KILOMETERS

DEPARTMENT OF THE INTERIOR

UNITED STATES GEOLOGICAL SURVEY

NOTES ON BASE

The base chart was prepared by ACIC with advisory as-
sistance from Dr. Gerard P. Kuiper and his collaborators,
D. W. G. Arthur and E. A. Whitaker.

CONTROL
The position of features on this chart was determined
through the use of selenographic control established pri-
marily from the measures of J. Franz and S. A. Saunder
as compiled by D. W. G. Arthur and E. A. Whitaker in
the Orthographic Atlas of the Moon, Edited by Dr. Gerard
P. Kuiper, 1960.
VERTICAL DATUM

Vertical datum is based on an assumed spherical figure
of the moon and a lunar radius of 1738 kilometers. The
datum plane was subsequently adjusted to 2.6 kilometers
below the surface described by the 1738 kilometer radius
to minimize the extent of lunar surface of minus elevation
value. Gradients of major surface undulations were
established by interpolating Schrutka-Rechtenstamm
computations of J. Franz's measurements of 150 moon
craters. The probable error of comparative elevation
values is evaluated at 1000 meters. Vertical datum, so
established, is considered interim and will be refined as
soon as a more accurate figure of the moon is determined.

ELEVATIONS

All elevations are shown in meters. The relative heights
of crater rims and other prominences above the maria
and depths of craters were determined by the shadow
measuring technique as refined by the Department of
Astronomy, Manchester University, under the direction of
Professor Zdenek Kopal. Relative heights, thus established,
have been referenced to the assumed vertical datum and
have been integrated with the gradients of the surface
undulations. The probable error of the localized relative
heights is 100 meters. Inherent with measuring technique
used, relative height determinations in general E-W di-
rection are more accurate than in the N-S direction.
Elevations (referenced to datum).. .. ..
Depth of crater (rim to floor) .. (400)
Relative Elevations (referenced to surrounding terrain)
with direction and extent of slope measured. 300R,

CONTOURS

All contours are approximate
Contour interval is 300 meters
Approximate contour 600 -
Depression contour N
NOTE: Contour information is not currently available
beyond 56° East.

NAMES

The feature names were adopted from the 1935 Inter-
national Astronomical Union Nomenclature system as
amended by Commission 16 of the IAU.

Supplementary lettered features have been added in
accordance with the criterion suggested by Blagg and
Mueller.  Craters are designated by capital letters.
Eminences are identified by Greek letters.

