INTRODUCTION

This document is a collection of materials 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 familiarize
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 scientific background. The
official traverse planning guidelines = among other documents - are con-
tained in the "Science:Contingency Plan" and "lunar Surface Procedures”.

. 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 scientific
document. Furthermore, the contents are the sole responsibili?/ 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 believed 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, Bel}lcomm, 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.S5.G.S., Flagstaff, Robert Kain,
MSC and Roger Koppa, G.E. are greatly appreciated.
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IM Window Description

Location -
9 Descent features

® TFlag/Spock ahead

® Double Spot to left

® Gator/Palmetto to right
8 Near field crater identification
Rays/blocks |
Escarpments
Far field features-of note
Trafficability estimates
ATSEP - suitable sité

Photography
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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 profileAand to extend Cayley stratigraphy north to Palmetto -
North Ray crater and south to South Ray crater

Both craters are degraded and have ray material from South Ray
crater obscwing loéal geology .

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

rims which will be used to sample the overturned flap of the larger

crater

Sampling theory:

Fresh blocks from }
within main cratei,
overturned fliee4’

Blocks rounded™ ~
regolith gardened

Degraded main
crater 300 m +

Radial sample of this
crater gives good chance

to obtain samples from all
major layers




AILSEP - Station 1

@ 8Small escarpment to climb at north edge of Spook

® DBoulders in Buster region

® Large escarpment to climb between Halfway and Flag
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STATION: | e

STATION 1 - FLAG CRATER (:43)

COR| pesa PERIPT aakessore swe SAMPLING , O/H
03 . :03 :08 127 102
LMP forf pai PECALP- RAKE/SOIL SAMPLE . SAMPLING O/H
. [ LOOK FOR: ‘
- eRays from south ray [99/0.8 |
. JFF-CHECK . eNE scarp on Spook rim
. _CUYF CHECK LIST - eBoulders at Buster
CTASKS ‘ : eNE scarp  95/1.4 . _
' ~J STATION 1 . .
s ‘ FLAG CRATER (PLUM) :43 S
| MODE SH-2 DISPLAYS
HGA | PAN 1-
DUST B
3: DESCRIPT
8:PAN 2 RAKE/SOIL
27: SAMPLING
(Flag ejecta-PLUM)
FRAME COUNT
'MODE SH-1
POS TV HORIZ, CCW
) | STATION 1
o SR 280/1.5 [ 96/1.5 -
CUFF-CHECK LIST £

DRAWING FLAG CRATER -
o @/'




'LCD

FLAG CRATER

280 m diameter
M50 m deep

-

® Plum crater (4O m diameter), at 2bout 4 o'clock on the rim, is
best bet to sample ejecta from Flag

® South Ray crater material is visible.on photo té east. .Note patterns
of blocks, secondary craters, angularity of blocks, and sizes of
fragments to distinguish between Plum, South Ray, and Flag.crater
primary ejecta. South Ray material appears to be youngest, th;re—
fqre may be most angglar and impact features from it will be super-
posed on sll other craters the size of Plum or larger. ILeave it
there and concentrate on other material. Ray material may be

mostly small rocks Which made interlockirg small craters.
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1-1

Station 1 - Tasks

0

Radial sample of Plum, should sample the entire Sequence p}eserved
in the Flag ejecta blanket

Done in approximate order of priority - as is the case for all
statipns - except where 1 man tasks need <o be paired or those
tied to the IRV are related to save time |

Park IRV at 180%n rim of Flag Crater (TV coverage)

Pan 1 - Black and white - IMP:

To be done bn Flag crater rim so that view of interior can be
cbtained as well as the potential/probable sampling areaAbetwéen
the IRV and Plum Crater rim can be observed before being tracked
Description: |
Flasg Crater - e expect a regolﬁth @éntle; If bench (es) visible -
be surprised - represent probable regclith thickness or discrete
. flow layers at depth. If benches easily identifiaﬁle will give
the minimum number of rock units to be expected from Plum ejecta.
" Bach unijt may have several subdivisions however; example, vesiculgr,

banded, flow brecciated, etc.




A

Plum Crater - if benché&, means has peqetratéd tb Cayley. Important
point because means all layers in ejecta blanket from Flag will have
been thrown to surface in Plum event; i.e., this would be ideal case,
Ray patches - best described when (end if) observed (or even during
LRV traverse) -»blockihess;_general appearance, "gardening"

Rake-soil sample:

® To be taken off of Plum ejecta to maximize
{1) foreign components )
(2) collect deepest materisl from Flag
® To be taken on Flag Crater rim

Pan 2 - (Color)

® To be taken from common rim of Plum and Flag crater so that the

interiors of both can be studied




1-3
Sempling -
® Start on Plum Crater rim
$ Then 1/2 D out
9 Will give partial radial sample
0 If fime permitg sample at 1 D
® At each station collect variety of rocks identifisble plus scoop

of soil




Station' 1 - Station 2

@ Stone ard Smoky Mountains observations: preparétory to 560 mm
photos at station 2

® Escarpments, eté.,will have totally opposite sun angle on return leg
and will thus appear different.. Might make a set of new observations
or features visible in this orientation

® Sun angle will be low and visibility migat be poor

1]
1




STATION:

STATION 2 - SPOOK CRATER (:56)

.(b

. CUFF-CHECK LIST

- TASKS.

P

 CUFF-CRECK LIST

DRAWING

-

STATION 2 .
SPOOK CRATER :56

CDR LM
MODE SH-2 DISPLAYS
HGA . PAN T

. DUST ‘

3: DESCRIPT

(Note ray patterns)

(Sensor posi- SAMPLING

tion 1,2,3) (Buste;
. SAMPLING PAN 2
3a: (Spook) |

. FRAME COUNT
MODE SW-1
POS TV HORIZ, CCW

18: LPM SITE 500 Stone30 .

STATION 2

090/0.6 | 100/0.9

BUSTER
-CRATER

'K;;}
| e

SPOOK CRATER '

b s . 5

L T S GO

o/  pescl LPM SITE HEAS. SAMPLIHG* ‘ \} 0/H
.03 203 +05 211 202 130 ’ :02
U A 500m : i~
asnl pan pescd F?HO;(I)T]S SAMPLING | PAN SAMPLING {{ 0/H
-




Spook Crater - Station 2

370 m diameter
&40 m deep

Ray material from South Ray crater abundant
Therefore be difficult to be certain as to the source of any given
sample
South Ray blocks should be more angular, associlated with secondary .
craters and in elongate clusters, whereas {3pook Craﬁer ejecta should
be the reverse
Buster drater, near il o'clock and 80-100 m from Spook rim should
penetrate the limited ejecta blanket at taat4distance and the top
layer of Cayley in this region
) Rimlsample of Buster-give:

(1) Top layer of Cayley

(2) Some of upper units ejected from Spook
Sample blbcks from small, fresh crater rims on rim of Spodk Crater
to enhance probability of collecting Spook ejecta
Buster cratervsamples should tiedown top layer and which of other‘

samples collected belong to the upper Cayley layers in Spook
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1-1

. Station 2 - Tasks

® Park IRV at 180 on Spook rim for view into Spook

Pan 1 - (Black and white)

® Take on rim of Séook. Will give view of'Spqok interior and area
to Buster that wili be sampled

Description:

é Spook - should be regolith-covered, non-benched crater

® Buster - should be blocky with blocky floor. If'so, means has
penetrated to Cayley

] Réy patterns - Need to identify so that it éan be évoided where
possible so that most samples will be Spook ejecta. Patterns of
boulders, craters, lighter material

$ Stone Mountain - Part of 500 mm photography

500 mm Photographs

© Stone Mountain - 30 photographs: Make a complete panorama of

visible part,photographs centered on mountain will cover all of

it
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® Is one leg of stereoscopic coverage - other to be tsken at IM
during closeout;lineations might be visible on stripe of the
mOuntaiﬁ |

® How many benches are recognizable? Gives clues as to numﬁer of
stratigraphic divisions and how (whére) to explore on EVA 2

IMP site measurement:

6 Besic measurement needed to calibrate instrument

® In comparison with LSM, shﬁuld give ar. estimate of the anomaly
produced by Spook Crater

9 Be useful then for prediction as to probagble values to be obtained
on the Falmetto Crater study at stations 15, 16, 17

Sampling:

® One man sampling - while IMP measuremant is being taken: go to
‘Buster crater rim for block samples agd photo pan of interior.
These semples should characterize top layer of Cayley in the area

- “and thus be important for sgrting samples from Flag and Spook.

and determining lateral continuity of units.




1-3
9 Two man sampling should concentrate dn fresh crater rims along
Spook rim to maximize return from Spook crater
® A few samples from identifiable South Ray secondary craters should
be collected to | |
(1) give age of South Ray
‘(2) A minimuﬁ sample of South Ray if station 8 cannot be occupied

Possible operation:

[ Explorator& trench - If ray material is a blanket, this might
give thickness. Samples from both ray and underlying soil would
be extremely valuable to characterize a ray, what it is, when it

was derived, history of buried regolith




" STATION:
"7 STATION 3 - ALSEP/LM AREA (14
CDR jot GRAND PRIX RETRIECEMZMQm cone
;01 108 - :05
LMP-fo/ GRAND PRIX | RemievE 2.6m core
o | ' STATION 3 :
- CUFF~CHECK LIST - : BACK AT ALSEP :14
" TASKS ' i |GRAND PRIX ' : : _
- . Drop off LMP w/DAC : EREE—
o - 8: GRAND PRIX :
v 5: ARM M/P ~ PICK UP STEM
SH 5-CCW STRINGS .

BACK TO LM FOR CLOSE

R LMP
. . DAC - Mag - 24fp3 - f:8 - 1/250
. CUFF-CRECK LIST Mark DAC on & off - front button
Dust - Motion - Comments
DRAWING ! 4 min - use all film
- Pan DAC -

A - Standing stert
B - Max velocity read out !
C - Dust, steering & control ¥
: - Comments

D - Braking comments . .
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Station 3 - ALSEP Ares

® Grand Prix (Don't dust the ALSEP)
© Arm mortar package on ASE
® Pickup drill stems and go to IM

® This station will be reoccupied at end of EVA 2 to do a series of

tests and sampling for regolifh analysis'
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EXPLORATION OT STONE MOUNTAIN

Importance: Only accessible part of a physically continuous unit of
Descartes materials that extends for over 100 km to the south and
60 km to the east.

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

_ﬁpograghlc form: Aggregates of closely spaced subdued hills and ridges
3 to 15 km 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 Mountain.

Geologic interpretation: Mixed volcanic deposits e€rupted from
fissures. Includes pyroclastic or composite cones in densely packed
arrays..

STONE MOUNTAIN

Topographie form: Rounded, nearly flat-topped ridges.
North faces - crudely terraced with steep segments ranging from

40-80 m each.
West faces - nearly continuous steep slopes with very narrow to

non-existent terraces.
Above- 8050 contour - many 10-20 m escarpments with narrow to broad

benches.
Mountain capped w1th elongate hllls, 2 out of 3 with crater near

summit.

Geologic interpretation: Superposed pile of volcanic rocks.

Individual flows averaging 10-20 m in thickness. Ridge tops might be
the volcanic vents - examples: two craters at crest of Stone ;
Mountain itself.

Zone of "paired'" 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.

