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UNITED STATES GEOLOGICAL SURVEY

NOTES ON BASE

The lunar base chart was prepared by the Aeronautical
Chart and Information Center, United States Air Force,
with advisory assistance from Dr. Gerard P. Kuiper and
his collaborators, D. W. G. Arthur and E. A. Whitaker.

CONTROL

The position of features on the base 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 aad a lunar radius of 1738 km. The datum
plane was subsequently adjusted to 2.6 km below the
surface described by the 1738-km radius to minimize the
extent of lunar surface of minus elevation value. Gra-
dients of major surface undulations were established by
interpolating Schrutka-Rechtenstamm computations of J.
Franz's measurements of 150 lunar 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, University of Manchester, under the direction
of Professor Zdenek Kopal. Relative heights, thus estab-
lished, 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
the measuring technique used, relative height determina-
tions in general E-W direction are more accurate than in
the N-S direction.
Elevations (referenced to datum)........._.___._._ ] 1100
Relative elevations (referenced to surrounding
terrain)
Depth of crater (rim to floor).........

CONTOURS
All contours are approximate.
Contour interval is 300 meters.
Approximate contour
Depression contour
Note: Contour interval is 600 meters within Agrippa
Godin, Triesnecker, Bode B, Ukert, and Bode.
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NAMES

The feature names were adopted from the 1935 Inter-
national Astronomical Union (IAU) nomenclature system
with minor changes introduced in the Photographic Lunar
Atlas, edited by Dr. Gerard P. Kuiper, 1960.

Craters designated by capital letters were selected from
the IAU list of Named Lunar Formations. Supplementary
lettered craters have been added in accordance with. the
criterion suggested by Blagg and Miller. They are des-
ignated by lower case letters.

RELIEF PORTRAYAL

The configuration of the relief features shown on the base
chart was interpreted from photographs taken at Lick,
McDonald, Mt. Wilson, Yerkes, and Pic du Midi Observ-
atories and published in the 1960 edition of the USAF
Lunar Atlas and from unpublished photographs from the
Lunar and Planetary Laboratory, University of Arizona,
and Department of Astronomy, University of Manchester.
Visual observations made with the 24 in. Lowell refracting
telescope, Flagstaff, Ariz., have 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 interpre-
tation of relief forms.

EAST-WEST DIRECTION

Orientation of cardinal directions is in accordance with
resclution adopted by the IAU General Assembly, 1961.
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Mare material

Characteristics Characteristics
Flat, smooth, dark to very dark; less cratered than other units. Occurs
at mare margins and in depressions in the terra. Terminates abruptly
against most prominences but some contacts slope gently. CEm2 1is
darker and appears less cratered than CEm1. One occurrence of CEm1l
embays rim material of crater Manilius

Interpretation
Volcanic material. Abrupt terminations against prominences and
localization in depressions suggest that lava flows or ash flows pre-
dominate, but probably some free-fall pyroclastic material is included,
in some places may be a thin surficial pyroclastic layer that overlies a
thick section of flows of the Procellarum Group. Age is determined
Srom the relations of the occurrence near Manilius; other occurrences
are correlated with this one on the assumption that albedo and crater
density are functions of age. Simalarly, unit CEm2 is believed younger
than CEml

eclipse

Ccw, wall.

Ccf, floor.

Interpretation

CErh\CErr|

Satellitic crater material

Crater materials

Ccrh, rim, hummocky.

Ccrr, rim, radial.
of ridges and grooves radial to crater.
surface; inferred elsewhere

Material on walls inside rim crest; hummocky in some craters, forms

May include telescopically unresolvable floor

Albedo similar to adjacent units and lower than unit Cs

Generally flat, smooth material in center of crater

Ccp, peak. Material of rugged peak or cluster of peaks mear center of crater

doughnutlike ring in Triesmecker.
material in small craters.

underlie slump.
exposures are not maintained
Ccf, consists mostly of volcanic materials younger than the crater, but may include
slump material from walls
Ccp, is highly brecciated bedrock which rebounded immediately after impact

