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PRELIMINARY LUNAR EXPLORATION PLAN OF THE MARIUS HILLS
REGION OF THE MOON

7 | By
= 3 T. N. V. Karlstrom, J. F. McCauley and G. A. Swann

INTRODUCTION ;
af{ - This report presents a preliminary Lunar Exploration Plan

: (LEP) for the Marius Hills region of the Moon. The Marius Hills
region is one of the six sites considered by the GLEP site selec-
tion group as a candidate for manmned exploration using mobility
systems allowing a radius of operation of at least 5 km. The 3- {
'Qgi ' -~ day mission considered for the Marius Hills region is based on

the use of one lunar roving veh1c1e (LRV) and two lunar flylng

units (LFU s) ‘and allows for four extravehicular activities (EVA‘s)

of 3 hours each.

v Effective planning for geologic field'investigations on a

lunar mission requires detailed consideratiOn of 1) the best
available information on the geology of the site to be explored

“and on relevant regional geology, and 2) operational and perform-

ance characteristics of 1aunch vehicles, mobility systems, instru-

e =
NN S HR e T

ment systems, and communication systems. Factors such as stay

P

@’time, payload, and range‘are especially important. Inasmuch as
k,our knowledge of lunar geology and our~concepts-of lunar surface

operatlonal support systems are still evolving, clearly lunar

LA SRR S

~explorat10n plans must be contlnually ref1ned and updated.

Operatlonal concepts and assumpt1ons in thlS report are the

l:best estimates currently avallable from the Manned Spacecraft
k'l'Center.t The geologlc data used in preparlng the pre11m1nary ‘
‘m1331on plan are based on geologic maps made spec1f1cally for |
this purpose by the U. S..Geologlcal Survey Contlnued geologic o
:“mapplng of the area at 1ncreasxngly larger scales, and reflnementSrh,
[”L1n operat10na1 concepts, w111 undoubtedly nece581tate changes in .

’l’the present plan.r Nonetheless, thlS plan 111ustrates in broad :
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outline what can be accomplished scientifically with two LFU's
and an LRV during a 3-day manned mission. ,

The traverses are designed to enable sampling of the many
features within the landing area that are inferred to be of vol-
canic origin and controlled by a major linear rupture in the
lunar crust. The geophysics experiments will provide data bearing

directly on the geology of the region and were integrated within

‘the framework of the geologic traverse requirements. The use of

active seismic charges and geophone arrays along lines 7 km long
perpendicular and parallel to the axis of the inferred regional
structure should, along with largely automatic magnetic and grav-

ity surveys, provide significant information on subsurface struc-

tures to depths of 1 to 2 km. It should be possible to relate

this geophysical data to the surface geology and, in a broad

sense, to the solid-body geophysical data obtained from the

ALSEP instruments deployed in this and other missions.

The authors are indebted to E. Simmons of Massachusetts
Institute of Technology and to R. Kovach of Stanford University

for assistance in planning the geophysical sections of the mis-

sion plan. The assistance was in the form of telephone conversa-

tions, and the authors therefore assume full responsibility‘for
'any discrepancies in'the geophysics plans.' '

REGIONAL SETTING, SIGNIFICANCE, AND GEOLOGIC MAPPING

The Marlus H111s volcanic complex, near the center of Oceanus

Procellarum, is one of the most concentrated and varied arrays

*'of probable volcanlc features on the Moon.p Intensive study of

‘the area, using telescoplc data, began 4 years ago and was fol- ‘
o lowed by analyses of the excellent photographs obtalned by Lunar' B
‘vp_Orblter II, IV and V (McCauley, 1965, 1967a b,fc) Two new pre-k |

11m1nary geologlc maps were prepared spec1f1ca11y for thlS sur-r7

, face exploration study (pls. '1-3). The small-scale map (pl 1)
»’was prepared from stereoscopic moderate-resolutlon Orblter V ‘

' ‘coverage and was plotted on frame M215. The largefscale map B
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(pl. 2) was prepared from tine high-resolution coverage of the
northwest corner of this frame and is roughly centered on a geo-
logically varied area considered to be representative of the en-
tire volcanic complex.

The Marius Hills volcanic complex lies athwart one of the
longest continuously developed ridge systems on the Moon. kThis
system is near the center of and parallel to the major axis of
Oceanus Procellarum, the largest continuous expanse of mgria on
the Moon, whicheinrcontrast to the circular mare-filled basins is
crudely elliptical in shape. The Marius Hills region, the Aris-
tarchus Plateau, and the RﬁmkerrHills all lie along this'hid-

oceanic’ Procellarum ridge system and are similar in certain re-

" spects to terrestrial oceanic volcanic plateaus such as Iceland

and the Azores. On Earth, plateaus of this type are located

along major rift zones commonly attributed to rising convection

currents w1th1n the Earth's mantle. Its unusual regional setting,

;therefore, raises the question as to whether the Marius Hills

,volcanlc complex is indeed the product of deep-seated lunar con-
vection. The range in form of probable volcanic features raises
the additional question of whether magmatic differentiation has
'occurred_on the Moon. 1If so, how did itAOCCur‘and what are the

end products? Are this and other mid-Procellarum plateaus the

' final_differentiatiou products of the more primitive basaltic
~ magmas that‘initially»filled’thehmare basins?’ Even if such

. ‘questions are only partly‘ahswered our understanding of lunar
'volcanlsm and its role in surface evolutlon w111 be greatly im-

- proved. The Marius Hills 1s 1dea1 from the standp01nt of 1ogls-‘

t1c ease and potent1a1 sc1ent1f1c return for a manned 1unar land-

ing de51gned to 1nvest1gate lunar volcanlc problems.\?

, Small Scale Geologlc Map

Plate 1 shows the reg10na1 relatlons of the most prom1s1ngf

:‘ 1and1ng area 1n Marlus HlllS that is covered by hlgh-resolutlonil

iphotography., Two promlnent sinuous r111es occur 1n the central;,~f~
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part of the area, one of which is unusual because it exhibits a | 1
rim. At this juncture, however, neither can be effectively' . %
studied without compromising the main theme of the mission pro-
posed--i.e., lunar volcanism. Furthermore, other missions will
i probably be devoted to the rille problem (e.g., mission to Hadley
Rille area). Plate 3 describes the units mapped and places»them
in relative stratigraphic sequence. Preliminary topographic pro-
files of selected features in the region of strongest stereoscopy'
were measured parallel to framelets by Gary Nakata of the U.S.
Geological Survey. Unfortunately, these profiles lie outside
the region of primary geologic interest; however, they are use-

I - ful for estimating maximum heights and average slopes across

L features that are similar to those within the Apollo’target zone.
The low domes are generally 50-100 meters high. The steep domes

ﬁ rise as much as 200-250 meters above the surrounding plains, and , ?m

E R A the {tighest punctured cones may be about 300 meters above the g

B plains. A slope analysis of the profiles over a slope 1ength of é

S S 30 meters indicates an arithmetic mean of 8° with no correct- ' g‘

ion for included rilles and large craters.

