of the CH& and carbide concentrations of ‘63500, the local
exposed regelith and the shaded soil 63321 shows no evidence of migration of
lunar volatiles to the latter sample as a "cold trap" (Silver 1972, 1973; Reed
et al., 1972) This is in agreement with the observation that shaded soils do
not show the presence of excess lead in comparison with reference samples (Silver,

and 63340

1973) and with otherCH, and carbide measurements of 63320 /{(Wszolek et al., 1973).

4
Soils derived from South Ray Crater ejeécta and Cayley Plainsg material

The presence of rocks of low exposure age (ca 2 x 106 yrs) {(Morrisom, D,
et al., 1973} confirms the interpretation of photogeologic sequencing that
Station 8 at the Apollo 16 site lies on a ray of ejecta from Seuth Ray crater
(AFGIT, 1973). However a boulder fillet soil (68121) from this station releases
quantities of CH, and CD4 (4.%}Lg/g and lz.gfxg/g respectively) indicative of
mature fines. The fillet also has a similar major element chemigtry (Compston
et al., 1973 Laul and Schmitt, 1973) and primordial radionuclide content
(Rancitelli et al., 1973) to 69921, Therefore like other mature soils south
of the LM, 68121 may represent Cayley Plains soil., Another soil (68501) collected
at Station 8 is far less mature (CHA’ l.8p;g/g; CD,, S.Z;Ag/g) than 68121,

The differences in CH4 and carbide concentrations between 68121 and 68501
are explicable in terms of one of two mchanisms proposed by HHrZ‘gE;El., (1972)
for the formation of boulder fillets. Formation by micrometerite erosion of
the adjecent boulder requires that the fillet and parent boulder should differ

only with respect to exposure history; major and minor element chemistry should

be basically similar. Primordial radionuclide measurements show that whilst the

potassium contents of 68121 and the adjacent boulder (68115) are similar, the

thorium and uranium contents are very different; thus Rancitelli et al., (1973) have
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concluded that the fillet could not have resulted from boulder erosion.i The
alternative mechanism for fillet formation,ie. lateral displaceﬁent of the
regolith at the time of boulder deposition (iBrz et al,, 1972L is more consiétent
with the carbon chemistry data. Thus fillet 68121, located at the north west
face of boulder 68115 ,which is presumably South Ray ejecta, appears to be'matﬁre
regolith shielded by the boulder from burial by fine material travelling on a
ballistic trajectory from South Ray crater.

The lower maturity of the soil represented by 68501 may be explicable in
terms of an addition of fresh South Ray soil ejecta to an area of mature unshielded
soil,

The maximum quantities of CH4 and CD& released from a well gardened North
Rav erater soil (exposure age 46 - 60 x 106 yrs) are 1.2}Lg/g and 3.&f¢g/g
respedively}therefore, during a2 2 x 106 exposure age fresh south Ray crater goil
which was well gardened and exposed to the solar wind, would accumulate very
little CH, and carbide. Assuming the same rate of production as for North Ray‘
material then a2x 106 yr soil would release not more than O, Ozptg/g CH and
0.25}Lg/g. Theniore, the observed CH4 and carbide content of 68501 could be
explained if the sample was a mixture of immature South Ray crater soil and
mature Cayley Plains fines in the approx. ratio i:l (compare calculated CH4=
1.3ug/g and CD4 = 4.%}43/3, with actual experimental results CHﬁ = 1.7Mg/g

and (D, = 5.7 g/g)

The hypothesis that 68501 is an admixture of South Ray crater fines
and Cayley Plains soil is supported by the abundance of carbon species released
by pyrolysis (DesMarais et al., 1973) and major element chemistry. The bulk
chemistry {(Bansal et al,, 1973) of 68501 shows differences from 68121 {Compston
et al., 1973) and 69921 (Laul and Schmitt, 1973); for example, the FeO and
MgO are diminished while Ca0 and A1203 are increased, This may suggest that

South Ray crater ejecta is more typical of highland material than is Cayley

Plains soil.




