THIS FILE IS5 MADE AVAILABLE THROUGH THE DECLASSIFICATION EFFORTS AND RESEARCH OF:

THE BLACK WAULT IS THE LARGEST ONMLIME FREEDOM OF INFORMATION ACT { GOVERNMENT
RECORD CLEARING HOUSE IN THE WORLD. THE RESEARCH EFFORTS HERE ARE RESPOMNSIBLE
FOR THE DECLASSIFICATION OF THOUSANDS OF DOCUMENTS THROUGHOUT THE U.5. GOVERMMENT,
AMD ALL CAM BE DOWNLOADED BY VISITING:

HTTP:{WWW.BLACKVALULT.COM
YOU ARE ENCOURAGED TO FORWARD THIS DOCUMENT TO ¥YOUR FRIEMDS, BUT

PLEASE KEEP THIS IDEMTIFYING IMAGE AT THE TOP OF THE
-PDF 50 OTHERS CAMN DOWNLOAD MORE!


http://www.blackvault.com/

DEFENSE TECHNICAL INFORMATION CENTER
8725 JOHN J. KINGMAN RD. STE 0944
FT. BELVOIR, VA 22060-6218

JN REPLY

=mtio  DTIC-R (FOIA 2011-18) DEC 17 2010

Mr. John Greenewald, Jr.
I
I
Dear Mr. Greenewald:

This is in response to your email dated November 27, 2010, received in this office November 29,
2010 (enclosure 1) requesting document AD0601904.

Document AD0601904, entitled The Lunar Surface, is approved for public release and provided
at enclosure 2. For your information, we have initiated action to have the document processed in
order to enable it to be viewed and/or downloaded in full text through the DTIC Online Public
Technical Reports website at http:/www.dtic.mil/dtic/search/tr/index.html. Once that process is
completed (approximately 1 to 2 weeks), you can visit the above site and follow the instructions
below: In the “Search for” box, type the full document number as it’s written above
(AD060190), then click the “Search” button; last, in the Accession Number field, click on the
link “View Full Text (pdf)”.

To date, there are no assessable fees for services from the Defense Technical Information Center
(DTIC). Please understand that other members of the public may submit a FOIA request for
copies of FOIA requests received by this office, or the names of those who have submitted
requests. Should such occur, your name and, if asked for, a copy of your request will be
released; however, your home address and home telephone number will not be released. Other
private citizens who have obtained your name by using such a request may contact you,
however, correspondence from the Defense Department about your request will be on official
letterhead. Please contact me at (703) 767-9204 if you have any questions. Thank you for your
interest in obtaining information from DTIC.

Sincerely,

2 Enclosures MICHAEL A. HAMILTON
Acting FOIA Program Manager



Akers, Kelly CIV DTIC R

From: John Greenewald, Jr. [john@greenewald.com]
Sent: Saturday, November 27, 2010 12:53 PM

To: FOIA

Subject: FOIA REQUEST

Dear Sir,

This is a non-commercial request made under the provisions of the Freedom of Information Act 5 U.S.C. S 552. Pursuant
to the U. S. OPEN Records Act of 2007, my FOIA requester status as a "representative of the news media" -- a status
entitling me to full waiver of your agency's records-processing fees incident to your fulfilling this request. For examples
of my various publication credits in this regard, | refer you to my radio network, and my own personal radio show
(syndicated on FM and AM stations) at http://www.blackvaultradio.com. My internet website
http://www.theblackvault.com which holds a vast government document database, along with many freelance articles
that | have written, which have also been published in magazines and websites, including OpEdNews.com, UFO
Magazine, FATE Magazine, and others.

Additionally, | agree to pay fees up to ten dollars.

| respectfully request a copy of:
Accession Number:
AD0601904

Title:
THE LUNAR SURFACE.

Report Number(s):
100036 (100036)
Please know that electronic delivery of the requested material or correspondence related to this case is preferred and
accepted in lieu of paper copies via snail mail.
Thank you so much for your time, and | am very much looking forward to your response.
Sincerely,
John Greenewald, Jr.

8512 Newcastle Ave.
Northridge, Ca. 91325



UNCLASSIFIED AD601904

THE LUNAR SURFACE

BOEING CO SEATTLE WA

05 NOV 1962

Approved for public release; distribution is unlimited.

UNCLASSIFIED



UNCLASSIFIED

Redistribution Of DTIC-Supplied Information Notice

All information received from DTIC, not clearly marked "for public release" may
be used only to bid on or to perform work under a U.S. Government contract or
grant for purposes specifically authorized by the U.S. Government agency that

is sponsoring access OR by U.S. Government employees in the performance of
their duties.

Information not clearly marked "for public release” may not be distributed on the
public/open Internet in any form, published for profit or offered for sale in any
manner.

Non-compliance could result in termination of access.

Reproduction Quality Notice

DTIC’s Technical Reports collection spans documents from 1900 to the present.
We employ 100 percent quality control at each stage of the scanning and
reproduction process to ensure that our document reproduction is as true to the
original as current scanning and reproduction technology allows.

However, occasionally the original quality does not allow a better copy.

If you are dissatisfied with the reproduction quality of any document that we
provide, please free to contact our Directorate of User Services at
(703) 767-9066/9068 or DSN 427-9066/9068 for refund or replacement.

Do Not Return This Document To DTIC

UNCLASSIFIED



4D ol —F¢%

CLEARINGHOUSE FOR FEDERAL SCIENTIFIC £MD ECINICAL IKFORMATION, CFSTI S
DOCUNENT MANAGEMENT BRANCH 410.11) / )‘
w

LIMITATIONS 1i REPRODJCTION QUALITY

Accessien £
ggarf’jd 1. e regret that legioility of this document is in part unsatisfector

Recroductinoe has been made from best aveilable copy.

7 - . PR P - - N . .
7/ 2. A cortion of the original document contains fine detail which may
mate readinc of phetocopy difficult.

/! 2. The origin-] deccument conteins color, but distributicn copies
a2re 2veiisble in black-end-whit:z recroduction only.

/7 /. 4. - The original distributicn ccples contzin color which will be
shawa in black-zn*-viite when it is n2cessary co reprint.
[7 5.
F
R 2

T} .
e

!

3

5L -177-/6 Precessor..... ees




BOEING LI0PLANE COMPANY
SEATTLE 26, WASNINOTON

e

DOCUMENT NO. 32100036

CODE IDENT, NO, 8120

Ok AP T 0 81395 e THE LONAR SURFAOX (U)
MODEL NO CONTRACT NO.
JSSUE NO.__________ ISSUED TO

CLASSIFIED TITLE
(BTATY CLASSIFICATION)

WORK ORDLR NO UNIT NO ITEM NO.

= SPICIAL LIMITATIONS ON ASTIA DISTRIBUMION

ASTIA may distribute this report 1o requetting agenciss subject te thelr security egreement, approved flalds of interest, and the
foliowiag:

1UNLIIITGD—YQ oll ageacies of the Department of Delents and their contractors,
3 LIMITED =To . 5. Milltery arganizations only.
This rapott may b= dittributed 10 noamilitsry sgencist not *Dpfeved above wuhisct 6 BAC oppresel of sach requast.

NOTE. the LIMITED cetegory + ay be cheched oaly because of actual or potentia! patent, proprietary, sthical, o umilar implications.

This document has been released to the following goverrment agencies:

1, Defensc Documentation Center

Y R
PREPARED /Bv.ﬁ"’v--. ¥ -

\ ’
SUPERVISED. BY.
APPROVED BY. l

+LY KB
CLASS. & DISTR.
APPROVED BY ______ R

P

NO. OF PAGFS ({EXCLUDING TITLE AND REVISION AND ADDITION PAGES.!)

. DO UME T TIHTLE PAGE
QAL 384 8 ne ' . . 2 rod

e

e



DOCUMENT NO _ _Dg:lm}.s_ —

MODEL .. S, - paivad ———
TITLE __THE 1UNAR SURFAGE = B,
REVISIONS ADDITIONS 3
PaSE ‘ DavE ease ! ~RTE PASE Cave LIRS DATE
é- hadieabadd e v - e e e e e e e, — = = T
1 52
. 2 53
E 5
: Z
5
6 57
. ? i58
8 59
9 &0
12 61
1 62
iz {
3 |
!
; i
y E
! i
! é
\ ] )
I :
] ‘
l )
|
i
|
I !
¢ . .
! i ‘ .
! ! .
| ‘
: i
H ! i , |
. i ? C ,
‘ ! ; 2
g | | .
' ] o
1 % |
; | X :
Teees ) THE BOEING COMPANY




THR LUNAR SURPACR

PAGE
1.0 IRTRODUCTIOR 4
1.1 Purpose of Siudies 4
2.0 IHER EV?DTIGA':EIOFS )
2.1 iisthods and Limitations 6
2.1.1 Telescopic Observaiions 6
2.1,1.1 Visusl 6
2.1.1.2 Photographic €
2.1.1.2.1 Topogrsphic Msesuremsntso 7
2.1.1.3 Photazmetric Meagurenents 3
2.1.1.4 Infrared Thermal Measuremsnta 1o
2.1.2 Microvave Radio Measursments 10
2.1.3 ¥Model Sindies 11
2.1.4 Satellite Observations 12
3.0 PHYSICAL CEARACTERISTICS 13
31 Pormation of the Moon 13
3.2 Topography 13
3.2.1 Topegraphic Features 13
3.2.1.1 Maria 18
3.2.1,2 Uplends 22
13.2.1.3 Craters 23
3+2.1.3.1 Formaticn 23
3.2.1.3.2 Spatial distribution 26 -
3.2.1.3.3 Size distridution 28
3.2.1.4 Reys 35
3e2.145 Mountains 37
U4 1008

' maEsve | ° D2-100036

i FAGE
+

1

.}.




