
UNITED STATES
DEPARTMEN1-' OF Tf-IE INTERIOR

GEOIJOGICAL SURVEY
Center af Astrogeolagy
601 r~ast Cedar Avenue
rJlagstaff, Arizona 86001

January 30, 1967

Ml~}\!JORANDUM:

Assistant Cllief Geologist for Engineering Geology

Cllief, 13rancll of Astrogeology

SlJBJEC:T: Montll1y report f()r Director and Secretary

4. Outside publications reported during lTIont11:

I-Ioward, 1(. A., 1966, I-iarge -scale recumbent folding in tile
111etamorphic rocks of the Northern Ruby Mountains, Nevada
(abs.): Geal. Soc. Al11erica Sp. Paper 87, p. 210.

Wildey, R. I--I., 1967, "Far-infrared stellar astronomy, " Inter­
national Astron0111ical Union SympoSiUlTI No. 24 (Birkenhead:
Willmer 13rot!lers lill1 i.tc'd) , pp. 267 - 273.
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~. Pers annel

1'11e following employees entered on duty

Flagstaff, Arizona

Richard E. Hoffman, Physical Science Aid, Fla.gstaff, Arizona
Jo Anne Jordan, Geologic Field Assistant, Flagstaff, Arizona
Matthew E. Paidakovich, Physical Science Aid, Flagstaff, Arizona

Cambridg~, Massachusetts

Joel S. Watkins, Geophysicist

Transfers

Joseph A. Dushek, Management Analyst, transferred to the
Navajo Army Depot, Flagstaff, Arizona

Betty J. Norheim, Clerk (Typing), transferred to NASA,
Washington, D. C.

Resignations

Nellie S. Bradford, Physical Science Aid, Flagstaff, Arizona
Carl A. Carlson, P11ysical Science Aid, Menlo Park, California
Margaret A. Miley, Office Machine Operator, Flagstaff, Arizona
Joseph T. O'Connor, Geologist, Flagstaff, Arizona
Eugene I. Smith, Geologic Field Assistant, Albuquerque, N. M.
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6. Scientific meetings and con.ferences attended at home or abroa(j

E. 1\1. S110emaker and A. I-I. Chidester conferred witll W. I~.

Stoney at the Manned Spacecraft Center in I-IOUSt011, Texas.

E. M. Sl10emaker attended tIle Planetology Subcommittee meet­
ing at the University of California at San Diego.

E. M. Shoemaker participated in the lunar names meeting ()f

tIle International Astronomical Union held at the National Acaden1Y
of Sciences in Wasllington, D. C.

E. C. T: Chao attended a conference on tektite-like micro­
copic glass from deep sea sediments at Goddard Space Flig11t C:e11ter.

E. C. Morris, principal investigator for the Earth-Mo011 lil)ra­
tion experiment, participated in a press conference at Cape !(en11edy
for principal investigators on Gelnini XII orbital fliglltS.

J. W. M'Gonigle conferred with personnel of tIle Ma11ned SlJaCe­
craft Center, Houston, Texas regarding current progress in the
production of geologic equipment for Early Apollo and test prograllls
in connection with the Apollo Lunar Surface Scientific Simulation
Program.

J. W. M'Gonigle attended the sixtll Apollo Lunar Surface Ex­
periments Program Interface meeting at the Manned Spacecraft
Center, Houston, 1'exas

H. D. Ackermann and R. H. Godson conferred with P. l-i~

Miller and I--I. R. Snodgrass, General Atomics, Sa.11 Diego, Ccl1ifol~nia,

on the seisnlic detection of cavities using controlled vibratory sourct!,.

J. R. Murplly visited Dr. A. F. Gangi, Massachusetts Institute
of Technology, Cambridge, Massacllusetts, aIlcl discussed equirH11E~11t

for seismic model studies.

J. R. Murphy visited Rev. J. Devane, S. J., Weston Ol)ser\Tat{)ry,
Weston, Massachusetts, and discussed the feasibility of constrllcti11g
a wireless transmitting geophone.

