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INTRODUCTIO N

This document is a collection of materia Is handed out to the Apollo
16 surface crew during a series of traverse briefing sessions. It served
as a guideline during these sessions to formulate and discuss in detail
the general and specific scientific objectives of each EVA, of individual
station stops and of each single task to be performed. Consequently,
the document reflects the detailed background of the crew and therefore
may be used by the members of the Science Support Team to famil iarize
themselves with the thinking to which the crew was exposed. Topics
discussed in great detail and not summarized in this book are: (1) global
and regional. characteristics of the Cayley Formation, (2) global and
regional characteristics of the Descartes Formation, and (3) detailed
contingency planning.

It is not the purpose of this book to serve as an official guideline
for traverse planning. It is hoped that it represents information for those
readers who are interested in the crew's sci enti fi c background. The
official traverse planning guidelines - among other documents - are con
tained in the "Science Contingency Plan" and "Lunar Surface Procedures II •

The material contained in this book has been compiled from many
scientific sources which are in most cases not identified, because we
consider this book a working tool for the crew rather than a scientifi c
document. Furthermore, the conte nts are the sol e respons ib iii ty of the
Traverse Briefing Team which realizes that there are many geologic details
that are subject to alternative interpretation. However, the crew has
been informed about such alternatives and it is bel ieved that the crew
had sufficient geologic field experience to identify and characterize
deviations from premission interpretation.

The members of the Traverse Planning Team in alphabetical order
are:

Anthony W. England, Chairman, MSC/CB

James W. Head, Bellcomm, Washington, D.C.

Friedrich Horz, MSC, S&AD

William R. Muehlberger, U.S.G.S., Flagstaff

John R. Sevier, MSC/ASPO

The contributions of Eugene Boudette, U.S.G.S., Flagstaff, Robert Kain,
MSC and Roger Koppa, G.E. are greatly appreciated.
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FLAG/SPOOK CRATER PAIR

• Samples to 60 m depth

• Best opportunity to test lateral continuity of bedrock units

over short (~l km) distance

• Good stratigraphy from this pair will give a solid base to study

ASE profile and to extend Cayley stratigraphy north to Palmetto 

North Ray cruter and south to South Ray crater

• Both craters are degraded and have ray material from South Ray

crater obscw:ing local geology

• Both craters have fresh, young, 40-50 m craters on or near their

rims which w:al be used to sample the overturned flap of the larger

crater

•



ALSEP - Station 1

• Small escarpment to climb at nort h edge of Spook

• Boulders in Buster region

• Large escarpment to climb between Halfway and Flag
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. 1

STATION:

STATION 1 - FLAG CRATER (:43)

RA KE/ SOIL SN'PLE

:08

RAKE/ SOI L SAHP LE

SAMPLING*

:27

SAI·IPLI11G

I
" i

!
(PLUM) :43

LMP
DISPLAYS
PAN 1

CDR
MODE S\o1-2
HGA
DUST

LOOI( FOR:
leRays from south ray 99/0. 8
! ~NE scarp on Spook rin~l~---~----1

980ulders at Buster
·0NE scarp 95/1.4
STATION 1

FLAG CRAT ER

CUFF-CHECK LIST

. TASICS

3:
8:PAN 2

27:

DESCRIPT
RAKE/ SOIL
SAt~ PL ING

(Flag eject a-PLUM )
FRAME COUNT

MODE SH-l
POS TV "HORIZ. CCW

- _ - _._.__ _-_._ - - - -'---

-.----- - -

CUFF-CHECI( LIST

DRA\'II I'JG

280/1.5

FLAG CRAT ER

,

-- -_._ - - - - - - - - - ---'--......



FLAG CRATER

280 m diameter

N50 m deep

• Plum crater (40 m diameter), at about 4 o'clock on the rim, is

best bet to sample ejecta from Flag

• South Ray crater material. is visible on photo to east. Note patterns

of blocks, eecondary craters, angularity of blocks, and sizes of

fragments to distinguish between Plum, South Ray, and Flag crater

primary ejecta. South Ray material appea~s to be youngest, there

fore may be most angular and impact features from it will be super

posed on all other craters the size of Plum or larger. Leave it

there and c0ncentrate on other mater ial. Ray material may be

mostly smal.L rocks which made interlockir..g small craters.
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1-1

Station 1 - Tasks

a Radial sample of Pl um, s hould sample t he ent i re se que nce pr e ser ved

in the Flag ejecta blanke t

a Done i n app r ox i mat e order of pr i ority - as i s the cas e f or al l

stations - except where 1 man tas ks need ~o be pa ired or those

tied t o the LRV are re l at ed t o save t i me

a Park LRV at 18aoon rim of Flag Crater (TV cove rage )

Pan 1 - Bla ~k and white - LMP:

To be do ~e on Fl ag cra ter rim s o that vi ew of i nt er i or can be

obtained as well as the potent i al / pr obable s ampl ing ar ea between

the LRV 3nd Pl um Crate r r im ca n be obs erved before being tra cked

De s cr jpt ion:

Fl.ag Crat er - We expe ct a r egoH th m,ant l e . If bench ( e s ) vis i ble 

be surpri sed - r epre s ent probable regclith thickne ss or dis crete

flow layers at depth. If benches easi ly identif iable will give

the mini mum numbe r of r ock units t o be exp ected f rom Pl um e j e ct a .

Each un i t may hav e se veral subdivis ions however ; example , ve s icul ar.

banded, f low bre cc iated , etc .

12.



1-2

Plum Crater - i f ben ched, means ha s pe netrated to Cayley. Important

point because means al l l ayers in e jecta blanke t fr om Flag will have

been thrown to surfa ce i n Plum eve nt ; i.e ., t hi s would be ideal ca se ,

Ray patches - bes t described when ( anct i f ) observe d (o r even dur i ng

TRV traverse) - block ine ss , general appe arance, "g ardening"

Rake-soil sample:

6) To be tHken off of Plum e j ecta t o max tmf.ze

(1) fore i gn components

(2) collect deepes t mater ial from Flng

• To be t ake n on Flag Crater rim

Pan 2 - (Color)

• To be tnken from conunon r i m of Plum and Flag crate r so tha t the

interiors of both can be s tudied



1-3

Sampling -

• Start on Plum Crater rim

o Then 1/2 D out

• Will give partial radial sample

• If time permits sample at 1 D

o At each station col l ect variety of rocks identifiable plus scoop

of soil

I~



Station I - Station 2

• Stone and Smoky Mountains observations: preparatory to 500 mm

photos at station 2

• Escarpments, etc., will have totally opposite sun angle on return leg

and will thus appear different. Might m.ske a set of new observations

or features visible in this orientation

• Sun angle viII be low and visibility mignt be poor

IS-



STATIO I'\};

STATION 2 - SPOOK CRATER (:56)

SAI·1PL IiIG* \\ E1
:30 :0 2

SA~lPL ING ~ G
LPM sIn I1EAS.

SOOn'OJ
PHOTOS

:0 3 : G ~ :05

CDR I (:/ 11 ~~ -"- ..J.-__~

r o
- . - -

STATION 2
SPOOK CRATER :56

DESCRIPT
(Note ray patterns)

lPM SITE 500 Stone30
(Sensor posi- SAMPLING
tion 1,2, 3) (Buster

SAMPLING PAN 2)
(Spook)

FRAME COUNT
110DE SH-l .
pas TV HORIZ, CCW

CUr-F-CHECK I.IST

. TASICS

3:

.18 :

CDR
110DE S\o1-2
HGA
DUST

lMP
DiSPLAYS
PAN 1

.._ _ . . .__ ._ 1

CLJr-r--CIl[CI~ LIST

r-· - - _ .
I

I 090/0 .G
STATlO!1 2
100/0.9

DRA\' /fNG nUSTCR f2 '\
CRATEI{ \!:.)

18Q

x. .x
~'---

SPOOK CRATER
. - , _ ._--_._--_.~._-- - _. '



Spook Crater - Station 2

370 m diameter

~40 m deep

• Ray material from South Ray crater abundaLt

• Therefore be difficult to be certain as to the source of any given

sample

• South Ray b].ocks should be more angular, associated with secondary

craters and in elongate clusters, whereas :3pook Crater e jecta should

be the reve::se

e Buster Crater, near 11 0 I clock and 80-100 m from Spook rim should

penet r at e the limited ejecta blanket at t~at distance and the top

layer of Cayley in this region

• RinI sample of Buster give:

(1) Top layer of Cayley

(2) Some of upper units ejected from Spook

• Sample blocks from small, fresh crater rims on rim of Spook Crater

to enhance probability of collecting Spook ejecta

• Buster crater samples should tiedown top layer and which of other

samples collected belong to the upper Cayley layers in Spook

17
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1-1

Stat ion 2 - Tasks

• Park LRV at 180 on Spook rim f or vi ew int o Spook

Pan 1 - (Black and white)

• Take on r i m of Spook. Will give view of Spook i nter ior and area

to Bust er t hat will be sampled

Descript ion:

• Spook - Ehould be r egol i t h- cover ed, non-benched crate r

• Bus t er - should be bl ocky with blocky f loor. I f s o, means has

penetratEd to Cayl ey

• Ray p atrterns - Need to identify s o that it ca n be avoided where

poss ible so t ha t most sample s wi l l be Spook e ject a . Patterns of

boulders ~ craters , l i ghter material

• Stone Mo'mt a i n - Par t of 500 mm photog. r aphy

500 mm Photographs

• Stone Mourrt aan - 30 phot ogr aphs : MakE a complete panorama of

vi s i ble :;>art ,photographs center ed on n.ount ain will cover al l of

it

l~
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I

1-2

I Is one l~g of stereoscopic coverage - other to be taken at 1M

during closeoutilir.eations mi ght be visible on stripe of the

mountain

How many benches are recognizable~ Gives clues as to number of

strat.Lgraphfc divis ions and how (where) to explore on EVA 2

IMP site measurement:

• Basic me3surement needed to calibrate instrument

• In comparison with 18M, should give ar, es timate of the anomaly

produced by Spook Crater

IBe useful then for prediction as to pTobable values to be obtained

on the falmetto Crater study at stations 15, 16, 17

Sampling:

lOne man sampling - while LMP measurem=nt is be ing taken: go to

Buster crater rim for block sa mples and photo pan of i nt erior.

These sEmples should characterize top layer of Cayley i n the area

and thus be important for s or t i ng sam?les from Flag and Spook

and determining lateral continuity of units.



1-3

• Two man sampling should concentrate on fresh crater rims along

Spook rim to maximize return from Spook cra~er

• A few samples from identifiable South Ray secondary craters should

be collected to

(1) give age of South Ray

(2) A minimum sample of South Ray if station 8 cannot be occupied

Possible operation:

• Exploratory trench - If ray material is a blanket, this might

give thickness. Samples from both r a;r and underlying soil would

be extrreme Ly valuable to characterize a ray, what it is, when it

was derived, history of buried regolith



STATION:

STATION 3 - AlS£P/LM AREA (4)

CDR 0/11 GRAHD PRJ X ARM MP
RET RJ EVE 2. 6m CORE

:05

I AR~l MP I
~ETR JEVE 2, 6m CORE

:08

GRAND PRJX

:01
LM,P 81""'----..-----...------

,---,-------_.__.. - ,.. . . ._.. .. _. ._ _.

CUFF-C1-tECK LIST
STATION 3

BACK AT ALSEP :14

TASKS i GRAND PRIX
Drop off LMP wjDAC

CDR LMP

8: GRAND PRIX
5: ARt~ ~1/P

SH 5-CCW '
PICK UP STEM
STRINGS

BACK TO LM FOR CLOSE

.... 1

I D
1

1
I

1
\ 1

(--... 20 ' -. w/
~~. <, .....0. ------ \1 r¥.-i - - ::::~..,. '" 1\ -'t -<- S ! ::~ •

( ~. /,,'" <, ,

-........... K:---":'---/! '
~:. , / \ .
! . 20; - ~ O· \

CD R: ' '"A - Standing s ta r t \
13 - Hax velocity re ad out \ ~ - ;; ,
C - Dust, s t ee"; ng & control'! j

._,12-=..~~~~~;n~~21I ne llt s __ .__. . __

I
L~1P :

DAC - Mag - 24fpS - f:8 - 1/250
Mar k DAc" on & off - front bu!t~n

I Dus t - Motion - Comments ' "
. 4 min - use all film

Pan DAC
DR/-\WII--JG

C lJrF ·· C11E Ct ~ LIST



Station 3 - ALSEP Ar ea

• Grand Prix (Don't dust the ALSEP)

• Arm mortar package on ABE

• Pickup drill s tems and go to 1M

• This s t at i oll will be reoccupied at end of EVA 2 to do a series of

tests and sampling for r egolith an al ysi s
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EXPLORATION OF STONE MOUNTAIN

I!~lport'!~S.5'.: Only accessible part of a physically continuous unit of
Deuc nr tcs ma t e r LaLs that ex tr-nd s for over 100 km to the south and
60 km to t.he ells t .

DESCARTES MATERIALS
(Adapted from 1:5M Geologic Map of Moon)

!£P~~)~ic-!£~: Aggregates of closely spaced subdued hills and r i dges
3 to 15 ~n long and 2 to 6 km wide capped by distinctive sinuous furrows.
Hills mostly steep. with short furrows. Brighter and topographically
sharper examples (therefore younger) occur about 30-40 km south of

. Stone !'Iountain.

~eolo~~~__interpr~~atio~: Mixed volcanic deposits erupted from
fissures. Includes pyroclastic or composite COllCS in densely packed
arrAyS.

STONE MOUNTAIN

Topogr1'l~ic for~: Roun3 cd , nearly flat-topped ridges.
North [ac~ s - crudely terraced with steep segments ranging from

40-80 III cacho
WE'st f aces - nearly continuous steep slopes with very nar r ow to

no n-cexLs t on t terraces.
Above 8050 contour - many 10-20 m escarpmpnts with narrow to broad

benches.
Mountain cappcd with elongate hills, 2 out of 3 with crater near
summit.

Geologic interY-l:etati~~: Superposed pile of volcanic rocks.
Individual flows averaging 10-20 m in thickness. Ridge tops might be
the volcanic vents - examples: two crater s at crest of Stone
Mountain itself.
Zone of "pa:l.red" contours (band of topography along the north and
northwest face of Stone Mountain between 8050 and 8150 m) probably
represent flow fronts.
Alternate explanation: break away scars of multiple landslide
entities. If slides then are probably controlled by bedrock units
because of the topographic continuity of the zone.