10° 10° Characteristics Similar to unit Esc. Occurs
Materials of the circular high-rimmed craters Manilius and near craters Manilius
Agrippa, which have some faint rays but have low thermal and Agrippa
anomalies at eclipse. Topographically similar to corre-
sponding Copernican and Eratosthenian units
CErh, rim, hummocky. Mapped on flat terraces inside craters
i addition to principal exposures outside craters
CErr, rim, radial. Both CErh and CErr have high albedo in
Mamnilius, intermediate in Agrippa
CEcw, wall
CEcf, floor
CEfr, floor ridge material. Forms north-south ridge across
the floor of Manilius
CEcp, peak
Interpretation
Similar to corresponding Copernican units. Where mapped
inside crater rim, CErh overlies terraces originally at rim
S level which slumped inward following impact. Faint rays
- 17, indicate possible Copernican age but low thermal anomalies
O g 8° O suggest Eratosthenian age. High albedo of CErh and CErr
g Ly of Manilius may be due to a terra source for these materials
CEfr, may be structurally uplifted material >
\
& 6°
Crater materials Sulpicius Gallus Formation
Characteristics
Materials of circular high-rimmed rayless Characteristics
craters not in contact with Procellarum Lowest albedo im the quadrangle except
Group. Low thermal anomalies at eclipse. for some Ccd
Topographically similar to corresponding Els, topographically mainly hummocky, but
4° 4° Copernican and Eratosthenian units; includes flat smooth material whose albedo
most Elcr is lighter than Ecr and about is same as adjacent hummocky material.
the same as surrounding material Unit is smoothest and most uniform in
Elfr, floor ridge material, occurs in crater albedo where far from contacts with unit
Bode Ifh; near these contacts relief is similar
Interpretation to that of Ifh; relation to Ifh more complex
Mostly of impact origin, but many small than shown by contacts. Flat occurrences
craters may be volcanic, especially those resemble units CEm1 and CEm2. Con-
on rilles. Believed at least as young as tacts of lpm units with hummocky parts
Imbrian because of fresh appearance and of this unit are sharp; with flat parts,
absence of Imbrian sculpture, but relation locally gradational. Exposures in west
to Procellarum Group unknown. Craters consist largely of numerous small very
with bright interior (units Cs) may be dark craters and hummocks
younger than those with darker walls Elsd, dome material. Occurs as elliptical
(unit Elcw). Origin of Elfr unknown to elongate domes, steeper than mare
domes (unit |pd); smooth
Interpretation
Els, volcanic materials, predominantly
pyroclastic. Hummocky relief is ex-
r 2° pression of underlying Fra Mawuro For-
mation, or possibly in places of Elsd not
separately mapped. Many local sources,
including dark craters, domes, irregular
craters (ir), and rilles. Near contacts is
thin; thin deposits also extend beyond
mapped area. Probably formed over long
period and 18 stratigraphically complex.
Probably both younger and older than lpm
units; older where low albedo is coin-
cident with hummocky Fra Mauro topog-
raphy and where in sharp contact with
an lpm unit. Flat and smooth topog-
raphy may result from superposition on
plains (units Ipm,lca). Some areas in
west not covered by rays, especially some
very dark spots, may be younger than
Copernicus
0° 0° Elsd, thicker and more viscous volcanic
- B materials
10° 8° 6° 4° ° 0° * 4° 6° a° 10°
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Materials of small craters having low rims or

lacking ri
and which
Sfrom surro
similar to

Interpretation
Materials
type

and some are similar to Esc but are mot near a
large crater

without detectable rims

Interpretation
Materials of volcanic eraters and collapse craters;
alinement in chains excludes impact origin for all

but a few craters. Raised rim is volcanic ejecta;
lack of raised rims on some craters suggests ejecta
18 widely distributed or that craters originated by
collapse

chf, is volcanic material related to crater

‘~®

ir
terial of low-rimmed craters 6

Irregular-ring material
Characteristics
Ridges forming irregular but completely or partly
closed elongate rings. Slightly lighter than sur-
rounding material
Interpretation
Volcanic material extruded along fractures or from
point sources. May grade laterally to other volcanic
materials, including units Els and Icah

ms, and which are slightly elongated,
occur singly. Barely distinguishable
undings in high illumination. Seme are
some individual craters in chains (ch),

of volecanic craters, probably of maar

Cs

Slope material
Characteristics
Occurs on steep slopes, mostly crater walls

where distinctly brighter than adjacent material; albedo intermediate

to very high; some slope material has the

materials and therefore is the most conspicuous unit in high-illumi-
Where queried, may not occur on slope (im crater

nation photographs.
Pallas)
Interpretation

Composed of rocks of all units freshly exposed in outcrop or talus.