Large-scale Geologic Map

R T T B T Y

R

The preferred surface exploration site lies within the area-

SN

covered by the 1:25,000-scale geologic map (pl. 2). A variety

of punctured“cones,‘low domes, steep domes, and small bulbous

 domes (not shown on the small-scale map), which are con81dered

representative of the volcanlc complex as a whole, are shown on

plate 2 Bedrock exposures and scattered block flelds are nu--
merous throughout the area. Two p0351b1e 1and1ng points are
_shown at A and B. Only the northernmost has been studled in
terms of exploratlon potent1a1 ‘ | ,k o
"  The major geologic features thet are Within 5>km'(maiimum'
‘operat1ng radius in this nission plan) of the proposed landlng
. 81tes are: 1) gently rolllng cratered plalns 51m11ar in texture - v T

- to the marla but elevated at the northern edge of the complex‘f«
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along an irregular scarp about 100 meters high, 2) numerous low
domes 50-100 meters higher than the surrounding plains with con-
vex-upward slopes, 3) steep-sided domes with a rough and intri-
cate surface taxture, generally perched upon low domes, 4) steeply
convex upward or bulbous domes that are smooth and generally
equidimensional in plan, 5) steep-sided cones with one or more
linear summit depressions, b) narrow steep-sided ridges elsewhere
superposed on the broader, lower ridges of complex form typical
of the maria, 7) the usual array of probable impact features in-
cluding small bright-halo craters, a morphologic range from
sharp-rimmed craters to shallow rimless depressions, and clusters
of small craters which are probable farflung secondaries, and

8) a multitude of block fields and bedrock exposures exceeded in

number'only by those around and in the large young craters such

-as Aristarchus and Tycho.

Most of the aforementioned features have numerous well-

known terrestrial analogs in areas of recent and current vol-

canic activity such as Hawaii, Iceiand, and the San Francisco

volcanic field in Arizona. As these lunar features are similar

in form and scale to the terrestrial ones, proponents of lunar

~volcanism need not appeal to an unusual set of physical condi-

tions to explain the photographic data. The features observed
are familiar to experienced volcanologists when account is taken
of the masking effect of random "impact noise." Examples'of‘

some of these terrestr1a1 volcanic features are shown in flgures

,1 2, and 3

SCIENTIFIC OBJECTIVES

The sc1ent1f1c obJectlves of a surface mission in thlS area

b_are to gather geologlc, petrographlc, geophys1ca1 and geochemlcal
ktdata that bear on the origin, history, and age. of the Marlus ‘Hills.
"'If the steep domes, punctured cones, and narrow rldges are com-

» posed of dlfferent types of volcanlc rock that is ‘more. 5111c1c‘

than the rocks of,the marla, magmatlc‘dlfferentlatlon must'have"'v
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occurred on the Moon, attesting to a long and complicated volcanic
history for even this small planetary body. Geophysical data in
context with the geology, petrology, and geochemistry, may con-
tribute to establish the character of local upper-crustal fracture

control and to test the convection hypothesis. An important by-

~product may be the discovery of concentrations of nuw crystallized

volatile materials that were initially released beneath the in-
sulating regolith.

To satisfy the scientific requlrements the following opera-
tional objectives must be met: 1) several of each type of the
major constructional features must be described and sampled in
detail, and oblique surface photography must be obtaired, 2) the
origin of the punctured cones and associated features must be es-
tablished by field description, photography, and sampling, 3) the

exceptionally fresh narrow ridge in the southwest part of the ex-

’ploration area (pl. 2) should be investigated with the view of

establishing whether or not it is erﬁptive, 4) a local strati-
graphic sequence should be established by direct observation of
local superposition and;intérsection relations, and 5) in order
to establish subsurfate structure, geophysical meaéurements

should be made over the longest possible base lines.

'OPERATIONAL GUIDELINES
Surface Exp;oratlon Constralnts,
1. Vehicles avallable for manned sc1ent1f1c sorties:
| a) Lunar Roving Vehicle (LRV) '
b) Lunar Flylng Unit (LFU)

2. Traverse llmltatlons'

‘a) Max1mum Qperatlng radlus from.Extended Lunar Module
(ELM) w1th LRV and LFU is’ 5 km ‘
b) Maxlmum operatlng radlus from ELM on: foot traverees
I is 1% km | o | ‘
o c) One astronaut must be w1th1n 1> km ("walk back") of EIM
:~while the other 1s beyond thlS dlstance w1th LRV or LFU

e
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Figure 1l.--Linear pyroclastic cone typical of many of the volcan-
ic vents in the San Francisco field, northeast of Flagstaff,

Ariz. Length 1.6 km, width 0.95 km, height 150 meters. This
cone compares closely in form to the feature sampled at F-II-2

(large-scale map).




Figure 2.--Multiple pyroclastic cone with well-developed internal
septum, San Francisco field, northeast of Flagstaff, Ariz.
Length 1.5 km, width 1.3 km, height 240 meters. This structure
is similar in form and scale to the multiple cone in the south-

east corner of the large-scale map.
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Figure 3.--Small shield volcano (Howard Mesa) in middle back-

ground, San Francisco field, northwest of Flagstaff, Ariz.

Roughlv circular in form, diameter 5 km, maximum height 150
meters. This structure, composed of intermediate andesite
flows, is a possible analog of the steep domes.
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d) LRV is capable of 4 traverses

e) LFU has sufficient fuel for at least 2 traverses (2nd
LFU fully fueled and on standby basis for rescue opera-
tions)

Mobility unit speeds:

a) LRV - normally about 5 km per hr, which may include very
quick stops for observation and sampling without dis-
mounting. Up to 10 km per hr in especially favorable
terrain ,‘ :

B) LFU - sufficiently fast that traverse time is negligible

Extravehicular Activity (EVA) times: ,

a) Total EVA time is 24 man-hours; limited to & EVA's of 3
hours each B

b) Both astronauts must be outside during each EVA

Mobility unit science payload (excluding one astronaut):

a) LRV - 400 1b round trip

b) LFU - 180 to 240 1b round trip, depending on total dis-

- tance of the two-stop traverses

,ASSumptlons~;

) Navigation equipment on LRV and communlcatlon and tele-}
metry equlpment on the LRV and LFU are not a part of the
; sc1ence payload on mob111ty units ‘ ,
fb),Payload capab111ty of LRV can be "stretched" on first

traverse to approxlmately 450 1b: for flrst 600 meters to

Uallow carrylng ALSEP and other equlpment to ALSEP deploy-‘

'ment area

¢) Operational prbcedures'and equipment design will be sﬁch‘}

‘}that 15 m1nutes 1s suff1c1ent1y long at the end of the
LRV traverses for unloadlng samples and preparlng the
~ vehicle for the follow1ng EVA

‘ _d)‘It is assumed for the purposes of thlS report, that ;gd:

llghtlng and sun angle are not 11m1t1ng factors

.~" 3
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Launch Vehicle Payloads Charged to Science
Saturn V (1,000 1b capability) , Payload (1b) i
1, Stay time extension 250-500

2. Two LFU's (one for traverses,

one for rescue) 360 §
3. Two LFU Navigation units ‘ 50
4. Geologic tools for LFU o 15

L sy,

2
‘Ef B 5. Contirgency Portable Life SupporL "‘ i
e | ) System (PLSS) | 120

g g vy

R FneTT e i
B i SRR AR R P A TN AR R e SN2 S SN 1 s

.,;} : - 6. Two communications relays - . 10-20
';?é | : 7.. Lunar Surveying System (LSS)--for LFU 70 i

8. Sample return containers (2) | 40

915 1b

Titan III C (2,800 1b capability)
1. LRV (including navigstion equipment) | 600
2. 1SS (for LRV) | 70
3. Geologic tools (including extra ’ |
i sample bags and drive tubes)‘ T 30
4;h ALSEP (mounted on LRV) o o . 300

5. Two 3-geophone seismic arrays ; 20

6. One 8-geophone seismic array : ,‘,vj 10
7. Titan-mounted drill - L SR tkﬁk50,
8. Heatfflow probes SR 10
9. Explosives (I3 LRV, 3LFU) 80

10. 'Magnetometer (mounted on LRV," BT R

i KW%TE“&%*'*“%FZW~ e e SR E e T

klncludlng boouo ",_ T L 25
11, Magnetometer (for LFU) ¥ ""-"if_ L i;,,_ “v_10’“

12, Two grav1meters Vi‘vi S ;f -»:;" : 20
13. Off 1oad1ng equlpment for LRVo LR '_s':100f5
14. X-ray dlffractometer - de | o

B 15, Sample-preparatlon equlpment = 200 ’,,:_1;La,,-.