West-facing (north-trending) steep escarpments might be faulted .
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.27

EVA II - Traverse 1M - stone Mountain

•
•
•

•

Lineations on Stone Mountain

Low mound NE of Phantom Crater

Major South Ray ray capping Survey Ridge

oChange to 227 heading on Survey Ridge to make an end run on 30 m scarp

Good view of Stone Mountain

• Assess traverse route up mountain

• Possibl~ locations for stations 4 and 5

• Break in s:ope at base of mountain might not be easy to spot
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Stone Mountain

512 m high

• North facing slope is crudely te~raced

• Probab.ly result of volcanic layering

• Outcrops possible on steepest terrace edges

• Sample, if observed and can be reached

• Stations 4 and 5 should be on separate benches - if accessible. Each

bench should be the break between ma.jor volcanic units (at least geo

morphic uClit)

e In general, find blockiest crater or outcrop y?U can find; and to to it

• Park on contour with it and sample a~ong contour

Possible surprises:

f Can't find crater - use blocky area

• No blocks - use rake

• Fantastic variety of rocks - get one e ach-d.f time gets short, use

rake

• Driving is easy, may want to go to Crown
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1~

5TI\TI01'-.):

STATION 4 - STONE MOUNTAIN (;~8)

. CDR RAKE/SOIL SAflPLI NG PAN DOUBLE

~SAi·IPLE CORE

:03 :08 :06 :o? :08 :22 :02 :02

LMP RAKE/SOIL P E NE1RO~I E n R DOUBLE

~SNWLE IIEASURU1ENTS CORE

CUr:F-CI-lECI( LIST

. TI\51($

LOOK fOR:
~~carr at survey ; DES/CAY contact
STATION 4 A BLOCKY CRATER :58
(>40 M) DAC OFF

CDR LMP
MODE 5H-2 . DISPLAYS
HGA 500tTrap/Stubby-15
DUST ISmoky-15

ctS.Ray/B.Ray-5
3: DESCRIPT
8: RAKE/SOIL
8:SAMPLING PENETROMETER

PAN 1 (after penetrations)
8: DOUBLE CORE

24: SAMPLING PAN 2
(Padded bags-2 rocks-dense,

hard, igneous)
FRAME count

~lODE S\'1-1 CHANGE DAC; ~1AG-R

pas TV HORIZ, CCW .
D_AC_ ON; f8n_5Q/~fJ?~_._. _

,---.------------ ._-_. -. "'
STATIO:I 4

IF UNOULATING:
2-3 TESTS IN
STEEPEST, SOFTEST
SOIL (FOOTPRINT)

173/4.2 353/3. 9
L....------1..--__-l

IF r-EI!Cl iED: '; \l NmUNAL \l
1 TE ST UPHILL SIDE LAYOUT
1 TE ST nOL!~1IlILL 0

STE EPE ST PART \V
2 ON 8EilCH [XJ V GJ

6
I

*~
. I

s .p ~ -
. <)<J ,-:>y'S J

liSE . S cn:!F muss < 12" IN
.'--- - ._- - -- - --

CLJFF-CHECI( LIST



lineaments?

Station 4 - Highest point reached on Stone Mountain

• Proposed stop between Cinco D and E (biased toward E)

• 500 rom photographs

• One leg of stereo base to Smoky Mountain - 15

• Views into Trap/Stubby - 15

South Ray/Baby Ray - 5

• Targets of opportunity

• To ranges to E and NE of landing £;ite

Description:

• Regolith 9~pearance: "softness" , slump/Rlope shapes

• Crater rima = blockiness = very blocky Las penetrated to underlying

Descartes

• Distant objects -

• Smoky Mountains - lineations, terracen

• Stubby interior - prevue to station 7

• Ray patterns - prevue to station 8

• South Ray - jagged apperance on photographs

Rake/SOil _ tetween cr at er s and off ejecta blankets - should chaz-acter-Lse

the materials from higher upslJpe on Stone Mountain - as well

6S foreign materials

• Penetrometer readings used to give idea of ease of double core penetration

• Sampling

• Rocks from blockiest crater

• Soil and rocks (minicomp) in radial sampling mode

• Collect a large quantity of material - this is the "purest" Descarte s

material that will be obtained



• Should avoid areas af'fected by "recent" cratering events

• Pan 1 taken to show penetrometer holes and if possible with

double core in ground

Double Core

• Centered within penetrometer readings ,. provided they have gone

fairly deep

• If depth of penetrometer was asymmetri,~albias core toward deepest

penetrrome'ter rea.ding(s)

Pan 2 - to be taken £rom rim of fresh cr~,er that is to be sampled

radially from rim outward (within time available)

Padded Bags

• Proposed to use here because

• most ~emote from 1M

• first good chance to use the bags

• Want dense (nori-ves icular) , hard, igneous rocks

'. Close tightly on sample
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Travel Station 4 -Station 5

e Travel in opposite direction

• Different sun angle mj,ght highlight features not observed ~hile

driVing up
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1

STATION:

STATION 5 - STONE MOUNTAIN (:40)

:35

DESCRIPTION AND SAMPLING

DESCRIPTION AND SAMPUflG ·}}__.;...... .......,.IB
;02

({ G
CDR I 0/11 I

:03

LMP~~ n. _

CUr-F-(I-IE(I( LIST

. TASI~S

,--~------ -- , .. _ --. . - " _._... _.-- -"- - -.,-.

331/0.8 358/3.3

CDR
~10[)E SW-2
HGA
DUST

lRV=180°
DAC OFF ·
[Mf>
DITPLAYS
PAN

35: . SAMPLl NG
Ob~erv~ terraces' &bed~ock/rego1it
changes at contact .

FRA~lE court
MODE SI~-l

Pqs TV HORIZ) CCW

OAC ON
1'8/250/1 fps

J

r. .__' _

CUFF-C1--;[CK LIST

DRAWl ~IG



Stop 5

• Stop at major break. in slope

• Top of lower geomorphic unit

• Stop at blocky rimmed crater} if possi~le

• Pan - should show sampling area (optionalpan of sample area at end)

• If blocky crater

• Documented sampling of variety of rocks

• Large soil scoop

• If bedrock ledge

• Samples

• CloReup stereo photographs

• FliGht line stereo photographs

• If only regolith

• Collect blocks

• Rake/soil

• Photographs of lineations

• Pho'tog. -aph targets of opportunity

• Outcrop bands

• Liw~ations in regolith

• 500 mm on dis tant features not previously identified (not too

likdy)



Travel Station 5 - Station 6

• Same as for last leg

• Locate probable base of slope for station 6



T
r
~
L

I
r
2r-

47



STATION:

STATION 6 - BASE OF STONE MOUNTAIN (:20)

CDR
110DE SI~-2

HGA
DUST- .

CDR I O/H

:03 .

CUH-CHEct~ \.1ST

TAS!(S

curt-cur CI( \.1 ST

DRAVllhlG

DESCRIPT IO N ArlO SN~PLIUG

:15

DE SCRIPTlOiJ AND SAHPLI,JG O/H

r--'-- "'- _.._-_.'.-
; STATION 6
I FOOT OF STONE Mr. :20

341/0.4 I 360/2.9 T
LRV=180°
DAC OFF
LMP
DISPLAYS
PAN

15: SAMPLING
FRAt~E ' COUNT

MODE SH-1
POS TV HORIZ, CCW

DAC ON
78/250/1 fps



Station 6

• Base of Descartes units = Stone Mountain

• Pan should document break in slope, i:l1 one is visible

• Collect s£mples of

• Downhill accumulation

• Cayley for contrast

• Appearanc~ of regolith surface on both types of units



Travel Station 6 - Station 7

• Ridges and craters to avoid

• Escarpment t o go down

• Go around set of 60-100 m craters that flank B-B
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STATIOi--.J:

STATION 7 - STUBBY CRATER (:15)

SA:"PLI NG

SAMPLING

:07

CDRI O/H 1 0E~i~ltl -.lE]

:03 ,03 :02

LMP~/I I PAN 500m,n l E]/H
PHOTOS ___________----J

CUFF-CHECK LIST

. TASI(S I ;~o~ct~~-:~~~·~;2 ·. 9 I '
STATION 7 .

NEAR STUBBY :15
I DAC OFF
I CDR LMP

MODE SW-2 DISPLAYS
HGA PAN
DUST

3: DESCRIPT 500eStubby-20
ISmoky-15

7: SAMPLING (OB)
Not e any differences between
Cayley &Descartes and any flow on
E. side of Stubby

I
FRAME COUNT

MODE 5\1-1
pas TV HORIZ, CCW

DAC ON .
JJ1mn/JJm__- .~ _ _ _. -..:L-....J

STATIm~ 7

CLJrr-CHECI( LIST 239/0.4 OOG/3.1

DRAWING

STUB BY
CHATER

I
I. __.. _.. ._..__..__. ,_. ,.-.... .-- ---l_.



Station 7 - B-B Crater - edge of Stubby

• Near Descartes/Cayley boundary

Pan = on rim of B-B so can also see into Stubby

Description:

• Stone Mountain flow into Stubby'? or landslide?

South Ray ejecta patterns: Stubby is elongate, no or low rims, may be internal

500 DID! origin?

• Stubby interior - 20 (south)

~ Irregularities

• Flow (t ) into east sode

• Smoky Mountain - 15 (north)

• 2nd leg for stereo coverage

Samples:

• B-B crater rim

• Hopefully it punched Descartes - Ca7ley contact

Terminal Par. - if have moved a considerab.le distance, it would give a

limited stereo base to f'e at.ures in the middle distance
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Travel Station 7 - Station 8

• Increase in block density as travel west

• Cross low escarpment - Descartes/C~yley contact

• Ahead to north will be scarp facing you
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STATION:

;ATION 8 - SOUTH RAY RAY (:601

CDR
:03 :03

RAK E / ~ O lL

SN1PLE
.oa

DOl lllLE CORE

;08

SAMPLING (INCLUDING BOULDER OPERATIONS)*

:36 . :02

RAKusulL
SAMP LE DOUBL E CORE SAMPLING (INCLUDING BOULDER OPERATIONS)

CDR
MODE S\1-2
HGA
DUST

DESCRIPT
DOU8LE CORE
RAKE/SOIL

(away from boulders)
BOULDER (SEE BOULD)
SAt1PLING
fRAME COUNT

noDE SW-l .
pas TV HORIZ. CCW

ft-ooiCFCjR:'
eDES/CAY contact
{siS Rc:y ejecta
STATION 8 BLOCK RAY/WRECK :60

S. RAY RAY
DAC OFF
LMP
DTSPLAYS .
PAN

3:
8:

I 8:
I

:20:
:16:
I

. TI\ SI~S

CUrF-C1 -II~Cf( LIST

___ _ L- . • • . .
"' - - -' - - -----

STATIO:J 8
-,-------------_. .." ---- '''- - ,..---,

DR/\V.'l hJG

302/0.5 014/2.9

IL ..



St at i on 8 - South Ray (ejecta)

• Stop in most prominent boulder train

• Face LRV at 180

Pan - Show boulder train, sampling area

Description:

• Ray appearance - size, d5.stribution of boulders (limit because TV will

later pan)

• Layer of material deposited or discreto blocks, clods, etc .

• StubbYMreck. interiors - benches, ray spauter , Stubby "slide/flow"

• Scarps visible to photo to WJfmEN£

Double Core:

• Avoid heaviest block concentrations

• Hope to penetrate ray material and obtain undisturbed Cayley below

Rake/Soil:

• Avoid heavies t u.l.ock concentration so semp.Le area will not be overly

"salted" with pieces from nea.rby blocks and will thus be a wider

representation of materials from South Ray cr~ter

Sampling:

• Variety of ro cks - get one each if possibLe

• Gives unLts in crater and crater age + age of each rock unit

• Data on thi~kness of ray

• Double core

• Exploratory trench (7) (-optional)

• Observe size, angularity, secondaries

• Might find rare sample from Baby Ray - get it

• Boulder observations



• Split boulder or roll-over boulder, best chance here

• This sample gives best dating of crater plus data on radiation

penetrati0n of rock

• Photographs ('If areas showing variety of rocks - give chance of

of unit deri"ed from

• Appea.rance 0:,' ra.y - photographs; gardening, secondaries (photos of

secondaries ~with gnomon) show bounce direction and their probable

source direction



o-:::

\

-~
\

\ \

/ ..
-~

u.....
~

0
'-
~
~-

~ ')
/



Travel Station 8 - Station 9

• Traverse ray field

• Cross crease trending NE



STATION:

STATION 9 - CAYLEY PLAINS (:25)

:08

CSVC

CSVCSURFACE
SA:·IPLER

:12

SUK fACl
SAMPLER

CDR I OIH

:03

lMPEGL..__---::.;,;;.;:".:.:.;.:.... L-... D

CUr:F-CHt:CI( LIST

LOOK FOR:
(lNE s car p 1015/2.6 I
IJPristine area

, T1\51(S STATION 9
VACANT LOT :25

12:
8:

SURFACE SAMPLES
CSVC

(SINGLE CORE)
FRAI-1E COUNT

r~ODE SH-l
POS TV HORIZ, CCW

. ' l-.-___

SURfACE SM1PLES
SHIELD FROI'1- Lt·! ~S

S¥
;.-:-:; I2l fllP- ~=--..J ~ L!J

~ ,

3 4 2

...-~----'----------_ ._-,- , _ ....•._-~--,

DRI\\'l/ NG

CUfT-C1--;[ C!( 1.15T

'-"\ -SKIll ) l\iELVEr lf3EfK
. scoo{ ,

ArTER 2 PLAtT Gflm1UI
XSUii STE REO AFTER, DNSUfJ, LOC
DO SI ~T H 3 ,XSUII AFTER, HTU::N
Ar-E/\ IJO SCOOP /I ,XSlIN AFTER

\



Station 9 - "Typical" Cayley surface

To locate station:

• No recognizahle ray patterns or material

• No 1M . descert or astronaut boot spray

-t
Vacant lo~

• Want "Normal" Cayley albedo for extrapolation to other areas

Pan - show sampling area

Area will provide a sequential set of regolith samples.

• Topmost surf9ce layer

• Top (several?) surface layers

• Skim

• Deeper scoop

This comparisor. set should determine origin :)f optical layer of moon

• One studied by remote sensing

• Different af demonstrated by all lunar su":"face activities

• CSVC - to bring most virgin regolith sample back ever



Travel 9 - 10

• Blocks be rare or in elongate patches

• west rim of large old crater to right

• Pass between SP - 60 m and Sunset - 80 m Craters

• Should have visible rims, blocky )?)