EXPLANATION

Dark-halo crater material

Characteristics
Material of dark craters and surrounding dark halos. Albedo lowest
of all materials except some Els. Halos mostly without detectable relief
but some may be domical. Halos larger in proportion to size of crater
than rim material of other craters

Interpretation
Volecanic craters surrounded by thin pyroclastic ejecta; some may be
domes composed of thick pyroclastic or flow material. Age of craters
not superposed on Copernican crater material is inferred

and fault scarps. Mapped

highest albedo of all lunar

Brightness maintained by mass wasting, which may still be continuing

Cew

Cc
Ccr |Ccrh)Ccrr

Material of rayed or bright-halo craters

Materials of circular high-rimmed craters having a roughly symmetrical resolvable
ray pattern or bright halos which may represent integrated unresolved rays. All
craters > 10 km diameter and many smaller ones have high thermal anomalies at

Cc, undivided. Mapped in craters smaller than 2-3 km diameter (rimcrest to rimcerest).
Queried where halos are faint or where rays from larger craters interfere with
their detection. Divided into morphologic members in larger craters as follows:

Ccr, rim, undivided. Material having positive relief outside rim crest; concave upward.
Albedo generally intermediate; high where ray pattern is superposed. Divided into
submembers in largest (>20 km) craters as follows:

Rugged material adjacent to rim crest; hummocks occur

randomly or in branching paitern. Grades to:

Material of lower relief farther from crater; topography consists

Detectable only where superposed on smooth

Satellitic crater material
Characteristics
Forms small craters whose outlines are
elongate or consist of several coalescing
craters. Craters occur in clusters near
large rayed craters and have an asymmetric
ray pattern pointing away from large crater.
Most have raised rims. Bright interiors
are similar to unit Cs
Interpretation '
Secondary craters excavated by impact of
ejecta from large primary impact craters,
especially Copernicus, to west

Ray material

Characteristics

Bright material on and outside of unit Cc and its
members; occurs mainly in streaks radial and sub-
radial to craters. Individual rays consist of small
plumes radial to the craters, commonly with satellitic
crater (Csc) at end closest to the central crater.
Superposed on most other units. No visible relief.
Mapped where distinguishable from background;
therefore, fainter rays are mapped on dark subjacent
materials than on light. Very faint om unit Els.
Limaits of Triesnecker ray pattern are uncertain

Interpretation

Bright slope material of swarms of unresolvable,
secondary and tertiary impact craters and possibly
some ejecta fragments. Relatively young; rays
darken and become imvisible with time through
maxing by micrometeoroids, solar radiation and cover
by wvolcanic ash. Faint on unit Els because ray-
Sforming secondary craters excavate intrinsically
dark material or because the bright rays are partly
covered with later dark ash

Materials of large craters believed of impact origin because of rim profile, symmetry,
secondary craters, and extensive ray pattern. Some small craters may be volcanic.
High thermal anomalies due to fresh rock exposures

Ccr, Ccrh, and Ccrr are ejecta. Ccrh and high parts of Ccr consist of slices of bedrock
thrust outward; they overlie structurally uplifted and fractured bedrock; and they
are covered by some ballistically deposited ejecta.
deposited ejecta

Ccw, consists largely of slump blocks and talus; bedrock and impact shock breccia

Ccrr is poorly sorted ballistically

Continued to form after cratering but now stable so fresh rock

Crater materials
Characteristics

Materials of circular high-rimmed rayless craters superposed at least partly on
Procellarum Group. Low thermal anomalies at eclipse.
Ecr is darker than Ccr but lighter than Ccd, and is
about same as or darker than nearby Procellarum.

corresponding Copernican units.

doubt and craters could be satellitic
Interpretation

Satellitic crater material

Characteristics
Craters occur in vicinity of crater Eratosthenes. Similar in outline
to Csc but are smaller, have lower rims, and lack rays; interiors are
darker. Where queried, might be rayless satellitic craters of Copernicus
Interpretation
Craters excavated by impact of ejecta from Eratosthenes

Topographically similar to

Where Ec is queried, shape is in

Eratosthenes and most smaller craters are of impact origin and originally had rays like
those of Copernican craters. Believed older than Copernican craters because ray mate-

rial apparently becomes darker with time.
lack of fresh rock exposures.

Low thermal signal at eclipse results from
Absence of rays may not mean pre-Copernican age for some

small eraters; dark crater materials may result from excavation of dark materials by
wmpact, and some crater materials may be volcanic like unit Ccd

Procellarum Group

Characteristics

Ipm, flat mare material.

Ipd, dome material.

