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About This Book

The current version is intended for advanced lunar observations. It is also a complement to the
large-plate “Hatfield” Photographic Lunar Atlas and the cartographic “Riikl” Atlas of the Moon.

The book collects about 270 photographs including the mosaics. Most of them were taken in
Hong Kong with the author’s 10-inch (254 mm) Newtonian reflector since December 2002. It
meets the following criteria:

All lunar images are selenographic south up unless otherwise noted.

The date, time, Moon age and equipment used during an exposure are given together with a
brief description of the lunar features.

An Overview to refresh the Moon basics.

A section on the Methods of Imaging.

In general, images of the lunar nearside are sequenced in regional [ from east to west,
e.g. Mare Crisium and Petavius come first, finally Grimaldi and Schickard. Lunar events
such as eclipses are described in the [RUNMN pages. A cross-reference with Hatfield’s and

Riikl’s maps is also indicated in the page corner whenever applicable.

The English-Chinese index at the back of the book facilitates the search of 1,000 named
features. The glossary explains lunar terms in simple language.

A CD copy of the current version is available by post. It is best viewed in 19-inch or bigger PC
screen.

AR

Chu Wing Hung (Alan Chu)

email address: mca@netvigator.com

Last updated: 2008 January, Hong Kong, China.
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Overview

1. Overview

Our natural satellite, the Moon, is a fascinating object. It is a little more than a quarter of the
Earth diameter, about 1.3 light-seconds away. Virtually it has no atmosphere, no surface water
and no active volcanism. Lots of surface features can be observed through telescopes as small as
6-cm (2.4-inch) aperture, and they change in view under different angles of sunlight.

Lunar features are traditionally classified in Latin as

Mare (sea, plural: maria) i
Oceanus (ocean) i
Sinus (bay) i
Lacus (lake) #
Palus (marsh) el
Mons (mountain) (L
Montes (mountain ranges) (LR
Vallis (valley / trough) B1E
Promontorium (promontory / cape) I/ uEes
Rima (rille / cleft, plural: rimae) % | R
Rupes (scarp / cliff / fault) REE /IS8R WiE
Dorsum (wrinkle ridge, plural: dorsa) e
Catena (crater chain, plural: catenae) — BERILE

while craters are named after mythic legends or individuals who contributed in science,
technology, philosophy, mathematics or expedition. Crater is a generic term for circular
depression, typically a ring mountain or a walled plain which has relatively large and flat floor.
There are 33,000 craters greater than one-km diameter on the visible side of the Moon, about 870
of them bear names and 5,400 are identified by a letter placed towards the center of an adjacent
prominent crater, e.g. Gassendi A. The largest crater visible from Earth is Bailly near the south
limb. It is a walled plain, outer diameter 300 km. Dozens of craters are also centers of bright rays.
On the maria, wrinkle ridges and small low hills called domes are visible under very oblique
sunlight.

Lunar features are best seen when they are near the terminator, the border line between light and
shadow. Their positions are defined by the selenographic coordinates in which the 0° longitude
and 0° latitude are within a small mare named Sinus Medii (Central Bay). This sinus is visible in
binoculars, see next page. The lunar hemisphere permanently facing Earth is termed the nearside;
it ranges from 90° E to 90° W through the 0° longitude. When the Moon’s south pole is positioned
at top, the east limb of the nearside is at the left-hand side, the west limb is at the right-hand side.
Surface features of the nearside are depicted under to Facoe
with the selenographic south at top and the east at left.
Lunar phenomena about libration, terminator, crescent, eclipse
and occultation are illustrated under [Event 1 to [Event 4. A map f
of the that opposes the nearside is also given. s




Landmarks on the Moon

Mare Crisium, Grimaldi, Tycho and Plato form a cross; Copernicus, Kepler and Aristarchus form a triangle. Sinus Medii
is almost at the center of the disc. The thumbnail is the mirror-reverse image through a star diagonal fitted on refractor
or catadioptric telescope. N, S, E and W are selenographic directions as seen by an astronaut on the Moon, they are
similar to the geographic directions on Earth.

In telescopes, the eastern half of a Moon disc (S-E-N) looks slightly brighter than the western half (S-W-N).

Moon watch in the northern hemisphere on Earth

Eyepiece View in
Newtonian Telescope

In refractor or catadioptric
telescope with star diagonal

1. Copernicus
2. Kepler
3. Aristarchus

View in Binoculars ¢ 2
4. Sinus Iridum

(naked aye view)

2001.10.02 19:06 UT

U Turn diagram upside-down for lunar observation in the southern hemisphere.




The Moon in small telescopes

This Moon crescent was photographed with a digital camera one hour after sunset through a 3-inch (8 cm) refractor.
South is up. It represents a typical view of the Moon from a small telescope at low magnification. Although the
telescope is small, it shows plenty of lunar features such as craters, mountains and dark plains. Small telescopes are
easy to carry and less sensitive to atmospheric turbulences. Even owners of big instruments enjoy the use of smaller
telescopes in field work and poor-seeing nights. The original parts of this image are cropped and shown in the inlets.