PORTRAYAL

The configuration of the relief features shown on this
chart were interpreted from photographs taken at Lick,
Mc Donald, Mt. Wilson, Yerkes and Pic du Midi Observa-
tories, and published in the 1960 Edition of the USAF
Lunar Atlas and unpublished photographs from the Lunar
and Planetary Laboratory, University of Arizona and
Department of Astronomy, University of Manchester. Vis-
val observations made with the 24 inch Lowell refracting
telescope, Flagstaff, Arizona, have also been used to add
and clarify details. The pictorial portrayal of relief forms
was developed using an assumed light source from the
West with the angle of illumination maintained equal to
the angle of slope of the features portrayed. Cast
shadows were eliminated to enable complete interpreta-
tion of relief forms.
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Ce Cer Cew Cef
¥
Crater materials Crater cluster material Plains material
Characteristics Characteristics Characteristics
Wall and exterior rim materials having moderate to high albedo, Circular, bowl-shaped cra- Smooth, flat surfaces with
commonly surrounded by ray material: high thermal anomalies at ters too small and(or) nu- moderate to moderately high
eclipse usually associated with those.craters large enough (gen- merous to be individually albedo, occurring on ter-
erally > 10 km) to be resolved during infrared scan; craters = 3-4 mapped, but collectively races within Langrenus and
km 1n diameter not mapped unless isolated and therefore ‘‘land- forming a recognizable unit in depressions outside rim
marks’’ of moderately high to high crest
Ce, crater materials, undivided. Small craters (generally < 10 km); albedo Interpretation
rnposmlp)u‘v111111)- sh;;rp‘ ('unu';ril or ho‘;'ll»]shuped interiors: subdivided Interpretation Fifie-gtained Dyoelaste oy
morpnologlcally 1n targer craters as rotlows:. . ; . . . originally molten volcanic
Cer, rim material. Generally hummocky around rim crest, with Impact craters formed es e A s . d( by
. Sr——— g seivig. v 5 . ¢ dark sentially simultaneously by material, as suggeste Y
positive relief decreasing progressively outward: material of dar B / B B
halocraters designated by hachure lines clumps of ejecta from un- smooth texture, or possibly
o Cew, wall material. Steep -bnghr slopes ;n“ crater interiors; generally identified Copernican cra- fine fraction of ejecta de-
2 SHEGOEh ' ) ters, or possibly by disinte- posited last from gaseous
Wt X P . alus- cloud produced by impact
Ccf, floor material. Flat or convex surface in center of crater grating meteorites or clus I : p
ters of meteorites
Interpretation
Impact origin of crater materials suggested by hummocky rim
structure, circular symmetry, and presence of rays. high thermal
anomalies probably due to exposures of fresh rock (Shorthill and
Saari, 1969); much of rim material deposited ballistically, but
relief probably due in large part to faulting and jostling of bedrock
blocks and thrust slices as well as to deposition of ejecta; ejecta
of low albedo possibly reworked mare material with high Fe and T1
content, wall materials composed of colluvium, slump blocks, and
local bedrock outcrops. floor materials probably colluvium, breccia
resulting from impact,and fallback
% : L
Clrr Clrh Clw Clfh Clfs [E0elns (lj—7
, : , >
Material of Langrenus Materials of crater Langrenus Ray material n
satellitic craters Characteristics Characteristics Z
Characteristics Crater distinguished by ray pattern, moderate thermal anomaly at eclipse, radar reflection High albedo relative to adja- <
Associated with small shallow cra- anomaly at 70 c¢cm wavelength (Thompson and Dyce, 1966), and sharp topographic detail! sub- cent materials, occurring O
4° ters, commonly elongate, overlapping, divided on basis of distinctive morphology and surface texture in radial streaks or halos zZ
or alined in chains radial to Lang- Clrr, rim material, radial. Facies of rim material exterior to and laterally gradational with unit Clrh; around Copernican craters, I
renus. partial loops concave toward topography marked by grooves and ridges commonly in V-shaped ‘‘herringbone’’ pattern radial to highest albedo around topo- w
Langrenus at distal ends of some crater:. apparent intrinsic relief less than that of Clrh; outermost limit drawn at inferred boundary graphically sharpest craters; a
chains, most rim crests subdued, between dominant!v positive relief and dominantly cratered topography (Clsc) no visible relief; partly coin- 0O
clusters, chains, and individuals Clrh, rim material, hummocky. Irregular blocky collar of materials having high relief immediately cidentwith satellitic craters O
mapped, prominent crater rim crests exterior to rim crest; interior terrace materials also included because of similar appearance; of Langrenus, most prominent
within clusters or chains indicated by inward-facing scarps, shown by hatched pattern, characterized by albedo higher than that of rest where “‘_P"rl’“-\f‘d on mare
partial circle and dot of unit “ldz:"’“d;-\: I”“hdb“ dis-
Interpretation Clw, wall material, blocky. Chaotic arrangement of large (~1-3 km) somewhat elongate blocks and rlf, uted Sy ";]’“””‘“ ‘-‘1“'}";’;”
domeshaped structures on lower slope of south and east crater wall; angle of slope less than for angrenus but unresolvable
Secondary craters formed by 1mpact higher parts of wall on terra because of lack
of p]ecriab[rom IL.'mgdrenu}s: Iongm Clth, floor material, hummocky. Part of crater floor having blocky texture with uneven relief; 0{"0’””‘5[‘“‘[’”h's"”’hs”""lk
s sted by she 2 - AT . " :
suggestec 1} shallow egrx - (')1(115711 moderateto moderately high albedo f‘f,do”l Lo 5“’:1’;”* A (lat
tion, and alinement in .¢hains radia Clfs, floor material, smooth. Part of crater floor having apparently smooth, level surface 32°S., long 52°E.) across