D. 1-1. Da111em and G. G. Schaber visited Fra11k Tindall at tIle
Duval Company Mine, Tucson, Arizona, regarding atomic al)SOl~ptio11

analysis of silicate rocks. Dahelm and Schaber visited }\()ger I)utt:
at the Agricultural Experiment Station, University of Arizo11u at
Tucson regarding the atomic absorption analysis of silicate rocks.
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7II or papers presented fIt l11eetings

Spealcer alld organiz~tioll

E.ugene M. S110enlaker
FOllrth (;rade
IvJclrS}-lall Sclloo1
Flagstaff, Arizona

M* Shoemaker
Celel)I'ation of lIlt H. Nininger t s

80th birthday
Arizona State Urliversity
rrenlpe, Arizona

E. M. Slloemaker
Dedication of Space Sciences Buildi11g
University of Arizona
Tucson, Arizona

M. L. Trover
I)ed.ication "of Space Sciences 13uildi11g
University of Arizona .
Tucson, Arizona

N. J. Trask
Amateur AstronorIlers
San Jose, Califol"riia

N. J. Trask
Tecll11ical Seminar
Lockheed
Sunnyvale, California

Robert D. Regan
Sunnyslope I-ligh School
P11oenix, Arizona

Robert D. Regan
Flagstaff Jaycees
Flagstaff, Arizona

Robert D. Regan
Science Class of Thomas School
Iflagstaff, Arizona
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Subject

Explc)ration of tIle 111()On

~Aeteorites and craters

Surveyor I il1vestigatic)11S

Program of tl1(~ 13r11Tlcll of
Astrogeology

Geology ()f tIle mOOl1

(Jeology of tllf~ rrJ ()(Hl;

some first res frC)lTl
l.Jllnar OrbiteI~

expl()raticHl aJld
tIle Brancll j\strogec)logy

L-ltlna.r eXI)loratio11

AstI"C)naut trainillg



8. Visitors

Visitors

Dr.. HOiner E, Newell
NASA rleadquarters
Washington, D. C.

Sandy Kramer, Geoffery
Beauchamp, and Tom Perles
Lockheed
Sunnyvale,. California

F. Harz
Ames Research Center
Moffett Field, California

J. A. O'Keefe
Goddard Space Flight Center
Greenbelt, Maryland

William Cannell
Aeronauti"cal Chart and

Information Center
Flagstaff, Arizona

Russell Morash and Bill
Lundgren

WGBH-1'V-FM
Boston, Massachusetts

Bruno Sables
Bellcomm, Inc.
Washington, D. C.

William R. Bosche
Walt Disney Productions
Burbank, California

William LeCroix, Ernie Weeks
and Harrison H. Schmitt

Manned Spacecraft Center
Houston, Texas

Visited and purpose

1'our of Branch facilities conducted
by E. M. Shoemaker and Branch
personnel

H. J. Moore and N. J. Trask-­
discussed lunar orbiter pictures

Eit C. T. Chao- -discussed crater
structures and impact metamorphosed
rocks

E. Cit T. Chao- -discussed Aouelloul
glass

Jit F. McCauley and R. E. Eggleton
- -discussed the character of USGS
needs for base maps for Lunar
Orbiter geologic mapping

E. M. Shoemaker and R. E.
Eggleton - -discussed the content
ofa documentary movie on the
scientific results of space probe
photography to be made by WGBH
for NASA

JII W. M'Gonigle- -discussed tIle
Early Apollo program of the USC;S

Ivo Lucchitta and J. W. M'Gonigle
- -discussed the use of lunar geolo­
gical equipment in a film feature

R. H. Godson--test of Brassboard
Recording System for lunar staff
experiment

John Zimmer
Bendix Corporation
Ann Arbor, Michigan
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Robert L. Kovach and Bruce
McCallister

Stanford University
Stanford, California

R. H. Godson"" -test of 13rassbc)ard
Recording System for lunar staff
experiment

Leonard Orsak
I)evelco, Inc.
Palo Alta, California

" " "

Stanley Hall
Stanford University
Stanford, California

Science Classes
South Mountain High School
Phoenix, Arizona

Robert D. Regan- -discussed
installation and operation of a
receiving station at the Geophysical
Observatory for signals from the
Application" Tec11nology Satellite

Tour of Branch facilities COl1ducted
by Hal G. Stephens
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Irlfol-rna tiC)ll

Astrogeolc)gic studies

COl1sicieril1g tIle sInall, CiI~Clllar craters, 30 meters in diameter
and sI11aller, scatteree] ()veJ" larger , softer, and more irregular
CI'atE:~rs on the higl1 resoluti()n 1111otographs of Orbiter II, N. J. rrrask

t11c.lt the areal distl'°il)lltion of these sinall craters fits a
FJoisson distribution in fou~r samples s() far considered. This result
suggests tllat tIle craters are lTI()stly prilnary irllpact craters with
a randcnTI distribution.

i\n explanation of lunar slopes with COflvex bulges near the toe,
p11otographed by the Or11iters, l1as been advanced by I). J. Milton.
SUCll slopes are COllsistent witll slides of coarse fragn1ental debris
if sliding is initiated by seislllic activity rather than by disturbances
at tIle surface.

