
UNITED STATES
DEPARTMENT OF THE INTERIOR

BRANCH OF ASTROGEOLOGY
601 Eas t Cedar Avenue

Flagstaff, Arizona 86001

August 31, 1965

MEMORANDUM

TO:

FROM:

. V. R. Wiln1arth

E, M. Slloen1aker, Chief

SUBJECT: Monthly Report for Director a11d Secretqry

1. Higillights and noteworthy results

Astrog.eologi<; studies

Lunar and Planetary Investigations

The following preliminary lunar geologic quadrangles were con1.pleted

during August: Mare Serenitatis by M. H. Ca~r, Seleucus by I-I. J. Moore,

and Petavius byD. E. Wilhelms.

Geologic mapping of the Mare Serenitatis Quadrangle by M. 1-1. Carr

has revealed several geologic units younger tllan tile Procellarun1. Group,

all associated with rilles and all with very low albedos. TIle dark n1aterial

surrounding the Sulpicius Gallus rilles covers both tIle Fra Mauro Forn1ation

and the Procellarum Group. TIle new uni t has no observable relief except

for low rims along the rilles. Another dark unit occurs in tIle region of

the Menelaus rilles. The edge of tIle unit is marked by a low scarp, and

part of the unit is characteri zed by low Ilills and ridges. A sinlilar dark

unit, bounded by a low scarp, occurs around the Littrow rilles. All tIlese

dark units are thought to be volcanic 011 the basis of their relatiollS witil

rilles, their sharp, scarplike contacts, and their lack of association witIl

large craters. Their ages range frOITi Eratosthenian to Coperllicall.

The technique of scanning electron microsGoPY has bee11 i11vestigated

for the cosmic dust project by E. J. Dwornik. TIle tecllnique, wllicl1

n1easures secondary (low energy) electrons el11itted by a Sal1.1ple scall1led

by a very small (500 A) flying electron spot, appear s to offer distillct

possibilities for dust studies as well as a 110st of otiler problen1s of



geological interest. The sca11nillg electron n1icroscope extellds the range

of magnification obtainable with the optical Inicroscope by a factor of about

100 and eventually 1, 000. A set of photon1icrographs showing tIle detailed

morpI1ology of small particles, microfossils, fine -grained sedil11e11ts and

various surfaces has been prepared as a report for the U. S. Geological

Survey Annual Review.

M. B. Duke has had n1ineral separates fronl achondrites analyzed

spectrographically. Regularities in the distribution of minor elen1ents

in the basaltic ll1eteorites (eucrites -110wardites -n1esosiderites) are

attributed to magmatic differel1tiatiol1. T11e n1ill0r-elen1ent cOllcentrations

in pyroxenes of the 11ypersthene achondrites are similar to those of

basaltic meteorite pyroxenes. Pyroxene in tl1e diopside acl10ndrite al1d

in the Shergotty n1eteorite has much larger contents of sideropI1ile

elements Ni and Co than those of the basaltic l11eteorites. Tl1is is

probably a result of crystallization under higher oxygen partial pressure

where, unlike the basaltic n1eteorites, metallic iron was not stable.

Separation of metal in the ll1agmatic pI1ase of the basaltic n1eteorites I1as

effectively depleted them in siderophile elenlel1ts.

Physical and chemical properties investigation

Gas permeability n1easurements l1ave been nlade on 50 core salnples

obtained from two core holes drilled 11ear the Odessa Meteorite Craters.

Although the pern1eabilitymeasurements have not as yet beel1 calibrated,

the permeability data suggest that samples of t11e Cretaceous basemel1t

sands under the n1ain Odessa Meteorite Crater have significantly lower

permeability than does the Cretaceous basement sandstone away froD1 t11e

crater. Liquid pern1eability and n1ercury capillary pressure nleasuren1ents

are in progress on these sanlples.