to Langrenus, and by partial loops Clp, peak material. Chaotic jumble of large blocks forming central peak with maximum relief about Langrenus ejecta blanket
eoncave toward Langrenys 2000 meters above crater floor; high albedo just west of crater, and
northeast trending streak
Interpretation radial to Tycho (lat 43°s.,
- ; 0y : e
Impact origin suggested by ray pattern, hummocky rim collar, irregular central peak, and radial long 11°W.) in northwest
array of apparently contemporaneous satellitic craters; Copernican age indicated mainly by corner of map
associated rays Interpretation
Clrr, ejecta deposuPd.bfillhsucally, or as low trajectory cloud o{'poor.l_\' sar.ted delf]\ns. nugrar'mg Relatively high albedo at-
R as a unit downslope; ‘‘herringbone’’ texture likely formed by ridges of ejecta sculptured and tributed to ejecta, and to
6 streamlined peneco.nzemporaneou.sl_v by cloud of gasses and dehns_ ) material of chains and
Clrh, structurally disturbed bevdrock_ (including preflmhnan mate;m]s} in thrust slices and fault swarms of secondary or
blocks, mantled in part by fine ejecta; gradational outward with unit Clrr and dm{vnward with tertiary impact craters formed
undisturbed bedrock, terraces within craterA{ormed by faulted segments u_f same mate{lals by ejecta from larger pri-
Clw, bedrock blocks accumulated by slumping along part of crater interior, suggesting localized mary craters, mainly Langre-
intense fracturing ) nus; progressive darkening
Clth, hummocksprohabl_\' composed of bedrock_ blocks disrupted by impact ) with time suggested by
Clfs, fine debris, probably ldentx('aj in origin to smooth plains (Cp) on terrace surfaces and iIn association of faintest rays
depressions outside rim crest; original pyroclastic or molten state suggested by smooth, flat with oldest craters
surface,; volcanic materials possibly extruded from deep seated fractures, part of fine material
probably contributed by mass wasting of debris from slopes adjacent to topographic lows; possibly
fine ejecta slowed in settling by gaseous cloud formed by impact explosion
Clp, brecciated bedrock, including pre-Imbrian materials, derived from unknown depth; probably
formed in response to deformation caused by impact (Dence, 1968); upward movement of materials
from depth thought related to inward slumping of blocks along walls (Wilshire, Offield, Howard,
and Cummings, 1971); equivalent in part to hummocky rim materials and probably gradational at
depth with undisturbed bedrock
i ‘dm >
_ w
-~ Crater materials [
v i ) w)
8° O Characteristics >
Ly Materials of sharp-rimmed craters, having moderate to moderately low albedo and moderate to w)
low thermal anomalies at eclipse; subdivisions topographically similar to corresponding Coperni- d
can units, but generally somewhat more subdued; rays absent; craters < 3-4 km in diameter not e
mapped unless isolated and therefore ''landmarks’’ o=
Ec, crater material, undivided Z
Ecr, rim material Ll
Ecw, wall material T
Ecf, floor material —
Interpretation )
Impact origin of craters suggested by similarities to Copernican craters having characteristics E
most satisfactorily explained by impact hypothesis; rays believed to have been present originally <
but to have faded with time; reduced thermal anomaly at eclipse attributed to gradual insulation
of fresh bedrock by surficial disintegration in place or accumulation of younger material; i
chronologic assignment on basis of ray pattern potentially misleading in case of volcanic w
craters which may not produce rays, topographic subdivisions interpreted In same manner as cor-
responding Copernican units
Im
Mare material
10° Characteristics
Level plains material of broad lateral extent, having low to moderately low albedo; topographically
lower than adjacent terrae, with much lower density of superposed craters, excluding Langrenus
satellitic craters, prominent curvilinear ridges and scarps within mare indicated by structural
syvmbols
Interpretation
Volcanic materials, mainly flows of basaltic composition, possibly interlayered with pyroclastic
units; fluidity of surface materials as well as relative age of flows indicated by scalloped embay-
ments around rims of pre-mare craters (Webb, Webb B, Webb H), age uncertaln (see text)
w
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Crater materials Plains material erra materia
Characteristics’ Characteristics Characteristics g
Materials of craters with prominent rim crests and smooth or slightly Smooth, level terrain, bounded by Small patches of smooth, gently e
hummocky but subdued flanks; moderately high density of craters superposed large, arcuate escarpments east and undulating material localized mainly id
on rim materials, subdivisions similar topographically to corresponding south of map area. moderately high in  shallow depressions of pre-lmbrian m
units of Copernican and Eratosthenian age but more subdued, rays absent density of superposed craters of terra; density of superposed craters >
le, crater material, undivided varying Sizes. numerous ‘*ghost"’ lower than on adjacent terrain, i
Ier, rim material crater rims apparently mantled by excepting Langrenus satellitic
120 Iew, wall material unit; moderate albedo craters; very indistinct contact with
}L;l fl;lmr m;ur*null . . Interpretation pre-lmbrian terra
cth, floor material, hummocky o X v ‘ Interpretation
Iep. peak material (buried unit) Possible formation as fluid or semi-
fluid volcanic material suggested by Possibly  erostonal, resulting from
Interpretation lateral extent, sharp contacts with compaction of debris mass-wasted
Origin unknown, but impact suggested by hummocky rims and approximately large crater escarpments, and flat from surrounding highlands. alterna-