1. Janssen
2. Fabricius
3. Metius
4. Brenner
5. Vallis Rheita
6. Vallis Snellius
7. Snellius

8. Stevinus

9. Wrottesley
10. Furnerius
11. Petavius
12. Vendelinus
13. Langrenus
14
15
16
17
18
19
20

. Lamé

. Santbech

. Colombo

. Gutenberg

. Fracastorius

. Capella

. Taruntius
21. Proclus
22. Cleomedes
23. Geminus
24. Messala
25. Macrobius
26. Romer
27. Atlas
28. Hercules

. Endymion
30. Hubble
31. Plutarch
32. Hahn

33. Berosus
34. Gauss
35. Condorcet

2001.09.22 11:27 UT Age 5 days 36. Vlacq

Kenko ED 8¢m f/8 + Or18 + CP990 at 1/8 sec 37. Boussingault
A. Montes Pyrenaeus

B. Montes Taurus
C. Mare Crisium




The Moon and its Terminator

The terminator is the border line between light and shadow. It looks irregular because of different height and albedo
(reflectivity) of surface features. Features away from the terminator are often too bright (e.g. No. 62) or hidden in
darkness (e.g. No. 15), yet they become distinctive when the bright margin of the terminator passes over them.

Tycho

Maginus

Clavius

. Deslandres

Walther

Purbach

Arzachel

. Alphonsus

. Ptolemaeus

10. Davy

11. Albategnius

12. Hipparchus

13. Hind

14. Guericke

15. Fra Mauro

16. Birt, Straight Wall

17. Eratosthenes

18. Archimedes

19. Autolycus

20. Aristillus

21. Conon

22. Timocharis

23. Eudoxus

24. Aristoteles

25. Cassini

26. Plato

27. Anaxagoras

28. Godin

29. Triesnecker

30. Rima Hyginus

31. Dionysius

32. Julius Caesar

33. Vallis Alpes

34. Manilius

35. Menelaus

36. Bessel

37. Plinius

38. le Monnier

39. Posidonius

40. Burg

41. Atlas

42. Hercules

43. Endymion

44, Thales

45. Abulfeda

46. Janssen

47. Vallis Rheita

48. Piccolomini

49. Rupes Altai

50. Fracastorius

51. Theophilus

52. Cyrillus

53. Catharina

54. Capella

55. Isidorus

56. Messier

57. Sabine

58. Snellius

59. Furnerius

60. Petavius

61. Vendelinus

62. Langrenus

63. Taruntius

64. Proclus

65. Cleomedes

66. Pallas

67. Murchison

68. Regiomontanus

69. Maurolycus
A | 70. Faraday

2000.11.05 13:22UT Age 9 days ' : 71. Stofler

FS128 + Or25 + Cassio QV2300 at 1/74s 72. Moretus .

A. Montes Apenninus

B. Montes Caucasus

C. Montes Alpes

CoNoALN=
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The Moon at full brightness

This photograph shows the western half of a full moon. The terminator has gone completely. Crater Tycho,
Copernicus, Kepler and Aristarchus (No. 1, 16, 20 & 23) radiate extensive bright rays that overwhelm large areas of
the surface. Other landscapes lose their contrast too, though recognizable. The full moon is not a favorable time to

spot lunar details.

2003.09.11 16:11UT Age 15 days
FS128 + PL25 + CP995 at 1/416 sec.

CENOOH LN

Tycho
Alphonsus

. Ptolemaeus

Archimedes
Timocharis
Anaxagoras

. Philolaus

. Plato

. Mons Pico

. Montes Recti

. Sinus Iridum

. Mairan

. Mons Gruithuisen Gamma
. Mons Riimker
. Pytheas

. Copernicus

. Gambart

. Fra Mauro

. Guericke

. Kepler

. Encke

. Reiner Gamma
. Aristarchus

. Herodotus

. Seleucus

. Eddington

. Olbers A

. Riccioli

. Grimaldi

. Flamsteed P

. Montes Riphaeus
. Euclides

. Bullialdus

. Mercator

. Campanus

. Capuanus

. Ramsden

. Vitello

. Hippalus

. Wurzelbauer

. Pitatus

. Hesiodus

. Wolf

. Birt

. Gassendi

. Letronne

. Billy

. Mons Hansteen
. Sirsalis

. Byrgius A

. Darwin

. Crlger

. Schickard

. Schiller

. Zucchius

. Lansberg

. Reinhold

. T. Mayer

. Euler

. Lambert

. Meton

. Carpenter

. J. Herschel

. Pythagoras

. Harpalus

. Sinus Roris

. Sinus Aestuum
. Palus Putredinis
. Palus Epidemiarum

Montes Apenninus
Montes Caucasus
Montes Alpes
Montes Carpatus
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The Moon and its “Evening” Terminator

The terminator is designated “evening” because the places under it are experiencing sunset. If a moon man stands now
on the floor of crater No.23, he will see the setting Sun and anticipate nighttime as the terminator crosses the crater from
east to west (from left to right of the frame). Compare this photograph with TO78 in previous page which was taken 6 days
before the full moon. TO78 shows the “morning” terminator implying the Sun is rising over that part of the Moon. In T117,
note also the highland region, around 2~3 o’clock position of the west limb. It is even brighter than the full moon because
the Sun is illuminating it at high angles (hence appears white and featureless).