Preparation of chemical stg,ndards for analysis of Sb, Cr, Ni, Fe, I-Ig,

and Cd by atomic absorption techniques has been corrlpleted. Sen1iqual1ti

tative spectrographic analyses for subsurface core sall1ples frolll tI1e

vicinity of the Odessa Meteorite Craters l1ave beel1 obtained and are
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being analyzed. Aton1ic absorptiol1 measurements of the Mn, Mg, 211,

Ne, and Ca content of tIle core samples near the Odessa craters l1ave beel1

obtained and the data are being analyzed,

A nUlllber of craters produced by I-lb charges of C-4 explosive buried

at different scaled d-epths in the Niobrara Lin1estone (Cretaceous) l1ear
Pueblo, Colorado, are beil1g studied, Prelinlinary al1alysis of the

cratering data indicates tl1at tI1e shape and size of the craters were

controlled by the original distribution of fractures in the linlesto11e and

by lithologic variat ions as well as by tIle scaled depth of the explosions.
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5. Personnel

Celine Merrill, PST, l1as joined t11e Branc11 to assist E. C. T. C11ao

in tektite and ill1pactite studies,

The following enlployees e11tered on duty il1 Flagstaff:

D. J. Emmons, physical science technicia11;

G. N. Tl1ompson, geologic field assistant;

M. I. Van Gaasbeek, clerk-typist;

M. E. Vega, geologic field assistant;

S. Shou Chou Wu, civiI engi11eer,

The following employees were transferred to the Branc11:

C, E. Hazlewood, photographer, from Topograp11ic Divisio11,

Menlo Park, California; and T, N, V. I(arlstrom, geologist, froll1 t11e

Branch of Military Geology, Washingto11, D, C,

The following employees received professio11al ratings:

P. G. Ables, chemist, and H, A. Pohn, geologist.
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6. Conferences and Scientific Meetil1gs Attel1ded at I-Ion1e or Abroad

E. C. P11illippi cOllferred witl1 Bob }ol1es, p11ysicist, alld Dave I-lixon,

geologist, at Marshall Space Flig11t Cellter, regardi11g tI1eApollo staff

can1era work statell1ent and specifications.

J. D. Alderman and W. T. Borgeson visited Dalliel TOl11pki11S al1d

P. M. Sutton, Aeronutronics, Newport BeacIl, Califorl1ia, to discuss

laser developments and applicatiol1s.

W. T. Borgeson visited Richard Lugn, Mellio Park, California, to

assist ill modifying an ER - 55 projector to obtain better in1age quality

for a Ranger VIII stereon10del FA 567 - FA 5(f), Tile in1proven1e11t i11

resolutioll and depth of field gives a ll10del wit11 better defi11ed i111agery,

Recompilation now under way sllould be n10re reliable tIla11 previous plots.

J. F. McCauley visited tIle Jet Propulsio11 Laboratory, I?asacle11a,

California, to dis'cuss Surveyor lalldillg site selectiollS wit11 Laboratory

a11d NA~A personl1el.

A.' R.' I(elly visited Ralpll Eicller, Con1putatiolls BrallcI1, Dellver,

Colorado, to refil1e and C0111plete t11e statistical slope calculatiol1s.

E.C. Morris and H. E~ Holt presented a prelin1inary list of IUllar

1allding, sites for Surveyor missions to the Surveyor Program CI1ief a11d

other interested persol1s at NASA lleadquarters.

J. F. McCauley presented the revised list of tIle Surveyor landil1g

site selections, as coordinated wi tI1 tilat of tI1e Jet Propulsio11

Laboratory, along with the selectioll rationale to tIle Surveyor -Orbiter

Utilization Con1mittee, NASA headquarters, Was11ington, D. C.

E. C. Morris, H. E. Holt and R, E, Altenhofen visited tIle

Surveyor spacecraft assen1bly areas at Cape I(ennedy to evaluate tIle

feasibility for obt aining stereometric pilotograplls of tIle fully asse11~lbled

spacecraft prior to installation UpOll tIle Atlas Cel1taur booster.
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7. Talks or Papers Presen ted at Meetillgs

Speaker and Orgal1ization

D. E. Wilheln1s -
Pellillsula Astrollon1ical Society
Los Altos, C~liforllia
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8. Visitors

J. M. Goldberg, NASA Headquarters,
Arlingtoll, Virgillia

R.E. Jones and Dave HixOll,
Marshall Space Fligllt Center,
Huntsville, Alaban1a

C. 'C. Mason and Earl LaFevers,
Manned Spacecraft Center, Houston,
Texas

R. W. Aiken, Texaco Experin1ent,
Inc., Richmond, Virgillia

J. D. Bledsoe, ;Teledyne, Inc.,
Earth Science Division,
Pasadena, California

I(en Anderson, Adage .