:‘16. Worktable for analytical equlpment 1, ffffV”r10“

1,390 1
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Scientific Mission Support
It is assumed in this mission plan that a scientific data

facility is operating during the mission at Mission Control Center,

‘Houston. Telemetered data from the X-ray diffractometer =~ aKa

spectrometer, magnetometer, and gravimeter are analyzed in near-
real time. Teams of scientists and technicians monitor the astro=
nauts' descriptions and the television images from the lunar
surveying systems;l/encode the map data, and compile, correlate,
and synthesize the stratigraphic, petrographic, structural, and
analytical data. Pertinent results from the analysed and compiled
data are then provided the astronauts upon request, along with con-
sultation on other geological or geophysical problems. Many
routine duties, such as telling the astronauts which sample num-
bers pertain to a given map unit so that they can select a spec-

ific sample for petrological analysis, will also be performed at

~the scientific data center.

The Active Seismic Experiment explosives will be detonated

 from this facility after the mission.

EVA ACTIVITIES AND PRELIMINARY TIME LINES

'The’EVA activities of the proposed preliminary lunar explora-

tion'plan are summatized in table 1. The proposed traverses,

l/Careful con31deratlon 1ndlcates the need for a Lunar Sur-
veylng System (LSS) on both -the LRV and LFU. The payload capa-
‘bilities of-the launch vehicles and those of the LRV and LFU are .
sufficient. for the two systems. : :

 The LSS. would enable detailed study‘of an area (or statlon)
to be conducted rapidly and therefore should be used in the de-
tailed exploratlon planned for the LFU ustations. On the other

"f:’hand the time available for geologic exploration at the LRV .
~ statioms. is llmlted and use of an LSS would ensure the return
E of at least a moderate amount of detailed 1nformat10n. ‘

The present S-band system probably could not accommodate the
simultaneous use of two LSS's. However, both LSS's could be ef-

~ fectively used by "tlme sharlng"-~ the astronaut with the LFU

uses his LS5 when the other astronaut is driving the LRV. This
sharlng of the S- band . system oould be coordlnated by means. of
~voice communluatlon. s R : ~

12
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Table 1l.--Summary of EVA activities--Lunar exploration plan for

Marius Hills region of the Moon

capability 95 1b,
2d astronaut:

Check out LRV and

deploy ALSEP (1 hr); |

continue LRV tra-
verse of 3.1 km: 40

{min dr1V1ng time, l

'; hr 20 min stops.  Sam-

|ple return capablllty

24 astronaut:

5.6 km IRV tra-

verse: 1 hr 15
min driving time.
1 hr 45 min sta-

tion stops and un-.
 loading.  Sample

. return capab111tv

~“:155 lb ‘

DAY I DAY II DAY III
EVA II (3 hr) EVA IV (3 hr)
lst astronaut: lst astronaut:
Foot traverse Activity around
arcund ELM; geo- ELM-~-preparation
LANDING logic obs?rvations and selegtion of
and sampling; sam- samples for re-
o ple analysis, turn to earth.
Z Drill hole and em-~
Z place probes for
S heat-£flow experl-
= ment.
2d astronaut: 2d astronaut:
6.8 km LRV tra- 6.3 km LRV tra-
verse, 1 hr 20 verse 1 hr 10
min driving time, min driving time,
1 br 40 min sta- 1 hr 50 min sta-
tion stops and tion stops and
unloading. Sample unloading. Sam-
return capability ple return cap- |
145 1b. ability 160 1b.
EVA I (3 hr) EVA III (3 hr) Total potential
‘ o sample return:
lst astronaut: -~ 1st astronaut: LFU 145 1b
~ |Inspection of ELM, 10.1 km LFU tra- LRV 735 1b
‘|extension of equip- verse: two stops, 3
ment, testing of science payload Total potent;al
|LFU's (1 hr). LFU 180 1b. Sample to: EL-880- 1b -
. traverse (2 hr). return capabillty ‘ '
{8 [Iwo stops, 9.2 km 50 lb '
{@& |total distance.
E {Science load--240
B f1b. Sample return - ‘“TAKEOFF

 *j 275 1b,

.; 13.




‘ designed to return the optimal amount of geologic and geophysical
. data, are shown on plate 2. More detailed descriptions of EVA
: and traverse activities with estimated time lines follow,
é | The driving times given are crude estimates to the nearest
e S“minutes using an average velocity of 5 km per hr and consider-
: ing gross variations in surface roughness that would affect ground
: speed. More precise estimates would require 1) the preparation
B of detailed surface roughness maps, and 2) better figures on
,E operational characteristics of the LRV in crossing different types
 }% of lunar terrain. Research on these lunar trafficability problems
i}é is pfesently underway by the U.S. Geological Survey (Ulrich, 1968).
DAY I_EVA I |
:.5 Driving Station Elapsed
;f}f time | time time
% Astronaut 1 | |
t;% ' (a) Inspect EIM, deploy equip- |
i% ment, unload and test LFU. , 1l hr
Jg (b) Conduct LFU-I traverse. |
f% ! Total distance 9.2 km,
- two stops, 240 1b pay-
load. :
Station'l-fon rim of~punctdréd cone
| ch): géomorphig form of
~ this and otheffbﬁhétupgd
: cones in the(sité suggésts
51 : | B R cinder cones’c;ﬁbogéd of
] SR : '_nia,f;:‘.é:(poSSibly_basalti¢)‘ e
B i sy rocks. Distance 2.3 km., ff'_ 45 min ~lhr,
9 e ' | e : 4 45 min
(a)',Detailed geologic,observa- o o . :

tions, picture takiné, and v 
~_sampling of rim materials,

 particu1ar_atteptiOn_difj7

.'kfétted‘tdcthe'bedfoéksqtlM,”
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Driving Station Elapsed :
time time time
blocky materials and to ?
: interior structures of the :
g. cone. Sample suite should :
L be collected so that it %
: can be used, insofar as ;
'é' possible, as a type- %
4 example representative of 5
cones of this type. Sam- ?
ple should be large . 3?

enough for a portion to t;;
be analyzed at the ELM; ‘ :
l ~samples should be related v %
to their local geologic :
environment through des- T | ‘g

cription, the LSS tracker,
and imaging systems. If
cone is volcanic, atypical
fragments (possible xeno-
liths from depth) should
be sought. |

Eéf : , (b) (Deploy communications
] ' :  repeater. 3
(c) Deploy ASE exploSives.,

Statlon 2--on contact ‘between

‘plateau plains (pp) and
narrow rldge unlt (nr),

rand near large plateau

. plains crater that may '
kcAhave eJected blocky bed;
> irock mater1a1 that under--*‘t’
*r_ylies the p1a1ns surface. i T s , S
Distence 255 km. 45w 2hr
f | E . 30min

