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NOTES ON BASE

The lunar base chart was prepared with advisory assist-
ance from Dr. Gerard P. Kuiper and his collaborators,
D. W. G. Arthur and E. A. Whitaker.

CONTROL

The position of features on the base 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 km (kilometers).
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. Gradients of major surface undulations were es- 18°
tablished by interpolating Schrutka-Rechtenstamm com-
putations 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.

18°

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 local-
ized relative heights is 100 meters. Inherent with meas-
uring technique used, relative height determinations in 20°
general E-W direction are more accurate than in the N-S
direction.

20°

Elevations (referenced to datum)...._._ 1100
Relative elevations (referenced to surrounding ter-

CONTOURS

All contours are approximate
Contour interval is 300 meters
Approximate contour MY, S R—
Depression contour e

NAMES
The feature names selected were adopted from the 1935

International Astronomical Union nomenclature system
with minor changes introduced in the Photographic Lunar
Atlas, edited by Dr. Gerard P. Kuiper, 1960.

Crater material

Elc, undifferentiated

Elcr, rim

Elew, wall

Elcf, floor

Similar to corresponding Eratosthenian
units but stratigraphic assignment uncer-
tain

Craters designated by capital letters were selected from
the AU list of Named Lunar Formations. Supple-
mentary lettered features have been added in accordance
with the criterion suggested by Blagg and Muller. They
are designated by lower case letters.

RELIEF PORTRAYAL

The configuration of the relief features shown on the base
was interpreted from photographs taken at Lick, Mc-
Donald, Mt. Wilson, Yerkes, and Pic du Midi Observatories
and published in the 1960 Edition of the USAF Lunar Atlas
and unpublished photographs from the Lunar and Plan-
etary Laboratory, University -of Arizona and Department
of Astronomy, University of Manchester. Visual observa-
tions 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 de-
veloped 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 interpretation of relief
forms.

EAST-WEST DIRECTION

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

Doppelmayer Formation (new name)
Characteristics
Albedo very low (< 0.06), the lowest in the
region. Occurs on terra and on old craters
where it subdues but does not imterrupt
continuity of subjacent topography; extends
over parts of the mare surface. Has no
observable relief of its own. FExposed in
several areas about the southern and west-
ern circumference of Mare Humorum. Con-
tacts sharp. Type area is in northern part
of crater Doppelmayer, 28°8S., 4,04 ° W
Interpretation
Fragmental volcanic ejecta or flows, or both,
Srom vents or fissures along the edge of the
Humorum basin. The unit ranges from a
thin cover over ridges to thick deposits in
valleys.  Probably has a comparatively
uniform thickness on much of the mare
surface but thins to a featheredge at its
margin
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SCALE 1:1 000 000
LAMBERT CONFORMAL PROJECTION
STANDARD PARALLELS 21°20" AND 42°40'

Sources of geologic information: Photographs from Photographic Lunar Atlas (Kuiper, 1960):
unpublished photographs from Lick Observatory, Mt. Wilson Observatory, CatalinaObserv-
atory of the Lunar and Planetary Lab. of the Univ. of Arizona, and Helwan Observatory,
O  STATUTE MILES 50 100 Kottamia, Egypt (taken by Zdenek Kopal); geologic sketch maps by N.J. Tra_sk and D. E.

f f ; 1 : s . . L l Wilhelms; visual observations by the author at the McMath Solar Telescope of Kitt Peak Natl.
} ][ ][ [/ // / / { / / i Observatory, 1963-65, and by C. H. Marshall at the Lick and Ariz. State College Observa-
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cBEs
Chain-crater material

Material of small contiguous or alined craters, mostly
having low rims. Interpretation: Volcanic craters

iI’C
Rille or chain-crater material

Material in straight to gently curving narrow depres-
sions with craterlike enlargements as much as 5 km

wn diameter along their length. Interpretation: Vol--

cano-tectonic depressions and craters

Terra dome material
Topography smooth, gently convex upward; all domes
have a summit crater but some craters are too small
to plot. Albedo intermediate. Interpretation: Shield
volcanoes or stratovolcanoes

Crater material
Undifferentiated as to morphology. Craters mostly
1-2 km in diameter. Small craters are more easily
detected on mare than on terra; more craters may be
actually present on terra

IMBRIAN AND (OR) ERATOSTHENIAN

Procellarum Group
.

Bar and ball on downthrown side.
inferred; dotted where concealed

Gentle linear scarp or depression.
slight change in brightness.
or surface expression of buried fault

Line marks crest.