/




_ _ o HLNOS

omJ mm: om_ﬁ mn: on; nw: cm mm: omJ mv: ov: SEl om: wm: om: n:..— o:ﬁ WOT_

eoJ wmcm

IT VA3 40 !
T NOTLDJIY1Q _JLVWIXONddY

A}

— SR

4ILIVYD Ag9nLsS 40 3543

N it et

IVINNOW 3NOLS

e Nzt
LR N

NOILVIOO0T W1 WO¥d4 LSVIHLNOS O9ONINOOT M3IIA




27

EVA IT - Traverse IM - Stone Mountain

® Linestions on Stone Mountain
9 Low mound NE of Phanﬁom Crater
® Major South Ray ray capping Su?vey Ridge
(9 Change to 2270 heading on Survey Ridge to make an epd run on 30 m scarp
® Good view of Stone Mowntain |
@ Assess traverse route up méuntain
's Possible locations for stations L and 5

® Break in slope at base of mountain ﬁight not be easy to spot

R
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Stone Mountain

512 m high
@ North facing slope is crudely terraced
@ Probebly result of volcanic layering
® Outcrops possible on steepest terrace edges
N Sample, if observed and can be reached
® Stations 4 and 5 should be on separate benchés - if accessible. Each
bench should be the break between major volcanic units (at least geo-
morphic ﬁnit) .
® TIn general, find blockiest crater or outcrop you can find; aﬁd to go it
8 -Park on contour with it and sample along contour

Possible surprises:

"® Can't find crater ~ use bloeky éfea

® No blocks - use rake

9 Fanta;tic variety of rocks - get one each-if time gets short, use
rake

@ Driving is easy, may want to go to Crown




- STATION:

STATION 4 - STONE MOUNTAIN (:58)

xt3

- RAKE/SOIL SAMPLING | PA DOUBLE A Gé%h, o/H
COR} o DESC SAIPLE N CORE SAMPLIN /

. :03 105 108 :06 :02 :08 122 02 :02
0/R & 500 RARE/SOIL PENETROMETER DOUBLE ‘%Qb /K

IMP 1 pesc am SAIPLE HEASUREMENTS CORE SAMPLING Sy 0/

CUFF-CHECK LIST

- TASKS.

"CUFF-CHECK LIST

DRAWING

:

‘SﬁO M) DAC OFF .

LOOK FOR:
eScarp at survey; DES/CAY contact
STATION 4 A BLOCKY CRATER :58

COR LI
MODE SW-2. DISPLAYS
HGA . 5008 Trap/Stubby-15
DUST eSmoky-15
eS.Ray/B.Ray-5
3 DESCRIPT
8: RAKE/SOIL
8:SAMPLING PENETROMETER
PAN 1 (after penetrations)
8 DOUBLE CORE
4: SAMPLING PAN 2
(Padded bags-2 rocks- dense,
hard, igneous)
. FRAME COUNT
MODE SW-1 CHANGE DAC; MAG-R
POS TV HORIZ, CCW

2

DAC ON; 18/250/1fps

STATION 4 .

173/4.2 353/3.9
IF RENCKED: ! NOMINAL 7
1 TEST UPHILL SIDE = LAYOUT
1 TEST DO:NHILL <:>

STEEPEST PART
2 ON .BENICH

@va

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

. N
. //<§{;b
. §9q§>

: USE .5 CONE UNLESS < 12" IN

Cu e e e e e St e e B . v
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Station 4 -»Highést point reached on Stone Mountain
] Préposed stop between Cinco D and E (biased toward E)
® 500 mm photographs
& One leg of stereo base to Smoky Mouﬁtain - 15
® Views into Trap/Stubby - 15 |
séuth Ray/Baby Rey - 5
® Targets of opportunity
® To ranges to E and NE of landing site = lineaments?
Description:
® Regolith ampearance: "softness”, slump/slope shapes
9 Cratef rims = blockiness = very blocky has penetrated to underlying
Descartes
'® Distant objects -
® Smoky Mountains - lineations, terraces
® Stubby interior - prevue to station T
® Ray patterns - prevue to station 8
® South Ray - jagged apperance on photoéraphs

Rake/S0il _ yetween-craters and off ejecta blankets - should characterize

the materials from higher upslope on Stone Mountain - as well

as foreign materials

® Penetrometer readings used to give idea of ease of double core penetration
® Sempling

® Rocks from blockiest crater

@ Soil apd rocks (minicomp) in radial sampling mode

® Collect a lafge gquantity of material - this is the "purest" Descartes

material that will be obtained




8% Should avoid areas affected 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 tﬁeyhave gone
fairly deep | | |
9 If depth o.f penetrometer was asymmetrical bias core toward aeepest
penetrometer réading(s) |
Pan 2 - to be taken ffom rim of fresh craxer that is to be sampled
| radially from rim outward (within time available)
' Padded Bags
9 Proposed to use here because
® most remote from IM
® first good chance to use the bags
® Want dense (non-vesicular), hard, igneous rocks

@ Close tightly on sample
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Travel Station 4 - ‘Station 5

2@ Travel in opposite direction

9 Different sun angle might highlight features not observed while

driving up

~
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STATION:

STATION 5 - STONE MOUNTAIN (:40)

-

: ¥ 0/H
" CDR} . osH DESCRIPTION AND SAMPLING }}
: 02
:03 .35
. - 0/H
LMP fo/Hl PaN DESCRIPTION AND SAMPLING ?(

CUFF-CHECK LIST

“ TASKS.

. CUFF-CHECK LIST

DRAWING

—_— b et e

STATION 5

STONE MOUNTAIN :40

331/0.8 358/3.3

LRY=180°
DAC OFF
COR e
MODE SW-2 DISPLAYS
HGA PAN
DUST _
35: SAMPLING

Observe terraces & bedrock/regolith
changes at contact :
_ FRAME COUNT
MODE SW-1
POS TV HORIZ, CCW

B s SRR VL T




Stop 5

® Stop at major breek in slope
@ Top of lower geomorphic unit
® Stop at blocky rimmed crater, if possible
® Pan - should show sampling area (6ptional pan of sample area at end)
® If blocky crater
® Documented sampling of variety of focks
® Large soil scoop
® If bedrock ledge
® 'Sampleé
’® Closeup stereo photographs
® Flight line stereo photographs
® If only regolith
® Collect blocks’
® Rake/soil
@ Photographs of lineations
@ Photograph targets'of opportunity
9 4Outcrop bands
® Lineations in regolith
® 500 mm on distant features not prex}iously identified (not too

likely)




Travel Station 5 - Station 6
® BSame as for last leg

e ‘Locate.probable base of slope for station 6
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STATION:

STATION 6 - BASE OF STONE MOUNTAIN (:20)

CDR | onm

DESCRIPTION AND.SAMPLING

O/H

:03

115

:02

LMP [orH| pau

DESCRIPTION AND SAHPLING

O/H

CUFF-CHECK LIST

- TASKS

. CUFF-CHECK LIST

DRAWING

STATION 6

FOOT OF STONE MT. :20
341/0.4 | 360/2.9
| LRV=180°
: DAC OFF
CDR -
MODE SW-2 DISPLAYS
HGA PAN
DUST.
15: SAMPLING
FRAME COUNT
MODE SH-1
POS TV HORIZ, CCH
DAC ON
8/250/1fps

......




Station 6

9

Base of Descartes units = étone Mountain

Pan should documént break in slope, if one is visible
Collect semples of

® Downhill accumulatién

® Cayley for contrast

Appearance of regolith surface on both types of units




Travel Station 6 - Station T

8 Ridges and craters to avoid
] ‘Escarpment to go down

® Go around set of 60-100 m craters that flank B-B

S¢
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STATION:

i CDR

LMP

CUFF-CHECK LIST

C TASKS

STATION 7 - STUBBY CRATER (:15)

O/H DE??S;P' SAMPLING O/H
03 :03 : :07 :02
o/ pan | 200m SAMPLING o/H
LOOK FOR:
oN scarp [001/2.9 |
STATION 7~
NEAR STUBBY :15
DAC OFF
CDR | L e
MODE SW-2 DISPLAYS
HGA PAN
- DUST . :
1 3: DESCRIPT 500eStubby-20
eSmoky-15
17 SAMPLING (BB) A

_ CUFF-CHECK LIST

DRAWING

Note any differences between
Cayley & Descartes and any flow on
E. side of Stubby

FRAME COUNT -
MODE SW-1
POS TV HORIZ, CCW
DAC 8N

1¥87250/1fps ... ]

U STATION 7

239/0.4} 006/3.1

STUBBY
CRATER

-

{."\‘

-




Station 7 - B-B Crater - edge of Stubby

® Near Descartes/Cayley boundary

Pen = on rim of B-B.éo can also seé.into Stubby -
Descriptionﬁ '

9 Stone Mduntain.flow into Stubby? or landslide?

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

500 mm origin?
6 Stubby interior - 20 (south)

® Irregularities
® Flow (?) into east sode
® Smoky Mouatain - 15 (north)
® ©2nd leg for stereo coverage
" Samples:
¢ B-B crater rim
® Hopefully it punched Descartes - Cayley contact
Terminal Par. - if have moved a considerasble distance, it would give a

limited sterec base to features in the middle distance
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Travel Station 7 - Station 8

® Increase in block density as travel west
@ Cross low escarpment - Descartes/Cayley contaect

® Ahead to north will be scarp facing you
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STATION:

TATION 8 - SOUTH RAY RAY (:60)

_ . : - —
CCDR| o DESC. R SOIL DOUBLE CORE SAMPLING (INCLUDING BOULDER OPERATIONS) /
103 :03 108 :08 :02

' E/SOIL ’ BOULDER OPERATIONS) H
tMP forel ean | pesc RAKE >0 DOUBLE CORE SAHPLING (INCLUDING ; of

CUFF-CHECK LIST

CTASKS

r*—TE65K~?OR:

I STATION 8

@DES/CAY contact
eS Ray ejecta .
BLOCK RAY/WRECK :60
S. RAY RAY
_— _DAC QFF
COR S
MODE SW-2 DISPLAYS
HGA - PAN '
DUST h

DESCRIPT -
DOUBLE CORE
RAKE/SOIL

(away from boulders)

0 0w

20: BOULDER (SEE BOULD)
16 SAMPLING

‘ FRAME COUNT
MODE SW-1.
POS TV HORIZ, CCW

~ CUFF-CHECK LIST i

DRAWING » !