15



i o
Driving Station Elapsed !
time time time :
{a) Detailed geolegic observa- 5
tions, photograph narrow ;
Es . ridge structure (nr) (the 3
form of which suggests a é
viscous siliceous extrus- %
ion from a fissure vent) 3
; and the contact zone be- ’
f tween the narrow ridge (nr)
ﬂ@ and‘plateau plains (pp).
Jj Samples, especially from
ié the ridge structure,
B should be taken bearing
’é in mind. the requirements . R - é
‘ discussed for sampling at %
station 1. - ‘ | g
(b) Deploy 3-geophone ASE array. | i
Return to LEMe-disténCe;4.35 km-- é
unload samples and refuel %
LFU. | | E 30 min 3 hr 1
Astfonaut 2 %
(a) Retrieve unloaded LRV and E g
| deploy ALSEP approxi- '% |
mately 600 meters from EIM, :
taking representative sam-
pléskand photogpaphs ét ‘
'instrument-sites LT ‘ ’;’_  i ;   1 hr

(b) Conduct LRV-I traverse 3.1,
km 1ong, 40 min dr1v1ng, ,
- 1 hr and 20 min statlon

 time. ,'R:ﬂ,f»

16
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- Driving Station Elapsed
Geologic observations, picture time Eime time
taking, and sampling of cra-
ters, surface materials, and ;
structures, to provide a re- é
* g presentative sample of the ?
: plateau plains unit for com- i
;; parison with mare samples ob- ?
fé tained on previous missions, N
é Station l--relatively smooth area ’
L ; of ﬁlains; distance 0.3 km, 5 min 20 min 1 hr,
g ' ~ ' 25 min
. (a) Observe and sample small
o craters, surface materials,
k; textures, shallow strati- ﬁ'
'ié graphy, and surface altera- | | i
B tion features. Attempt to 5
FEE establish origin of cra- §
o ters by studying and o , | | %,
documenting morphology, %
strﬁcture, straéigraphy, é
'énd'lithologic character- % :
istics. %’i
(b) Deploy ASE explosives. g.‘
Station 2--on E;m of large crater g
| surroﬁnded by blocky ejecta;‘ g .
' probably either a ﬁbdi— ' Eyv
fied impact crater or a Y %"«
voléanic caldera. V_ ‘ *'%li
- Distance 1.2 km. ~ 15 miﬁ 20 min 2 hr 3

- (a) Sample rim materials,
: _observe'ahd;phbtograph'
~ interior struCtufeS;of  '

crater. Look for evi~

;dence_of"stratigrapﬁi¢ ,

17
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Driving Station Elapsed
time time time

units (either exposures in

o
KL R LTI

walls or variations in
blocky material)., If

layering exists, collect

representative samples

from exposed layers and

from different blocks.

Relate samples to local | i;ﬁﬁk
geologic environment s

through description, imageryv

devices, and LSS tracking.

(b) Deploy ASE explosives.

Station 3--in smooth plains area i
with fine structures that - ; , | ;
may represent a young ok
surficial deposit.

[ ‘ , ' Distance 0.8 km. , 10 min 20, min 2 hr,
L | ' 30 min
(a) Observe and sample sur-

face materials and struc-

tures; attempt to estab-

lish relations of mate-
riéls to fine struCtures.
(o; Deploy ASE exrlosives.
ELM—-unload LRV and plug into ELM for
battery recharge.

 Distance 0.8 km. ,'  10 min = 20 min »» 3 hr

gPayload~for LRV-1I travéfsef

e e e . Weight (1B)
[ L ALSEP LR e e g

,2. Lunar Surveylng System H;f, e - 17Q

18
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Weight (1b)

3. Geologic tools (pick, scoop,
hand lens, tongs, sample
i bags, drive tubes, carrier) 20
PN ) 4. Gravimeter (automatic recording) 10
5. Magnetoweter (automatic recording) 25
6. Seismic charges (3) f ' 15 o :
- TE&0

Sample return capability after deploy-
ment of ALSEP and ASE equipment 275
Payload for LFU-I traverse: |

1. Lunar Surveying System (LSS) 70
2. Geologic tools (pick, scoop,

e
“Rpgr it e

tongs, sample bags, hand lens,

map, carrier, drive tubes) o . 15

R o T

. Long selomlc array (3 geophones) 10

.
BT

Grav1meter ' , ’ : ~ 10

Magnetometer ‘ | 10}4

Seismic charges (1) .5

. Navigation equipment, BT ;25‘o

0~ N WM W

5
&
%
v

. Communications relay 3 : 5

150 -

.~ Sample return‘oapability after deploy- ﬂ‘

,ment’of'ASE'equipment and communlcatlons 5

repeater 95

[

DAY 11 EVA Ir o

Dr1v1ng ~ Station Elapsed
time time time

Astronaut 1

Conduct LRV-II traverse'fﬁaéfknflaf'

19
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Driving
iong, 1 hr 20 min driving Lime
time, 1 hr 40 min station
time.
Station l--contact between plateau
plains (pp) and low dome
(1d) unite. Two large
craters on either side of
contact should provide sam-
,ples of bedrock if the map
units are obscured by thick
~ mantling deposits;
Distance 1.4 km. , 15 min
(a) Geologic observations, pic- |
 ture taking, sampling otv
surfacekmaterials of both
unlts. Collect as many
dlfferent lithologic types
as possible from each |
: unit.ibe'contact is
locally exposed note
}eowhether it is structural
‘1ntru51ve or dep031tlona1,
in character, and describe i
" the structore and apoarent
‘relatlve ages of the Juxta-
, ~:posed bedrock ‘ i, T
’”(b)7”Deploy ASE exp1051ves.

e Statlon 2--contact between punctured

'cone (pc), low dome (ld),_;,f7t¢75_?
h{iand steep dome (sd) mate-.~ e

7:r;r1als.

tf@?Dlstance 1 3 km :n7;_*7»,}15~mih73“

- 20

Station
time

20 min

Elapsed
time

35 min

,grl“h?{!f-[,?*'
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Driving
| (a) Geologic observations, pic-
ture taking, and sampling of
materials from the three
’ units. Note mineralogic
‘£' similarities or differences
v - in samples; compare with
% those taken previously.

2‘ ePergicularly note contact
SR :andyapparent age relations
ﬁg | ' kae suggested by morphologic

;é; relations. Is the low
i dome (1ld) unit ybunger than
the punctured cone (pc)
unit? ,
(b) Deploy ASE explosives.
Station 3--contact between low dome
o (1d) and steep dome (sd)
units.
- Distance 1.1 km. 15 min -
(a) Geologic‘observations,
| picture taking, and sam-.
,p11ng of material in con-,
\Qie‘ ST fﬁ"*,tact zone. Collect talus' 

‘materlal,derlved from
,rupper slopes.‘ Compare

Sl mlneralogy with that of

steep dome mater1a1 sam—e
|  pled at station 2. ;\‘”
k  .'(b)':Dep1oy 3- geophone ASE array
- 0n extended traverse, deploy
: 4jASE exp1031ve 1nsteadm
Statlon 4--on trlple contaet p01n£

»‘Q?};Qwig’ between 1ow dome (1d),7.'

21

Station
time

20 min

Elapsed
time

1 hr,
45 min

TR S SR e O S
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(a)

“(b)

Alternative traverse:

station 2

(2)

:jface.

steep dome (sd), and
bulbous dome (bd) mate-
rials.

Distance 0.4 km.

Geologic observations,
picture taking, and sam-
pling, particularly of

the bulbous dome (bd)
materialé and of contact
relationms.

Deploy ASE explosives.

At EIM--unload LRV and plug

into ELM to recharge

vbatterles.