The most extensive unit of the dark mare plains; also occurs
locally in depressions. Similar to CEm wunits but not as dark and appears to be more
highly cratered. Includes two subunits. |lpm2 is darker and less cratered than lpml.
Both subunits are darker than all terra units except Els. Subunits not differentiated
where extensively covered by ray material (mapped or unmapped). All contacts with
CEm units and between subunits are approximate, especially beneath ray material.
Subunits not shown on cross sections

Forms circular or elliptical domes broad in proportion to height.
Flanks convex in profile; some domes flattened on top. Some have summit craters.
Albedo and surface texture similar to lpm units

Interpretation

Similar to CEm units; wider areal extent implies that Procellarum is also thicker.
Albedo and crater density are an approximate function of age so that Ipm2 is generally
younger than lpm1l and both are older than CEm wunits. May overlap in age with some
material of Cayley Formation

Ipd, is material of shield volcanoes or laccoliths; formed later than most lpm material

Cayley Formation

Characteristics
Ica, surface smooth and flat. Albedo intermediate to high, higher than that of Procellarum

Group. Crater density greater than on Procellarum. Contacts are both sharp and
gradational. In Triesnecker region contacts with Procellarum are indefinite because
of superposed ray material

Icah, hilly member (correlation with Cayley Formation tentative). Surface generally as

smooth as that of Ica but is undulating. Crater density and albedo generally similar
to Ica. Occurs on topographically higher ground. Unit is similar to unit Ifs but has
less relief and a lower and more uniform albedo, and has distinct contacts with Ifs.
Queried occurrences have transitional properties and could be Ifs

Interpretation
Ica, is similar to mare materials (units CEm and lpm) but older, and may include more

impact debris and mass-wasted debris. Some patches whose craters are young
secondary craters could be younger than some mare material

Icah, may be a thinner facies in which pyroclastic materials predominate over flows and

relief is largely that of underlying materials (a hummocky occurrence of Icah north of
crater Dembowski may result from superposition of pyroclastic material on unit 1fh).
Some Icah could be entirely mass-wasted debris

Crater material

Characteristics
ler, rim. Similar to Ccr and Ecr but less extensive relative to size of crater
Icp, peak. Similar to Ccp

Interpretation

Similar to corresponding Eratosthenian and Copernican units. Quter rim material
and satellitic craters, if any, are obliterated by downslope movement (Ukert) or buried

Fra Mauro Formation

Characteristics

Ifh, hummocky member.

Ifs, smooth member.

Surrounds the Imbrium basin. Topography is relatively level on a scale of tens of
kilometers and unit appears to mask subjacent topography. Members represent gra-
dational topographic facies which are progressively smoother away from the basin.
Ruled pattern indicates areas where underlying topography is strongly expressed and
unit may be thin. Queried where not laterally continuous with the main exposures in
Montes Apenninus

Surface studded with closely spaced hummocks 1 to 4 km across,
in places without preferred orientation and in places alined subradially to Imbrium
basin. In high illumination, small hummocks are light and valleys are somewhat
darker, resulting in a mottled appearance; the valleys are darkest near unit Els
Surface gently rolling and rather smooth but has low ripplelike

hummocks and short linear ridges radial to the Imbrium basin. Generally occurs

Sarther from the Imbrium basin than hummocky member but also occurs on high topo-

graphy close to the basin. Albedo intermediate, more uniform than hummocky member;
somewhat lower east of Sinus Medii than in rest of quadrangle

Interpretation

Crater materials

Characteristics
plc, undivided rim and wall.

tion
plcp, peak. Similar to Ccp
Interpretation

Materials of impact craters originally like younger crater materials.
Subdued by erosion and isostatic rebound and deformed by faulting;

Blanket of debris ejected from the Imbrium basin upon excavation of the basin by impact
of a large body. Hummocks are mainly clots of ejecta, though some may be blocks of
structurally deformed bedrock. Smooth member is smooth and thinner than hummocky
member far from the basin largely because less material was deposited, and s smooth
close to the basin on high ground because of destruction of hummocks through down-
slope movement. Queried occurrences far from basin could be volcanic materials

Undivided material

Forms circular to irregular rings cut by
linear structures radial to the Imbrium basin (Imbrian sculpture).
Subdued relative to younger crater rims.
Unit is spotty in high tllumination, brighter than Fra Mauro Forma-

Surface relief rugged.

Characteristics

Interpretation

Rugged material cut or bounded by Imbrian sculpture.
bright in high illumination; brighter than Fra Mauro Formation

Spotty and

Structurally deformed material of unknown, probably diverse, origin.

