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

DATUM

The horizontal and vertical positions of features
on this chart are based on selenocentric measure-
ments made by ACIC and published in ACIC
Technical Paper No. 15, “Coordinates of Lunar
Features,”” March 1965. The assumed lunar figure
is that of a sphere corresponding to the mean
lunar radius of 1,738 kilometers. Supplementary
positions are developed in the chart areas as an
extension of the primary control.
Primary Control PoSIHONS .....cc-crseinasrssrosanasnasss
Supplementary Control Positions.......c.ccocueeeinnnnn

ELEVATIONS

Radius vector lengths are the distances from the
geometrical center of the moon to the plane of the
crater rim or the designated position of the
feature measured. The lengths of the radius
vectors are expressed in kilometers.
The relative elevations of crater rims and other
prominences above the surrounding terrain and
depths of craters are in meters. They were
determined by the shadow measuring techniques
as refined by the Department of Astronomy,
Manchester University, under the direction of
Professor Zdenék Kopal. The probable error of the
localized relative elevations is 100 meters in the
vicinity of the center of the moon with the mag-
nitude increasing to 300 meters at 70" from the
center due to foreshortening.
Lengths of Radius Vectors to control points.. or A

Relative Elevations (referenced to surrounding
terrain) with direction and extent of measured
slope indicated.......ocevvmeruiiniiinniesie sy

Depth of craters (rim to floor) . : . 1 G g . g %

Dark crater material
Characteristics

Steep-rimmed, relatively smooth, elon-
gate craters, alined on or parallel to
narrow rilles in floors of craters Atlas
and Franklin. Low albedo
Interpretation

Volcanic ejecta, probably pyroclastic
debris erupted from fissures. Active
volcanism suggested by transient phe-
nomena reported in craters Atlas and
Franklin (see text)

Feature names were adopted from the 1935 Inter-
national Astronomical Union nomenclature system
as amended by Commission 16 of the |.A.U.,
1961 and 1964.
Supplementary features are associated with the
named features through the addition of identify-
ing letters. Craters are identified by capital
letters. Eminences are identified by Greek letters.
Names of the supplementary lettered features are
deleted when the association with the named
feature is apparent.
A black dot is included, where necessary, to iden-
tify the feature or features named.

PORTRAYAL

The configuration of the lunar surface features
shown on this chart is interpreted from photo-
graphs taken at Lowell, U.S. Navy, Catalina
Station-University of Arizona, Lick, McDonald,
Mount Wilson, Yerkes, Pic du Midi, and Kottomia
Observatories. Supplementary visual observations
with the 20 and 24 inch refracting telescopes at

Lowell Observatory provide identification and &
clarification of indistinct photographic imagery
and the addition of minute details not recorded
photographically. The pictorial portrayal of relief
forms is 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.
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5 Mapped 1968-72. Principal sources of geologic information: Photographs from
50 Rectified Lunar Atlas (Whitaker and others, 1963); unpublished low-illumination

photographs from Lick Observatory, Mt. Wilson Observatory, Observatoire du

Pic-du-Midi, and Catalina Observatory of the Lunar and Planetary Laboratory,
University of Arizona; unpublished high-illumination photographs from U.S.
Naval Observatory, Flagstaff, Arizona; infrared data from Shorthill and Saari
(1969); albedo data from Pohn,Wildey, and Sutton (1970); Lunar Orbiter 1V
high-resolution photographs shown on index map; Lunar Orbiter IV medium-
resolution frames 86, 91, 98; visual observations by the author at the 30-inch
reflector, U.S. Geological Survey, Flagstaff, Arizona, 1968.
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GEOLOGIC MAP OF THE GEMINUS QUADRANGLE OF THE MOON

Crater material

Very subdued craters or crater remnants; com-
monly mantled and embayed by plains material
(Ip); dominantly polygonal or elliptical in shape

Craters probably formed by impact, but diagnos-
tic criteria lacking because of degradation; po-
lygonal outline imprinted after formation, or
possibly by structural control at time of impact

Dotted where concealed; buried unit shown by symbol in

Cc Cor [BEEvEEl Ccf

Crater materials
Characteristics
Associated with sharp-rimmed craters having high, circular rim
crests and concave upward rim flanks; characterized by rays and
halos
Cc, crater material, undivided
Cecr, rim material (prominent flank outside rim crest)
Cew, wall material (steep interior slopes)
Ccf, floor material (defined by sharp break in slope at base of crater
wall)
Interpretation :
Impact origin indicated by morphology and bright rays