• WC - 38 m crater be blocky, fresh crater

• 1M should come into view





ST/\TIO1'-1;

STATION 10 - LMI ALSEP AREA 1:(3)

CDR

LMP

:03

DOUBLE CORE

;08

• DOUBLE CORE

TREIICH

;05

SAHPLING

:08

PENETROMETER READI~GS

TRENCH
SAl-IPLES

:05

TRENCH
SAMPLES

LMP
DISPLAYS

CUr-r--C1-1ECI< LIST

. lAS I(S

ClHT-(ll[CI ~ LIST

DRAWING

i
I
I

1. -

STATION 10
HALFWAY BETW. ALSEP &LM :33

CDR
F10DE SW-3
HGA
DUST

8: DOUBLE CORE
5:TRENCH PENETROMETER

15:TRENCH SAMPLES 0.5 CONE lst*
(Incl. Photos 0.2 CONES
1,2,3) PLATES LAST

PAN
FRAME COUNT

BACK TO LM FOR CLOSE

*If penetration < 12" swi tch to .2
cone for 2,3,4

~10D[ SW-l
POS TV JLQRlL...-lCH__.

_._--_.. - - ..- _-_ _ __ _ ._---.---.

0.2
V
'I..

. . ; ,--.-.-, '-" -. -_.~- ---. -



Station 10 - LMjAISEP area

Rationale -

i Regolith soil mechanic~ char act er i s t i cs

• Regolith stratigraphy

• Can units be traced laterally

• Example, South and North Ray ejecta

Theoph:.lus'?

• Penetromet.er tests for major unit correla.tion

• Double core to compare with drill stem

, Trench s aorp.Le s for shallow units

Double Core:

i Sink about 50 m from drill core site

Soil Mechanics:

• Penetrometer l ine between double core and drill core site should

identify major regolith units between theIr

t Trench and t ests related to it - cones ane. plates will give values

for 3 paramecer-s that predict strengths between site and others where

penetrometer readings ha.ve been taken. Penetrometer readings also

provide quantitative values to extrapolatE. from us ing astronaut foot

print and LRiT track pictures

Pan:

• Must show area covered by penetrometer line. If cannot, take pan

followed partial pans along penetrometer line.

• Pan also provides repeat photograpqy of Stone Mountain for possible

lineations at different sun angle

7c
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72.

Travel/il~ - Stat i on 11

• Climb i rregular sl ope

• Large mound with cr es t al crater

• Cross creas~ SE of Pa lmet t o

• End crater (St a t i on 17) sits on low mound

• Drivi ng along r i dge , west facing escarpment (flow fronts , f aults,

out crop )

• Vi ews of North Roy flank

• Rays, traf f i cabil ity

• Ont o continuous e j ect a blanket - probably bl ocky - St ation 13

• Dri ve ~&ralle l t o ray patches

• Do ro~k5 of r oys on either s ide of r oute appear different or s ame?

Samp] e betwee n stat i ons 12 and 13 if not found al ong rims..

i Gi l:in t. La ndmar-k t ,:i.o..::ks s bould be i n ·.,;i~ini t ;y of s t a t.Lon 12

• - mv photos -block fie l ds , _gi ant boulders , DAC als o runni ng

o !·lc.ve s t ati on 11 3 S far ·...est On rim as practi cable

• Better sun angles -f or viewing and photographi ng the crater i nt er i or
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North Ray Cr ater Ezuloration Rationale

• At l east 7 l ayers vis ible i n crate r wall

~ Lateral var i a t i ons ' ac r os s cr ater

• Deepest Cayley samp les - , 160 m.

• Relatively fresh, ce nt r a l mound

• Sample wi dest variety possible an d r e l a t e to any observed stratigrophy

• Pho t.c gr aphLc t.echn i q'.1e s f or document ing variety, layer i ng , text ural

f e atur e s , and relations to s tra tigrap hy inc lude

• Panor-ama s

• 500 mm photography

o Ne ar an d for fi eld p ol ar i me t r i c s urveys

• Close - up stere o

o Fligi~-lice s t ere o

. , Sa mple t r aver s e along cr a t e r r im whould show up Eve r y rock un it 'with i n

t he crat e r ',ri t h tlcc pos s LnLe e xc ep't i on of the t op unit . Ther e f or e ,

station 13, [i t t he ou t er edge of the cont i nuo us ejec t a blanket, is to

guar nnt.e e s arrpLe s of t he top umt , (Rir.J. s ampl i ng of Met.eor Cr ater,

Ar Lzon » and :'; ,' t,oone !' C:rc, t e r , 1'r-:i.'3 , ac t ual ly does the above . )

~ If rim c annot be r e a c hed by TRV or wa.Lki ng , then walk t oward r i m as

far .3S time ,.110,'[5 and t he n s ampLe r adiall y, back t o LT1V

I Park LI~V f ac ing into Nor t h Ray Crater .
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STATIO/'-J;

STATION 11 - NORTH RAY RIM (:531

R l)E SCR IP- SET UP f OR SAl-1I' ll Wi fOR
Tl ON !lUIR FI[ LD POL. !lEAR FIELD POl..

:0 3 :04 :04 :JO

5OOmm' H\k f iu. o NEAR IIf.LlJ
POLAR · ~W . I POl.A R.

SAr~pl.I NG [I PAN G
:26 :04 :02

SAMPl.IllG
FA R FI Ell)

O/ t!POL. NO .2

i
i 4: PAN FAR POLAR2

FRA/1E COUNT
MO DE SI·J- l
pas TV HOR TZ . CCW

i
! .

I

5.-------.--

50005tone-20
.Kiva-15
eN. Ray'-60

FAR POLAR,

N. RAY RIM :53
. DAC OFF

U1P ,
DISPLAyS ,
PAN

NEAR POLAR
SAt1PLlNG '

CDR ,
~lODE SH-2
HGA
DUST
DESCRI PT
5TOI-} 500- PICK
SITE FOR NEAR

rLOOK FOR:
oN \oJ creases [1 90/1 .3
aDescribe end I188/2. 1
STATION 11

i ~ ~
i
110:
;26 :
!

I
I
L-

. TASKS

CUFF-CH ECK I.IST

!STATI ON 11

030/5. 2 179/4. 6
NO RTH RAY CRATER

SOf.l----<-j

x x x x ~
r~ EI\f{ 8POL~ARPOLAR • - 5

000

(1 "
~f5 . 6/1 25/7~' V
01&2 - 3 PART PAllS

1 FI LTER SETTI NG
--,,-.,--,,-,-- --=.:E~A.:::.:.CIl r I\...:.:.h...:.:.' .,---I

I'H:Jd{ POLfI.I<: >- 0 ROCKS
f 5 .GI"125/7 ' 0 gC\l--DS

jf f A COLL ECT
1300' r 4 ROC KS '
naiJ 5900

. .-- ' '~c.

(2~
POLAR X X

THE N DJSCAfW
FI LTER

GJ
rfll<POLAR:

DR/-\WIr-JG._ - --

CLJFF-CHEC1( LI ST

----_._-,_._- -- ---_.- ,
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11 - 1

Station 11 - Ri m of North Ray Crater (Tasks)

Pa n 1 - Black and White - On cr a ter r im or outside of crater so that a

maximum of the surround i ng ter r a i n i s vis i ble.

• Permit triongulation of s t s 1.. ion l ocat i on

• Bes t view acr oss e j ect a blanket

Des cr i pt iod -

• Int er i or of North Ray Cr at er

• Number , appr oxi mate thi cknes s, and di s t i ngui shi ng cha r act eristics

of each layer

• LDt eral continuity

• Mound - block field

• Summer y of block s i ze and variety on rim

• Assessment of def:irabl1ity and feasibil ity of r ea ching station 12

500 nL":1. photor;:ra'Oh:r -

Ii St one Hnt . - one l eg of ster eo ·pa i r - 20 fra'7les

t KIVA - might not be vi s i bl e b e cause of bl ocks and/or i nt er vening

ridges - 15 f r ames

• Not th Ray i nt erior 60 f'r ame s

• Hor i zont al pan of be s t o ut crop bend

• Vertical p an of mos t comp Let;c ou t.cr op s equence

• SH qusndrant looks l i ke best st!'atigraphy

• At f ar wal l, single frame covers 80-90 ~ on a s ide. SW wall

e a ch f r Cl;::'--.l c o ve rs G'~ 50 n; - need f] 7 f'r ames for ve r tical par.. t o

gua r ont ee overlap

• f I t ly tnr [~.: t of opn or tu ni t v

t ;'-.r-' Ls ll !) s t.ereo I W:"t J' :.JI' " ' - I<,; .: c:Ll_ and horL aont. a.I, }l eil : a t s t.a t Lon 12

_ 'l' C' :' [':tJ t ;c; 01' oppor t.uni t y on [;} o!' c of Smoky r.;oL1 !ltoin (Sec comput.e r

:r~!ll: : i\)1' poc s Lb.Le t :~ l' , ~~"t s )
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11-2

Far F i eld Pol ar i met r y

• Partial pan of crat er interior at each filter setting

• Gives all posstblc pha se angle cOlab inations for all regolith coated

surf a ces

• For bl ocky areas , measurements on all blocks in a narrow angle band

will gi ve average polarizat i on

• Second f a::- f iel d pol ar i metric survey uill give (slight l y) different

viewing angle to i mpr ove statistics for blocky/outcrop are as (end

of stat i on)

Near Field Polar i met r y -

• Sample area with varie t y of smal l ( r eturnable) fra~ments

• Lunar and t er restr ial s tudy of t hese s amples wi ll set up parameters

to extrapolate to other bl ocks stil l on l unar sur f ace in both near

and far f i eld polarimet ric photogr aphy

Sampl inr: -

• Sample ves t var d fr o:n LRV t o maximi ze: length of r i r.i trave rsed,

i.e., max :L:nize var i e t y of rock types encountered

e J\ntj_ c} pa·~(' a hiGher t han normal film usage - Gi ve us f'r cqucnt; fI'S!I;€'

counts - can war-n when migh t be need i ng to change magaz i.nes

• Chi p f'r om Lar-ge bl ock or pi ck up hand s a:npl e of i dent ical Ld.t.ho.Logy

• Large t il. o ck n ore eas i est to relate to cr et.er str~: t:'graphy



11-3

• I f al l rocks are crys t alline: ( igneous )

• One of eae~ l ithology or t extural differ ence

• Sampl e l ayers , incl usions . segr egati ons , and dikes wi t hi n

l arge bl ocks

• I f al l b i g bl ocks l ook al i ke , do only one gi ant boulder procedure

• I f all r ocks ar e br ecci as ( i mpa ct or vol can i c ):

• One of each l ar ge cl as t type in bo ulders

• Matr i x and clas t i n one s ampl e i f possible

, . Samples i-Tith several (many ) clasts

• I f onl y small clas ts s i zes, coll ect var iety of coar ser s i zes

(eas i er t o ana l yze )

• If Tocks arc crys talline and breccia

.. Intersperse s ampl l ng t asks i n proport i on t o rock typ~s

Pan 2 - Color - 'I'ake at end of s ampl i ng t raver s e - Try t o i ncl ude int er i or

of North Ray Cr 3t cr

Far Fi eld Pol ar imetry 2 - Highl y des irabl e f or addit i onal data on outcrop

bands
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Tr avel/St at ion 11-12

• Move al ong r im as fa r as practicable to obtain a good stereo base for

phot ography

• Goal i s giant pair of boulders

• One ver y dark, other -l i ght er

-I Rocks of this type may have already been sampled at statiop 11
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STATIO N:

STATION 12 - NORTH RAY RIM 1:561

SAHPLING• ~
:38

SAMPLING {

CD R DESCP.IP - RAKE / SO IL
TIr. ~ 1 SAl1PLE

:03 :O ~ :08
500nun RAKE/ SOIL
PH010S SAI-lPLE

N. RAY RIf.l : 56
CUH - C1'IE CI< LIST

TASI ~ S

LMP
DISPLAYS
PAN 1
500 \~ Wa11 of

N Ray-30

FRAI~E count
I~ODE 5\-1 - 1
POS TV HORIZ, CCW

! .

. ' - ' ._ - -y-- ,

STATI ON 11

030/0.3

NORTH RAY
CRAT Er{

.--.,------ _ ._--_.. .

I
'-- ~-~.~.__.. . ,. .,....--_._ - - - --_._ ..

C lJ l:r:- C Ii [ C I ~ LIS T
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12-1

Station 12 - Rim of North Ray Crater

• Eastern end of sampling strip on rim

• At edge of e;iant boulder field that extends. dovn east s Lde of ejecta

blanket

Pan 1 - Black and White - From rim of North Ray so that crater interior

is vi s i bl e . Give s 60 mm stereo coverage when combined with polarimetric

pans.

500 mm - Horizontal and vertical pan of best layers photographed from

stat i on 11 - for stereo coverage

Targets of opportu.~ity:

• Smoky NOWlta i n flanks

• Giant boulucr s on ejecta blanket

• 3r.one NOWlta i n if bl ocked f r om station 11 (See computer generatea. p a ns )

Descript jon -

Q Corrt Lnue with Lnt.e r'Lor of Nor t h Ray i f ar e new or better vi.ews

• Bo~lders - l ayer i ng; how many rock types

• Bes t vi ew of H-S f ault (7) through center of crater

Rake /s oil -

• - Select largest inter boulder area

• So:::pl e should cont a i n

• Some of deepe s t material fr om North Ray

• Repreae rrta tri on of met <: r ial t hrown in - bot h distant exotics and ot her part:"

of North Ray e ject a

Samplinr, - 30 minut es

t Cl;-',,;uir. ..... i d.cz" \'or i et :i p0s r.; iul~

• Especially good ar ea lor

t Gi ant boulders

• Porman errtLy shadowed soil

• E-wsplit s oil ,-ampl e
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Tr avel/Stat ~on 12 - St at i on 13

• Retrace r out e to edGe of cont inuous ejecta bl anket

• LRV photos enr out e

• Observe and co~~e nt on any addit i onal boulder t yp es not s een be f ore
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STATION:

STATION 13 - NORTH RAY EJECTA BLANKET !:l0l

ROC K/SOIL
SAMPLE

ROC K/SOIL
SAr1PLE

:05

",CDR EJ~_ ........~~__~·
:01 :02 :02

LMP~ ~

CUFF-CHECK LIST

. TASKS STATION 13
NORTH~AY EJECTA BLANKET :10

130/ ~7 I 186/4.3 I
. lRV=18Qo

NO TV OR DUST

CDR LMP
PAN

8: ROCK
SOIL (1 KG)
FRAME COUNT

L--- .

CUFF- Cli ECK LIST '

DRA\VING



Station 13 - Edge of North Ray Crater Continuous Ejecta Blanket

• Short sample stop to guarantee samples from the upper unit at North Ray

• Will permit a better assessment of stratigraphic sequence within North

B,.,y crater

• Stop should be ,on blocky side (North Ray side) of edge of ejecta blanket

• The ecge should be a low escarpment, may also be lighter albedo

• If no other criteria available for identification stop 1 km from

crater rim

• Collect as many rock types as time permits plus least 1 kg of soil

• Pan - very important. Will be only good view of the ejecta blanket.

Partial vi ews will be got t en by L~V photos plus pans at rim



Travel/St5tion 13-14

• Smoky Mountain 3head

• Scarps = faults '?