STATION 8

- 302/0.5

014/2.9

BRIGHT
RAY -

¢

. ’ ) ;
STUBBY
CRATER




Station 8 - South Ray (ejecta)

8 Stop in most prominent boulder trein
8 TFace IRV at 180
Pan - Show boulder train, sampling area

Description:

9 Ray appearancé - size, distribution of boulderé (limit because TV will

later pan)} |
® Layer of material deposited or discrete blocks,'c;ods, etc.
® StubbyfMireck interiors - benches, ray spacter, Stubby "slide/flow"
® Scarps visible to photo to WRENE '
Double Core:
@ Avoid heaviest block concentfations
s Hope to penctrate ray material and obtain undisturbed Cayley below
Rake /Soil: |
® Avoid heaviest block concentration so sample area will not be overly
"salted" with pieces from nearby blocks and will thus be a wider
representation of materials from South Ray crater |
Sempling:
° Vériety of rocks f’get one .each if possible
® 'Givés units in crater and crater age + age of each rock unit
® Data on thickness of ray |
[ ) Double‘core
@ Exploratory trench (2) (-optional)
8 Observe size, anéularity, secondaries
@ Might find rare sample from Baby’Ray - get it

® Boulder observations




6y
N

® Split boulder or roll-over bouldeg best chance here
® This sample gives best dating of crater plus data on radiation
penetraticn of rock .
® Photographs of areas showing variety of rocks - give chance of
of unit derived from
® Appearance oi ray - photographs;gardening, secondarieé (photos of
secondaries [with gnomon) show bounce direction and their probable

source direction
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Travel Station 8 - Station 9

® Traverse ray field

® Cross crease trending NE

g




STATION:

STATION 9 - CAYLEY PLAINS (:25)
COR| o et csve o/H
:03 112 :08 102
LMP Jorut pan ' ShwLer csve
LOOK FOR:

CUFF-CHECK LIST

" TASKS

STATION 9

008/0.4 1015/2.5 |

[oo B3N]

eNE scarp [015/2.6 |

ePristine area -

VACANT LOT :25

LRV=180°
LMp
DISPLAYS
PAN

R
MODE SHW-2
HGA
DUST
SURFACE SAMPLES
csve
(SINGLE CORE)
FRAME COUNT
MODE SW-1
POS TV HORIZ, CCW

"CUFF-CHECK LIST

DRAVVI&gg

" SURFACE SAMPLES
SHIELD FROM LM

= )
0

J

KT
. SC00
AFTER 2 PLACE GMOMEM

XSUN STEREQ AFTER, DNSUM, LOC
DO SKIM 3 , XSUN AFTER, WIDEN
AREA DO SCOOP 4, XSUN QFTER

¢
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Station 9 - "Typical" Cayley surface . évVacant loﬁ

To locate ;tation:

® No recognizable ray patterns or material

® NoIM . descent or astronaut boot spray

0 Want "Normal" Cayley albedo for extrapolation to other areas
Pan - show sampling area

. Area will provide a sequential set of régolith samples.

@ Topmost surface layer

® Top (several?) surface layers ' .
® Skim |
€ Deeper scodp
This comparisor. set should determine origin »f optical layer of moon
© One studied by remote sensing

] Differen£ as demonstrated by all luna¥ sur~face activities

® CSVC - to bring most virgin regolith sample back ever

A




Travel 9 - 10

Blocks be rare or in elongate patches

Weet 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

© IM should come into view
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STATION:

STATION 10 - LM/ALSEP AREA (:33)

. y TRENCH
:03 :08 105 :08 :02 :05 102

. . ) . TRENCH
IMP O/H DOUBLE CORE ) PENETROMETER- READINGS SAMPLES O/H

. CUFF-CHECK

LIST

- TASKS

"CUFF-CHECK LIST

DRAWING

STATION 10
HALFWAY BETW. ALSEP & LM :33

COR LMp
MODE SW-3 DISPLAYS
HGA
DUST .
8: DOUBLE CORE
5:TRENCH PENETROMETER
15:TRENCH SAMPLES 0.5 CONE 1st*
(Incl. Photos 0.2 CONES
1. 1,2,3) . PLATES LAST
PAN

FRAME COUNT
BACK TO LM FOR CLOSE

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

MODE SW-1
POS TV _HORIZ,, CCW

!

STATION 10 -- SOIL MECH,
BACK TO LN 501

TRENCH 20° OFF SUNLINE
15 x 30 x 8 CM ’

\@/

ALSEP t;::y Y;7
_q}_ DRILL@ ,,41( ‘@cg oDBL

CORE

CORE

‘57 ‘37 Y7’<:/>‘C7

_4

50M

LI PHOTO POSITION
V' CONE PEMETROMETER TEST

=t PLATE PENETROMETER TEST




Station 10 - IM/ALSEP area

Rationale -
e Regolith soll mechanics characteristics
€ Regolith stratigraphy
® Can units be traced laterally
9 Example, South and Worth Ray ejecta . .
Theoph:ilus?
® Penetrometer tests for major unit correlafion
® Double core to compare with drill stem
® Trench samples for.shallow units
Double Core:
® Sink about 50 m from drill core site

Soil Mechanics:

® . Penetrometer line between double core and drill core site should
identify mejor regolith units between ther

® Trench and ﬁests‘related to it —-cones ané_plates.will give values
for -3 parame@ers that predict strengths between site and others where
penetrometer readings have been taken. Penetrometer readings also
provide quantitative vaiues to extrapolate from using astronaut foot-
print and LRV track pictures

222:

® Must show area covered by penetrometer line. If cannot, take pan
followed ?artial pans along penetrometer line.

® Pan also provides repeat photography of Stone Mountain for possible

- lineations at different sun angle

70
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Travel/IM - Station 11

[} .Climb irregular sldpe

9 Large mound with crestal crater

® Cross crease SE 5f Palmetto

® FEnd crater (Station 17) sits on low mound

- . 9 . Driving along ridge, west facing escarpment (flow fronts, faults,

outcrop)

® Views of North Ray flank
® Rays, trafficability

9 Onto continuous ejecta blanket - probably blocky -~ Station 13

® Drive parallel to ray patches
® Do rocks of rays on either side of rou@e gppear different or same?

Sample betweep stations 12 and 13 if not found along rims.

@ Giant landmark viocks shiould be in vicinity of s

® IRV photos-block fields, giant boulders, DAC alsc running

@ Move station 11 as far west on rim as practicable

® Better sun angles for viewing and photographing the crater interior
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North Ray Crater Exploration Rationale

At least T layers visible in crater wall
Lateral variations across crater
Deepest Cayley samples - 160 m.

Relatively fresh, central mound

_ Sample widest variety possible and relate to any observed s%ratigraphy

Photographic techniques for documenting veriety, layering, textural
features, and relations to stratigraphy include-

® Panoramas

® 500 mm photography

® Near and far field polarimetric surveys

® (Close-up stereo

@ Flignt-line stereo

Sample traverse along crater rim whould show up every rock unit within
the crater with the poésible exception of the top unit. Therefore,
station 13, at the outer edge of the continuous ejecta blanket, iIs to
guarantee ;amples of the top unit. (Rim sampling of Meteor Crater,
Arizong and Schooner Crater, NTS,—actually does the above.)

If rim cannot be reached by IRV or walking, then walk toward rim as
far as time allows and then sample radielly back to LRV

Park LRV facing into North Ray Crater.
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" CUFF-CHECK LIST

DRAWING

4: STOW 500-PICK #Kiva-15
SITE FOR NEAR ‘eN.Ray-60
FAR POLAR,
10: NEAR POLAR
126: SAMPLING
L 4% PAN FAR POLAR,
! . FRAME COUNT ,
MODE SW-1 . -
POS TV HORIZ. CCHW . ]
o ISTATION 11
030/5.2 | 179/4.6
, NORTH RAY CRATER
‘-Jf»——~——~—~50Hr-————*ﬁ1
2\
X X X X (x
POLAR
THEN DISCARD NEAR POLAR
FILTER quiz}
(2)
FAR POLAR: ef5.6/125/74" .

4: DESCRIPT " 5006Stone-20

0142 - 3 PART PANS
1 FILTER SETTING

EACH PAN
NEAR POLAR: QO ~ ROCKS
5.6/125/7" C)é;<a————-—~ns
/;4 - COLLECT
130°

4 ROCKS
) ]]g ﬂ 590°

WL e e e e e o .. .
¢

B e ALY N S

STATION: i
STATION 11 - NORTH RAY RIM (:53)
— PLING FO " O/H
AT R
:03 :04 :04 110 126 104 :02
o | soom | iy, e LT e, [om
LOOK FOR: -
eNW creases {190/1.3 | '
A sDescribe end[188/2.1 | :
T STATION 11 | ;
CUFF-CHECK LIST N. RAY RIM :53 | ,
- ‘ . DAC OFF ; — T
‘  TASKS CDR . Lvp. v
—_— MODE SW-2 DISPLAYS —
‘ HGA - PAN
[ DUST
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11-1

Station 11 - Rim of North Ray Crater (Tasks)

Pan 1 - Black and White - On crater rim or outside of cyater so that a

maximum of the surrounding terrain is visible.
¢ Permit triangulation of statvion location
® Best view across ejecta blanket
Descriptiou -
@ Interior of North Ray Crater
@ DNumber, approximate thickness, and‘diétinguishing characteristics
of each layer
® lateral continuity
® Mound - block field
¢ Summary of block size and variety on rim
® Assessment of desirability and feasibility of reaching station 12

500 mm photography -

& Stone Mht. - one leg of stereo pair - 20 frames
¢ KIVA - might not be visible because of blocks and/or intervening
ridges - 15 frames
‘& North Ray interior - 60 frames
8 Horizontal pan of bvest outcrop hand
9 Vertical pan of most complete outcrop seguence
® ©SW quandrant looks like best stratigraphy
@ At far wall, single frame covers 80-90 » on a side. SW wall
each frame covers @ 50 m - need @ 7 frames for wvertical pan to
guarantee overlap
¢ Any target of opportunity

[

€ Sets up stereo vase rfor vertical and horizontal pean at station 12

’

® Targets of opportunity on slope of Smoky Mountain (See computer

pans for possible targets)
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11-2

- Far Field Polerimetry -

@ Partial pan of crater interior at each filter setting

® Gives all éossible phase angle combinations for all regolith coated
surfaces | | ,

@ Tor blocky areas, measurements on all blocks in a nérrow angle 5and
will give average polarization |

¢ Second fer field polarimetric survey will give (slightly) different
viewing angle to improve statistics for bloéky/outcrop areas (end

of station)

Near Field Polarimetry -

® Sample area with variety of small (returnable) fragﬁents

® Lunar and terrestrial study of these samples will set up paraméters
to extrapolate to other blocks still on lunar surface in both near
and far field polarimetric photography

Sempling -

0 éample westward from IRV to maximize length of rim traversed,
i.e., maximize variety of rock types encountered

@ Anticipate a higher than normal film usage - Give us frequent frame
counts - can warn when might be needing to change magazines

® Chip from large block or pick up hand sample of identical lithology

¢ Large blocks are easiest to relate to crater stratigraphy




B¢

11-3
@ If all rocks are crystalline: (igneous)
® One of each lithology or textural difference
0 Semple layers, 'Inclusions. segregaticms, and Qikes within
large blocks
¢ If all big blocks look alike, do only one giant boulder procedure
¢ If all rocks are breccias (impact or volcanic):y
8 One of each large clast type in boulders
8 Matrix and clast in one sémple if pdssiblé
® Samples with several (many) clasts
¢ If only small clasts sizes; collect variety of coarser sizes
{easier to analyze)
® If rocks are crystalline and breccia
] Intersperse'sampling tasks in proportion to rock types
Pan 2 - Color - Teke at end of sampling traverse - Try to include interior

of North Ray Crater

Far Field Polarimetry 2 - Highly desirable for additional data on outcrop

bands
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Travel/Station 11-12

® Move along rim as far as practicable to'obtain a good stereo base for
photography

® Goal is giant pair of boulders
® One véry dark, other ligﬁter

® Rocks of this type may have already been sampled at station 11
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STATION:
~ STATION 12 - NORTH RAY RIM 6 ) o
CDR >0/H DECRIP- Ry SoLL ' SAHPLING ¥ ;Z 0/H
‘ :03 :05 ‘ :08 8 » :02
: ‘LAAP o/H PAN . gﬂ%??s ‘ Ré:ﬁéfglt ‘ SAMPLING Agf' O/

[STATION 12 - ‘

. 1 [ N. RAY RIM :56
-+ CUFF-CHECK LIST R LMP

T - MODE SW-2  DISPLAYS ‘ |

TASKS B . HGA PAN 1 e

I pust 500 W Wall of T

N Ray-30

5: DESCRIPT
8: RAKE/SOIL
38: - SAMPLING
SAMPLE BOULDERS (SEE BOULD)
PAN 2 :

" FRAME -COUNT
MODE SW-1
POS TV HORIZ, CCW

L P STATION 12 .~ ’
: 030/0.3 | _179/4.6 : .