Mare material
Characteristics
Smooth, level materials of low albedo in Eratosthenian crater
Hercules
Interpretation
Lava flows

Crater materials

Characteristics
High to intermediate albedo; associated with bright sharp-rimmed
nonrayed craters
Ec, crater material, undivided
Ecr, rim material, undivided
Ecrh, rim material, hummocky. Rolling terrain, including concentric
troughs and ridges around rims of very large craters; sharp-crested
hills and angular blocks common
Ecrr, rim material, radial. Conspicuous lineaments subradial to rim
crest; subjacent terrain subdued but not obliterated
Ecw, wall material. Steep interior slopes; structurally terraced in
large craters. High to intermediate albedo
Ecf, floor material, undivided. Hummocky to smooth in small cra-
ters. Coarsely hummocky in Geminus
Ecfs, floor material, smooth
Ecp, peak material
Interpretation
Materials of impact craters. Absence of ray and halos due to
degradation with time

Mare material

Characteristics
Similar to Eratosthenian mare material, but higher albedo and higher
density of small craters; albedo gradually increasing toward borders
of Lacus Somniorum. Upper Imbrian craters embayed, Eratosthenian
craters superposed

Interpretation
Late Imbrian lava flows and possibly pyroclastic deposits

Crater materials

Characteristics
Similar to corresponding units in Eratosthenian crater materials but
rim more subdued, walls less bright. Embayed by younger mare
material (Im2), superposed on older mare material (Im1) and plains
material (1p). In extreme southwest, radial rim material (Ir12) around
- crater Posidonius, outside map area
Interpretation
Craters of impact origin; Franklin could be lower Imbrian

Iml1

Mare material
Characteristics
Similar to younger mare materials, but higher albedo and higher
density of small craters. Satellitic craters from Imbrian craters
Franklin (?) and Cepheus superposed
Interpretation
Early to late Imbrian lava flows and possibly pyroclastics

Plains material

Characteristics
Smooth, level or partly undulating surface; brighter and more
highly pitted with small craters than mare material

Interpretation
Origin uncertain (see text)

Crater materials
Characteristics
Moderately subdued textures and rim crests
Interpretation
Same as younger crater units

Alpes Formation

Characteristics
Material of round hummocks, 2-5 km in diameter, without preferred
orientation. Intermediate albedo. Discontinuous exposure from
Montes Caucasus (outside quadrangle) to Lacus Somniorum. Em-
bayed by light plains and mare materials in Lacus Somniorum.
Hummocks more rounded than at type locality of formation east of
Montes Alpes (Page, 1970)

Interpretation
Degraded ejecta from Imbrium basin or bedrock fractured by
Imbrium impact

Characteristics

Interpretation

blanket of basin ejecta

Contact

parentheses

Dotted where concealed. Line at base of scarp; bar and ball
on downthrown side; ball between lines where faults

closely spaced; ball on line where rille or furrow very
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Mare ridge

Line along rounded ridge crest. Interpretation: Anticlinal
fold, tilted block, or site of igneous intrusion

Rugged terra material

Massive rugged, mountain blocks with rectilinear
outlines, exposed along high, steep scarps, com-
monly bordering maria or plains. High albedo

Prebasin materials uplifted or tilted at time of
basin formation; probably mantled by thin

EXPLANATION

Ray material

Characteristics

High to very high albedo; irregular

streaks and halos around Copernican

craters. South-trending ray across cra-

ter Franklin radial to crater Thales,

about 385 km north of quadrangle
Interpretation

Finely divided impact ejecta. Bright-

ness enhanced by numerous blocks

and small secondary craters

Satellitic-crater material
Characteristics
Material of subcircular to flaring shal-
low craters, occurring singly or in
chains and clusters around Hercules.
Superposed on satellitic-crater material
of Atlas (unit Isc)
Interpretation
Secondary impact craters formed by
ejecta from Hercules

Satellitic-crater material

Characteristics
Material of small elongate, V-shaped
craters, alined and overlapping, or in
clusters with long axis generally radial
to large crater. Intersected by, and
more subdued than, similar craters
of Eratosthenian age, satellitic to
Hercules

Interpretation
Secondary impact craters formed by
ejecta from large Imbrian impact cra-
ters Atlas and Cepheus

