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SUBJECT: MOl1thly Report for Director al1d Secretary

10 Highlightsalld Noteworthy Results

Astrogeologic Studies

LUllar alld Plal1etary Investigatiol1s

Jo Fo McCauley has completed aprelimil1ary geologic map of tIle

Grimaldi Quadral1g1e. This mappil1g has established the.stratigrapilic rela

tiol1ship·betweel1 the Oriel1tale a11d BUlTIOrUm Basins. North of the crater

Fontana, smooth textured, light albedo material of the Cordillera Group

(derived from Mare Orie11tale) overlies darker, roug11er textured material

of the Humorum Group, clearly i11dicatil1g a y.oul1ger, age for tIle Oriel1tale

Basillo

Very dark mare material is extel1sive withil1 the area. TIlts material
is characterized by a low crater illcidellce rate, al1da .g.ellerallack of super'~'

imposed rays, suggestillg that it may be you11ger t11al1 the mare lnaterial

typical of the Procellarum Group.

Theoretical computatio11S by Kel111eth Watsollusillg.the I-Iapke "fairy

castle" model illdicate that the total visible reflectivity. of. all elelnellt of tIle

lU11ar surface illcreases with illcreasillg allg1e of illcide11ce. TIlis ilnplies



t11at tIle absorptioll of solar ellergy llear the termil1ator is less thall Ilad bee11

previously assumed ill calculatiollS of heating alldcoolillg durillga lUl1atiOl16

The studies i11dicate that tIle termillator' reflectivity is 16% greater thall tIle

subsolar reflectivity.

Crater Illvestigatiolls

The HUgOlliot curve for COCOllill0 Salldstolle has beell determilled for tIle

pressure rallge 0-150 ki~obarsD Shock speeds ill this pressure regio11 ra11ge

300=4.0 km/seco III th~s pressure regioll for Moenkopi Salldstol1e, tIle Sil0ck

with speeds rallgillg from 20 7- 3. 0 km./sec· follows all elastic precursor with

a speed of 3.1 km/sec.

Cosmic Chemistry alld Petrology

The red lumillescillg material ill tl1eNortoll County el1statite acI101ldrite .

has been identified as forsterlte (MgZSi04) byx- ray diffraction: analysis.

Emissioll spectrographic allalysis showed a mallgallese COlltellt of 400ppm,

apparently el19ugh to activate the lumillescel1ceo Lumillescellt forsterite

makes up about 3 per cellt of the total Nortoll COUilty material, which limits

the lumillescellt efficiency of the total meteorite to 1-2 per 'cellt if the lUll1illescellt

efficiellcy of the· forsterite is 50 per cellt.

Ullmanned LUllar Exploratioll Studies

Rallger Illvestigatiol1s.

H. A. POhll has completed a prelimil1ary topographic map of a part of

the last Rallger VII photog'raph (P 979)0 The map area measures 100 feet

by 75 feet; the scale is 1:80, alld the C011tour il1terval is 0.5 feeto The map

was derived by a modificatioll of, the computerized photometric' slope

measuring technique previously applied to telescopic lUllar photograpllso

The map provides vital i11formatioll 011 slopedistributiol1S at the Olle foot scale,

which determines ill part the suitability of the lUllar surface for lalldillg botI1

ullmalll1ed a11d mall11ed spacecraft.
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Surveyor I11vestigatio11S

A field test of a Surveyor spacecraft televisi01l camera bega1l duril1g t11e

first week of August, alld llil1e photogrammetric surveys have beell cOl11pleted"

Tl1e tests have revealed that the reseau Inarks 011 the vidicOl1 tube were ll0t

visible ill 90 per cellt of the photographs. The i1lability to ide1ltify tl1e reseau

011 the pllotographs illdicates a serious weaklless ill tIle, pIl0togramllletric

pote1ltial of the existillg camera system alld, modificatio11S have bee11 recomnle1ldecL,

