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2 3 , ; : : ' : NOTE: Crater materials occupying larger areas, including de-
158" posits outside the rim crest, are outlined by geologic contacts;
materials occupying smaller areas are assigned numbers only.

Characteristics

)

8, crater materials, undivided. Rim crest diameter 50-100
meters. Includes bright ray material; wall, rim crest,
and rim deposits have high density of blocks, parti-
cularly on craters showing structure within craters
and in rim; may include satellitic crater material
that in the small size range is not resolved on Orbiter
photographs; crater rim crest very sharp and pronounced.

Ccg, crater materials, undivided. Rim crest diameter great-
er than 100 meters. Include bright ray material; re-
solvable blocks present in rim deposits of one crater
50 meters in diameter; blocks probably abundant in rim
deposits of others; interiors sharply blocky with well-
developed terraces.

1°56"

7, crater materials, undivided. Rim crest diameter 50-100
meters. Unit is bright; distinguished from age 8 by
fewer blocks in rim deposits and on rim crest and ab-
sence of ray material; abundance of blocks is related
to thickness of layer impacted; most craters have struc-
tured floor; fewer sharp structures in rim than age 8;
crater rim crest may be somewhat subdued.

Ccy, crater materials, undivided. Rim crest diameter 100-
400 meters. Unit is bright, abundant blocks present
on rim crest and in rim deposits; considerably fewer
blocks than in Cc8 deposits outside of mapped area;
pronounced break in slope from rim deposits to mare;
crater rim crest sharp.

Crater apron material

1954 |*

1°52*

6, crater materials, undivided. Rim crest diameter 75-100
meters. No halo material; considerably fewer blocks

Characteristics present on rim than on age 7; crater rim crest moder-
Smoothed mare material around crater. Surface ately subdued.
has fewer small craters than on surrounding Ccg, crater materials, undivided. Rim crest diameter 100-
craters. At smaller scale, Ccy craters occur 400 meters. Includes bright halo material; abundant
at apron edge and Ccy and Ccp craters within blocks present in rim deposits and on rim crest; some
apron. structure occurs in rim; crater rim crest slightly

subdued and cratered, and some are clearly polygonal.

Interpretation
Mare material that has been smoothed by the
energy of the crater-forming event and, to a
lesser extent, by the covering of the mare sur-
face by ejecta. The disturbance resulted in
the filling of pre-existing craters on the ol-
der surface. 5, crater materials, undivided. Rim crest diameter 75-100
meters. Few or no blocks present in rim deposits, but
blocks are abundant within crater; change in slope
Unit probably has anomalous engineering proper- from rim deposits to mare material is gradual; struc-
ties. Loose fragmental material shaken into a ture in wall and rim generally absent; crater rim crest
pre-existing crater may not have the bearing subdued. o ) )
strength of similar materials on a surface be- Ccg, crater materials,.und1v1deq. Rim crest diameter 100-
yond the apron. Materials overlying flatter 400 meters. Unit is not bright; some blocks present
surfaces have probably been shaken and, depend- in rim deposits; a few small craters present on the
ing upon the vibration frequencies, may assume rim; crater rim crest moderately subdued.
either greater or lesser bearing strength pro-
perties.

Scientific interest

Disturbed mare materials. Soil profiles may
not be representative of radiation histories
found in less disturbed lunar soils. Smooth
surface may be overlain by abundant small rocks
ejected from the parent crater.

Interpreted engineering properties

1°48°

4, crater materials, undivided. Rim crest diameter 75-100
meters. No blocks present in rim deposits; rim mate-
rial is markedly flattened, generally level, and com-
monly cratered; change in slope from rim deposits to
mare material is gradual; crater interior is smooth;
associated crater is shallow-bowl shaped; crater rim
crest strongly subdued.