PAGE
3.2.1.6 Mino> surface features 39
3.2.1.8.1 Rilies 39
3¢2.1.6.2 Ridges 4
3¢e2.1.6.3 Domes 41
3.3 Characteristics of the Surface Haterial 42
Je3el Physical Properties 43
Je3s1.1 Structure 53
3e3.102 Thema.l. Properties 48
3036013 Albedo and Coloer 51
3a301s4 Polarization of Light 55
32342 Presence of wWater 55
4.0 SUMMARY 56
U407 1000

BOaEING l

NO ;0 =1046

I PAGE

2

-




face

Within the .past Tew years, the literature on lunar studies

has become axtensive without comparable reductiorn in coniroveray
and confliet¥ing concepts. Periodically, surveys for various
Beoeing proposel offorts such as APOLIO end Iuner Landing studies

have been naosssary.

.
Thig report iz an-attempt—toturoridbe-briefly ths Aobservational

techniques and their lixitationsg and #o,-.;sm:imbo soma current

are Aiseroledd in erdar
concepts relating to the surface of the moon, to provide some

A
irsight to the ourrent state of knowledge., Recent books, papers,
charts and publications in the open technical literature through

Auwgust 1962 ha:gﬁiii the principal sources of information.

Jrn a of
Fn.n;&oao—wb&—u-i«sh—to review pﬁorﬂoe%—-hnm‘ studies related

to this subject, a selection of applicable dooument references
is ineluded. ( )

AN
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1.0

1.1

INTRODUCTION

Purpose of Studjes

Speculation on the origin of the moon and its nature is as old

as history and controversies todey are more rampant tban ever.

We will continue te be dependent upon speculation regarding
anything but rather éIOSB features until man has traveled the
lunar surface and returned wvith his observations. The quest

for an understending of the lunar surface has, until récently,
prooeeded at a rather slow pace. Since the developmeat of rocket
propulsion has made manned exploration of the lunar surface not
only a possibllity but a probability within the forseeable future,
studies of the moon have received grester impetus. Where lunar
obsexrvations and studies previously were given little attention
by astronomers whose main efforts were directed toward galactic
end extra~-gelactioc investigations, now a major effort is being

made toward a2 more thorough understanding of lunar problems.

Although the moon is the olosest celestial objeot, our knowledge
of surface details is 1£mited. The limitations are those imposad
by distance, the capabilitises of the instruments, and by thse
presence of the earth's atmosphere. Telascopic observation is,
first, limited by the theoreticel resolution of ths inatrument;

in the case of the 200 inch telescope it is 0.07 sec. of arc.

U407 1008
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The seoond limitation of teleascoplc observation is imposed by the
degradetion of resolution caused by atmospheric turbulence. This
i%# of partioular importsnos in photography sinsce the image is

distorted during the time of exposurs, As s result, photographic

resolution is limited to about 0.4 sec of arc.

The two limitaticns, instrument resolution and the effects of the
atmospheres whether due to refraction or absorption, apply to all
luner observations from earth. The present state of knowledge of
lurner surface conditions is inadequate in the detail necessary for
successful marned vehicls landings. Areas which appear virtually
gmooth and featureless with the best poesible optical observ.tions
mey, in fact, be quite rough a% the scale important to succecsful
vehicle landing. Further, the true physical properties of the ¢
overlying surface material vre still a matter of conalderable
controversy. bDstimatea range from & dust layer of millimet;er to
kilometer depths covering & basalt like rock or sand and gravel,
to thiok layer of dust, sand, rubble and rock froth. Observations
supporting widely divergent views must lead to the comnclusien

that one concept is sbout as valid as another. This accents the
need for unmanned surface observing vehicles to precede manned
landings. It is only in this way that facts can supplant specu-

lation and costly if not oatastrophic errors cam be avoided.
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2.0
2.1
2.1.1

2.1. 1.1

2.1.1,2

LURAR INVESTIGATIONS

Methods and Lisitations

Talescopic Observations

Visual

Visual observation of the lunar surface features is oconfined

primarily to description and to providing some additional

detail to photogiapha in which atmoapheria turbulence has degraded

the resolution by imags mption. An observer can take advantege
of very brief moments of "quiet" to see detail oloser to the
theoretical resolutien limit of the instrument, but he cannot
record these with the soourasy of a camere.

Photographis

Nearly all of the baslc dnformation of the lunar topography is
obtained by photography singe it provides a permenent detailed
record which can be measured ard scaled. The photograph alsc
oan be studied in detail to examine features which may be over-

looked by vieual observation. The advantages of the photograph

generally ere much greater than the diaadvantages of loss of

resolution,

Both refracting and reflecting telescopes are used in lunar
obgervations. Some of the instruments which have been used for
uost of the recent detailed studies are listed in Table I with

somé of thseir oharacteristics.
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TABLE I

Refractors diam b o focal length  Theoxr. Resolution
Pic du Midi 24 in, f£.3%0 60 ft. 0.23" of aro
Yerkes 4o in., f.18.€ 63 ft. Q.12"
Lick Obs. 36 in. f.19.3 58 0.14"
Reflectors
Palomar 200 in. Prime . 3.3 Sk 0.025"
Cass £ 16 263
Coude £ 30 L92
Lick 120 in, f 5 50 o.04"
_ Mt Wils»n 100 in, £ 5 42 0.05"

2.1.1.2.1 Topographic Measursmsnts

Until about 1961, all existing maps of the moon had béen based
essentially cn drawings rather than measurements, whether from
visual observation or photographs. Although ssveral excellent
photographic atlages have appesared, there have ﬁeen no maps having
the precision of terrestrial surface charts with respect to
locetion of lunar landmarks. The situation has been even worse

with respect to elevations,

Koval (1960) states that this situation was stressed in 1926 by
Blegg who showed that eerly statements of lunsr haights determined

with inadequate instruments were uncritically taken over f{rom -

one author to the next. Mean values of two or three very discordant

measures wore seriously given to within a few feet and i some
cases, through errors in identification, the meamurements wevre of

different points.
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Ths urgency in the requi;renent for aore edtquate charts arisirg
frox ths izminent lunsr expioratior resultad in the initiation
in 1958 of a large-scale effort on tre part of Kopsl and others,
working with the U.S5,A.P. Chart and Inform=-iion Center to prepare
a series of Lunny Atlas Chaxrts to & scale of 111,000,000, To

dete, only & few of these charts have been published.

Bacauses of the astringent phctographic requirsmsnts, the best work
of meny observatories hes tsen used, Scs=s of the most cutstanding
work hes been dong at the Pic du Midi observetory wvhich is noted
for having the West atnosphéric degradation of any obssrvatory.
Photographs from this observatory sxhibit close to theorsticsal
resolution on about 10% of the photographs. The prinkipel
instrument is & 60 cm refrastor of 18 metsr focel length. Tha
linsar scale in tha focel plsne is 11.4 sec of arc per mm.,
corresponding to 21.3 Km on the moon per mm, The theoreticel
optical limit of resolution, determined by the diameter of the first
kiry disk, is equal to 0.23 sec of arc, 20 microns at the film

plane, or 430 meters on the surface of the moon.

Since the measﬁred rete of shortsning or lengthening of shadows
cagt by lunzr mountains can be reduced to indicate the asltitude
of a peak above the surrounding terrain and the umevenress of the
ground upon which the shadow is cast, photographs wers taken at
a rate of 1 to 3 per minute. DBecause of the finite angular size

of the solar @igk all shadows have a penumbral band. To overcome

Ul40T 1000
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2.1.1.3

this, shadows ere measured by scanmning 2 ﬁigh contrest negative
with 2 phoicmeter havirg a siit width the die—ster cf the #1:7
dis¥ end a length 3 or 4 tizes thet exount. The cutput of the
photoneter is recorded, end the date necessary for the height
evaluatiﬁns is read froz the smooth curve and processed by &
coaputer. The accuracy, 28 stated Dy Kopal, ensbles the= 30
trisngulate relative heights of luner oountains with en uncertsinty
of less then +10 zmeiers. TLe measurezents have shown that slopes
ere generally less than 10°% which agrees with m=easuresmsnts —ade of

nountaing on the lizb of thes =oone

Photozetric nmeasurezents

¥easurenentis of the character and intensity of light reflected

fraa the noon have been made by meny investigators in atteap*a to
deline both the physical characteristics of the surtace and the
nature of the materiaml. The measurezents have been mede by a mumber
of techniques. The intensity of the telescopic image may be meaa-
ured directiy by the use of photo tubes, radiometers, thermotouples
or other photosensitive devices, ZPnotographs are taken either with
white 1ight or through filters to confine the light to specifi§
spectral bands. Spectrographs have aiso beasn used for more

precise spectral studies particularly in the determination of
luminescense. The selective absorption of the earth's atmosphere,
as well as instrument resolution, are significant problems in

these areas of study. Variations in polarization of the reflected

light with location on tha lunar surface and angle of illumination

~) 807 1000
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2.1.1.4

2.1.2

.hsva bsen roted erd inferences drawn canserninglth- type of materizl

end particle size,

Infrared Therxel Heasurezsntis

Mepsurarments of infrared radiation have been made to determins the
tenperature of the lunar aurface. Thase measursxzents are f{rom

a rather thin surface layer as contrasted to thermal measurexents
obtaired froam radio wave studies. HRsemolution of temperature
magsurements ovar the surface is limited by the size of the sensor.
Shorthill_and Saxri have zsasured locsl tempsrature variationst

t0 a resolution of 10 miles. The rate of change of surlace temper-
aturs has provided infermation on the phymical properties of the
surfacs materials. Neasurezments have been made both across the
disk to obtain the variations during a lunation and during an
sclipse to observe changes ocouring as a result of much more

rapid changes in the intensity of iliuvmination.

