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Large numbers 1-7 refer to regions that include early

GEOLOGIC SUMMARY
Apollo landing sites:

GEOLOGIC ATLAS OF THE MOON
FLAMSTEED K REGION
clusters from the crater Kepler. Structural lineaments are uncommon in guishable facies of ejecta concentrically distributed successively
the mare; they are relatively uniformly oriented (northeast, north, and outward: a hummocky to fairly smooth raised facies, a hummocky ejecta
The Flamsteed K region is in the southern part of Oceanus Procel- northwest)in both mare and terra materials, and probably reflect bedrock blanket consisting of irregularly intersecting radial and concentric
larum, approximately 60 km (kilometers) north of the crater Flamsteed fractures related to the lunar grid system. An Eratosthenian age for the dunelike ridges, and an array of secondary craters and discontinuous
and 330 km southwest of the crater Kepler. The region was photographed surface mare unit in the map area is suggested by the fact that the mare
by Lunar Orbiters I and III; it includes the landing site of Surveyor I
and a potential early Apollo landing site. The area is included in a
1. Maskelyne DA region - |-616
2. Sabine D region - 1-618 (Apolio 11)
3. Oppolzer A region - 1-620
4. Wichmann CA region - 1-624
5. Maestlin G region - 1-622
6. Flamsteed K region - this report
7. Lansberg P region - 1-627 (Apollo 12)

1:1,000,000-scale map by Marshall (1962).

is older than the nonrayed Eratosthenian crater Flamsteed K but younger
Terra material (plt) in the region forms the ridges of Flamsteed P, an

than the Eratosthenian crater Flamsteed (south of the area), ejecta

1-626 [ORB III 12 (100)]