Ccg, crater materials, undivided. Rim crest diameter 100-
400 meters. Blocks absent in rim deposits but common
in wall material; "normal" crater shape preserved in
craters of larger size, but floor is progressively
flattened toward lower size limit; crater rim crest
is strongly subdued, well rounded, smooth, and shows
numerous small craters.
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Crater cluster material

COPERNICAN SYSTEM

1946’

Dimple crater material 3, crater materials, undivided. Rim crest diameter 75-100
meters. Associated crater is gentle, shallow cup-shaped
Characteristics Characteristics . depression havina 1ittle or no remnant of original rim
Material of small craters with distinctive geo- Material in and around cluster of 4 shallow crest.
metry. They lack rims and their inner slopes bowl-shaped craters. Cc3, crater materials, undivided. Rim crest diameter 100-
are slightly to markedly convex upward. Except 400 meters. Floor of larger craters is flat; many show
for their greater depth and the absence of blocks creep structures in floor-filling material; a few large
they resemble small Cc3 craters. blocks in center of many craters.
T Interpretation
Origin and significance unknown. They may be

slump or collapse features or eroded impact @
craters.

Interpreted engineering properties Crater cluster material 2, crater materia1§, undivided. Rim crest qiameter 75-150
As they may be collapse features they may be meters. Agsoc1§tgd crater ranges from flat pottomeq
potential hazards to trafficability. Slopes ap- Characteristics i, W SR VOIS G T SRR S SANT o R

i Similar to Ccc3 but craters more subdued. Cp, crater materials, undivided. Kim crest diameter -
s REAEDSURNY SasTRNLR. 2 ‘ 400 meters. Little or no structure occurs in floor;
wall material has gentle slope; associated crater is

Scientific interest Interpretation g
pan-shaped depression.

Materials are of interest because origin of cra- Probably secondary impact craters.
ters is uncertain. If of collapse origin there
) 4 may be no blocks near their centers. If of

2 ; o ; / - . b\ L s B v ) v : i L N X 3 exogenous origin, numerous blocks may be cir-
42904 42902 42°00" 41°58° 41°56" 41°54" 41°52° 41048 cumferentially distributed around them.

Interpreted engineering properties

High slopes and probable subresolution blocks N

are engineering hazards.
Scie;tlfig :nteqeiﬁ Tt 1 il e o ik s 1, crater materials, undivided. Rim crest diameter 100-

nd not of high scien- ; ; Con

Sources of geologic information: photographs returned by Lunar t?f?£1ari£$ii Tvely old a 9 200 meters. Associated crater is gentle depression;
Orbiter 11, frames H-198 through 200, H-205 through 207, M-197 P Y- . Crattter Nmtcres]t commgr)lydpgwggr}al or eregulir. .
through 212; and Lunar Orbiter 111, frames H-165 through 167. €y, crater materials, undivided. Rim crest diameter a

400 meters. Associated crater is gentle depression;
crater rim crest commonly polygonal or irregular.

1°42° 42°12° 42°10° 42°08’ 42°06'

Controlled base orepared by Army Map Service, Corps of
Engineers, U.S. Army, Washington, D. C. 20315

SCALE 1:25,000

006 Interpretation
L METERS “pm - 2 l ; . ] KILOMETERS Materials of both primary and second;ry impact craters;
— youngest Ccg, oldest Ccy. Craters with Tower numbers are
= : ! ! I NAUTICAL MILES ] modified forms of higher numbered craters. Craters are
T ' modified through erosion by impacting micrometeorites,
. ' small meteorites and secondary particles and by gravitative
movement of loose materials caused by seismic shaking.
OL.O 11-13-2 AND VICINITY

PRELIMINARY GEOLOGIC MAP OF ELLIPSE | / LR TR
to cohesive substrate greater than average on floors and
tess than average on rims. Fragmental layer on mare prob-

By ably has anomalous engineering properties around youngest

craters as the result of impact-induced disturbances; the
anomalous character probably diminishes as aging progresses.
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Interpreted engineering properties
A11 craters except Cc], Cc2, 2, and 3 craters have blocks
either visible or inferred on their rims and thus con-

SITE LOCATION DIAGRAM KEYED TO LAC
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ages may shed light on radiation histories. Soil profiles

Z5 56 57 58 59 60 61 62 “‘63\ Mercator Projection sampled around rim of youngest craters may provide evidence
__+ﬂ of age of cratering and provide information on radiation
o

Scientific interest
The freshest samples of ejected materials will be found
aroung the youngest craters. Samples from craters of all