Distance 2.65 km
- If at
it is decided

that~EVA time will permit

_an extended traverse, the
traverse will proceed to
~_ the follbWing stations:
Station ZAFénearllarge crater on
- steep dome (sd)‘ﬁhit.h,
'hGeologlc observatlons,'
| plcture taklng, and sam-

:'pllng of materlals on the

top of a steep dome struc-

ture., Blocky eJecta from

‘icrater should prOV1de 1n-"

 of ‘bedrock beneath the sur-

22

20 min

75format10n on the character i s

Carefully note small} 7'

e g

Driving Station Elapsed
time time time
5 min 20 min 2 hr,
10 min
30 min 3 hr

[t an PRt AT I
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: :
Driving Station Elapsed ?
time time time
structures and collect E
samples for comparison .
with steep dome unit to é
A be studied on last tra- é
verse. :
(b) Deploy ASE explosives. :
Station 2B--at base of steep scarp E
; on contact between lo. ;
f dome (1d) and steep dome
f (sd) units. Character of
scarp suggests bedrock
ibdally exposed or near
surface.
(a) Geologic dbservations,
| picture taking, and sam- :
pling of materials in con- §
‘tact zone. Particularly‘ | % 2
note structure and strati- %
graphy that may be exposed ,; .
- in scarp. Collect samples! %‘-;
.of talus material dérived %a
from hlgher parts of the S §
4 scarp. By comparlson w1th
:5 previogs‘samples, and re- .
i ference to,geologié map, ﬁ
’ﬁ‘ hattempt~tp‘determine‘which
; ‘layers talus samples came;ZV'
i ~ from. | | g
.(b)‘ Deploy 3- geophone ASE array ;
 here, rather than at statlon
f;‘3_ Deploy an ASE explosxve ' | ‘ Y ’ ; .
hat statlon 3. ) f'vﬁijj*_ jf.y"plg_':‘fr‘ ”;,h‘:ryfjra e ;j,ji\;‘rabiéf;ltﬁf
23
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Driving
time

Astronaut 2

Conduct foot traverse and

experiment about ELM.

(b)

ik i e s

©

If time permlts,'seieét'

‘f (d)k

Detailed geologic observa-
tions, picture taking, and
sampling of different crater
types and materials of the
plateau-plains (pp) unit
within a few tens of meters
around ELM.

Organize samples from pre-

‘vious traverses. Prepare

at least one sample that

'appears most representa-
" tive of punctured cone (pc),

and at least onme sample

that appears most repre-

sentative of ridge struc-

| ture (nr) ; analyze samples

on X-rav diffractometer-

kaK spectrometer. Compari-
‘son of these samples, which

. are possible end members

of magmatlc d1fferent1at10n ‘e

‘sequence, may aid in 1ater

field selectlon of samples , “.“ﬂtf

on remalnlng traverses.

Set up ‘and start drill for‘

heat-flow probes.

»most representatlve sam-

”fple (poss1b1y from blocky

24

Station
time

1 hr

Elapsed
time

1 hr
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Driving Station Elapsed.
time time time

material near cratex rim,
LRV-1I, station 2) of re-
latively large crater in
plateau plains (pp) unit, L
prepare, and analyze on
X-ray diffractometer-qK

a
spectrometer for compari-

son with first two sam-
ples.

(e) Instéll‘heat-flow probes v )

_in drill hole. | 2 hr 3 hr i

Weight (1b)

Payload for LRV-II traverse: ’
1. Lunar Surveying System (LSS) 70
2 Ge010gib tools (pick, scoop,

R T R T L

hand lens, tongs, sample
bags, drive tubes, carrier) - 200 e S S

3. Gravimeter (automatic re-

LIS iy i T e e

cording) o ; 10

4. Magnetometer‘(automatic g
recording) EE ST 25
5. Long seismiéﬂafray (3 geo-

phonéé) : EEE S  ~"'f 10

’6.‘TSeismic1éharggsv(5—-iﬁL
e cludingiz'extté fof ex?_‘f |
| "7 ténded traverse) " ,51 ‘_' 1 25 
7. Contingeney PLSS 120
: ‘, - i f o g %
j{ysample return ¢apaBilityléf£éryi‘ : »

‘deployment of ASE equipment 145

25




Driving
time

DAY II EVA III

Astronaut 1 ]
Conduct LFU-II traverse; 10.1
km, 2 stops, =180 1b payload

Station l--on crest of punctured cone,

in area of bedrock (spatter
lava?) or bouldery material.
Distance 5 km.
(a) Geologic observations, pic-
ture taking, and sampling
of rim material with parti-
cular attention to layered
structures and structurally
controlled features. Com-
pare any observéblevstrati-
-~ graphy and lithblogies tsf g
those observed on punctured
cone west of EIM (LFU-I tra-
"Vépse, station 1); sample
vspssifically-with this som-
- parison in mind. Dbcﬁmént
as completely as pract1ca1
~with 1magery systems any
stratlgraphy and structures
for comparlson w1th p0551-
 ble terrestr1a1 analogs.
7 (b) Deploy ASE explos1ves._f ,
Station 2--on crest of elongate bﬁnc-‘ 3
i tured compound cone (pc) g
‘w1th blocky mater1a1
Distance 1.2 km.

. (a) GEO].Ogle ~°bse.rYa§;l.ons_,~ B N

Station
time

30 min

30 min

Elapsed

time

30 min

~lhr

R RS e S S A T
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Driving
time

picture taking, and sam-
pling of rim material with
particular attention to
surface structures that
may explain the elongate
form and origin. Note
blocky-appearing material
just west of station; if

lighting is no problem,

~carefully scan opposite

(b)

(c)
Return to.

(a)

(b)

rim for bedrock exposures;
compére with'previously
observed punctured . cones.
Deploy cdmmunicat;ons re-
peater. |

Deploy ASE expibsive.
ELM--distance 3.9 km.
Refuel LFU

Continue organization'of
samples; prepare and an-
alyze at Ieast_onelrepre-

sentative sample from

-~ each of the two cones-for

~ comparison with the an-

alyzed previous day's
samples of cbne‘(pc)km4£é¢ yj

rial and other material.

' If‘a_sample'can7bé'seléctf"h  

e

"ed'that appears@fepreseﬁta-‘

Station
time

2 hr

tlve Ofthe steep do;ne(sd) e

. bedrock material from the

YLRV¥IIf£rave?§¢:1prepatgf4” :572,‘

97

Elapsed
time

3 hr

riek B T e




R
Driving Station Elapsed
time time time
and analyze for compari-
son with punctured-cone
and, especially, narrow-
: ridge materials.
| Astronaut 2
Conduct LRV-III traverse; 5.6
km long, 1 hr 15 min driving
time, 1 hr 45 min station time.
Station l--near rim of plateau plains ?
crater. | - ~ ;
Distance 0.8 km. 10 min 15 min 25 min ?
(a) Detailed geologic obser- , g
f vation, picture taking, | :
and'Sampling,of crater - ; ?
with particular atten- | é
tion to detérmining its i
age and origin and re- %

lation to nearby struc-

tural features and mate-

rials, Compare with

larger crater observed on,,

’  LRV-I traverse; study |
and,colleCt~any,materiély,g
that appears fepréSenta-
‘tive of bedrock for com-
:parison with that from,
larger crater, to a1d in
i | determlnlng origin of
é ; L  ‘  . both craters. R
é s ,  . (b) Deploy ASE exp1051ve.i,“
f ;Hk\‘ "Statlon,z--on contact‘between:,'  o
 plateau plains (pp) and
-  steep dome (sd) materials. * 1
é e A B ‘;§f
i
g

28
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1

i
A
i

This is the first sta-
tion where plateau plains
material may be observed
in contact with steep-
dome materials; subdued
but relatively large
crater just east of sta-
tion may have ejecta
blocks representative of
both steep dome and pla-
teau plains bedrock mate-
rial. |
Distance 0.5 km.
(a) Detailed geologic obser-
~vation, picture taking,
and sampling of contact
zoné to work out age ahd
contact relations.
Station 3--on contact between steep-
dome (sd) and punctured
dome (pd) materials.