Material of crater clusters and
irregularly shaped craters

Characteristics

Subdued craters occurring in clusters

or singly. Single craters commonly

elliptical, with width:length ratios of

1:2. Rim crests subdued like those of

other early Imbrian craters
Interpretation

Imbrian craters produced by primary

impact,and secondary craters satellitic

to unidentified primary craters or ba-

sins

Characteristics

material (Iplh)
Interpretation

mass wasting

h 4
Scarp

Line at base of scarp; barb points downslope. Interpretation:
Fault scarp in highlands; flow front in maria

Lineament
Linear trough or ridge

)

N Rim crest of degraded or buried crater
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Terra material

Moderate relief and intermediate albedo. Sur-
face texture moderately smooth to rough.
Smooth mantle on crater Williams. Gradational
with Alpes Formation (la) and hilly terra

Mixed ejecta from distant basins, smoothed by

Crater material

Characteristics
Small moderately subdued craters of
early to late Imbrian age -
Interpretation
Impact craters

Hilly terra material

Characteristics

Diverse topography including rounded, smooth

hills and hummocks 1-5 km across; commonly

lineated. In northeast, lineaments and low ridges

trend NE-SW, radial to Humboldtianum basin
Interpretation

Mixed basin ejecta; mostly Imbrium ejecta in

west, Humboldtianum in northeast, Crisium and

Serenitatis in south

@,

Rim crest of small crater; geologic units not subdivided

Dark material
Interpretation: Thin blanket of volcanic ash

Circumbasin ring

Dots at crest of basin-facing scarp. Interpretation: Top of

tilted crustal segments concentric with Serenitatis, Crisium,
Humboldtianum, and Imbrium impact basins

-

IMBRIAN SYSTEM

-

PRE-IMBRIAN

N
COPERNICAN SYSTEM

ERATOSTHENIAN SYSTEM

GEOLOGIC SETTING

The Geminus quadrangle, centrally located in the northeast quadrant
of the lunar near side, is dominated geologically by several multiringed
circular basins outside the quadrangle and five relatively young, large
craters mapped here. The terra and the older craters apparently are
mantled by a nearly continuous blanket of ejecta from the Serenitatis,
Crisium, Humboldtianum, and Imbrium basins, which lie, respectively,
southwest, southeast, and west of the quadrangle. Escarpments and
rings of blocks concentric with these basins were raised by faulting
and tilting when the basins were formed, presumably by hypervelocity
impacts of asteroid-sized bodies. The light and dark plains in Lacus
Somniorum and in the north were emplaced much later in lowlands
between the raised basin rings. The floors of the relatively young, large
craters Atlas and Franklin are the sites of transient phenomena
observed repeatedly in the last 75 years.

STRATIGRAPHY
BASIN MATERIALS

Terra material of high, rugged relief (unit pltr) is exposed in scarp-
bounded massifs and small arcuate ridges, mostly near Lacus Somnio-
rium. Because most of the massifs appear to have been uplifted along
the rings of basins that are pre-Imbrian or earliest Imbrian in age,
the unit is probably pre-Imbrian.

Bright hummocky materials in the west are considered part of
extensive, discontinuous exposures of the Alpes Formation that
extend eastward from Montes Caucasus bordering the Imbrium basin
(Page, 1970; Scott, 1972). The Alpes is believed to consist of Imbrium
basin ejecta or pre-Imbrian rock fractured when the Imbrium basin
formed at the beginning of the Imbrian Period.

Two other terra units probably are partly correlative with the Alpes
and partly older (Imbrian or pre-Imbrian). They are identified as basin
ejecta by their morphologic similarity to the Alpes Formation, to the
radially lineated, finer textured Fra Mauro Formation (also Imbrium
ejecta) mapped elsewhere (Eggleton, 1965; Wilhelms, 1970, p. F23-
F27; Scott, 1972), or to degraded basin ejecta without conspicuous
hummocks or lineaments. The degraded material is inferred to be basin
ejecta, smoothed by mass wasting and ‘gardening” (reworking) by
repeated small impacts, because it mantles éxtensive tracts of terra
around most basins (Wilhelms and McCauley, 1971).

