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Pl from the tusar-arbiting Apelle §7 radar sounding experiment (60-m wavelengi) have heen
vnnined in hath digital and holegraphic Tormits, Surfice backseatter telutter) which masks possible
raddar returts originating from subsurlaee changes in lunar eleetrienl properiics wis reduced by simultane-
cusly comparing radar data mom twe arhils, Radar returns that correlute from orbil tr orhil lurnt Lwa
distenet alignments in Mare Serenitalis and one in Mare Crisium, 1 is praposed Ll these alippments
refresent subsurtice reflecting horizons. The hypothesis is tested hy showing thal (13 most of the eadur
rehurns Tl ontside the ambiguity region of the corretation techinique, (21 the tesults are consisient
between opticully and digitally processed data, {30 the signal levels of the proposed subsurlice features ure
well above the nuise Hoor, (47 the inferred loss Tangunts appeir o be consistent with retarned smple
measuremients, and (53 the discontinuaus mature of the reflections most likely arises Tram inteclerence
effects. [Lis concluded that there are two subsurface radir reflectors with mesn apipatrent depths ol 0.9 km
and 1.6 km helow the surlace i Mure Serenitatis and one relfectar ai 0 mean depth of 1d km below the
surlice in Mare Cristum. These rellectors represent hasin-wide subsurface interlces,

[N IROBLUCTION

The Apolio lunar sounder experiment (ALSID), a radar ex-
periment included on the Apollo 17 Right, has heen deseribed
by Phillips ef ol 119730 0] T urther results on Tunar altimetry
hiave been reported by Brown or af. [1974], while rmagiming -
resulls from the experinent were desceibed by Maxwel! of of.
[H975]0 Although these scientilic rosulls were importunt, they
were noLthe prime sciennific abjective of the ALSE; the experi-
ment was designed o deteel and nap variations in the suh-
surlicce electrical propertics and therefore lunar subsurface
Livering. In this paper we prosent evidence for basin-wide
subsurlace favering in Marla Serenitatis and Crisium from the
deep-penctrating 8-MI1s (HEF 1} portion To the Tunar sounder
experinent. In suhsequent papers we will present our gealogic
interpeetation of the mure lavering and structure and the im-
plications for busin formation and evolution,

Exviriversi Descoriprion

The Apalle T Tunar sounder experiment was a lunar-orbit-
ing. coherent-chirped synthetic aperture cadar experiment ca-
pable o transmitting radar sienals into the lunar subsurfiuce
and recording Uhe reflected signals, The HEL ALSE apparatus
consisted of o center-fed dipole untenna. a cobuerent synthuetic
aperture riudar system, and an optical recorder which recorded
the received signal and informadon about the experimental
apparatus. Additiomid information from the experiment was
felemetered 1o carth during the radar aperation. This informa-
tion included results from g specular power monitor’ which
measied the integrated stpnal power [rom radar signals re-
Nected from the moon, The instromentation is further de-
scribed by Phillipe or al. [1973a] and Porceflo et al. [1974],

The experimental cyuipment and its placement within the
spacecrall wis designed to minimize possible electromagnetic
anterference between ALSE equipment and other spaceerall
systems and experiments. During the actual data collection in
buma orbit. all ponessential spacecralt syslems and other
Apollo arbital expertments were not operated as another clort
to minimize electromagnetic interference. 1P ALSE duta
¢ continuously colleeted during Apalla 17 lunar revolu-
thons 16, 17 and TR, Film containing the unprocessed storad
diian Tromy the aplical recorder was returned 1o carth yndd
developed by using leehnigues designed o reduce noise and
nanlinear development effeets,

PrRocrssiNt ALSE 12ara

The nmjor difficulty in the determination of lumar sub-
surface featares Trom the ALSE ridar datzos the sirong olf-
ases return (elutierd Mront the lunar surlface. The muach weaker
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subsurfoce return must he distinpuished from this clutter. We
have limited our search Tor subsurface returns to the refatively
smooth mare regions in an attempt to reduce the clutter prob-
lem,

Surface and subsurface rudar reterns are sepurated in time
by o Tew tens ol microseconds, Owing to the pulse compression
nature of the radar system, individual processed signals have
power versus timte functions of approximately the form

