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PRELIMINARY GEOLOGIC MAP OF ELLIPSE III-12 -1 AN D VICINITY 

Ellipse III- 12-1 's 1n t·1e northwestern part J" the Flani­
steed P r · ng, cbout 35 kn· north-ncrt!ieast of tht' crater Flarr-
steed E The crea is a rroderate ly cn:ered. undulat i ng nare 
plain Th e uppemost mare-fill materia ls appear to be continu-
ous with those to the south 1•mich, ,1ith in the Flainsteed P ring, 
overla:i ejectc. frorn tlle crater Fl amsteed. Sin:e Fla11steed is 
ErEos:henian in GCJE, the u~permost mare-f i 17 n;aterial" wi :h­
i n ~he r i ng are considered to be ~ratosther1iari or _younger. 

Many uni ts of mare materials probabl y occ ur i n the area, 
bJt their sin il ar chemical and p'lysilal characterist,cs, op ­
tica l Droperties, and age of emplac2me nt rr-ake i der ,t i ficat i on 
of the un i ts di"" ficult. Possib l e dda ; ls of topogr,;1phic ex­
pression of in div i dua l un i ts have bee n obscured by t he smooth­
ino ef'"ect of the l unar re[]o l i tn and the crater i ng processes 
t h;t caused i ts fonnat i on.- The preservation of large angu l cr 
blocks ejecced seven: 7 hundred meters frcm ,:rate"S which ex­
ca1'ated tl-2 mare mater i als is ev i dence that the underly i ny 
mare-fill units are hard rock. Evidenu, for the t. ratostl-ienian 
age of the mare materials is cited above. 

The 1iare materials, ·wl-ic h ~nderlie the entire area, ap ­
pear t.J be ne~rly 1-onogeneous. The principal r egional mare 
U'lit probably consists of vol:anic flows; onl_y t'.-rn 11are ridges 
are napped within the area, but undulations of the surface may 
be due to ether, ·,ery l ow r i dges . Small domal features having 
lcw relief occur in the areo. ~:any o-' U1ese are encircled by 
a s hallow, alllo,t V-shaped valley, and the centers of most 
are at, or below, the l eve l of the surrounding 11are surface . 
This topographic re l ationship and t he fact that a few domes 
are older t han the oldest recognizab l e craters suggest that 
t li':' domes a re contemporaneous '..iith the surrounding regional 
mare mnerials. Hey arc i nterpreted as s1:1all volcanic vents, 
or pi pes, through which some cf the surface flow rraterials 
quietly emanated. 

·~an_y of the crater5 witlii n the area probably resulted 
fro11 secondar'( i11pacts of material ejected fror,1 the crate r 
Kepler, about 350 km to tl·e north-northeast. Telescopic and 
Lunar Orbiter l',' photographs show prcrai nent rays from ,<epler 
that pass near t he e l l ipse, and the intensely cratere d area 
clcn(J t he southern margin of the nap may be part of one of 
tnesl2 rays. Other secondars cr ater5 wit'~in the area may be 
related to the crater Coj)erni:us, a~cut 720 km to the north­
east. 

Supe r po'>ition relations indicate t hat fresh-appear ing 
craters are degraded with time. Accordingly all craters are 
rnaoped on the Casis of interoreted rolative age. The crater 
·ncrphology and details of the rim, wal l , and f l oor are used 
to estittate age; gradation is present between adjacent cate­
gories (fig. 7) Figure 2 sho•,1s relation between age and 
freque'lcy dis tri buti on of craters larger than l 00 meters. 

' ' 

w 0 

C • ' e 
w 8 e 
" • J ' w • 

' 

' 
' 

By 
Jerry 1-Iarbour 

1967 

Mercator Projection 

' IOC - ' ' ' ' 

" -

'° 
. rn 
• 
e ,o 
u 

0 so 

~ 

" " E , 
z ,o 

20 

'0 ' I 

0 

' ' ' ' 
Youngesi OIOesi 

Crater Age 

f"igure 2.--Histogram of age-frequency distribution of craters 
larger than 700 meters in map area (clusters of more than 
three craters not included). 