Miarowave radio measuremants

In recent yeers, microwvave radio has been used to gain additional
information on surface propertiss. Some information on roughness
and the thermal fegime have been obtained, but the;yresults obtained
by the various investigators do not provide a oonsistent ploture.
"Resolution” i8, again, & limiting factor in cbtaining data from
localized areas. BRsgults are valuss averaged over appreciable

areas of the surfaoce.
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2,1.3

in addition, the wavelsrgth of the rader used introduces another
veriable due to the dependence of reflectance on the physical
cheranteristics of the ma2terial. A loose, unconsolidated material
nsy te rather transparent to wvevelengiths of & few centimeters and
ths retwrning signal may be related to subsurface strata at some
depth- We have than, & problen with three variables; the wave-
length used, the reflectance of the surface materisl, and ths
scsle of the surface irregularities. Daniels (1961) odtained a
ecrude pictorial representation of the smsall scale structure by
analysis of radar fading data using CW and pulsed radar at 68 mc.
An exponentisl autocorrelation function was used for the snalysis,

assuming the surface to be a perfact reflector.

Until relisble information is obtained on the nature of the surface
material it is difficult to interpret radar deta. Although the

redar date indicates a roughnsss at a soanle of 10 e or so, 9%ther
studies indicate larger scals roughness. Part of the inconsistency
may be the risult of the undefinsd depth of "transparenay"” of the
surface to tha radar. Thug radar measurements do nst end spsoulation

but instesd may add to it.

Model Studies

Many attempts have been made to derive theories of the mechanisms
by which the luner features were formed by producing "scale model"
oraters and compsring the experimentally produced acraters with the
lunar "prototypes." Gensrally, these experiments were made in

efforts to gvaluate the impact theory of orater formstion,

V3-407 1000
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Pellets have been impacted into almost the entire gesnt of izsginable
saterisls, and under & variety of corditions, such as velociiy,

eir preasure and psliet ocompositions. The results of ihsse
experizmeats have bsen as varied as experimantsl results can vary -
from complete failure, to what sppears to be rather credible success.
A racent, and what appears to bes one of the more successful =odel
studies was oarried out by V.P, Head (1962). In his experﬁments

he was able to produce small craters which gceled dimensionaily

and in appearence with prototyps craters such a3 Kepler, In
addition a populeiion of sscondery oraters resulted which elso
agreed remarkably with the prototyrpe populsiion in the Eepler
region. Thirdly, he obtaired "xray" patierns which were realistic.
Fron these expsriments, and by comparison with lurar data obtaired
fron photographs, he extrapolated populaticns of cxaters having

dianeters below the present limit of resoclution.

Model experiments are always questionable until they oan be
substantiated, preferably by direot observetion or measuremsnt

of the prototype, and extrapolations are partiocularly suspect.
However, as Head points out, "It is only ressonably %o assume that
(his) inferences are nct more certain than many contradictory and
widely held views." Thes results of these experiments will be

disoussed later.

2.1.2 Satellite observations
Po date, observations made from unmanned orbiting or impecting
lunar exploratory vehiclas have not added to our information of
U347 1000
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tne lunar surface detzil. The —ost significent informatinn on
+he general features was obtained by the Russian lunsr venicle
which obteired photo;rephs of the far side in 1953. One of the
nore outstending disclosures was the apparent absence of large
mare area2s. The gual:ty of the phoiographs limited recording to

only rether gross features.

PHYSICAL CHARACTZRISTICS

Porzation of the ¥ooun

The forzation of the moon hgs been a subject.of speculetion for

8 great nany years end many theories have been put forth. DIerwin,
in 1895 :roposed that the mouin -eperated from the earth during the

early fcrmative ceriod es & result of tide) action. A core recent

0
(24

ineory is that at one time the pateriel wrich has formed the
planets 2yacsted in lerge ccandensing bodies called "protoclanets.”
@ithin most o2 these bodies there existed smaller centers of
¢.ndenseilcn, the proto—saziei:ites. OStudies of the nocents of
inertia tend to 1ndicate that the mocn hag heen gquite rigid durng
the aholie nistery of the Earth-loon systen. There is scme daza
supporting the hypothesis of entirely independent origins for the

Ea—th~ldoon system and ithat the earth ceptured 2 small independent

p_ane* already in a rigid c.néit:on.
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Xopal (1962) discerds the model of a rigid moon as well as a
flﬁid moon ms incompatible with the details of observationsl
evidence and known behavior of materials under the conditions
prevailing in the lunar intsrior. He proposes a gravitstional
collapae of an agglomeration of pre-existing solid partic1e§ into
the moon over a period of 106‘— 107 years at low temperature.
Radioactivity generated heat sufficient to result in slow convective
flow. This may ba the main reeson why the distribution of mass
inside the moon devietes from hydrostatic equilibrium as evidenced
by the motion of the moon. It is not necessary for actual melting
to.take place since convection can arise in'a viscoelastic medium,
As further evidence, Kopal cites the uneguel distribution of maria
and believes that the floors of smell circuler maria might »
represent the tops of sub-surface convective cells. Urey (1960)
approached the problem from the standpoint of density of the
luner material, end the composition and processes which ars
compatible. He suggested that this line of evidence tends to
support ine nucleogenasis theory of formati-~n. Recently, however,

he has adopted the "hot moon™ hypothesis.

Hezd (1962), as a result of laboratory model studies and luner
observational data, presents a somewhat different theory. The
apparent lack of enough heavy radicactive elements tc produce
melting, coupled with_apparent indication th:t a molten surface did
exist, led him to postulate the occurance of surface melting in

the last stages of growth. An increased rate of energy influx,
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3.2

with both the "collision diameter™ and parabolic velocity of a
growing moor, can be showxn to leal to a likelihood of surface
melting as the growth rate reached a maximum when the moon was

some 97%€ of its final diemeter. A very few impacts 2t high seismic
Mach number by particles from cutside the solar system can tﬁan
account for all the explosive disruptions of the lunar surfece.

He postulastes that the "uplands" may be likened to slag on the
molten meterial wh;ch, in the region of Mare Crisium, may have had
a depth approachiné 20 mileg, The various lunar festures from maria
to small creters and rays resulied from impacts on the molten
surface and later as tpe cooling resulted in increased viecosity
and finel solidification. This sequence hag‘resulted in a mare

surface in which the strength of the meterial increases witn depth.

It is seen that a number of conflicting hypotheses exist for the
formation of the moon, each with its set of suoporting evidence.
Acceptance of any one as the "correct" theory now must be made
or. the uvasis of incomplete knowledge and would be a matter of

personal convictions.

Topography

The description, measurement, and representation of lunar topography
must be based upon telescopic observ tion and photograrhy. The
limitations of thnese methods place a limitation on the accuracy

and the detail of repregsen-ation of the surface features.

The size of observable detail is limited by resolution to a lower

limit of about 500 tc 1000 meters with the best teleescopes.
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The accuracy of position or loéation suffers frax the lack of
precise horizontal control and knowledge of absolute altitudes.
Degradation of accuracy increases toward the limbs. The deter-
mination of elevations on the lunar surface has presented

imposing difficulties due to a lack of suitable reference or

datum and t0 the measurement techniques availuble. The use of
photographic stereo pairs, as in terrestrisl aerial mapping,

is unsuitable because of the imposaibility of obtaining an adequate
base line; even with the assitance of the lunar librations. The
method that has provided the most reliable indication of elevations
is based upon the measurement cf angular shedew lengths. This
method suffers from several difficulties:t (1) the precision of
measurenent of the shadow length is limited by the resolution of the
photograph, (2) it 1s.affected by the slope of the surfece, (3) even
if on a "level" surface, it indicates elevat;on of the point above
the adjacent surface rather than the absolute elevation above a
standard datum,.(4) measurements in a N~S direction are far less
religble than E-#, (5) low slape engles do nct provide adequate
shadows or clear cut boundaries, (6) horizontal control of position

lacks precisron,.

The shadow measurement method has had its greatest anplication in
the determination of relative heights of mountains, but it tends
to fuil in extensive areas devoid of mountains. A4 refinement of

the methnd has bgen used in such cases, as in the maria.
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A photographic negative of a lunar area is scenned with a photometer
across a gently undulating sunlit area in a direction parzllel to
the "brightnees equator.” By making auxiliary scans in closely
adjacent regions where there are no very obviou. mounds or ridges,
a mean, smoothed curve of tranegparency can be plotted sgainst
distance across the surface. By superimposing the smooth curve on
an individual trace, a point may be found on the mean curve which
has the same intensity as any chosen point orn the individual ourve.
The distance which separates the two points subtends ¢ lumar

radial angle equal to the slopa of the ground2at the point in
question.. A profile can be constructed from a series of guch
measurements. The method assumes a uniform albedo. While this
method is sensitive it ir not as accurate as the mountain-shadow

method.