Ssintxda Fosith alarge main lohe and side lohes decreasing in
amplitude away fram the center of the signal, Spectral weight-
ing has heen applied 1o the data to reduce the far range side
[ohes of the systen impulse response to aceeptable levels [Por
cetfo e al.. 1974]. Adthough side fabes of the bright quasi-
specular surface returns could be mistaken for subsurfice re-
turns, i practice these con be dentified in the data hy their
carrelution in delay, strength, and Doppler frequency content
with respect Lo the surfuce return, The range resolution of the
HED system precludes determining subsurface leatures with
time delays of Jess than ahout 8 gs Gapproximately 400 m in
depth BF we assume o diclectric constant of 8 for the lunar
meditm) with respect to the [ surlace return,

The ALSE HIFE duta have heen processed by using two
ditlerent technigues. The returned data were transformed to
hoth bolograpbic and digttal Tormats Tor subsequent process-
mg. mspectiong and interpreiation.

The HIL dotn were originally optically processed [or 300-m
asimulh Gilong tracky resolution with 30-dB dynamic range
and then recorded ina hotographic format on [m [Adwn of
af., 1974 This (il was Tater pliced in a specinlly designed
lologram viewer for analvsis. The viewer aljows the inter-
preter to adjust Doppler bandwidth and magnily portions of
the reconstructed radar image an a vewing screen.

The HED data were also digitized and stored on magnelic
tape fur compuier processing. A varicty of digital processing
technigues have heen applied o the digital data, These tech-
nigques incloded low-pass fillering and caherent stacking of
processed datain the along-track direction by nonoverlapping
stucking procedures [Phiflips or af. . 1972, ], and luter direc-
tonmal stacking procedures were used inoan effort to enhance
subsurlface returns, The modulation properties of the data in
range and wsamucth were studied i attonpts to define the tunar
transler function. Deconvolution techniques were also ap-
plicd, bat all these technigues met with minimal success,

To Mo reer-Ornt CORRELATION
"I']-‘r[ixlumz {MOC)

W have coneluded Irom carelul inspection that the analy sis
ol radier dalie collected during o single Tunar orhit was not
sullivient to ohtain an adequate conftdence level Tor suhsurfuce
fuature detection, chiclly beciuse of the problem of separuting
subsurficce signals from lunar sucface derived clutter, There-
fore the data were analyzed by asing o multiple-orhit dita
correlition technigue 1o achieve confidence in the determin-
tion of subsurfitce layering. This upproach is now deseribed.

The technique involves the geometry of multiple arbits
shown in Figure |0 The stioplest meaningiut assumption re-
girding o subsurfice reflecting faver is o discontinuity in clee-
trival propertics located at some antform depth below the local
Tunar surfnee, 0 s reflector b Tatera] dimensions as Teast os
large as the orbitd separation and the adong-track resolution,
then the radar return from this subsurfuce feature will be
recorded during cach orbit. The radar return from this sub-
surlaee reflector will have Lhe same tine delay relutive 1o the
strong surlace reflector for hoth orbits. Scattering from an
individunal surinee feature will nol be recorded at the same
relitive time delay on hath orbits owing 1o the translation of
the orbits,

In detail, i Figore 1 we note thid on arbit [ a subsurlace
rellector i reeorded with time delay

ol
[ = E 4 .2..1‘1[1!\..]._)..._ [|}
¢ ¢
where fois the orbital alinude. A, is the relative dielectric
constant ol Taver 1, g is the thickness of Liver | oand ¢ s the
speed ol Heht in ree space. A signad with the same time delay
corthed dldso he doe 1o an ol track surface reflector § at o
distanee Mrom the spaceerald ground track

Xo= (k) {2
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Huwever, the refative i deiav of the subsoriuce refeclor i
the s Tor arbil 2 fasssmed o he ol fhe swme aititude ) while
the reflection from S muist be deluyed (move-cul) by

i
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where 45 the ground trick separation belween the two orhits,

