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NOTES ON BASE

The lunar base chart was prepared by the Aeronautical
Chart and Information Center (ACIC), 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 horizontal and vertical positions of features on the
base chart are based primarily on the position of 150
lunar features measured by J. Franz and computed by
Schrutka-Rechtenstamm. This control network is supple-
mented by ACIC extensions in localized areas. Additional
horizontal positions have been selected from the Consoli-
dated Catalog of Selenographic Positions by D. W. G.
Arthur and the coordinates of 696 lunar features by R.
Baldwin. The probable error of the control is evaluated
at 1000 meters.

VERTICAL DATUM

The assumed lunar figure is that of a sphere correspond-
ing to the mean lunar radius of 1738 km. Elevations are
referred to a spherical datum 2.6 km below the mean
radius to minimize minus elevation values.

ELEVATIONS

All elevations are in meters. They are referenced to the
assumed vertical datum unless indicated as relative eleva-
tions. The relative elevations of crater rims and other
prominences above the surrounding terrain and depths
of craters are determined by the shadow-measuring
technique as refined by the Department of Astronomy,
University of Manchester, under the direction of Professor
Zdenek Kopal. The probable error of the localized rela-
tive elevations is 100 meters in the vicinity of the center
of the lunar disk with the magnitudes increasing to 300
meters at 70° departure from the center due to fore-

shorting.
Elevations (referenced to datum) .. 1100
Depth of crater (rim of crater) ... . e (400)
Relative elevations (referenced to sur-
rounding terrain) with direction and
extent of measured slope indicated.................300R,

CONTOURS

All contours are approximate.
Contour interval is 300 meters.
Approximate contour —600— —
Depression contour  rrrrrrr v 300+ T T
Note: Contour information is not currently available
beyond 58° W.

NAMES

Feature names were adopted from the 1935 International
Astronomical Union (IAU) nomenclature system as amended
by Commission 16 of the IAU, 1961 and 1964. Supple-
mentary features are associated with the named features
through the addition of identifying 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 identify the
exact feature or features named.

RELIEF PORTRAYAL

The configuration of the lunar surface features on the
base chart is interpreted from photographs taken at Lick,
McDonald, Mt. Wilson, Yerkes, Stony Ridge, Kwasan, and
Pic du Midi Observatories. Supplementary visual obser-
vations with the 20 in. and 24 in. refracting telescopes at
Lowell Observatory provide identification and clarifica-
tion 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.

EAST-WEST DIRECTION

Orientation of cardinal directions is in accordance with
the resolution adopted by the IAU General Assembly, 1961.
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Vallis Schroteri Formation
Characteristics

Albedo low to very low, lower than albedo of Procellarum Group; color
reddish. Occurs on and near the Aristarchus plateau

CEvVl, low-rimmed crater material. Material inside craters that have little
or mo change of slope outward from crater edge. Albedo very low

CEvs, smooth dark member. Material of smooth and level surface in
basins, along the margin of Vallis Schroteri, and around some craters.
One area has same relief as hummocky member but is darker. Only a
few areas exhibit rays. Albedo very low

CEvc, cratered-cone material. Forms rims and flanks of irregular high-
rimmed craters; has probable constructional features such as coarse
radial ridges. Albedo low

CEvd, dome material. Forms convex-upward domical surfaces; small
craters present at summait. Albedo low, same as that of surrounding
material

CEvh, hummocky member. Materials of rolling to hummocky terrain.
Some areas of CEvh exhibit rays, but fewer rays than adjacent mare
materials. Albedo low to very low but generally higher than that of CEvs

Interpretation

Volcanic materials. Absence of superposed rays on many surfaces
suggests units are partly Copernican in age. Superposition on Procel-
larum Group indicates units are post-Imbrian

CEvl, probably maar craters

CEvs, probably volcanic ash falls, ash flows, and lava flows

CEvc, probably volecanic flows and pyroclastic materials around volcanos

CEvd, may be volcanic domes or laccoliths

CEvh, materials same as CEvs, locally same as CEvs but generally older;
hummocky surface probably expression of underlying topography

Harbinger(?) Formation
Characteristics
Albedo generally intermediate with gradual lateral
variations, higher than CEv. Occurs locally in
northeast corner of map. Surface has two parallel
ridges
Interpretation
Probably volcanic ash falls, ash flows, and lava
flows. Resembles Harbinger Formation in type area
m adjacent Aristarchus region but correlation
uncertain
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Sources of geologic information: Published high-illumination photograph from Lick

