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Abstfact

j The primé:data from ‘the chemical andlysié experiments
- on SurveyorfS, 6, and T have been critically éxamined and
analyZe&. Togethér_with associated 1aboratory,work,’thése
haVe led to final-chemical composition‘fesults for the lunar
regolith at_thréé-locations on the moon.-:The conclusions made
on the basis 6f the'preliminarj éxamination of the data have

been confirmed and extended. .



I.. Introduction

_ The unmanned United States speeecraft; SurveyofsAS,A6;
and 7, landed on the‘moon in September, 1967,-November, 1967,
and januery, 1968, fespectivelyf‘ Among the scientific equipment
carried by these speeeeraft were alnha_particle eiperimentsAwhich
provided the-firsf‘chemicel-analyses of the]lunar.surface._ Two
of the landing. sites of.the‘Surveydrs were in mare afeas efethe
moon; the last wae in a terra lecetion eutside'the crater Tyeho.
Onvtheée missions data were obtained on six lunar samples. The
.breliminary’chemical analysis fesults that were_reported (refs.
1, é; 3) wereibased en'semi—reei tine'data,'limited in Quantity
~and quality and processed by very appfoximate techniques. The
availability-of this data had been made poseible only by the_
nissien requirements to monitor the behaVioflef tne equipnent
during the actual mission. | |

The prime‘data-from these experiments were recorded at
Goldstone, Califofnia; Robledo, Spain; and Canberra, Australia,
in a format designed primarily for the engineering requirements
bf the Suf#eyqr missions. The proposal being reported upon here
coyered'the task of obtaining this prime data,‘precessing it
'to put it into scientifically usable form, removal of redundancies,
examination for either instrument misbehaviof or transmission_-'-4
problemé, and- processing to obtainlﬁhe best-possibie chemical

analytical results. In addition,.laboratory studies, using a
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‘sbarevflight instrument; Wer¢ pérformed to obtain datd néeded_
" for the most preciSe'éﬂaIYSié'df‘the_lunar results.
| o This repoft will SQmmdrizé fhe'accomplishments of the
"program under this‘grant:f'Thefsumméry will lean heavily on
the numerous.pﬁbiiéations and reports‘which cover in quite a

bit of detail the results of the program.



B IT. Summary of Accomplishments
Aii Operationai o
1;_ Treatment of prime data
A: The prime data from the Surveyor chemical analyses
A'experiments were recorded at Goldstone,_California, Robledo;‘

Spain, and’Canberra, Australia. The data used for the pre-

o liminary results were those sent by teletype in semi-real time

“during the m15310ns from the three receiving stations to the
Jet Propu181on Laboratory. Although these preliminary chemical
analyseS'have turned out to be more;precise than expected, the
derrors aSSigned to them had to take into account the fact that
the data on which they were based could not be examined in
detail for possible small instrument malfunctions, errors intro-
duced during transmission or inadequate application of instrument
temperature calibration effects.
o The prime data were not easily accessible. They:were
in a format designed primarily for the engineering objectives of
the Surveyor missions and intertwined with much engineering
‘information of little interest once the missions. had proven
successful. Obtaining this data from the master recording tapes,
iputting it into a form suitable for scientific treatment,
examining it forivalidity, removing redundant data (for example
sometimes two differentvstations would receive and record the

 same data from the moon), and correcting the ‘data for the effects



“of temperature (the 1nstruments on the moon Operated over
about 100° C temperature range) was a magor undertaking. A
greport on thls aspect of the work is. appended as: "Alphafb

.Scatterlng Experlment Post M1s51on Data Process1ng" by Kenneth

- _Sow1nsk1, May, 1970- (Report_#_l)-

2. Laboratory studies with'spare instrument
v After-thedmissionswere completed and the»preliminary
"analyses-indicated thatbthe'quality ofdthe data was prObably
Very:high and worthy of being worked up to the fullest extent,
.'a_spare flight_instrument was usedtinbthe laboratory for a whole
-Series of'studies mhich made possible'final chemical analysis
reports on the Surveyor-miSSions. These studies'included-
| a. Know1ng the conditions under which the
1nstrument had actually operated on the moon durlng the missions,
itrwas possible to make measurements in the laboratory that would
be most:appropriate to the analysis of the lunar data. lFor
example, a new, complete, library of thepresponses ofvthe instru—
ment‘to different chemioal elements and oxides was obtained with
the spare 1nstrument with alpha radloactlve sources which were
of the: same quality as used during the missions, with empha51s
on those- chemlcal elements which the preliminary analys1s had
shown to be most 1mportant and 1nterestlng. |
b; A set of analyses of rocks of known chemical