Thus relleetions with the sume relative lime delay are more

itheiv 1o be sdue e g sabsuelice lover,

The MOC webniyue was applicd 1o the bolographic im-
agers i the feliowing menier A section of the HHF] holegram
T representing data collected during aspacecralt Myover of 4
Particutur lunar arer was imaged in the hologram viewer,
Photographs o the resulting holagrion image were taken and
comhined into w0 mosaic at g oseale ol 1312000000 Analher
section of the helogram film renresenting radur date collected
aaer the same lunar area bat ehtained from o Giferent erbi
wis luter i

ped wnd photereraphed, Mosaics of (he imagery
- B - i P “
From each orhitwerd registered (positioned to o commen luvr

eeenraphic peir ) and searched Tor radar setums which had
lte or e diselaceent fmove-aal) in range lrom one orxital
Imugery nrosaic g e ot her mosaic, 18 shown in Figure 2. The

criterion lor correlion was that there be al leass 0% overlup

fin tinie deiay and longitide) heiween the o signals. This
mudtiple-orhit duta corrgiation procedure was used 10 seureh
for possible subsarfoce Tealeres in the imigery ebtained us the

spasceertl passed over the Serenitalis und ©

isium basins.
the ahove muasner

The correicied refuins found fromny
revolulions Geved Th and 18 Bove Reen rlotled in cress-seetion
Tornyin Plite 1 for Mare Serentlatis, A <imilur piot frong revs
wnd 18 Tor Aare Cri ;
velitlive to the nadic surfiee relern Ras been converled %)

distance by assuming ther the lumar materiat hus a

s is shesen in Plase 20 Fime do

W

Uve
seonstant of 8.7 We note that amidst a nackpronngd
noreil

dions there are fwa sets ol aligned reflectiang
i Serenitats and e single alipned sellection in Crisiuns, The
calierent alignmenis of

Images do ol appear asoa continuaus
but tuke the Torm of o discontineons set of redur

lacur o
returns, Fhe retumns are af short daration (3001000 m in
seimuthbend s sepurated by distancoes ranging lram 300 m
Lo Tew Kilometers 0 Sereritatis and up to a few tens of
Kidometers in Crisiun.

Wewitl reler o the aligred correiaied relfections s Sevens,”
and we v

thesize Uial these evenis are subsurlfuce reflee-

tinns The hypothesis will he tested By the loilowing guesiion
P11 What are tae interpresationul ambigcities in the MOC
teehiniguee? 127 Do these cvents appear in hath digitel and
Folographic Suta formns? (30 Can we identi!

Calirliace relurns
i the duta? (41 Are the sroposed subsurface events ol ghove
e duta noiee leveld 133 Are the strengths of the relurns congis.
tenl with the Laowrn

dectriv wnd loss largent propertios of
reirired boner saples? (6) Why are the cvents composed of

discontisunous reiestinn

MOC INTERERETATIONAL AMBIGUTTY
hwe could experimentally measure time delay with negli-
itle error siurfnee refleeters avd subsurface Tewlures wosld he

hie liniess

distingu

wosurlace reflector lay midwiy between
erfibl tracks or lwo surloee rellectars were cach situaied e
sarnedistonee rem beth ground ks [n practice. the time
desny el o rellecter's sigral s an associnted errar, which we
esperimentally estinnie fo he L2 s Hence we cannol

surg the move-out (300 of o signal belween two orbits i1 4 jx
less than 2 s,

arfice and sub-
surfuce vedections.we fnvert020 Tor X and se? A 1o aveliee of 2

Todefine the region ol amBiguiny between
asc Tor twocarbing of Known orbite! truek separation § @ send
ol mbigiite o che Tunar sueface cen B¢ determined. T he hend
ol ambipnity sin

iy dalines thas region on the surlace where ¢
suplace scatierer will show dess thian 2 g of move-oot Belw o
et ad thus conpel be )
stthsur

Gngaished Mrom g zero-move-out

e rellector,

The bowndary of such o hend s pletied in Fromgre 3 acihe 2.
s move-out distanee X lor Mare Serenitetis, using revs 16 nd
I8 The hond o

therls ariait o

Pie separelion distoees Tor e twa orhis range frons (W

stude o U et 1271 longitude, The corre-

acr TEHTE oo
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faned redivetions Tur Mure Serenitidis uee alse plotted In Fiaere
oobvussuming that they wrise rom the surface and converting
e delay 1o cguivaient distange from the nadir {pround
track ] position. By our srgamenis, however, it is not possihlc
[ o single surface refleclor o fic above the 2-ps curve, We
lend to rejeet then, at leest Tor weslern Serentadis, the idea tha
the correlated rellections coud anse from a sisgle surface
fature.