ejecta. Blocks are very abundant around this crater and occur as much

as four crater diameters from the rim crest. Around less fresh-appearing
Small number above quadrangle name refers to lunar
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- ees : Crater material
craters, secondary craters are difficult to recognize, and resolvable
from whichis partly covered by this same unit of mare material. Probably blocks are less abundant and do not extend as far from the crater rim. Characteristics
more than one episode of deposition of the presumably volcanic mare The principal object of scientific interest in the region is the ring Ce8, material of craters having very bright ray material; abundant blocks
incomplete circular structure construed to be the rim or concentric material was involved. structure Flamsteed P. Bare rock appears to be exposed on scarp faces e‘xtend outward from one to four crater diameters beyond rim crest; crater
ridges of a large crater mostly inundated by mare materials. The terra Mare ridges are partly concentric to the ridge system of Flamsteed P of the ring; examination of the materials of the structure and determina- cﬁgl Cr;si;f?f;pma;irl;;;yio::tlmuous facies of Fadial @id ¢oneEHtrie dunoiike
material is highly lineated. Fractured bedrock appears to be exposed at and partly transverse to it. Near the relatively fresh 2.5-km Cc4 crater tion of their stratigraphic relationship to the adjacent mare should o 'elonga[e Izummocks: outer limit of resolvable blocks may coincide ;,mh
places, but the surface is interpreted to consist mostly of patterned southeast of Flamsteed ;, the mare ridge appears to be older than the indicate whether the ring is an old crater rim or a volcanic feature outer edge of facies or occur within in it
fragmental debris. The paucity of craters on the ridges is ascribed to crater because dunes of ejecta are piled along the base of the ridge. (Fielder, 1967; O'Keefe and others, 1967; Milton, 1967). Other features Cse8, ejecta and satellitic crater materials, undivided. Discontinuous ejecta;
destruction by downslope movement of the surface material. This process An adjacent area of patterned ground embays the ejecta and thus appears of scientific interest are the mare ridges, patterned ground in the mare, NOTE: A crater's materials are mapped and given symbols according to linear arrays of craters present. Preserved only around one 500 m diameter
is believed to have produced prominent colluvial benches (CEte) and vounger than the crater. Most of the mare ridges and isolated areas of patches of Kepler ejecta, and buttonlike domes which may be of volcanic the size (rim-crest diameter) and interpreted relative age of the crater. crater near center of site
iy gl iy sos 2 . apron deposits (CEa) along the bases of the ridges. patterned ground probably are volcanic in origin and may represent vent origin. The apparent freshness of the crater on Orbiter photographs is used to
] i s g Tfrs e, el e ewleprie map 7°W 0°W Aside from craters, the mare surface is generally flat but has numerous areas which were the sources of the surrounding material. determine its age, and allowance is made for an inverse relation 5
(scale 1:1,000,000) MAP OF PART OF THE FLAMSTEED QUADRANGLE elevated patches, low scarps, and irregular areas of patterned ground. Craters in the region range in diameter from the limit of resolution to ierween the SIFEE 4Nl THCES O.f degrid dLion ol Graters (see epclosed
OF THE MOON (AIC SERIES) The mare material is brighter in the western half than in the eastern 3.5 km, and vary in form from sharp-rimmed bright craters to shallow ?;glphigiza' $h§ ¥arlger cratgrs in ,evaclhr ?ge hgrot;p arehmapped 1 COIO; Crater cluster material Crater material
Boesa o ihis. repuit shomn by selid fins: dEshed half because of the presence of ray materials and secondary-crater depressions with subdued rims. The youngest crater has three distin- ppa aterials extend relatively rarther irom the rim .crests o o ‘
> his. 2 b young craters than from the rim crests of old craters of comparable Characteristics Characteristics
ercle“g:tlcateasie ‘iég'\;o(fggyo landing site. size). The map symbols that identify these materials consist of a Unit cratered by concentrations of slightly subdued, in part elongate, craters Ceb, material of craters having well-developed rays; abundant blocks present
BRIO e 2e il 08y capital letter to designate lunar time-stratigraphic division (system), whose morphology and characteristics are similar to those of Ccj craters on walls and rim; rim crest very slightly subdued
] lowercase letters to designate rock unit, and, in the Copernican System, Includes subdued hummocky material between craters. Appears diffusely Crr5, radial rim material. Forms continuous array of dunelike or elongate
a subscript number to designate relative age within that system. To aright om Eull-Maen phatagys pha SRS s O EBITTEE W G W G i g i
) keep the map from becoming crowded, materials of the smaller craters Interpretatm.n ) ) 5, material 9[ craters.havz.ng poorly to moderately well preserved rays,; blocks
INDEX MAP OF THE EARTHSIDE HEMISPHERE OF THE MOON H. BaEh A . ' R . Ray maten'al and material of secondary craters. Primary crater unknown but abundant in crater interiors and on rim material; interior shadow sharp but
ge group are not outlined; such craters are indicated by could possibly be Tycho co e . RSN