circular rim crest outlines: no evidence of volcanism observed. subdivided surface. relatively shallow depth of tively, may be localized ash flows:
units genetically analogous to corresponding Copernican and Eratosthentan surficral units suggested by presence probable lithologic similarity to pre-
units; secondary 1mpact origin, possibly by ejecta from Imbrium basin of prominent crater ‘‘ghosts,’”’ ap- Imbrian terra suggested by indistinct
impact, proposed for several shallow craters, alined about N35°%., from parently mantled by material: possibly contact
crater at lat 6°S., long 67°E. to crater at about lat 2°S., long 63°E. equivalent to Cayley  Formation,
mapped elsewhere (Morris and
Wilhelms, 1967
-
Crater materials
Characteristics
Rim crests subdued, commonly polygonal in plan. interior terraces, 1f present, generally coalesced
forming partial concentric shelf. extent of rim materials not easily defined, but outer limit
drawn at topographic break outside rim crest, numerous superposed craters. central peaks
o commonly rounded and small compared to crater diameter. subdivisions analogous topographically
14 to corresponding Copernican and Eratosthentan units but much more subdued
plerg, rim material
plew g, wall material
plet g, floor material
= plep s, peak material
3 Interpretation
E Craters of post-Crisium pre-Imbrian age. impact origin assumed, but distinctive characteristics
= largely obliterated through degradation; caldera origin possible for craters lacking central peaks
T and flooded with mare but direct evidence of volcanism not apparent; subdivisions assumed
Q,;) genetically analogous to corresponding Copernican and Eratosthenian crater units
o,
8
=9 plt
(=9
o
Terra material Crater chain material
Characteristics Characteristics
Highland terrain interrupted by numerous superposed Series of seven shallow, overlapping craters southeast of Langre-
craters as well as subdued, apparently mantled crater nus, extending into adjacent Petavius quadrangle; rimcrest diameters
rims; variable but generally high relief. topographic approximately 20 km to 30 km, with progressive decrease in diameter
irregularities smoothed and rounded. moderate albedo southward, consistent overlap relations to north, queried on arcuate
Interpretation ridge with scalloped base north of Langrenus
. Material of variable thickness forming mantle over older Interpretation
16 terrain and subduing early pre-Imbrian craters; possibly Secondary craters formed by ejecta from large multi-ring Cristum Z
& & o A/ composed in large part of ejecta from Crisium impact impact basin, north of map area, secondary origin of craters south- <
66 68 70 basin north of map area, bedrock underlying Crisium ejecta east of Langrenus suggested by alinement, shallow depth, consist- a:'
INTERIOR—GEOLOGICAL SURVEY, WASHINGTON, D.C.—1973—G7206! composed of older crater remnants, Fecunditatis basin ent ‘‘uprange overlap, size, and apparent age. arcuate scalloped o
material, and, speculatively, original differentiate of [unar ridge north of Langrenus possibly formed by simultaneous impact of
Mapped 1970-1971. Principal sources of geoloaic information: Lunar crustal material clots of ejecta without formation of dividing septa g
Jiter and o)l ) dex map; h -il ation '
Orbiter and »‘&f ! o pt 0 yaraph ]““W” ‘rw ind r‘I ]p‘,'h\ ﬁ‘\ illumination Gt er faterial w
photographs 5818 and 8288F, 61-inch reflector, U.S. Naval Observatory, 1 Tet 14
Flagstaff, Arizona; low-illumination photographs, 6l-inch reflector, ~ plewy plcte Characteristics o
atalina Observatory, University of Arizona (Kuiper and others, 1967) & = R;m ('r;'s!,\' su?;dx;vd Iand
. . el rommonly somewhat polygo-
i ) B } ’ e _— F Californic rater materials € g
ind 120-inch reflector, Lick Ob vrvvﬂw/‘,' University o “alifornia = o Al most eraters obséred
(G.H. Herbig, 1961, unpublished); thermal fata  from Shorthill and E Characteristics by overlying terra material
Saari (1969); numerical albedo data from Pohn, Wildey, and Sutton = Rim crest subdued and cratered; slumped, hummocky walls, lacking terraces; subdued central and therefore shown as
(1970); preliminary geologic map by Ryan and Wilbe!ms (1965) = peak; rim materials indistinct; subdivisions analogous topographically to corresponding units of burted units only
: L TR By SR L younger craters but considerably more subdued; craters apparently buried, except Lame Interpretation
p | bl F af N A 2 b md Saa Ad g = p}(‘rz.rlm Ilnlaterzal ! Craters of probable pre-
) o enal O thyes atie o1 cS Qr pace L 1ISTra- 2 W g a é d !
reparec n 1a \ 1tiona ronay ) Vi 2 p C‘;’Vg'l‘Vi m’”"_“l'l " s » Imbrian age but  exact
tion under contract Na. W-13,140 = plefg, f oorl\nmmrm 1( uried unit) chronologic position i
S pI(pg, peak materia known; impact originassumed
= Interpretation but distinctive characterist-
Origin unknown but subdivisions believed genetically similar to corresponding units of vounger 1es generally obliterated
impact craters; no evidence of volcanic origin, but Interpretive criteria obliterated by degradation,
pre-Crisium age inferred from apparent burial by unit plt, and superposition of unit plch on Lame;
post-early pre-Imbrian age implied by superposition of Lame on Vendelinus
pler, plew;
- !
= Crater materials
~
< Characteristics
= 5
~ Represented solely by exposed portion of wall of crater Vendelinus, and presumed buried rim
O materials, rim crest rounded and largely mantled by younger units or interrupted by numerous
‘5‘ superposed craters, interior terraces not recognizable; hummocky but subdued rim and wall
e materials
) plery, rim material (buried unit)
= plew |, wall material
_3 Interpretation
Craters formed during early stages of lunar history. generally large, and believed of impact
origin, but lacking diagnostic criteria;, rim materials and most of wall of Vendelinus buried by

