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General Geology 

This map shows the geology of [llipse l✓est Two, a potential 
early Apollo landing site in the lunar equatoria l helt. The cen
ter of the e l lipse is lat 3'37 ' 30" S., long 36°42'30" 1,L 

The map area is east of the north-south axis of Oceanus Pro
cellarum, a major feature of extensive mare materia l . The s i te 
lies within a dark mare area, just beyond the end of discernible" 
intersecting rays from the cruters '<eoler and Copernicus, and it 
contains ray material fror~ the crater Tycho. A l :700,000 scale 
rrap of Orbiter site I I I P- 71 by Cummi ncis ( 1 %8} shmvs t 11e region
al setting nf the area. 

A series of elongate 701, north·,iest-trend'ng ridges occurs 
east of the mao area; the nearest ones are approximately 15 km 
a1,ay. These ridges rray be constructiona1 features along regional 
zones of weakness. 

The area is entirely covered by cratered mare materia l . 
Three mare units (Em1, Em 2 and Em3) have been distinguished on 
the basis of differences 1 n texture, density of craters, and re-
1 ati ve elevution. Their age is i~teroreted cs Eratosthenian-
relatively young in the time scale estab l ished ':!Y Shoemaker and 
rlacknan ( 1962). 

Much of the surface has a faintly, perceptible texture of 
gent l e s1~ales and swells, differing from patterned ground in that 
topographic elements are more randomly arrangeC. The fact that 
the swa 1 es and swe 11 s are detectab 1 e is addi ti ona l evidence that 
the surface is relatively young and also suggests that the sur
ficial fragm·ental layer is thin. 

A swath of craters in units Crct and Crft in the south~.'estern 
part of the area contains ray material from the cre:ter Tycho and 
represents the farthest extent of Tycho rays in this region of 
the Moon. 

Craters are !llapped on the basis oa!' inter;-,reted relati•~e age. 
A series of crater types is recognized rangirg frcm sharp-rimmed 
craters to shallo,1 rimless depres~ions. Superposition relations 
indicate that craters are c!egraded 1,1ith time; the modifying agent 
is probably ballistic erosion. On the assurr.ption that craters 
1,ere origina11y sharp and frr:sh in apoearance, they are assigned 
numbers indicating relative age according to the i r degree of ap
parent degradation. Higher nunhers indicate younger craters. 
Small craters are destroyed more rapid 1y than 1arge ones so that 
a small subdued crater may be the same age as a large sliaroer one. 
Fi gure l shows the general ,fiorpholo,~ic criteria used in assigning 
relative ages. 

By 
Nlareta \Vest and P. ,Jan l~annon 

November 1968 

Mercator Projection 

CRATER DIAMETER (RIM CRES T TO RIM CREbT) 

Figure 1.--Relation between diameters, properties, 
and ages of craters. Cateqories are intergrada
tional. 

Eng i neeri nq Properties 

10km 

[xperinents conducted by the Surveyor l spacec:raft, 1~hic l1 
larided 200 km 'dest of the r1ap area, indicate that the static '::,ear
ing capacity of the fragmental layer on the n1are s urface is ap-

proximately 3 x 10!:J dynes rer cr:12 (5 psi), assuming homogeneity 
to a depth of 30 cri UJatl. Aeronautics and Space Adm., 1966, p. 
20 I. 

Surveyor I I I, 400 km east of the ma p area, tested proper-
ti es of the lunar rcqolith to a deo t h of about 7.5 en 1~ith its 
Soil Mechanics SurfaCe Sampler. A static hearing capacity of 
2 x 105 dy nes por cm2 ( 3 psi ) vias determi ned for a homogeneous 
fragmental layer to a depth of 5 to 7.5 cm (llatl. Aeronautics 
and Space Adm., 1967, p. 85). A maxi mum static hearing capacity 
of 5. 5 x l Q5 Cynes per cm2 ( 8 psi) vias es ti mated from footpad i m
pri nts or Surveyor III. 

Thr: studies of cr"ater i'lorohology, crater frequer,cy, and 
thickness of tre fragmental l ayer suggest that the regolith ir 
the map area is sii'7ilar to that in the Surveyor I site and is 
younger than that tested by Surveyor III. 

/l u111erous b 1 oc ks, most of 1·1h i ch are preferentially dis tr i
buted on Cr'ater rims and wa l ls, are vis i ble on the surface of 
lhe map area. Shape of the blocks is related to the age of the 
associated crater. Blocks around Cc6-CC4 craters are angular 
to subangular and a00ear to rest on the mare surface. Blocks 
aruund Cq-Ec craters are partly buried and appear to be sL:b
rounded. The size and abunda"!ce of blocks inc"ease in direct 
proportion to c:he crater diametel". Blocks exterd outv:ard a 
max i r.1um distance of one to three crater dianeters around Cc5-
Cq craters. 