8 - monly irregular in shape because of rough crater interiors; rim crest
number or letter symbol only. For example, materials designated as sharp to very slightly subdued
. Cc1, outlined, and colored are associated with a relatively old ’ ’
5°12 o Copernican crater more than 600 m (meters) in diameter; materials .
45°00 designated simply 1 are the same age but are associated with craters }Cch
= from 400 to 800 min diameter. The mapping is extended to smaller size
44°36' o oy craters for younger craters than for older craters; the smallest craters Chain crater material Crater material
4°24 in all age groups are unmapped. i . . >
4401 \ aract‘erlsrucs . ) Charactensmgs ) w
Material in string of low-rimmed elongate or coalescent Cc4, material of craters that commonly have vestiges of -
craters 15 km south of Flamsteed ¢ and on unit Ecrr in rays; blocks moderately abundant on rims, rim crest [7p)
42°48' 1°24' 42°36' 42°24' 42°19' southwest part of map slightly subdued >
= = = Interpretation Crr4, radial rim material. Forms partly radial dunelike or L8
0°36' Material in and around line of probable secondary craters elongate hummocks Z
4, same as Cc4, but occurs in smaller craters ><f
O
- z
< 3 o
i w
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Patterned mare material Crater material O
Characteristics Characteristics )
Finely patterned terrane in isolated patches; topography Cc3, material of craters having slightly to moderately
more irregularly undulatory and albedo possibly lower subdued rim crests; blocks numerous on rims and walls;
than on surrounding unpatterned mare. Crater density shadow generglly sharp and commonly nearly triangular
slightly lower than that of Emp and small (<300 m) 3, material of craters having moderately subdued rim
craters are more subdued than on Emp; fresh craters crests; some blocks on rims and walls; fringe of
mostly less than 20 m in diameter, other craters more darkening at low-gngle illumination beyond Interior
i subdued than craters of similar size on adjacent mare ¥ shadow on prints of normal contrast
CEte I surface. Embays or covers unit Crck and ejecta of 2.5 km
crater of Copernican age southeast of Flamsteed(// -
) ) Interpretation Kepler ray and crater cluster material Ce 2
Terrace material Apron material Possmly. ash deposns,‘. may mark source vents for Glaracteriviios N 2
Characteristics Characteristics S urreunding mare material, Patterned texture: due e Concentrations of moderately subdued, elongate 100-1200 Crater material
o Forms terrace at base of many rela- Hummocky, finely patterned material unmapped S";a” Imeaments.and ko »downslope maeyentent m craters similar to Cc2 craters. Includes subdued ) et
0°48 tively steep slopes of ridges forming of low relief along contacts of mare of fragmental surface maserial on finerseals topography. hummocky material between craters. Patch west of Ccé Characteristics
ring of Flamsteed P. Occurs mainly with gentle to moderately steep ridge Yo‘unger than E‘.mp becal;se of superposition relation with crater near center of site, and patch 20 km southwest of Cc2, material of craters having moderately subdued rim
along ridge-mare contacts but also slopes or terraces; also occupies ;Z”[ Crck and 3]‘;“3 of Copernican crater sgutheast at Cc6 crater have elongate craters or strings of craters crests; some blocks on rims; shadow sharp and broadly
occurs around bases of steeper slopes shallow basins in ridge complex. amsteed(// and because of lower crater density and subdued hummocky topography conspicuously lineated curved in larger craters, bounded by zone of darkening
in higher parts of ridge. Terrace Alternates withterrace material along in herringbone pattern. Unit appears diffusely bright on at low -angle illumination in small craters
broadens slightly where it crosses ridge -mare contacts in places, usually full-Moon photographs. Lies within Kepler rays Interpretation
= valleys which open onto mare. Pro- occurring where ridge slope is less Interpretation . 2, same as Cc2, but occurs in smaller craters
1°48 file is convex upward, with steep steep than t,.hat adjacent to terrace. Material of secondary craters of Kepler, and depositional
slope toward mare; at places appears Apron material broadens markedly at ray materials; patches with lineated topography probably C 1
to. have V-shaped trenches along mouths of valleys which open onto indicate nigher energy impacts than in crater-cluster €1
both inner and outer margins. Surface the mare, and it extends up into these materials. Interpreted to form light cover on mare ridge
more finely patterned fhﬁIl‘ adjacent valleys. Contacts with ridge and (Emr) and terra (plt) materials in northwest part of site. Crater material
ridge slopes. At places Ilqeaments mare  material indistinct. Crater even though craters largely have been subdued or des- Characteristics
pass unchanged in direction from density low; mainly small fresh and troved by downslope movement of surficial material Ce1l, material of crat havize med=
ridge into terrace material. Crater large subdued craters. Contains no L ) tely id dc e il ok
density very low, only relatively blocks resolvable at high resolution. ShateLl SARas .rzm crests; ocKs
sharp-rimmed fresh craters observed. At places includes ejecta and rim Spanse SR DNSH AW e of
i 3 : . darkening beyond shadow
Terrace material partly fills craters deposits of craters not separately ; p