'{ E histories.
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Mare dome material Patterned mare material Mare material
Characteristics Characteristics Characteristics
Materials of very low, irregular domes 100-400 Mare material that displays subtle to pronounced Level cratered material making up the surface
. ; : : sgio s : : meters in diameter. A few domes have shallow lineation of surface form characterized by shal- of the ellipse and surrounding region. On Earth-
General Geolo Inasmuch as the mare materials here appear to constitute 0f considerable scientific interest is the ring north of ; s i )
B 9y a single fairly uniform unit, and as the aforementioned cra- the ellipse. The unusual morphology and questionable genesis val1?ys par@dwa{ arguzg tZem but such fe?:ﬁres_ 1$wt;1n?§r va]Tey—and—r%?geNmﬁrghohggy. DTEen? 2ﬁseg ftl1-Moon pthographs,.ung% EIm is among
£114 11-13-2 is in 0 p n imate] ters are in or near the ellipse, data derived from evaluation of this feature, one of at least six in site II P-13 (Titley, ?re _ESSheV1 iz an ]?_ omeil?E?ZT?r?Harbegg °f the 1n$at1op ge"efabTY. - v etal € Gapar meane. YNt FecogNizan e
. b1gse e 1i ‘nK Cﬁa"“i zgce a:ﬁm agproz1?? ey of blocks as natural penetrometers should be applicable in 1967), make it worthy of investigation. The fact that its ]gr ms api g" 1?te 1pSe d.° : o eds%r BSE 15 g:¥1a Eé rgng‘R?b Qom pro- i -y
?le:gytoetx:egoutﬁwggi erThipmgs a:ea ?sngzcuS?Zd ::tire?y-by general to the entire ellipse. A1l resolvable blocks occur albedo is the same as the surrounding mare material suggests 67). Crater density same as on surroundings. 32?2C§Im 0 very subtly subdued. edo same as n e§$;§a§1;°2epresents e b Y ST
. v on crater rims or interiors. However, blocks below the limit that it may be an old crater covered by mare material which ; : . :
mare mazer1a}s. Z“]]'MOOU photogrgphs Ef %he BNES ol SATY of resolution, derived from the numerous small fresh craters, has differentially compacted over the rim crest. Such an Inte;pre$§t1on Spamie 14 d vents thek Favs i Gt ?f Wh1c¢ grg ColeTEd by.i.fr?gmggtal.lgygq. ?0
BarE i er1§ s and two faint rays from ep]er.] V& oF B are probably abundant throughout the area. . origin would imply that the mare material at this location umui 1 °£ o can;c BIPEs ah ve? 3 e nLerpretation b . e tayer o ? qoc 11sfp2;1 lvefy i e?t; 1ah e a
The oldest mater1a]s of the area are 1) blocks of ejecta The technique evolved by Oberbeck and Quaide (1967) was had behaved more 1ike an ignimbrite capable of extensive been eroded to the same textural appearance as Some_appears, y analogy, to result from ray- e general level o e surface although some
and 2) bedrock exposed in the floors of some young craters. used to estimate the thickness of the fragmental layer in the differential compaction than a lava flow. This is a funda- the sgrround1ngs. If domes are sources of sur- forming processes q]though other characteristics may beApresent on the floors of.craters. The
Almost all the mare materials, that Cﬁver the are?, areEpe area. The curves in figure 2 show the relative percentage mental question of lunar geology which can be attacked by T°3?d129 m:;etmagerlq]s, 1°z g?pograph1§ re]}ef °$ rayi suchtas br1ght§n1ng a”g the presenci of grwter!a Og E9919$827(Lu"a;]?;b1t3r PQotgthta
parently of one age. Supe;posed on t e;e E@tﬁr1a sfarehcra; o tois] onaters of nommal, Tlat<botiomed, and concentric study of this feature. The ring might also be an extrusive indicates that ejection probably was not explo- E onﬁa e cr? er; ng absent. gmz app?ars o] tﬁreen1ng ]roup,. : p. ] t;n ica ih al't
Ee(shand ghigr d$§os1ts, t ehygungest‘o W 1Xt a;e reih ag gréietiy. The aied sbudfesd 4s gongidared B vepreantabive feature younger than the surrounding material, in which case, sive. ? the result of debris movement down low-angle : e ¥gperf ayer is ri at1v§ y thin bn_ dg Sl e.