The South Ray crater soil observed at Station 8 may extend as far
ar Station 10, although photogeology supgests that the LM landed in an area
of low albedo (AFGIT, 1973), A rock, 60315, of exposure age 2 x 106 yra
(Morrison D., et 2al., 1973) has been identified at this location. Methape and
carbide measurements from sample 60501, supported by bulk chemistry
(Compston et al., 1973) primordial (Rancitelli et al., 1973a) and cosmogenic
radionuclides (Rancitelli 25_21., 1973b) suggest that the composition of
the soil at Station 10 approximates. to that of unshielded Station 8 material,
as represented'by 68501.. Therefore, 60501 may be an approximately 1:1 mixture
of South Ray crater soil and Cayley Plains material. The content of highly-
reworked glassy agglutinates amdmineral grains and metamorphic microbrecciag
in 60501 (Cadogan et al., 1973) confirms the presence of both recent and
mature particles at Station 10,

Station 4 on Stone mountain appears to be similar to Stations 8 and 10,
The site has many angular blocks:covering the sampling‘area and may be part of
the South Ray crater ejecta blanket (AFGIT, 1973). The low quantities of CD4
from surface fines 64501 suggest the presence of immature South Ray Crater
soil,and the low FeO and MgO contents {(Morrison C. H. et al., 1973) would support
this., However, CHQ rare gas measurements (Kirsten et al., 1973) and agglutinate
data (McKay and Heiken, 1973) indicate that 64501 is a mature soil. Another
sauple (64421) analysed from the bottom of a trench at Station 4, is mature as
indicated by carbon chemistry, rare gases (Kirsten et al., 1973) and agglutinate
content (McKay and Heiken, 1973). This sample also has concentrations of FeO

and Mg0 (Compston et al.,, 1973) much lower than does Cayley Plains socil.

Clearly, Station 4 is an interesting site and requires further study by all techniques,
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Station 1

Photogeology suggests that Station 1 is situated on a ray from South
Ray Crater (AFGIT, 1973). However, this site is in a region where ejecta from
both South and North Ray cratersmight be found. Carbon chemistry data,
considered togéther with bulk chemistry and ﬁrimordial and cosmogenic radio-
nuclide measurements, indicate that thé ray at Statibnﬂl is from North Ray
crater,

The CH4 amcl'CD,+ released ffom samples 61141, 61161, and 61501 are
consistent with samples of intermediate maturity or a mixture of mature and
ihmatufe fines. Assuming the mature material is Cayley Plains soil, then the
immature mate£ia1 could be either South or North Ray Crater soil. South
Ray Crater soil is presumed to be extremely immature (see above) and only
a very small'pfoportion need be added to Cayley Plains fines (i.e, less than
the amount added to Cayley Plains fines to generate 68501 at Station 8) to
obtain the quantities of,CH4 and CD4 released from Station 1 soils. Such
a small amount would not be conmsistent with the bulk chemistry data (Wanke
et _al, 1973) for 61141, 61161, 61501, all of which have lower FeO contents
than 68501 (Compston et al,, 1973). North Ray crater soil (67701), as well
as being immature, has a low Fe0 content (Compston et al., 1973). Thus, 61141
and 61161 could represent an approximately 2:1 mixture of mature Cayley
Plains material and immaﬁure North Ray soil {(compare calculated CH&’ 2.2 ygle
and CDA’ 7.5 ug/g with the measured quantities of 3.2 ug/g and 7.2 ~ 7.4 we/e,
respectively), All three soil samples from Station 1 have uranium and 26A1
contents (Rancitglli et al., 1973a and b; Wrigley et al., 1973) which suggest

similarities ﬁo 80il 67701 rather than 68501,
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CONCLUSTONS

Several different individual measurements such as rare pas data
(Walton et al.,1973; Kirsten er al., 1973) agglutinate abundé&es
( McKay and Heiken, 1973) and particle size distibution (Butler et al.,
1973) have been used previously to discuss the exposure history of the
Apcllo 16 site. The CH4 and CD4 data obtained from the DC1 dissolution
of lunar soils could also be good indicators of relative sutrface

ek presevk,

exposure (Ainsufficient data are available to allow absolute determ-
ination) (Cadogan et al,, 1973). However, it is more satisfactory
to interrelate several parameters. The understanding of regolith
dynamics will depend on disentangling the various source materials
contributed to the regolith at a particular site by taking into
consideration all the available infomation concerning the chemical and
physical properties of the soil. In this paper we have used carbon
chemistry in conjunction with bulk chemistry, rare gases, primordial
and radionuclides, the proportion of glassy agglutinates and photo-
geologic sequencing. Other data which would be desirable include
mineralogy and petrology, particle size distribution and total carbon
and nitrogen, .