The method of measuring absclute heights of points (the distances of
surface points above the center of the mean sphere of the moon)
reduvces essentimlly to the accurate measurement of the position‘

of these points. All measursments mus% be referred to some fixed
reference system. This has been established such that tha

origin is the center of the mean spher¢. The 2 axis axtends to

the observer and the x and y axie then lie in the plane of the limb,
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3.2.1

3.2.1.1

Whsn the moon is in ths position of mean libration, the axes

defins the standard oocordinates for a point on the surface., 7The
quantity z cannot be measured directly but can bs derived from x
and y by the equation of the mean sphere, after corrections for the

projeotion of the moon, optical distortions, atmosphera effescis,

sta.

Measurements made by J. Franz ir 1901-1903 and S.A. Saunder (1600~
1911) established 150 "standerd points" whioh provided the.basis
for selenographic neasureﬁanta. The original catalog was revised
by Schratka-Reohtenstamm in 1958 and is ths basis of present

topographic measursiments.

Topographisc features

The surface of the moon presents g varlety of features whioh have
been given designetions relating them to terrestirial features,

Meny of them date back to the very early observations and, although
misinterpreted; have been retained in curreﬁt nomenclature,

Méria

- The maria or "seas" are the large, apparently smooth areas cdvering

about half of the visible lunar surface and are of low albedo{0.6~0.85)
They appear mostly on the eastern and western sides of th2 visible
disk with the largest, Oceanus Procellarium on the westsrn*

side. The recent observations by the Russian Lunik have shown

% QOrientation of ocardinal directions is in acoordance with the
resolution adopted by IAU Ganeral Assembly, 1961, which reversed
the originel astronomical gonvention to agrea with terresirial
orientation. with respect to rotetion of the moon on its axis,
i.e0., east is preceding and west following.
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that they ocour to only limited extent on the far side with none

comparable 1., size toc those on the visible disk.,

The maria ocour as irregulexr te necrly ciroular plains ranging in

size from 300 to 500 km, generally bounded by mountsinous areas.

The maria are everywhere lower than the adjacent uplends (or
continents). They contain a variety of featurass of low relief
inoluding braided systems of low ridges; low rounded scarps and
dcmes, Although there ere various theories regarding their origin,
it i=s generally accepted that the maris were formed from molten
rock or lava, during the early history of the moon., Whether the
source of lava was the lunar interior or preoduced as a result of
imp&cﬁ of asteroid-like bodies is a subJect of controversy.

There is evidence indicating the Mare Imbrium was formed by a
great collisjon. Large grooves, radiating from the collision ares,
appear to have been plowed by high density objecis, gome of which
wvere of kilometer dimensions and may have been fragments of the
colliding body. Fielder (1961) and others have pointed out a

pattern of faults apparently related to an Imbirium collision.

Mare Tranquilitatis appeaers more as a lavae flow than any of the
other maria. It i: I regular in shape, dark in colsr, and appears
to huve some fentures distorted in a mamer whioh would be expsocted
by flow of & dense liquid. The flow seums to have eome f{rom Mare

Serenitatis.
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The other maria are smooth as might be expected from solidificetion
of fluid lave, but their appearance is not inconsistent with that
which would be produced by a fall of great quantities of finely

divided meterial from the greet collisions.

Baldwin maintains thst the lavas in the lowlands were not formed
bty meteorites and plenetesimels impacting and cratering the moor.
He concludes that the maris and craters were formed in a dry
cordition and that the lava flow was a much later and separate
phenomena. He also supports the "hot moon", with melting ceaused
by radiocactivity, solar radiation and impact energy. In his
model, the moon for a long time absorbed meteoric impact by
igsostatic adjustment of the mantle. Later, as surface cooling
reached greater depths, new craters were less deformed., Finally,
the surface became sufficiently strong to register the great
impacts forming the maria. As isostatic adjustments of the cooling
moon continued, with the interior molten from the heating of the
concentrated long-lived nucleides, great cracks formed through
which lava flowed out to depths of thousands of feet to form the
maria. Flows occurred at different locations and times and of
different compositions. Several advancements and retreats of

lava occurred to form the present character of the maria.
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Firsoff {1961) has discarded the impact theories completely as
being unable to account for 21l lunar features, and instead

supperts the concepts of volcanic mechanisms. His concept of the
mare surface, or arz2as in vhich molten lava sscapsd to the surface
is that of "foam-cstone” or exaggerated pumice having a density

far less tnan i1, This concrpt is besed upon the known behav:or

of molten gless or lava &1 1200°C which, when exvosed to high
vacuum, will increase from 20 to 50 times its original volume by
foaring or frothirg. In the marié the rock froth, together with
layers of volcaric debris has been compacted, degussed, and hardened
t7 some egency such 2s hesat from the inferior of the moon or
permistion of liguids or gasses. This concept provides a stratified
structure which accounts for theterrcoced appearance of the inside
slcpes of the larger mariel craters.

The mare areas have undergone changes since their formation which

has affected their surface charecter. The most apparent has been
the formation of craters of var.ous sizes ranging from Coperrnicus,
56 miles in diameter down to tns limit of telescopic resolution.

In addit.cn, there is evidence of techtonic changes producing ridges
and faults or crevices, domes, etcs There is also some evidence

of volcanism, even during the past few years, although the latter
has been questioned. However, there have beer no confirmed
instances of appreciable change since the bteginning of lunar

observation.
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3.2.1.2

Uplands

The upland or “continental" areas are markedly different from the
mavia. They sre heavily oratered and rough and appear as bright
irregular aress. It is generally believed that the uplands are
older than the maria, being those regions which were not flooded
by the lava which produced the maria, It is believed by many
observers, that great, bright mounteinous areas of the southern
and scuthasastern parts of the near side approximate somewhat to

the original surfacs of.the mocn. Examples of such features are
"Hellplain" a very large and very shallow depression within which
Clavius is found, Janssen, and the lopg scarps of the southeastemn
quadrant. If this concept is corrasct, the nighlands would oonsist
of the original material, collected by the moon during its last
stage of formaéion. but modified by the effect of.the final barrage
of meteoric material which produced most of the observable craters,
The distribution of post-mare craters on the uplands should resembla

the distribution on the maris,

Head {1962) is of the opinion that the uplands can be likened to
"glag' which fioated over the molten surface material. This
concept requires that the uplands should have markedly different
physical properties than the maria and perhaps even the underlying
strata. One would also infer that the uplands would not, then,

be indicative of the primeval lunar material because of the |

metamorphism ccouring during the period that the surface was molten.
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3.2.1.3

J42e103.1

The volcanic theory cf formation, es suggested by Firsoff,

considers the uplands to be composed of superimposed layers of
coerse end fine volcanic matter, erosion and meteoric debris,

and strata of porous or frcthy lava. At greater depths the material
hzs been corpacted by pressure of ths overburden to form & tuff.

Fe does not meka an estimate of depth but infers that it may be
very large.

Craters

Formation

Creters are the dominent topographic form of the lunar surface.

4s such, they have received a great déal of atteantion and stuay.
The mechanism of formation is the subject of speculetion, and
theoriee, although contradictory, are widely held, Of the twc which
are most prominent, one sscribes their foxrmaticn to the impaci of
metercids, while the ather atiributes tlem ¢¢ volcanic processes.
It is possible that both may be correct in part; it is doudbtiul

if a single mechanism could account for ail of the observed crater
features. The impact th:iory seems to be most widely held, and
evidence that at least some craters ars of impact origin seems

virtually irrefutable.

The sequ-nce of formation can, in many areas be inferred by tne
occurance of over-larping, rhysicel characteristiss, and altzration
by "geologic" processes. Age is often indicated as “pre-mere”

and "sost—mare" although such a classification may be difficult

in the upland areas. Aprparent modificetion of the crater appearance

v

1000

Ea'flfvcl“o 4. T N

i PAGE




by ercsive processes such as micrometesoric icpacts, soler pariiculate
radiation, thermal changes etc.; have been used 23 indicators of
ages although the effectiveness of such processes and their sbility
to produce the observed range of apparent chenge is questionable.
In the first place, the physical prpperties of Zunar surface mater-
igl are not known with sufficient certainty to be able to defins
the effect of the environmentsl factors. Second, tﬁe magnituds of
the effecting processes cennost be assessed in all cases. Sore
workers discount exrosive processes such as radiation and therzsal
changes as the principél factor in alteration of topographic
features; and suggest thet & cover of dust from meteoric infall

ard explosion debris would prvduces a szoothming effect. Others
propose that .drowning by the leva flow or partiel remelting would
explain the appesarance of scme crater rims snd isolated peaks, as

well as the flat bottoms of large crataers.

The existence of central peaks in a very larga number of craters

hes been teksen as evidence supporiing botn tire impact and thse
volcanic theory for crater formation. In the first case, they

are believed to be the result of rebound foilowing the impact or

the meterial from the impacting body. In the second, they =re
volcanie cores built up withir the main crater. To be sure, amall
craters have been observed at the peak of a number of such mountains,
giving them the appearance of terrestrial volcanoe, but not

in the majofity of cases. Adherents to the volecanic theory

point out the resemblance of terrestrial maara and calderas to
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explairs the veriation in crater characteristiocs as being due to

the cosbinsiion of condit.ons, occuring over a t.me period, resuliing
froz the initial cordition of & fluid surface. The flat bottoms

are atiributed to the effect of the gradient in surfece strength,
rather then due to melting fromn fthe impact energy. The variatiom

ir rim structure is explained by the changing vigcosity of the
surface lsyer as it cooled. Thus impacts during the periocd of

greater fiuidity wounld be less rrominent, As cooling progressed

-end a "skin" was formed, rims would be more prominent but some

remelting or subsidance could occur. Pinally impacts following

finel solidification, with the strength gradient extending to the
surface, would result in creters such as Copernicus, Kepler, and
others having the associeted rgy structures end lerge numbers of

smaller secondary creters produced by impect of debris,

Irn propounding the volcanic origin of lunar features, Pirsoff
objects to the tendercy of some authors to bzse ccncepis on "non-
geologic” prccesses. He rrefars to rely upon known terrestriel
pechanisms which have produced features having a counterpert on
tie moon. He points out that the moon exhibits familizr techtonie
features such as upiands, mountains, calderas, msars, volcanoes,

lava flows, as well as faults, horsts end graben.