• SubhorLzonta.I band I ng (filigree) lava flows or slides?

• Any bedrock exposed?

• Should have spatter of North Ray secondaries as well as probable

discontinuous veneer of North Ray ejecta

, Descartes/Cayley contact - base of slope

• Any visible differences?

, Regolith albedo, strength

• Climb slope to ridge ov~rlooking Ravine Crater and Smoky Mountain .

, Bro ad .depr ess i on near crest to north of Cat Crater

(See topographi~ profiles)



t r
o 0
o ~

~ ~
I · Ito ..

-
)

1( .
·taaa.-

lAI
. l . CL0., lU-.X t-

eL
\II l'I

Dl:

.2' 2 l.J
0 0 w- 2t- -v :>

lU 4:
~ oc

:r-



..

· U..... l . I . I .
~ ~ t:'

' 2 ~ . ~q; Crl

/to



~
~
o
v
Z

~
z
:>
o
IE

z
o
:;;

o-:.

e
-l:!

-~

It;/



STATIOI-J:

ST 'ON 14 - SMOKY MOUNTAIN (:401

lR DESCRIP- RAKE/SOIL
1ION SAMPLE

:03 :04 :08

~00lM1 RAKE/SO IL
PHOTOS SMPLE

'O:lJ

OOUBLE PAN SAMPLING ~ GCORE

:08 :02 : 13 ;02

DOUBLE SAHPLlIlG / G 'CORE

"" -00-,
/ ' X "

I 2 ' , \

\ I, j
\ " ' , ./

" '-. ">
........ -

RAVINE
CRATER ,



50 m diameter

14-1

Station 14 - Cat Crater

Rationale:

• ,Fl ank of Smoky Mountains overlc~k~ng,Ravine Crater

• Descartes materials for comparison with stone Mountain

• Complicated area:

• Near Cayley/Descartes contact

• North Ray ejec~a present

• Ravine Crater ejecta.?

.• Cat Crater should have blocky rim and floor. If so has penetrated

local bedrock (Descartes)

• Ravine. Crater, very irregular shape, sharp bottomed ravine exttin,g

south

• May be endogenetic with li~tle or no ejecta

• Possible interpretation - secondary impacts from Theophilus (in

line with Big Sag)

• Either of above cases means Cat Crater ejecta should be dominately

Descartes materials



· 14 - 2

Tasks:

• o .
Park LRV on rim of Ravine facing 180 at Cat Crater about l ·crater

diameter from Cat

Pan 1 - Black and White - rim of Ravine Crater and with Cat Crater in ·

vie", to south

Description -

• Smoky Mountain

• Banding = lava flows?, slumps?

• Lineation

• Outcrop

• Ravine Crater

• Layering visible on near side on photos .- might be on far wall

= lave flow fronts? slumps?

500 rom -

.. Ravine interior - 40 frames

o vlest wall

• Far wall

• Ravine itself

• Stone Hountain - 25 frames/second leg of stereo set

• Targets of opportunity up Smoky Mountain

Rake/soil -

• Beyond ejecta blanket of Cat Crater

• If there ::'s a great var i ety of rock types on Cat Crater, then it is

likely that it did not penetrate to bedrock. Rake on crater rim in

thi s :::ase

DOllole Core -

e 'rake it aW3Y frOlll the e je cr;o bl.ankot of Cat Crater

• General vicinity of r ake uamp.Le



. 14- 3

·Pan 2 - Color - Rim of Cat Crater so that interi or of- bot h craters can

be svudfed

Sampling - 15 minutes

• . Rim of Cat Crater first, the~ radially out for 1/2 D sampl e

. ' .Vs;riety of rock ~yp~s plus large bag of soil

• The combination of the sample types (rake/soil, core, documented

samples) should give the necessary material to unravel the super

portion relationships and (hopefully) origin of the major features



l~

. Travel/Station 14-15

• Down Smoky Mountain to base

• Southward across terrain that should have decreasing amounts of

North Ray ejecta

• Ray material from South Ray crater might be faintly visible,in bands·

• North-trending escarpments to east of traverse. Giant block field

beyond them .
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STATION:

STATION 15 - DOG LEG CRATER UO)

lOS

CUFF-CHECK LIST

. TASKS

LPM
HEAS .

:05

ROCK/ SOIL
SAIJ,PLE O/H

NO TV OR DUST

STATION 15
DOG LEG CRATER :10

183/1.3 I 201/3.0 I
LRV=T'80°

(20 M from rim)
- ' ,

CUFF- CHECK LIST

DRAWING

CDR

8: LPH

DAC OFF
LMP
PAN
ROCK
SOIL (1' KG)

'FRAME COUNT



IO~

Station 15 - Dogleg 50 m diameter

• several. craters of either side of Dogleg appear to be suitable alternate

~qndidates for station 15

• Travel appropr~ate distance and pick best 40-50 m diameter, blocky-

rimmed crater for this stop

• Park facing 180
0

about 20 m from crater rim

~ - Black and White - From crater rim adjacent to sampling site - will

also show setting of LPH measurement

Sample - On crater rim. Specifically, aft er top l ayer of Cayley plus

1 kg soil sa mple

LPM Me esurement - Taken as far away from crater rim as cable and parking

location permits



uo

Travel/Station J.5-16

• Escarpments facing west and creases trending north lie across t raver se

..-oute alt hough are mainly to north

• Cross outbound tracks

• Dot Crater should have bl ocky promi nent ejecta blanket and .be on

low ridge
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Palmetto Crater ·Exploration Scheme

• Stations 15, 16, and 17 are I .D, 1/4 D,an rim of Pabnetto Crat~.r

• Constitute pr-r.:e ..Lucation~ ror a magnetic survey of Palmetto ~~

determine the anomaly ·produced by a l .km crater

• Constitute a prime set of sampling locations to

1. Identify top layer of Cayley in Dogleg (statioO ·15) and probably

at Dot and End Craters as well

2. Dot and End Craters penetrate the Palmetto E:!j~cta blanket. The

r im sample of Dot combined· with the radial sample. of End should permit

anal ys i s of .the .lithologic units in Palmetto and possible correlations

into North Ray and Flag/Spook.

Ill,
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STATIO N:

STATION 16 - DOT CRATER 1:101

. lPfl
~lEAS.

:05

ROC K/SOil
SAHPlE

CUf F- CHECK 1.15T

. TASKS

..,..---;--' . .. ~ ...:...._--.;.--..
LOOK FOR: ;~
oN scarp 196 2.8 ·. 1
STATION 16

DOT CRATER :10

.251/ 1. 0 I 182/2.41
1

-
LRV=180o .

(20 M from rim) '

LMP
PAN

ROCK
SOIL (l KG)

FRAME COUNT

NO TV OR DUST

CDR

8: LPM

CUlT-CHE CK LIST

DRAWING



50 m diameterStation 16/Dot Crater

• Procedure~ same as .for Dogleg - Station 15

• ?~rk LRV about 20 m from crater

• Pan - Crater r~ next to sample area

t Samples - Collect as wide a variety of rock types as time permits

• Station is 1/4 D out on ejecta blanket end thus should contAin

samples fro~ about top 50-6Oi of Palmetto sequence

• Collect I kg soil

• LPM - Take reading as far from crater rim as cable permits

Press on ·



Tr avel/Station 16-Stat i on 17

e Pass along northeast rim of ler:e (250 m) d~graded crater on rim

of Palmetto crater

• ·End· Crater is on summit of low mound .near rim of Palmet t o Crater

'"
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1

STATION:
'. 1.6.,

STATION 17 - PALMETIO CRATER (:38)

RAKE/SOIL
SAHPLE

:08

RAKE/SOIL
SAMPLE

LPH
HEAS . (2)

: 10

LMP
DISPLAYS ·
PAN 1

STATION 17
PALMETTO CRATER : 38 .

CDR
MODE SW-2
HGA

. DUST
3: . DESCRIPT
8: RAKE/SOIL

10: LPM SAMPLING
LPM/ROCK (igneous ·rock

for LP1~)
12: PAN 2

RADIAL SA1'lPLING
ROCK
SOI L (1. KG)
FRAME COUNT

MODE S14-1
POS TV HORI Z. CC\oJ .

,...-.---,---1
_~g0K-!_QI~_::~.!~ _creases 1190/1 .31

CUFF-CHECI( UST

. TASKS

STATION 17

CUrF-CHECK LIST·

. DRAWI NG

152/0.5 188/2.1
~-"'"--""""-----f

LP~l . -m
LPI1 & ROCK · . . S .
DOC ROCK I U SITU &

LPI·1
BAG ROCK ~...
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17-1

60 m diameterStation 17 - End Crater

• End Crater hoB two possible interpretations

1. Fresh impact crater and thus penetrates Palmetto Crater ejecta

2. Central vent of low volcanic mound (less likely - but if so would

probably constitute youngest volcanism in the landing area)

Either of the above cases make End Crater very important.

• Park L~V on rim of Palmetto for views into Palmetto, unless walking

distance to rim of End Crater is too great

Pan 1 - Black and White - Rim of Palmetto Crater

View of mound in bottom if possible

Description -

• Palmetto very degraded. Thus anticipate only regolith slump features

on walls

• End Crater - blockiness and appearance - Observations pertinent to

origin probably bEst done on drive uP, and from crater rim

R3.ke!soil - Take ncar L>\V parkmg area (on Palmetto r I mr )

One non se r::pli ng - in vic inity of LPH measurement so that one of these

rocks ::.',:1 be us ed for the magnet ic rock study on the LPM.



LPM Meesurements

• Station measurement as for Station 15/16

• Pu~ igneous documented rock on LPM

• Stereo paf.r 'of rock on LPM

• LPM reading with rock on meter

• Bag sample

Pan 2 - 'Rim of End Crater

Samplin~ - Radial sample of End Crat er rocks plus 1 kg soil

1. On rim

2. 1/2 D out

Rake sample constitutes 1 D sample

Hurry en '

17-2
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' Tr avel / s t at i on 17 '- 1M

• Rejoin outbo~~d route and return to 1M

• P~S6 flank of Palmetto Cr at er

• Cross crease

• Large mound to west

• ill in view

Home free

\z2..



The enclosed maps will be on boa rd the spa cecraft. The crew will

carry, during an individual EVA , only those sheets which are pertinent

to tha t pa rtk iJla r traverse .

T ma ps are mounted on a cI ipboa rd on the Rover.

rz:~ ,
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ROAD LOG DESCARTES LANDING SITE

0.8

0.9

1.3

1.5

2.9

Leave ALSEP area - Azimuth 280 0

Drive over undulating terrain with degraded craters up
to about 50 m across. View! of Smoky tfoantain to north and
of Stone l~~n~aift ~e ee~tk.

Area of Station 2, North Rim of Spook (degraded crater)
Convex escarpment about 15 m high facing southeast,

which may require slight detour to north. Boulders 10-15 m
appear to northwest in direction of Buster a~d possibly
athwart path. Look for layering of colluvial features in Spook.

!J
Leave area of Station 2 - Azimuth ~70°

Small (~O m), sharp craters about 100 m to southwest.
Buster Crater within block field ~150 m to northwest. Look
for convex escarpments trending to northeast east of Halfway
and athwart path in direction of Flag which may provide bed
rock sampling targets or require navigation changes.

West of Halfway Crater
. Major escarpment (see above) crosses traverse and

may require diversion to northeast to cross. Traverse here
is over undulating terrain cratered and locally block-covered.
Largest blocks are associated with 30-40 m craters.

Station 1 (east rim of Flag)
Plum Crater to southwest on edge of Flag's continuous

~I~ \~. \,;\.( . ,-.ejecta blanket; w~e; %8 about 40 m across at this point, and
which widens to~the north. Boulders in area are probably a
mixed suite contributed from North Ray, South Ray, and perhaps
local sources. Look for much-degraded layering and probable
colluvial features in Flag. Ray material (light albedo) from
South Ray is abundant east and west of Flag.

Station 3
(Return to 50 m west of LM site by same route)
Regolith here appears to be darker and free from South

Ray contribution seen to west--look for albedo contrast.

EVA II

0.0 Leave LM Site - Azimuth ~173°

KM Route south to Survey Ridge is over irregular, rather
more broken terrain than at LM site . Visible ray material is
nearly absent over the route, which has low albedo. The
northern half of this traverse leg is lightly cratered; the
southern half is among numerous 20-40 m craters both sharp
and degraded. Mounds appear northeast of Phantom Crater which



1.3

1.7

2.7

lifo

require detailed description. Also to the east, more complete
description is desired for filigree produced by low, elongate

(~c.lobes and albedo stripes which~~& interpreted to be primary
layering in volcanic rocks. There is a possibility that out- '
crops may be found in areas where the filigree is well-developed.

The immediate approach to Survey Ridge is over a bright
patch of regolith believed to be ground disturbed by a block
swarm from South Ray. Look for abundant relatively small
blocks or ejecta mantle near the crest of the ridge.

Traverse crest of Survey Ridge -Azimuth 227 0

Look for blocks and note lithologic types or explanation
of light regolith. Paired, northeast-trending convex scarps
facing southeast bound the ridge. Look to south at slopes of
Stone Mountain to observe major horizontal layering features
along with probable flow structure. Also look east in order
to describe best development of filigree where lobate scarps

Y"\A'LI\ \", . I~
are associated. The filigree to the east~ahl, also
primary layering.

Leave Survey Ridge - Azimuth ~168°

The traverse from the ridge for a distance of about 1.4 km
is, over a lightly cratered terrain characterized by particles
of high albedo dispersed over a regolith of low background
albedo. These particles are probably produced by the same
process which affected the ridge crest, therefore blocks are
probably abundant. The remainder of this traverse leg in the
direction of the major morphologic boundary at the base of
Stone Mountain is over regolith with dark albedo where the
crater density increases measurably and some large blocks are
associated with some small 25-35 m craters. The approach to
Stone Mountain is via an embayment in the morphologic boundary
believed to represent the major contact between rocks of the
Cayley Formation and rocks of the Descartes Mountains. A more
complete description of the appearance of this boundary is
desirable--especially albedo contrasts and escarpments or
subtle topographic breaks that define the actual contact.
Describe local filigree ahead and to the east and look for
possible associated outcrops.

r;l',kt
Turn, to Azimuth 191 0

Route is between two rather fresh, probably secondary
craters whefe blocks are resolvable within or on rims.
Regolith ie-~a~~ dark. Major boundary between Cayley
Formation and materials of the Descartes Mountains is crossed
about 70 m south of the southern crater. Look for convex
escarpment or change in albedo of regolith indicating change
in subsurface materials. South of the contact the frequency
of filigree increases. The following hypotheses to explain
the appearance of filigree on the photographs are to be
evaluated:

2 •



l.
2.
3.
4.

op-l"CM.1
An orbital or photographic phenomenon.
Colluvial (regolith) flow patterns.
Outcrop traces such as lava flows.
Relief of layered bedrock benches or lava flows,
draped by their regolith.