Slopes are too steep to retain any but a thin cover of Fra Mauro For-

mation but some may be in valleys.

High albedo results from down-

slope movement and exposure of fresh material (most conspicuous

outer ejecta covered by other materials, and topographic expression
is mow largely that of the structurally uplifted rim and not the

ejecta.

Most occurrences are known to be pre-Imbrian because of

cover or partial cover of Fra Mauro Formation; others are cut by
sufficient number of Imbrian sculpture faults to make pre-Imbrian

age likely

e P
Contact

Long dashed where approximately located; short dashed
between gradational facies of same formation; queried
where very approximate or where presence of units
is doubtful

Buried contact
Shows limit of topographically expressed part of buried
unit which is indicated by symbol in parentheses

Laterally gradational contact

Shown only in cross section. Corresponds to short-
dashed contact on map
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Fault

Solid line at base of sharp scarp; dashed where inferred
and exposed; dotted where inferred and buried. Bar
and ball on apparent downthrown side; ball on line
indicates narrow graben; arrows indicate apparent
horizontal offset. Hachures indicate fault scarp
against which younger beds were deposited (against
side with hachures). On cross sections, T and A
indicate movement toward and away from observer,
respectively. (Faults shown bounding unit Cs pre-
ceded formation of unit Cs.)

Linear groove
Narrow gentle groove except in Fra Mauro Formation
where grooves are broad and irregular
Interpretation: Buried graben or narrow exposed
graben; on cross sections, also symbolizes inferred
feeders; in Fra Mauro, may be complex structure

Sinuous rille
Symbol double where rille is wide, single where narrow.
Crater commonly at one end
Interpretation: Channels eroded by volcanic flows,
possibly ash flows. Some may be collapsed lava
tubes. Partly controlled by structure in manner of
terrestrial streams

———p— —— - e
Map Cross section
Narrow rounded ridge in plains
Line marks crest. Arrow indicates tapered end.
Dashed where very low; dotted where believed covered
by younger unit
Interpretation: Anticline produced by igneous intru-
sion (sill or dike); some sharp ridges may be faulted.
Crest is approximately over subsurface source
fissure

xz
Mare scarp

Line marks foot of scarp. Dashed where very gentle
Interpretation: Fault scarp, exposed or buried, or edge
of intrusive sill or flow front

&

Rimless depression

Topographic depression with same surface texture and
albedo as adjacent material. Interior slopes are
gentle

Interpretation: Small round depressions are collapse
craters or buried craters. Small elongate depres-
sioms represent buried grabem. Large elongate
depression north of Triesnecker results from sub-
sidence due either to withdrawal of magma or up-
arching of Sinus Medii trough

occurrences of such fresh material are mapped as unit Cs).
believed pre-Imbrian for same reasons as unit plc

Unit

+ + +
Possible irregular crater rim crest
Ridges resembling irregular ring material (unit ir)
but less distinct. Lighter than surroundings. Some
ridges enclose elongate sausagelike chains
Interpretation: Some may be wvolcanic ejecta from
fissures as is unit ir; some may be structural blocks

Concealed crater or possible crater
Symbol marks rim crest. Indicates probable buried
connection between topographically expressed parts
of ecraters. Also indicates ridges that resemble
wrregular ring material (unit ir) that have same
albedo as surroundings

MAIN SCARP
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Mare basin structure
Dots mark base of scarp or gentle declivity ringing
inmer basin and main basin; partly expressed topo-
graphically or inferred
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Breccia lens
Shown on cross sections beneath crater floors
Interpretation: Impact-produced breccia

N

~
ERATOSTHENIAN SYSTEM

IMBRIAN SYSTEM

il

PRE-IMBRIAN

N

COPERNICAN SYSTEM

GEOLOGIC ATLAS OF THE MOON

MARE VAPORUM QUADRANGLE
1-548 (LAC 59)

GEOLOGIC SETTING

The Mare Vaporum quadrangle is centrally located on the near side of the Moon,
southeast of the craterlike basin of Mare Imbrium. Stratigraphic units and structures
peripheral to this basin and related to it dominate the terra of the quadrangle, and one of
the maria, Sinus Medii, is in a trough that is concentric with the basin. The other principal
maria, Mare Vaporum and Sinus Aestuum, occupy craterlike basins that apparently
antedate the Imbrium basin and developed independently of it. Some stratigraphic units
and structures, mostly relatively young, are present that are not related to mare basins.