3.2.103.2 spati&l distribution
Large, well-formed craters ocour more frequently in the lunarite
or bright continental regions, This has been attributed %o the
formation of the maria subsequent to the time of maximum rete of
V)4 roee
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infall of the materisl forming the moon. Pre-existing craters in
these regions wﬁuld have been covered. The existence of "ghost"
craters in th» maria have long been known and appear to be the
result of inundation by the lava. Because of the time period over
which the formation of the craters occured and the changing
conditions which existed, the distribution of existing crsters does
not show a random nature over the surface as a whole. This has
resulted in the maria, presumably younger than the ooﬁtinsntal areas,
having more widely scattered craters of sppreciable size, while the
continents are almost c¢ompletely covered with craters, many of

which overlap.

In any case, considering the full range of sizes, a completely random
distribution does not exist since the larger craters have smaller
secondery craters associated with them which occur in a pattern
produced by the impact explosionl Flelder has made a study of the
distribution of secondary craters assogiated with C§pern1cua and

Tychoo Crater-chaing oceur which have been correlated with tectonio

" changes, and thus meteoric origin is improbable. However it is

considered that an impact such as formed Copermicus may have
resulted in surface disturbances which promoted the formation of
chain craters.

Detuil of the distribution of maria and craters on the far side is
lacking, but the photographs obtained 14 September 1959 by the
Russian Imnik III indicate that there are few maria in comparison
with the near side, and much of the surface is probably mountainous

and rieh in craters,




242.3,3

Size Distribution of Craters

In general, the number of craters in a given diameter groupirg
increases as the msan diemeter of the grouping deoreases. Fielder
points out that a number of studi:s o0f the size distribution have
been made dbut they are incomplete when extended to small diameter.
This results from limitations of resolution of the phoﬁographs,
the diffiguliies of identification in highly cratered aress, and
the sheet difficulty of counting., Craters under about 1 km

cannot be charted accurately and knowledge of craters smaller

than a few miles in diameter is incomplete,

KoDonald (1931) plotted the mumier of orsters egeinst the mean.
value of a diameter range and found the curve to be clearly
nyperbolic. Young, in 1940, using more adequate data found that
there was a change in the distribution curve at a diasmeter of

about 40 km., A histogram, based upon Young's data of 1940, is shown
in Figure 1. It will be noted that the minimum diameter listed by
Young ies 14-18 km; the estimate of 500,000 between 1 and 5 km is

from Urey.

In his model studies, Heat attempted to dcrive crater populations
attributed to secondary impacts, below resolvable diameters.

By comparing size distributions, obtained from measuring and
counting craters shown on the l'inar atlas photo-rephs with photo-
graphs of hie models, he was able to make extrapolat.on to a
diameter equivalent to 41 feet on the lunar surface. A comparison
of populations derived from Allen, the lunar atlas in the region

of Kepler, and the modal studies 18 shown in Table 2.
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TABLE 2

Three Extrapolations of Crater Distribution

Diameter renge

8 mi. and larger

2 to 8 mi.

0.5 to 2 =i,

0.125 to 0.5 mi.

165 to 660 feet 3
b1 to 165 feet

less than 41 feet

* Extrapolated values

No. of oraters on an area of 21,000 mi

All types Kepler
of terrain region
(a11en) (Bead)
5 : 2
7 42
1,230* 860%
19,000% 15,000*
10,000% 115,000%
5 x 106* 320,000%

infinite* 680,000*

2

Model

(Head)

1 Values oconsidered tno low because of counting diffiouity

It would appear that the areas, seemirgly flet between themarial

oraters, may vanish as observational resolution increases, Thousands

of cratearlets a few hundred fest in diameter and less should become

apparent for eech orater now known.

The roughnesas of such a

terrain of overlapping craterlets would possibly prusent a serious

problem to sucoessful landing of a lunar vehiocle and present

a rather imposing problem of surfaoce travel for exploration.
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The slopes of the lunar features appear to be quite low, particularly
in the marisl areas where even ths wrinkled areas rarely exceed

2°, The averaga slopes of the outer rims of oraters have been given
as 3° - 8° with some measursments ranging to 18°., The inner

crater zlopes ars much greater, most measurements ranging between
30° and 40°, for craters 10-20 km in diameter. densrally, the large
craters have smaller slopes while smaller craters are stesper.

Inner slopes exceeding 50° have been eatimated for many emaller
craters. Daniels (1961) has estims*ed the slopes of surface
features from the fading of radar signals. He found that the
frequency distribution of slopes logyser than radar wavelengths and
smaller thun visible were between 8° and 12° and that the slopes of
small features appseared to be similer {o laxrge features, Hackman

& Mason indicate slopes of 10° to 20; and occasionally higher may
ocour, Some examples of crater profiles, drawn from the Lunar

Atlas Charts, are shown n Figures 2 and 3. T.hﬂ profiles are

drewn with the same verticael and horizontal scale of 3 mm/km.

The base curve follows the‘l735 xm lunar radius datum caed for the
Lunar Atlas Charte. A 50 kilometer easit-west profile of & part

of the Cuscade mountains of Washington, which passes across

Glacier Pesk (elev. 10,400 ft.), is included for comparison. This
profile was prepared by plotting elevations, at 1 km intervals,
obtained from U,S.G.S. Topographic Charts, Glacier Peak and Stehekin,

Washington, Juadrangles.
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Toe iunar craters are relativalj sha;;c% in cocparison to tﬁeir
dizmeter. Fielder shows thne ratio of depth fo diszeter of (.02

or 0.05 for craters 100 ko in diemeter and of the oxder of C.1 for
crate-s 10 kn in diezmstar. The intsrior curves of well formed samsll

cratera temd to be paraboloidal.

Clues to the sub-resolutior lunar terrain in thesmcothast portion of
any epare sust be obtained by other {han visual mesns. Attexmpts
have been made on the basis of rader, IR studies, photomeiry, stc.
Badar is hampered by the problém of surface transperency and thare
ie no essurence that the msasurezents zre of the trus surfece or of
en underlying ved rock. Ven Diggeien's work in photometry indicates
a pitted surfece with flats occupying about one-third of the erea.
The pits must be large with respect to the wavslength of light but
there is no way of assigning dismeters of a few centimeters or =z
fov hundred msters to them. Other investigators would elimincte

the flat areas and propose clossly packed holes of sll sizes,
guperposed and digtributed, dug ir & dark material. %This latter
concept egress with Head's consclusionw from ths model studies,

The photometric studies also infer that the pits must be deep in

comparison to width. .

Most luner craters which appear to be relatively young are circular
in form. Many, however, appsar o have undergone medifications

other than by subsequest impact. In such cases, the craters appear
in roughly polygonal outline. This alss hoids trus to some extent

with respect tc some maria, sand is almost entirely restricted to

J)407 1000

NO vy ., 6

BOEING

I PAGE

()

agn



3.2.1.4

oTzters heving a dieseter gresier than 20 km., In general such

tortion is attributed to crustal oavement subsequent o the
crater formation, although thie concept is not unanizsusly held.
Rays
Proaminent, bright sireeks referred to as "rays" are seen to spreed
acrosg the lumer aurface. The nost prominent eppear to be essoclated
with three craters: Copernicus, Tycsho, and Kepler. The most
widely held opinion relates than to "sélash" fror the impacts
ceusing the ebove major craters, but the volcanista attribute them
to ash or volcanic gless from eruptions. FPielder (1962) has
identified fifty-nine lunar.craters, 208tly between l:snd 5 ke in
diezeter, with certain rey ®lements of the craters of Copermicue
and Tycho., These small craters are demonstrated as being
sescondary impect craters produced by rock blacks ejectad from
Copernicus and Tyocho. Humerous emsll crgters exhibit small ray
gyetens of their own. The rays show no preference tc any particular
type of country end do not appear t9 be deviated by mountains or
other features, but rather cross over all other features, Some
appear to originate in or near the walls of thecrater aa well
as near the center. Fielder shows that the orientation is due
largely to the behevior of rock strata as a result of the impact
energy., The shape of the ray structures vary, but may be grouped
into three general types:

4. Thin, straight, and roughly radial, of the type associated

with Aristillus
B, Broadly curved as those of Copernicus

C. Apparently structureless and having meny craterpits.
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Detailed studies of tha ballistic trzjectories of ejscted material
have been cerried out in an sffort to explain the lepgth, orien-
tation, and shaps or curve of the ray structures, considering ths
ensrgies, angle of ejsction, and rotatica of the =moon (Shoeﬂaker

1960, Fislder 1962).

Tha exmsct naturs of the reys is a subject of ccnsiderable conjecture.
For the mogi{ part, they exhibit a rather high reflectince slthough

some daxk patches, a8 fev miles across are known within ths crater

Alphonsus and each spot contains a small crater.

All observations :ndicate that the ray structures have no appreciable

thicknesa; they evidence no sbadow with very low engle illuminatiion.