EXPLANATION

Cs

Slope material

Characteristics

Albedo high to very high (>0.11); in all places brighter
than surrounding materials. Occurs mostly on steep
interior crater walls; also present on moncrater
scarps. Topographic details generally not discernible

Interpretation

Fresh talus and bedrock exposed by sliding of ma-
terial on steep slopes; material not yet significantly
darkened by rediation or other processes

Cc | Cer [‘Cerd .

Material of rayed craters

Cc, undifferentiated
Ccr, rim, undifferentiated
Ccrd, rim, dark
Ccf, floor
Characteristics

Cc, small rayed craters in which individual units
are telescopically imdistinguishable; albedo high.
Ccr, smooth appearing around small craters and
hummocky with low subradial ridges and depressions
around larger craters; albedo intermediate to high

Ray material
Characteristics

Albedo intermediate to high (0.08-0.11); patchy and

streaky, contacts gradational.

No visible relief.

Generally clearly associated with Copernican craters

Interpretation

origin

(0.08-0.11). Ccrd, dark facies of rim material of
Gassendi A. Ccf, smooth-appearing material cover-
ing small areas; albedo intermediate

Interpretation

Materials of bright craters most of which are prob-
ably of impact origin. Ccr is ejecta that is probably
poorly sorted. Ccf comsists of breccia, fallback, or

slump from walls

Ipm1, leght

Ipm2, intermediate
Ipm3, dark

Ipm4, very dark

Characteristics

Mare material

Material of rayless craters
Ec, undifferentiated

Ecr, rim

Ecw, wall

Ecf, floor

Characteristics

Ec, small rayless craters in which individual units
are telescopically indistinguishable; albedo low to
intermediate (0.06-0.10). Ecr, topography similar
to Ccr of small craters; albedo low to intermediate
and variable. Ecw, similar to Cs but albedo approx-
imately the same as that of surrounding units. Ecf;
smooth-appearing floor material; albedo low to inter-
mediate

Interpretation

Ec, material of small craters that are undifferentiated
as to type. Ecr, similar to Ccr. Ecw, stabilized talus.
Ecf, breccia, fallback, or slump from walls of craters,
or possibly younger volcanic flows

Dome material
Characteristics

Fine ejecta from primary and secondary impact
craters. Some bright streaks and patches, mapped as
ray material but not clearly related to craters, appear
to be structurally controlled and may be of internal

Occurs as domes elliptical in plan and very low in

proportion to width. Albedo low
Interpretation
Probably shield volcanoes

Albedo low (0.06-0.08); units lpm1 through Ipm4 have

successively lower albedo.

Topography generally

level and relatively smooth at the limit of telescopic
resolution, relief features such as ridges and scarps
have very low slopes. (Subunits not shown on cross

section)
Interpretation

Volcanic materials; flows or pyroclastic materials,
or both. Uppermost layer may be a mixture of rock
froth and impact debris. Albedo differences probably
reflect differences in age or composition of the upper-

most layer only

Gassendi Group

Crater material

Iplg, undifferentiated

Iplgr, rim

Iplgw, wall

Iplgf, floor

Iplgp, peak
Characteristics

Crater material that is partly or wholly covered by
mare material. |plg, small craters in which indi-
vidual units are telescopically indistinguishable.

Plains-forming material
Characteristics

Albedo intermediate, higher than that of lpm.

To-

pography level or gently undulating with a few low

ridges and ghost craters.

Density of superposed

craters, 1 km and larger, is higher than on mare

material (Ilpm wunits)
Interpretation

impact craters

Iplgr, hummocky to gently undulating with a few pits

and irregular depressions.

Iplgw appears smooth

with a few radial ridges and depressions. Iplgf
varies from hummocky to gently undulating. Iplgp
Jorms a rugged peak or cluster of peaks mear center

of crater.

Albedo of all materials intermediate.

Type area is crater Gassendi, 37° to 42° W., 15° to
19°S. (Trask and Titley, 1966)

Interpretation

Material of craters formed later than the Humorum
basin but before the youngest part of the Procellarum
Group. Craters formed by impact; relief reduced by

eroston and rebound

Crater material

plc, undifferentiated

pler, rim

plew, wall

plcp, peak
Characteristics

Material of craters with incomplete and uneven rims;
many craters partly embayed by Vitello Formation.
Units are mostly buried; appear smooth with inter-
mediate albedo where exposed

Interpretation

Material of eroded and faulted craters older than

the Humorum basin

Contact

Long dashed where approximately located; short dashed

where gradational

(plew)

Concealed contact

Buried formations indicated by symbols in parentheses

B e i 0 B

Fault

Lineament

Mare ridge

Dotted where concealed

Dashed where

May appear as
Interpretation: Fault

Arrow indicates tapered end.