Bror Aare Crisiom the ortnial ground traek separation s
vonstgnt 5 ko {Figore 3 The event detected in Mure Crisium
lles woll afowe the Z-os line,

Hocould b erpued that corrclitron s duc o two surlzce
rellectors at dilferent lacitions with wn identical fime deliy on
each arbit, White this is vertainly a poxsihilice, 307 didhealt
pererite anyihing cller thar @ rundom pattern in the crass
sectinns. A random distrihuzion of scatierers with o preferred
slopue, hawever, could produce correlated returms in an orgit-

nisetl pattern. For cdeh vrhil, strang reterns would drise Tor
those scalierers al o dis

ance where the preferred siopes pre-
sentfed o specalar Tacel o the radar, The distanee, and hence

time delin, wouid be mdependent of conicand tGius would give

rese Lo correanled Teatures, The obvious candidale for tandoen
scellerers wonld he crazers, T seems unreasanuble that craters
in Crisiian wonid have ene preferred slope while cralers in
Serenitats would have tao pr"'lcrrcd slupts, For such 3 scat-
terimg mechanism, however, cianges in the line delay of the
UWLI S W |l|| [N

‘I.'lIL MRS

domiply ac

cincrater morphol-
andAor o channe in the re-
cinsal slope o which the cralers sre saperimposed, As an
b charpe o depth {or tme delovy of Lhe
Towmer ovent n Serematis (Piate 1), n 2237 2277 lor
dosurlove interprelation the prelerred slope must change from
FS% 1o 4 d% 0o abaut 34 ki, This region wppears 1o be noa

single basalt univ Wovweand eroof, 1973 ol o constunt upe

npy, uge, or Lirgcs mmpm!’ i

eumple, consd

Pevee and el 1973 and the totel regional chiange in topog-

raphy is less than 50 ey {lunar tepographic orthophaolo
1

napd 203 We conglude Uian this surlace mechunism for pro-
ducing correluted fetures s highiv unlikely.

ANalvsis or DDara s a Dicran Forsar

re S shows g contenred reprosentall m'.h)m tJ"lI..

y
it g '\Ld dizsially range compressed FEET data fur the
lc\ﬁ..‘n near che crater Deseillipgny in Muare Serenitatis, The
data were 1 |k A daring sev I8 and we livve applied the MOC
tech=igue 1o -|I."\' dlﬂll'l? mape gunred with the squivalent
v lor rew 16, The correlated el

cuons are shown in blugk.
,

A by Tiee is drawon tiroueh

the nagdir specuiar refiect

and the e reference Tsosel to 0 g at thes poinl, Two addi-

trona] lines wre drivwn threueh spparent wligsmenis of carre-

Lred events, and we hapoln

sice Lhat these two wignments

FOPTENCNT subsnface reliceiors.

There tre wawo doemimant surfice Teatures in Lhe viciity of
the grovnd tracks, the crater Deseilligny and Dorsa Lister, o
wrinkic ridee. The dashed L:HIPNL‘.\' centered on the 40-ps range
delay smbicate the ealouzited time delays of the rudar returns
From thre rime and Beor perimeters of Desalliany, There wou
strong retarn oo T3 dBowilh respest 1o the surlace specalur
Masky asseciated with e worth interier wall of this craer.
Data Ireey rev 1o show areturi frent the Moot with un increase
noroege time deloy of 5 us Thisis e appropriale move-ous
for e <hilt of the aroun d track Belween v M6 and I8 The
eround track of rev 18 0s shout 15 ke narth of the rev 16
pround frack, opositior placing #ocloser to Lhe ermter Descetl
[iersiy

The sieping dusiied Hne e | igere Sz shows the radar rellee-

dons rem Deesa Tister projected inte the eross seeudar, 14 s
clear sthut Trorsa bister aconusts for some el the shaded cober-
enl events, sinee the reieened cm:rg_\_ rom the ridge shoutd
st i s mevement betwern rov 0and rev TR data, As we
discussed gheve {see i

'f'*}, ihis s the Bmit of our time
delive mensnr

ntatcenriey, Larger movement. as in the cise
of vrater Deset'lipony, s muore readily mewsured

: i[icnlil'icnﬁw‘.

