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Crater materials Site Il P-11 is at the southeastern edge of Oceanus Pro-
: cellarum. An irregular, mare-filled basin occupies most of
NOTE : i - the site and connects with two similar basins to the north
s 800 metg::t;?: T:Eg;;?]zxigﬁ‘{‘fy}2%135}533 l:;gese;'t:han and south (fig. 1): The basir_ms are ringed by moderate]y.rug-
/ : outside the rim crest, are outlined by geologic con- - ged humocky deposits (th) which Eggleton (1965)and Schmitt
tacts; materials occupying areas between 400 and (and others, 1967) mapped as Fra Mauro Formation and inter-
800 meters in lateral extent are assigned numbers = preted as ejecta from the Imbrium basin. Originally subcir-
only; materials within areas of less than 400 me- cular (z'as sugge_ested by Earth-basgd‘and Orbiter !V photographs),
5 ters are unmapped. e the bgsm outlines have been modified by a combination of_
s 3 flooding of the hummocky Fra Mauro Formation and degradation
Characteristics : of the terra. These processes have resulted in isolation of
- Fra Mauro hummocks from the main bordering highlands and
l : : formation of extensive areas of terrain that is transitional
n 3N 7 between mare and terra (map units Ctg and Cta).
‘ L]
: ! 8, crater materials, undivided. Include very : ;
I bright ray material; structure is well
developed.
Ccg, crater materials, undivided. Include
| very bright ray material with one ex- ;
ception at lat 0°25' S. long 19°12' W.; :
D482 | satellitic crater material present; blocks
abundant; radial linear structure well Gambart
| developed outside hummocky rim deposits; :
structure well developed in floor and .
rim; crater density on rim deposits lower -
; | than surroundings.
|
7, crater materials, undivided. Include mod-
erately bright ray material; structure
well developed in floor material. > 7 Ctt g
Cc7, crater materials, undivided. Include ray
material that is not as bright as that ;
of Ccg; blocks abundant; structure well Terra terrace material
devg]oped in floor and rim materials; g
Z)a"::::l g:;;?i agse"-t 05 wealg]ty ?eve]ogﬁd; Charagzmszlgzate belts of material at base of
n rim deposits Tow
e surroundings.y i oy k] steep slopes; several overlapping belts occur
% in places along eastern terra. Albedo same
2 as that of adjacent terra material.
: l Interpretation
= < n Loose rock debris transported by the process
: I : of mass wasting from adjacent terra. Absence
Dark-halo crater material 6, crater materials, undivided. Unit bright; of blocks on this material in comparison to
no ray material present; blocks abundant; = their abundance on adjacent hilly material
Characteristics structure well developed in wall material; suggests an effective size sorting of parti-
Smooth material in and around crater having crater rim crest slightly subdued. : | cles by mass wasting. Sharp break in slope
dark halo. Crater occurs at summit of coni- Ccg, crater materials, undivided. Unit bright; at top is probably a slump scar.
cal hill at lat 1°02"' N., long 18°55' W. no ray material present; blocks abundant 3
in wall and rim material; structure well I
Interpretation developed in floor and rim.
Volcanic crater materials and associated pyro- 2 I
clastic ejecta. | ‘
By o [ce] | [ca]
: I 5, crater materials, undivided. Unit not bright; | Terra material, gently rolling Terra apron material