. CUFF-CHECK LIST

CRATER

STATION 11




&

Station 12 - Rim of North Ray Crater

9l

12-1

® Eastern end of sampling strip on rim

® At edge of giant boulder field that extends down east side of ejecta

blanket

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

is visiblé. Gives 60 mm stereo coverage when combined with polarimetric

pans.

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

station 11 ‘- for stereo coverage
Targets of opportunity:
6 Smoky Mountain flanks

® Giant boulders on ejecta blanket

0 Stone Mountain if blocked from station 11 (See computer generated pans)

Description -

8 Continue with interior of North Ray

if are new or better views

® Boulders - layering, how many rock types

¢ Best view of N-S feult (?) through center of crater

Rake{soil -

@ Select largest interboulder sarea

¢ Sample shculd contain

® Some of deepest material from North Ray

9 Representation of meterisl thrown in - both distant exotics and other parts

of North Ray ejecta

Sampling - 30 minutes

$ Cutain wiaest o

a1
’

iely possibic
® Eédpecially good area for
¢ Giant boulders

® Permanently shadowed soil

9 E-W split soil cample
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Travel/Station 12 - Station 13

Retrace route to édge of continuous ejecta blanket
LRV photos enroute

Observe and comment on any additional boulder types not seen before
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. CUFF-CHECK LIST
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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 é better assessment of stratigraphic sequence within North
Ray crater |

Stop should be.on blocky side (North Ray side) of edge of ejecta blanket
The édge should be a low escarpment, may also be lighter albedo

If no 5ther criteria availéble for identification stop-l 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 views will be gotten by IRV photos plus pans at -rim




Travel/Station 13-1k

'y Smoky Mountain azhead

Scarps = faults ? .

Subhorizontal vanding (filigree) = lavef flows or slides?

Any bedrock exposed?

Should have spatter of North Ray secondaries as well éé probable

discontinuous veneer of North Ray ejecta

® Descartes/Cayley contact ~ base of slope

Any visible differences?

® Regolith albedo, strength

¢ Climb slope to ridge overlooking Ravine Crater and Smoky Mountain

@ Broad depression near crest to north of Cat Crater

(See topographic profiles)

98
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ST CON 14 - SMOKY MOUNTAIN (:40) 1
R| o DESCRIP- RAKE/Solt DOUBLE PAN SAMPLING \\ o/
:03 04 08 . :08 :02 :13 :02
AP Josd pan SoTs REKE/SOIL DOUBLE SAPLING 3; oM
STATION 14 |
o ) r RAVINE (CAT) :40
. .- CUFF-CHECK LIST
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- HGA - PAN —
DUST
4: DESCRIPT 500eRavine
_ - wall-4d
. - eStone2s
: 8: RAKE/SOIL
8: DOUBLE CORE
PAN
15: SAMPLING

" CUFF-CHECK LIST

DRAWING

CHANGE DAC-MAG S
FRAME COUNT
MODE SH-1
POS TV HORIZ, CCW
DAC_ON
£4/250/12fps

" STATION 14
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Station 14 - Cat Crater - 50 m diameter
Rationale:
® Flank of Smoky Mountains overle~king Ravine Crafér
® Descartes materials for comparison withvstone Mountain
# Complicated area:
@ DNear Cayley/Descartes contact
9 North Ray ejecta present
ﬂi Ravine Crater ejecta?
® Cat Crater should have blocky rim and f;oor. If so has penetrated
local bedrock (Descartes)
® Ravine Crater, very irregular shape, sharp vottomed ravine exiting

gouth

® May be endogenetic with little or no ejecta

® DPossible interpretation —vsécondery impacts from Theophilus (in
line with Big Sag) ‘ |

® Either of above cases means Cat Crater ejecta éhould be dominately

Descartes materials

v




1k-2
Tasks:
® Park IRV on rim of Ravine facing 180° at Cat Crater sbout 1 crater
diameter from Cat

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

view to south
Description -
® Smoky Mountain
® Banding = lava flows?, slumps?
e Lineétion
® Outcrop
8 Ravine Crater
® Layering visible on near side on phbtos - might be on far wall
= lave flow fronts? slumps?
500 mm -
® Ravine interior - 40 frames
© West wall |
® Par wall
# Ravine itself ! ‘ -
] Sténe Mountain - 25 frames/second leg of stereo set
8 Targets of opportunity up Smoky Mountain
Rake/soil -
& Beyond ejecta blanket of Cat Crater
® If there Is a great variety of rock types on Cat Crater, then it is
likely that it did not penetrate to bedrock. Rake on crater rim in
this ‘case ‘
Double Core - |
9 Tekc it awey from the eﬁeét: rlanket of Cat Crater

® General vicinity of rake cenple

\O




14-3

Pan 2 - Color - Rim of Cat Crater so thét interior of both craters can
be s*tudied |
Sampling - 15 minutes
® Rim of Cat Crater first, then radially out for 1/2 D sample
9 Variety of rock types 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




A

Travel/Station 14-15

® Down Smoky Mountain to base

8 Southward across térfain that should have- decreasing amounts of
North Ray éjecta

@ Rsy material from South Ray crater might be faintly visiﬁle;in bands

¢ North-trgnding escarpments to east of traverse.Giant biock field

beyond them
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STATION:
STATIGN 15 - DOG LEG CRATER (:ld)
CDR lo Amgg /M
' 1017 :02 :05 .02
LMP Josu| pan RggﬁéfgIL O/H

. CUFF-CHECK LIST

* TASKS.

" CUFF-CHECK LIST

DRAWING

STATION 15 .
— DOG LEG CRATER :10

183/1.3 201/3.0

LRV=180°
(20 M from rim)
NO TV OR DUST - .
DAC OFF
CDR o Lvp
| PAN
8: LPM ROCK
SOIL (1 KG)

"'FRAME COUNT
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Sta%ion 15 - Dogleg . 50 m diameter

@ Several craters of either side of Dogleg appear to be suitable alternate
~andidates for statién 15

 0 Travel appropriate distarce and pick best L40-50 m diameter, blocky-

rimmed crater for this stop

8 Park facing 180° about 20 m from crater rim

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

also show setting of IPM measurement

Sample ~ On crater rim. Specifically, after top layer of Cayley plus

1. kg soil sample

IPM Meesurement - Teken as far away from crater rim as cable and parking

location permits
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Travel/Station 15-16

® Escarpments facing west and creases trending north lie across traverse
voute although are ﬁainly to north

6 Cross outbound tracks

@ Dot Crater should have blocky prominent ejecta blanket and be on

low ridge
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Palmetto Crater Exploration Scheme

® Stations 15, 16, and 17 are 1 D, 1/4 D, on rim of Pajmetto Crater
¢ Constitute pr.me rucations for a magnetic survey of Pélmetto o)
determine the anomaiy produéed by & 1 km crater
(] Constitﬁte a prime set of sampling locations to
1. Identify top layér of Cayley in Dogleg (station 15) and probably
at Dot and Znd Craters as well |
2. Dot and End Craters penetrate the Palmetto ejecta blanket. The
rim sample of Dot combined with the radial sample of End should permit
snalysis of the lithologic units in Palmetto and possiblelcorrelations

into North Ray and Flag/Spook
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STATION:

STATION 16 - DOT CRATER (:10)

DRAWING

"+ CDR for MERS. o8
) ‘ 01 :02 :05 :02
IMP forH] pax R W
CUFF-CHECK LIST
LOOK FOR:
" TASKS oN scarp {196/2.8 |
STATION 16
- DOT CRATER :10
251/1.0 | 182/2.4
b LRV=180°
(20 M from rim)
NO TV OR DUST
CDR LMP
. PAN
8: LPM ROCK
. ©S0IL (1 KG)
) ~ FRAME COUNT
.~ CUFF-CHECK LIST

R ek AR S




Station 16/Dot Crater 50 m diameter

® Procedures same as for Dogleg - Station 15

8 Pork IRV about 20 m from crater

@ Pan - Crater rhn next to sémple area

¢ Samples - Collecf as wide a variety ofvrock‘types as time permits
® Station is l/h D out on ejecta blanket and thus should contain

samples from about top 50-60% of Palmetto sequence

8 Collect I kg soii

8 [PM - Take reading es far from crater rim as cable permits

Press on

s
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Travel/Station 16-Station 17
® Pscs along northeast rim of lar-e (250 m) degraded crater on rim
of Palmetto crater

® End Creter is on summit of low mound near rim of Palmetto Crater
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" CUFF-CHECK LIST

PGS TV HORIZ, cCW

ILOOK FOR: NW creases[190/1.3]

T DRAWING

STATION 17
188/2, 1

152/0.5

-

BAG ROCK

PALMETTO
CRATER

LPHM

LPH & ROCK - .
DOC ROCK IH SITY &

- LPH

18
STATION: ,
STATION 17 - PALMETTO CRATER {:38)
“CDRY o/m  foesc|  RAKE/SQIL ERs. (2) SAW‘)UNG Sg o
:03 103 :08 110 112 02
IMP lord pan foesc RAKE/SCIL SAMPLING {{ O/H
, ! SAMPLE
STATION 17
) PALMETTO CRATER :38
CUFF-CHECK LIST
o L o
" TASKS MODE SW-2 DISPLAYS -
HGA PAN 1
© . DUST -
3: * DESCRIPT
.8: RAKE/SOIL
10: LPM SAMPLING
LPM/ROCK (igneous rock :
for LPM)
12: PAN 2 ‘ &
RADIAL SAMPLING
ROCK )
SOIL (1. KG) @
: FRAME COUNT
MODE SW-1
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17-1
Station 17 - End Crater . 60 m diameter
® End Crater has two possible interpretations |
1. Fresh impact crater and thus penetrates Pélmetto Crater ejecta
2. Ceptral vent of.low volcanic mound (less likély - but if so would
probably constitute y;ungest'volpanism in the landing area)
Either of the above cases make End Crater very important. ;
® Park IRV on rim of Palmetto for views into Palmetto, unless walking
Hdistance to rim of End Crater is too great
Pan 1 - Black énd White - Rim of Palmetto Crater
View of mound in bottom if possible
Description -
© Palmetto very degraded. Thus anticipate only regolith siump features
on walls
8 FEnd Crater - blockinesg ard eppearance - Observations pertinent to
origin probably best done oﬁ drive up,and from crater rim
Rake/soil - Take near IRV parking area (on Palmetto rim?):

cinity of LPM measurement so that one of these

One man sampling - in v:

rocks zan be used for the magnetic rock study on the IPM.
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17-2

IPM Measurements

¢ Station measurement as for Station 15/16
® Put igneous documented rock on IPM
® Stereo pair of rock on LPM |
¢ IPM reading with rock on méter
¢ RBag sample
Pan 2 - Rim of End Crater
Sampling - Radial semple of End Crater rocks plus 1 kg soil
i. On rim
2. 1/2 D out
Rake sample constitutes 1 D sample

Hurry on
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Travel/Station»lT - IM

'0 Rejoin outbound route and return to IM
@ P-ss flank of Palmétﬁo Crater

® Cross crease.