medily, we arpue that algnmer

Stnee we have heen chle Lo make posicy

anown surlee featires in

B
Srome sogt

< which do not corrglate wilth chservanle

Gl Seatures are pore Haele te arise 'resn sehaarfiee relieg-
thons, Toddecd we imd very 6

corrcielion between Lhe corre-
Giled wvents m Phaves | oand 2 and serlaee Teaiures,
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Sirce the hodographic and digilad data arise Trom different
data-processing schiemes, it is uselul o compure alignnicnts
from hoth data sets as aseif-consistency check. The two dami-
mant events found in the helogram studics have been shewn s
solid fines or Figore 5h, und these correlite well within the
positionieg errers of he digisal events,

SIGNAL-10-N O R0

Animportant test ol the subsurfice Svpothesis is Gt the
evente shown in Plates | and 3 are situated weil ahave the data
naise fevel Theee wre loar impuortant sources of neise: {01 film
neise, (23 spaceerall nofse. (3} cosmic noise. and {41 garth
nesise.

The lilm dymonie ne

go i XA [Parceito e al,, 19740, and
signal compressien of the chirped rudar malse adds an addi-
Lional gain af 17 dB.Fhis viclds a sipnai-to-film noise ratio of
40 dRB or preater, depen

ine provmity of the strong
aadir spcculir surfick relurns to the expesare saturation level

e oan

el dihe dati-recording Sl The s pothesized subsurfuce evenls

are apically aoow

caker than 23 dH helow the nadir returns,
and we Lhus disconnt Sl neise s wn impartant noise source,
The ALSE I receivers 15 andd 13 MIEL g had o canability 1o
rwisure the neise buckground directly and telenicter this in-
formation directly 1o certh, hvpassing the fitm recarding. On
the Tunur fardide the noise brightness measurement compired
Favorehly with the cosmic noise messure

15 ol cariler work-
ers [Pdilfioe er al 1973g)0 W can thus conclude tha! Lhe
‘\i‘![

el mome evel lies belaw the cosmic noise level.

The domimnt nofse contribulion s, in fel, cirth noise
YR er wd 0 19730, which s
cosmic noeise [Aifipack, 1975] T

distinel correlition

shout 15 dB stronger than

naise inlensily shows g

Atlviocal dite w! the sublunar point on the
earth, being o maximus at eurth aighttne.

The neise measuremuents were whsolutely ealibruted in terms
ol the charncteristios of the antenne asd receiver, We do net
krow the wetuul earth moise level ot :

he tire of the sounding
But mest rely on ALSE receiver mofse anny’ meastrenents
Liken durimg other parts of the radur experiment and our
snderstimaig of the soise variztion with focul eusth tme. In

e dighadly provessed data we estinle the near-earh noise
Tevel ot 106 4 2 dBW fdecibels beluw 1 Wy, The digitu'ly
provessed sipnal i nol absolitels calibrated perose, hul Lhis
provess iy he accomplished by tving the sienai level Lo e
sabihrated speeular power monitor oniput dale taken during

the same e, taking due account of dandwidths of the eygui-
munl and pulse compression charigleristics,

In igure fowe present an amplitade versus Ume tree tken
at the leention indicated by

I

the vertical dotied lines on Fipure
As estinuiled from the specular power maoritor, the nadir
s level of -85 dBW . Our estimute of the
sdnomn in the s

spegtlar return

carth nuoise wed repion, To the lelt of i

aadir spoeceiar

welion are only the decrcusing side lohes
preceding Lhe miain fehe ol Whis rellection wnd carth naise, The

signal fevel does indeed drop down (o eur estimated enrth

noise level, Adse shown are o

car-nadir serfiuee rellection, the
hypothesized subsurlace rellections, and the gerernl back-
ground ol s

face clutter, By inspection of Figure § 0L s seen
that we are deating with sdequate signul

puthesizod suhsar

TEins moour fv-

LUVENTS,
INvERRE Brrorgicar PROPERIIES

T he clectrormagaciic plone wove power rellection coellicient

ab o pline interlace between twa diclectric media depends on
the ritio ol the diclectric constants as

(1)

where A, s the rehutive diciectric comstant of the (0 miediom,

I the mare regions, mast surfaces are probably regolith
fenths ol the order of o fow to teng aof

covered: however, ol o

meters, sofid-rock interlices should be encoumersd, Again il a
shuns wave-plane Ty

interface s assumed, the apparent
surfiee refiection coe
fon, T S

dient Tor this type of interface s [Serar-




where of and A are the thickness of and the wavelength in layer
2orespectively.