vounger crater materials, floor buried by mare materials
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Contact

Long-dashed where approximately located, short-dashed between

gradational facies of same formation: queried where
approximate or where presence of units doubtful

Buried contact

Limit of buried unit indicated in parentheses, inferred on basis

of topographic expression

very

e Laterally gradational contact

ta_J Shown only in cross-section; corresponding to short-dashed
5 ; contact on map

e}
10 3 PP | N~ =
- Fault

NOTE: Albedo data are based on map by Pohn, Wildey, and
Sutton (1970); qualitative terms used herein have been applied

arbitrarily to the numerica
.079; low - .079-.096; moderately low - .096-.108; moderate-

.159-.192; very

.108-.142; moderately high - .142-.159, high -

high - .192-.239.

1 scale as follows: very low - .069-

2
Line at base of sharp scarp; dashed where inferred, dotted where

(Ec)

Concealed crater rim
Crater rim crests recognized topographically but mantled by

vounger material, crater age shown in parenthesis where
estimate reasonably certain, but geologic units not subdivided

Rim crest within geologic unit

Use generally confined to small craters (10 km or less) where
materials not subdivided

Base Crest
Scarp

Line along base or crest, whichever most obvious, of prominent
scarp; closed around base of small domes or hills within mare;
dashed where approximate; coincident with contact at some
places

Interpretation: Subdued or mantled fault scarp or partial crater
rim, domes possibly laccoliths or buried terra materials

inferred and buried; bar and ball on downthrown side. coincident

with contact at some places; narrow graben indicated by ball

between closely spaced lines

Lineament

Narrow shallow groove, assoclated In some

cases with

low

ridge; V-shaped ‘‘herringbone’’ pattern especially prominent
within ejecta blanket of Langrenus, but apparent localization
northwest and southwest of crater possibly a result of oblique
lighting on photographs. pattern probably arranged symmetrically