¢ Large mound4t$ west

¢ IM in view

Home free




The enclosed maps will be on board the spacecraft. The crew will
carry, during an individual EVA, only those sheets which are pertinent

to that particular traverse,

The maps are mounted on a clipboard on the Rover,
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0.8

0.9

1.3

1.5

0.0
KM

ROAD LOG - DESCARTES LANDING SITE

EVA T

leave ALSEP area - Azimuth 280°
Drive over undulating terrain with degraded craters up

to about 50 m across. Views—of—Smoky—tountain—to-north—and

~of—Steome—Mountain—-to—south,

.Area of Station 2, North Rim of Spook (degfaded crater)

Convex escarpment about 15 m high facing southeast,
which may require slight detour to north, Boulders 10-15m
appear to northwest in direction of Buster and possibly

(3%

athwart path. "Look for layering of colluvial features in Spook.

| y

Leave area of Station 2 - Azimuth ~270°
Small (~30 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—bovered
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
ejecta blanket; - about 40 m across at this point, and
which widens td" 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

Leave LM Site - Azimuth ~173°

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

\ .
JAZI.VMU‘{’LIG ij«d(—vl O (Jéﬂ(\f"{‘u.’& oules s ctheva S lmlil‘fa{LéL.




1.3

1.7

2.7

require detailed description. Alsoc to the east, more complete
description is desired for flllgree produced by low, elongate
lobes and albedo stripes Whlch*i& 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. ZLook for abundant relatively small
blocks or ejecta mantle near the crest of the ridge.

Traverse crest of Survey Ridge - Azimuth 227° .

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 ngre 1g§ete scarps
are associated, The filigree to the east i
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.

vight '
Turn, to Azimuth 191°

Route is between two rather fresh, probably secondary
craters where blocks are resolvable within or on rims.
Regolith is-rather 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:

(%o




3.1

3.5

3.9

4ot

5.2

14

vp‘bwl
An erbitel or photographic phenomenon.

Colluvial (regolith) flow patterns.

Qutcrop traces such as lava flows,

Relief of layered bedrock benches or lava flows,
draped by their regolith, '

P B VORI
« o o

Station 6 bypass - Azimuth 161°

Stone Mountain slope increases up to about 10° where
regolith is rather dark and sparsely cratered. It is possible
that the thickest 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.

 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 units within the Descartes Mountains materials.
Look for possible outcrops on the steep pitch. ‘

200 m west of Cinco Craters - Azimuth 132° .
Slope increaseés to maximum (12°-15°) where crater
density, block density, and block size increase.

Regolith thickness probably decreases upward on slope. Describe
filigree geometry, compare it to that on lower slopes and
explain its genesis. TLook for local expression of north- and
northwest-trending creases exposed prominently to the east.
ol e :

Station 4 (Cinco Craters ¥ and E) -~ Azimuth ~331°

West to north panorama of Descartes landing site. Describe
especially wall segments of South Ray, Baby Ray, Stubby, and
Wreck. This area provides the only opportunity to see into
the craters in the southern part of the landing area. The
principal geomorphic features of Smoky Mountain can be described
best here. 10-20 m boulders, probably from South Ray are ; c
mapped about 50 m to south on the rim of Cinco E Cinco ¥ and ¥
Craters penetrate the regolith, believed to be thin, and thus
provide an opportunity to sample the Descartes materials. Unless
outcrops are found, this station provides the best sampling of
the Descartes. a
¢ Return to Station 5 is over terrain east of Cinco 4, E, and

£ similar to traverse leg from 5 to-4. Continue descriptions

of filigree, local and distant creases, blocks, and regolith
thickness and albedo.

Station 5 - Azimuth 341°

Carry out station work within the context of observations
made near Station 5 on bypass traverse leg. An explanation
for the prominent step and bench topography here is important.
Evaluate the hypothesis that the station is at the base of a
regional sub-unit of the Descartes. Describe, if possible, the

-
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lithologic contrast between the sub-units as well as with the
Cayley Formation at the base of Stone Mountain,
Retrace traverse bypass leg.

Station 6 -~ Azimuth ~239°

Proeceed—with—station—work-within-the-context--of-observations
made—on-bypase—legs—of—traverse., 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 Statlon 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 may E
mantled by regolith, butjpsample bedrock along it. Continue :’ossible r
the description of filigree (layering?) which traces off the P
flank of Stone Mountain into the east part of Stubby.

Station 7 (BB Crater) - Aziumuth o80%0. ., aled (0w aciess on vim

BB Crater (about 50 m acrosi) 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 wall of Stubby is desirable, Evaluate
and explain the 1nterpretat10ns that the phenomenon is:

1. Photographic artifdcy 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-rlmmed
craters in 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 W111
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.
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Station 8 (north rim of Stubby) - Azimuth 008°

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 Also looc
as far as the station, [ Northeast-trending creases are mapped fov Sucad:
about 200 m northwest of the station which should also be ﬁwM S vh
described. One of these latter will probably be crossed on P e

. . . . . !\uhu} Qu 4

the traverse leg to Station 9, Continue descriptions of the ¢
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,

Station 9 - Azimuth 001° ,
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,

Turn to Azimuth 040° ‘
Traverse leg runs parallel to irregular, faint ray

material to the northwest. '

Turn to Azimuth 018° .
Turn is made arocund eastern side of a degraded crater )
~40 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.

LM, end of EVA IT
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Leave LM - Azimuth 030°

After leaving the smooth, sparsely cratered area at the
LM site, this leg climbs a long irregular 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 filigree (possible layering). The north half of the leg
follows the irregular outer slope of the east rim of Palmetto
Crater. Very few blocks large enough to be visible on the
photos appear around Palmetto, 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 crosses 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 filigree on relatively smooth steep slope; observe any
evidence of origin of filigree or other features on slope.

Turn to Azimuth ~002°

First half of this leg is along generally north-trending
low ridges. Filigree 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 ejecta probably appear along this leg, although no
rays or blocks are visible 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 trafficability.

Turn to Azimuth 304°

This leg is entirely within blocky ejecta of North Ray, of
probably very difficult trafficability. The radial orientation
of the leg 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.
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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.

Leave Station 12 - Azimuth 130
Descend slope of blocky ejecta mantle of North Ray, along
previous northwest-bound leg as controlled by trafficability,.

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.

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 in 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 ttraverse to the west, may be bedrock
controlled, ‘
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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.

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.

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 1ts central mound.
Return south to LM parallel to northbound traverse.

LM, end of EVA ITI

(46




147

RATIONALE FOR LOCATION OF CORE TUBES:

1) STATION 4: CINCO-CRATER

This double-core will provide us with information concerning the .
petrographic make up, .his’rory and development of pure Descartes regolith,
Together wifh- the penetrometer tests it will aid irn‘chorc:cferizing slump
movement on slopes, a result which s hopefully applicable to other lunar
areas. This is the main reason why it is tied in with the penefrome"i'er
tests.

The location of an area suitable for both activities is up to your
judgment, It should be on. "typical" Descartes and cutside an obvious

disturbance by a recent impact event,

LOCATION CRITERIA:

a) More than ones crater diameter distance from Cinco-Crater,
b) In center of Penetrometer "diamond",

¢) Away from any recent cratering event larger than 5 m diameter.
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2
2) STATION 8: S-RAY CRATER RAY

The purpose of this double-core is to hopefully encounter the contact
of ray material and underlying Coyle);. The materials not only will allow
detailed petrographic characterization of both units, but especially the
upper .;ecfion ‘(i.e. S-Ray 'regolith") is véry young and thus permits
dcﬂ:iled 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 ovér extremely recent geologic
times which then can be contrasted with "older" materiols. We may get
a feeling about the constancy =~ or lack thereof =~ of small scale processes
as o function of geologic time.

it follows that we are primarily interested in the "S~Ray" materials,
If the contact.of the underlying Cayley, however, would be encountered,
we could place more rigid time boundaries on these processes; Furthermore,
detailed knowledge of the local regolith will allow to determine more accu-
rately whether the layering observed is an extremely local effect (e.g.
10-50 m distance) or whether materials are frcns.pori'ed from further distances
e.g. 1=10 km. Thus it is highly desirable that the core be taken at a
location with high probability to encounter this contact.

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

1) The "contamination" problem by erosion.producfs of boulders and 2)
if many boulders on the surface, there may be many in the regolith. Con-

sequently an interboulder area is recommended. 3
If no obvious differences in “soils" from S~Ray and Cayley, take a

corc anyhow in an interboulder area: the probaobility is high that you
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encounter S-Ray ejecta,

Important: Take core on S-Ray ejecta if observable., Otherwise in

interboulder area,

LOCAT!ON CélTERIA:

1) ON S-Ray ejecta

2) Hopefully penet.ra’re S-Ray ejecta to also collect underlying
Cayley.

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

4) Away from any recent cratering event of 5 m and larger diameter.
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3) STATION 9: CSVC

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

typical Ccyléy regolith. In connection with the surface sampler we will

have collected five different depths 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 than 5 m diameter,

3) As close as you wish to the surfuce sample area.

(§C




5
4) STATION 10: Close to LM

Apart from all the pelrographic information, etc, with respectto
Cayley, there are ithree other reasons for taking a doub‘le core at this
location: '

a) Comparison with the deep drill (50 m aisfance) permits to
establish correlation = or lack thereof = of cm=sized regolith layers.
Are they conﬁnuoﬁs or not? Are some of them?

b) Again this core will yield significant calibration points for
the interpretation of me penetrometer data, |

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

to investigate the change or continuity in small scale layering.

LOCATION CRITERIA:
1) =50 m E of deep drill core hole
2) 220 m SE of soil mechcr'\ics trench
3) Very close to a variety of soil mechanics tests (plate, .2 and

.5 cone).

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

possible,

5) Stay away from any recent crater larger than 5 m in diameter.

1Y
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6
5) STATION 14: CAT CRATER
Similar to the rake sample, this is an area which promises to.yield
quite a mixed bag of samples of Smoky Mts., Cayley and possibly
Ravine materials. Apart from their pe.trograpﬁic characterization, the
- possible interbedding of the above moterials would yield valuable informa-

. . . ‘ﬂs
tron on rcgollfh transportation processes cnd—roﬁ\;es.

LOCATION CRITERIA:
1) More than one diameter away from Cat Crater,

2) North of Cat Crater to ensure incorporation of Smoky Mountain

maierials.