With the dicleetric constimt inereasing from medium | {Iree
space) 1o medivm 2 (repolith) to mediom 3 (rock ). the reflee-
tion coellicienl has minima for  at odd multiples of quarter
wivelengths and maxima for o at even multiples of quarter
wavelengths, For dicleetric constants of 3 for the soil and 6 {or
the rock these maximum and minimum reflection coetlicient

values are approximately 0017 and 001, Variations in the

reflected specular power do show viriations, bul we cannot
wiimbigaousty state whether these variations are due 1o repa-
lith depth changes. interference from surfuce clutler. or
changes in clectrical properties,

The ptune wave rellection coellicient from o buried rock-
rock inteeface is determined by (4). Thus a rock-rock interface
sepiirating materials with dieleetric constants of 7 and 9 has a
power reflection coellicient of 4 % 10 2 A deep-lying density
inversion may provide another Lvpe of interface. In this case a
medium of lower dicleetric constant {presumably, a huried
regolith or prroctastic laver) is surrounded by rock of higher
dielectric constant {presumably basalt). The reflection coelT-
cient con he several times lurger than that expected Tor u rack-
regolith interlace and considerably larger than thut expeeted
lor the rock-rack tyvpe of interlace. )

The power ratio hetween the subsurface and the surlace
signals expressed in decibels is

AfdBY = 10 log {() - APy N

+ 00 log s — 2737 1an § (7

where

fy powner reflection cocllicient of the free space-lunar
surbice interlace:
fra power reflection coellicient of the buried reflector:
tun - loss tngent of materiz] between the surface and the
buried interfoce;
[ fregquency:

time delay of subsurluce echo,

The most faverahle conditions for detecting subsurfiee ra-
dirt returns occur when the surface eellectivily is low and the
suhsurfice echo s from a huried densily inversion with a
thickness near one-guarter wavelength,

Trpical echo strengths for the hypothesized subsurface
events generally range feam - 20 dB 1o - 30 dB with respect Lo
the surluee return. The loss tangents caleulated Mrom (73 with
these values and an assumed depth of 1600 m yield a tvpical
upper hound o 13 10 2 the farger values being caleulated
ram a buried density inversion, The upper bound is ealculated
for o surfuce regolith thickness of about 7 m and s buried
density inversion thickness ol about 5 m, Decreasing the den-
sity inversion ihickness 1o 2 m lowers the upper hound on loss
tingent to 8 X 10 7 The warst combinution of the two thick-
nusses yields un upper bound ol about 4 X [0 %

It is not passible 1o relate these values of loss twnpent Lo
retured sample measurements because there are no samples
ol central Serenatatis mare material. There are also few mea-
sorements of returned somples at § MUz, Further, although
there his been signHicint reduction i the levels of intraduced
wialer in mueasured snples, i is not possible to demonstrate
the complele sheence ol restdual contamination,

We helicve, however, that the range ol caleulated loss tan-
pents Feom 4 >0 10 1o 1 X 1O 2 s consistent with the labora-
tnry muewerements [Ofocft amd Strangway, 19750 Further,
the mascon mure exhibit low TiO, content Johnson et af.,
1977], and there is o definite positive correlation between TiQ,
content and loss (angenl,

At the same time itis Bkely thut o buricd density imversion is

veepttived Lo explain the resalrs. By using the extreme range of

T4 dor reported basale diclecteic constants [Whaoeft aind
Strangwar, 19I5] and the most Tavorable surface regolith

E’ & L thickness the moximum loss tigent ealeulated is6 X 10 7

THE DISCONTINUOLUS NATURE OF THE
Rarsar Rutryctions

Severab effects could cause the hypothesized subsarface Tou-
tures toippedar as i discontinueus series of aligned correlaled
leatures. We postudale lwo possibilities:

e

g A




. The subsurfoee feature is actuully discontinuous in e
ture wnd only oceusionally presents subsurface fuce's properly
oriented to reflect enough cnergy 1o be detected experinen-
tafly,