0°24/ ; | blocks abundant; structt};re moderately de- - il R s e =
ed i 11 material; crater rim crest aracteristics ; : ; =
;ee]lr])pdeﬁzev(f ! | Forms gently rolling hills, generally adjacent Forms flat terrain having low relief and low :
| Ccg, crater materials, undivided. Unit moder- to hummocky highlands (unit th). Generally crater dedziy. sileakly patterged; graces —
5* ately bright; blocks abundant; structure | patterned. Locally conspicuous lineaments laterally into units Ctg and m3. Generally -
| moderately well developed in floor and : trend northeast to northwest; faults and scarps occurs in comparatively narrow belts adjacent Z, :
wall; crater rim crest slightly subdued. common on east side of map area. Few craters to other terra material. Albedo intermediate. } <
— 3 I larger than 0.5 km; Ccp and Cc3 craters of ; O “
I intermediate size noticeably absent. Interpretation ; : =
| Veneer of colluvium derived from the adjacent E
| Interpretation terra materials; covers mare material. Ccy o
—~ < - | : Colluvial material mass wasted from unit th. and Ccp craters present but are probably 8
: | Compositionally same as th. Cc1 and Ccp cra- %222352 gﬁaﬁoiémga?daﬁﬁiigng c;ate? on mare s
Radial rim material 4, crater materials, undivided. Abundant blocks I :?n:?l::eag;::ﬂrfgbg:azgisp;gb;:r': gzzggg: ;23" e P S tnucElomon
of Gambart A | present in wall material, some in rim mate- SH pate. of d 5 Figure 1
: g rial; crater rim crest moderately subdued. more1rap1 rate of crater destruction on steep-
Characteristics = | Ccq» crater materials, undivided. Abun?ant ST SLODESE
Mantling deposit character- blocks present in wall material, blocks : f ; ] ;
ized by ridge-and-furrow common but not abundant in rim materialj; l - Mare “mtz are subdivided on the basis of size and density
structure and conspicuous | structure subdued in wall and floor mate- . ;UPGY‘":POSG C{‘atsrs and relative relief. The oldest unit
lineaments radial to the rials; crater rim crest well defined but | cr;te:': ;Oggaiﬁgpggo %t:rgoqlgag?:;]\e/ieibu:ggngs :frcs’zbggid
0124 < ¢
e Sl i l Gliely SUbdu?d' | surface.than that of other mare units. The surface, wﬁich
Interpretation : : has a ridge-and-furrow texture that trends between northeast
A Ejecta from the crater ' ‘ and northwest, resembles an eroded ray; average relief appears
Gambart A. \& : | to increase to the north within the site. The other mare
= n units have fewer craters larger than 300 meters in diameter
I ! and are flatter". Unit m3 is the least densely cratered and
il 3, crater materials, undivided. Blocks moder- is most extensively developed near the terra in the northeast-
| ately abundant in wall material, uncommon ern part of the area.
in rim material; associated crater is ‘
3 | shallow-bowl shaped; crater rim crest : The basin fill may consist mainly of volcanic flows, but
: strongly subdued. e I the surface differences used in subdividing the mare materials
| Ce3, crater materials, undivided. Many blocks are probably partly due to introduction of extraneous mate-
in wall material, few in rim material; l rial. The textural similarity of the surface of the oldest
Cch < < crater rim crest moderately to strongly mare unit to that of a ray suggests that, in addition to vol-