4 t efa;ﬁa, A, 16 &6 Ta e£1g ' owﬁ; {2 er$;a o e e sis. Sixty-five percent of the 40-meter craters are flat alffecentiacion Histony. The mare material vaetde bhs Fimy nge as adgacent mgrg mgteriaI but layer of Interpreted engineering properties SLi%Titatisgis basaltic in chemical composition
res g € mare, 1S enclosed by an annllar ge. bottomed; thus, if the theory of Oberbeck and Quaide is cor- appears to be more heavily cratered than the mare outside it. J : be s1i h’1 hi Y nLerp 9 g, propertl h q p . %)
uperposition relations indicate that fresh craters are - Patt d H d the @] 13 Y FEpresent. ma fragmental debris may be slightly thinner. Represents a potential landing hazard because of =
degraded with time. Accordingly, all craters are mapped on iRty SRR XS IEDURIE BT Se VR TR ARNERER B R Rgerl o fopne - ot oot ol oL ot M . slope variability over short distances and be- Interpreted engineering properties
gracec B g s pped Or layer about 4 to 7 meters thick. (See fig. 2.) materials and thus may contain materials from the crater Kep- e P 3 ey P 9 ! w
the basis of interpreted relative age. Crater morphology and Ter Scientific interest cause of unknown bearing strengths. See text discussion. The large number of |
details of the rim and floor are used to estimate age accord- : . May provide relatively fresh volcanic materials blocky craters suggests a relatively thin %]
ing to the diagram shown below (fig. 1). Complete gradation’ : REFERENCES and may give information on process of mare Scientific interest upper fragmental layer. Similarity of ob- 5;
is present between adjacent categories. / extrusion. If related to rays, may contain exotic fragments servable cha(acteristics of this mare with
fet 3 114 ‘ derived from primary impact craters. May yield mare of lapdyng sites of Surveyors I and III
Harbo?;f_%;r;y;n;93551E?i;1?;22;i %?g;?gég]Tapu?g-eG;;??e ‘ information on fine scale Tunar tectonic pro- suggests similar engineering properties. zg
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- ISR \ﬁ%f%% site ORB II P-13 [scale 1:100,000]: U.S. Geol. Survey Ring material z
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N o %% N o oo A ’ : Characteristics —
E\ NG O, A "%:"»‘, z / . Material making up the surface of an annular g
w 5| ; . \0,,.%.\;.06 \\:\,-,_‘_ w ¥ - ridge at north edge of map enclosing a mare- =
o 2 g D N, @ 4 ) covered floor at a slightly Tower elevation.
P-4 E< QS \ %, 7o %, N W 1 . —
o\ 6 . ¥ £ a L Slopes covered with patterned ground. Albedo
a = %, o N N 75 / . Contact : :
w3 S ’6’%,"’ - N z / ' about the same as unit EIm.
= = WIN 2 %, N, Y N . ; = N/ Dashed where approximately located. .
’<—( @t N%q, %, 00’46’_ X N W Concentric / ) Interpretation )
= 5 @ \ze/ Ty, Ny, & Flat bottomed = X An old crater inundated by mare material (pos-
@ ~ Sy, b N2 o = 50 Normal = v sibly ignimbrite) which compacted differential-
- [ I N T N -
) \\”oé”/ SN Vs s R e @ / ly to preserve the structure in subdued form,
4 = \/oq:%’ %eé"*,-r\"(, - w / (034) Alternatively may be a ring-shaped extrusion,
- O SN o ey N, RN < X \ ................................ or regional mare material upwarped by a younger
3 8 9o o~ 2 %} SN N G 25k / subsurface ring dike. Patterned ground on
- & \~23£¢ub\\ ) ¢ N ET/ \ ' Buried contact slopes caused by downhill creep of surficial
N2 : debris.
2 . RGN R LY N
- ST~ N oo N\ g 8 N P _ Buried unit shown in parentheses. ) ) )
~ _ Gg ~E N
I N ~"e By, W N e — O~ | | ) : Interpreted engineering properties o
e ] § =~ °’es% ~ D R OO 10 " 20 20 ";‘é 5 60 Debris-covered slopes and creep textures indi-
2 Q “Ofgys TS \\ e \\ N cate potentially hazardous surface.
2 < Sy ™ < s e e N CRATER DIAMETER, METERS
8 ’ T ~ . Scientific interest
~ SN | : | @ L e [ e Suiatilon 1 o st
T T T T T T T T T Figure 2.--Apparent geometry of small fresh craters as a func- S 5, -