1-'11e preliITIinar)! p110togeologic map of tIle Sa.bi11e !)M region
(}"{allger series) by N~ J. T1Aask l1as been completed.

R. E. Eggleton 11as found in L.Junal~ Orbiter photograpl1s an
()rdered series of cratel- sl1apes alTIOllg apparently youthful craters
10 to 500 meters il1 diameter. All of these craters possess sharp,
l-aised rims. The s111allest craters have smooth, steep interior
slopes (walls) and no floor. Sonle larger craters generally
have S11100tll, steep walls and a single hillock at the bottom. Still
larger craters have progressively broader flattened floors covered
11Y hillocks. TIle largest craters in the series have an annular
terrace in tIle wall.

1'he craters are excavated to val"ious dept118 in near-surface
nlaterials wllose properties can be inferred from impact cratering
experiments. TIle small, smootll-walled craters excavate weakly
co11esive, fine-grained materials. A co11esion discontinuity is
de1110nstrated by the terraces in the largest craters. (~14aters of
internlediate size with 11illocks on the floor exte11d either sligl1tly
into the lowel-, ITIOre collesive layer or into a zone of coarse frag
nlellts above it. 111e deptll to the llillock- anel terrace-producing
nlaterial is similar in neighboring craters and generally ranges
froI11 l-;~ to 7 rneters in LJullar Orl)iter franle I--I -202 southwest ()f

I(epler ..~ Similar craters exist in most I-Junat.. OrlJitel" II prirnary
sites and the mare south of Coperllicus photographed in Inission I
site A -7.

I--Ioward Polln reports tIle folloWing inforlnation on use e)f tIle
USGS 30" telescope during calendar 1966:

NiglltS ()f use 80
I lours of use 228
Peak 111()ntll (June) nigllts of lise 14
Peak 1110nth (June) llours of lIse 65



Visual obser'ving l1igl1tS
Visual ()IJservillg~ 11()urs
r)11ot~lt~ctric 11ig)-lt
IJ l1otoelectric hours
C;uest I1i£!'hts
Average

C

seeiI1g (scale ()f 10)

62
140

18
80
17

2.7()

l\1alJping of fC)rI11atic)I1 COlltacts at Siel-ra Ma.dera by T. W.
Offield, D. Cll111111 ings, arid I-I .. (]. 'Wilshire was contil1l1ed. rrlle
C;illia111- Vidrio contact 011 the cel1tral 11ill reveals a marl<ed IJilateral
s ynl111etry to the structure, a11d a nurnller of sllurp folds tllat l)luIlge
steeply awa:y from tIle center ()f tIle stI·ucture. ()utcrops of rT'essey
and Cretaceous forl11atic)ns 011 tIle west anti S()utilwest sides ()f tlle
telltl-al l1ill tllat were llitllel-to llnrecog11ized were l11apped. A segll1ent
of a concel1tric normal fault ill the Cl"etaceous rocks of tile outer ril1g
was found in the nortileastern l)art of tIle structure; tIlis l11clY })e CCJ11­
tilll10l1S witll a Sill1ilar fault 111apped by I<ing at tIle soutl1west edge
of tIle outer rillg. To date, a.pproxinlately 4()% of tIle mapping I1as
been C0111pleted.