Hummocky and vaguely lineated materials occur in much of the
terra east of Lacus Somniorum. Because they seem to subdue the
generally mountainous topography, these materials are believed to form
a nearly continuous blanket and are designated as a geologic unit--hilly
terra material (Iplh). The hummocks and lineations are somewhat like
those of the Alpes and Fra Mauro Formations, but correlation with
these units is uncertain because continuity of exposure is broken and
because the lineaments are not closely radial to the Imbrium basin--and
in fact could be unrelated to the basin (Scott and Pohn, 1972). In the
northeast, lineaments are radial to the Humboldtianum basin. Else-
where, relative proximity to one of the large impact basins is the best
available criterion for origin of the unit. Thus it is likely to be Imbrium
ejecta in the west, Humboldtianum ejecta in the northeast, and Sereni-
tatis and Crisium ejecta in the south. In most areas the unit probably
consists of an overlapping sequence of ejecta layers of varying thick-
ness, or perhaps a melange derived from the four basins.

Another unit of probable mixed basin ejecta—pre-Imbrian or Imbrian
terra material (IpIt)—-has a fairly smooth surface and low crater density.
It also seems to mantle underlying topography of moderately high
relief, as near the buried crater Williams. The unit there is gradational
with the Alpes Formation and may be similarly derived from the
Imbrium basin. Elsewhere the material could be ejecta of the pre-
Imbrian basins smoothed by downslope movement.

PLAINS-FORMING MATERIAL

Light-colored plains material (Ip), which has smooth, relatively flat
surfaces, partly fills many pre-Imbrian and early Imbrian craters and
other depressions in the terra; it also occurs on benches marginal to
Lacus Somniorum. It has a higher albedo and a higher density of small
craters (less than 3 km in diameter) than mare material. It embays and
thus probably is younger than the Imbrian or pre-Imbrian units and
the Alpes Formation, but late Imbrian craters are superposed on it.
The unit is similar in albedo, crater density, and occurrence to the
Cayley Formation in the central part of the lunar near side (Morris
and Wilhelms, 1967) and to much of the plains material mapped
elsewhere on the Moon. Its origin is uncertain. In places, it sharply
embays older rocks, suggesting a volcanic origin. Elsewhere, its
boundaries are more obscure, possibly as a result of mass-wasting
or an impact-ejecta origin. Some impact-related origin is indicated by
the brecciated nature of the Cayley Formation as sampled at the
Apollo 16 landing site. Where overlain by extensive deposits of crater
ejecta, as near Hercules and Atlas, it could be mare material
brightened by the ejecta.

MARE MATERIALS

Dark plains materials (Im1 and Im2) occur in Lacus Somniorum, in
lowlands in the northeast, and in small isolated areas elsewhere. Their
relatively smooth surfaces are broken by only a few wrinkle ridges and
rilles. They are similar to the materials of the large lunar ‘“‘seas” in
albedo and low density of small craters. Mare materials are younger
than the terra and light plains materials that they embay. The early
interpretation of the maria as basaltic flows has been substantiated by
the rock samples collected on the Apollo 11, 12, 15, and 17 missions.
A rather degraded Imbrian crater, Franklin, could be superposed on
the older mare unit (Im1), which has a relatively high albedo for mare.
The available photographs are inadequate to confirm this relation; if it
is correct, the older mare material was emplaced as early as the late
part of early Imbrian time.The more typical, darker unit (Im2) is prob-
ably late Imbrian, in common with most lunar near-side mare material.
Younger dark mare material (Em) occurs in the floor of the
Eratosthenian crater Hercules.

CRATER MATERIALS

Nearly all craters here are circular to somewhat polygonal in outline.
They are dated by criteria given by Pohn and Offield (1970). The rims
and walls of many degraded craters, such as Maury C, unnamed craters
north of Maury A, Berzelius, Oersted, Shuckburgh, Chevallier, Hooke,
and others, are broken up and hummocky. Were it not for the sub-
circular outline of the rim crest, the rim and wall materials would be
indistinguishable from the regional blanket of hilly material around
these craters. The age of these craters is clearly pre-Imbrian.

Of particular interest is the dark material within the Imbrian craters
Atlas and Franklin. This dark material surrounds small elongate and
cratered hills (unit Cldc) alined along rilles in the floors and walls of
the host craters and roughly concentric with their rims. The hills are
interpreted as vents, and the dark material as a thin blanket of volcanic
ejecta, erupted from the vents along fault-controlled rilles. These
areas are the probable sites of transient phenomena reported here
severa. times during the last 75 years (Williams, 1898; Haas and
others, 1949; Roques and others, 1950; Sidran, 1968). Such
phenomena could be caused by intermittent volcanic activity of the
type that produced the dark materials.