,,,,,

3.1 Station 6 bypass - Azimuth 161°
Stone Mountai n slope increases up to about 10° where

regolith is rather dark and sparsely cratered. It is possible
that the thickes t regolith occurs at the base of the mountain,
related to mass wastage of the slope above. Look for evidence
for destruction of craters by colluvial transport.

3.5 Station 5 bypass - Azimuth 176°
Base of upper and most prominent Stone Mountain bench.

Describe most conspicuous albedo contrast of major units,
which occurs at base of steep pitch, at contact between
principal uni ts within t he Descartes Mount a i ns materials.
Look for possibl e outcrops on the steep pitch.

3.9 200 m west of Cinco Craters - Azimuth 132°
Slope increases to maximum (12°_15°) where crater

density, block density, and block size increase.

Regolith thickness probably decr eas es upward on slope. Describe
fili gree geometry, compare it to that on lower slopes and
explain its ge ne s i s . Look for local expression of north- and
northwest-trending creases exposed prominently to the east.

cJ. e.
4.4 Station 4 (Ci nco Cra ter s D and ¢) - Azimuth ~3 3 1 0

West to nor t h panorama of Descartes landing site. Describe
especially wall segmen ts of South Ray , Baby Ray, Stubby, and
Wreck . This ar ea provides the only opportunity to see into
th e craters in the southern part of the landing area. The
principal geomorphic features of Smoky Mountain can be described
best her e. 10-20 m boulders, probably from SouE!! Ray are {t . c,
mapped about 50 m to south on the rim of Cinco $. Cinco ~ and E
Craters pen etrate the r egolith, .believed to be thin, and thus
provide an opportunity to s ample th e Descartes materials. Unles§
c.>utcrop~il.r:~_Joupd.Ltbis _s t ~J: i oILP!"..Q..'{~_~ e s t hu _eJ>-LsampJipg _91
the Descar t es. <t.. 6-
c Return to Station 5 is over t errain east of Cinco i, B, and

C· similar to travers e l eg from 5 to 4. Continue descriptions
of filigr ee, local and distant creases, blocks, and regolith
thickness and alb edo.

5.2 Station 5 - Azimuth 341 °
Carry out station work within th e context of observations

made near St a tion 5 on bypass traverse l eg. An explanation
for the prominent st ep and bench topography here is important.
Evaluate th e hypoth esis that the sta tion is at the base of a
regional su b-unit of t he Des car t e s . Describe, i f possible, the

3



lithologic contrast between the sub-units as well as with the
Cayley Formation at the base of Stone Mountain.

Retrace traverse bypass leg.

5.6 Station 6 - Azimuth ~39°

Preeeed with 9 t:ation--wofk-wi-t-hin-the-eontext--of--obaerva tiona
maQQ QR bypass legs a~r~ve~. The position of Station 6 is
related to regolith contrasts between the slope and the base of
Stone Mountain, as well as between Cayley Formation and Descartes
materials.

The route to Station 7 approaches the rim of Stubby over
sparsely cratered terrain with irregular ejecta from South Ray
or somewhat disturbed by a block swarm. An increase in block
density and block size toward Station 7 is probable. A convex
escarpment believed to be a lava flow front is crossed about
halfway between Stations 6 and 7. The escarpment is probably it c
mantled by regolith, butAsample bedrock along it. Continue ~ i:~y
the description of filigree (layering?) which traces off the poss e t
flank of Stone Mountain into the east part of Stubby.

6.0 Station 7 (BB Crater) - AZiumut.2,,!tl'~O~olr.d:. (L krul loWl Ql'>J t.s ~ t'>Y\ '{';wt.-
BB Crater (about 50 m acros~) probably penetrates through

the regolith and into the Descartes. It is possible that the
underlying Cayley Formation is penetrated also. Blocks in the
area could thus represent locally derived Descartes and Cayley
as well as Cayley from South Ray. A description of the
filigree on the east wa l l of Stubby is desirable. Evaluate
and explain the interpretations that the phenomenon is:

1. Photographic artif4c i 'or optical effect
2. Colluvium lobes
3. Lava flows
4. Regolith-mantled lava flows

Station 7 provides (with Station 14) the best opportunity to
describe the morphology of the irregular, rimless or low-rimmed
craters i n order to evaluate their genesis:

1. Endogenic (volcano-tectonic collapse structures)
2. Exogenic (impact craters)
3. Some other process
Route to Station 8 along the north rim of Stubby will

probably be over a block-strewn, moderately cratered area where
trafficability is likely to become increasingly difficult.
Resolvable and smaller blocks are probably from South Ray.
Denser ray material will be encountered at the end of the
traverse leg near Station 8. The mapped contact between
Cayley Formation and Descartes materials is crossed about 0.3 km
from Station 7. Describe the morphology and albedo contrast
associated with the contact.

4



6.5 Station 8 (north rim of Stubby) - Azimuth 008 0

Station 8 is the closest approach to South Ray Crater
and is located upon a probably continuous patch of blocky
ejecta of South Ray. Look for a convex northeast-trending
escarpment mapped northeast of the station which may project Abo lOUoL
as far as the station. ( Northeast-trending creases are mli"ppeij-- h ;,(' 5uc .lt' :'

about 200 m northwest df the station which should also be ~1";W 5.: J":"I ;

described. One of these latter will probably be crossed on f:~ n2~1
the traverse leg to Station 9. Continue descriptions of the f 't
wall morphology, filigree, and the major contact in Stubby
begun at Station 7. The first half of the traverse leg to
Station 9 is over lightly cratered terrain like that at
Station 8, probably with difficult trafficability. The
northeast-trending crease separates the light ejecta or
disturbed terrain from dark regolith with probably improved
trafficability.

6.9 Station 9 - Azimuth 001 0

Look for sharp albedo contrast in regolith where cratering
density is light. The principal interest at Station 9 is the
undisturbed, dark regolith which is to be sampled and described
in detail. Return to LM from Station 9 is over lightly to
moderately cratered terrain, locally disturbed or overlain by
South Ray, Baby Ray, and possibly North Ray blocky ejecta.

7.7 Turn to Azimuth 040 0

Traverse leg runs parallel to irregular, faint ray
material to the northwest.

8.0 Turn to Azimuth 018 0

Turn is made around eastern side of a degraded crater
~O m across and between SP and Sunset Craters. The southwest
end of a northeast-trending, rather prominent ray from South
Ray is encountered about 0.6 km beyond the turn. About 175 m
north of the ray, the prominent, bright WC Crater is passed on
its eastern side. The perimeter of WC Crater is covered by a
bright, blocky ejecta blanket where the trafficability may
become difficult. Return to LM is via the east side of
Double Spot Craters.

9.5 LM, end of EVA II

5



0.8

2.2

4.7

EVA III

Leave LM - Azimuth 030 0

After leaving the smooth, sparsely cratered area at the
LM site, this leg climbs a long i r r egu l ar slope more than
40 m high. A mound about 250-300 m across· with a summit cra
ter stands about 150 m west of the north part of the leg; this
may be a small volcanic constructional feature, or the mound
and the crater may be unrelated impact features.

Turn to Azimuth ~356°

At beginning of leg , the depression just to west contains
some filigr ee (possible layering). The north half of the leg
follows the irregular outer slope of the east rim of Palmetto
Crater . Ver y few blocks large enough to be visible on the
photos appear around ~almetto, but many smaller ones probably
are present. This east rim area also appears to be crossed by
very thin and discontinuous ray material from South Ray, of
higher albedo than the previous part of the traverse. The
north end of the leg cross es the east slope of another mound
with summit crater (End Crater, to be Station 17). This rim
should provide a good view of the slope of Smoky Mountain,
with fili gree on relat ively smooth steep slope; observe any
evidence of origin of fili gree or other features on slope.

Turn to Azimuth ~02°

First half of this leg is along generally north-trending
low ridges. Fil igree along sides of ridges may be outcrop
traces of bedrock, more or less covered by regolith, and may
provide bedrock sampling localities. Increasing amounts of
North Ray e j ec t a probably app ear along this leg, although no
rays or blocks are visibl e on photographs.

The north half of this leg crosses a degraded crater with
filigree (perhaps a thin light layer) on its walls. It then
climbs onto the ray-covered, blocky continuous ejecta mantle
of North Ray, of difficult t r a f f i cabi l i ty.

Turn to Azimuth 304 0

This leg is ent ir ely within blocky ejecta of North Ray, of
probably very di f ficult trafficability. The radial orientation
of the l eg may permit travel between radial concentrations of
blocks. Look for single blocks or ray-like groups of different
lithologies, for sampling in relation to strata exposed within
North Ray.

6
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5.2 Stations 11 and 12. rim of North Ray Crater
Observe very carefully the strata exposed in walls of

North Ray. with regard to correlation with ejecta lithologies.
structures. and possible appearance of Descartes Mountains
materials beneath rocks of Cayley Formation. Look for possi
ble overturned flap of ejecta. as inferred on west rim of cra
ter from photographs. This rim probably is best place for
closeup view of slope of Smoky Mountain, to observe filigree,
creases. possible bedrock-controlled benches. and major contact
between Descartes Mountain materials and rocks of Cayley
Formation.

5.4 Leave Station 12 - Azimuth 130
Descend slope of blocky ejecta mantle of North Ray, along

previous northwest-bound leg as controlled by trafficability.

6.1 Station 13 - Azimuth ~122

This station is just off continuous ejecta mantle of North
Ray as mapped from photographs, in an area of scattered blocky
ejecta and numerous small craters. The Descartes/Cayley con
tact is mapped about 200 m to the east, slightly upslope.

The traverse to Station 14 crosses several filigree lines
about midway, and then the Descartes/Cayley contact. Look for
any indication of the contact in surface morphology or in
character of regolith . The traverse then climbs the ridge on
the southwest side of Ravine, probably somewhat blocky.

6.9 Station 14. Cat Crater - Azimuth ~183

This station is on Descartes Mountains materials, which
may be compared with those of Stone Mountain seen on EVA II.
The station provides a still closer view of the near part of
the slope of Smoky Mountain. It also looks directly into Ravine
Crater, an example of rimless or low-rimmed depression perhaps
of endogenic collapse rather than impact origin. The ridges on
its southeast and southwest sides are not believed to be of impact
ejecta . The crater and the ridges should be carefully observed
with respect to this problem of origin. Cat Crater, 50 m across,
samples the material of the southwest ridge. Creases perhaps
caused by fractures i n bedrock are abundant. The station also
should provide a good view downslope across the Descartes/Cayley
contact onto the Cayley lowland .

Traverse on way to Station 15 descends from ridge and
crosses contact back onto Cayley Formation. It then goes south
ward across moderately cratered terrain, probably with decreasing
amounts of North Ray ejecta. and with apparent thin overlay of
ray material from South Ray. North-south filigree lines. like
those on the north bound ttaverse to the west. may be bedrock
controlled.

7



8.2 Station 15, Dogleg Crater - Azimuth 251
This 50 m fresh crater samples the Cayley Formation in a

moderately cratered area with many creases (fractures) and
filigree lines (layering in bedrock?). The presence of a
concentric bench in the crater indicates that the crater
penetrated regolith to bedrock.

The following leg of traverse crosses filigree lines and
small scarps at nearly right angles; creases are of various
orientations. This area is moderately cratered, and thinly
overlain by ray material from South Ray.

9.2 Station 16, Dot Crater - Azimuth 152
This is a very fresh 50 m crater, with a bright and

probably blocky ejecta ring. It samples an irregular north
south ridge; filigree lines extending north-south are shown
shortly to the north. This area probably is covered by thin
degraded ejecta from Palmetto. The next traverse leg passes
along the northeast side of a degraded 250 m crater, which
occurs on the degraded rim of Palmetto.

9.7 Station 17, End Crater - Azimuths 176 and 210
This fresh 60 m crater is on the summit of a smooth mound

250-300 feet wide, passed on the east on the northbound traverse.
Observations should be made on the origin of mound and crater-
whether they constitute a related volcanic cone and crater, or
whether the crater is of impact origin and not related to the
mound. If the mound is not of volcanic origin, it probably is
part of the degraded rim of Palmetto. The station also permits
observation of Palmetto Crater, its degraded rim and walls
and its central mound.

Return south to LM parallel to northbound traverse.

11.9 LM, end of EVA III

8



RATIONAI.E FOR I.OCATION OF CORE TUBES.:'. - -=====
1) STATION 4: CINCO-CRATER

This double-core will provide us with information concerning the

petrographic make up, history and development of pure Descartes regolith.

Together with the penetrometer tests it will aid in ,characterizing slump

movement on slopes, a result which is hopefully applicable to other lunar

areas. This is the main reason why it is tied in with the penetrometer

tests.

The location of an area suitable for both octlvltles is up to your

judgment. It should be on "typi cal" Descartes and outside an obvious

disturbance by a recent impact event.

LOCATION CRITERIA:

a) More than one crater diameter distance from Cinco-Crater.

b) In 'center of Penetrometer "diamond" ~

c) Away from any recent cratering event larger than 5 m diameter.

11.f7
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2) STATION 8: S-RAY CRATER RAY

The purpose of this double-core is to hopefully encounter th~ contact

of ray mat erial and underlying Cayley. The materials not only will allow

detailed petrographic characterization of both units, but especially the

upper se ction (l ,e , S-Ray "regolith") is very young and thus permits

detailed study of small scale lunar surface processes like mixing and

gardening of regolith, track-studies, noble gases, volatiles, etc. Ideally

all these results will represent averages over extremely recent geologic

times which then can be contrasted wll h "older" rncter lo ls , We may get

a feeling obout the constancy - or lack thereof - of small scale processes

as a function of geologic time.

It follows thai we are primarily interested in the "S-Ray" material s.

If the contact of tho underlyinq Coyley , however, would be encountered,

we ' could place more rigid time boundaries on the se processes. Furthermore,

detailed knowledge of the 10CClI regolith will allow to determine more accu

ratel)' whether the layering observed is an extremely local effect (e .g.

10-50 m distance) or whether malerials are transported from further distances

e.g. 1-10 km , Thus it is highly desirable that the core be taken at a

location with high probobi llty to encounter this contact.

It is also advisable to stay away from. big boulders for two reasons:

1) The "contamination" problem by erosion products of boulders and 2)

if many boulders on the surface, there may be man}' in the regolith. Con

sequently an lnterboulder area is recommended. '

If no obvious differences in "soils" from S··Ray and Cayley, toke a

core anyhow in all interbouldcr area : the probobil ily is high Ihat you
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encounter S- Ray ejecta.

Important: Take core on S-Ray ejecta if observable. Otherwise' In

intcrbouldcr area.