Don Montgomery, Cognizant Engineer
on Surveyor Project, and T, H. Bird,
Cognizant Scientist on Surveyor
Project, Jet Propulsion Laboratory,
Pasadena, California

Dick Palmer, Field Engineer,
Consolidated Electrodynan1ics Corp.

Harry Berberian, Field Engineer,
We stinghouse Corp.

Jopn Cernius and Marvin Eisen,
Marshall Laboratories

L. Dellwig and M. E. Bickford,
University of I(ansas
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Visited and purpose

G. A. Swa11n - n1all11ed lunar
exploratioll studies for l=iy 66.

G. A. Swalln - work 011 request
for proposal for lUllar geological
illstrull1entatioll; I-I. G. Stepllells 
stereon1etric can1era desigll for
lunar exploratioll,

G. A, Swann alld I-I. G. Step11ells 
suited Apollo tests, alld view
report filrr1s concerllillg Apollo
field tests and task allalysis
projects.

A, H, Cllidester - demollstrate
to personl1el of tIle l11an11ed lunar
exploration studies t11e use of
ins trun1en tatiOll origillally
developed for Surveyor.

Robert Regan - tin1e and n10tio11
studies for Apollo extensiOll
systems.

Robe rt Regan - digital recording
techniques for rubidiull1 vapor
l11agnetonleter It

R. H, BarI1ett - l11icrowave television
transmission; Eo Co Pllillippi,
regarding screel1ing flig11t filrri
Pegasus SA-8 alld SA-9n

R. H. Barllett -- set up CEe VR -3600
tape recorder.

R, H. Barnett - lU.nar geological
exploration systell1s ..

R. H. Barnett - lunar geological
exploration systell1s"

Gerald Schaber - radar i111agillg
progran1a



Visitors

Harold Berberia11, J. J. Suggs,
J. E. Allen, W. B. Browne, E. J.
D011elal1, Westingl10use,
Wasl1il1gton, D. C.

Leon J. I(osofsky, NASA,
Washington, D. C.

R. P. Bryson, NASA,
Washingto11, D. C.

A. L. Filice, Jet Propulsion
Laboratory, Pasadena, California

A. W. Lowe and D. W. Holdswort11,
Barringer Research, Inc., Natick,
Mass.

R. P. Bryson, NASA,
Washington, D. C.

C. D. Schaad, Jet Propulsion
Laboratory, Pasadena, California

Marshall Field, Scientific Data
Systen1s, Phoenix, Arizona

Don Montgoll1ery, Cogniza11t Engi11eer
on Surveyor Project, and T, H, Bird,
Cognizant Scientist on Surveyor
Project, Jet Propulsion Laboratory,
Pasarena, California

R. W. Aiken, Texaco Experiment,
Inc., Richm 011 d, Virginia

Willianl LeCroix, Manned
Spacecraft C~nter, Houston, Texas
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Visited alld purpose

J. F. McCauley - in13.gi11g systelTl
for t11e 1971 Voyager Missio11 tC)
Mars.

J. F" McCauley, L. C. Rowa11,
I(ell11eth W3.tson, E. F. I(ierl1a11 
tIle Lunar Orbiter progra1118

J. F I) McCauley - tI1e unn1al1ned
Lunar Orbiter investigatio118
progra111.

J, P, McCauley - prepare presenta
tiOll on Surveyor la11dillg site
selectio118 to NASA officials.

L, C, Rowa11 - lunar terrain
analysis.

L. C. Rowan - status of t11e lunar
terraill a11alysis progran1.

J, Do Aldern1an a11d J. F. McCauley 
results of t11e Ranger p11otogran1
n1'2tric researc11 progranl.

J. D. Alder111all and L" C. Rowa11 ....
digital data reductiol1.

E, C" Morris, I-I. E. I-lolt 
Surveyor TV carrlera calibrations.

J. S. Watkins - lUl1ar geopl1ysical
experin1ellts and instru111e11tatio11.

J, S, Watkins - In Situ program.



Gener al information

Unn1anned lunar explorations

Lunar Orbiter

Eo Fa I(iernan, J. Pel McCauley, alld La C, Rowan have beell reviewing

the Lunar Orbiter literature on systen1s alld subsystenls received tIlis

montho E .. F. I(iernan is preparing a sumnlary whicll outlines tIle most

pertinent calibration requirements and mission constraillts.