Distance 0.3 km.

(a) GeOldgic'observations,
picture taking, andksam-
"pling of the two units
With_sﬁecial attention to
‘ fcontaqt,and age relationms
andilithologies-apd tex-
tures of the two units. .

'fMake;briéf comparison be-

Driving
time

5 min

-5 min:

~ tween this punctured cone

" and those studied on LFU

. traverses. .

29

Station
time

15 min

15 min

Elapsed
time

45 min

1 hr,

5 min
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1
a

Driving
time

Astronaut 2 remains at this

station, or within the 1l.5-km

walkback radius, until astro-

naut 1 returns to the ELM from

his flyihg“traverse.

Station 4--small rille in the mar-

(a)

(b)

,‘(c)“'
(4

ginal zone of the plateau
plains (pp) unit.
Distance 1.2 km, 15 min

_Geologic observations,

picture taking, and sam-

- pling of rille materials,

paying particular atten-

tion to structural fea-

ktures and stratigraphy in

the floor and walls of

the rille. (Rille struc-

ture may be largely, if not

~ completely, obscured by

mantling material--astro-

naut must watch closely

for any hint of exposed

~rille structures )

‘Deploy 8- geophones array

across rllle axis.
Deploy ASE éxp1osive¢

Dr1v1ng between =tations

b4, 5, 6, astronaut should

 be rspe;1a11y~a1ert for.

o ;’atyplcal material that may

" be xenollths if cone is

volcanic.f,

Station Elapsed
time time

20 min 1 hr,

40 min

TR R

pacHas




Station 5--on shoulder between two
pierced cones., The flank
of;one cone apparently
overlaps that of the other.
Distance 0.5 km.

(a) Geolcgic observations, pic-
- ture taklng, and sampling
along,the contact zone to
determine lithologic dif-
ferences and age relatioﬁs
‘and for comparison with
prev10usly sampled cones.

Statlon 6--on contact between pla-

5y

teau p1a1ns (pp) and steep :

dome (sd) units, °

Dlstance 0.5 km,
(a) Geologic observations same
as at station 3.
(b) Deploy ASE explosive. |
Return to EIM, unload samples, and
plug LRU into. battery charger.
Distance 1.9 km._ L ,U;ﬁ
Payload for LRV- -IIT traverse';”‘

1. ,gLunar Surveylng Syvtem (LSS)

fhand lens, tongs,‘sample

Driving
time

10 min

10 min

201min

Station
time

10‘min

iO min

20 mln
Welght (4b)

2. ‘;Geologlc tools \plck scoop,

"cordlng) (el

“;recordlng)

' bags, drlve tubes, carrler)

’ ?LGraV1meter (automatlc re-f‘

‘”“Magnetometer (auromatlc

PR

~iShort selsmlc array (8 geo-‘j,jﬁfw*t -

ElapsedA

time

2 hr

2 hr,

20 min

3 hr

N
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6. Seismic charges (3)

7. Contingency PLSS

Sample return capability after
deployment of ASE equipment
Payload for LFU-II traverée:
1. Lunar Surveying System (LSS)
2. Geologic tools (pick, scoop,
tongs, sample bags, hand(
lens, map, carrier, drive
~ tubes) | |
3. Gravimeter
4.  Magnetcmeter
5. Seismic cnarges (2)
6. NavigatiOn’equipmént

7. ‘Communications repeater
' Sample return oapability after.

',deploymenf of ASE exp1031ves and

commun:Lcat 1ons repeater

i ek tDriving

DAY III EVA IV

Astronaut l ,I:IVi‘m;~j f;»’A;””qa',; £

'L‘Sample preparatlon, analytlcs,‘k
;’land 1ast sampling observatlons
I?onear ELM ' e
'if (a) The analytlcs consist ofI

flnal sample Sorting and%j,{:“ e

Weight (1b)

15

120
270

155

70

15
10
10
10
25

145

50

' Station
.o time

Elapsed”
- Lime.

1
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S S

Driving Station Elapsed
time time time

e g e T T

selection for return to

Earth. Communications with

astronaut 2 on LRV traverse
i should determine how much
N allowance should be made for
samples that are to be re-
turned to Earth from this

iast traverse.

(b) May conduct short flying
; f sorties with the fueled

safety LFU or the other LFU

13 : ' - and,remainingtfuel. Final | : c o i
| field observations and sam- |
pling of what have been
~determined to be the most

'criticél plateau plains | o - . , s

T O T I T R LT

features within 1.5 km of

T

EIM; one important feature.

gy
AR

DT SRR e B T R A

may.be the bright-rayed

crater 1.5 km north of the
EIM. These sorties can

commence only after astro-

;naut 2 on the LRV traversei-t

1returns t0‘w1th;nvl.5 km e e : S 5

VT of the EIM. ‘;'i: | ST ,‘.‘ﬁ«i,ri,f’v R i o A’j' %j 
Astronaut 2 . ;‘i '5?[' e | E = é

Conduct LRV IV traverse, 6.3 km

‘long, 1 hr 10 min dr1v1ng t1me, ;Htt,' xf'nn eff~e'->];';T f = 1;"M’ie’vilffﬁgi
’ 1 hr 50 min station t1me.
: Statlon l--contact between plateaurei'
| | ‘7;?p1ains (pp) and low domer’>; o
ol e

. Distance L9km  20min  Ismn 35 min




Driving Station
time time

(a) Geologic observations, pic-
ture taking, and sampling,
particularly comparing re-
lations of surface materials
and contacts with those pre-
viously examined at pp-1d
contact zones.

" (b) Deploy ASE explosives.
Station 2--contact between plateau
plains (pp) and low dome
(1d) units near a large
plateau plains crater.

Distance 0.8 km, 10 min 20 min

(a) Geologic observations, pic-
ture taking, and samplihg
of units along contact zone.
Concentrate on collecting
ejecta‘blocks from nearby
plateéu plains crater and
talus material of slopes
of low dome unit..
(b) Deploy ASE explosives.
(é) While traveling from sta-
| tion 2 to 3 and 4, espe- -
cially on altefnate route
throughféfifions 2a, 2b,
- 2c; astronéut be'aiert’for
E bedrock eXposures‘éf’blockS 
 represeﬁtative‘offbédrocE  ,
- matériéls;'ﬁbpbgraphy and.
| >texturQS~Suggeét that bed- _
* rock and blocks may both

Elapsed
time

1 hr,
5 min

S - T



be present along this
route,

Station 3--triple contact point
between low dome (1d),
bulbous dome (bd), and
steep dome (sd) materials,

Distance 0.9 km.