| subdued. . ! canic material, the unit consists of ejecta from some distant
in- i o i ; i crater or craters. Unit mo probably consists of volcanic
Chain-crater material Crater-cluster material Crat(ie;rr;weglﬁ?;la1s | : l l Pow?i with little 1¥ﬁem1§ed eztraneous'ge?ﬁ?"thgt :td]eait
Characteristics Characteristics ocally covers mj. € youngest mare unit (m3) 1S best devel-
Materials associated with Materials in and around Characteristics | n | oped near terra and grades laterally into Ctg and Cta, which
0°00" linear chains of closely dense clusters of craters. Material in and around cra- l ;;ﬁrgogz;g::?gn@mbeiga}:grc?‘;l:y:r: g?gévc]edirf:ro%:gemz;:
bk o EfatensTane Nt e tad: Eﬁ;tgisnﬁg?;E;;g;eg“th"e' 2, crater materials, undivided. Blocks common A | rial thinly e by SoN LT frch the. Fré Wadro Eivfatisn.
: ; 5 i 11 material, sparse in rim material;
Interpretation Interpretation el 3 ”
Materials emanating from Debris associated with sec- Interpretation :;Zozéétiga?itsfrﬂ“ Shi]]?’;;:o"]ﬂ tgbzand / | ‘Superposition relations indicate that craters are degrad-
structurally controlled ondary impact craters of Materials of craters formed e crager’mat r?a] ; cggs.dsd g]% i mgz-. | ed with time. Relative ages (higher numbers for younger cra-
: volcanic vents or mate- unknown source. by Tow velocity, irregularly 22 ) be d i’.“n. ”ﬂ = e ]C 2 i = | ters) are assigned according to the apparent freshness of cra-
rials of chains of sec- shaped projectiles. She inyr?mu;aizrig?-wzratg 3;11:1.% ugﬁqm | ‘ ters with respect to their size; small craters are degraded
ondary impact craters. ¥ depusiite nakrly the Sate Onysur_ ; i = | faster than large ones so that a small subdued crater may be
roundings ; associa)t/ed il o ' g the same age as a large sharper one. Figure 2 (developed by
bow]l shapéd- crater rim crest strongly | N. Jd. Trask) shows in graph form the general morphological
: criteria used in assigning relative ages. The categories
S subdued. | | shown are gradational.
SR ‘ |
CC‘ | p I (
15 crater materials, undivided. Blocks sparse | 8 k‘d
in wall material; associated crater is l o &
gentle depression. B e
0 Ccy, crater materials, undivided. Some blocks l | = \\E = Lo,
present in wall material; crater density : N \@;‘4
on rim deposits same as that of surround- I 3 s {”0:4 5
1 ings; associated crater is gentle to pan- | T N 33' N NG Oy,
L ) 4 shaped depression; crater rim crest \\v) \\%"% N
: x 3 strongly ‘subdued. I | N N \%%;’%
T S N S o
©L Ezé) \\o%@ & o"v%
I A §<6 = e \\
Interpretation ; ) w 8. 3 00;6/’0,8'& \\ 4
A1l numbered craters are believed to be impact l = < Li‘,, N G, v, - <
7 craters. Aberrant crater types are not includ- = Q \{%}U’S% \%, %y % ~
e ! ed in the classification scheme. Youngest l & 5 2 oy § G <
craters surrounded with shock-metamorphosed o« 4 T e, 7os, \0)\%%* S
Contact debris; brecciated bedrock exposed on walls. [ i g \%'521%\7"‘% o {;s; N
: As craters age they become filled with de- | o N %s % R e N N
Dashed where approximately located. bris s1umpedgoff t%e walls and from outside ] . E\\ P Q"(,";’do’:\%@"’%&\%a N
5 the crater. The rim material becomes mixed ; | | S \gefcrg%\ S 0}’ ey \\
with the surrounding material until the two : . g | Q \’s»\s%,\ N N \
(th) are indistinguishable. Larger craters are 12l et QTN \\ \\ o