LOCATION CRITERIA:

1) ON S-Rayejecta

2) Hopefully penetrate S-Ray ejecta to also collect underlying

Cayley.

3) In interboulder area, especially if S-Ray ejecta are not obvious.

4} Away from any re cent cratering event of 5 m and larger dia meter.
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3) STATION 9: CSVC

The purpose of this single core is to collect the upper layer' of

ttpical Cayley regolith. In connection with the surface sampler we will

have collected five differenf dcpths at one stop. Because this drive tube

is put in the CSVC it will be clean of hopefully all contaminants.

Remember: Do not drive the tube in all the way because then it

will not fit into the CSVC .

LOCATION CRITERIA:

1) Overall stop: typical Cayley devoid of S-Ray ejecta.

2) Away from any recent cratering event larger then 5 m diameter.

3) As close as you wish to the surface sample orca.

Iro
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4) STATION 10: Close to lM

Apert from all the petrographic information, etc. with respect to .

Cayley, there are three other reasons for taking a double core at this

location:

0) Comparison with the deep drill (50 m distance) permits to '

establish correlation - or lack thereof - of an-sized regolith layers.

Arc they continuous or not? Are some of them?

b} Again this core will yield significant calibration points for

the interpretation of the penetrometer data.

c) The soil mechanics trench will be a 3rd point (~20 m away)

to investigate the chcnpe or continuity in small scale layering.

LOCATION CRITERIA:

1) ::::::50 rn E of deep drill core hole

2) ~ 20 m SE of soi I mechani cs trench

3) Very close to a variety of soil mechanics tests (plate, .2 and

.5 cone).

4) Try to stick as close to the outlay in the cuff check list as

possible.

5) Stay away from any recent crater larger than 5 m in diameter.
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5) STATION 14: CAT CRATER

Similar to -the rcke iscmple, this is an area which promises to .y.

quite a mixed bag of samples of Smoky Mts., Cayley and possiblX

Ravine materials. Apart from their petrographic characterization, the

possible intcrbedding of the above materials would yield valuable informa

tion on regolith transportation processes and-rates.

lOCATION CRITERIA:

1) More than one diameter away from Cat Crater.

2) North of Cat Crater to ensure incorporati~n of Smoky Mountain

materials.

3) Stay away from any recent cratering event larger than 5 m

dia meter .
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GENERA L REMARKS

Due to the limited amount of drive tubes available (total of 9),

the present plonning e nsures that the following regolith materials ora

collected. Thus their surface history can potentially be revealed:

1) Pure Descartes: Station 4

2) Pure Cayley: Station 9, Station 10

3) Pure S-Ray Ejecta: Station 8

4} Mixed bag of Smoky Mts., Cayley and Ravine material:

Station 14

If noV double tubes can be driven at the designated stops, the

following single cores should be taken:

1) Station 4: Descartes

2} Station 5/6: Descartes

3} Station 8: On Ray!!!

4) Station 8: 2ff Ray! I!

0) Station 9: Cayley

6) Station 10: Cayley

7) Station 14: Mixed sample

B) } At crew's discretion
9)

1S"3"



RAKE SAMPLES:

Attached are some figures from Apollo 15 demonstrating the useful

ness and importance of rake/soil samples. The lithologies indicated are

based on macroscopic and binocular observations during PET• . Thus the

quality of the descriptive data may differ. Furthermore, many observers

have contributed to this compilation and their terminology is not always

necessarily consistent. In short: an accurate comparison will only be

feasible after detailed petrographic thin-section work. ' .

Principally, three grain sizes from .± the same sampling stop are

compared: 1) the total hand specimen return from an entire station, 2)

the total population of "rake-samples", i.e. ideally walnut sized rocks

and 3) coarse fines (4-10 mm) of the soil taken together with the rake sample

and where possible, a second sample. Three rake samples were taken on

Apollo. 15: at St. George, at' Spur Crater, and at the ·Ri lle . The follow-

ing points need · to be made:

ST. GEORGE: Notice that the hand specimens only contain 1 crystalline

rock, while 7 specimens were recovered from the rake, which in addition,

can be classified in 3 groups. Thus an obvious increase in "variety" is

evident. Notice also how the 2 coarse soil fractions differ. That difference

is not easi Iy explained at present.

SPUR CRATER: Again only 1 crystalline hand specimen was picked up,

though - admittedly - anorthosite was an excellent selection. In contrast,

17 crystalline walnuts were sampled with the rake. The presence of mare

basalt at Spur Crater indicates that the South Cluster event tossed mare

,sq,
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material up the slope, which is a signifio:::mt geological result, otherwise,

not readily inferred. In addition, the nonmare basalts and a "dunitic"

green rock may become important nonmere samples, the latter possibly

coming from depth. The coarse fines are also composed ·of a variety of

materials and they compliment the rake samples • .

RI LLE-STOP: Though a varioty of basaltic rocks, I,e , 4 different types,

is represented in the hand specimens, a much larger variety (about 10

different types) Is obtained In the rake samples. All of them may compliment

each other in studying the evolution from the Imbriam basalts.

GENERAL:

1. The rake/soil sampling technique is by far the best to collect

a representative variety of rocks in the shortest time possible as well as

within a reasonable weight limit. Therefore, it is the most effective sampling

technique for characterizing a regolith and thereby p~ssibly stratigrap~ic units,

ray-materials, etc. Not only will it cover many rock types for detailed

analysis, but - in the absence of outcrops - it is also the best "geological" ,sa""",,, L;",

. tool for structural relationships, etc. Furthermore, there is always· a

realistic chance to pick up exotic fragments from far distant sources, thus

improving our global understanding of the moon.

2. Present analyti cal micro-techniques allow to extract from a walnut
2,

size rock, Le , about 0 gr mass, basically any information one wishes to

obtain. This is not necessarily true for the coarse 4-10 mm fines, which

typically weigh .2 to .5 gr. In addition, individual coarse lithic fragments

may not accurately represent their parent rock. This would onl y be the cose
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for very fine-grained rocks; however, with increasing grain-size, larger

and larger specimens are needed to have a "representative" sample. Thus

there is a real need for walnut size rocks.
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RATIONALE FOR I~Af(E SAMPLE'~ LOCATION~:

1) Station 1: Flog Crater

Rationnle:

The main purpose of the rake/soil sample at that location is to

characterize pctrographi cally the rim area of Flag Crater and thereby hope

fully the Cayley formation. This sample will also represent the most westerly

"sampling location of all EVA's.

Plum Crater ejecta may be somewhat biased towards the uppermost

layers of Cayley. Therefore the rcke sample"should be taken a good (Plum)

crater diameter away on the rim of Flag, where the chances are highest to

collect a representative rock-population produced by Flag Crater. These

materials incorporate hopefully rocks from a large and deep stratigraphic section.

The hand specimens collected on the rim of Plum hopefully yield

some clues towards the uppermost layers of Cayley. Using this lnfcrmotlon,

we can postulate that other rock types encountered in the rake sample come

from still greater depths and/or from distant sources.

Remember:

There is - throughout EVA's I and II - the possibility that you encounter

S-Ray Crater ray materials. The "Flag Crater Rake Sample" should ~t be

taken on such a ray (a possible ray should, of course, be collected with

whatever seems the most Iecs ible technique according to your judgment).

Location Criteria :

a) More than 1 (Plum) crater diameter away from Plum

b) On the rim of Flag Crater

c) On "pure" Coyley devoid of South-Ray ejecta

The present location satisfies criteria a) and b). It is your decision to

select (I spot which mccls criterion c).

11,0
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2) Station 4:' Cinco Crater

P.ationale:

This rake sample clearly characterizes the materials making up the

higher elevations cif the Stone Mountain Massife. , We hopefully collect

samples from further uphill than the actual station 4 location.

Simi lor to Flag Crater, we want to stay away at least 1 crater

diameter from the crater (Cinco Crater) you are investigating in more detail

to avoid a biased population. The sampling of Cinco Crater gives us some '

clues on the local bedrock. All other rock types in the rake samples possibly

originated from layers further up the slope. Consequent~y, this rake sample

should give us some good information about Stone Mt. in general and spe ci

fically the higher elevations not accessible during the traverse.

location Criteria:

At least , 1 diameter away from Cinco Crater on what appears to

be typical Stone Mountain material in your judgment.

'I"
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"3) StCltion 8: S-Ray Crater Ray

Rationale:

Station 8 is localed on a ray from S-Ray •. The precise location is

up to your judgment assessing boulders, etc. (See general station rationale.)

The purpose of the rake sample is to chara cterize the ray materials. There

fore the sample should be taken ~ the ray (not in Cayley off the ray).

Because there will be many boulders, chances are high that a lot of materials

ore laying around which were actually chipped off these boulders. It is

highly desirable to get away from such erosion products by selecl"ing a rake

location in a relatively large "inter-boulder area". However: under no

circumstances should you move off the ray.

If the "roy" is characterized only by boulders and no obvious dif

ference in the soil is recognizable between "Ray" and genuine "Caytey",

then sample again in an inter-boulder area. This will still be the most

suitable spot to encounter some "South-Ray Crater" samples.

location Criteria:

a) On ray

b) large inter-boulder area, l ,e , chips should not(predorryinantly)

originate from nearby boulders.
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4) Station 12: North Ray.

Location Criteria:

Largest inter-boulder area at station 12.
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5) SICIlian 14: Cal Crater

Becouse we are at the conlo ct of Caley and Descartes; this rake sample

will be an especially mixed bag. Furthermore, there is the possibility that

Ravine is on endogcneaus crater I which may have ' produced some lithologies

of its own. Thus the rake may ideally contain

a) Caley, Most easterly location

b) Descartes, Hopefully all layers making up Smoky Mtn.

c) Ravine-Materials?

This mess will be most difficult to unravel and we need all the field

observalions you can give about possible source areas for different lithologies.

Location Crileria:

1) About one crater diameter away from Cat Crater to prevent biassing

of populal ion by Cat event.

2) It al so should be to the N. of Cat, to ensure that Smoky Mtn.

materials are present.

"if
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Station 17: End Crater
--"~===

One of the moln ob[e ctlvcs of stop 17 is to radially sample End Crater.

Ideally we would like to have three rake samples (1 diameter, ! diameter,

rim). nut time is too short. Consequently, the rake sample presently

planned is part of a radial sample. It should be at about one diameter

distance from End Crater. We hope to collect thereby materials representing

part of the Palmetto-section.

Location Criteria:

1) About 1 diameter away from End Crater.

2) Towards Pal1meHo rim, to possibly recove~ · even larger "Palmetto"

variety.



·G ENERA L REMARKS

Tho . ro f lonalc and objectives why each individual rake ·is planned at-

a specific station was out lined below. However, there are additional

consldero tlons if one looks at the rake/soil samples .co lle ct ive ly :

A) Lateral Continuily of Caley:

Flag: Most westerly locotlon

S-Ray: Most southerly location

N-Ray: Most northerly location

Cat: Most easterly location

Thus it will hopefully be possible to study the lateral continuity of

Cayley units. The End Crater sample is placed in the "middle" of a triangle

formed by Flag, N-Ray and Cat, thus giving an additional opportunity to

check on the continuity of Caley. The sequence "station 8", Flag, End

and N-Ra}' gives us a N-S running section with sampling points spaced about

2-3 km ,

B) Verticol Extend of Caley:

According · 10 the chart illustrating depths of certain craters, the rim

materials of Flag, N-Ray, Palmetto (= End) and. Ravine (= Cat) Craters are

derived hopefully from different depths in the Caley formation. The stratigraphic

location of the S-Ray Crater Roy is unknown. Nevertheless, it may be possible

to reconstruct the Caley stratigrophy fro:n the four locations mentioned above:

with increasing crater depth new rock types moy be encountered which should

be rcflectcd in the rake sample. Thus we can possibly reconstru~f. the Cayley

stratigraphy to a depth of marc thon 150 m, should the direct attempt on N-Ray

fail.

'"
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C) Crater Ages, lunar Surface Processes:

According to their state of degradation, relative ?ges of S..Ray,

N-Ray and Palmeito can be establishcd with S-Ray being the youngest,

Palme1~b being the oldest one. Thus there is the theoretical opportunity

to event ually come up with formation ages of three different craters after

detailed investigations of the rake-samples. If we can age date these

events, we came a long way to bettcr understand lunar surface processes

and can apply this knowledge to other lunar surface areas.

D) Latera I Extend of Descartes:

The rake samples taken at Cinco and Cat Craters will provide us

hopefully with a statistically significant sample to make comparisons between

the two Descartes locations and thereby give us an idea about their lateral

continuity.

-it follows rhct not only individual rake samples will give us a lot of

information, but especially the combination and comparison of selected rake

~are impor tant clues fo better reconstruct the local geologic picture.

Remember: I) Alwoys try to avoid close proximity of big boulders, because

their erosion products ma}' highly bias ~he rock populations

collected.

)
I 1 • '<.-< a. "c, \.( co· ::'C' l.\;\ I.;> C? r I ~ Cl k c:2 1 t vvo "\-~ ,\<c 1

loe'C' lJr SCI L S0l..".,L~ I~ (H" 'J cos c .
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One half of boulder has to be overturncble ,

If no crystalline boulder of that size is encountered the
experiment may be performed on a very hard brecclo ,

2

SPLIT BOULDER SAMPLE:

PRIME OBJECTIVE: Dating of specific cratering event

ADDITIONAL OBJECTIVES : Small scale lunar surface processes of
all kinds (micrometeoroids, isotope
studies, tracks, noble gases, thermo
luminescence, etc.}, The combination
of these studies lead to a better under
standing of such surface processes as
erosion rates, gardening of the regolith,
etc.

REQUIREME NTS:

A) Roughly equidimensional (1m) boulder, crystalline rock
having a nearly vertical split no more than 5 em apart
running roughly through its center.

B) Unambiguous association with cratering event.

C)

D)

PRIORITIES:

A) Chip "top"

B) Chip "bottom"

C) Chip "center"

D) Chips "E" or "W"

E) Chips "S" or "N"

F) Soi I underneath

G) Reference soil

MINIMUM RETURN:

A) Chip "top"

B) Chip "bottom"

Chip weight: -100 gr or larger
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SPLIT BOULDER PROCEDURE

,~

TIME SAMPLE CDR I LMP PHOTOS
I

7' /1 XS, stereo "before "

Assessment of ta sks: 2
:03 1) Can boulder be turned over?