MalllledL1:.l11ar Exploratioll Studies

Geological Trai1lillg Program for Astro1lauts

The Astrollaut Office gave fillal approval ill late September to a schedule

of six lectures to be held ill HOustOll alld six field trips as tIle trai11i11g series

for the secolld term of the Astrollaut program ill geology. The first field
trip will be held llear Belld, Oregoll, ullder the directioll of A. C. Water.so

LUllar Geophysical Methods Illvestigatiolls

Seismic field operatiolls were COllducted ill the Flagstaff area all basaltic

cillders, blocky lava alld 011 the Kaibab Limesto11ee The work was carried

out to determille the surface alld llear-surface seismic properties of tllese

rocks 0 Velocities of 950 feet per secolld were recorded for the cillders,

slightly lower thall that of air which is approximately 1100 feet per secolld, alld

may be the lowest seismic velocities ever recordedo Attelluatioll ofseisl11ic

energy ill the cillders alld ill some of the lava is as much as two orders of

magIlitude greater thal1 that recorded for l10rmal iglleous sedimelltary rockso

These attelluatiollS may be. the l1ighest ever recordedo
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20 Sigllificallt challges ill status of projects

The Solid States Il1vestigatiol1S Project, rece11tly reoriellted ill scope, will

COl1ce11trate its efforts for the Vela Ulliform ProgralTI 011 Project Dribbleo
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50 Persollilel

PerS01111el trallsferril1g to Flagstaff durillg reportil1g period:

James D. Crossel1, Civil Ellgil1eerillg Tec1111icial1, September 9, fronl
Topographic Divisiol1, Mellio Park, Califorl1ia.

Howard D. Givel1s, Cartographic Draftsmal1, September 13, from Brallc11

of Technical Illustratiolls, Mellio Park, Califorl1ia.

Yukio Yamamoto, Civil El1gi11eer (Surveyi11g), September 14, froln Topo'

graphic Divisiol1 , Mel1lo Park, Califorllia.

Persol111el el1teri11g 011 duty at Flagstaff si11ce last reporti11g period:

Patrick J. Barosh, Geologist, August 31

Selfa .M. Gallegos, Clerk-Stel10grapher, September 21

William O. Grieve, Electrol1ic Mail1tella11ce Techl1icia11, September 30

Dare O. Hough, Clerk-Stel10grapher, September 14

Lawrellce C. Rowall , Geologist, August 26

Frances 0 .. Wetherhold; Editorial As·sistallt, September 28

Charlotte A. Wheeler, Geologic Field Assista11t, September 25

James H.Whitcomb, Geophysicist, September 9
James W. V 3.11 Divier, Cartographic Draftsmall, Septelnber 28
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6e COllferellCeS al1d SCielltific meetillgs atte11ded at home or abroad

E .. M. Shoemaker atte1lded I1lternatiol1al Astroll0mical Ullioll COllferellce

meeti1lgs ill Hamburg, Germal1y, where he delivered a paper 011 prelin1illary

allalysis of Ranger photography.

Harold Masursky addressed the semillar for the Director of Goddard

Space Flight ·Cellter, Greellbelt, Marylalld, 011 lUllar research.

Harold Masursky held a discussioll of the use of lUllar geologic Inaps

ill plallllil1g advallced lUllar exploratioll traverses for Erllst Stu11lillger's

Research P'rojects Divisioll at Marshall Space Flight Cellter, I-Iulltsville,

Alabama~

Kell11eth Watsoll met with all advisory group at Arizolla State College

to discuss their proposed program ill atmospheric physics alld astro110my.

A. H. Chidester alld D. E. Wilhelms met witll A. C. Waters alld

several NASA geologists at Belld, Orego11, to arrallge the first field trip

(to be conducted by A. C. Waters) of the currellt term of the Astrollaut

Trailling Program in geolo.gy.