around crater

Interpretation: Structural element ( fault or graben) mantled -or
flow

subdued; ‘‘herringbone'’ pattern probably related to

mechanism of debris ‘‘cloud’’ from Langrenus

b4
v

Mare ridge

Line along approximate axis of ridge, commonly discontinuous or
“‘braided’'’ in plan and crenulate in cross-section; several ring

or partial ring structures at ridge intersections
Interpretation: Mare crust elevated along ridge, possib
autointrusion of molten lava from relatively shallow depth

b 4
A

Highlands trough

Line along axis of broad depression in terra material
genetic connotation 1mplied

ly

by

no

Terra ridge
Line along crest of prominent ridge 1n highlands
Interpretation: Tectonic feature, or possibly old crater rim seg-
ments so degraded as to be unrecognizable

ma—
Scarp within crater
Prominent scarp with albedo higher than that of adjacent materials
exposed on interior wall of crater Langrenus. fault at base
Interpretation: Rim materials exposed and truncated by crater,
terrace scarps probably caused by successive faulting of rim

/4
Dark material
Patches of Langrenus rim materials having moderately low
albedo, contrasting with most of rim having higher albedo; also,
rim materials of dark halo craters
Interpretation: Ejecta of low albedo, possibly reworked mare
material with high Fe and T1 content

L
pAavV o> ¢
Breccla lens
Shown only in cross-section beneath crater floors

Interpretation Breccia produced by crater-forming impact

GEOLOGIC SETTING

The Langrenus quadrangle 1s on the eastlimb of the lunar near-
side, at the southeast margin of Mare Fecunditatis. The crater
Langrenus, about 140 km in diameter, 1s the most prominent
feature. Rugged terra materials, scarred by craters of various
sizes and ages, occupy much of the east half of the map area, and
smooth mare materials in the Fecunditatis basin dominate the
west. Mare Spumamns and other small irregular maria in the
northeast are part of a belt of such maria concentric with Mare
Crisium, which is centered approximately, 500 km north of the
quadrangle.

STRATIGRAPHY

All four major categories of lunar geologic units--materials of
terrae, plains, craters, and maria--occur in this quadrangle.
These materials are placed in chronologic sequence according
to stratigraphic position and (or) physiographic character
(Shoemaker and- Hackman, 1962; McCauley, 1967; Wilhelms,
1970). Geologic interpretations are also advanced for each
of these objectively defined units, but are subject to modifica-
tion with additional investigation.

Terra materials.—The highland (terra) east and southwest of
Langrenus is characterized by irregular, rolling, and apparently
mantled topography, and contains numerous subdued crater rim
crests. The ages of superposed craters indicate that it is primarily
of pre-Imbrian age. Material in level areas between craters is
mapped as Imbrian terra material (It) because 1t appears to be
superposed on the pre-Imbrian terra, but the contacts are in-
distinct and the two units may be lithologically similar.

The terra materials may be chiefly related to nearby basins.
Mare Fecunditatis apparently occupies a multi-ringed circular
basin similar in character and origin to several others on the
lunar near side (Stuart-Alexander and Howard, 1970; Wilhelms
and McCauley, 1971). Remnants of three concentric ring escarp-
ments appear to be present inthe Taruntius quadrangle northwest
of Langrenus (Wilhelms, 1972), and projection of these suggests
that the terra materials in the east and southwest parts of the
Langrenus quadrangle are part of a disrupted inner ring. The
ring escarpments have been partly obliterated by impact craters,
and the internal structure of the basin 1s obscured by mare
materials. Analogous concentric ring escarpments of the better
preserved and presumably younger Imbrium and Orientale basins
have been cited as partial evidence for an impact origin
(Gilbert, 1893; Hartmann and Kuiper, 196%2; Baldwin, 1963;
Wilhelms and McCauley, 1971).

The terra material is probably different in composition from
the mare material, and may be in part an early differentiate of
the lunar crust, to which pyroclastic and meteoritic debris may
have added significantly. Analogy with terra around young lunar
basins such as Orientale and Imbrium suggests that the terra
materials in this area include ejecta from the large impact
basins Nectaris and Crisium, as well as from Fecunditatis. In
particular, much of the terra east of the crater Langrenus, about
800 km from the center of Crisium, may consist of Crisium
ejecta.

Plains materials.—The southeast margin of the quadrangle is
dominatedby a broad expanse ofrelatively level terrain, bordered
by arcuate escarpments which are particularly prominent just
outside the map area. The moderate albedo of the plains material
(Ip) is approximately equal to that of the adjacent highlands, but
the morphology is much like that of mare. The plains are
possibly composed of volcanic materials differentin composition
from later mare flows.