composition was performed again under conditions approximating



- those of the lunar misSiohs in‘order to evaluate more precisely
_the‘errors'of the technique.' In dgihg-these chemical énalyses
sOmé'iﬁproVeménts in theigéneral method- of treating data from
the aiﬁha scatteriﬁgAtéchnique_were ﬁade_(éee Report # 8). These _
studies made possible the more quanfitative éValﬁationvof the
‘errofs of the-lunar anélyses than had been péssible heretofofe.-
c. Several sémples éxamined on the lunér.miSSions
(for'examplé, the rock'stuﬁied on Survéybr'7Amiésions) involved
geometrical relationships’of sample to instrumént so different
ffom nominal as to require éimulation.in the laboratory to make
~sure that these sbecial_geometries were‘not affecting the
resulﬁs. These simulation étudigs.made it pqssible to make the-
'Small'corrections needed for these samples.
| 3. Application tollunar data |

The result of the éxtensiVe work summarized above made
possible publication of the final chemical analysié results from
‘the Surveyor missions (Publications # 3;4, and 6). These final
results were thus based on more data and on data that had been
much more carefully evaiuated than in the preliminary results.
In aadition, it was possible to gi&e,the chemical composition
in termé of more chemiéal elements, and the errors assigned to
each of the results were smaller and more‘quantitatively defined

than in the earlier reports.
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B;‘ Scientifié Accomplishments
‘41."Thé first reéuli of this moré complete treatment
'of>the Surveyor chemical_analysis data,waé'the confirmation of
all of the imporfanﬁ‘conciusions méde on the basis of the~pré4
fliﬁinary data;' the'luﬁar Surface at all'thrée sites is generally
bbésaltic‘in'chemical'quposition;‘the mésticommon méteorités
and tektitesido not come from the surfacerﬁ the moon; the
;basaltic composition implies‘stronglyﬁthe océurrence'of large.
scaie chemiéal differentiation of thellunar.surface; the terra
- chemical analysiéfié»significantiyudifferent from that of the
‘two mare ahalyses iﬁ havingvappreciably less of elemenfs heaVier
" than calciumj tﬁis:chémical diffeiencé, if generally appiicable,
' could explain the diffefgnce in albedo of the.two areas of the
moon aﬁd the difference in elevation.
| é. Thé more precise analyses indicated a low sodium
~content as compared to typical terfestrial basalts at all three
locations examined on the Surveyor missions. In addition, an
»abnormally high titanium content of the fegolith at Mare Tran-
quillitatis (Surveyor 5) was found. The éhemical composition
at_Maré Tranquillitatis is unique in that there are essentially
no terrestrial or meieoritic materials that have the same |
chemical composition. | |
3. The more refined analyses made péssible:the

" deduction of the principal minerals presént in the mare and
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'£erra regions,»ahd from(this theAdeﬁsity of the Surface rocks,r
-This madé poésible the conclusion that»the moon-had a crﬁst
that was 51gnificant1y different both chemically and phySically-
from the 1nterior |
A, Most of:these dnalytical results of the Surveyor

o missiéns have beenvadequately confirmed_by,the results of the .
later Apollo and‘Luha_miSSions (e.g. Report # 8). They have
» established'that the SurVeyor.missions'correctly identified
more than 99% of the atoms of the lunar surface In particular
they have confirmed the generally low content of the alkalies,
the high and variable content of the titanium in lunar mare
-méterial_and the principallchemiéai differénces between the
ﬁare and terra compositions.

| 5. Thé only significant Surveyor‘reéult which has
not as yet been confirmed is the reported présence of 0.3 atom
pércent of fluorine in the regolith of theiterra outside the
| cratér Tycho. Chemical analyses‘ofvsamples brought back by
'Luna‘éO and-Apolld 16 from other terra regions of the moon show
na such large amounts of fluorine. It is speculated that this
apparent discrepancy,may be the one case where the chemical
analySis by alpha particles differs from the bulk analysis:
because it reflects the chemical composition of the topmost
surface of ﬁhe particles. There are some preiiminary results
which suppoft the‘presence of fluérine on the surfaces of lunar

particles.
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”6._.As-ah additionai result,.detailed examihatibn.
of the primelSurveyor.daté made possible the identification‘
‘ Qf_alphavradioactiviﬁy in thé lunar surface at Maré Tran- »
r'quiilitatis,(Repoft"# 5) - Although not>found in studies by
éther.people, or on the‘visor-of the‘SurveyOr I1T éaméra visor
’(Report;# 9), the présence of such rédioactivity on the lunar

surface has since been.confirmed (ref. 4).
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