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AIi.,'] }^, ^ C11' - -	 I,hoto j-,I'^,t h I (; 	 n:i	 i	 ]iiJ c ev i ( 1)"lit'e aI - :11C'	 I rl:	 t.'l

rocl, lyi-r1" cios^!ly t^r':^ . t}z t}^t^ ).11r1::2' :.^7_il ,	 I.^:;^^r':; 3r; the cevo

:i1f?:Uli: FtCI ct Ut,t1:'r ft' ^ztl:^ • ,; :;U ..,.':;i; that, sw ,r, ^ICC' t,!'- 1^:;ICU?'Lat•1_C):: Oi^

I Irian • 1' i ries 5 a cc)n'Ll	 ti i rl^ p 	 ) f

dri 3 en by clectra:.t^:t;.'^c effects, then t, },^_r cilffe2'^-r1c. bE,trr^^'rl clear

-ind r^ir 5:i o(E -, of t} c moon can be undc,r:Jtoc)d tts fol lot•;i ng fro:i1 thc

cl.c c moron bo,;., barJmcr-1 t' i n the m.---noti c ta: ►.l of the c ar'th.

NO EVInEINCE I''Olt GENEPLAL 1: '}tOCr, ;,T SHAld,'V.-!

Photon raphy of t ---, 1 unar Surfae-(- fror:1 oral t. _ ho;: s -ti ;erlcr^ 1

an cihs^, nce of : >;rat^ fi cat:i on on	 steep su2'fao', -,-). 	 Al rilo-- t

every,'nccrc^ th:e materi,J seems to be very hoi--w enc-ous to a depth

of sc!verul. l: l o ► rlF'Lc:r':; .	 Cr• c3t.cr. :; a1	 frc:clu^ r!i ] y vE "., pry ci :_^el.y

cir-cular and bol,r]_ shared. The ca:;es wild, there, are led,-es or

parti.r.ula.r'J y dcnscl ;; s tre ,:rn boulder	 fields, around craters may

be a local exception, or they may r'epres,rit a	 corii p _ic lulon Arid

indUl'F_ti on of the l.uriar :)ol)_ w:i_th depth.	 There, is no evi derlc

that anythin-; other khan lunar s:^l l , differ rltl.y compacted. arid

cerlented in different locations, fi.1.1s all. the mare bas i.ns.

SEIStiiC r.VIDEINCr;	 MEEP D:l'l:'OS'IT OF G IHADUALLY I;}CREASING CO: PACE

The scismic evidence cannot be unlerst,00d except c•; i th an

absence o; widesprca-1 bedrock, aL shallo:t d--pth, and iristead, the

presence of a medium of much Slo;;cr sonic	 loc ity over an inter-

val. of several- kilometers of depth.	 Lurl-r ^o. 1 Eradually compacted

'	 4;it.a dEOth	 t•roul.d	 account; very	 for tht' eholc ran-,r	 of	 se, is^3.c

.	 phenor:lcna	 sceri	 (Gold	 a::d Soter,	 1970).
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1•i1^' !)i^]^1.1 ,. C ► :	 :; r^ON:+ ::; [12) CU:t:,	 T U.: 	!,/,Yi:'.„. r 	 ^!., G:^l! 1(^:;

OF	 S OTI,	 Hl':;	 F A”) i.`c

Stories on	 tho 1 11 ► I 	 I•	 211vface	 are In ger"	 ral cl.C'< ±rl, 	 thoutll

pa,+tl a l l y viiaterial	 arour1C1 th( ,m h a:: L-o n r:love d 	an ,'l	 + J ] c'^^

in level to a rather ;;!tarp . horcll nc! arcaurlci each : torso . At th(;

;.arlc t i me t!)o stonc.-, have not been showered ovc,r • by ony kind of

:•! ► g uy .	 A su., f 'kce trar1F',P01 • t;1t3 oil mochant" .' l Is roqul rc^"l to account

for Lh_i c, where the f] otr in E^^r,erah takes place t;.it.hj n ] css th3ri

two centimeters of the surf:.co (Go.10, 1 9Y .

Y] c^';;:i n^	 over by meteorite impact has been thr-ru^;hf,	 of	 as

boinC, thc, maj or surface, activity.	 It 11,as been csL i :11=^L"d, fox,

exa.rl;pl e, t^ia t; the O;round has been plo ,., c!d over a hundred t i ^le:,

to a. depth of 40 centjn:eter• s in the 1.1fet-Imc of thro Iii?.re ^ urfcrcc

(Stioeraaker et al., 19'10). The core tune evidence ma1;e, ­ clear that

the C;rc;ur► d at that site has not even been plowed ov.,r once to a

depth of 1 10 cra . Where i clear evidence that the core. has strj.a-

tiorrs in hciCht noticeable i.n optical pro;>ertje's, in che::ljr_,,il_

differences and in di.fferericcs of the si ve d:1 stributi orl of the

grains . This cE n only be und,- I'stood by suppo sin , that the surf aceFL

has been added to at a rate that exceeds thr_^ plo.ri n` by meteorites.