STRATIGRAPHY

Two extensive rock units divide the stratigraphic column of the quadrangle and adjacent
regions into three main parts: (1) Units older than the Fra Mauro Formation (If) (Eggleton,
1965) are pre-Imbrian; (2) the Fra Mauro and units younger than it but older than the top
of the Procellarum Group (Ipm) belong to the Imbrian System; (3) units younger than the
Procellarum Group are post-Imbrian and are assigned to the Eratosthenian and Copernican
Systems. This classification is based on early work by Shoemaker (1962) and Shoemaker
and Hackman (1962); subsequent revisions are reported by McCauley (1967).

Pre-Imbrian materials.—The Fra Mauro Formation covers materials of the Vaporum
and Aestuum basins and of several structurally deformed craters such as Marco Polo L,
Pallas, and Murchison. These basins and craters are therefore pre-Imbrian.

Fra Mauro Formation.—The Fra Mauro Formation is clearly related to the Imbrium
basin, and is probably a blanket of debris ejected when the basin formed by impact. The
Fra Mauro occurs in much of the terra surrounding the basin, and its surface slopes
gradually away from the basin edge. The formation resembles the rim material of large
fresh impact craters in that its texture is radially gradational: coarsely hummocky close
to the basin and smoother farther out. The few large old craters close to the basin appear
heavily mantled; more craters are visible progressively farther out, and these appear to be
less mantled. The northern flanks of Pallas and Murchison face the Imbrium basin and
appear to be heavily mantled by Fra Mauro materials; farther south, parts of these and
other pre-Imbrian craters have at most a thin cover of Fra Mauro, suggesting that the
northern flanks have blocked deposition of ejecta farther south.

Materials younger than the Fra Mauro Formation are Imbrian, Eratosthenian, or
Copernican in age and are of three main types: plains-forming materials, terra-mantling
materials, and crater materials. Bright slope material is formed on all these.

Plains-forming materials.—Flat, relatively smooth plains occupy most depressions of the
quadrangle, including mare basins, circumbasin and radial troughs, and large old craters.
The plains-forming materials are divided into rock-stratigraphic units on the basis of
albedo and density of superposed craters. The lighter and more cratered are collectively
designated the Cayley Formation (Ica) (Morris and Wilhelms, 1967); the darker dnd less
cratered, mare materials. Mare materials comprise four rock-stratigraphic units. The
lighter and more cratered two are assigned to the Procellarum Group (Ipm); the darker
and less cratered two are designated Eratosthenian or Copernican mare (CEm). Some of
this darker material embays the crater Manilius, which is either Eratosthenian or
Copernican in age, and the other occurrences are tentative correlatives. The Procellarum
Group forms most of the mare surface, whereas the darker younger material occurs mainly
at the basin margins and at low elevations in the terra within old large craters.

Relative crater densities and embayment relations indicate that most mare materials
are younger than the Cayley Formation, though some patches of Cayley with many young
secondary-impact or voleanic craters could be quite young (for example, near Triesnecker).
The Cayley and mare materials may be similar in composition, and the higher albedo of
the Cayley may result largely from its greater crater density. Most exposures of mare
materials may overlie Cayley and represent only the final stage of depression filling.
Cayley and mare materials are believed to have been deposited largely as fluid flows
because they are generally unaffected by underlying topography and commonly terminate
abruptly against prominences. Many contacts, however, are gradational in detail, suggesting
either that the flows are partly ash flows or that free-fall pyroclastic materials or mass-
wasted debris are also present.

Terra-mantling materials.—Materials that partly subdue topographic features of the
terra are called terra-mantling materials. Light and dark varieties are recognized. The
light materials, tentatively correlated with plains-forming Cayley on the basis of similar
smooth surface texture, crater density, and albedo, are designated the hilly member of the
Cayley Formation (Icah). Parts of the hilly Cayley may be volecanie, perhaps pyroclastic,
because they are uniform in albedo and texture, have sharp contacts with adjacent mate-
rials, and are near many probable volcanic craters and rilles. Other parts may consist of
mass-wasted debris developed on various materials.