The morphology of 474 fres h-aopcaring craters between 6 
and 44 me t ers in diameter 1~as studied to determine the t hick
ness of the surface kagmental l ayer . Three morpholosiic types 
were distinguished: norma l , flat bottom, and concentric, as 
classified by Quaide and Oberbeck (1968). Craters on the rims 
of other craters v1ere not included in the analysis, beeuuse 
of tile heterog-2neity of the disturbed material corrposfoq the 
underly i ng crater rim. Craters ¼'ere recorded by type on a 
fr equency polygon. Percentaqes of craters of each morphologic 
type 1-iere derivf'd from the frequency polvgon and plotted to 
dia111eler. The sma l l craters indicate that the fraqmenta l la•,
er has a med i an thickne~s of abou t 3 meter~ and is from 2 to 5 
meters thick over 50 perce nt of t he a rea. 

Features v1hich con::.titute possible hazards to a landing 
spacecraft include craters and their associated blocks; 1inea
rn2nts, especially if these are co l laose features; flov1 fror,ts; 
lGw scarps and ridges· and the surface texture of S'8ales ard 
swells. 

ORB 111-1 11100) 

Scientific I'lterest 

The most distinctive geologic feature in this area is the 
re l atively young mare mnterial. Because the surface is young, 
a thick fragmenta l layer has not developed, · and bedrock occurs 
near the surface as shown by the abundance of excavated blocks. 

Rock fragments of hand-specimen s i ze. visible in Surveyor 
sites, should also occur on the surface throughout the map area. 
These bedrock samp l es would be easy to collect. Fragments which 
could be identified v1ith spP.cific craters 1·JOuld be e'specially 
significant in orovidin£" information on crater origin and the 
process or processes 'Mhich are subduing and degrading craters 
and rounding and burying blocks. Subsequent analysis of cra
ters would furnish further criteria for the definition and cor
relation of mare units. 

Detai l s of beds, i f a stratified series exists, may be 
observed a l ong flow fronts as well as along scarps. 
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Contact 

Long dashed where approximately located. 

(Cc1) 
-. --- ------------ -- --- -

Buried contact 

Bur"ied unit shown by symbol in parentheses. 

Fault 

Solid line at base of scarp. Bar and ball on 
downthrown side. 

Lineament 

Gentle narrow trough or scarp. Interpretation: 
May be fault or joint, or depositional or col
l apse feature. 

--~-----:!!" ______ _ _ 

Scarp 

Long dashed line at base of scarp: short dashed 
where approximatE!ly located; dotted where con
cealed. Barb points downslope. Interpretation: 
Fault scarp. Lobes along margins may have 
formed· by mass movement. 

___ l ___ J__ -... 
Gentle sinuous scarp 

Long dashed line at base of gentle scarp; ar
rows point dmv n the face of the scarp: short 
dashed where approximately located; dotted 
\•/here concealed. Jnterpretation: May be the 
front of a lava flm-1 or debris flOl·J. 

---<-- - -I------

Gentle linear depression 

Das hed where inferred. Line drawn in cente r of 
narrow svmrretrica l trouoh which is 5 to lC me
ters wid"e and 2 to 3 meters deep. Interpretation: 
r•ay be surface expression of j oir,t. 

Irregu l ar de pres s i on 

Depressions having fairly s teep 1~alls and fair
ly flat bot:oms. Interpretation: May be col-
l apse feature. 

/-, 
( ) 
~/ 

Glock field 

Angular to sulianou1ar fragments associated 1,ith 
craters; size ral1ge of fragments is 3 to 10 
meters. Interpretation: Fragments of bedrock 
excavated by impact. 

~ 
Domed crater material 

l_ 

EXPLANATION 

WEST TWO AREA 
(TT[ P-lll 

NOTE: Crater materials are outlined with geologic contacts or simply numbered according to 
their relative age and approximate rim crest diameter as shown in the following table: 

Cc6 {youngest) 
Cc5-Cq 
CQ-CC] 
Ee (oldest) 

Outlined 
.,. >50 m 

> 75' m 
>100 m 
"125 m 

Ccs 6 

Numbered only 
25-50 m 
50-75 ni 

75-100 m 
Not shO'Mn 

Unrrapoed 
<25 m 
<50 m 
<75 m 

<l 25 m 

Crater materials 

Ch a racteri st i cs 
Cc5, materials of craters having bright rays. Abundant reso,lvab l e blocks (>2 meters in 

diameter) present. Pronounced structure occurs in floor material. Crater density on 
rim material lm·1er than that of surroundinos. Crater rim crest sharo. 