""""""""""" e destroyed more slowly so that an old 3-km cra- : I I < Seny, \331‘ PR <
Buried contact ter may still have bedrock exposed on the inner : . g ~ Zoore,, ¥ R N
iy 4 2 wall although none is exposed on a young 400- | % % g S \\ ol \\ N
Buried unit indicated by symbol in paren- meter crater. . 2 < L 4 \\ i
theses. . | - \\\\ \\\\
w e G
i T T T T T T T T
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bt ; . CRATER DIAMETER
Fault Crater material, irregular Crater materials undivided - Figure 2
i Bar and ball on downthrown side. Dashed where Characteristics : ORArACt i
approximately located. Outcrops and block Material in and around crater of noncircular Ec, <800 meters. No blocks present; crater = by : 4 .
density inside deprssion sare as tht . P e e R o
R ] ; & ) , 5
Interpretation $:t3;g$é52?zgc1ated bl o : presumably composed of heterogeneous fragmental debris (_e%'ect—
) ¢ C;ater formed t;y Tow ve1oc1_ty, jrregg]arly Ec, >800 meters. Associate(.j crater 1's_sha]- Z ??a:rgngbesTb;;ﬁg ?8282. w(.)r)ﬂ)éogr;gi:l;mr:ggt S:iggifur;:,fﬁ_
e pmJeCtﬂ?. S(?me et (ﬁgf o I e s g ns el crest < cient continuity to show up on the moderate-resolution photo-
L 1 0 o destmialion asused foncincalap ; N el S & = graphs. However, block fields occur along the crests of most
i £ ] 5 E of tHe steep hills shown in the high-resolution photographs
: T and they are probably abundant in the bordering highlands.
_____ NS Interpretation = Much, if not all, of the steeper terra material is patterned,
0°36" Materials of relatively old impact craters. ] 8 indicating downslope movement of the near-surface layer. This
Lineament > Rim material consists of shock-metamorphos- = talus is piled up at the bases of many steep slopes forming
ed debris mixed with surrounding material’ = the unit Ctt. The gently rolling terra (Ctg) near the bor-
Wall material consists mostly of talus but ﬁ dering highlands is mainly mass-wasted Fra Mauro Formation
i ; brecciated bedrock may be exposed on the with scattered remnant hills of Fra Mauro Formation in pro-
v ) : upper parts of the wall. Talus includes cess of being buried in their own debris. This material is
Crest of linear ridge blocks of shock-metamorphosed bedrock. also generally patterned and grades smoothly into mare-like
/ terra (Cta). The transitional unit Cta is restricted mainly
i to comparatively narrow belts between mare and terra; it is
1ike mare material in having an essentially flat, smooth sur-
& SEo i : face and is like terra material in having a low crater density
) m : 2 | and a patterned surface. The albedo is generally intermediate
S 1] *  between those of terra and mare. This unit is interpre.ted as
i L0 | a veneer of colluvium derived from the Fra Mauro Formation and
Line marks base; barbs point downslope. Dashed =2 ] : covering a mare surface.
where approximately located. Interpretation: g o -
Possible faultline scarp. 3 | The site lies within the ray systems of the craters Coper-
Mare materials ks nicus and Gambart A, but rays are not readily apparent on 'ghe
: photographs. The limit of the radial facies of Gambart A is
Characteristics ; shown at the northern edge of the area (Ccrg). 'ghis pa:t ofk
i —_—— —— my, forms flat terrain having low relief and subdued ridge- i E:: 3ﬂ§g:?y?:1;nbﬁ$t:'jound Gambart A mantles but does not mas