At the Apollo 16 site almost all the soils analysed can be
traced to a comparatively minor number of major events. Only a small
number of discrete components have been recognised, the remaining
soils being attributed to mixtures of these components, Wheraver
possible we have attempted to establish the proportions of soils

recognised as mixtures,
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adventitiously

At Station 9 mixing may have occurred Aduring collection of the samples.
However, at Stations 1, 8, 10 and 11, a thin surface layer of more recent
ejecta would have been apparent to the astronauts (ALGIT, 1973). 1In these
cases, immature South or North Ray crater material may have been stirred
into the surfacé of well-exposed Cayley Plains soil, Only the careful
examination of core material from the various stations of the Apollo 16 site
will be able to detect whether distinct layers have been deposited or
whéther miiingrto a depth of a few centimeters has occurred.

The two immacure materials indicated by the carbon chemistry measurements
both appear to be low in FeII (North Ray (67701) EE' 4,27 as Fe0O and Scouth
Ray soil estimated as ca. 5.2% FeO from sample 68501) compared to the mature
Cayley Plains (5.7 -~ 6.0Z Fe0). In each case, the immature samples appear
to have come ft&m impacts'into more truly highland anorthosite type matefials.
South Ray ejecta may represent Descartes formation and the Nerth Ray impact
may have penetrated the Cayley basin to reveal material from the Smoky

Mountains. ~.
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Table 1 CD4 and CH4 released by DC1 dissolution of Apollo 16 bulk soils

Latitude Sample No., Station CDa(ug/g as C) CHA(ug/g as ) CDAICHA
63321 13 3.1 1.1 2.9
63340 13 4.2 . 2.6
North 63500 13 5.7 ) 5.1
of 67701 11 3.4 . 2.2
. 67941 11 2.4 0.7 3.3
67960 11 2.2 . 1.3
Same 60501 10 5.4 1.6 3.4
Latitude 61141 1 7.2 3.2 2.2
as 61161 1 7.4 3.2 . 2.3
LM 61501 1 4.6 2.3 2.0
Sourh 64421 4 8.8 3.2 2.8
of 64501 4 3.6 2.2 1.6
LM 66040 6 10.6 3.5 3.0
66081 6 10.8 4.1 2.7
68121 8 12.2 4.1 2.9
68501 8 5.7 1.8 3.1
69921 9 9.5 2.4 4.0
69941 9,7 2.7 3.7
69961 15.7 5.4 2.9
Errors

Absolute amounts of CD4 and CH4 are measured : 107 by gas chromatography
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Fablr 2 Propesed origins of soils at the Apolle 16 landing site

used for corroboration*

Sample |Station | Proposed GOrigin based on Carbon Chemistry ] Other data _
° Noéiztzf_y Sogzztiiy Cayley Flains Bulk(a) Prlmordlal(b) Cosmogenlc(c) Rare(d) Propotion ofte) Photo(f)
Chemistry | Radionuclides | Radionuclides | Gases |glassy agglut- | geology
' inates
60501 10 (1) X(1) + + + -
61141 1 X(1) X(2) + + + -
61161 1 X(D) X(2) + + + -
61501 1 X X + + + -
63321 13 x(2) (1) + + +
63340 13 X(2) X{(1) + + +
63500 13 X(2) X(1) + + +
64421 + + + n.a
64501 X + - - +
66040 6 + T -
66081 6 X + + -
67701 11- + + + + + +
67941 11 . .
67960 11 +
68121 8 X + + _
68501 8 X(D) XD + + + +
69921 + + + +
| 69941 + + + +
. 69961 + + +




Footnotes for Table 2

§

Data from:

(a)

(b)
(e}
(d)
(e)
(£)

Composition of mixtures given in brackets; blank spaces indicate no
contribution

denotes agreement; blank spaces indicate data not available

denotes contradiction

see text

Bansal et al., 1973; Compston et al, 1973;Laul and Schmitt, 1973;
Wanke et al., 1973

Rancitelli et al., 1973a; Wrigley et al., 1973

Rancitelli et al., 1973b; Wrigley et al., 1973

Eberhardt et al., 1973; Kirsten et al., 1973; Walton et al., 1973
McKay and Heiken, 1973

AFGIT, 1973 ; ALGIT, 1973

not applieable



Figure Legend

Map of the Apollo 16 Landing Site: Sampling stations are indicated by number.

The extent of the North and South Ray Crater ejecta blankets as determined by

photogeology (AFGIT, 1973; ALGIT, 1973) are outlined.
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