%1 Stay away from any recent cratering event larger than 5 m

diameter., '
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7 .
GENERAL REMARKS
Due to the llimifed amount of drfve tubes available (fétal of 9),
the present plonning cnsures that the following regolith materials are
collected. Thus their surface hisrfory 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 nol 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: Off Ray!!!
5) Sfatfoﬁ 9: Cayley
6) Station 10: Cayley
'7) Station 14: Mixed sample
8)

At crew's discretion
. 9)



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 clu.rin.g PET. Thus the
quality of the descriptive data may differ. Furthermore, many observers
4hove contributed to this compilation and their terminology is not always
necessarily consistent, In short: an accurate comparison will only be
feasible after detailed pefroéraphic 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 sec;ond sample., Three rake somples were taken on
Apollo 15: at St. George, at Spur Crater, and at the Rille. The follow-

ing points need- to be made:

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

rock, while 7 Specifnens were recovered from the rake; which in addition,
can be classified in 3 groups. Thus an obvious increase in "variety" is
evident, Nofice also how the 2 coarse soil fractions differ, That difference
is not easily explained at presént.

SPUR ‘CRATE_R_: Again only 1 crystalline hona specimen was picked up,
though ~ admittedly = anorthosite was an excel.lenf selection, In contrast,

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

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

54
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material up the slope, which is a significant geoloéiccl result, otherwise,
not readily inferred, In addition, the nonmare.bcsolfs and a "dunitic"

green rock may become important nonmare samples, the latter possibly

coming from depth. The ;:oarse fines are also composed of a variety §f
‘materials and they compliment the rake scrﬁbles., |

RILLE-STOP: | Though a variety 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 rdke/so{l sampling technique is by far the best to collect
a represenAfcfive 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 possibly stratigraphic unifs,
ro.y-mcfelricls, etc. Not only will it cover mcn); rock types for detailed A
anélysis, but ~ in the absence of outcrops = it is also the best "geological" Samp by
_tool for structural relationships, etc. Furfhérmore, there is always a
realistic chance to pick up exotic fragments from far aistcnf sources, thus
improving our global understanding of the moon.

2. Present analytical micro-techniques allow to extract from a walnut
size rock, i.e. about I} gr mass, basically any information one wishes to
ob’tcin.' This is not necessarily true for the coarse 4-10 mm fines, which

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

may not accurately represent their parent rock. This would only be the case
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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,

3. The soil samples collected together with the rake will hopefully
compliment and corroborate the wclngr—rock—pc»puAchons. Chances for-
even greater "variefy”Acre offered; In addition, the increased number of
"specimen" will allow reliable statistical analysis to reconstruct, whi;h of
the walnut and hand Specihens are from local or distant sources. ~Such

statistics depend of course largely on the number of "specimen" and therefore

a large soil sample is required((OOO &‘v’“)

It follows that

1. An attempt should be made to collect per each rake area a full
bag of walnut sized rocks (about 1000 gr). If such rocks are scarce, do
fh'e best possible and try at least 5 swaths, The’- abundance (or scarcity)
of such rock sizes may have geological significance and therefore it would
be good if you could comment on how . many swaths you took per rake area.

2. Regardless of the abundance of walnut size rocks, you sHould take
a large, 1000 gr, soil sample.

3. The rake/soil procedures should be used as often as possible to

statistically characterize the landing site. If time is too short, a large

soil may at least partially fulfill this objective and is highly recommended.
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RATIONALE FOR RAKE SAMPLEY £7=2 LOCATIONS:

1) Station 1: Flag Crater

—

Rationale:

The main purpose of the rake/soil sample at that location is to
characterize petrographically the rim area of Flagi‘Crofcr .and thereby hope-
fully the Cayley formation. This sample will also represent the most westerly
sampling location of all EVA's, |

Plum Crater ejects may be somewhat biased towards the uppermost
layers of Cayley. Therefore the rake sample should be {oken a good (Plum)
crater diameter away on the rim of Flag, where the chances are highest to
collect a representative rock-population produced by f.-'lcg. Crater, | These
materials incorporate hopefully rocks from a large and deep stratigraphic section.

The hand specimens collected on the rim of Plum .hopequy yield
some clues towards fhevuppermosf layers of Cayley. Using this information,
we can posfulcté thot other rock types éncountered in the rake sample come
from still grcof'er depths and/or from distant sources.

Remember:

There is - throughout EVA's | and Il = the possibility that you encounter
S-Ray Crater ray materials, The "Flag Crater Rake Sample" should not be
fokén on such a ray (u possible ray should, of course, be collected with

whatever seems the most feasible 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" Cayley devoid of South-Ray ejecta

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

select a spot which meets criterion ¢).

160
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2) Station 4: Cinco Crater

Rationale:

This rake sumple c‘lecrly characterizes the materials makiﬁg up the
higher elevations of the Stone Mountain Massife. We hopefully collect
samples from further Uphi” than the actual station 4‘_|ocaﬁon. N

Similar to Flag Crater, we want to stay away af least 1 crater
diameter from the crater (Cinco Crater) you are investigating in more defcill'
to aQoid a biased population. The sampling of Cinco Crater gives us some
clues on the local bedrock. All other rock types in i'he rake samples possibly
originated from layers further up the slope. Consequently, this rake sample
should give us some good information about Stone Mt, in general and spzci-

fically the higher elevations not accessible during the traverses

Location Criteria:

At leost 1 diameter away.from Cinco Crater on what appears to-

be typical Stone Mountain material in your judgment.




62

4
3) Station 8: S-Ray Cratér Ray

Rationale:

Station 8 is located on a ray from S-Ray. "The precise location is
up fo your judgment assessing boulders, etc, (See general station rationale )
- The purpése of the rake sample is to characterize the ray materials. There~
fore the sample should be taken on the rc¥y (not in Cayley off the ray),
Because there will be many boulders, chances are high that a lot of materials
are laying around which were actually chippéd off these boulders, It is
highly desirable to get away from such erosion ;Jroducfs by selecting a rake
location in a relatively large "inter~boulder area". However: under no
circumstances should you move off the ray.

If the "ray" is characterized only by boulders and no obvious dif-
ference in the spil is recognizable between "Ray" and genuine "Cayley",
then saméle again ‘in arlw infel;-boulder area. This will still be the most

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

Location Criteria:

a) On ray

b) Large inter-boulder area, i.e. chips should nof(prcdominanfly)

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

This rake sample, of course, characterizes the ejecta of North-Ray Crater
and thereby hopefully a very large stratigraphic section, including very
likely the most deep scated materials of the ‘entire _mfssion;

We know about the existance of very large blocks and boulders on:
N-ray rim.: The;refore especially care should be taken that the rake is not
taken too close to any big boulder(s), the erosion products of which could
possibly bias the rock-populations observed. Try to select the largest inter-

boulder area you can conveniently locate.

Location Criteria:

Largest inter-boulder area at station 12,
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5) Station 14: Cat Crater

Because we are at the contact of Caley and Descartes, this rake sample
will be an especially mixed bag. Furthermore, there is the possibility that

Ravine is an endogeneous crater, 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.

¢) Ravine-Materials?
This mess will be most difficult to unravel and we need all the field
observations you-can give about possible source areas for different lithologies.

Location Criteria;

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

of populaiion by Cat event.

2) It also should be to the N. of'Ccf, to ensure that Smoky Mtn,

materials are present,
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Station 17: End Crater

Onec of the muain objectives of stop 17 is to radially sample End Crater.
Ideally we would like to have three rake samples (1 dicmeter, 3 diameter,
rim). Dut time is too short. Consequently, the ;cke scmplhe ‘presently
planned is part of o'rcdiol sample. It should be ot about one diameter
distance from End Crater. ‘We hope to collect thereby materials representing

part of the Palmetto-section,

lLocation Criteria;

1) About 1 diameter away from End Crater.

2). Towards Pafimetto rim, to possibly recover even larger "Palmetto"

variety.




-GENERAL REMARKS

The .rationale and objectives why each individual rake is planned at
u specific station was outlined below. However, there are additional

considerations if one looks at the rake/soil samples collectively:

A) Lateral Confinu‘H.y of Caley:

- Flag: Most wésfer‘y location
S=Ray: Most southerly location
N-Ray: Most northerly location

Cat:  Most easterly ‘Ioccfion

Thus i'f 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 fhe‘ continuity of Caley. The sequence "si'cn‘.ifian 8", Flag, Er.\d
and N-Ray gives us a N=-S running section with sampling points spccc’ad‘about

2-3 km.

B) Vertical Extend of Cdley:

According to the chart illustrating depths of certain craters, the rim
materials of Flag, N-Ray, Palmelfo (= End) and Ravine (= Cof) Craters are
derived hopefully from different dépfhs in the Caley formation. The strotigraphic
location of the S-Ray Crater Ray is unknown. Nevertheless, it may be possible
to reconstruct the Caley stratigraphy from the four lo‘caﬁons mentioned above:
‘with incrécsing crater depth new rock types may be encountered which should
be reflected in the rake sample. Thus we can possibly reconstruct the Cayley

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

fail,
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C) Crater Ages, Lunar Surface Processes:

Accovrding to their state of degradation, relative ages of S-Ray,
' ’N-Rcy and Pclrﬁeﬁo can be established with S-Ray being the youngest,
Palmelio being the oldest one. Thus there is the fineorefical opporfunity
to eventually come up with formation ages of three .diﬂ’erent craters after
detailed investigations of the rake-samples. If we can age date these
events, we came a long way to better understand lunar surface processes
and can apply this knowledge to other lunar surface areas. |

| D) Lateral Extend of Descartes:

The roke samples taken at Cinco and Cat Craferxs. will provide us
hopefully with a statistically significant sample to mck.e c.ompar.isons between
the two Descartes locations and ftwereby give us an ideq"cxbo;J’r their lateral
continuity.

4t follows that not only individual rake samples will give us a lot of

information, but especially the combination and comparison of selected rake

areas are imporiant clues to better reconstruct the local geologic picture.

Remember: 1) Always try to avoid close proximity of big boulders, because
their erosion products may highly bias the rock populations

collected.
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SPLIT BOULDER SAMPLE:

PRIME OBJECTIVE: | Dating of spécific 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.

REQUIREMENTS:

A) Roughly equidimensional (1m) boulder, crystalline rock
having a nearly vertical split no-more than 5 ecm apart

running roughly through its center.

B) Unambiguous association with cratering event,
C) One half of boulder has to be overturnable,

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

PRIORITIES:

A) Chip "top"
B) Chip "bottom" Chip weight: ~100 gr or larger

C) Chip "center"

D) Chips "E" or "W"
- E) Chips "S" or "N"
F) Soil underneath

G) Reference soil

MINIMUM RETURN:
A) Chip "top"

B) Chip "bottom"
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SPLIT BOULDER PROCEDURE
TIME SAMPLE CDR LMP PHOTOS
i
7', XS, stereo "before"
Assessment of tasks: 2
- :03 1) Can boulder be turned over?.
2) s dust present on boulder fOp?]) -
3) Does boulder qualify for fillet sample?2)
4) Does split strike EW or NS5?3)
01 . 3 additional 7', XS DS, locator 8
stereo pairs )+
Q)
"N" chip Chip face to be Same + Close up,
:02 A turned over "N"- stereo
face :
:02 Turn over rock Same
soil 7', XS (stereopair) . )"
:02 "before" Collect soil from 3
7'y XS, "after" underneath
:08 6 chips Chip in the following Same + docu~
order: ment each chip
1) Top chip with close up
2) Bottom chip (stereopair)
- 3) Center
4) "W” chip
5) "E" chip
" 6) "S" chip
:05 soil Reference soil, standard procedure 5
Collection of other rocks is encouraged
1) If yes: brush dust off boulder top (no special photography).
2) If yes: collect fillet soil (7' stereo "after"),
3) If EW: collect E~W split sample; soil from "underneoth" is still to be

collected in- addition (7', "after"),

If NS:

to be collected in addition (7', "after),

* insert activity

collect permanent shadow sample; soil from "underneath" is

l7¢
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“TRY TO WORK ON

' SHADOWED FACE,

f.e. TRY TO OVERTURN
THIS BOULDER HALF

SUN

T

TRY TO HAMMER ON
OUTSIDE OF BOULDER

IF POSSIBLE

REFERENCE SOIL

e ‘ (5-]0 eet awa
- // : . UINE \ Y)
FILLET? _ : Ny > e S
. T 3 SISO e @/
e /W f
R Y . .: . - R l» . \/.//, \ |
"E-W" (NORMAL SCOOP) BOTTOM SOIL FROM UNDER-

[

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

(TAKE IN SPLIT)

llSII

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

1) CHIPS: AS LARGE AS POSSIBLE, PREFERABLY ABOVE
100 gr
2) SOILS: 100 - 200 gr (NORMAL)

SAMPLE WEIGHT:
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" GIANT BOULDER SAMPLE:

OBJECTIVE: 1) Variation of igneous units

2) Erosion rate, exposure hisfory; etc.