If one supposed a plov,, J n^ rate to 40 cm depth of orice in 40 riillion

years, one would require a. depos3 _tion rate faster than 1 cm per

million, yea rs . The average rate required to fill a glare basin in

4 billion years would be 1 cm in ten thousand years ., assuming an

initial depth of u kilometers after the hydro;,Lati.c adjustment

foll.oc•rin^ the impact.

Mart :surface in Ccncral is clearly riot saturation bo y,'->ardcd
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:41nc e. the ci , ittev deri:A t:y I s, qu S tt' v. : , ..:i • ) c .111 di

] 1, S	 cat, be ut,:, _ r.:,too"! rlt;^..i t,	 a	 I ^,: ti,^.L tn: tc z^i ^.1	 1.; 1 1! 11 6 (4),v n

it, th y: rtaz.-, c i'c- :i on.,; ati;l that ti...: f1 na1. t>.p p ears oaricc: rc , I^_ o_serit.:, th,-?

e(It1.1.3Jbriur:3 Lwt.•reen t.I,i	 d(_po:-It3on I)rocc	 and tl,e it:)puct

cratcvJtic,

ROCKS !!.r1i^ SU1 I, ] i1 THE ^;^.'.;:.; I,UC^IM-TY DU t •IOT H AVE ^i'Ilt. :^A^ 111. 01-UG1 11

The cotnpo.,i t i cn.A d i f fevenee: between :oil. and rocks In the

same: i-eL;i on n ► alce cl car that the soil. Js not local bedvock ground

up with the rocl:s bclnf; iti.en(!n of that same bedrock. Thi:; t•,c)uld

have boeln the exl,ceteci ai tuati on if bedirock existed at a shal.lo.r

dept.i: and if the s of 1. wer-e merely the co nsequernce of itti l oval

pul ver-.1 %at. i on.

I.f instead the sol-1 has suffer-l ed sortt .:!_ surface creep oven big

di.stancf:s, ;•,bile the. rocks ave pieces thro. ,rn out from major crater:

and oi--iginally reps-useot material at various depths, then such

cotnpo.,i ti.on ,l differ-ences can indeed be expected. The nuel.car aC,c-,

ciat:inc, of rocks and pwi.der similarly require sonic. differences in

the orici.n of these two components (Albee et; al . , 19'(0) .

DISCUSSION

The mare basins represent deep deposits three to six kilo-

meters in depth (jud o n,- from the seismic evidence and from the

appearat ► ce ' of submer c-od craters) and those deposits may consist

of a similar material as is found on the surface, though sornevrhat

compacte;i and cemented at the greater depths. There is crystal-

line rock beloar this, at least in some regions. Within this deep



cic l,u:, j.t ruck::. ! ^^.v^ be c^n d.i ..:tl .i but:^ l I)	 ;.;':j ^^:	 }:."p ^c;t .: ill ;•thi Ch they

ti;crc cIth .,-I c ;:cl • , ; ej, or previc ► u",.ly ex1:-t1.r: : cry.,t":l l lie rock zit

depth	 Tlic-	 c,ryS,tPI IIn^• i • c,c;: ill cy

be car ?.y vol c :c^i:^r:^, or pee l, 1,: ruore 1 .11"CAy i t,	 proclur.ed }.)y th-,?

heatirl^ of very rr. •!j c.r . irnpactr, such a:7 the or ► c-, that created the

mare baS.I n: . Uur • .i nc_ t}:c , (Anti rc	 proce:;; of tho mare

ba.',in t:,e	 t:ou-lei h ri.v•_ 1oc,ked rirt?ch a:; i.t does now, trlth a

sprink) ink; of rocl:c, atiionG the uepo i t of f 1 tie F,o;:der•.

The rouui P(,d :,urface tran:;t)c ► rtat] rn an I dc:pa:J) .ti ors me:c` ► ani.:;rn

is most: likely c lf_:ctro:.tcct:l.c .	 Elcct:rostatl c cq,l t^^t i on of a sw1 racr!

is r-•cadi ly pr • oducc:d i.rn thr 2 laboratory by 	 in

the ericrey ran"e of a fc%•r hundred el c etrorr volts. F E-,h-r o-r

l.o,acr c3 ect.ron en^^r^;i_c. , or proton beE.:,;s, h :vo no,t 1 c•d to any

ol,s^,rvai,].c eff . ect's while electrons, in the enemy ran,-,,: of the

econdary cmisslon cross-over point arc• found to be remarkably

effective in stir • rin^; up the Surface and causl.r q^ it to creep.