Dark mantling material, much of it darker than any mare material, is more common in
the Mare Vaporum quadrangle than in any other lunar map area. It is younger than the
hilly Cayley, just as the darker plains-forming materials are younger than the lighter. The
dark mantling material is tentatively correlated with the Sulpicius Gallus Formation (Els)
of Imbrian and Erathosthenian age (Carr, 1966), but some parts have few superposed rays
and many small dark craters and may be Copernican in age. Some of the Sulpicius Gallus,
in the Mare Vaporum quadrangle and the type area 150 km to the northeast, appears to
overlie the Procellarum, but other occurrences are embayed by the Procellarum. The
apparent superposition on other terrain suggests that these dark materials are pyroclastic.

The distribution of light and dark mantling materials is more complex than indicated by
the map. Much of the Fra Mauro Formation surrounding the mapped exposures of
Sulpicius Gallus is uncharacteristically dark, suggesting that it may be covered by thin
layers of the pyroclastic material. This darkening is conspicuous northwest of Rima
Hyginus along an extension of the Sinus Medii trough and ends near the quadrangle bound-
ary. Light and dark smooth patches are present elsewhere on the Fra Mauro and on other
rugged units in the quadrangle. Some such patches are near possible irregular craters,
suggesting that the smooth surface materials are volcanic, but many subdued areas are
probably formed through mass wasting.

Crater materials.—Craters fall into several morphologic classes which probably corre-
spond to genetic classes. All large and many small circular or equidimensionally polygonal
craters with high sharp rims and concave-upward flanks were probably formed by impact
(units Cc, CEgc, Eg, Elc, Ic, and their members). These craters are assigned to time-strati-
graphic systems on the basis of the presence or absence of rays, the magnitude of thermal
anomaly at eclipse (Saari, Shorthill, and Fulmer, 1966), and the relation to other strati-
graphic units, mainly the Procellarum Group. The properties of two large craters—Agrippa
and Manilius—are transitional between those of typical Eratosthenian and Copernican
craters; accordingly their materials are mapped as members of unit CEc. Clusters of
small, elongate or composite craters (Csc, CEsc, and Esc) that are satellitic to large craters
were formed mostly by secondary impact.

Dark-halo craters (Ccd) are relatively young and are probably of volcanic origin. Also
probably of internal origin are low-rimmed, round or slightly elongate craters (cl); craters
alined in chains or along rilles (ch); and craterlike partly closed rings formed by irregular
ridges (ir). Craters of these classes are not assigned to time-stratigraphic systems. Three
or four of them, including the chain craters along Rima Hyginus, have high thermal
anomalies and therefore may be relatively young. Some large apparently rimless round
craters such as Hyginus or irregular depressions such as Ukert M may be calderas.

Slope material.—In addition to rayed eraters and dark-halo craters, bright slope material
(Cs) is assigned a Copernican age. The albedo of the slope material apparently is highest
on steepest and youngest slopes, suggesting that the albedo is a function of the amount of
fresh material exposed, either bedrock or talus. Unit Cs is therefore not a rock unit
(unless it is all talus) but an indicator of the freshest exposures of other rock units.

STRUCTURE

Mare-basin concentric structures.—Several concentric structures are associated with the
Imbrium, Vaporum, and Aestuum basins. The most conspicuous in each is the edge of the
main basin, a scarp or gentle topographic break that encloses most of the mare filling.
The Montes Apenninus, part of the first high ring outside the Imbrium basin, are bounded
north of the quadrangle by a steep scarp that faces northwest toward the basin. Struec-
tures of the Vaporum and Aestuum basins that correspond to this scarp are the mare-terra
contacts, breaks in slope in the terra, and in the east part of Vaporum, a mare terrace
higher to the east than in the center of the basin (elevation difference not shown by the
contours). These scarplike rings are approximately circular but have straight segments
that parallel regional structural trends.

Inside the main scarp of the Vaporum basin, as in the Imbrium basin northwest of the
quadrangle, is a depressed shelflike ring having peninsulas and islands complexly embayed
by apparently shallow mare material. Inside this shelf is an inner basin which has no
islands and is probably much deeper. The Aestuum basin probably has a similar shelf and
inner basin; there are more mare ridges close to the main bounding scarp than in the center
of the basin, and such ridges are characteristic of the Vaporum and Imbrium shelves.

A trough concentric with the Imbrium basin, 1100 to 1200 km from its center, is a major
topographic feature of the quadrangle. This trough is filled by Cayley Formation in the
Triesnecker region and by the mare material of Sinus Medii. Remnants of broad strue-
tures concentric to the Aestuum and Vaporum basins and analogous to this trough and to
the Apennines are discernible in the terra (covered by the Fra Mauro Formation), and
several narrow ridges and grooves are also concentric to these basins.