A. H. Chidester alld T. H. Foss (NASA geologist) illet with Neal

Armstrollg alld Charles Bassett, both of the Astrollaut Office., to arra1lge

the schedule of lectures alld field trips ill the secolld term of the Astrollaut

T1raillillg Program in Geology.

w. A. Roberts alld H. H. Schmitt cOllferred with perso1111el of NASA

Headquarters, Marshall Space Flight Cellter, alld Gelleral Motors Corpora'-'

tiOl1 on the design alld fabricatio1l of the ~ullar Missio11 Developmellt

Vehicle. Later, a meetillg with perso1l1lel of the Navajo Army Depot,

Flagstaff, Arizona, was held to discuss possible maintellallce alld repair of

this vehicle by the Army facilities tllere.

Persol1l1el of NASA Headquarters, Marshall Space Flig11t Cellter,

Grumma1l Aircraft, W. A. Roberts of the U. S. Geological Survey a1ld two

i11depe11dent boat bUildillgfirms met to discuss the COllstructioll, illterior

desigll alld acquisitio11 of a LU11ar Excursioll Module mockupu
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R. H. Barllett alld E. Co Phillippi cOllferred with perso1111el of tIle

Mall11ed Spa"ce Flight Cellter to discuss the Apollo l11issioll COill111ullicarioll.

R. H. Barllett, Do P. ElstOll, a11d E. C. Phillippi were ShOWll a rallgi11g

laser system ill operatioll at the Ft. Huachuca Army Electrollics Provillg

GrOUlldo

J. Fo McCaule}T, H. A. Pohn, J. Do Aldermall, c011ferred with ellgineers

at RCA Astroelectronics, HightstOWll, New Jersey, for the purpose of

obtailling the preflight camera calibratioll data 011 tIle Rallger VII spacecraft.

J. Po McCauley, J. Do Aldermal1, cOllferred with the LUl1ar Orbiter

project engineers at Lallgley Space Flight Cel1ter, Virgil1ia, for the purpose

of determinillg the photometric alld photogrammetric problel118 il1volved ill

the analysis of the photographs to be acquired.

J. F. McCauley conferred with Dro Floyd Thompsol1, Director of the

Lal1gley Space Flight Cellter 011 the results of the Ra11ger VII missiollo

E. M. Shoemaker, Harold Masursky, alld J. F. McCauley, alol1g with

Isarel Taback alld L. Kosofsky, NASA, cOllferred with Dr. Go E. Mueller,

Director of the Apollo Program, NASA, for the purpose of describillg tIle

geological, ,photometric, alld photogrammetric tech11iques that call be

applied to the high resolutio11 photographs acquired by the Orbiter alld

Surveyor spacecraft.
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7. Talks or papers presel1ted at meetillgs

Eo M. Shoemaker

E. Mo Shoemaker

J. S. WatkillS

Jo So WatkillS

J. F 0 McCauley

"Flagstaff- -City of Scie11ce"
Northerll Arizolla Realtors Associatioll
Flagstaff, Arizolla

It Flagstaff- -City of Sciellce"
Catholic orgallizatiollS
Flagstaff, Arizolla

"Ill Situ Geophysical Studies"
Symposium 011 Arizolla Geology
Museunl of Northerll Arizolla

Research Cellter

"The Brallch of Astrogeology ill tIle
Space Program"

Paysoll Rotary Club
Paysoll, Arizolla

"The Nature of the LUllar Surface as
Determil1ed by Rallger VII"

Milwaukee Seetioll, Americall Illstitute
of AerOllautics alld Astrollautics

Milwaukee, WiSC011Sill

8



80 Visitors

Visitor

Richard Nelsol1
Optical Craftsma11

Pat Gambuti
Ralph McNeeley
General ElectrodYl1amics Corp.
Garla11d, Texas

James Do Beard
Water Superil1tel1del1t
Flagstaff City Water Departmel1t

Robert Eo Canup
Texaco Experimel1t Il1corporated
Richmol1d, Virgi11ia

Sven Hielmquist .
Meillo Park, Califorl1ia

Ho We Washbur11
Re Ro McDo11ald
Leo11ard Jaffe
Jet Propulsion Laboratory
Pasade11a, Califorl1ia

Visited alld Purpose

!(ellllethWatso11, to discuss the telescope
array for the Occultation Project.