at contact with mare. Sparse block mapped near margin of terra. In 1. material of craters having sirongly
i . N subdued rim crests; few blocks on
tracks extend from ridge slope across comparison with terraces, has . . .
; : . . rims or walls, relatively wide area
terrace onto mare,; terrace material broader, lower, less linear form, is .
i few blocks resolvable ently slopin rather than stee Wi SErkening Beyend Siadew -
1°00" ;tonli:?zs r:esrévlu[ion Not present at sgided.and cimix upward in profile 5
base of allsteep slopes and identified Interpretation ‘ R — b
in only one place along base of a Colluvial apron deposits produced by Ed Em Emp EC ECIT E
mare-ridge (Emr) scarp downslope creep of fragmental surface
Interpretation material. Both younger and older than Dome material Mare material Patterned mare material Mare ridge material Crater material
Colluvial material transgressing on mare (Em), terrace material (CEte), Gharseteristics Characteristics CharsstEfatios h — ch cs
mare; terrace form probably due to and Cc1 craters. Apron materials A . ) i Iy undulatory to level Finel‘ i § terr . P Charac e§1st1cs X X Earacterlsgis .
2200’ slump of material in single mass off mapped in outlying area near terra l;l:(t)ez;lual?(;); ;zrfnulsg domal f;arurgs, Forfms x_er;oienrtaélr Py _v“' i ry“p erne _et Zne 1{1hpa ches Forms_ ow, somewhat sinuous rldges,‘ ¢, material of craters havu?g moder-
adjacent ridge slope.Presencedepen- ridge and in elongate areas extending ! ameter, that rise surface; e y ) eavily ; gene aA y  associate w‘n mare and raised elongate patches on mare; atelyto strongly subdyed rim crests.
dent on steep ridge slope as source away from ridge probably include slightly above level of surrounding tered. Albedo variable becausfe 0- ridges; topography more x»rregularly commonly made up of short linear Few blocks on rims; abundagt
subdued terra as well mare surface. Commonly surrounded rays [rom' Kepler and C(Copernicus; undulatory and a?bedo possibly lower segments. In eastern part of site blocks on walls. Some concentric
by shallow trench. Centers of some concentration of Kepler rays and than on surrounding unpatterned mare. ridges are subparallel to ridges of Structure in rim material of larger
are slightly lower than rim and are secondary craters make west half of Small craters (<200 m) much more Flamsteed P, elsewhere they trend craters. Patterned ground on walls
occupied by small pit. A few are site brighter than east half (albedo subdued than those on adjacent mare. irregularly or intersect the Flamsteed Ecrr, radial rim material. Fairly ex-
partly encircled by a raised outer boundary from full-Moon photograph Number density of superposed craters ridges. Slopes are gentle but irregular tensive, continuous, subdued -hum-
ring indicated on map). Less bright, similar to that of mare, but higher and are bounded in places by straight mocky material
42° Interpretation indistinct rays from Copernicus than that of unit Cmp scarps. Irregular steeper sided, small E, material of craters that are nearly
D4 Possibly tfle §urfage expression of (unmapped) appear to ¢€Xtend into Interpretation ridges cap the broadridges at places; rimless, shallow depressions or
small pluglike intrusives. Those with east half of site and probably account Possibly ash deposits; may mark blocks are common along the crests have the shape of shallow pans.
outer rings may be old craters whose for high density of small craters in source vents for surrounding mare of the cap ridges. Surface finely Blocks sparse or absent. Patterned
rims have been preferentially subdued parts of that area. Gentle slopes material or may be effusions spread patterned, conspicuous rectilinear ground on walls
by erosion to the level of raised floors faintly patterned; mare surface laterally from vents marked by as- sets of lineaments are parallel to UzJ
1°127 sparsely lineated; sparse low scarps. sociated mare ridges. Patterned short linear segments of boundary =
Embays terra materials of Flamsteed texture due to unmapped lineaments scarps and cap ridges. Sparsely cra- wn
P ring. and to downslope movement of tered; most craters larger than 50 m >
Interpretation fragmental surface material on fine- in diameter are subdued, most cra- w
Volcanic material, probably flows and scale topography. The downslope ters smaller than 50 m are fresh. zZ
ash deposits. Surficial blanket of movement has also subdued or des- Boundary between ridge material and <
fragmental material over more c oherent troyed nmany superposed craters. mare is typically indistinct at high >£
substrate. Mare surface material Older than Cmp becalse superposed resolution, marked by change from w
G throughout site inferred to be similar craters are probably satellitic to patterned to unpatterned ground. Unit T
in characteristics and bearing Copernicus or Kepler and because of also includes isolated, irregularly =
strength to that of Surveyor I landing greater crater density shaped, raised patches surrounded by wn
site. Youthful age of mare relative mare material (possibly unit Emp not O
to eastern maria or othersites mapped specifically identified) =
45° in western maria may be gauged by Interpretation <
o4’ relative scarcity of highly subdued Probably piles of volcanic material o
craters in the 400-m to 1-km size localized over concentric faults w
range within ring of Flamsteed P and over
fractures which
1°24'