F)olar ill1 etr y

A COll1plete recoyel of the n']oon '8 11hotonletric and polarilll~tric<

l)eIlavior at a resolution of 10 FEe -AR(~ 11as been obtained fc)r eVL~ry

nigllt of a lunation via il11age ortIlicon witl1 video tape recorc1illgS. ..
The allalog to digital conversion probleI11 has been studied. 1~11e

prolJlem is tractable altll0ugil special tecllniques mllst be used to
Ilandle tIle higll band widtll of the analog data. Tllis will prc)baI)ly
be done at another governll1ellt facility on a semi -cooperative bciSi.S.
TIle data can then be reduced and presented in catalog form. rrllE~

111atllenlatical for111ulatioll involved in tI1e reductions 11ave lJeen
deri\Ted. 1\1easurements 11ave beell ll1ade preparatory to tIle CC>I1strllC-­

tiOll of adaptive optical devices to perrrlit tIle use of tIle LJyot l)()lar·~

inlete1." on t11e Lick 36" telescope. i-r11e adaptation will be 111()clLllclr

witll a Vasilevsky proper nlotioll call1era.

Ro L. Wildey 11ad turl1ed Ollt the t11e()retical clerivarto11 ()f tllE:~

integral partial diffel·e11tial equatio11S \Vllicll corl~ectly inc()rl)()ratE;
i11tergrain 1"adiatio11 in t11e theory of lU11atIl1n l1eating of tIle lllIlclr

surface la)Ter.

~1ission planning

C:onlpleted and trallS111itted to l-langle:y I{esearcll (~enter I)ye-­
lill1inary geologic evaluation of six Lunar Orbiter II pri111E~ si.t(~s.

Tllcse site reports were c0I11piled by gec)l()gists at l~~lagst:aff aI1d
Tllcson aIld edited 11)/1\. E. Eggleton and J. F. McC:auley llll(lt~r

tl1e gelleral supervi.sion ()f T. N .. V. l(a<rlstro111. rr'l1ese re11(}rts
will 11e asSell11)leli at I-Iangley I:\(:~sea<rc11 Ce11ter by I)ers()nnel ()f the
Brallch as part l)f tIle Orl)iter II scree11i11g aIle} evaluatic)ll rer)()rr~:

(~()I111)letion of tllese site reports anei screel1illg evalllatio11 fulfills
the Survey's operational responsilJilities fc)r tl1e I"ullal- C)rl)it(~r If
III i ss iOl1.
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. .

Eleven photographs were .taken of the L41ihtation pohltof th(3
earth ~m'Qonsysteml)y t11~ crew 'oftne Gemini" XII mission., Tbe·g·e·
pictures. were ~al\en ,in an··~ffqrt to determine the possible 'extstence:'
of a.dustcloud orbiting theeartll.Because of mechanicalfailure _
of the .cam·era, 'only tWo lJictures were' recovered in whfc'h star .

.fields could be recognized. The crew ha;ddiffi~ulties ipstabilizing' '. "
the· spacecraftdu'ring the"exposure's., due to thr'uster pI;oblel)1.s,· .
whi~h c'aused t11estar, fields to'be badly smeared in~the·'pictt:lres.

:Microphotometer studies wer,emadeo{the piCtures but no' con.clu·s~ive
r~8ults were ,obtained. . . ,

° I' • •

. ..... ·The~ photo lab .moved. to'FburthStreetinFl9,gstClff and.sevetaJ . _
model~oflunarphoto$"raphyhavebeen-setup there. -T~ B.Alderman··

,.h·a:srn.a·de.arrallgements··with ttie, topographl~division. tn,M·cL~an··, '..
-Virginia, Denver, Colorctdoand OMI. Corporation tosetup(;ananaly~<\.

ticalpfotter... A model comparing two frames of convergent 24P
. - ....

L.uI1ar:"Orbi t~~,· Ilphotographyhas.been· 's'et ,Up'.' A.',.. 1. micton.·,readi~g .
.co:mp~r'ator has beena~seinbleda~~d is readyto·g·o. . .

Surface planetar'y exp19~ation

' 0. '

... )'.

\ -

0"\ •

9

, .

_~'" A; cODJPlete catalog of?-ll Surv~yor I pictures has been prepared.
PhQtqgraphi~"qnd geometriC par'~meters can be determine:-d quickly

. aild·easily for any)given"picture.'.. The catalog, consists' of a· set of··
:·.~·anCllyticalmosaiys :ofpicful~,.es rak.el1 01) botb ~unar·da.Y9, ·but'ddes.