Engineering Geology 

A thin (2-8 m) surficial layer of debris - -the lunar re­
golith- - occurs throughout the area. Blocks can be resolved 
around a few craters as small as 75 meters in di ameter, and 
concentric ledges or terraces are visible in some craters as 
Sfllall as 5 or 6 meters in diameter, about the smallest size 
in ,,.,,h i ch a terrace could be resolved. The smallness of cra ­
ters that have features indicati ve of the presence of cohes­
ive materials below the regolith i s cited because this e l ­
lipse i s in the general area s t udied by Oberbeck and Quaide 
(1967). Using only moderate - reso lu tion photographs, they 
estimated the thickness of the regolith as 5 to 75 meters 
'..>y not i n-~ the norphology cf fresh craters l arger than 40 
meters in diameter. However, craters rruch sma 17 er t han those 
they observed possess the same morphologic features, and at 
least five different conclus i ons concerning the relationship 
betweeP crater morphology and s i ze are possible. If their 
general conclusions are correct, multiple layers may occur 
in the area, and they may affect the morphology of craters 
bottoming near t he ir upper boundaries. Alternatively, cra-
ter morphology may be governed more by velocity and density 
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of the projectile than by layering i n the taryet ~1aterial. 
Another possibility is that their conclusions are essentially 
correct, but that the thickness of the regolith varies within 
very short distances. Simil arly, cohesion of mare materials 
may vary within short lateral distances, and these variations, 
in addition to those of the lunar regoli.th, may control cra­
ter morpholog_y. These and other alternatives cannot be evalu­
ated as yet. However, the variety of morp holog_y of fresh cra­
ters in this crea, and the var i ety in size of craters of si mi­
l ar morphology, indicate the s i ze and morphology relationships 
cannot be applied in any simp l e way to detennine depth of the 
l unar regclith. 

About 45 km to the east, at the Surveyor I landing site, 
the regolith was subjected to a dynamic loading of between 4 
and 10 psi (3 x 105 and 7 x ]05 dynes/cm2) during the space­
craft touchdown (Natl. Aeronautics and Soace Adm., 1966, p. 
13). Properties of surface materials in ellipse 111-12-1 are 
probably similar to those at the Surveyor I site. Large blocks 
that left tracks in surface material have been ejected from 
at least two craters within the ellipse. One of these blocks 
is about 4 meters across, and its curved track i s about 100 
meters long. The b'lock came to rest apparently ·,,ithout signi­
fican t buria l . Blocks are abund;,r.t around fresh craters, in­
dicating t hat the surface is at l east strong enoug h to bear 
their weight. The ab un dance of small secondary craters arou nd 
so'"le "'resh craters, is add it iona l ev i dence of the presence of 
a regolit~. Tre presence cf t ~e impacting block in some of 
the secon dary craters inoicates cons i derab i e cohesion of the 
bl od. 
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NOTE: Craters older or younger t h an 
cluster are not shown v1ith i n Ccc 4. 

The ren ion al slope of the mare plain in thi s area 1s very 
y~ntle, prob,;1bly ]('~s than I " 1101,'ever alo11y ,lopes 70 meters 
or less i n l enf1U1, the surface 1s moderately rough. ::, lopes 
of 5"' are fa irly co111111on in Lhe unrhila t iny inkrcr,iter are<:1s, 
anJ slope~ of 10" and 15' arP ts pic al of the inter 101·s of Cq 
and C~2 craters. Slopes in excess of 1:l " are rare in Cc2 cra ­
ters, but are typical of Cc::i through Cc$ craters._ ~un·erous 
s1r2l1 craters, les s tl1an 20 meters i n diameter, 1<-nll make land­
ing and trave l diff i cult a t many places in t he ellipse . 

ltesolvable clocks (lar1Jer than 1 meter) extend out11ard 
to J or 4 crater di ainders around the l,;1rger Cq and Cc3 cra ­
t ers (more than liJO 111eters in Uiameter) and out to about 2 
crater diameters around smal l er ones . Resolvable blocks oc­
cur on the exterior rim deposits of most Cc5 throu~h Cc3 cra ­
ters, and on crater 1~alls o f most Cq through Cce craters. 
Rescl\1able blocks are absent, even withi n t he cra t er, in most 
Cc, and Cc2 craters. Blocks too srna 11 to be reso 1 ved, but 
large enough to present a hazard to landing, undoubted ly oc­
cur beyond the l imits of the resolvable blocks. However, 
they probab ly are widely dispersed or concentrated only near 
the fresher craters, as at th e Surveyor I site. 