REQUIREMENTS: = Crystalline rock, larger than 5m, (no breccias)

PROCEDURED).. 1) If heterogeneities-are recognizable with the
~ naked eye, sample and document representative

materials.,

2) Each chip should be documented wafh a close
up stereopair,

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

4) Photo documentation:

a) Entire boulder: 1 flightline pan (3-5 frames)
or other best possible way

b) Chipped areas: close up, stereopair

MINIMUM 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.




6

RADIAL SAMPLING OF FRESH, 20-50m SIZE CRATER:

OBJECTIVES:

REQUIREMENTS:

1) To reconstruct three dimensional target stratigraphy.

2) * To possibly date cratering event.

3) To reveal dynamics of small 'scale surface processes
like horizontal transport of regolith and erosion of
small craters,

‘1) Fresh crater (20-5051 diameter)

2) Crater should barely penefrcfe bedrock, i.e. have
blocky rim

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

PROCEDURE A (IDEAL CASE): Changes in lithologies in ejecta blanket

PROCEDURE B:

are obvious to the naked eye.,

1) Collected rock specimens representative of various
lithologies., -

2) Collect soils together with rocks.

3) Assess the original target position of the samples
collected and/or document position of samples with
respect to overall crater by taking Part. Pan. "after'
radial sampling.

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

Minimum time: 30 Min.

Changes in lithologies of ejecta blanket cannot be
recognized.
1) Plan at least 3 sampling Iocahons:
a) on crater rim
b) 1/2 crater diameter
¢) 1 crater diameter

2) Take rake/soil sample at all 3 locations and rock
grab samples.




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) B 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).

174
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CHEMICALLY ULTRACLEAN SOIL SAMPLE (CSVC):

OBJECTIVE: Sample devoid of potential sources of contamination,

REQUIREMENTS:
1) Single drive tube on "typical" 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,
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SOIL SURFACE MATERIALS ("SURFACE SAMPLER"):

OBJECTIVE: lnferacfion of solar wind and cosmic radiation with
lunar surface,yielding a better understanding of:

A)

B)

Q)
REQUIREMENTS:

A)

B)

C)

PRIORITIES:

—_— N
B)
<)
D)

MINIMUM RETURN:
A)

B)

Solar and galactic radiation
Small scale lunar surface processes

Implications for remote sensing

Flat, "typical" soil surface

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

a boulder

'Distance to LM: larger than 1 km

Velvet cloth sampler
Beta cloth sampl-er

Skim sample

Scoop sample

Velvet cloth sampler

Beta cloth sampler

176
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SURFACE SAMPLER PROCEDURE
TIME | SAMPLE " CDR | LMP PHOTOS
:03 Assessment of Tasks

Prepare Surface Sampler
Approach area with utmost caution or
select suitable boulder for shielding

03 surface Put "beta cloth" sampler down, don't

sampler 1 push o
Retrieve beta cloth sampler

:03 surface Push "velvet" sampler down
sampler 2 Retrieve "velvet" sampler
101 ’ Put gnomon over DS, locator 4

sampling area
7', XS, stereo=

pair "after"
:02 skim Take skim sample Widen skimmed 2
sample 7', XS stereopair, area
"after"
:02 | scoop Take scoop sample underneath skimmed 1
sample area ‘
7', XS, "after"
|
I, 1-2' S
< ’ BOULDER TO PREVENT

b SOIL C(%NTAMINATION

WIDENED SKIM AREA

177

\ ) B
- N S PP ‘
) / A VELVET \
SK(lgﬂl gé'%grf;LE / (PUSH) BETA CLOTH (DON'T PUSH)

SUBSURFACE SCOOP
(=200 gr)
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FILLET-SAMPLE:

OBJECTIVE:  A)
B)
C).
REQUIREMENTS:
A)

B)
Q)

D)

PRIORITIES:
A)
B)
Q)
. D)
MINIMUM RETURN:

Samples: A)

Erosion mechanism and rate -
Regolith transport mechanism

Surface history of rock

Boulder larger than 30 cm.

Crystalline rock or very tough breccia

Must have fillet which is equally developed
around entire rock; markedly assymeiric fillets
are undesirable. Best opportunity: on flat

terrain.

Distance to LM: larger than 1 km

-Fillet=-soil

Rock=chip
Dust from top of boulder

Reference soil -

Fillet-soil

B) Rock=chip

C)

Reference soil

POSSIBLE COMBINATION:  “Split Boulder" Sample

This combination is actually highly desirable, because boulder dust

and “fillet-soil" only has to be added to the split boulder procedure.

178
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FILLET-SAMPLE
PROTOCOL AND TIMELINE
TIME | SAMPLE | CDR | LMP PHOTOS
:02 - Assessment of Tasks ‘
Approach Area with Caution | DS, loc, 6
7', XS~stereo, "before",
of fillet to be collected;
2 other 7' shots, illustrating
extent of fillet around rock
:02 | soil Collect dust on boulder surface (if present)
by brushing)
102 soil Collect fillet soil : 2
' - 7', XS, stereo "after" : Close up,
:03 | chip Chip surface of boulder
7', XS, Uafter" Close up,
' stereo “after"
:05 soil Colleéf Reference Soil, 5—10ff, away

Standard P'roc‘:efjuré

REFERENCE SOIL
(200 gr) '

ROCK CHIP (ON TOP OF BOULDER;
L IF POSSIBLE: 1009;)

BOULDER DUST .
(USE BRUSH o¥ G

\t\(){\t

AND SCOOP; =
05 - 29!‘)
FILLET soiL _ . - =77 kL
(200gr) \w S
o\ S R

"“ s O voe

~
4
A\ 2
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PERMANENTLY SHADOWED SOIL:

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

REQUIREMENTS:

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 §
for the Descartes landing site.

2) Distance to LM: larger than 1 km

'PROCEDURE:

1) If "permanéntly 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 (7' “after") . .

3) Collect reference soil underneath skimmed area
(71 "Qﬂ'el’") : ’ .

PRIORITIES:

1) Permanently 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)
2)

3)
4)
PROCEDURE:

PRIORITIES: 1)

MINIMUM RETURN:
1
2)

TIME ALLOCATION

POSSIBLE CONTAM

The "split" trends EW

The width of the split is no more than the height
of the "walls", i.e. a "shielding angle" of 45°
is required, ‘ ~ '

Soil contamination shou!d be kept at a minimum,

Distance to LM: More than 1 km

. Approach area with caution.

7', stereopair, "before", along EW split,

Skim sample in EW split (=150 gr)

7', "ofter"

Reference soil, standard procedure. However
taken along E=W line, chut 10-20' away from
split boulder on level,. i.e. "unshielded" ground.
Soil in E-W split,

Reference soil.

Soil in E~W split

-Reference soil

: 10 Min.
INATION:

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

18/
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RATIONALE 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 time line considerations. |

Take fhe.scmpk:s whenever and wherever it is convenier;f,
e.g. Stations 5.and 6 are also O.K. The' objective of this task is to
preserve the pristine surfaces of a rock. |
Remember: a) The samples should be igneous if possible.
b) They should bé hand specimen laying around.
Chips hammered off a boulder are unsuitable
because the hammering may have destroyed the
pristine nature of the surfaces,
c) Hondle the sample and the bags with tender
loving care.
d) Pull Velcvo-strap as tight as possible,
e) Storage in seat pan is recommended duﬂng EVA,

f) Store in special pouches inside the LM,




X

2
STATION 8: S-RAY CRATER RAY
SPLIT-BOULDER

Because the main purpose of this experiment is to date the event
which formed S-Ray Crater, the task had to be planncd on a S-Ray

Crater Ray.,

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

| 2) The bouldér has to be unique!y associated with
S=Ray. You have to establish that criterion in
real time, e.g.
a) secondary projectile still sitting in its crater?
b) characteristic lithology for S-Ray ejecta?
c) chcrcc’feris;i.i:\”‘;‘f g—-écy boulders?

3) Possible combinations with other samples Ii.ke fille-f,

boulder dust, E-W éplif and permanently shadowed

soil,
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STATION 9: VACANT LOT

SURFACE SAMPLERS AND CSVC:

The rationale for ;.:>|c1cing station 9 where it presently GPF-JGGI'S is
strictly based on photo interpretation; however, the final choice of
- location is up to your ]udgménf.
"a) Station 49' 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 and descent 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 dust, use a boulder for protection. ApF;roach this boulder
from the side facing the LM, so that you can collect the soil on the other

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

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

area and left at your discretion,
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STATION 12 N-RAY CRATER

GIANT BOULDER, E-W SPLIT, PERMANENT SHADOW:

The rationale for placing these activities at station 12 is due to
our knowledge c'onc.eming the size and frequency of blocks. They are
there in adequate sizes and Frequenc;ies, Further arguments are time
‘h'nle considerations, i.e. we have a total of 109 minutes station time
at N-Ray during which we can hopzfully collect some of the above
“samples. The actual location of suitable sample areas wi‘!-hin station 12
for the above samples is up to your real time assessment. They are
genuine targets of opportunity, Anywhere and any time during station

12 activities these samples can be collected,
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SIATICIE 17 END CRATER

A radict sample is.pl.cznrwc::! ft e Crotor by taking 1 rake/soil and
2 livas soil comples and 0 many Lend spe ,imcn-cé fimé line p’ermits.'
The roticeale for picking fod Crater {57 redial sampling is largely due
10t b consio hroth g |

Scientifically we lwive the unique opportunity to collect hopefully
all rock wnits whichiy c excoveted by i Palmetto eQen'r, becﬁuse
End crater will re~excavate the overturned flap of Palmetto. While
the rake and iarge soii: at 1/2 diameter yi2ld rocks from deeper

‘horizons, the sample on the rim of End wili characterize the local,

upper Cayley unite, !t may be:difficut: .t. reconstruct the precise, 100 m
duep stratigraphy, but we should have all vock types involved in the Palmetto-

Lvent. Thus in a way, a radial sumple &f End will help us to learn about

- .
MRS EES Tl N R SIS

" The reoson for-hoving the a7 zzn,ling line running roughly

Weg i laraciy osetational, .64 fue 7u i pan should be pointing inside
) § r p p g

Polmet s, Abrer shaoting that pui, ~ne Liv® can start the radial sample
2] 4 P

dgid vhers e is standing.  Principally, it does not matter along which

diractin, the yodial sample is token; ofter all, we deal with an (ideally)

czntics ymicivts pheromenon,
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CRATERS IN CAYLEY:

(See attached plot)

Definitions:

"Predicted Depth" Based on laboratory impact experiments and related
cratering scaling laws defined as the dept to which

. crater material was excavated
“Present Day Depth" As measured from TOPO COM - map
“Diameters" As measured by Flagstaff (rim-to—rim—distance)

NOTE: a. The difference between present day and prep1cted depth is of course
due to subsequent crater erosion and infill.
b. However you see, that even S~?ay crater has some 1nf1]1 though S
© it is extremely young. This is due to the fact that 1mmediate1y
following excavation, the fall back ejecta and possible slumping
of crater walls fillg €@ part of the crater bottom. Thus even
the youngest craters display some fill.
c. The degree of infilling is of course a good measure for relative ‘denkicols
ages, however only, if one compares craters of ik size, n
giyeel craters are difficult to asses (however there are good theoretical
- models), because small craters fill in much faster.