Observatory (no. L—34); unpublished low-illumination photographs from the Catalina

Observatory of the Lunar and Planetary Lab. of the Univ. of Arizona, and from the

USAF-ACIC, Lowell Observatory, courtesy of James Greenacre; visual telescopic obser-

vations by the author at the 36 in. refractor, Lick Observatory, 1965-66
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Mare material

Characteristies

Albedo very low. Smooth, flat. Occurs
south and east of Lichtenberg. Apparently
covers rim material of Lichtenberg (umit
Ccr) and older mare material (unit |pm)

Interpretation

Volcanic materials; ash flows or lava flows

EXPLANATION

Cs

Characteristics

Interpretation

Slope material

Albedo very high. Present mostly on in-

terior crater slopes. Also found on hills

Talus and bedrock associnted with’ slopes at

the angle of repose; freshly exposed by slid-

ing and slumping

and possibly some ash falls

Cc Cer

Materials of rayed craters

Characteristics

Albedo generally high to very high

Cc, undivided. Mapped only around craters
too small for individual units to be dif-
Serentiated. A few craters mapped as Cc
could be Csc or Ec

Ccr, rim. Surrounds craters 2-3 km in
diameter and larger. Around Lichten-
berg, topography s hummocky near rim
crest, and low hummocks and radial
ridges are present farther out around
flanks. Details of rims of smaller craters
not observable

Ccf, floor. Generally smooth and flat

Interpretation

Cc, materials of craters probably formed by
impact

Ccr, ejecta from large impact craters com-
posed chiefly of crushed rock containing
large blocks

Ccf, probably fragmental material;, may be
breccia lens, fallback, or slump from walls

Characteristics

region to south
Interpretation

Marius Group

Albedo low and uniform. Forms smooth
undulating topography with ridges, small
scarps, and local plateaus. Contiguous with
unit Em1 of Marius Group in Hevelius

Satellitic crater material

Characteristics
Small craters with asymmetrical rays;
associated with rays of large craters. A
few craters mapped as Csc could be Cc.
Interpretation
Craters formed by impact of fragments
ejected from large primary craters

Sinuous rille (rima) material

Characteristics
Smooth material on floor of narrow sinuous
depression. Albedo low to intermediate
Interpretation
Probably includes at least a thin veneer of
ash and dust or other volcanic rock; under-
lying material may be exposed in places

Ray material

Characteristics
Patchy and streaky; streaks radiate from
Copernican craters;, no inherent relief.
Grades from wmoderately high albedo to
albedo of surrounding material
Interpretation
Fine ejecta from primary and secondary
impact craters together with small second-
ary craters produced by the ejecta

Crater materials

Similar to Cc, Ccr, and Ccf but albedos are

Voleanie flows and pyroclastic materials.
Superposed on Procellarum Group

Procellarum Group

Characteristics
Ipmd, dark mare material. Similar to |pm
but has lower albedo. Occurs as patches
surrounded by unit lpm. Apparently less
ray covered than lpm
Ipm, mare material. Albedo generally low
and uniform. Forms extensive smooth
surfaces that terminate abruptly against
higher topographic forms
Ipd, dome material. Forms a dome 13 km
across having summit crater
Interpretation
Ipmd and Ipm are probably volcanic ma-
terials; ash flows or lava flows and
possibly some ash falls. Unit Ipmd
apparently superposed on unit lpm
Ipd, may represent volcano or laccolith

Crater materials

Characteristics
Albedo intermediate
lcr and Icf topographically similar to Ccr
and Ccf but more subdued. Partly covered
by mare material in places. Albedo of
Icf intermediate to low
lew, wall. Intermediate to low albedo
lcp, peak. Forms peak and hummocky
dome on crater floor
Interpretation
lcr, probably ejecta from crater
lcw, probably talus and bedrock associated
with stable slopes
Icf, probably fragmental material;, may be
breccia lems, fallback, or slump material
Srom walls or possibly volcanic material
lcp, may be brecciated bedrock exposed by
decompression or gravitative rebound

Fra Mauro Formation
Shown in cross section only. Presence in-
ferred from occurrence in adjacent Aristar-
chus region. May be ejecta or other ma-
terial related to formation of Imbrium basin

low to intermediate and craters are rayless

Crater material, undifferentiated

Characteristics
Material of crater Eddington which has a
subdued rim crest and an irregular out-
line. Albedo intermediate. Mare material
covers floor of crater and part of rim
Interpretation
Crater modified by erosion and tectonism.