intersect the ring.
Ridge system near west edge of map

is older tham 2.5-km Cc4 crater
southeast of Flamsteed ¢/ Scarps
along straight segments of cap

ridges probably were produced by
post-volcanic faulting. Bedrock
42°00" possibly is exposed in cap ridges,
= but most of the ridge surface Iis
covered by fragmental deposits. Isola-
ted irregularly shaped,
may be
volcanic

Interpretation of crater materials
(Cc6-Ec; 5-E)

Material of both primary and secondary

impact craters. Cc6 (youngest)changes

form progressively to Ec (oldest) as a

result of micrometeoroid bombardment

and downslope movement

raised areas
upfaulted blocks or small
constructional

of material
Some irregular

probably caused by seismic shaking
from nearby impacts. Age of mare rela-
tive to mare elsewhere may be gauged
Flamsteed P ring may instead be by relative scarcity of highly subdued
incompletely buried prominences of craters in the 400-m to 1-km size
thering (and vice versa) range

features.
ridges arbitrarily
identified as mare ridges near the

\
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IMBRIAN OR ERATOSTHENIAN SYSTEM

EIr/O

Ring material
Characteristics
Subdued hummocky

topography out-
liningcircularto irregulardepressions
500 to 1,300 m in diameter. Some
have slightly raised floors and are
partly surrounded by double rims
Interpretation
Probably materials of subdued old
craters, probably of different ages,
largely inundated during one or more
episodes of mare material emplace-
ment. If the craters were fresh when
buried by mare material, probable
depth-diameter ratios would suggest
a thickness of 100 to 250 m of mare
material; if the craters were markedly
subdued prior to burial, a thickness
of 50 to 125 m of mare material is
likely. An alternative interpretation is
ring-dike structures or other con-
structional volcanic features

g
R
Terra material Subdued terra material Crater material, undivided
Characteristics Characteristics Characteristics
Forms ridges as high as 500 m which Material of irregular, low topography Material of steep-walled crater in
make up ring of Flamsteed P, slopes mainly adjacent to Isolated terra south end of ridge designated
of more than 210 present. Even on hills in vicinity of terra-ridge complex. FIamsteedl/J. Floor of crater occupied
gentle slopes, surficial material in At places near main ridge contact by mare
intersecting linear and curved ridges gradational with extensive apron Interpretation
and troughs is highly patterned at material (CEa). Distinguished from Material of old impact crater
fine scale; has “‘pillowy’'’ texture units Emr and Emp by moderate terra-
at 30 to 50 m scale on steep slopes. like albedo and more obvious texture
Highly lineated, commonly in rec- of surface materials
tilinear pattern; at places rocky Interpretation
protuberances show well-developed Low material of old crater rim,
fracture systems. Blocks common on embayed or surrounded by mare
scarp crests and slopes; less material but high enough to have
common on gentler slopes. Steep escaped inundation
slopes have low density of fresh
craters smallerthan 30 m and subdued z
or larger craters are very sparse; <
broader gently sloping surfaces have E
low to moderate density of 5-100 m Lm
fresh to very subdued craters s
Interpretation =
Highly fractured bedrock; exposed at W
places but mostly mantled by frag- id
mental surficial deposits. Patterned o
surface texture due to downslope
movement of fragmental material,
which also tends to subdue and

destroy craters. Constitutes rim of
115 km crater Flamsteed P; largely
3°12 inundated by mare material. Fracture
pattern at places in the northern
segment of the ring suggests uptilt-
ed layering may be visible

in the
crater rim. This

circular ridge
system construed by Fielder (1967)
and by O’Keefe and others (1967) to
be a post-mare ring-dike complex, but
evident pre-mare sculpturing of ridge
and embayment of ridge by mare
indicates ridge Is older than mare.
However, that crater structure served

to localize later volcanism is indi-

cated by spatially associated mare
ridges and patches of patterned
mare /
3°24"
3°36'
__BRIGHT
- T DARK
= Contact
- : - = Long dashed where approximately located; short
o I B S -
45°36 2048
45°24'

Albedo boundary,
dashed where gradational

showing relative brightness
Controlled base, photomap ORB 111-12(100), prepared by

Aeronautical Chart and Information Center,

U.S. Air Force, St. Louis, Mo. 63118

Lineament
B .
Buried contact Scarp
Buried unit indicated by symbol in parentheses

Line marks foot of scarp, barb points downslope
, 3)
CFte = - ' 3°48'
44°3¢’

é
v
Buried crater Ridge
Shows buried crater deposits less than 400 m in

Crest of sharp mare ridge or cap ridge atop broad
lateral extent mare ridge
42°
12*
SCALE 1:100000
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