Thars are many specuistions regerding the "composition" of the rays,
ranging from a thin layer of "ash” or dust and fine materisl to

a roughsning of the surface by the falling meterial which produced
nany small pits or left a thin layer of psllete, gravel, boulders
and other dsbrie. Flelder appears to favor thes concept of a
combination of ocup-shaved hollows and pellets a3 being the most

plausible explanation of the optical properties of the rays.

The rays appear to be one of the more recently formed features,
based upon the faot they they overlie all other features and are

associated with the least eroded oraters.
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3.2.1.5

Mountains

The lunar mountains or mouniain ranges appesr to be related to

tne maria, crsaters, and psrhaps volcanism. Topographicaily high
ereas encireling the maria have been named nountains but they may
be more eppropriately considered es crater rims. They do not
resemble terrestrisl mountein cheins, end there is no svidence of
the formation of mountein ranges by folding. Isolated peeks are
found centrally located in many of the laxger craters and a fev
prominent peaks are isoleted neer tbeedges of maria as are Piton and

Pico in the northeast of Mare Imbrium.

In a sense, the lunsr highlands or continents might be considered
es mountainous in nature although the topography is that of heavy
crateiing. It is perbaps a question of nomenclature, but except

for the generally circular formation, the crater rims would result
in a rough mountainous-type terrain. The haighta of the "mountains"
which vary with the crater diameter, range froa 20,000 feet to

probably & few fest in elevation.

The features generally referred to s8 mountains or mountain ranges
border the maris and are considered to be ejected from them.

Some of the more prominent ranges will be mentioned. Two large
ring mountain systems nearly encirole Mare Imbrium and Mare
Sereritatis, The Cerpathian mountains are those maxing up the
southwestern part of the rim in the vicinity of Coperniocus which

presents the most rugged feature,

18
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The Apannines extend 640 miles along the southeast rim of Mare
Imbrium and 100 milec along the:wést side of Seremitatias. They

are oextremely rugged, fanlted mountains with SE trending ridges.
Peaks of 12,000 to 18,000 feet ocour which are the tallest in the
Inbrium-Serenitatis system. The Haemus mountains which lie to the
south of Serenitatis and west of Tranquilitatis are also rugged,
with a maximm elevation of about 8000 feet above the mare surface.
Slopes range from 10° to 20° with the stieepest toward Serenitatis
and the Apennines. The Pyrenees, southeast of Tranguilitatis |
are more plateau-like uplands about 6000 feet above the mare surface.
The Alps make up the rortherr seotion of the Mare Imbrium ring.

The Alpine Valley believed to be a structural rift is a prominent
feature in these mountains. The valley extends ENE 83 miles, varies

from 3 1/2 to 6 miles in width and as much as 10,000 feet deep.

' The central and southern highlands cover almost a third of the

visibtle surface of the moon. They are covered with densely packed,
contiguous, overlarping, and superimposed craters. Elevations
generally renge from rim heights of 10,500 feet to depths of 20,000
feet. Also included in this area, neer the southern limb, are ths

Lebnitz mounteins, some of the highest being 29,000 feet.

Mountains of distinetliy volcanic origin are not common but some
features are intsrpreted as being of volcanic origin, The Aris~
tachus Hills and Riimkes Hills seem to be accumulations of lava
extruded through vents. Some central peaks may be volcanoes,

as aome ars topped by craters. However most of these craters ure of

U).4011.4000
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3.2.1.6

3.2.1.6.1

such small size that thay ere identifiable only visuslly through

a telescops.

Minor Surface Features

Thers are a variety of small, characteristic features, which occur
on the lunar surface, ettributad to tecionlc processss, impacts

and other causes, Thwae features inelude ridges, rilles, clefte,
domes and valleys., The linear struotures, in many cases, appear
to be associated in a more or less well defined grid system which
may be of‘a radiel pattern or parsllel, The significance of the
grid system has been studied in detail bty Pielder (1961). He
points out that there is a clearly memked radiating pattern around
a center located in Mare Imbrium and that while a large scals
oollision probably contributed to the formation of the pattern it
does not account for all of the elements. YVisual observations have
e#stablished that some components wsre formed after craters of

she size of Tycho, end that tectonic mountain-forming actively
occured subsequent to the formation of these oraters,

Rilles

A rille i3 8 reletively desp, narrovw depression or ocrack which

may exten& 8 much 8s a few hundred kilometers across the surface,
Fielder maintains that the wider rilles, at least, are quite shallow
and ell such features large snough for detailed examinstion appeared
to have depths less than their respective widths. When several

rilles occur in one region they frequently are approximately parallal.

vi @'
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One of the =o0at prominent rilles is the Aresdssus Rille ssaogiated
vith the oraters Aresdasus snd Silberscbleg, near the ssnier of
ths disk. It is 5 km wids slonyz the central portien and i3 of
the order of 270 knm in length vwith a depih ranging batveen 600 end

1900 meters.

Another large rille a short distance fc the wst iz the Hyginus

Rille or claft.

A large number of smaller rillas have besn wbserved associated

~ with maris and witb large crsisrs. Often thsy tsnd to ourve within
ths wall, The crose seoifion of rilles iz a4 zudject of controversy.
Baldwin (1959} staied thai they are oftan desp in comparison to
wvidth whersas Pislder teize the opposiie view., The slopes cof the
sideg ary therefors, also in doudi. In any event, it would sgem
that rilles may presea: & prcblam 0 surface travel if they are of
such & size and shape thati orcasing would be difficult, since

their length would preclude bypassing.

Faults resulting from vertical crustal movements would be related
to rillee except that rather than being open cracks or olefts,
there would be a difference in elevation on either sice. Furfher,
if fanlte ocoured similar to those on sarth, slopes conceivebly
could be extremely sisep. An example of such a luner {eaturs is
the Straight Wall, located in tie eastern part of Mare Nubium,
The faoce of this feature is believed to be far from vertinal,

however.

V3I407 -1000 ]
Boe/ne | " 0100036
[PAGE ?-

’
v




3.2.1.6.2

3.2,1.6.3

Ridges

In contrast to the linear rills are the "wrinkle" ridges.

In generzal, they asre longer then the linear rills and sharp
ridges and are found on the marebase, particularly around
the borders of maria. Often they are approximately parallel.
These formations are of low profile, baving elevetions of
10G to 2Q0 meters and widths of from 2 to 20 lm. Slopes are

ordinarily in the order of 1° and rarely if ever exceed 5°.

The occurance of ridges of this type are attributed to a
numbér of causss: buckling of the surface during readjust-
ment, waves of solidifed lava or merely buried remmnants of
ringed plsins. Kuiper believes that they are compression
features. It hes also been suggested that they may be the
result of intrusion ¢f msgma in a dike structure but which

did not reach the surface.

Xopal (1962) has pointed out an interesting concept regard-
ing the wrinkle ridges. It has been suggested tﬁnt these
formations may be indicative of the presence of sub-surface
moisture. The ridges may have been csused by the hydration
of subgurface beds of anhyd¥1de minerals such as olivine
vhich is accompanied by an increase in specific volume

sdequate to produce the observed bulging.

Domac

The lupar domes are low, rounded formations, eircular,

L340 1000

LILTEINE 1 MO Pe-100036
' PAGE

41




3.3

elliptical, or in some sases of irregular outline. Because
their slopes do not seem to exceed 2° or 3° they are
difficult to detect and may be more numerous tban those
6bserved. They occur in the maria but their presence would
be mesked in areas of irregular terrain if they ccour there.

Many of the domes possess smell craters on or near their top.

Dome structures are found on earth but the mechanisws of

formation are nct all applicable to the moon. A few of the

methods suggested for the formation of domes are listed below.

1. The intrusion of plastic ignecus msgma into or between
surfece rocks causing them to arc or rupture.

2. The intrusion or rise of lower density material into
higher density material.

3. large debris ejected ivn plastic or molten state during
impact.

4. Angular blocks covered with smaller debris and dust.

S. Expansion of a nineral pnase such as the serpentinizetion
of olivine as & result of subsurface heating.

The last mechaniam has been suggested by Sslisbury {1960).

Characterigtics of the Surface Material
t1l direct observations have been made by first unmenned end
later menned missions, the physical chesracteristics and
ccmposition of the lupar surface material must be
inferred by indirect methods. In all cases the obser-
vations must be baszed upon meamsurementis of incidext,

reflected, or emitted radiation extending from UV to RF

J1-437 1000

FOEING | D-10036

FAGE

4




frequencies. It algo follows that the inferences are valid
insofer as they can only compare or relate lupar m terisl to
terrestrial material exposed to a lumar environment. Because
of these problems, the spaculations anéd models of the gurface
are videly varying and often contradictory. The questions

cannot be resolved until man travels the moon.

3.3.1 Physical Properties

3.3.1.1 Structure
The structwral properties of the lunar swurface is of major
concern from the standpoint of landing vehicles, whether
manned or urmanned, and for surface exploration. The design
and engineering of lending structures and of vehicles for
surface travel is dependent upon the losd bearing properties
of the surface and tne texture of the materisls. The
determinstion of these parameters is beyond the capebility of
direct observation since telescopic resolution is of the
order of 1/5 mile. Cwrent information 1s thus baged upon
othef observational methods and the data 1s subject to

interpretation.

The maris are considered to b.. the result of lava flows to
produce a relatively smooth surface. It is the concengus
of most observers that the lava is covered by a porous
material The nature of the overlylng marial materials has
been described wvariously as dust, sand, gravel, blocks and

debris, rock froth, pumice-like, and hardemed sand dunes.
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Each concept hss been based upon either speculation on the
effect of meteoric impect and accummulation and other
enviromental conditons or upon optical, IR or radar
nessurements. Both methods suffer from limitations imposed
by the remoteness of the moon, detailed knowledge of the
true lunar environment, and effects of the earth's atmos-

phere on the observations.