Jo F" McCauley is preparing the PIlase I Lunar Orbiter repor~Wllicll

includes results in albedo investigations) tile pIl0toclinometric program

studies and subsystems calibratioll requirenlents!I

Terrain Analysis

The approximately 1100 new relative relief n1easure111ents received

from the Aeronautical CI1art and Inforrriation Center, St.. Louis, are

being compiled for individual terr ain units so that a statistical analysis

can be applied to these data!) It is anticipated that a high degree of

correlation will exist between the n1ean relief, XR, and tIle several slope

parameters being tested..

The preliminary 1:2, 000, 000 scale terrain analysis map is being

drafted and will be reviewed and edited during the next two to tIlree weekso

The above-n1entioned relief data is being added to these mapso

Ranger Investigations

}. Do Alderman and W" Tn Borgeson visited United Geopllysical

Corporation:J Pasadena? Cllifornia, to determine feasibility of using

the laser scan process to in1prove the photogram111etric quality of tIle

Ranger imageryo TIlis method was successfully employed to renlove rrv
scan lines and coherent noise froD1 Ranger VIII franles P4 1009)1 1010;

P3 1010; P4 1011; FA 567, 5(f)o However~ tllere was inlage degradation

due to interference fringes caused by imperfections il1 tIle optical syste11l11

In addition, tIle optics limit the size of reproducible resulting rotated
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diapositives. Researcl1 now in progress is expected to eliminate tllese

interference effects in the modified laser scan system. The resultillg

frames have been sent to GIMRADA for setup ill tile AP- 2 plotter ill order

to reevaluate their photogrammetric potential.

Surveyor Investigations

At the request of the Surveyor Program C11ief, NASA headquarters,

approximately 44 sites were selected as possible Surveyor target sites,

using the data available from the Terrain Studies progra111o Descriptions

and evaluations of these 44 sites submitted to NASA were prepared by

J" F. McCauley, L. C. Rowan, E. C. Morris, H. Ea Holt and

J. To O'Connor and subn1itted to NASA. The work was a cooperative

effort with the Jet Propulsion Laboratory, Pasadena, California, whose

personnel provided trajectory and lighting data along with additional

geological information for the submitted reporto

Manned lunar exploration studies

Apollo Extension Systems Geological Methods

Field work has progressed rapidly in the Castle Butte area of the

Hopi Buttes. The results of this work will be used for geologic and

geophysical control for Upcoll1ing mission tests and Si111ulations.

Gerald Schaber and D. P. ElstOll are worki11g with t11e re1110te

sensing group in NASA on lunar and earth orbiters.

Advanced Systems Geological Methods

Control mapping of Hopi Buttes test area is t11ree-fourths COITlplete.

Laboratory facilities have been obtained and are being modified for

use. The laboratory will be for the joint use of il1ineralogy and petrology

studies.
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Lunar Field Geophysical Methods

Aeromaglletic survey n1aps of two 15-n1inute quadr al1g1es over tIle

Hopi, ~uttes area were received and are ll0W beillg evaluatedo

Geophysical investigation of Zuni Salt Lake in New Mexico I1as begul1

and is progressing rapidly; the seismic refraction a11d n1agnetic survey is

already cort1plete.

Lunar Field Surveying Methods

Control was completed on Moses Rock and controls 011 ZUlli Salt l..Jake,

New Mexico, werestartedo

Scientific Task Analysis and Biogeological Investigations

, .

Th~s project has been involved in preparing a test outlille for the sui ted

field test at Hopi Buttes scheduled for early October. SOll1e of tl1e proposed

tas~$ wi+l be done on the simulated lunar surface at Ma1111ed Spacecraft

Center, Houston, in early Septen1ber. Tasks will be evaluated for ti111e

requ~red, difficulty, errors involved, and, possibly, e11ergy required.
·,1

EleGtronics In'vestigations for Lunar Field Systems

Televi~ion via microwave from t11e Bonito Flow test site was

demonstrated for Jet Propulsion Laboratory personnel.

A 14-in. slow-scan television display monitor was receivedo The

Electr0nics Shop i~ constructing the necessary "black box" to per111it its

use at the microwave receiving end for pictures froIT! t11e Surveyor forn1at

slow-s'c'an camera system.