Scientific Interest 

The re l ative ly youthful age of the uppeniiost n1are mate­
r i a l s v1ithin the Flamsteed P ring provides an opportunity to 
study the features, methods of e11placement, and nateria l s of 
mare fill. Petrologic comparison with older (Procellaru1T­
age) mare materials mig ht shed light on the petrolog i c dif­
ferentiation of l unar magmas. Study of the domal features to 
deterni ne their relationship to surface flows mi ght establish 
at least one method of em::ilacement of the rr.are flows. It i s 
possible that the domes are a general and fondarrental source 
of mare materials and are preserved here only because of the 
relative youthfulness of the materials. Furthemore, sub­
limates, or even volatiles, might be sampled from the annular 
valleys around t'le domes i f the domes are surface expressions 
of pipe s tapping a recently active rriagrra chamber. 

Exotic fragments from the crater Kepler may be found in 
or around some of the Cq or Cc5 craters, wh •i l e fragments 
ejected from Copernicus may be found near Cc3 craters. 

The thinness of the regolith will facilitate sampling 
of the underlying rock. Ease of samp l ing of the relatively 
unshocked substratal rocks, study of the ef f ects of shock 
metamorphisrn upon therr, and study of the effects of so l ar 
radiation and shock compression upon the rego 1 i th materi a 1 s 
in the ellipse may provide key parameters to petrologic 
interpretations of samples from older areas. 

T~e relatively greater bearing strength which mas result 
from the younger and thinner re~:ilith, and the scientific 
advantages derived therefrom, may be offset to some extent 
by the more undulating topography and the probably greater 
abundance of blocks on the surface. Therefore, it seems 
unl i kely that this site should be considered as a first 
priority candidate for early landi ng . However, as soon as 
eng i neering and pilot constraints can be relaxed, the po­
tential value of the site for scienti fic evaluation of the 
mare filling process would recommend its consideration for 
landing. 
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Crater materials, undivided 

This report is preliminary and has 
not been edited or reviewed for 
conformity with U. S. Geological 
Survey standards and nomenclature, 

Contact 
NOTE: Crater rnaterials• occupying larger areas are 
outlined by geo l ogic contacts: materials occupy i ng 
smaller areas are assign ed numbers only. 

Characteristics 
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BJried contact 

L i nearrent 

Shal l ow li ne ar depre~sion. 

Crest of rirr· su r round i ng s11all dorr,e 

Short solid l ines i ndi cate isolated seg­
ments; das hed where ind ist i nct. Lrne 
drawn at crest; barbs point dQ\•ms 7 ope to 
ann..1 l ar ·,•a l ley. 

--+---
r:res t of srna 11 ri d,;-e 

Scarp 

Line drawn at base; barbs poin t do·wnslope. 

0 
[l ; ock fie l d 

Indicates li mits of di scontinuous deposits 
mapped in dependent ly of other crater r i m 
deposits. Bl ocks generally su'lerpcsed en 
a 11 other unit;. 

Crater cluster material 
[Suhscript indicates relative age of 

crater materials with i n cluster.] 

Cha r a cte r i s ti cs 
Mater i al of terrain covered 1•.'it~ a t least t hree 
contiguous craters of approximately the same 
age . 

I11tRrpret1tion 
/1,ateric. l s of impact craters, probably mostly 
cf secondary orig i n; youngest Ccc4 , oldest 
CCC], Superposition re l a t ions within cluster 
are unc l ear Mutua l interference during cra ­
tering process t~at fonned the clusters nay 
have caused nore rcpi d i ni ti a 1 degrada":i on 
of individual craters ·,,rlthin the cluster. 

Interpreted eng i neering propert i es 
Terrain of crater clusters is ro~gher than 
'.: hat of ind i ~1dual craters of same age because 
contiguous r i ll crests of adjacent craters pre­
clude broad i ntercrater areas. 

Scientific i nteres t 
Becau, e rrost crater cl usters prr,babl'I are of 
secondary impact origin, the alinemerlt di­
rection of clusters may indicate primary 
source crater. Projectile materi al s asso­
ciated '"ith such crater clusters may be ident­
i f ied as t o locality of or ig in. Distance from 
pr l niary source may pro·,1ae data on projectile 
velocity and energy. 