2) Is dust present on boulder top? 1)
3) Does boulder qual ify for fillet sample?2)
4) Does spl it strike EW or NS?3)

:01 3 addit ional 7', XS OS, ~cotor 8stereo pairs ~ *
.- ' *

"N" chip Chip face to be Same + Close up,
:02 turned over "N"- stereo

face

:02 Turn over rock Same

soil 7 1
, XS (stereopa ir) .~*

:02 "before " Collect soil from 3
7', XS, "after '" underneath

:08 6 chips Chip in the following Same + docu-
order: ment each chip
1) Top chip with cIose up
2) Bottom ch ip (stereopair)
3) Center
4) "W" chip
5) "E" chip
6) "5" chip

:05 soil Reference soi I, sta nda rd procedure
5

Collection of other rocks is encouraged

1) If yes: brush dust off boulder top (no .speci a l photography).
2) If yes : collect fillet soil (7' stereo "after").
3) If EW: collect E-W spli t sample; soil from "undernea th" is still to be

coll ected in addition [71, "after"). '.
If NS: coll ect pe rmanent shadow sample; soi l from "underneath " is

to be collected in addition (7', "a fte r) .

* inse rt activity
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TRY TO WORK ON
, SHADOWED FACE, .

joe. TRY TO OVERTURN
THIS BOULDER HALF .

< SUN

DUST?----.

:TRY TO HAMMER ON
. /OUTSIDE OF BOULDER

TOP IF POSSIBLE -
I . ' -

-~~

"E" :.-~t~)
-: X· ' >/ /.... <>: J<i;~'" REFERENCE SOIL

.~,,~../ .<.~ (5-10 ~et away )

~
.. '''N''

FILLET? .. .f . r" < " , . , .

;-. ~!!J.J " \v ? -.- -:--:-.-,--:~ :t:rr:T:".'..' ~' .. : -->~' : ~ \~~" '" .....;# .. . '.. '

"E-W" (NORMAL SCOOP) BOTT~M SOIL FROM UNDER-
OR oN-5" NEATH BOULDER

"PERMANENT SHADOW"
SOIL (SKIM; PLACE IN SESC)

(TAKE~ SPLIT)

BLOCK SIZE: ~1 m OR LARGEST SPECIMEN WHICH CAN BE TURNED OVER.

SAMPLE WEIGHT: 1) CHIPS: AS LARGE AS POSSIBLE, PREFERABLY ABOVE
100 gr .

2) SOILS: 100 - 200 gr (NORMAL) '
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GIANT BOULDER SAMPLE:

OBJECTIVE: 1) Variation of igneous units

2) Erosion rate, exposure history, etc.

REQUIREMENTS: Crystalline rock, larger than Srn , (no breccias)

PROCEDURE 1): 1) If heterogeneities are recognizable with the
naked eye, sample and document representative
materials.

2) Each chip should be documented with a close
up stereopclr ,

3) If no heteroqeneltles can be detected, sample
2 chips from opposite boulder ends.

1 flightline pan (3-5 frames)
or other best possible way

.close up, stereopairb) Chipped areas:

4) Photo documentation:

a) Entire boulder:

MI NIMUM RETURN: At least 2 chips

TIME ALLOCATED: 12 min.

1) A more detailed procedure cannot be established, because it is
up to the crew's evaluation how to best sample these materials.
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6

RADIAL SAMPLI NG OF FRESH, 20-SOm SIZE CRATER:

OBJECTIVES: 1) To reconstruct three dimensional target stratigraphy.

2) To possibly date cratering event.

3) To reveal dynamics of small scole surface processes
like horizontal transport of regolith and erosion of
small craters.

REQUIREME NTS:

1) Fresh crater (20-SOm diameter)

2) Crater should barely penetrate bedrock, l ,e , have
blocky rim

3) Best statistical 'sample reflecting changes in ejecta
lithologies.

PROCEDURE A (IDEAL CASE): Changes in lithologies in ejecta blanket
are obvious to the naked eye.

1) Collected rock specimens representative of various
lithologies.

Assess the original target position of the samples
collected and/or document position of samples with
res~ect to o~erall crater by taking Part. Pan. "after"
radial sampling. .

2) Collect soils together' with rocks.

3)

4) If time permits and operational feasible, collect
specimens from crater center.

Minimum time: 30 Min.

PROCEDURE B: Changes in lithologies of ejecta blanket cannot be
recognized.

1) Plan at least 3 sampling locations:

a) on crater rim

b) 1/2 crater diameter

c) 1 crater diameter

2) Take reike/soil sample at all 3 locations and rock
grClb samples.
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3) Take Part. pan. after radial sampling.

4) Collect specimen (grab sample/soil sample
from center of crater) if feasible.

Minimum time: 30 Min.

STATION PRIORITIES:

1) rim

2) 1 radius

3) 1/2 radius

4) inside crater

·SHORT CUT PROCEDURE:

If not sufficient time, the rake/soil samples may be replaced
by large soil samples (1000 gram).

/7",
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CHEMICALLY ULTRACLEAN SOIL SAMPLE (CSVC):

OBJECTIVE: Sample devoid of potential sources of contamination.

REQUIREME NTS:

1) Single drive tube on "typica l" Caley

2) CSVC container

3) Distance to LM: at least 1 km

PROCEDURE:

1) Standard single drive tube and standard photo
documentation

2) Store in CSVC

TIME ALLOCATION: 8 Min.

J7~
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SOIL SURFACE MATERIALS ("SURFACE SAMPLER "):

17~

OBJECTIVE:

REQUIREMENTS:

Interaction of solar wind and cosmic radiat ion with
lunar surface ;yielding a better understanding of:

A) Solar and galactic radiation

B) Small scale lunar surface processes

C) Impl ications for remote sensing

PRIORITIES:

A) Flat, "typical" soil surface

B) Approach area with utmost caution to keep soil
contamination at a minimum or collect "behind"
a boulder

C) . Distance to LM : larger than 1 km

A) Velvet cloth ·sampler

B) Beta cloth sampler

C) Skim sample

D) Scoop sample

MINIMUM RETURN:

A) Velvet cloth sampler

B) !leta cloth sampler



/77
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SURFACE SAMPLER PROCEDURE

TIME SAMPLE CDR , LMP PHOTOS

:03 Assessment of Tasks I
Prepare Surface Sampler
Approach area with utmost caution or

select suitable boulder "for shielding

:03 surface Put "beta cloth" sampler down, don'f
sampler 1 push --

Retrieve beta cloth sampler

:03 surface Push "velvet" sampler down
sampler 2 Retrieve "velvet" sampler

, .

~ 0 1 Put gnomon over OS, locator 4
sampling area
71

, XS, stereo-
pair "after"

:02 skim Take skim sample Widen skimmed 2
sample 7', XS stereopa ir, area

"after"

:02 scoop Take scoop sample underneath skimmed t
sample area

71
, XS, "after" '1

: , I

..

BOULDER TO PREVENT
SOIL CqNTAMINATION

GNOMON

<,

1-2'
I

1<

WIDE NED SKIM AREA . '\

. , '~''-'''~~f~'';~~' . . ~: -.-.-r:----
. ,. ~' : / :: -, , ~\ ' r, " .:" / " :'4 , " . . ' ". :

/

VElVET
SKIM SAMPLE (PUSH) BETA CLOTH (DONIT PUSH)
(~100 gr)

SUBSURFACE SCOOP
(~200 gr)
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FILLET-SAMPLE:

OBJECTIVE:

REQUIREME NTS:

PRIORITIES:

A) Erosion mechanism and rate '

B) Regolith transport mechanism

C) Surface history of rock

A) Boulder larger than 30 ern,

B) Crystalline rock 'or very tough breccia

C) Must have fillet which is equally developed
around entire rock; markedly. cssymetri c fillets
are undesirable. Best opportunity: on flat
terrain. .

D) Distance to LM: larger than 1 km

178

A) Fillet-soil

B) Rock-chip

C) Dust from top of boulder

D) Reference soil

MINIMUM RETURN:

Samples: A) fillet-soil

B) Rock-chip

C) Reference soiI

POSSIBLE COMBI NATION: "Split Boulder" Sample

This combination is actually highly desirable, because boulder dust
and "fillet-soil" only has to be added to the spl it boulder procedure.
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FILLET-SAMPLE

PROTOCOL AND TIMELINE

TIME SAMPLE CDR LMP PHOTOS

:02 Assessment of Tasks
Approach Area with Caution OS, loc , 6

7', XS-stereo, II before",
of fillet to be collected;
2 other 71 shots, illustrating
extent of fillet around rock

:02 soil Collect dust on boulder surface (if present)
by brushing)

:02 soil Collect fillet soil 271 XS, stereo "after" Close up,,

:03 . chip Chip surface of boulder
7' XS, "af ter" . I Close up,r

stereo "after"

:05 soil Collect Reference Soil, 5- 10 ft. away

Standard Procedure
I

. "
, J " .... '

..
, "

.ROCK CHIP (ON TOP OF BOULDER;
IF POSSIBLE: 100gr)

BOULDER DUST"L.C'~
(USE BRUSH.1'~ t )tllC

AND SCOOP; /,,%,,,

.5 - 2gr ) //> .

()(

REFERENCE SOIL FILLET SOil . .... " "--
(200 g,r) (200gr)~/ : :J . . . " \ "~

+' . ~ " f • ' II "
~ ...- - .. _we... . ' . . . .. » ' ,, ' - I ': '.". , . '

• • flo~ry • . • •• .." ." . . "" \ . ' :"~/' ,/ ' ' .. ' .' I I f

." \..J I '" • ••• ,I . . . ,. " / /~
, • • • , .." 6' / .,. ...... ...: .:-

)

5 - 101 1-2'
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PERMANENTLY SHADOWED SOIL:

/80

OBJECTIVE: To investigate the migration and redistribution of
volatiles and semi-volatiles in permanently shadowed
areas which act as "cool-traps" • .

REQUIREME NTS:

1) Overhang on boulder or pile 'of boulders which
generate permanently shielded cavity partly
filled with regolith. This implies that the
overhang, etc., should be facing roughly S
for the Descartes landing site.

2) Distance to LM: larger than 1 km

PROCEDURE:

1) If "permanently shadowed" area has been identi
fied, photodocument sampling area and procedure
by standard photo documentation as best as possible.

2) Take skim sample of soil surface and place sample
in normal SESC container (1' "after") . . .

3) Collect reference soil underneath skimmed area
(1' "after")

PRIORITIES:

1) Permanentl y shadowed soil

2) Reference soil

MINIMUM RETURN:

1) Permanently shadowed soil

2) Reference soil

TIME ALLOCATION: 8 Min.

POSSIBLE COMBINATION:

Split boulder protocol if ·"split " strikes NS.
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E-W SPLIT:

OBJECTIVE: To investigate the implantation of rare gases that
are accelerated and redistributed ' by the solar wind
electric field. .

REQUIREME NTS:

A block of any lithology which is broken in half
or 2 adjacent blocks which satisfy the following
geometrical situation.

1) The "split" trends EW

2) The width of the split is no more than the height
of the "walls", i .e , a "shielding angle" of 45 0

is required.

3) Soil contamination should be kept at a minimum.

4) Distance to LM: More than l km

PROCEDURE:

Skim sample in EW split (':J 150 gr)

7', "after"

Approach area wi th .caution.

7 1
, stereopair, "before", along EW spl it.

Reference soi I, standard procedure. However
taken along E-W line, about 10-20' away from
split boulder on .Ie ve l, l ,e , "unshielded" ground.

1) Soil in E-W spllr ,

2) Reference soi I.

1) .

2)

3)

4)

5)

PRIORITIES:

MINIMUM RETURN:

1) Soil in E-W split

2) Reference soil

TIME ALLOCATION : 10 Min.

POSSIBLE CONTAMI NATION:

This sample may be combined with the "split boulder"
procedure, if "split" strikes EW.



P-ATIONALF. FOR lOCATION OF SPECIFIC SAMPLES:

STATION 4: CINCO CRATER

PADDED BAGS:

There is no compelling scientific reason why padded bag

samples need to be taken at this Station. They' are planned at this

station because of lime line considerations.

Tolce the samples whenever and wherever it" is convenient,

e.g. Stati~ns 5 and 6 are also O.K. The objective of this task is to

preserve the pri st ino surfa ces of a rock.

Remember: a) The samples should be igneous if possible.

b) They should be hand specil!len laying around.

Chips hammered off a boulder are unsuitable

because the hammering may have destroyed the

prisli ne nature of the surfa ces ,

c) Handle the sornple and the bags with tender

loving care.

d) Pull Vel coo-strcp as tight as possible.

e) Storage in seat pan is recommended durin,;} EVA.

f) Store in special pouches inside the lM.

182,
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STATION 8: S-RAY CRATER RAY

S.PUT-BOLJLDER

Because the main purpose of this experiment is to date the' event

which formed S-Ray Crater, the task had to be planned on as-Ray

Crater Ray• .

Remember: 1) The boulder should be of crystalline nature.

2) The boulder has to .be uniquely associated with

S-Ray. You have to establish that criterion in

real time, e.g.

a) secondary projectile still sitting in its crater?

b) characteristi c Iithology for S-Ray ejecta?
'1':"01" .l '\ ; )

c) characteristi c'·of .S':'Ray boulders?

3) Possible comblnoflons with other'samples like fillet,

boulder dust, E-W split and permanently shadowed

soil.
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-STATION 9: VACANT LOT

SURFACE S6,MPLERS AND CSVC:

ISlf

Tho rationale for placing station 9 where it, presently oppeors is

strictly based on photo interpretation; however, the final choice of

location is up to your judgment.

a) Station 9 should be on pure Cayley. AVOID any visible

contamination by S-Ray Crater ejecta.

b) Station 9 also has to be at least 1 km away from LM, to

avoid LM-contamination an::! descenl engine blast effects.

Another real time decision:

If you can walk around without kicking up dust; then select

relatively smooth area free of big boulders, etc. If you can't avoid

kicking up d'J~t, use a boulder For prote ctlon , Approach this boulder

from the side facin,;) fhe LM, so Ihat you can collect the soil on the other

side of the boulder, i ,e , soil unaffected by LM.
, .

The locotlon of the CSVC is not critical in relation to surface sampler

area and left at your discretion.
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STATIO!'! 12: N-RAY CRATER

GIANT BOULDER, E-W SPLIT, PERMANENT SHADOW:

The rationale for placing these activities at .sto tlon 12 is due to

our knowledge concerning the size and frequency of blocks. They arc

there in adequate sizes and frequencies. Further arguments are time

line co-isldcrcflons, l ,«, we have a total of 109 minutes station time

at N-Ray during which we can hopefully collect some of the above

samples. The actual location of suitable sample areas within station 12

for the above samples is up to your real time assessment. They are

genuine targets of opportunity. Anywhere and any tOime during station

12 cctivitles . these samples can be collected.
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·.... r'.,jH ....«rnple is plcnncl ~:: E,C1l1ld by taking 1 rake/soil and

') 1 : : r~"; ":::J il ~'.'mplcs a nd· ,: mor.y Lon:! s;w ..imc n as t ime line permlts ,

'lh :" n 'lio.icdl fOI plckl n., f nd Crate r for redial sampling is la rge ly due
. .