Large infrared anomalies are observed at eclipse in some lunar craters
(Shorthill and Saari, 1969, p. 11, fig. 5). The largest of these in the
Geminus quadrangle are in Cepheus A, Atlas A, Hooke D, and one
small crater southwest of Hercules. Smaller infrared anomalies are
present in the craters Maury, Maury A, Geminus, Shuckburgh C,
Atlas,and Hercules. None is readily correlatable with the dark mantling
material in Franklin and Atlas or with nocturnal heat sources reported
by Wildey (1968, and unpublished data).

Similarly, the reflectivity of 70-cm radar (Thompson and Dyce,
1966, p. 4843, and unpublished maps) is greatly enhanced by the
materials of some craters. Polarized backscattering of radar is report-
edly enhanced about twofold in the craters Atlas and Hercules; de-
polarized enhancement is even greater (Thompson, unpublished maps).
A surface roughness caused by blocks about 1 m in diameter is adequate
to explain this infrared and radar enhancement (Thompson and Dyce,
1966, p. 4849, 4852, table 4).

STRUCTURE

The escarpments are discontinuous or serrate in plan. Many of them
apparently represent the traces of fractures and high-angle faults
radial or concentric to the large impact basins. Genetic relations
between scarps and individual basins are difficult to assign, however,
because a scarp that appears radial to one basin may also be concentric
to another. Thus the identification of scarps with the Serenitatis,
Humboldtianum, and Imbrium basins is tentative; it is based on studies
of the basin peripheries outside the quadrangle. Scarp-bounded massifs
southwest of the crater Geminus are more positively identified as
segments of an outer structural ring around the Crisium basin. The
north-trending trough Berzelius E, west of Geminus, is radial to the
Crisium basin. It may represent a chain of large secondary impact
craters of that basin.

The rille Rima G. Bond I is a north-northeast trending graben in the
southwest part of the quadrangle. It originates in the cratered terra to
the south, cutting across both terra and mare materials. In Lacus
Somniorum, the rille is segmented; the segments are en echelon and
subparallel to the eastern mare-terra contact. Shorter rille segments,
generally trending west-northwest subparallel to the northern border of
the Serenitatis basin, also occur in Lacus Somniorum.

NOTES: Albedo is defined as the reflectivity at full Moon. Qualitative albedo
terms used on this map correspond approximately as follows to quantitative
values computed by Pohn, Wildey, and Sutton (1970), very high (very bright)
albedo, 0.16; high, 0.13-0.16; intermediate, 0.10-0.13; low albedo, 0.08-0.10.
The stratigraphic system used on this map follows that established by Shoe-
maker and Hackman (1962) and revised by McCauley (1967) and Wilhelms
(1970).

34°

GEOLOGIC ATLAS OF THE MOON
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GEOLOGIC HISTORY

The oldest events still recorded in the Geminus quadrangle are
presumed impacts that formed pre-Imbrian craters. Also in pre-Imbrian
time, vast basins, hundreds of kilometers in diameter, were excavated
by a series of impacts outside the quadrangle. First to form was
Serenitatis, followed by Crisium and Humboldtianum. Within the
quadrangle, prebasin terra was faulted and tilted in basin-concentric
belts. Debris from these distant, large basins was deposited over the
entire area, mantling most of the craters and other materials. Faulting
and mantling of preexisting materials recurred with the formation of
the Imbrium basin, which began the Imbrian Period.

From early Imbrian to Eratosthenian time, depressions, structural
troughs, and many craters were partly filled with plains and mare
materials. Some mare materials may be late early Imbrian in age, but
most is late Imbrian, and a small amount was emplaced in the Eratos-
thenian Period. Cratering continued into Copernican time and re-
mained an active process after most plains and mare materials had been
emplaced. The five largest craters in the quadrangle—Franklin, Atlas,
Cepheus, Geminus, and Hercules--formed in that order during the
Imbrian and Eratosthenian Periods. Volcanism since Imbrian time, and
possibly in recent time, is evidenced by structurally controlled vents and
dark mantling material within the Imbrian craters Franklin and Atlas.
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Number above quadrangle name refers to lunar base chart (LAC series);
number below refers to published geologic map
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LUNAR ORBITER PHOTOGRAPHIC COVERAGE OF GEMINUS QUADRANGLE

All numbers refer to high-resolution frames of Orbiter |IV. Frames 74; 79, and
86, identification resolution approximately 100 m; frames 62 and 67, 200-300
m; frame 55 very degraded. Frames 177, 191, and 192 taken obliquely at low
sun illumination,resolution 150-300 m.
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