(a) Geologic observations, pic-
ture taking, and sampling
"of units along contact
zone. Devote special at-
tention to materials and
structures representative
of the bulbous dome and
compare with surreunding
‘materials and materials
of the punctured cones
and narrow ridge. If
time and‘topography.per?ﬁ
R mit, and if no bedrock
| exposures are present at
statlon 3, astronaut‘

should attempt brlefjstop

at "bedrock" apprOXimately“

200 meters,southwest of
Statlon. S '
Statlon 4--tr1p1e contact p01nt be-

. tween plateau plalns (pp),

Driving
time

10 min

low dome (1d), and bulbous"r L

, dome (bd) materlals.k;;e

10 min

Station
time

25 min

20 min

Elapsed

1 hr,
40 min

2 hr,

10 min

EEKE et A P S M T DIt

Wr%mm%ﬁs&%mﬁmm SE et 5
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(a) Geologic observatiens, pic-
ture taking, and sampling
of units along contact
zone. If materials repre-
sentative of bulbous dome
(bd) units have not been
adequately sampled yet,
astronaut should attempt
a brief stop where relat-
ively large crater inter-
sects bulbous dome approxi-
mately 150 meters northeast
of station. | | |

.- Return to ELM, unload samples
aﬁd assist astronaut 1 in load-
ing samples in ELM and prepar-
ing for takeoff,

Distance 1.8 k.

Alternate traverse._,If at statidﬁ*
2 it is decided that a
longer traverse is possi-
ble,- proceed to the fol-
j,low1ng stations, stopplng

~at one or more 1F ‘new

'71nformat10n can,be ob-
_'ta1ned from the stopsré
Statlon 2a--triple contact point
» between. plateau plalns
~ (pp), low dome (14), and
'f,bulbous dome;(Bd),mates
jrials._ ’ Y )

(a) Geologic’}bservatidné,_et‘

Driving
time

- 20 min

:“~36 ;MLJ_}F;“ (

Station
time

30 min

Elapsed
time

3 hr

= k"‘%

R D R A e
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Dol g i

T A T T R R et

E Payload for LRV-IV traverse:

KD :24}1“}%

Driving Station Elapsed
time time time

picture taking, and sam-
pling of units along the
contact zones.

Station 2b--top of steep dome (sd)

unit and near what appear

to be bedrock exposures.
(a) Geologic observations, pic-
ture taking, and sampling
with special attention to
collecting bedrock or
blocky material and noting
possible internal struc-

tures and stratigraphy, and
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e R R TP RTINS S0t

‘relation of "bedrock"rto
overlying mantling mate-

rials.

Station 2c--tr1ple contact point be-
' tween steep dome (sd) and
low dome (1ld) units.,

(a) Geologic observations and

v e e
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sampling same as at sta-

R i

tlon 3. o
WeightAglb),
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1. Lunar Suryveying System (LSS) L 70
2.   ueo1og1c tools (pldk, scoop, :
>1hand 1ens, tongs, sample
abags, drlve tubes,,carrler) S  ;11::_\2okA’""
‘ 37 Gravimeter (automatlc | "‘ s
- readlng) e " :   , 110." -
<,‘4.' ZMagnetometer (&utomatlc Jepm N




Weight (1b)

5. Short seismic array

(8 geophones) ‘ 10

6. Seismic charges (2) 10
7. Contingency PLSS . ‘ 120
| 265

Sample return capability ' 160

BRIEF SUMMARY AND EVALUATION OF MISSION
l. Within the framework of the assumed operational contraints,
the Lunar Exploration Plan meets minimum scientific objectives
in providing for fairly comprehensive sampling of the major
stratigraphic units in the Marius Hills (table 2) and the ac-
quisition of several,types of supporting geophysical data. The
combined geologic and geophysical data should enable a detailed
~reconstruction of the geologic history of the area. This in
turn will enable evaluation of current hypotheses regarding the
origin and development of the Marius Hills.
2. The Lunar Flying Units and the Lunar .Roving Vehicle are suf-
fleientlylversatile that traverses planned for areas of varied
tOpographylandkgeology will be highly flexible. The LFU provides
rapid access to points of particular»scientific importanCe that
.arefdiffieult or impossible to reach by the“slowef,_wheeled’ye-
hicle. On the other hand, the LRV permits more comprehepslye
coverage fer‘ground observation and sampling,}is more versatile

in that" mlnor alterat1ons of the planned traverses can be readlly

e made as the traverse develops and is capable of carrying a o

-larger payload To prov1de adequate areal coverage by the LRV

durlng a 3-day m1531on, stop- tlme at carefully selected sampllng :

~points must be held to a m1n1mum, empha51z1ng the ever- present ;
“requlrement that the total 1unar exploratlon system be as auto-4

tfmated and’ eff1c1ent as p0551b1e.f'
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Table 2.--Sample density of materials from geologic units obtained

by the proposed LRV and LFU traverses in the Marius Hills region

Number of stations where the following
geologic units will be sampled--

Traverses pc sd 1d bd PP nr
LFU-I 1 1 1
LFU-I1 2

Total LFU 3 1 1
LRV-1 3
LRV-II 1 2 4 1 1
LRV-III 3 3 A
IRV-IV. 1 4 2 3

Total LRV 4 6 8 3 11

kTotal'LRV - | ‘

+ LFU 7 6 8 3 12 1

3. ‘AS‘part of this totalkexploration system,‘the'Lunar Surveying -

System, X-ray diffractometer- aK spectrometer, gravimeter and -

magnetometer furnish data that can be used both for guldlng the

.course ‘of the mission and for prov1d1ng 1nformat10n that is cr1t1-

~cal to the final geologlc 1nterpretat10ns of the area.

The lunar Surveylng System. prov1des the means for rapidly

locatlng observatlon and sample p01nts and plac1ng observatlons

in the proper geologlc context and it supplles telev131on 1mages.
'*and tracklng data requlred for proper monltorlng of m1s51on pro—‘

gress in M15$1on Control

i The X-ray d1ffractometer-aK spectrometer furnlshed m1neral- —
~:og1c and chem1ca1 1nformat10n to the astronauts that w111 d1rect |

Ye,yselectlon of samples 1n the f1e1d and f1na1 selectlon of samples

Ht7139%:1'

g g
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for return to Earth, and it will provide important information
on samples that cannot be returned because of the sample-return
load restriction (presently 80 1b)., As illustrated by the mission
described here, many more samples can be collected in the field
and returned to the EIM than can be returned for study on Earth,
The gravimeter and magnetometer will emnable detection of
subsurface geophysical anomalies, thereby alerting the astronauts
to possible expressions of these anomalies at the surface and

aiding them in their on-the-spot interpretations. Although the

active seismic experiment could be accomplished during manned
exploration, present thinking suggests that detonation of the ex-
plosives from Earth after completion of the surface mission may H
,%\ be preferable because it would save astronauts time and would
eliminate'the necessity for transporting part of the detonating ;
eduipment_to the Moon. | |

4. Geologic objectives within the Marius Hills region require a
comprehensive areal sampling of surface features and deposits and
of related subsurface information. Although the present mission
plan provides‘sufficient areal coverage to satisfy-many major
scientific objectives, numerous critical features cannot be

reached‘within the 5-km operating range because of serious time

restrlctlons. A much more comprehensive geologic mission could
be developed 1f stay time werﬂ “xtended and additional fuel were

; avallable for LFU traverses.. Sucn capabllltles are available

w1th1n the assumed science pdyload ‘of the Titan III-C. Addltlon-

AR BRI AT T

-al maJor sc1ent1f1c obJectlves could be met bv allottlng 400 1b

%

of the Tltan ITI-C payload for 2 days extra stay time and 900 1b ' L
for fuel for three more LrU traverses. A uunar Exploratlon Plan
~for a 5- day m1s51on 1n the Marius Hills reg1on is. presently be1ng

'.”prepared by the U.S. Geologlcal Survey. s e T ;d

: , ADDITIONAL WORK REQUIRED s
, Because of the time 11m1tatlons 1mposed on thlS effort much
'f~add1tlona1 study 1n ba51c and applled lunar geology w111 be f_g
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N
i\