Mare-basin radial structures.—Part of a system of scarps and troughs radial to the
Imbrium basin (Gilbert, 1893; Hartmann, 1963) and called Imbrian sculpture is conspicucus
in the east half of the quadrangle, where many scarps and troughs trend N.30° W. These
structures partly control in detail the outlines of the pre-Imbrian basins and the Sinus
Medii trough. The close geometric relation of the sculpture to the Imbrium basin implies
that most sculpture orignated by faulting at the time of initial basin formation (Shoemaker,
1962). Sculpture is most common in pre-Imbrian materials and the thinner deposits of
the Fra Mauro Formation. However, some faults cut units younger than the Fra Mauro
Formation and therefore have been reactivated after basin formation.

The wide extent of structures concentric or radial to the Imbrium basin is further
evidence that the basin formed by impact. The similarity of the inner concentrie struec-
tures of the Aestuum and especially Vaporum basins to those of Imbrium suggests that
these basins also formed by impact, though no ejecta or radial structures are visible.

Structures unrelated to basins.—Two systems of fresh-appearing and presumably
relatively young rilles—which are probably graben bounded by faults—apparently are not
related to mare basins. One persistent en-echelon system which includes Rima Ariadaeus,
part of Rima Hyginus, and a straight segment of the edge of Mare Vaporum, has the
unusual and unexplained trend N.70°-75°W. Another extensive system, the Rimae
Triesnecker, trends north-south, but individual segments follow Imbrian sculpture, the
Ariadaeus-Hyginus trend, and the long dimension of the Sinus Medii trough. All segments
of the Triesnecker system seem to have formed more or less simultaneously, probably as a
result of east-west tension caused by upwarp of part of the trough. Numerous chain
craters of presumably volcanie and collapse origin occur along the rilles.

GEOLOGIC HISTORY

The Aestuum and Vaporum basins and several now deformed craters formed in pre-
Imbrian time. A large impact then formed the Imbrium basin (outside the quadrangle)
and superimposed concentric and radial structures upon these basins, craters, and sur-
rounding terra, and covered them with ejecta (Fra Mauro Formation). Volcanic materials
(plains-forming Cayley Formation) filled depressions, notably the Sinus Medii trough and
caldera-like features in the Ukert area. Other probably related volcanics (hilly member
of the Cayley Formation) partly mantled rugged terrain. Voleanism probably increased
greatly toward the end of the Imbrian Period, and flows of mare material (Procellarum
Group) almost completed the filling of the old craterlike basins and filled the west part of
the Sinus Medii trough. Pyroclastic materials (Sulpicius Gallus Formation) were deposited
upon the terra both before the after deposition of the Procellarum.

In the Eratosthenian Period, during or after the formation of the Sulpicius Gallus
Formation, impacting bodies formed several craters that are now almost rayless and have
low thermal anomalies. Later, either in the Eratosthenian or Copernican Period, impacts
formed the craters Agrippa and Manilius, and dark material (unit CEm) formed along the
margins of basins, embayed rim deposits of Manilius, and covered the floor of some large
craters in the terra. In the Copernican Period, impacts formed the craters Godin and
Triesnecker, which have very extensive bright rays and large thermal anomalies. These
craters were formed after the deposition of most, but perhaps not all, of the dark mare
material.

At an unknown time, perhaps late in the Imbrian Period, some of the largest lunar graben
and crater chains, Rimae Ariadaeus and Hyginus, began forming along a new tectonic
direction, N.70°-75°W. Also,upwarp of the Sinus Medii trough resulted in splitting of
the surface into a reticulate network of cracks, the Triesnecker rilles, along which volcanic
craters formed. In relatively recent time, dark volcanic craters (unit Ccd) formed, parti-
cularly in areas covered by the Sulpicius Gallus Formation. Impact cratering and mass
wasting have occurred throughout lunar history, creating a layer of debris and exposing
bedrock in places. Relatively recent exposures of bedrock and talus appear as bright
slope material (unit Cs).
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Note: Albedo is defined as the reflectivity at full Moon and its numerical value is deter-
mined by extrapolation since true full Moon is not observed from Earth. Qualitative
albedo terms used on this map correspond to preliminary quantitative values determined
by Pohn and Wildey (1966) approximately as follows: very low albedo (that is, very dark
at full Moon), <0.08; low, 0.08-0.10; intermediate, 0.10-0.13; high, 0.13-0.16; very high
(very bright), >0.16.
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