Undifferentiated materials
Characteristics
Exposed on isolated hills surrounded by
other materials in areas of rough topog-
raphy. Albedo intermediate to very high
and like unit Cs
Interpretation
Crustal material or other materials. May

Lower stratigraphic limit uncertain

ch~ .

Chain-crater material
Characteristics
Material in and around alined craters
having low rims
Interpretation
Material of volcamic craters

rc
b
Rille (rima) and chain-crater material
Characteristics
Lies within narrow linear to sinuous de-
pressions. Albedo low to high
Interpretation
Probably includes breccia, fault blocks, and
voleanic rocks

—
Contact
Dashed where approximately located; short
dashed where gradational; queried where
doubtful
—_— ...
Fault
Dashed where approximately located; dotted
where partly or completely covered; queried
where doubtful. Bar and ball on apparent
downthrown side. Hachures indicate fault
scarp against which younger rocks have
been deposited (younger rocks on side with
hachures)

Lineament
Linear scarp or depression. On cross section
symbol indicates inferred volcanic feeders
Interpretation: Probable fault or fracture,
partly or completely covered

S

INDEX MAP OF THE SUBTERRESTRIAL HEMISPHERE OF THE MOON
Number above quadrangle name refers to lunar base chart (LAC series);
number below refers to published geologic map

wneclude some Fra Mauro Formation

Mare ridge

Line marks crest. Tapered end indicated by
arrowhead. Dashed where probable

Interpretation: Probably underlain by anti-
cline; possibly site of volcanic extrusion

WIS SO
Rounded mare scarp
Showing trace of base of scarp. Barb points
downslope. Dashed where probable
Interpretation: Probably a flow front or mono-
cline
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Brecciated rock
Shown on cross section beneath crater floor
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SELEUCUS QUADRANGLE
1-527 (LAC-38)

GENERAL INFORMATION

The surface of the Moon is heterogeneous. Local surfaces can be classed on the basis of
telescopic observations into units, each having a limited range of physical properties such
as topography, visible under low illumination, and albedo, the reflectivity under full-Moon
illumination. The properties of such surface units are considered to represent properties
of underlying materials, so that surface units correspond to underlying rock units which
are analogous to the rock-stratigraphic formations of terrestrial geology. These rock units
are arranged in order of relative age and grouped into time-stratigraphic units by appli-
cation of the concepts of superposition and intersection, and by their apparent modification
of properties with time. Following terrestrial convention, the major time-stratigraphic
units are designated systems; the three systems recognized to date are the Imbrian, Erat-
osthenian, and Copernican. The type localities of the systems are in the vicinity of Mare
Imbrium (Shoemaker, 1962; Shoemaker and Hackman, 1962).

GEOLOGIC SUMMARY
INTRODUCTION

The Seleucus quadrangle lies in the northwestern part of Oceanus Procellarum, a large
mare of irregular shape in the western part of the earthside hemisphere of the Moon.
Material of the mare occupies most of the quadrangle. Craters ranging from 1 to 44 km
in diameter are scattered over the smooth mare surface; in addition, a few isolated hills
and ridges rise above the mare. In the east-central part of the quadrangle, the Aristarchus
plateau (informal name) slopes gently westward and merges with the surrounding surface
of Oceanus Procellarum. The plateau contains the largest known lunar sinuous rille,
Vallis Schroteri. The plateau is also known for its reddish color and light absorption
properties (Wood, 1912), and areas where occasional bright reddish glows have been seen
(Greenacre, 1965).

STRATIGRAPHY

Volcanism and impact cratering have contributed to the formation of the surface fea-
tures of the quadrangle throughout its interpretable geologic history. Many materials
present can be roughly classified into the three major time-stratigraphic systems, although
assignment to systems is somewhat uncertain except in the type areas, and sharp bound-
aries between systems do not exist. A few units cannot be placed in a system,such as
units Iplc and Iplu. Correlations, age relations, and interpretations for the units are dis-
cussed below.