T TR T e e TR € e b n e o

R
i
1

t

,

!
i
3
i
i
;r?
A
3
i
B

required before a manned landing can be made in the area. This
work includes: 1) A thorough theoretical study of the problem of
lunar magmatic differentiation starting from the now justified
assumption that the maria consist of primitive basalts, 2) Addi-
tional detailed regional and 1arge-scale geologic study of the
available photography and the preparation of a detailed geologic
report on the area, 3) more thorough study of the terrestrial
volcanic features that are believed to be analogs of those within
the Marius Hills (of particular importance are the differentiated
trachyte domes and cones in the Hawaiian Islands), 4) field
simulation of the proposed surface traverses in the S. P. quad-
rangle near Flagstaff, Ariz.,, which contains a host of very simi-
lar geomorphic features, and 5) field training of the flight crews
in the detailed geology of as many terrestrial analog features
as time pefmits. |

The use of properly designed ma§S'is indispensible for a
well-planned surface exploration mission. Maps of different
scales and designed for specific scientific and operational pur-

poses must be prepared for pre-mission planning of  traverses, for

use by the astronauts in locating the EIM and traverse station

points during the mission, and for plotting transmitted scientific

- “information in Mission Control. Continuing research is therefore

tequired to determine optimal map scales and the nature and dens-

ity of geologic, engineering, soils, and'topographic,notations to

be added to the photographic base mapS'used,during\each Apollo

mission.
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nr -
Narrow-ridge material
Material of steep-sided relatively small, narrow Maf
3 ridges; contacts mostly marked by scarps. Often ers
superposed on broad ridge (br). Internal struc- by
ture braided to en echelon in pattern. Locally th
appears to partly bury craters on the plateau me
plains (pp). Mostly viscous fissure flows; lo- o
cally may be intrusive beneath impact regolith. . C:
iv
th
= th
: b 4
Broad-ridge material
Material of smooth-textured linear ridge of com-
plex topographic form. Contact with adjacent
plains marked either by gentle break in slope or
by low scarp. Numerous smaller gentle scarps
often occur within larger ridge. In southern and
central part of map, trend is north-south; in
north trend is north-northwest. Intrusive fea-
tures which may, however, be locally extrusive.
Probable surface expression of major deep seated
north-south trending structures that interconnect
the Marius Hills, Aristarchus Plateau and Rimker |
Hills. 2 J
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STRATIGRAPHIC UNITS

Marius Group

pc

Punctured cone material

Material of steep-flanked relatively smooth, conical
structures having single to multiple linear de-
pressions with intervening septa at or near the sum-
mits. Most cones and summit depressions are elong-
ate in plan and oriented parallel to regional struc-
ture. Heights up to 300 meters above surrounding
plains. Generaliy superposed on steep-sided domes
(sd). Pyroclastic deposits surrounding structurally
controlled vents. If features are analogs of simi-
lar appearing cones in Hawaii and other differen-
tiated terrestrial volcanic provinces, the composi-
tion may be trachytic.

' sd |u'
Steep-si “d-dome material Bulbous-dome material
Material of steep-sided rough-textured domes gen- Material of smooth-textiured domes; steeply con-
erally perched upon low domes (1d). Contact marked vex upward in form. Smaller domes tend to be equi-
by gentle to steep scarp; more rectilinear in plan dimensional; larger are more irregular and show
than low domes. Heights generally from 200-300 influence of structural control. Intrusive or
meters above surrounding plains. Composed of more probably extrusive structures formed from
numerous small ribs and spurs that are oriented very viscous lavas of intermediate composition.

north-northeast or nort

h-northwest along the pre-,

vailing local structural trends. May be extrus-
ive structures resulting from differentiation of
the more primitive magmas that produced

the mare material (m) and the low domes (1d).

Low-dome material

Material of smooth-textured gently tumescent struc-
tures as much as 100 meters higher than surrounding
plains. Contact located at gentle break in slope.
Convex upward in profile. Some roughly circular in
plan. Most, however, are elongated in north-south
direction. Lack of flow front morphology suggests
a laccolithic origin.

Pilateau-plain material

Material of smooth to gently undulating cratered
plains lying between domes and cones of Marius Pla-
teau. Average elevation on the order of several
hundred meters above the adjacent maria. Protably
consists of volcanic flows, interbedded pyroclastic
deposits and a moderately thick impact regolith.

e w—
. pEEy e ek

Material in an
to overlapping
erally with su
condary crater
Cavalerius.
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Crater units

Bright halo crater material

Bright rim,interior slope, and floor materials of
small widely separated craters. Material of re-
latively recent impact craters surrounded by bright
blankets of pulverized bedrock and shock lithified

regolith.

¢

cc

Crater-cluster material Crater material

rerial in and around clusters of closely spaced Exterior rim deposits, interior slope,and floor
overlapping small to medium-sized craters, gen- materials of moderately subdued widely scattered
ally with subdued rims. Mostly material of se- craters. From crater 1ip to limit of rim deposit
dary craters from Kepler, Aristarchus, and profile is concave upward. Mostly material of im-
pact craters modified by later seismic and impact

valerius.
events.

-

be

Crater material, partially buried

Subdued-rimmed crater material partly buried or
overridden by narrow ridge materials (nr). Num-
erous craters of similar form are present on all
units but are not mapped unless partly buried.
Probably material of older impact craters degraded
by micrometeorite bombardment and mass wasting.
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Sinuous

Contact marks edge of sinu
interior slopes and either
in the case of the largest
rather °‘lat floor. Estima
about 0.2 meters per kil

elevated rim that flanks p

example.

Linear

Steep-sided linear depress
cular to elliptical depres

Bedrock or

Exposures of bedrock on st
block fields surrounding n

|

—

4
|
|
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Dark mare plains material
(Procellarum Group)

Mare material

Dark cratered-plairs material tyvical of the zentral
regions of Oceanus Procellarum. Detailed descrip-
tions contained in U.S. Geol Survey Apollo site maps
(1:25,000 and 1:100,000 scales) now in preparation.
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Sr
ffi:::;;Zsrr

,inuous rille

f sinuous depression with smooth
either a "V" shaped profile or,
argest sinuous rille, a broad
Estimated gradient from high end
 kilometer. Unit srr marks
1anks part of the northernmost

1t o ©

e

Linear trough

depression or closely spaced cir-
] depression.

rock or block field

ck 'n steeply sloping surfaces or
unding moderately fresh craters.

Contact
Dashed where indefinite

Buried contact

. .
Inferred fault
v
A

Subdued trough

B il

Crest of scarp; barbs point downslope.

SANNC

Rimless circular depression

Irregular summit depressions

5 =4
= 1
Topographic profile line
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EXPLANATION FOR MISSION TRAVERSES SHOWN ON PLATE 2*
ELM °
®.
Landing site of [xtecnded Lunar HModule
—_—R-]—
Lunar Rover Vehicle (LRV) traverse
S A 10
t xtended Lunar Rover Vehicle traverse
o wifJu=
Lunar Flying nit (LFU) traverse

A

Traverse station

A

Deploy communicator repeater

*

Deploy explosive charges for Active
Seismic Experiment (ASE)

®

Deploy 3-geophone array for Active
Seismic Experiment

VAAAAA

Deploy 8-geophone array for Active
Seismic Experiment

@

Deploy ALSEP

; Qs

Alternate landing area

*prepared by T. N. V. Karlstrom, and G. A. Swann.
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