Mare materials.—The Imbrian age of the mare materials,
correlative with mo st extensive mare occurrences elsewhere, 1s
based on the density and apparent age of superposed small
craters (N.J. Trask, oral commun., 1970). Some mare could be
vounger, however, for three craters, Webb, Webb B, and Webb H,
are embayed by mare and yet appear to have Eratosthenian
characteristics: sharp rim crests, smooth, bright interior walls,
and moderate but distinct thermal anomalies (Shorthill and

Saari, 1969). Discrimination of possible mare subunits 1s not
feasible, however, at the scale of presently available photo-
graphs.

Preliminary data from Luna 16, the unmanned Russian space-
craft which landed in Mare Fecunditatis on 12 September 1970,
support the widely held interpretation that mare materials are
extensive basalt flows. Returned samples yielded compositions
generally like those of terrestrial basalts and similar to Apollo
12 specimens from Oceanus Procellarum, but less titaniferous
than the Apollo 11 specimens from Mare Tranquillitatis (Nature,
1970).

Curvilinear ridges, typical of most maria, are conspicuous in
Mare Fecunditatis. In plan they are commonly discontinuous
or braided, and some segments are arranged en echelon. In cross
section they range from very narrow and crenulate ‘‘wrinkle
ridges’’ to broad ropey structures, 200 to 600+ meters high.
The material of most ridges appears to be.continuous with the
surrounding mare. As In other maria, some arcuate ridges are
concentric with the basin structure, and others appear to be
oriented randomly.

Mare ridges have been variously interpreted as pressure
ridges in flows (Green, 1959, 1965). as tectonically controlled,
deep-rooted extrusives, or dikes surmounted by laccoliths
(Strom, 1971); as buried topography (Quaide, 1965); and as
drag folds or tension-gash dikes caused by wrench faulting
at depth (Tjia, 1970). Alternatively, some ridges may have
formed by laccolithic autointrusion of still-molten lava from
relatively shallow depth into an overlying chilled crust. Crusts
probably existed if mare materials accumulated to considerable
thickness in relatively short times, as in terrestrial lava lakes
or thick flows. Formation of laccoliths, and perhaps even
squeeze-ups, might have been facilitated in the low-gravity lunar
environment by the slow cooling and crystallizing of magma
beneath the crusts, concentrating the rare (Lowman, 1970) lunar
volatiles. The resulting fluids might have migrated up the
interface between buried ridges and the crystallizing lava,
escaping through fractures where the overlying crust was
thinnest; the basin-concentric ridges might thus have been
partly localized by the buried inner rings of basins.

Several unusual raised ring structures occur in Mare Fecundita-
tis. Unlike mantled crater rims, these features have steep
outer flanks and very gently sloping saucer-shaped centers, and
are located at intersections of two or more ridges. These rings
also might have formed by an autointrusive process. They may
be analogous to the circular "‘sag flowout’ structures of eastern
Washington, interpreted by McKee and Stradling (1970) as having
formed ‘'by downward sag and foundering of the crust of a
partly solidified tlow, and upward escape of lava trom the fluid
interior along outward-dipping concentric dikes.'’

Crater materials.—Where stratigraphic data are lacking, crater
materials are assigned approximate ages on the basis of physio-
graphic characteristics (Pohn and Offield, 1970). Langrenus has
been assigned an early Copernican age because it has a faint
but clearly discernible ray pattern and a moderate thermal
anomaly (Shorthill and Saari, 1969). Like Copernicus it has a
well-defined collar of hummocky rim materials, grading laterally
outward into a radially lineated ejecta blanket; its relief,
however, 1s considerably more subdued. Arcuate segments of
bedrock were apparently down-faulted on the walls of the crater
to form 1interior terraces: these are mapped as hummocky rim
materials because they appear to be large, coherent slices of
the original rim.