!(ellneth Watsol1, to discuss tile telescope
array for the Occultation Project.

Jot S. Watkil1S to arral1ge for Seis111ic
survey of tIle I11l1er Basill, SaIl Frall
cisco Peaks, COCOllil10 COUl1ty, Arizollao

J. S. Watkil1S to discuss seiSlllic opera
ti011S 011 the MOOl1 a11d evaluatio11S of a
seismic shootillg device developed by
Texaco.

Elliot Morris to discuss the geology of
alld to visit Meteor Cratero

E. M. Sl10emaker, Jo Fe McCauley~ alld
L. C. Rowall to discuss the cllaracter
of the lU11ar surface as determil1ed by
Ra11ger VII photographso
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Gel1eral Il1formatiol1

Astrogeologic Studies

LUl1ar a11d Plal1etary Il1vestigatiol1s

Do Eo Wilhelms al1d D. Jo Miltol1 have begul1 preparatiol1 of a l011g ra11ge

prospectus for lUl1ar exploratiol1 at the request of tIle NASA Office of

Manl1ed Space Flight CeI1ter 0

The polarimeter was successfully iI1stalled 011 12" refractor of I..Jick

Observatory al1d first observatiol1S made. Large scatter il1 measurelnents so

far, but seeil1g has beel1 poor, al1d observer (011e) still ul1accustomed to

il1strument.

H. W. Stellmaker is bUilding a very low 110ise preamplifier for use il1

the Il1frared Project. This preamplifier will decrease the system 110ise level

by a factor tel1 al1d may permit the observatio11 of lUl1ar temperatures below

90 o K.

Ret Eo Wallace, Julius Schlocke11, Mo I. Crittel1de11, a11d Go 10 Smith

are geologically mappi11g IU11ar areas that may be used as Apollo lal1dil1g

sites as part of the Terrail1 Studyo Their work will il1volve visual observa'"'

ti011S of the Lick Observatory 36" refracti11g telescope. Ee H. Bailey will

use the recel1t Ral1ger VII photography il1 his study of a possible lal1di11g area

l1ear the spacecraft impactpoi11t.

N. }o Trask, Jr. has reported for duty at Me11lo Park a11d will start
mappil1g the Pitatus quadral1gle of the MOOI1. At the Flagstaff office, Au I-Io

Chidester will start mappi11g the Altai Scarp quadraI1gle of the MOOI1; H. A.

Pohl1 the Macrobius quadral1gle; Ho Eo Holt the Purbach quadral1gle; a11d

L. Co RowaI1 the .Fracastorius quadra11g1eo

The lUl1ar camera for the Coude system of the 120 ca i11chreflectiI1g

telescope has been completely redesigl1ed to il1corporate a wedge''''shaped

shutter to compel1sate for the ul1equal illumi11atio11 of the IUl1ar surfaceo

Go Eo I(ron has take11 excellel1t pictures of the Moon with t11e

elect rOl1ics camera, al1 image il1tel1sificatiol1 device attached to the 36-i11C11

telescope at Mto Hamilto11. ,These pictures are the first that l1ave beel1 takel1
by astrol1omical images tubes that exceed ordi11a-ry direct photograp11y i11 quality.
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Ho J. Moore has begul1 to al1alyse the size distributiol1 of fragll1e11ts

produced by impact of 3/16" basalt spheres at velocities up to 8, OO()tps
with 2 ft basalt spheres.