The effect is due to the very large el.c-etric fields Fencrated

bets-;E,, en adjacent p .r• ti.cl.cs when the poLenti.a7_ of one i s driven

far positive through the umi.ss.lan of nior` than the primary

nura)cr of clectr.ons, while another, being to the other side of the

cross-over point, is driven negative by the absorbed electrons.

Large scale surface motion has been de,::onstrated in the laboratory,

both with a variety of powder 's and with actual lunar soil. (Fig. 3).

fi^^t«e

The dif feren ce b et:•reen th e front and th^ b ack o f th e moo n. if

indeed electron bombardr►FAnt in the energy y rani,- of a fear hundred

vults is responsible for thc: major s !irface transportation process,

then or!e would ex pect the front and the bacl, of the moon to have

I



h;td a Very d_: . urcr1L L? _.,.^ . n	 t!„.	 1 ,.	 I..	 ^	 ', ^Inj^r•:^'. I'?':Lf'J,

four' r3:,;, :. c-, ,. $ 1 i:lonLh 1.11 the	 tai ► of t ;.► c uarth,	 nn(] i.t is

t111 • 1'C t11:	 01 .,C.LI.011:; jI, L1:1.:. c i 2 . 1 J r',_^r1L;:: oc'c ►1r as a coal: e(Il ir'.1Ce

of t1 ► ,_-	 r1('. :4.. nAn ;omen. on th(2 1:: :nr:to.. Uhere .	 Tr, th(, free

sot a r w1 nd r tre am C' C. • Ct2 • o11	 F''11c:7'al 1	 vCry lo:•:.	 The

front. of Lire 1:-:c ► on is pr'eferentlally subjected to tills cl.ectron

hor.,t,-_. ^?1::^. ► t, ^?.nd a nV c•f.,ccL. of it	 roc,	 to

do,,l:in .te ^;r. • c^t1^ on tt:i. • side.	 ri ie (_)bservecl d: ,L`'fer • cnce	 bett,:een

the front and the back of the 1nc ► on is J 11 dc:c:c3 very great anal dc,--

nlands eri explanation. The difference' is ju: t of the kind that

the Tri prc grotlrhd	 on the front- side and i rare or

absent on the back. If the beer. has any 1 art-; ,.: Io la basins,, they

appear not to 11^:ve bcen f_i 1 1 ed In.	 It i.s;c:st• ed thert^fc^rc that

the 6i f feronce between th e 	 coin d. he duc to the

surface transportation C^I Used by magnotosr llievic to 11 electrons

A quanti.tatJ ve evaluuLion of t1re: rates of tran:;portat:i_on is

difficult since it depe, nds very sensi.ti voly on tiho surface el.ec-

trlcal propertie' of the lunar soil, both with regard to the secondar;

erili ssiorl eo .'i ficients and the condllCt; i V l.ty, and mea st1re111C'rlts on

material extrao. • d:i_narily free from contaminatl.on and surface

adsorption effects would be required.

thanks are due to Mr. G.t',i_ll.ia::^, for the

laboratory demonstration of the electrostatic transportation

effects.

Work on lunar studies at Cornell. University is supported by

NASA Cont:ra.ct r1A SI A NAS -8013 and NAS^^. Grant LNGI T,--3 3-010 -005.
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G.	 Price	 71.,	 ;^^^^:,,	 }}.	 C;.,	 Tcrca	 3^'. ^1;:I	 lla:;	 ertiur 	 ^^.	 T.	 Og;';^)

Ages,	 I T-r"^i(I:i ^t i_o:l	 Iii story,	 ar, d 	C}1^r,1 e<<1	 ,^,o.	 SS.L_ on	 of	 1,ur1=:1'

Kock',-	 from the	 Soo.	 of Trzir,qu3.1 ] i i.y, 5c S cr ► cc	 1 C̀^'(,	 1 { G ^ . ^I 00

1.
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i . St :r'f'.^ce	 cc:lf i c	 at I nit	 oAf' 3c,..^) 4-	 I'c>c^:	 I^:+,.;1^	 1 <cf't.cr

1)(1-1 ri '	c..-t)C) c	 ci	 to	 cf11	 t') c:L.*'a : i• ol,	 :'	 1:.. I c- :r t^l;.	 c	 r^<_	 c	 ;y '1'i ► ^.

terra I ti h,,	 c}	 1:;k • d. Lot	 ] 1 ,.,	 j	 ..^.VCI r1^ t•	 ^,	 ;,	 Ot'^:?'	 !.'j'	 E.)E'CtI'U-

tat ic . tr all.;port wt.i or, ",o that no	 haves 1wicil	 to

do with	 tic !^:'! - ^ 1,Ii:'t^.	 C1:	 1J:^: 1.t1C?11 o 1• } 1C.' ^^Cr:::;'I'. ^l'(t^	 ^tCtUc1^.	 :1.11'	 1CG'

CI' -a	 seell	 G:l 1 ctU2'C' j S	 6	 ,{ 12 c;,i
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