Some of the more recent concepts are described be.ow.

a. Pettit and Nicholson (1940)

From observetions of the rate of fall of tempersture
during 8 1939 eclipse, they determined thei a 3 ca

depth of rock was involved. Later (1949) Wasselink using
Pettit and Richolson's date and his own radio measurements
determined that the rock was covered with a 1 mm layer

of grains of 0.1 to 0.3 mm diameter.

b. Jaeger and Harper (1950) concluded that thermal changes
could best be explained if a thin dust layer overlies a
subsirata of pumice or gravel, with less than 5% base
'rock exposed.

c. Lettan (1951) believed Pettit's measurements vere best
explained by 8 dust cover having an average thickness of
0.5 meters.

d. Sbaronoff (1954) on the besis of photometric and infre-ed
measurements coﬁcluded that the surface material resembled
a spongy, vesicular clinker produced by subsurfsce explosion

and meteorits impact.
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' Shoamaker (1962} proposes & curface layer of unknown
depth ccampoged of irregular rocks and dedbris [rom
impact. Eis copncept was based upon optical, IR rnd
radar data.

Hackman and Mason (1961) describe the marie surface as
consisting "chiefly of fragmentsl and comminuted msterial
thrown by explosions following meteoric impects occuring
after the extenszive Maria lava flows.  This produced
layers of unsorted ejecta. However, they consider the
lava to be "thinly covered.” The surface of the lava

is probably mostly smooth but in part rough and clinkery.
Head.(1962) As & result of model studies and consider-
ation of opticel, IR, and radar dsta concludes that the
surface 1s best descrived as an area of age-hardened
sand dunes, and that the marial rock varies in strength
in direct proportion tc depth. His work indicates that
the marial srea near Kepler may be assumed to have a
veak rock layer close to a mile in depth. Head preéents
a crude ‘rule of thumb” that the temsile strength may

be obtained by multiplying the dem*h in feet by b to
obtain pounds per square inch, and caxpressive sirength
about an order of megnitude greater. His estimate of

the properties of the maria sre shown in Table 3.
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Depth in feet

175
300
500

Several
thousand

Uplande :

Maria:

TABLE 3

Soil Strength Estimate for Lumar Maria

Strength of Material (psi) Description
Tensile Caxpressive
8 60 Bettled but saslly
. ghoveled or bull-dozed
50 oo Hardpan - can be
loosened wvith handpick
or back-hoe
TOQ 5,500 Year=-o0ld concrete
1,400 10,000 Sandgtone
2,000 15,000 Porcelain
105 + 10° + Glassy bedrock

Some examples of lunar zsurface models which have been proposed
are illustrated in Figure 4.

h. Pirsoff (1961)

Strata of course and fine volcanic material,
erosion and meteoric debris, and véry posous

or frothy lava. Light and porous im the upper
layers with gfaded coampaction to tuff at depth
by pressure of the overlylng material,

Similar in camposition to uplands but compacted,
hardened and metamorphosed by same agency such
as heat from lunar interior or infusion of
liquids and gasses from volcanium..
Accumulation of meteoric dust hidden by very

porous nstwure of surface.

U3.4075 1000

W - th
B | ° V1008

PAGE "6

>~




A}

Fa-posep LLLNAR SURFACE MODELS

—— e e e e _/1!
T Go.d i DERR UNCONSOLIDATED DUST LAYER
1493
& ! . Mean gran size - 5 u
' .
' No dcpﬂx estimate : :
!
L .
- e~
L T e e e

N e T

NAsh - o F.

"?b’ ~\s’.;o' . -’

DesT
Loost MaTantaL

e e - s s -

N . f v = ~ 7 * -
< 6 - P .
PSR- L . . <. N .
S 4 et P Lt e . d ry .
A 4 ° . ¢ Raex FRorp o 1230
: PO .
\\“\'_\: R N Y LN . > o . -~

e~ L s LA . » .

~e - K] .
. <= .
S”“'-‘&H'xuuou‘ N e Y ‘\‘W-\--f~

. ="
] $2. 10 RO v

L LAl L
o ’ A e B e TP ", ’ ‘( n? s
2 ° I 4 7 - . H .
‘-_5',““,0,:-‘.; s e 0~ ‘_-_:, AT ; 5- N B
- 14 N - 140, . . -
SenITL e, e Frotk Rocr Te e, m T e
. . k3 o - . -
Russian N .. N P .
r ~ . »
. . s . . .
M - 4 - - r) .
' - . .
1962 . . .. .
..
.
! GRANT

Poxouy ~
-8
S5.Ag Lidw

AV

Vp H‘SAD Sofr

. CONTCRCLD :,Aup\ U-nA Dy
~ [T z .. R
!qbz' . 300,598 : Gma, (, TO
mefery | ,
N HARD d&ni,vn~uE
i .
.
A . RN L. . - PN e < .
: - 4
Se-era ' 3453 Bt okoom
Koo merery
\ Y

Coare 4 PPSERITURY

A‘Aﬁt



Ai;; ..

3.3.1.2

Thermal Properties

The determination of the thermal regime of the moon has
srovided significent inforna;.ion regarding the nature of

tke surface material. Both infrared and radic wave tech-
niques have been used, providing dats not only of the immediate
surface but siso, presumsbly, to some depth as a result of

the trensparency of unconsclidated material to the radio

Trequensies used.

Pettit and Richolson {1920) at the Mi. Wilson Cbservatory
did the xost significant work on the¢ temperature of the moon
using very sensitive thermocouples as sensors with the 100-
inch telesccpe. They observed a Amximnn surface temperature
of 4O7*K at the center of tbe full moon and & minimm of
120°K at the center of the dsrk hemisphere. They observed
that the temperature of the subsolar point varied with phase,
veing only 358°K at quarter phase. They attribute this

differente to Toughness of the surface.

Additionsl significant information regarding the lunar

surface has been froan mgasuremeut-s made Quring the course

of total eclipses. - All of the measy ements are characterized
by ap extrsmely rapid change 1n L=nperature auring the

pentv oral phase of the eclipse. In the hour required for a
point ¢n the roon to move through the penumbra, the temperature
drops to about é00°K or lower. The temperature themn continues
to lower slowly wntil sunlight agein falls on the area at

the end of totality and then rises rapidly until by the end
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of the~eclipse it is baok to its starting point. Ths rapid change
indicates a very low thermal "inertia¥. The thermal inertia
{6 defined paremetrically ss (K ¢)*
vhere k ia fho thermal conductivity
,~  density
¢ specific heat.
Sinica found thav a values of 0.002 agrea& reasonably well with the
observational data for the moon. A comparison of thermal inertial
values for common materials is given below in Table 4,
TABLE 4

Thermal Inertias

Lunar Surface 0.002
-Grﬁnita, basalt 0.05

Dry soil, sand 0.01 - 0.02

Pumice 0.004

Powders { 0.1 mm, in high vacumum 0.001
The above measuremsnts would refer to a homogeneous surface, and
ofher investigators have proposed that combinationa of materials
or layered structure could be defined which could account for the
behavior.
Microwvave measurements do not gshow the rapid and extreme thermal
variations exhibited by ths IR data. This has been sttributed to
the transparency of the surfece matsrial which gives measurements
representing changes below the surfass. NRo significant temperwture
variation is observed on waviolengths greater than 3.2 om. A mean
depth of origin for the 1.25 cm radiation has been estimated at
some 40 om, It should be borne in mind that the microvave meusure-

ments must be considered as very much averaged values both across
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the disk and in depth beoruse of resolution problems. Some of the
results of thermal measurements are listed in Table 9.
TABLE 5

Lunar Thermal Meaisurements

thor Wavelength Temperature (°K)
Maximum Minimum
Pettit & Nicholson 8-14 u 342 (near S. limb) 120 (near E.linm
1930
Pettit - 1940 8-14 p 371 (center of disk) £ 156 (center
of disly
Gibson ~ 1958 - 8.6 mm 225 (central 145 (central
portion) portion)
Dicke & Berirger 1949 1.25 em 301 (ocentral 197 {cent ptn
Piddington & Minnett portion) 145 (whole
disk)

telinskaya, Troitsky 1.63 cm 260 +10 (central 130 +10

& Fedoseyev 1959 pog,)

Grebenkemper 1958 2.2 om 210 (whole disk) 185
Troiteky &

Zelinskaya 1955 3.2 cm 170 +15 (whole disk) 170 +15
Akabane 1955 10 om 39 +50 " " 240 +50
Mezger & Strassl 1959 2l om 250 #30 " . 250 +30
Westerhout 21.6 cm 245 "t " 245
Denisse & LeRoux 33.3 cm 208 " " 208
Seeger, Westerhout &

Conway 1957 75 cm 185 +20 " " 185 +20
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Albedo ard Color

It nas b-en long known that the moon exhibits rather anomolous
photometric properties and even 200 ears ago it was realized *n.i
they were related to the structure of the surface. It is evident
that the lunar surfsce has nothing in common with ordinary diffusing
surfeces. It obeys, to some degree¢ Lesmbert's law and oconsequently
canmet be covered by a uniform layer of dust as some authors have
suggestpd. There is little variation in the amount of light reflected
.8 tne angie of incidence changes, although a small difference has
been noted in the variation with phese, the amount of light following
full moon being slightly less than befors full moon at correspording

phase angles. Tris may be attridbuted in pert t~ a difference in

distribution of featurss.