Iom  20m 50m 100m 200m  500m IKm 2Km 5Km 10Km : ; : : nimbrite or lava flow. If feature is an extru-
i tion of crater diameter. Depth to cohesive substrate for Buried small crater sive ring, samples frgm it may represent a late
CRATER DIAMETER —— craters. ) (approximately); s;age of d1'ffgrentt)iatnmduf Samp;‘es of s?il from
B P - 5 ; .
5 the ring can be obtained from the toe of the
D D . . debris apron.
Figure 1.--Assumed relations among cratér diameter (from rim flat-bottomed craters, > 55 Taa'(aPPr°X1mate]Y), Y,
crest to rim crest), crater properties and crater age. i B Frvccmedmmpanak T el e
Width of intervals on ordinate carries no implication as concentric craters, >15]5(approx1mately). ~\
to lengths of intervals of Tunar geologic time: Sun angle 20° ) Lineament [:::::]
. . - . . Shallow groove or subdued scarp. In areas of pat-
Engineering Geology ) .ﬁifew dimple pratezs (*th Ccd)hof u2§ert31g genesis and terned ground the general trend and extent of the ‘Cratered mare material
SIGNTFICANce ahe Presents Cy_Tay NBVE TArmed Ry Processes troughs and scarps are indicated by several linea- —
" dSimi]ari%ies in-czag;r size-fre%uepc¥ di;t;;?ution and re]ate?1to cq}]apsgz tlpbgiggral% Qgg?¥er;a§2$5w;ﬁ$iﬁr:;gogzd - ment symbols. CharSﬁzﬁ:;sﬁliﬁin the ring (mapped as EIri) at north =
albedo strongly sugges at mare materials o is area are generally uniform distribution crate N :
nearly identical with those of the area to the southwest where bedrock and the presence of widespread relatively thin frag- . zggemgietggngg?. Clgggg;gph1i?gléo1?¥e; t:izni{m =
Surveyor I landed (Lunar Orbiter Photo Data Screening Group, mental material suggest that collapse features, if present, Yy C . pp ¥ =
Y : ; about the same as unit EIm %)
1967). In addition to these criteria, the evidence from cra- are local rather than widespread. The dimple craters appear ) ) ¥ k&
ter morphology (see below) suggesting comparatively thin soil to be randomly distributed. ) >— =
Tayers in both areas indicates further similarity. Thus the S 1 I"teXﬁrg%gglogare antt but erobusly stllar To &1
dynamic resistance of 4 to 7 x 105 dynes per cm? indicated Features of Scientific Interest ) ) iiar respects £ untt EIN Z
by Surveyor I (Jaffe and others, 1966) for 1upar soils of the i —_ il il P Block field . <
sgqtemgges;;i?;:ediii-;;lz 22¥]§1g;elﬁi:pg:221mate ik apparZﬁi?;s;osgg gggigrgagﬁ iﬁgfzgitthstgiﬁcpgrtagf sigg ?I Line outlines continuous or semicontinuous field InterpEeted en?ineering prop$rties _— ’ gg
‘ Relatively fresh craters in the southern and western parts P-13 (Titley, 1967), mare of this region may very well be of resolvable b]ock§. .Subresolution blocks are gn nown. . t may- be S;ml ar Ez.u21t Elm ?gthow1ng =
of the area are surrounded by ejected blocks as much as 500 younger than most mare on the east side of the Moon. This probably abundant within line and probably extend ]o a g;ia eEIage may have a thicker regoli =
meters from the crater rim. North of crater A (lat 1°53' N., possibility is further strengthened by the presence of a com- beyond it. ayer than EIm.
long 42°00' W.) and west of crater B (lat 1°43' N., long 42° paratively thin and thus probably yout?ful f;?gmen;agllaﬁer Selerbifie intarest
06' W.), blocks as large as 10 meters lie on the mare surface. in this area. Collection of rock samples will probably be >
In the central part of the area a few blocks near the limit easy, therefore, because of probably widespread distribution Older than unit EIm and thus may reflect rocks
p
of resolution in size (2 meters) are visible on the mare near on the surface. Furthermore, shallow depth to bedrock may dgr1vK from egr];er stages in the differentia- _)
craters C (lat 1°46' N., long 41°52' W.) and D (Tong 42°01' W.). facilitate proper placement of geophysical instruments. tion history of the mare.
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