Photographic evidence collected by the U.S.S.R.’s Luna 9 (Lebedinskiy, 1966) and the
United States’ Ranger series and Surveyor I (California Inst. Technology, 1966, pls. B-88,
P-12; Jaffe and others, 1966; U.S. Natl. Aeronautics and Space Adm., 1966) has shown that
the lunar surface in other areas has been significantly modified and altered on a fine scale
by impact cratering. Preliminary evaluation of photographic evidence from the U.S.S.R.’s
Luna 13, which landed December 24, 1966 in the Seleucus quadrangle, suggests that such
modification also has occurred here (Anderson, 1966). Thus, unmodified materials of the
units mapped in the Seleucus quadrangle may not occur at the surface but at a depth
which depends on the degree of modification. This depth may range from a few milli-
meters to tens of meters or more. The degree of modification should increase with the
age of the material, local concentrations of rays, and proximity to large impact craters.

Pre-Imbrian or Imbrian Systems.— A lower age limit of the oldest materials in the
quadrangle—the crater materials (unit Iplc) which form the rim of the crater Eddington
and the undifferentiated materials (unit Iplu)—cannot be established, because they are not
in contact with the Fra Mauro Formation, the unit that defines the base of the Imbrian
System. However, the deformed and modified appearance of the crater Eddington suggests
that it is very old and is probably pre-Imbrian. That part of unit Iplu which is nearly
contiguous with the Fra Mauro Formation in the adjacent Aristarchus region may be Fra
Mauro, and Fra Mauro is shown in the cross sections near the Aristarchus region. Units
Iplc and Iplu are generally surrounded, embayed, or filled by mare material and, therefore,
are older than mare material.

Imbrian System.—Crater rim, wall, floor, and peak materials (unit Ic and its sub-
divisions) of the craters Briggs, Seleucus, and Schiaparelli are placed in the Imbrian
System. These materials are partly covered with mare material and the craters appear
fresher and less deformed and modified than pre-Imbrian craters elsewhere on the Moon.
The craters Briggs and Seleucus were probably produced by the impacts of large bodies
from space, because radial ridges and a hummocky ejecta blanket can be seen along the
crater flanks. The peculiar internal annular structure and apparently smooth flacks of
Schiaparelli are, however, unusual, so that a voleanic origin is possible.

Mare material, which covers most of the Seleucus quadrangle, is divided into two units.
The first unit, mare material of the Procellarum Group (unit Ipm), has a higher albedo and
density of superposed rays than the second, designated dark mare material of the Pro-
cellarum Group (unit Ipmd). The Procellarum Group in the type area is in the Imbrian
System by definition; however, the dark mare material may be superposed on the lighter
mare material and, although tentatively assigned to the Imbrian, may be partly Erato-
sthenian or partly Copernican (McCauley, 1967). At least one patch of dark mare material
embays the Copernican crater Lichtenberg (discussed later). Mare materials probably
represent voleanic ash flows, ash falls, or lava flows.

Imbrian and Eratosthenian Systems.—A small area in the northeast part of the quad-
rangle is questionably assigned to the Harbinger Formation (Elh), which was originally
defined in the Aristarchus region (Moore, 1965). This formation may be entirely of Imbrian
age in the Seleucus quadrangle, but mapping in the Aristarchus region has shown that it is
partly contemporaneous with and partly younger than mare material. Although the
contiguous material in the Aristarchus region was assigned to the Fra Mauro Formation
and not Harbinger Formation, subsequent studies have shown it may be Harbinger. The
materials of the Harbinger Formation are probably volcanic (Moore, 1964). In the Seleucus
quadrangle, topography suggests that the materials are associated with a partly buried
rille about the width of Vallis Schroteri.

Eratosthenian System.—In the Eratosthenian System are crater materials and voleanie
materials. The crater materials (unit Ec and its subdivisions) occur in and around craters that
are younger than the mare material but have no associated rays. The radial ridges of the
superposed rim material extend out over the mare material, and if any rays were once present
they have been degraded and modified and are no longer visible. Most of the craters may be
the result of impacts, but some, especially those on mare ridges, may be of voleaniec origin.
Volcanic material makes up the smooth undulating Marius Group (unit Em) (McCauley,
1967), which occupies only a small area in the southeastern part of the Seleucus quadrangle.

Eratosthenian and Copernican Systems.—The Vallis Schroteri Formation (unit CEv)
occurs on the Aristarchus plateau. This formation, first mapped in the adjacent
Aristarchus region (Moore, 1965), is divided in the Seleucus quadrangle into five units;
hummocky member, dome material, cone-crater material, dark smooth member, and low-
rimmed crater material. This formation is unusually red and has a lower albedo than mare
material. In general the dark smooth member and low-rimmed crater material are younger
than the others. Relative ages of units not in contact are inferred from apparent amount
of superposed ray material. Where superposition relations are observed, these units, with
the possible exception of the hummocky member in one place, appear to overlie the
Procellarum Group. With this possible exception, the materials formed during the
Eratosthenian and Copernican Periods.