Clusters and chains of satellitic craters radiate outward from
Langrenus. These are interpreted as secondary in origin, formed
by the 1mpact of Langrenus ejecta; though slightly more sub-
dued, they strongly resemble the more numerous secondary
craters around Copernicus (Shoemaker, 1962; Schmitt, Trask,
and Shoemaker, 1967). Their radial orientation and arcuate

pattern are additional evidence that Langrenus formed by
lmpact.
About 120 km southeast of Langrenus, a series of shallow

craters (unit pleh), averaging about 25 km in diameter, exhibits
an overlapping chain-like pattern characteristic of secondary
lmpact craters. Apparent age and linear arrangement radial to
Crisium  suggest a secondary relationship to that basin. By
analogy with vounger basins, many Crisium secondary craters
would be expected, but no definite additional examples could be
identified anvwhere around the basin periphery. The broad
trough-like fteature (pIch?) north of Langrenus may, however,
have had a similar origin. The trough is bounded on the east and
north by a discontinuous, arcuate ridge, but the west side is not
well defined. The wall of the ridge is scalloped, suggesting
that this depression might be a chain of contiguous craters
formed nearly simultaneously without dividing septa.
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Three Copernican craters, each with a thermal anomaly, have
ejecta blankets of low to moderately low albedo and therefore
are classified as dark-halo craters. Two, Langrenus C and
Langrenus KA, are superposed on Langrenus rim materials, and
the third, Langrenus D, overlaps Langrenus secondary craters.
These craters are unlike the dark-halo craters on the floor of
Alphonsus (lat 14”S., long 3°W.), for which an internal origin
has been convincingly argued (Carr, 1969). The latter are
elliptical in plan, have broad convex-upward shield-like flanks,
are bowl shaped and relatively shallow, occur along rilles
interpreted as graben and are elongate parallel to the rilles. In
contrast, the three dark-halo craters here are circular, have
relatively narrow, symmetrical, concave-upward flanks and
sharp rim crests, have deep, well-detined floors, and are
neither alined with other craters nor along faults. Their mor-
phology 1is identical to that of most bright-halo craters of
comparable size, thought to be typlcal impact craters: thus,
no evidence has been found that would suggest an internal
origin. The dark halos may result from the relatively high
concentration of Fe and Ti in mare rocks. Adams and McCord
(1971) suggested that mare materials darken with time owing
to the formation of Fe- and Ti-rich glass. The dark ejecta
blankets may include higher percentages of mare material with
abundant Fe and Ti than the ejecta of Langrenus, which were

derived from greater depths and should include more terra
material. With time, subsequent impact comminution might

therefore darken the ejecta of the small craters more rapidly
than that of Langrenus.

GEOLOGIC HISTORY

The earliest discernible event in the Langrenus area was the
formation of the Fecunditatis basin, probably among the oldest
of the large multi-ring impact structures.

The terrae, perhaps once part of a Fecunditatis ring structure,
have been battered by impacts over a long span of time. Among
the late pre-Iinbrian events to affect the area was the Crisium
impact to the north. Crisium ejecta likely mantled the highlands,
forming the pre-Imbrian terra unit, and discrete blocks formed
the chain of overlapping secondary craters southeast of Lang-
renus.

Plains, terra, and crater materials were formed in the early and
middle parts of the Imbrian Period. Most mare materials probably
are late Imbrian, but some surficial flows, notably around Webb
in the north-central part of the map area, may have formed in
the Eratosthenian Period.

Cratering continued during the Eratosthenian and Copernican,
the major Copernican event being the impact that created Lang-
renus and 1ts secondary crater chains. Several 1mpadct craters,
including the dark-halo craters, formed subsequently, and the
topography has been continually degraded by bombardment and
mass wasting.
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Source and coverage of the available photographs
are indicated. Roman numerals refer to Lunar
Orbiter missions; Apollo mission numbers are pre-
fixed by A; Arabic numerals after hyphen refer to
individual frames or inclusive series of frames;
photographs are vertical or oblique as indicated
(V.,0). Orbiter IV frame numbers refer to high reso-
lution photographs (approx. 200 m for vertical
frames, approx. 300 m for oblique); corresponding
frames at moderate resolution cover entire lunar disk
as seen from spacecraft. Orbiter | frames are moder-
ate resolution ( £85 m) for which there are no high
resolution frames. Excellent Apollo photographs
provide detailed stereoscopic coverage of craters
Langrenus ( * 400 m) and Langrenus D, and mare
ridge segments in the northwest part of the map.
Orbiter |V frames 39 and 46 are significantly de-
graded. Earth-based telescopic photographs of high
quality cover the entire quadrangle.
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