8 Cc 3 

!l, rim crest dia11eter 50-1:)0 meters. l'lc l udes 
very bririht ray material; 3bundant t-locks 
present; - rcter i ah i rs i dl:' crater are hurr­
rrocky; crater rim crest sharply raised. 

Ccg, rim crest diameter greater tha'l 100 meters. 
:ncludes ·,ery bright ray 111at2ria l anC 
satellit'c crater r11dter i a l ; abJnc~nt clocks 
present; abundant structure occurs 1-,·ith in 
crater; crater ri m crest raised. 

Cq 

7, rim crest dia rieter 50-lDO meters. Inc l udes 
ray mater i a l ; e i ther wal l mater i al is 
terraced or floor material 1s ~-ourded; 
cra_ter rim crest sl ight ly subdued. 

Cq, rim crest di a11eter qreater t han 100 meters. 
Inc l udes ra·, rraterial; abundant bl ocks ~re­
sen t ; aJundant structure occurs wi t~'r cra ­
ter; crater rim crest sharp. 

6, rim crest diameter• 50-100 meters. Unit i s 
not bright; crater density on rirr mate­
rial l ower than that of surroundings; 
crater rim crest sl i ghtly subdued . 

Cc5, rim crest diameter greater than 100 n:eters, 
Unit is bright; blocks moderately abun­
dant on rirr·; abundant structure occurs 
1,,ithin crater; crater rirr. crest s l i ght l_v 
subdued. 

5, rim crest diameter 50-lJO mete"'s. Crater 
density on rirr material s l ightly lower 
th an t hat of surroundings; associated cra­
ter is cup shaped; crater rim crest su~­
dued. 
rin crest diarieter qreat1:-r than 100 ,neters. 
Un i t is not br i ght; - few scattered bl ocks 
occur outs i de crater and numerous bl ocks 
ocur ·.1ithin it; sli£"'ltly subdued struc ­
ture occu r s ,ii t i"i n cra t er; crater r i m 
crest subdued but 11e1l defined. 

• I ,,, I 
4, rim crest diameter 50-100 neters. Crater 

density on r i m rnaterial sa111e as that of 
surroundinas; associated crater has shape 
of shallow"bowl; crater rim crEst s l itJl"t­
ly r aised. 

Cc4, rim crest di ameter greater than 100 rreters. 
Blocks absent or very sparse outside cra­
ter and few blocks occ ur vii thin it; sub­
dued s t ructu r e present i"l floor and 1·1a l l 
materials and concen t ric structure presen: 
in rim material ; crater rirri crest s t rong l y 
subdued. 

rirr, crest diameter 50-100 meters. l\ss oci at­
ed crater is gent l e pa'1 - shaped depression. 

Cc3, r i n crest diarreter gre~ter then 100 r-eters. 
Blocks absent outside cra te r and spa r se 
inside; slight concentric structure pre­
sent in rim mHerial; crater de1sity on 
rim ma t erial sar:ie as th~t of sur'rour:dings; 
associated crater has shape of shallo·w 
bcwl; crater rim crest slightly raised. 

' 
2, rim crest diameter 50- 100 meters Asso-

ciated cr ater is barely di scerniJle gen­
t l e depressior; crater rim crest is 
virtua l ly co11plete. 

Ccz, rim crest diameter greater than 700 meters. 
No bl ocks vi sible i,;ith i n crater; pattern­
ed ground occurs in wall and floor mate­
rials; no strong shadrn,'s present; asso ­
ciated crater is gentlE pan-shaped Qe­
pression. 

Rim crest di aneter greater than 700 meters. 
No blocks visible within crater; shadov,·s 
very ·weak and gray; associated crater is 
barely di scernible gentle depression; cra ­
ter r im crest virtua ll y corr.plete. 

Interpretation 
Mate r ials of both prirrary and secondary im­
pact craters; the youngest is cc8 and the 
ol dest is Cci. All craters are rnterpret­
ed to have original ly had the morpho l ogy 
of Cc3 and to have been degraded to their 
current form as a result of erosion and 
infilling from microrneteoroid bombardment 
and from slumping and creeping of rim and 
wall materials because of seismic shaking. 