and-furrow texture. The more conspicuous ridge-and-

20°48" : 20°36 20°24" 20°12¢ 1°00" 20°00’ 19°48" ! 19°36 19°24 19°12/ i 28 1900 18°48’ Trough furrow texture generally trends north to northeast ; ;
Controlled base prepared by Army Map Service, Corps of ' ' SCALE 1:100 000 Principal sources of geologic information: Lunar Orbiter II, IlI, 1V, V photographs : . though some northwest trends are present. Individual . . ﬁtrz;::r;; 1geth§rnt1?p gﬁe?ezjncl:ggngr::egéh;?gg 2::;2‘"
Engineers, U.S. Army, Washington, D.C. 20315 ; ’ (Langley Research Center, NASA, 1966, 1967); albedo data from Pohn and Wildey (1966) Dashed where approximately located. Interpreta- ridges or furrows are as long as 1.5 km but typically S:gl;gss probablz fau?t-]i?\le scarpsg pl 'iineaments. Moot i
1000 0 1 2 3 4 5 6 z 8 g, o4 e 15 2 and from full-Moon plates 5818 and 5819 taken at U.S. Naval Observatory, Flagstaff, Ariz. Yiohe Possanly ipentlE SRR are less than 1 km long. The apparent relief between e el i et Tl T tre et s
[ METERS | KILOMETERS ] . adjacent ridges and furrows is variable but appears : !
to generally increase northward in the map area units Ctg and Cta. Downthrown sides of many of the faults
EE B —_ — —— ' NAUTICAL MILES ' i : : L e s e b e R R e o i . , : face the mare-filled basin in which site IT P-11 is }ocatﬁzd
1 : 5 2
1 2 0 2 3 4 5 6 7 I 9 10 3 = v ; paratively abundant. EAs o thgtarﬁhsr?\;;:? mtzi ref?:;;;;ﬁsC]cr:?’ém:i;ﬁgt;:thgﬁ =
SITE LOCATION DIAGRAM KEYED TO LAC . { T mp, forms flat terrain having little relief. Unit is more aroug dg i bl ] P
‘ : : - — v ' densely cratered than m3 but is not sharply separ- = northeast and northwest occur in most units.
32°N ; - : itk el able from m3. 1 . =
- : 4y 3 m3, forms terrain having very low relief and low crater =
7 38 39 40 41 42 43\ 44 i ; et i lker Adae bF e B pim feliet densitya L?rgest erosuresdocc#rtnea;]highltands ct>r]1 : & REFERENCES
: : : : E east side of map. nit grades laterally into gently . : 3
i : Outcrops and block fields common on inner walls. rolling terra (Em’t Ctg)gand terra apron (unit Cta) o Eggleton, R. E., 1965, Geologic map of the Riphaeus Mountains
55 56 57 58 59 60 61 62 163 By ; : %nterpretatmn: Possible structurally control- ; materials. Where not covered by bright ray material, ” Z region of the Moon: U.S. Geol. Survey Misc. Geol. Inv.
. : ed collapse features or explosion vents. albedo intermediate. ! < Map 1-458.
~ Oz H.G WllShlre N : : ‘ / = Schmitt, H. H., Trask, N. J., and Shoemaker, E. M., 1967,
, 8 : Interpretation g ~ Geologic map of the Copernicus quadrangle of the Moon:
Ly i, 5 e & i S — 1967 g The relative ages of units mj and mp are uncertain; . = U.S. Geol. Survey Misc. Geol. Inv. Map I-515.
4 | ‘ although the surface texture that c&aracterizes mj =
O : 1 1 : 7'y s : could have been superposed on an my surface, the
PN ) \ 94 95 96 97 /98 Mercator PI‘OJeCtIOH . G——Q abundance of large subdued craters on mj was the de-
, ‘ ' . . ; ciding factor in the present age designations. :
AR R 1o e T ‘ . j ; Mare ridge my, 01d mare material composed of volcanic flows and pyro- -
E ke ST 4 . . c1_ast1c materials. Surfgce texture mod1f1gd by
i Line drawn at 1imit of positive relief. Queried ejecta from sources outside the area, possibly from o
where dxstmctmn from terra surfage uncertain. : the craters Copernicus, Lansberg, and Reinhold; prob-
Interpretation: May be pressure ridges on vol- : ably little foreign material was added to produce
canic flows or lava flows that issued from long, ‘ the change in texture.
narrow vents. my, chiefly volcanic flows and pyroclastic materials. ;

m3, heterogeneous surface material derived from highlands

and from younger volcanic sources. Probably in-
TS T cludes areas of severely denuded Fra Mauro material
J._LJ—L:B (unit th) and buried mp mare material.

Irreqgular depression ) |

Outcrops and block fields common on inner walls. :
Interpretation: Possible collapse basin. th

Terra material, hilly

. Characteristics l
Forms hummocky bordering highlands and isolated ' |

hills surrounded by flatter terrain. Generally ; |
patterned. Locally conspicuous lineaments

e : : Block field unrelated to crater trend northeast to northwest; some probable | \. S GE?Q}"OG’QAL SUPTN
S y . fault scarps present. Few craters larger than ; WAS ”SNQT@}’%}
7 , Blocks are too small to be resolved on moderate 1 km in diameter; Ccp and Cc3 craters of inter- i | A
resolution photographs; fields are therefore mediate size noticeably absent. Where not | Vvl ¢ 5
/ shown on map only where high resolution photo- covered by ray materials, albedo intermediate ' o 1968
5 : ; graphy is available. Generally block fields to high. | ?
; ; occur near crests of hills. Interpretation: )
} ’ Probably composed of heterogeneous materials i Interpretation 3
e from different stratigraphic levels excavated Heterogeneous ejecta from the Imbrium basin I
- " ! during formation of the Imbrium basin. Fra Mauro Formation of Eggleton, 1965). Mostly 3

; finely broken rock debris; unit is locally |

E _ | * blocky and a few large segments of beds that
were not completely broken and mixed occur

' Sl (lat 0°58' S., long 19°05' W.). ; ’ | M( ,
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