Ma1111ed LU1lar Exploratio11 Studies

Ma1111ed Geophysical Methods Il1vestigatio11s

The 111 Situ Physical Properties ,project begall work 011 t11ree areas

ill the MOl10 Craters area ill Easter1l Califorl1ia. The areas C011sisted of

pumice 1 ash, a11d ci11ders, a11d tuffs. All of the rocks il1 these areas are
il1termediate to felsic il1 compositioll i11 C011trast to the mafic compositio11 of

the volcal1ic rocks 11ear Flagstaff.

In cooperatio11 with Robert E. Ca11up of the Texaco Experime11t

I11corporated, the 111 Situ Geophysical crew spe11t three· days evaluati11g a

firi11g device developed by Texaco for firi11g squibs. Although the ellergy

tral1sduced into the groul1d by the squibs is less tha11 that tra1lsduced by

either a blastil1g cap or a hard blow of a hammer, the firil1g device has the

adval1tages in that it does not fragmel1t, jump about, or blow pieces of rock

about duril1g the explosiol1. Additio11al squibs with higher capacities

will be tested i11 the 11ear future.

The Apollo geophysical field crew has completed field work for till1e alld

moti01l studies of a gravity l11eter al1d a portable tral1sistorized seis1110graph

at three sites il1 the Flagstaff area. Times required for the various opera='

tions are beillg studied ill order to determille the variability of time as a

fUl1ction of terrail1. roughl1ess, operator experiel1ce, a11d operator fatigueo

Mal1ned Lunar Exploratio11 I11vestigatio11S

Field sites were selected for Ma11ned LU11ar Exploratio11 at the BOl1ito
Flow, the S. Po Flow, the I(al1a-aFlow, Meteor Crater, Hopi Buttes, all

in ll0rtheasterll Arizol1a, at the Moses Rock Diatreme i11 southeasterll Utah

al1d at MOllO Craters, California. These field sites are to be utilized for
time and informatiol1 studies of field tasks and operatio11S of a geological,
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geopllysic.aL al1d surveyi11g l1ature, a11d for the develol)111ellt of i11tegrated

lUl1ar scielltitic missiol1 for sillgle statiollS of linlited areal extellt

(APOLLO) a11d for multi -station recolll1sissallce type traverses (MOLAB)p

Time alld il1formatioll studies for geological, geophysical, alld s~rveyillg

tasks have beell COl1ductedCl Geological studies, USil1g l1ine semi-trailled
geologists, have beell made at the BOl1ito Flow? the SoP. Flow, Meteor Crater,

alld Moses Rock diatreme~ Much of the effort was devoted to the developlllel1t

of guides for outcrop al1d terrail1 descriptioll. Prelimil1ary field sil11ulatio11

tests have ShOWll a lleed for guides for systematic data acquisitio11 ul1der the

physical al1d mel1tal limitatiol1s experiellced under suited COllditiollSo The

results of the geological time al1d illformatioll studies are currelltly beillg

evaluateda

Geophysical time and illformatioll studies have beell C011ducted USil1g

a gravity meter" The operatioll at each gravity statiol1 was divided il1tO

six basic tasks, il1Cludillg travel time between lOO-foot statioll il1tervalso TIle

mean time for completing the six tasks for each statiol1 120. 8 SCCOllds, with

a standard deviatiol1 of 20.9 secolldso Time al1d il1formatioll studies were

C011ducted of standard surveyillg procedures USil1g two theodolites of

differel1t desigllo Operating times for set-up, polaris observatiOl1, al1d 111easure

ment of horizontal al1d vertical al1gles to a 11011 CD predetermil1ed set of POilltS

were timedo

About 9, 000 feet of 16mm movie film was exposed to doculllellt the geologic.al,

geophysical, al1d surveying operatio11s for the time alld il1formatiol1 studies for

Mal1l1ed LUllar Exploration Il1vestigatio11So Operatio11S were docUll1elTted at

four sites: 1) B011ito Flow, 2) So Po Flow, 3) Meteor Crater; al1d 4) Moses

Rock diatremeo The film was also used to document the geomorphologic

al1d geologic character of the test terrail1 a11d to record details of lithology'

typical in specific areaso
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