Vitello Formation

Characteristics

Forms closely spaced hillocks that range from elon-
gated forms 1-3 km in length to small (<1 km) hill-
ocks that are rounded and have low relief: slopes
are mostly less than 5 degrees. Surrounds Mare
Humorum but lateral continuity of outcrops is
broken by mare material (|lpm units), plains-form-
ing material (Iplp), and superposed craters. Albedo
intermediate (0.08-0.09). Type area is near the
crater Vitello, 34° to 36°W., 30° to 32°8S. (Trask
and Titley, 1966)

Interpretation

Ejecta from the Humorum basin

Characteristics

Smooth-appearing material of intermediate albedo.
Occurs on relatively large isolated blocks standing
500-1,000 meters above surrounding terrain; shape
elliptical to markedly elongate; 5 km or more in long-
est dimension; steepest slopes greater than 10 degrees

Interpretation

time of formation of basin or soon after.

A 4

Mare scarp
Line marks trace of foot of scarp. Barb points
downslope

Concealed crater
Line indicates rim crest

)

Rimless round crater
Interpretation: Caldera or maar

<

Irregular depression
Interpretation: Collapse feature or landslide scar

Breccia lens
Shown on cross section beneath crater floors (small
triangles) and Humorum basin floor (large tri-
angles). Interpretation: Impact-produced breccia

Material of smooth ridges and hills

A mixture of volcanic materials (flows and pyro-
clastic materials) and small amounts of ejecta from

Bedrock predating the Humorum basin uplifted at
Vitello
Formation unrecognizable or missing because of non-
deposition or subsequent erosion. Some ridges and
hills may be younger constructional volcanic features

COPERNICAN SYSTEM

ERATOSTHENIAN SYSTEM

IMBRIAN SYSTEM

PRE-IMBRIAN AND IMBRIAN

PRE-IMBRIAN

GEOLOGY OF THE MOON
MARE HUMORUM REGION
-495 (LAC-93)

GENERAL INFORMATION

The surface of the moon is heterogeneous. Surface materials are
classed on the basis of telescopic observations into units, each having
a limited range of topographic and other physical properties such as
albedo, the reflectivity under full-Moon illumination. Such units are
considered analogous to the rock-stratigraphic formations of terrestrial
geology. By application of the principles of superposition and intersection,
these rock units are arranged in order of relative age and grouped into
time-stratigraphic units. Following terrestrial convention, the major
time-stratigraphic units are designated systems, and their subdivisions,
series; corresponding to these units are periods and epochs of time, re-
spectively (Shoemaker, 1962; Shoemaker and Hackman, 1962). The type
localities of most of the systems and series recognized to date are in the
vicinity of Mare Imbrium. Correlation of many of the rock-stratigraphic
units of the Mare Humorum region with the rock-stratigraphic units of
the Mare Imbrium region is still uncertain.

Each unit is given either a descriptive designation or a formal strati-
graphic name, and the letter symbol for each unit is composed of an ab-
breviation of its age assignment (capital) and name (lower case). Ma-
terials of each crater are together considered an informal formation; and
the subunits (for example, rim material) are informal members. Features
such as structural troughs, ridges, inferred faults, and lineaments (in-
distinct linear negative features) are indicated by symbols similar to
structural symbols of terrestrial maps.

The descriptions of the units are arranged in chronologic order and
include brief summaries of the physical characteristics and interpreted
origin of each. The numerical data on albedo are from Rowan and West
(1965).

The geologic mapping has been carried out to the precision obtainable
with existing photography and telescopic techniques. As more detailed
information is acquired through lunar exploration, further refinement
of the chronologic sequence of map units will be possible, and greater
precision in the discrimination and location of geologic units and struc-
tures is to be expected.

GEOLOGIC HISTORY OF THE
MARE HUMORUM REGION

The principal feature of the Mare Humorum region is the Humorum
basin, a circular mare basin approximately 300 km (kilometers) in dia-
meter. The basin formed early in the history of the Moon and was later
flooded by mare material. Impact cratering with attendant erosion
and aggradation and episodic volecanism and faulting have also occurred
in the region. The inferred history of the Humorum basin is similar to
that of the Imbrium basin (Shoemaker and Hackman, 1962; Titley, 1964),
but the more subdued topography and the larger density of craters on
the rim of the Humorum basin suggest that it is older than the Imbrium
basin.

The earliest history of the region has been mostlyobscured by forma-
tion of the basin and later events. A few large craters, such as Agath-
archides, Mersenius P, Lee M, and a large nameless nearly circular crater
in the northwest, are believed to predate the formation of the basin
because of their highly battered appearance and because they appear to
be partly covered by ejecta from the basin. The surface of the region
prior to formation of the Humorum basin was probably similar to the
highly cratered terra of the southern part of the earthside hemisphere.