Q~fficulty in synchronizing the television filn1 recorder to tl1e

tele'yision t?-pe recorder was isolated to the tape recorder. Defective

circ4it boards were found and will be replaced by tIle n1anufacturer ullder

war~·an·ty~

Video distribution for the Command, Dat a Reception, a11d Analysis

faciltty (CDRA) is completeo Audio distributioll is approxi111ately 80

perc~nt cOITlplete.
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For the second time, the n1icrowave relay 011 Mt, Elden was kll0cked

out by lightning. Investigation into preventive-protective n1easures

COl1tinues.

Lunar Field Imaging Systems

M, H. Carr, H. J. Moore, and E. C. Phillippi analyzed Pegasus

Flights I and II space debris at Menlo Park,

E. C. Phillippi, witI1 Carl Huggins, continued desig11 of orbiti11g

television system. This experiment would be scheduled to fly on a Saturn

vehicle in 1966.

Work is continuing on assembly of slow-scan back-pack call1eras a11d

transmitters in support of Apollo Extensio11 Systeo1S field sin1ulated

studies.

E. C. Phillippi prepared a paper outlining TV systems for tI1e Mars

19 ff) Mission.

Documentation for Lunar Field Systen1S

"First Scientific Traverse of the Mobile Geological Laboratory, "

a 16-mm color sound fil111, (6 min,), was completed and final release

prints have been received.

"Apollo Field Operations Test IV, " an 8-1/2-n1in, color sound filn1

documenting the Apollo test held at Meteor Crater, is nearly con1plete

and will be ready for final prin ting in early Septen1ber,

Release of the films "Standard Techniques for Vertical a11d

Horizontal Control" (20 min. ) and "Report on Standard Operatiolls of

Lunar Field Geophysic3.1 Methods" (17 min, ) to specified spacesuit

manufacturers has been authorized by NASA personnel of tIle Manned

Spacecraft Center.

The 16-mm automatic filn1 processor for n10nochrolT~enegative and

reversal films is fully operational.
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Processillg for organizatiollal U11its outside t11e m3.11ned lU11ar

explor atiollS program I1as included 800 feet of l1egative filnl for

Meteorological Researcll, Inc., a governn1ellt c.o11tractillg fir111 doillg

research in cooperation witI1 tI1e U. S. Air Force.

16-01111 film exposed at tI1e Brallc11 of Astrogeology observatory by tIle

Lunar Photon1etry project is beillg processed.

D. W. Dodgen has nearly cOll1pleted final engineerillg drawi.llgs for a

field operational n10del of a stereon1etric call1era desigll. The test

mode~ will be fabricated by the Brancil instrull1ellt S110p.

Constructioll of tile LUllar Excursioll Module ll10ck-up was COll1pleted

during August.

The laser survey instrument rillg mou11t 11as been COll1pleted a11d

tested.

Further modifications to t11e interior of tIle Mobile Geological

Laboratory have been the installation of a third crew mel11ber seat and

plotting table.

A "repair and maintenance ll1anual, including parts listillgS, is bei11g

assembled for the Mobile Geological Laboratory. TIle laboratory was

on display at the Coconino County Fair, Flagstaff, Ar iZOlla frOl1l Aug. 27

through Aug. 29.

Applied geophysics

On August 24 the In Situ field crew left for field operatio11S ill tile

vicinity of the Mono craters, wIlere tIley will investigate slleal"-wave

propagation, coupling of various sources to tile ground, alld sllear -wave

gener ation~ The drilling crew con-p leted a 40 -foot core 1101e of tI1e

granite on the Sonora Pass site and a l80-foot core llo1e i11 tl1e cil1ders,

ash and lapilli immediately nortll of tI1e cllain of Mono craters~ Tl1e ll01e

bottomed in about 20 feet of Bishop tuff, as 11ad beel1 predicted by tI1e

velocity and attenuation studies nlade tilere by tIle seiSll1ic crew last year n
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The drilling crew at t11e tin1e this report is being prepared are

attempting to recover ice from cracks al1d crevices in tIle n1ain cl1ain of

the Mono craters. This ice n1ay be of Pleistocene age.

The In Situ project now has a Fourier" coefficient progra111, an

autocorrelation program, a cross-correlation progran1, and a11

attenuation calculation program running on a production basis. Over

500 seisll1ic records have been digitized and will be a11alyzed by 011e or

more of the above tech11iques during the current fiscal year.
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