6, materials of craters having rays. Abundant blocks present. Crater rim crest sharp. 

5 

Crater materials 

Ch aracteri st i·cs 
Cc5, mater"ials of craters having brioht ray material. Abundant blocks present. Moderate

ly pronounced str'ucture occurs in floor material. Crater density on rfo1 material lower 
than that of surroundings. Crater rim crest slightly subdued. 

5, materials of craters having rays. Moderately abundant j;Jlocks present. Floor material 
is hu1m11oc.ky and has arcuate terraces. Crater density on rim material lower than that of 
s_urroundings. Cr'ater rim crest very slightly subdued. 

Crct Crf t 

Tycho ray materials 

Characteristics 
Crct, coarse facies. Crater walls are 

bright. Abundant blocks are present 
in 1-1all mat("rial of some craters. Cra
ter rim crests stronqly subdued . 

Crft, fine facies. Crater walls are not 
as bright as in Crct. Few blocks are 
associated with some craters. Crater 
r'im crests very strongly subdued. 

Interpretation 
Materials of secondary and tertiary 
craters excavated by matf'rial ejected 
from the large primary crater Tycho. 

Crct, coarse material of secondarv cra
.ters formed by ejecta from TychO. 

Crft, fine tertiary material or ejecta 
plumes associated with Tycho seconda
ry craters. Probably is a thin layer 
of debris. 

Interpreted engineering prorerties 
Roughness of the surface due to hioh 
density of craters constitutes a 
landing hazard. An additional haz
ard is the abundance of blocks. 

Scienti fie interest 

Dimple crater 
material 

Possible cnmparison of texture and 
composition of material from Tycho. 

Crater-cluster 
material 

Characteristics 
Abundant blocks pres
ent in wall naterial; 
scattered bl ocks 
oresent in riri. Cra
ters in cluster re
semble Cc3 craters 
and have raised rim 
crests. 

Crater-cluster 
material 

Characteristics 
Abundant blocks 
present in cra-
ter wal 1 materi
al. Floor mate
rial is patterned 
and occurs on 
gently sloping 
surface. Cra-
ters in cluster 
resenble Cc2 
craters and have 
subdued ri111 crests. 

Ccc1 

Crater-cluster 
material 

Cc4 4 

Crater materials 

Characteristics 

Cc3 

Cc4, mater i als of craters whose rim 
deoosits appear brighter than sur
roundi nos. Moderate l v abundant 
hlocks Present. Relatively strong 
structure occurs in f1oor material; 
wall has arcuate terraces. Crater 
density on rim material lower than 
that of surroundinos. Crater rim 
crest sli0htly subdued. 

4, materials of moderately subdued 
craters 1-,'hose rim deposits aopear 
no bri ghter than surroundings. ' 
Scattered blocks present in rim 
material. Terraces occur in wall. 
Crater density on rim material 
lower than that of surroundinqs. 

Ccr3 Ccs3 I Ccf3 

Crater materials 

3 

Characteristics 
Cc3, crater materials, undivided. Materials of cra

ters 1-1hose rim deposits appear only as bright as 
surroundings. Scattered blocks preser,t in rim de
posits; abundant blocks present inside crater. 
Slightly subdued structure occurs in floor materi 
al; subdued remains of -terraces l i ne the lower 
parts of the '(/all material. Crater densitv on rim 
material slightly lower than that of surroundings. 
Crater rim crest raised and well defined. 

Ccr3, rim material. Scattered blocks present. Strong 
concentric pattern present in rim material. Crater 
density on unit same as that of surroondings. 

Ccs3, hright slope material. Occurs on steep slopes. 
Abundant blocks prr.sent. 

Ccf3, floor' material. Occurs on gentle slopes. Pa~
terned 9round present. 

3, crater materia l s, undivided. Materials of craters 
whose rim deposits appear only as bright as sur
roundings. Scattered blocks present in rim depos
its; abundant blocks present inside crater. Sub
dued hummocks or terraces occur in floor material. 
Crater density on rim material same as that of sur
roundings. Crater rim crest suhdued. 

Cc2 2 

Crater mater i als 

Cha racteri st i cs 
Cc2, materials of craters 1•ihose rim deposits appear only 

as bright as surround i ngs. Sparse blocks present in 
rim matHial; scattered blocks in 1~·all and. floor. Very 
subdued structure present in floor material:, concen
tric structure present in rim. Crater rim crest strong
ly subdued. 

2, materials of craters 1-1hose rim deposits appear only as 
bright as surroundings. Scattered blocks present in 
wal l materia l . Crater density on rim material same as 
that in surroundings. Associated craters has shape of 
shallo·,, bowl. Crater rim crest slightly raiserJ. 