Int1"rpreted engineering properties 
Poorly sorted, weak ls cohesive, ~ranu l ar 
debris occurs in floor and rim deposits; 
blocky debris or bedrock exposures occur 
in wall material, especially in Ctr.j through 
Cc3 craters. Slopes greate r than 5° oc ­
cur ·wi thin almost a77 Cc3 through Cc3 cra­
ters. 

Scientific interest 
Crater deposits provide a variety of shock­
~etamorphosed and weakly shOck-metamorphos­
ed samples of subsurface materials. Cra­
ters of different ages provide samples of 
different ages of weathering. Projectile 
fragments, al though scarce, 1,•i 17 pro vi de 
exotic samp l es of extra l una r mat eria l s 
c:nd materials from distant areas on the 
Moon. 

~ 
Mare ridge material 

Characterist i cs 
Occurs as two small areas of slightly e l evated 
ridge material whose characteristics are simi­
lar to those of the principal mare unit des­
cribed belrn,. Ridge in north-central part of 
n·ap is sl i ghtly arcuate in outliile and cccurs 
in an area marked by a higher than normal 
frequency of small (<20 m) craters; ridge sur­
f ace, however, has slightly l ower crater dens­
ity than irrruediate surroundings . 

Interpretation 
May be of structural origin, or may represent 
build-up of volcanic materials around fissures 
through which mare l'laterials erupte d . If of 
structural origin, ridge materials are identi­
cal to adjacent mare material. If ridges are 
constructional, material may be different, at 
least in texture and age from adjacent mare 
flows' 

interpreted engineering properties 
Hard volcanic rocks. Slopes estimated as 
slightly steeper (10° to 15°) than adjacent 
mare material. 

Scientific interest 
If ridges are constructi onal, their materials 
may provide a slightly younger sample of mare ­
type volcanic materials than adjacent area. 

Mare dome naterials Mare materials 

Characteristics 
Small domes, about 700 to 300 meters in dia ­
meter, commonly encircled, or partly encircled, 
by a shallow, a l most \'-shaped valley. Relief 
is very lo"'', and the tops of the domes are near, 
or possibly slightly below the level of the 
surrounding mare materials. Dome contact is 
drawn at the low point of the encircling valley. 

Interpretation 
Small volcanic centers, possibly pipes or vents. 
If domes are sources of surrounding mare mate­
rials, the low topographic relief indicates 
that ejection was not violent or explosive. 

Interpreted engineering properties 
Hard, possibly brecciated volcanic rock. Slopes 
are estimated to be less than 15° on most domes, 
except possibly near the floor of the encircl­
ing valley. Crater density essentially the 
sal'le as that of surrounding surface. 

Scientific interest 
May be an important vent for extruded mare mate­
rials and may provide data as to their method 
of extrusion. 

Characteristics 
Undulating regional mare fill, moderately cra­
tered to l ocal ly highly cratered. Almost all 
of the ellipse area is underlain by this unit, 
of which about 20 to 25 percent is covered by 
craters 70 meters in diameter and larger. 
Lineaments are fairly corrrnon and genera l ly 
concentrated within poorly defined belts. Most 
lineaments are nearly straight and the pre­
ferred or ientations are approximately north­
west or northeast. 

Interpretation 
Possib l y layered volcanic lava flows or as 1 
f l ows of l ow viscosity, that emanated from 
several centers. Straight lineaments gener­
ally reflect the regional lunar grid; sparse 
arcuate lineaments may indicate segments of 
buried craters. 

I nterpreted engineering properties 
Hard, moderately jointed rock; covered in 
i ntercrater areas by a rego l i th to a depth 
of 2-8 meters. Slopes in intercrater areas 
are estimated to average about 2°, but s l opes 
of 5c are fairly C01llllon. Cra t ers 70 meters 
in diameter and larger would p~sent hazards 
to landing. 

Scientific interest 
Mare fill of young age. Comparison with mare 
fill of o1der ages at other ellipses will pro­
vide infonnation relating to possible dif­
ferentiation of lunar magmas or to possible 
inethods of magma fonnati on and extrusion. l f 
near-surface layers are Uin enough, an age 
range of mare-fill materials may be sampled 
from the ejecta of different craters of dif­
ferent depths. 
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