2. The subsurfoee is continuous, hut other phenomeni
produce it discontinuons effeet in our data fe.g., construgtive
and destructive inlerference between the sabsurface radur re-
turn and surface chulter returns). To examine our first hypoth-

esis, we mrpdeled @ properte oriented subsurfuce facel as g

cireulur aperlare inoo perfecthy conducting plune and culeu-
afted the effecis of Frounholer dillrecion Mackron, 1963, .
22971 for o pormally incident plane wave. Results of this
cuteulition indicaie that the observed signel relurns cannot he
physicully peneraded by cireslar fucets of the order of 500 m in
divmeter hevituse an additional signal weakening of «l least
— 2 dB would be introduced. This in turn would lead 1o
unteasoniehly bow doss tonpgent vaiues. We therefore believe
that our Brst bvpothesis is refuled. }

The second hypothesis, thist the subsurface favers are in foet
continuuus. is the hypothesis that we seeepl, An examinalion
of the original data shows that interference effects are present
among the scdlered surfuce Sgrals, and it scems also kel
thal the discontinuous rature of the hypothesized subsurfice
events is alse coused primarily by interference effects, We
conclude that the events in Serenitatis and Crisium (Plaes |
and 2} ure produced by husin-wide disconformities in the
suhsurface cleetricy] propertics,

SUMMARY

W hine preserted the folewing evidence that muny of the
spatindly coberent events detected in Mare Serenitatis and
Mure Crisivm arise from suhsurlice rellectors.

1o Comman radar retarns alion in an approximaiely hori-
evntad fushior which mdicttes that the reflections arise Trom
cither subsurface rellectors or livear surfuce leatieres that wre
iligned approximudery paralicl Lo the ground tracks,

20 Ifthereis ample ground track separation, then o move-
aut eriterion cin be applivd Lo separate the above possibilities,
There is enouph separstion hetween ground tracks in Mare
Crisium and most of Mare Sereailatis Lo indicate <lrongly that
the atignment does not arise from fineur surfiee features,

A Surfuce features such a< eriters und wrinkle ridges are
recopnisgble in the data, We use s resull to argue the con-
veraes When the coherent events do not correlaie with surface
features, wue consider this as evidenee that these alignments
arise fram suhsurface refieciors.

4. The propesed suhsurfuce events wre seil-consistent be-
tween opticaily and digitaliv processed data,

S0 The sigrels associaled with the proposed subsuslace
fertires are werl ahove the data noise level

. The fuel that the coherent events persist over a Lirge
portion uf the busin diameter fends credesce 1o the subsarizee
nature of these reflections and mukes it less fkely that the
allgnments arise lrom surfage fasiures,

7o The strength ol the deepest alignment indicates lunar
oss tangents runging from 4 X 100 (o 10 % consistent with
measurements on relirned henr samples, The reflections most
tikely arise from density fnversions, presumably a4 buried rego-
lith or pyrociasiic fuyer.

R The slong-track variations of the alignments correlate
ina geoiogiciily meaningful way with strecturad and compuosi-
tiomad Teatures on the surlice, As an exampie, ihe surfece
prajection of the dipping roundiries of the shallowest reflee-
tor i Serenitatis appears to coineide with the contact between
the dark wnmuios mure unit and the lighter mare of the central
part of the busin, Further, by Jineurhy extending the topo-
graphic slope of the dark annulus material ic southern Sereni-
itis morthward into e basin, the cideclated depth as the
Areito 17 ground track< is within 50 m of the depth of the
sl retieeror. We thus interpret the shullow refllector s 1he
busin-wide contact helweer the dark ennutus unit and che
vantrab basale usit, Detabied stratigraphic aed structeral inter-
pretations will be the sahieet of future papers.

On the hasis of the ahove arguments we conchude thut the
twuo radar refectors in Serenitatis and the one reflegior in

Creasiem arise Tronmt sebserfnee Taverivg,

Coo e alse posnt oun thal raday depth sounding of the terres

#/




trinl bodies of the solar system would scem to he possible
under the four conditions ol (F) Tow loss tngent, {23 surfices
no rougher than the funar mare, (3) ground track separation
apprepriate to use e move-ont criterion, and (4] the avail-
ability o high-quality surface imaging as supporl data.
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