Crater materials 

Chara cteri st i cs Characteristics 
Material of craters v..'hich have broad low roJnd
ed rims. Gives the appearance of bm1l-shaoed 
crater in center of mound. Diameter of riri 
deposits relative to crater diameter oreater 
than for other craters. No resolvable blocks 
present. 

Characterist i cs 
Craters 18ithout raised 
rims . '1,1a11s convex uD
\•iard. 

Jnterr:iretation 

lnterpretation 
Collapse features formed 
by the wi thdra1•1a l of 
magma. May be material of volcanic vent or plug-like 

feature. 

lnterpreted engineering prorerties 
Interpreted engineering 

properties 
Texture and cratering on rims sinilar to sur
rounding rr.are. 

Inter i or of crater may 
be b 1 ocky. ~la 11 s s te.ep. 

Scientific interest Scientific interest 
Determination of prob
able origin. 

Possible late stage v-olcanism. May indicate 
differentiat i on. 

Em3 

Emz 

Em1 

Mare materials 

Characteristics 
Gently undulating cratered material having slopes of 2° to 3°. Lineaments occur trend
ing northeast and northwest. PatterneC ground present in patches. Crater density 
higher on Em7 than on Em2; Er13 of very limited extent and is fre·sher appearing than Em2. 
Many lcng lm•.' sca.ros occur. Surface texture of swales and s 11s1ells most pronounced in 
youngest unit (Em3) and perceptible in older units. Resolvable blocks present around 
many craters. 

Interpretation 
Volcanic flm•1s; sone ash beds may be present. Low scaros interpreted as flo1~ fronts. 
Surface texture of swales anrJ s1-1ells may reflect original volcanic topography. Upper
most layer is fragmental debris. 

Interpreted engineering properties 
Relatively thin fragnental material over a more cohesive substrate. Thickness of frag 
mental material apparently lower here than in other sites as indicated by the geometry 
of small fresh craters and abundance of blocks around smal l craters. Secondary craters 
formed by ejected blocks occur around of fresh crater northwest of the map area. 

Scientific interest 

( 

Surface fragmental material apparently thin. Bedrock samoles may be available in ejecta 
from relative l y small craters. Flow fronts of interest if recogniz-able on ground. 
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Characteristics 
Fe1•1 scattered 
blocks present 
in wall materi
al. Craters in 
cluster resemble 
CC] craters and 
are gentle de
pressions. 

Crater-cluster 
material 

Chara cteri st i cs 
Patterned ground oc
curs in floor materia l . 
Craters in cluster re
semble Ee craters and 
are very gentle derres
s ions. 

Interpretation of 
Crater-cluster 

Materials 
Materials of sec
ordary i mpact cra
ters c l ustered in 
strings or loops. 

Interpreted 
engineering 

properties 
Numerous b 1 ocks 
occurrino in and 
bet'.1een Craters 
constitute land
; ng hazards. 

Scientific interest 
Possible source 
area for materi
a 1 ejected from 
distant or inac
cessible craters. 

Cc1, materials of shallow· bor1l sheped craters. Scattered 
patches of blocks present in ·,iall material. Slight con
centric structure occurs in rir1 and 11all materials. Cra
ter density on rim material same as that of surroundings. 
Crater rim crest very slightly raised. 

1, materials of gent l e pan-shaped depressions. Scattered 
patches of blocks present in wall material. 

Crater mate·rials 

Chara cte ri s ti cs 
~1aterials of pan-shaoed to gentle depressions. Sparse 
patches of blocks present in wall material. Patterned 
ground occurs in 'Mall and floor materials. Sharp break 
in slope present at base of v1all. 

Interpretation of Crater Materials 

Poorly sorted nixtures of shock-metamorphosed breccia and 
unshocked debris, associated with b"Oth primary and secon
dary ill"pect craters. Crater morphology indicates that 
craters are continuously modified by micrometeorite bom
bardment and dm~nslope slumping of rim and \"/all m;,terials. 
The youngest craters are shown by Cc6: the oldest by Ee. 
Craters with lower numbers are being continuously evolved 
from those of higher number by subsequent erosion and 
seismically initiated mass movement. 

Interpreted engineering properties 
Craters of all ages may have associated blocks and both 
the craters and blocks constitute landing hazards. Depth 
to cohesive substrate on large subdued craters is greater 
than average on f l oors and less than average on rims. 

Scientific interest 
Crater deposits provide a range of - shocked and unshocked 
surface and subsurface materials. Samples from craters 
of all ages may shed light on radiation history; the 
freshest samples being found around the youngest craters. 
Projectile frag)J1ents, although scarce, may provide sam
ples of extralunar materials around primary craters and 
samples of distant lunar regions around secondary craters. 