The geologic relations suggest that the basin was formed by the im-
pact of a large body. The complex concentric structure of the basin
was probably initiated at the time of or shortly after the impact. This
structure consists of a series of roughly concentric depressed benches
and troughs along with several elevated arcs consisting of rugged frac-
tured blocks (Hartman and Kuiper, 1962). Innermost is a relatively
deep basin (shown schematically on the cross sections) lacking islands
of terra material. It is surrounded by a bench partly covered by mare
material and containing islands and peninsulas of terra. Adjoining the
bench is a discontinuous raised scarp which is best developed in the
rugged highlands southeast of Cape Kelvin and southwest of the crater
Gassendi. Surrounding the scarp is a discontinuous trough that includes
the lowlands south of the crater Mersenius, southwest of the crater
Doppelmayer, and southeast of the crater Dunthorne. Another discon-
tinuous raised arc, mostly outside the mapped region, surrounds this
trough. The concentric structure probably continued to develop through-
out the history of the region by isostatic adjustment and faulting.

Surrounding the basin and mantling much of this deformed and cratered
terrain is the hummocky material of the Vitello Formation (plv), which
is interpreted to be the ejecta from the impact that excavated the basin.
This unit is now eroded or buried by younger deposits in many places.
Beyond the map region it occurs in elongate isolated exposures radial to
the basin. Material with the topographic characteristics of the Vitello
can be traced for a distance of at least one basin diameter from the center
of Mare Humorum (Titley and Eggleton, 1964). The Vitello Formation
was probably deposited upon uplifted blocks in the surrounding scarps
but the highest blocks appear not to have retained the characteristic
appearance of this covering unit. The surface material (unit plrh) on
such blocks may be either part of the older cratered terrain or Vitello
Formation materials that have been smoothed by erosion and downslope
movement of loose material.

Sufficient time elapsed:between basin formation and the last stages
of basin filling for a group of craters, including Gassendi, Doppelmayer,
Lee, and Vitello, to be formed on the basin floor and rim. All are flooded,
at least in part, by mare material and therefore have a stratigraphiec
relation to the Humorum basin analogous to that of craters of the Archi-
median Series to the Imbrium basin (Hackman, 1966). They are more
numerous, however, than Archimedian craters and probably span a time
interval from pre-Imbrian to Imbrian. They are designated the Gassendi
Group (Iplg).

Extensive aggradation on the terra probably accompanied formation
of the craters of the Gassendi Group and may be occurring atthe present
time but with diminished intensity. The aggradation resulted from the
deposition of generally smooth plains-forming material upon earlier topo-
graphic forms in crater floors and intermontane depressions of the terra.
The plains-forming material (unit Iplp) may be a mixture consisting
predominantly of voleanic flows and pyroclastic deposits and of lesser
amounts of relatively fine ejecta from near and distant craters. This
plains-forming material appears to have partially filled the floors and
mantled the outer rims of pre-Imbrian and Gassendi Group craters and
buried low deposits of the Vitello Formation.

The flooding and filling of the Humorum basin and Gassendi Group
craters by mare material constitutes the next major recognizable event.
The relatively flat and smooth mare material covers all of the inferred
original circular basin formed by impact as well as surrounding low areas.
The mare material is clearly later than the structural basin which it fills.
It is correlated with the Procellarum Group (Ipm), which makes up most
of the lunar maria and probably consists of voleanic flows and pyroclastic
materials. The mare material has been divided into subunits on the basis
of relative albedo. The albedo variations are believed to reflect either
compositional differences among the various units or differences in rel-
ative age.

On the south and southwest edges of Mare Humorum, extremely
dark, possibly volcanic materials mantle the rims of craters such as
Doppelmayer and cover Procellarum Group mare material. These ma-
terials, herein named the Doppelmayer Formation (Eld), may be contem-
poraneous with part of the Procellarum Group or may be younger than
all of it. The position of the Doppelmayer Formation on the edge of the
basin suggests a control by basin structure.

Crater formation continued through the time of basin filling with for-
mation of craters on the mare surface such as Gassendi Y and Gassendi
J. These two craters are typical of a class of rayless craters younger
than the Procellarum Group whose materials are assigned to the Eratos-
thenian System. They are interpreted as craters that once had rays but
whose rays have darkened in the course of time. Rayless craters of
similar size and morphology occur on the terra but must be dated as
Imbrian and (or) Eratosthenian because of indeterminate strati-
graphic relations to the Procellarum Group.

The youngest features in the region are a class of craters having well-
developed ray systems which overlie all older units; examples are Mersen-
ius S on the terra and Gassendi O on the mare. Their materials are
assigned to the Copernican System.
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