'n-ot inclu'de shadow pictures takell' by,o'v~r·seasstati,ons.These,
'will be add~d ~w11~ntim.e.permits. Ea9·h fram~" of th~ (inalytical

mos9-ic i$ ·annotateOwith..t11e G,reenwich Mean'\Tim~atw.hich the
, picture ,was' taken,'and the'ph·otogr.aphic and g·eometric parameters
,·:a,pe:·lis:ted·byGMT on an accornpanying.' ta'blear catalog .sheet.



r.C\AR GEOLOGIC :1APS

REPORT FOR :~O\TH OF January 1967

PRELI:-II;\ARY MAPS FINAL MAPS
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Northern Hemisphere
(32°N - 64°N)
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•
CASSINI LAC 25
EUDOXUS LAC 26
GEMINUS LAC 27
J. HERSCHEL LAC 11
PLATO LAC 12
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Southern Hemisphere
(32°5 - 64°S)

CLAVIUS LAC 126
HOMMEL LAC 127
MAUROLYCUS LAC 113
RHEITA LAC 114
SCHICICARD LAC 110
SCHILLJ!:R LA.C 125
TYCHO LAC 112
WILHELM LAC 111

North Polar Cap

LAC ?

BAILLAUD LAC 1
HETON LAC 4
PHILOLAUS LAC 3

South Polar Cap

BAILLY LAC 136
CABE\ IS LAC 144
MANZINUS LAC 138
NEWTON LAC 131
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xx

x "x
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LON/\R GEOLOCIC ~'ll\PS

Seale 1:500,000

RI'~P01{T FOR 1·10NTH OF ~uary 1967
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sttldy of wavc:;;s fro111 c:avities
C()ntiI1ued@ A J!1~eliI11inctry tW() i()nal Ill0del was illvestigated
H.t tIle Scien(~e Center at Massclc~:lllisettsInstitute of Tech11010gy

an a,pparel1t resonallCE-; pI1E~n()111(~Ila vvas ()l)served.

of a conlpl--eSS(~(l vilYrat()l~Y source ()f seiS111ic
to induc:e silnilar flOC)l11 cavities was tested at tIle

... ~_.. _,....-.... ~, ... lava tube, where tIle pl1(~n()II1(~11a was st obse:rved llSi11g
dynaI11ite. Very pI"onounced reS()flallCe WtlS p:roduced al1d aclclitic)nal

vvere Clui.ckly

""'/'''''''''\='l.''''-' 'I"..!l.".J A J!. all(j of gravity data from Meteor (~ratel~,

l-lopi Buttes, arId (-:llin-lrlE~Y 13uttes was conti11ued•
............... ,..... _'............. data for Meteor Cratel" and Zuni Salt Lake was

Survey 113M 360 conlputer.

'Ii.lo... ,..·JI.A .........L ... A_ and computer for analyzi11g
r't-t-..,.......,v,o......... of gravi.ty waves in the atITIOsptlere were

rfllese IDLlSt yet be debllggt;cl tested.

1'esting of p11ysical properties at In Situ analog sites continued
with C0111pletion of a 131 ft. core bOl--ing at Cinder Hills.

Advallced

l\Aodification of the 111iniaturized Alpha. !( Alpha Spec(tr~)nlE~tel~

been the I'eceival a Curi.ul11 242 S()ll]~Cefl
to tIle eter illdepend.erl t

currellt equil-1I11ent al1d both
spectl"Oflleter and diffractorrleter were Systems
1'est

Mineralogical progI"amS (~ontinue to
I' r-.. .......... .._. S ys tern .. A leas t data
l-ecluction of Alpl1a !( Alpha spectl~orl1eter

fOl· cc)nverting two values to
.L ...... _ ........." ..._ .... radiations is now

converts
, is cOlnpleted for .Il.AJI. .....".ll. ...... l"'-l.{l" ....., • .A£

graIn later tllis spring.

A general carl-elation prograIl1 for correlation ()f

irl Astrc~:eologic Delta Fac:ility is available now froll1 .'It,"r-..,.,"'',,#......

I)evelop111ent Corporation in I..J011g 11each, (~alifornia._ This pro­
requires a logical [Incl outlin.ed data structu~re and will
111()clification for l-eevisillg tile base cillring t11e
Tl1e I)rogral11 is curl~ently t11e JOVIAL languagt:;
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and is now being translated by SDC pel-sonnel into Fortran IV.
1~he ()nly additional equipment required in Flagstaff is a teletype
terll1inal in the ADF and the only otiler expense will be the tele­
pl1011e conl111unication line l1etween Flagstaff and Long B~acl1 during
the test.
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