At full moon the maria are only about 5/# as bright'as the continents
end t e rays are brighter ther the continents. Individual features
elso show wide variations in albedo as shown in the following T-.ble 6.,

The albedos of some common materials are given in Tables 7 for

co 'parison,

Attenpts have been made to relate the luner albedos to the character
of the surface material but no models which are completely satis~
factory have yet been proposed. Both variations in material
¢rmposition and surface texture belew the limit of observational

resclution have been considered.
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TABLE 6
Albhedo of Lunar Features

Area or featurs

Ploor of Grimaldf and Riccioli

Floor of crater Boscovich

Floor of Julius Ceesar and Endymion
Ploor of Pitatus and Harius
Floor of Taruwntius, Plinjus, Flamsteed, Theophilus

and lercator

Floor of Hansen, irchimedes and Mersenius
Floor of Ptolemaeus, Manilius, Guerioke

Environs of Aristillus

Wall

Wall
wWall

Wall
Wall
Wall
Wall
Wall
Wall

cf Aigo, Lendsberg, Bullialdus and Environs
of Kepler

of Picard, Timocharis, ithe Rays of Copernicus

of Ha ;robius, Kant, Bessel, Mosting and
Plamgsteed

of Lagrange, Lalire, Theatetus
of Ariadaeus, Behaim and Bode B
of Buclides, Uker:, Hortensiue
of Godin, Copernicus, Bode

of Proclus, Bode A, Eipparchus C
of Mersenius, Mosting A

Interior of Aristarchus

Central mountains of Aristarchus

TABLE 7

Albedos of some common materials

Lampblack

Slate

dMoist Soil
Auphalt pavement
Conorete pavement

Bluestone (sandstone ) 510,

Albedo

0.061
0.067
0.074
0.081

0.088 .

0.095
0.102
0.109
0.115

0. 122

0.129
0.135
0.142
0.149
0.156
0.163
0.169
0.176
0.183

C.010
0.067
0.08
0.15
0.17
0.18

Marial range

Upland range
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Because of tne low albedo of the maria, and ths manner in vhich the
refiectad light varies with phese angle, the surface in addition to
being very mountainous, must have a fine structure which is far

from smooth. & highly porous, slag-like lava has been proposed

et

for the maria by scme, while others favor a large number of
unresolvable indentations or pits, or a surface covered with loose,
unsorted debris from the explosions which produced the craters,

and apongy, vesiculer clinker formed by subsurface ex;losion and

meteorites.

The rays likewise have had several explanations for their high
albedo., Tlese include streaks of finely divided light rock, or

a righly pitted surface produced by the fall of ejecta. It is
believed thet the rays uzre comparatively young features and

their "freshness" has not yet been dimmed by micrometeorite infall

or alteration of the rock minerasls by solar energy.

Many workers have indicated that much may be learned zbout the
composition of the }unér surface by ph.tographing it ir light of
different wevelengths Qnd compaering the relative intensities

of the photographs with those of laboratory svecimens treated in
the sane way. Dubois in 1960 compared the reflectivities of
general types of lunar terrsin with samples of crushed rocks in
i? wavelengths from 382-628 mi. A gneiss, after being heated to

red heat to lower the albedo, fitted the lunar curve bes®,
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Spectrometric measuremente have indicated that color veriastions
occur over the surfaca, and are most marked in the maria. The
continents reflect more red light than the maria, while the rays

appear to reflect light of 211 wavelengths.

VYery little coler can be seen on the moon with the naked eye,
but coloxr differences can be detected, mostly in the maria., The
continents reflect more red light than the maria, but the abszlute

reflectivity of lunar rocks is greatest in green light.

Some sugzestions for the composition of the surface based on the
color work are listed below. (Fielder 1961)
Wilseng and Schener {1909) Marie similar to lava

Barbescheff (1924) _ Basalts, obsidians,
lavas, volcanic ash

wright (1927-1930) Light colored rocks,
such as rumice, quartz
porphries, powders of
transparent substances,
trachytes, granites.

Stair and Johnson (1953) Povdered silica glasses,
small iron content

Dubois (1960) Darkened gneiss, diorite,
trachyte.
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3.3.2

Polarization of Light

Light reflected from ths moon exhibits some polarization, mors 8o
from the maria then the continents, The effect ic greatest during
first and last quarters and disappears at full moon. Ths plane

of polerization lies in plane defined by the Sun, Moon, and Earth.
The amount of polarization varies with albedo, ranging from about

5% for bright areas and about 20% for the darkest.

Infarences on the surface composition by comparison with ithe
behavior terrestrial material include the following (Fielder 1961)
Barabasheff (1927) Continents: brownish-yellow sand
Maria: porous lava
Wright (1927-~1929) Pumice: powders of transparent
material such as glasses,
selt{s, marble, sulfur;
powdered granite or sandstons
Dolfos 1952 Pulverized, light-absorbent
materinls, with a structure like
that of black, opaque granules.
Pregence of Water
The woon is ordirarily oconsidered to be complately arid since
there hes been no positive indication of the presence of water.
Recently thought has been given to the possibility that water may,
in fact, be present either in the form of ice or in combination
with mineraels as hydrates or water of aorystaligatior. As water
wonld be one of the most valuable of all materials on the lunar

purface, the possibilifty of its presence and feasible techniques

of location and recovery is of major importance to lunar operations.
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Yolatiles invoived in volcanism on earth are ususlly water, carbon
dioxide, sulfur dioxide, hydrogen sulfide, hydrogen chloride end
ammonia. Water is by far the‘most abundent constituent, with

CO2 sooond. The question is, then; if water was released as a
volatile, youid ithavebeen lost? Watson et el (1961) have condluded
that water would be by far the most steble wolatile of th3 possible
constituents of the lunar atmosphere. They postulate that migrating
water molecules would collect in "cold traps" occuring in locations
vhich contiruocusly are in shadow. Sulteble areas may be expected

to ex;st from the luner peles to a latitude of about 50°.

Within this ares it was estimated that about 39% would be permanently
shadowed, or about 0.5% of the lunar surface. They kave concluded
that local concentrations of ice on .the moon is well within the

reolm of possibility.

SUMMARY

From the foregoing account, it may be scen that the investigation

of & body at the listance of the moon presents a grest many
difficulties. Tha Jimitations of our techniques and capabilities
leave many questions unanswersd and many subject to uncertainty.

Much is speculation, based upon incomplste data, interpr *tation of
often conflioting qbservations, and attempia to correlate measuremerts
with laboratory expgriments on terrestrial materials. Out of this
mixture of observational data, speculation and theory, a2 generalized

soncept of the lunar surfacs begins to emerge.
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The uplands or contirenial sreas which are heevily cratered,
resemble, to & degres, mountainous terrain. Bare rock is exposed
in places. The surface is generally covered by unsorited broken
rock ranginé in size from blocks itens or hundreds of meters across,
to fine sand., Slopes very likely do not exceed 30° with about

10° to 15° being average,

The maria are, at large scale, far smoother than the uplands with
slopes ganerally ranging 1° to 2°, rarely exceeding 5°, The
surface is composed of a lava-like material which varies from a
fairly smooth surface to roughardiclinkery. Overlying this

base is a material resembling sintered sand, or pumice with the

strength increasing with depth,

In the areas.-near craters, such as Copernicus and Kepler, the mare
surface is heavily pitted with the secondary craters produced by
the egjacta from the primary impect explosion. Many of the smaller
eraters, less than about 100 meters, have steep slopes, perhaps
reaching 50° to 55°. Between the small oraters there are closely
spaced crater pits and unsorted debris which might resemble a

glacial moraine on earth.

Riiles, ranging in size from the great Hyginus and Ariadasus
rilles which ars 88 much &8 5 km in width, neerly a kilometer in
depth and several hundred kilomsters in length, to the limit of
telescopic resolution and below, siretch across the marias and
bottoms of some larger oraters. In meny cases they oocur in

more or less parallel groupa.
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EZxtreme temperaturs rangea cccur et the surface during tke lunution
and beitween lighted and shedow areas. Temperatures rise from near
120°K (~153°C) during the lunar night to near 400°EK (130°C)

a%¢ the subsolar point.

Similar, but possibly not as extreme a variation, can be expected
between sunlit and shadowed areas during the day. A short distance
beneath the.mare surface (a meter or less) the temperature remains

essentially constant near 210°K {-60°C).

It seems rather certain that the lunar surface must have been
dafined precisely, at least in var*, by some investigator; The
probability is high, however, that any one author is about as wrong
a8 snother. The correct answers to all the unresolved questions
and unsolved problems await the return of the lunar explorer with

his bag of moondust.




APPENDIX

Lunsr Parametars

Distance from th: earth Maximum Hinimum Mean
Kilometers 406,700 356,400 384,400
Stat. Miles 252,700 221,500 238,900
Naut. Miles 219,500 192,500 215,000
Angular diameter from earth 29! 19.8" 33V 24n 311 7. 2%
1 second of arc subtends:Kilomsters 1,97 1.73 1.85
Stat.Mdi, 1.22 1.07 1.15
Naut,.Mi. 1,06 0.93 1,00
Mean diamseter Ki. ameters 3476
Stat. HMi, 2160
Nant., Mi, 1878
Mean density 3,342 gm/ce

Mean surface gravity

Mgas

Meximum libration

Axiel rotation

162.0 cm/sec2
5.31 £t/sec
0.163 g

7.34 x 102 gu

7° Sh' in longitude

6° 50! in latitude

27.32 days
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