The hummocky member (CEvh) has a higher albedo than the smooth member and is
overlain by some rays. The unit appears to be superposed on mare material along the
northwest edge of the Aristarchus plateau. Along the southwest margin of the plateau,
the age relations between the hummocky member and mare material are not clear.
Although the mare material there has the greater density of superposed rays, parts of the
hummocky member could be contemporaneous with mare material. A small patch of the
hummocky member extends into the adjacent Aristarchus region where it was not
previously mapped. The member probably consists of a thin layer of volcanic material
mantling a pre-existing hummocky surface.

Dome material (CEvd) forms convex-upward domical surfaces which have a small
crater near the apex; cone-crater material (CEvc) forms the rims and surrounding flanks
of irregular high-rimmed craters. These materials are probably volcanic. For example,
the cone crater Aristarchus R is at the apex of an elliptical hill probably composed of vol-
canic flows and ejecta, and the double cone crater Herodotus D has coarse lobes extending
down its flanks which probably represent lava flows; the lobes are too coarse to be the
radial ridges and hummocks of an impact crater the size of Herodotus D (7 km in dia-
meter). Some material from Herodotus D extends out upon mare material on the north
edge of the plateau. Materials of cone craters and domes generally have more superposed
rays than dark-smooth material and are thus generally older.

Material of the dark-smooth member (CEvs) is superposed on material of the hum-
mocky member and is younger. Only a few areas of the dark smooth member have super-
posed rays and the member may therefore be of Copernican age. Patches of this member
are superposed on mare material of the Procellarum Group (unit Ipm) along the north
flanks of the Aristarchus plateau. A small patch of the dark smooth member extends into
the adjacent Aristarchus region where it was not previously mapped. The dark smooth
member probably represents voleanic ash falls and ash flows or lava flows.

In general, low-rimmed crater material (unit CEvl) is unrayed and is superposed on
hummocky material. Some of the larger low-rimmed craters are associated with the dark-
smooth member and are contemporaneous with it. Some low-rimmed craters along the
northwest edge of the Aristarchus plateau are apparently the source of material of the
dark-smooth member that occurs on the mare surface and on the adjacent hummocky
member.

The diverse morphologies, distribution, and age relations of materials making up the
Vallis Schroteri Formation suggest that the Aristarchus plateau is a voleanic field with a
long and complex history characterized by diverse volcanic processes.

Copernican System.—Copernican crater materials (unit Cc and its subdivisions and
unit Csc) are scattered across the quadrangle; these bright materials and the rays
surrounding them are superposed on many of the units discussed above. The rays and
hummocky ejecta blankets around the large craters suggest that the craters were pro-
duced by impacts. Secondary craters (unit Csc) are probably also of impact origin, because
they are associated with rays from larger craters and have ejecta plumes radial to the
parent crater or parallel to rays that are clearly related to the parent crater.

Dark mare material (unit Cmd) occurs in the northwest part of the map area. This
material has covered the ejecta and rays of the Copernican crater Lichtenberg (unit Ccr)
along the crater’s southeast flanks. Thus, this dark mare material is classed as Copernican.
A few craters are superposed on this material, and another may be partly buried by even
younger material. This dark mare material, which covers thousands of square kilometers,
can best be ascribed to volcanism. Since this dark material is Copernican some areas of
dark mare material assigned to the Procellarum Group (Ipmd) might be Copernican
instead of Imbrian.

Sinuous rille (rima) material (unit Csr) is exposed in Vallis Schroteri on the Aristar-
chus plateau and extends into the Aristarchus region, where it terminates within the Cobra
Head Formation. Vallis Schroteri may be a graben or a channel produced by the flow of
voleanic material.

LINEATIONS AND FAULTS

Four sets of lineations are present in the Aristarchus plateau. The most conspicuous
set, which is radial to the Imbrium basin, trends N.40°-60° E. Two other well-developed
sets trend N.30°-40° E. and N. 30°-40° W. These lineations are expressed by ridges, scarps,
and rilles. The fourth set, which trends north-south, is expressed by some rilles. Dis-
placements have occurred along many of the lineations throughout the history of the
Aristarchus plateau. An additional lineament trending about N. 75° E. may be present
near and parallel to the southern contact of unit Cmd.
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