Implications:

The plot is 1nc1uded 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,
Plumg Cat-Dog Leg - Hot and &nd craters may or may not have penetrated to

hard bedrock, i.e. Cayley. The jmportance 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 resolution photos.
However, you may find much smaller blocks for 2 reasons
a) If strength of lunar target materials is less thanggza granite or basalt
b) If crater is badly eroded. Constant meteoroid bombardment will wear
rocks down to smaller sizes. The above values are applicable only to
fresh craters.

Imp]ications£

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-Ray or S-Fay
craters. oo,

Block size distribution:

There is not very much observational data to help you. In general the average
grain size of ejecta decreases with increasingg crater distance. This
statistical picture however may be disturbed by individual, erratic blocks

or by (unpredictable) strength differences of the target stratigraphy.
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SMALL CRATERS AS A SAMPLING TOOL AND OBSERVATIONAL TARGETS
FOR STUDYING BEDROCK

Quaide and 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 "concentric" craters, one needs
a target of at least two layers. The top needs to have signi-
ficantly 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 geometries can give hints about the presence of
bedrock:

(1) Central mound craters
(2) Flat floored craters

The explanation offered is, that less energy is required to exca-
vate in essentially strengthless regolith while considerable energy
is needed to excavate hard bedrock. The shockwave also gets
reflected at the hard rock surface, which is an additional mech-
anism to remove loose surface material. 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 hard 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 characterize 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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MOON

- LABORATORY

FLAT-BOTTOMED GEOMETRY CONCENTRIC GEOMETRY

- DIFFERENT CRATER GEOMETRIES ACCORDING TO
OBERRECK AND QUAIDE
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Fig. 18. Relationships between sise and morpho}o'gy of fresh craters with diameters between
70 and 400 meters in an area where the median thickness;is of the order of 5 meters.

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 likely a
"concentric" one. Therefore in a variety of locations you m@

. encounter bedrock. MNote 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).




Fi. 20, Concentrie erater with a multiplicity of nested central craters suggesting the presence
of Interbedded strata” of varving strength in the substrate, '
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Fig. 19. Interpreted stages of modification of a concentric crater. The craters shown are
of the same size (~180 meters) and occur close to one another in a region where the median
thickness of the surface layer is of the order of 5§ meters. (4) 8harply defined concentric crater,

square in plan with fans of ejecta blocks originating from the inner crater. Few small craters

are superposed on the crater and ejecta. (B) Slightly modified concentric crater with aquare
plan shape, inner crater and blocky ejecta still evident. Greater numbers of small superposed
craters are present. (C') Substantially modified concentric crater with inner crater and square
outline faintly visible. Blocky debris is rare and appears to be randomly distributed. Small
superposed craters are numerous. (D) Highly modified concentric crater with a faint indica~
tion of a square shape. Large blocks are rare and no trace of inner crater remains. A large

population of small superposed craters is evident.
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IT.

" 'CRATER RAYS AT DESCARTES!

'BACKGROUND:

A. Continuous Rays
B. Discontinuous Rays

C. Cratering Mechanics

" RAY 'SYSTEMS ‘AT DESCARTES:

A. South Ray Crater
1. Flag and Spook Craters
2. Stubby/Station 8§
3. Others

B. North Ray Crater
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I.

BACKGROUND : >

One can distinguish two types of "rays":
A. Continuous Rays
B. Discontinuous Rays

fontinuous Rays:

They are irregular, long stretched protrusions of'thé
continuous ejecta blanket and thus are an iﬁtegra]_part of the
ejecta blanket itself. .

Because of the inverted stratigraphy within an esecta
blanket the continuous rays 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 fs dependent ofs 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 "overlay" the ejecta blanket. Their
grain size and block distribution is similar to that of the
"average" fringes of the ejecta sﬁeet. .

Consequently sampling of such rays does not yield significant
resu]fs which could not be obtained at other parts of the ejecta
blanket. Stratigraphic information, i.e. rock types as a function
of crater distance, is more readily obtained on the cohtinuous

ejecta blanket, because less radial distance has to be covered to
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‘encounter different lithologies. It is.even less promising to

obtain stratigraphic information by traversing along a concentric
path and thereby intersecting a variety of continuous rays: they

all should be more or less alike.

. - Discoritinuous Rays:

Discontinuous rays are--in contrast to continuous ones--much
more cﬁmplicated structures, becéuse they can principally be
derived from all stratigraphic horizons involved in the cratering
event. However the majority of discontinuous rays seems to
origina%e,from the upper 50% of the colum excavated.

They represent discontinuous, discrete patches of ejecta
materials aligned radially to the crater. Ea;h individual ray
represents a discrete (small) volume of the stratigraphic column.
A1l individual patches making up one ray are composed of the same
materials, i.e. 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)
bf}discontinuous rays ylelds very likely a lot of "variefy." How-
eVer, it is impossible to place these materials in‘their proper
stratigraphic sequence, unless other supporting evidence is gathered
on1the continuous ejecta blanket or on the crater rim.

| The extenﬁ of discontinuous rays may be ﬁp to 20-30 crater
diameters. With increasing distance the patches become more in-

frequent and more irregular, probably also much thinner, i.e. there




3

bis not very much mass ejected this far; *Discontinuous" rays
close to the crater may be 'continuous' msges of ejecta; however
they are distinguished from genuine continuous rays by the fact,
that they overlay the ejecta blanket.. Disconti.x'mous Tays may
start directly at the crater rim as continuoﬁs ridges etc.; which
will thin oﬁt 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 apart upon landing.

. Cratering-Mechanics:

Detailed knowledge about impact .crater rays is truly scarce.
There is presently no quantitative understanding of the phenomena
and the above guidelines afe derived from a few small scale impact
cratering experiments as well as a few explosive (nuclear and
chemical) craters. It appears that the "gén'tinuous" Tays are pro-
trusions which may be caused by various degrees of turbulance in
the ejecta cloud. They are omnipresent in the above experiments.
Discontinuous rays however appear dnly, 1f significant mechanical

heterogenieties exist in the target. Such heterogenieties cause a
dis’;urbance in‘th,e shock front which results in rarevfaction and
reflectior: ‘;Araves; which may locally concentrate shock wave energy
and thereby accelerate the materials above 'average.' Such
mechanical disturbances may be rock units of Véstly different
densities (= cofnpressive strength), but also faults may have such
effects. This is the reason--we think--why 'discontinuous' rays
can basically originate everywhere in the target and why they are

so unpredictable!
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II.

RAY SYSTEMS AT DESCARTES:

>

The following discussion neglects purposely all ray systems ema-

nating from small, fresh,‘craters'(ZO-SOm) and focuses only on the

rays: of South-Ray and North-Ray craters. South- and North-Ray crater

Tay materials can basically be encountered everywhere along all three

EVA's. The first one will positively be traversed on EVA's I and II;

the ldter one on EVA III.

A.

South-Ray Crater:

1.

2.

Flag and Spook Crater

At both locations patches of South Ray materials are present

and they are interpreted as ''discontinuous' ray systems. It
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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.

Hints to identify Ray materials:

a.

b.

e.

f.

High albedo of soil.

If big blocks around: the least rounded

‘Agﬁyﬁﬁtric fillets banking against S-side

boulders.

Coarser grain size of soil.

ones.

of big

"secondary'' craters pointing towards S-Ray.

Patches of loose material, i.e, "mounds."
Relatve abuwsauce of browks,

StubngStation B

boulders bkb-

It is inpossible to tell whether these materials are

continuous or discontinuous rays. Critical observations to

solve this question:




-

Do rays emanate out of continuous ejecta

blanket (= continuous ray) or do rays overlap

ejecta blanket (= discontinuous rays)? Photograph!!

Try hard to make these observations, becqﬁée they are

critical to place the materials back into their strétigraphic

position, if part of a continuous ray.

: e Hints to identify and sample ray materials:

a.

Soil:
(1) High albedo.
(2) Coarse grain size.
(3) Fillets baﬁking against boulders.
4) Mbund—patches.

The main soil sample we want at statibrlig is the
double core tube; it should be plaéed such that it

hopefully penetrates the ray material and ends up in

- the underlying Cayley. If mounds are present, take

scoop samples of them.

Boulders ‘

(1) Hopefully not well rounded because of young age
of S-Ray. ! ‘ ]

(2) Boulders associated with ''secondaries," either
still sitting in little crater or broken up and
‘scattered around.

(3) Boulders at the end of tracks pointing towards S-
Ray. '

(4) Boulders aligned along radial from S-Ray.
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B.

6
The sampling should focus to recover 'variety"

of rock types. . Therefore if you can, do select a

" boulder field which offers “vériety}” However be not

too surprised if you don't encounter this option;
rays just tend to be '%omogeneous.”

We do not know, whether the boulders are ignéous
or breccias. Work as best as possible along the
3uidelines developed for the sampl}ng'of N-Ray crater
Tim. |

While your hand specimen sampling may include the
one dr other 'odd-ball,'" try to pick an area for the

rake/éoil'samplg which;is representative for the ray

materials.
3. Others |

There are no other saﬁpling stations planned on S-Ray
materials, howéver you may conment while driving on their
occurrence etc. at: |
a. Between Spook and IM.
‘b. At Survey Ridge.
c. Between Stations 6, 7 and 8.

d. All the way back from station 8 to the IM.

North-Ray Crater:

There is no specific sampling spot planned on any North-Ray
crater ray system. However detailed observations enroute from

N-Palmetio (where you may start to encounter N-Ray boulders) may

L
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help you in getting some ideas about'the lithologies coming oﬁt of
N-Ray and thereby may give you valuable clues about what to expect
at the rim. It also will help the SSR td better help you in ex-
ploring the N-Ray cémplex. You will actually select an interray
area for trafficability reasons. If feasible it is recommended to
swing from one ray to anothér and look, whether the lithologies
are similar zg'different. Such 6bservations‘become critical on
dedect on K et

the rim, if you cbseswe that some rock types you opservéaﬂﬁ}e not
present in the rim materials. Thus, these obéervations may heavily
influence the sampling and stay time on the rim proper. Of course,
the same kind of bbservations should be gathered, once you have
encountered the continuous ejecta blanket.

On the 500mm 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.
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