Scientifically we hnve the un iq u« oaoorfunlty to collect hopefully

:::1\ rock units which v. '::f t. excovoted b)' 1h.:: Palmetto event, because

End crater will rc-ex ccvcte the overturned flap of Pa lmetto. While

the rake and ia rge so l i ~ at 'V2 diameter yi~ld rocks from deeper

horizons, the sample on the li m of End wili characterize the local,

upper Ccylcy un its. . !t ma y ha ~ d iffi cu l ~ .t . . reconstruct the precise, 10:> m

d::(~ p strctlprophy, but we should have 0 11 rock types involved in the Pa lmetto

[ve nt . Thus in a wa'i, a radial sumrlc. vf End will. help us to learn about

: "f'II '~ J H I .

The reo son f 0~ :II"" /ing the; rr.tc·;"·: s;:;r.;pli ng line running roughly

\"I"j;, is b; g,-it 0 1'''101 ionm , l ,e .. f il e 'i' ~ rMi. pan should be pointi ng inside

PolmCl :.;, N'c. $!'o~ttngtilatp~i".I ·· :·ilc U...i' can start the radial sample

. ir,Ji-J ,..I ·it~ r e no is stcnding , Prlnclpc l ly, it does not matter along which

.:1;' 3 (· ;: . ~h ; · 1(' -:';01 snmnle is taken; ofte-r JII, we deal with an (ldeelly)
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. CRATERS IN CAYLEY:

(See attached plot)

Definitions:

"Predicted Depth" Based on laboratory impa~t experiments and related
cratering scaling laws defined as the depth to which
crater material was excavated. .

"Present Day Depth" As measured from TOPO COM - map

"Diameters" As measured by Flagstaff (rim-to-rim-distance)

b.

c.

NOTE: a. The difference between present day and prepicted depth is of course
due to subsequent crater erosion and infill. '.
However you see, that even S-r,ay crater has some infill, though
it is extremely young. This is due to the fact that immediately
following excavation, the fall back ejecta and possible slumping
of crater walls fill. tn part of the crater bottom. Thus even
the youngest craters display some fill.
The degree. of infilling is of course a good measure for relative 'c.l~ \<:co.R/
ages, however only, if one compares craters of (j4f.fel ei..crs~1 ~
craters are difficult to asses (however there are good theoretical
models), because small craters fi1l i~ much faster.

Implications:

The plot is included, because it demonstrates that the various craters visited
during the EVAs have produced rim materials from different depths and there 
by they may help to reconstruct Cayley - Stratigraphy. According to Oberbeck,
Pl umj- Cat-Dog Leg - J!ot and Qnd craters mayor may not have penetrated to
hard bedrock, i.e. Cayley. The importance of Buster is obvious, because
its size guarantees, that the upper Cayley layers were excavated.
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EJECTA BLOCKS:

Block size:

Enclosed is a diagram which illustrates what maximum block size produced by
various craters you can expect to find. This plot is based on cratering
experiments in hard rocks and blocks observed on high resol~tion photos.
However, you may find much smaller blocks for 2 reasons

a) If strength of lunar target materials is less than_ granite or basalt
b) If crater is badly eroded. Constant meteoroid bomb~ment will wear

rocks down to ~maller sizes. The above values are applicable only to
fresh craters.

Implications:

You may be able to establish that "big" boulders are not derived from events
in the immediate vicinity, but that they may be related to N-~ay or S-~ay
craters.

Block size distribution:

There is not very much observational data to help you. In general the average
grain size of ejecta decreases with increasin~a crater distance. This
statistical picture however may be disturbed by individual, erratic blocks
or by (unpredictable) strength differences of the target stratigraphy.

l~o
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SMALL CRATERS AS A SAMPLING TOOL AND OBSERVATIONAL TARGETS
FOR STUDYING BEDROCK

Quaide a nd Oberbeck at NASA Ames observed concentric craters on the
lunar surface and found that they are confined to craters less than 300m
diameter. They simulated such craters in the laboratory, and conclude
that:

1. In order to produce benched or "conce ntri c " craters, one needs
a target of at least two layers. The top needs to have signi-
fi cantly less shear strength than the substrate. The higher the
strength contrast, the better are such concentric craters developed.
A loose regolith covering hard bedrock substrate meets such
conditions. Therefore, concentric craters directly reflect the
hard bedrock and expose it actually on the inner bench. There
are craters with multiple benches, indicating alternating layers
of materials of contrasting strength.

2. Other crater geometr ies can give hints about the presence of
bedrock :

(1) Centra I mound craters
(2) Flat floored craters

The explanation offe red is, that less energy is required to exca
vate in essentially strengthless regol ith while considerable energy
is needed to excavate ha rd bedrock. The shockwave also gets
reflected at the hard rock surface, which is an additional mech
anism to remove loose surface mater ial. At a critical depth
(= level of shock energy) a central mound in regolith is achieved,
indicating that hard bedrock is immediately underneath. At
somewhat deeper penetration, the ha rd substrate interface is swept
clean of overlying regolith, exposing a flat crater floor of bed
rock. Still larger cratering events finally excavate a relatively
small crater in the hard substrate, giving rise to a concentric
crater.

Cross sections of craters of the various shapes are shown on the following
two pages.

IMPLICATIONS :

Detailed Observations concerning the geometry of small craters
(20 to 200m) will give you valuable hints about the possibility
to characteri ze and sample local bedrock. Furthermore, multiple
benches give clues about the small scale stratigraphy of the upper
Cayley layers and therefore may influence your sampling.
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Fig. 18. R la tionshi ps betw een size an d mo rphology of fresh crat ers with diam et ers between
70 and 400 met -rs in an area where the median thi ckn ess is o f the order o f 5 met ers .

These are typical crater shapes you may encounter at Descartes.
Especially Buster may be of the type indicated in A; Dogleg and
Dot are probably also of concentric geometry. Cat and End craters
probably posses "normal " crater shapes. Cinco is very li kely a
"concentric" one. Therefore in a variety of locations you mo.~

encounter bedrock. Note that craters larger than about 300m do
not display a concentric arrangement anymore. The relative thin
regolith layers (with respect to final crater depth) has no effect
on the crater shape from a certain size on (200m).



V iI!. 20. Conceutri« erat or wit h a 1I111 1tlplH 'Ily 0 1 1I1';o; l l'd t'f'l llral l'!'aIN,; s lI!!.l!p,;f in g ti l{' p rpSI'!H'C
of in tprl H'ddp<! "tra la o f v urv in g strengt h in t h« substr.u «.
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F ig. I!l. I u tr-rp n -tr-d " tnl!:f'S of mod ifi r-nt io n o f a eo nccnt ric ern te r. The crnt ers shown nr e
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· ·CRATER RAYS AT ·DESCARTES:

1. " BACKGROUND :

A. Continuous Rays

B. Dis continuous Rays

C. Cratering Mechanics

II. . RAY SYSTEMS AT DESCARTES:

A. South Ray Crater

1. Flag and Spook Craters

2. Stubby/Station 8

3. Others

B. North Ray Crater



I. BACKGROUND:

One can distinguish two types of II rays ll :

A. Continuous Rays

B. Discontinuous Rays

A. Continuous Rays:

They are irregular, long stretched protrusio~s of the

continuous ejecta blanket and thus are an integral part of the

ejecta blanket itself.

Because of the inverted stratigraphy within an ejecta

blanket the continuous r~ys are from the. uppermost target strata.

As a rule of thumb: they are derived from the uppermost 20% of

the total stratigraphic column excavated. Thus,the variety of

rock types encountered in these rays is dependent o~ the

lithological heterogeniety--or lack therof--of the uppermost

target layers. Chances are relatively high, that they are of

monolithologic character.

Such continuous rays may extend twice as far as the average

continuous ejecta blanket, i.e. up to 5 crater diameters as a

rough rule. They protrude out of the ejecta blanket without any

topographic break; they never 1I0verlayll the ejecta blanket. Their

grain size and block distribution is similar to that of the

"average" frin ges of t he ej ect a sheet.

Consequently sampl i ng of such rays does not yield significant

results which could not be obtained at other parts of the ejecta

blanket. St ra t i graphic information, i.e. rock types as a function

of crater distance, is more readily obtained on the continuous

ejecta blanket, because l ess radial distance has to be covered to



ZDI
2

encowlter different lithologies. I t is.even less promising to

obtain stratigraphic infonnation by traversing along a concentric

path and thereby intersecting a variety of continuous rays: they

all should be more or less alike.

B. DiscontiIiliolisRciys:

Discontinuous rays are--in contrast to continuous ones--much

more complicated structures, because they can principally be

derived from all stratigraphic horizons involved 'in the cratering

event. However the majority of discontinuous rays seems to

originate from the upper 50% of the column excavated.

They represent discontinuous, discrete patches of ejecta

nmterials aligned radially to the 'crater. Each individual ray

represents a discrete (small) volume of the stratigraphic column.

All individual patches making up one ray are composed of the same

materials, Le. relatively homogeneous. However each individual

ray may be derived from different depths. Consequently, ranging

radially along discontinuous rays is not a very promising sampling

approach, while the visiting of a variety (= concentric traverses)

of discontinuous rays yields very likely a lot of "variety." How

ever, it i s impossible to place these materials in their proper

stratigraphic sequence, Wlless other supporting evidence is gathered

on tile continuous ej ecta blanket or on the crater rim.

The extent of discontinuous rays may be up to 20-30 crater

diameters. With increasing distance the patches become more in

frequent and more irregular, probably also much thinner, i .e , there
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is not very much mass ejected this far. ·"Di s cont inuous " rays

close to the crater may be "continuous" masses of ejecta ; however

they are distinguished from genuine continuous rays by the fact,

that they overlay the ejecta blanket. Discontinuous rays may

start directly at the crater rim as continuous ridges etc., which

will thin out with crater distance and finally. end up with inter

mittent patches of ejecta. Quite often these patches are caused

by individual clods of material, which broke ap'art. upon landing.

C. · Cr at er ing-Hcehani cs :

Zoz

Detailed k~~vledge about impact crater rays is truly scarce.

There is presently no quantitative understanding of the phenomena

and the above guidelines are derived from a few small scale impact

cratering exper i ment s as well as a few explosive (nuc.lear and

chemical) craters. It appears that the "continuous " rays are pro-

trusions whi.ch may be caused by various degrees of turbulance in

the ejecta cloud . They are omnipresent in the above experiments.

Discontinuous rays however appear only, if significant mechanical

heterogenieties exist in the target. Such heterogenieties cause a

disturbance in the shock front which results in rare faction and
'-"

ref1ectio~\vaves which may locally concentrate shock wave energy

and thereby accelerate the materials above "average." Such

mechani.caI disturbance s may be rock units of vastly different

densities (= compr ess i ve strength), but also faults may have such

effects. Th.i .s is the r eason- -we think--why "discontinuous" rays

can basicalJy originate everywhere in the target and why they are

so unpredictClble!
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II • RAY SYSTEMS AT DESCARTES:

The follo"~g discussion neglects purposely all ray systems ema

nating from small, fresh) craters (20-S0m) and focuses only on the

rays ·of South-Ray and North-Ray craters. South- and North-Ray crater

ray materials can basically be encountered everywhere along all three

EVA's. TIle firs t one wiLl posi tively be traversed on EVA's I and II;

the lat.er one on EVA III.

A. South-Ray Crater:

1. Flag and Spook Crater

At both locations patches of South Ray materials are present

and they are interpreted as "discontinuous" ray systems. It

Would be highly desirable to identify these materials and to

collect them because they may represent different depths. If

time is short a grab sample and soil sample are recommended.

flints to identify Ray materials:

a. High albedo of soil.

b. If big blocks around: the least rounded ones.

c. As'~tric fillets banking against S-side of big

boulders.

d. Coarser grain size of soil.

e. "secondary" craters pointing towards S-Ray.

2.

It is in~ossible to tell w}lethcr these materials are

continuous or discontinuous rays. Cri tical observations to

solve this question:
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Do rays emanate out of continuous ejecta

b l anket (= continuous ray) or do rays overlap
ejecta blanket (= discontinuous rays)? Photograph!!

Try hard to make these observations, beeuJise they are

critical to place the materials back into their stratigraphic

position, if part of a continuous ray.

Hints to identify and sample ray materials:

a. Soil:

(1) High albedo.

(2) Coarse grain size.

(3) Fillets banking against boulders .

(4) Mmmd-pat ches .

The main soil sample lye want at station ~ is the

double core tube; it should be placed such that it

hopefully penetrates the ray ~terial and ends up in

the underlying Cayley. If mounds are present, take

scoop samples of them.

b. Boulders

(1) Hopefully not well rounded because of young age

of S-Ray.

(2) Boulders associated \yith "secondaries," either

still sitting in little crater or broken up and

scattered around.

(3) Boulder s at the end of tracks pointing towards S-

Ray.

(4) Boulders aligned along radial fro~ S-Ray.
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The sampling should focus to recover" ''variety''

of rock types. Therefore if you can , do select a

. boulder .fidldWhichoffers ''variety.'' However be not

too surprised if you don't encounter this option;

rays just tend to be ''homogeneous.''

We do not know, whether the boulders are igneous

or breccias. Work as best as possible along the

~uidelines developed for the sampling of N-Ray crater

rim.

While your hand specimen sampling may Inc.lude the

one or other "odd-ball," try . to pick. an area for the

rake/soil sample which is representative for the ray

materials.

3. Others

There are no other sampling stations planned on S-Ray

materials, however you may comment while driving on their

occurrence etc. at:

a. Between Spook and IM.

b. At Survey Ridge.

c. BCDveen Stations 6, 7 and 8.

d. All the way back f r om station 8 to the 1M.

B. Nor~l-Ray Crater:

There is no specifi c sampling spot planned on any North-Ray

crater r ay sys tem. However detailed observations enroute from

N-Palmetto (where you may start to encount er N-Ray boulders) may,
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help you in getting some ideas about the J.i~ologies .coming out of

N-Ray and thereby may give you valuable clues about what to expect

at the rim. It also will help the SSR to better help you in ex

ploring the N-Ray complex. You will actually select an interray

area for trafficability reasons . If feasible it is recoounended to

swing from one ray to another and look, whether the lithologies

are similar ~ different. Such observations become critical on
dl?~. C-' '-+- 011\"" ~~

the rim t if you at 8P'e that some rock types you observ~e not. .
present in the rim materials. Thus t these observations may heavily

influence the sampling and stay time on the rim proper. Of course,

the same kind of observations should be gathered, once you have

encountered tile continuous ejecta blanket.

On the 500rmn Apollo 14 photos we can see, that you are in the

area of N-Ray crater ejecta or ray systems from shortly N of

Palmetto, through stations 11, 12, 13 and 14; very likely also on

stations 15 and 16.

'* u.s. GOVERNMENT PRINTING OFFICE: 1972-779-263/ 754
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