Tycho
Maginus
Clavis
Moretus

. Longomontanus
Bailly

. Schiller

. Schickard

. Hainzel

10. Deslandres
11. Gauricus

12. Pitatus

13. Walther

14. Regiomontanus
15. Purbach

16. Thebit

17. Birt

18. Arzachel

19. Alpetragius
20. Alphonsus
21. Ptolemaeus
22. Albategnius
23. Hipparchus
24. Herschel

25. Flammarion
26. Triesnecker
27. Murchison
28. Pallas

29. Mésting

30. Schroter

. Davy

32. Guericke

33. Parry

. Fra Mauro
35. Gambart

36. Lalande

37. Montes Apenninus
38. Montes Alpes
39. Archimedes

. Autolycus

41. Aristillus

42. Timocharis
43. Cassini

44. Mons Pico
45, Plato

46. Sinus Iridum
47. Eratosthenes
48. Copernicus
49. Montes Carpatus
50. Pytheas

51. Lambert

52. Mons La Hire
53. Euler

54. Milichius

55. Hortensius
56. Reinhold

57. Lansberg

58. Euclides

59. Montes Riphaeus
60. Bullialdus
61. Kies

62. Mercator

63. Campanus
64. Wolf

65. Gassendi

66. Letronne

67. Grimaldi

68. Kepler

2004.08.07 19:04 UT Age 22 days 69. Reiner Gamma

70. Marius
FS128 + LE24 + CP990 at 1/30 sec 71. Aristarchus

72. Herodotus
73. Anaxagoras

CENDOA LN

Terminator
LE8Q

[
@
N
o

[=2]
S
S
Q
>
w
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Impact Craters and Lunar Rays

Over 99% of the existing lunar craters are impact originated. Their diameters range from about 300 km to
1 km and below. Diameters larger than 300 km are generally referred to Impact Basins.

A mid-sized impact crater is illustrated by Eratosthenes in Image T084. It is a prominent object in the
central region of the Moon disc. The crater is characterized by central peaks and terraced walls. The
highest peak rises 3600 m above the crater floor, and the rim of the terraced walls measures 58 km across.
Both the peaks and terraced walls are natural formations from a massive impact process, in which the
impactor was an asteroid-like body of several kilometers only, hitting the lunar surface at 10 km per second
or so. The tremendous impact energy vaporized a portion of the impactor and melted the rocky materials
of the impact site to a much larger circular cavity. The sudden release of impact pressure also induced a
concentrated rebound that uplifted subsurface rocks into central peaks. Other impact melt splashed out in
all directions as ejecta. Most of the ejecta deposited around the cavity as ejecta blanket, the rest might
take the advantage of low surface gravity (1/6 that of Earth) to fly far away before raining down to hit the
surface again as secondary craters. All secondary craters are too small to have central peaks. The right
part of T084 shows a mix of secondary craters produced by various sources including the Eratosthenes
impact.

The inner terraced walls of Eratosthenes formed marginally few minutes after the impact contact. At later
stage when the walls could not sustain their own weights, they collapsed in segments along the steep
slopes, making the terrace more profound. Usually, lunar craters with diameters less than about 20 km are
lack of terraced walls; small craters with diameters less than about 15 km are lack of central peaks and are
shaped like a bow! with sharp crested-rim. Craters with off-center peaks are likely due to oblique impacts.

A unique feature, known as ghost crater, is also shown in T084. It is a crater almost buried beneath the
surface of the Moon or destroyed through aging, leaving only a bare hint of recognition.

In general, craters created by explosion on impact remain circular regardless of the impact direction,
except for very oblique impacts (less than about 5° measured from ground level). A typical crater caused
by very oblique impact is Messier A as shown below. It appears elongated, and its ejecta in the pattern of
dual rays implies a grazing impactor traveling from east to west. Lunar rays are elaborated in .

) i . i Structure of a typical impact crater
E' | Terraced walls

v/ : . ' ' Central peak  gjoota planket
] (e Impact melt

T

ghost crater

WiRTL) y Impact fractures
. \‘\..,'.‘ WA ) e i Breccia
| - p LY U 20 km (Rock fragments cemented together
lStédlllS' i iy L " by heat and pressure of the impact)
i B AGE
y : 3
1 '

lanket , !

J ’ Brayley

)
iy
Vi

Fh W NS
terraced walls

_Erﬁibsi‘:#enes

central peaks

Messier A

2005.04.18 1: Age 10 da}'s. 104n £/6 Newtonian + 2.5X + Tollcam Messier A is a crater with dual ejecta rays, diameter 13 km.
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It must be aware that lunar nomenclature is not always exact. For instance, today’s selenographic
coordinates make Mare Orientale (Eastern Sea, map) confusingly on the western
longitude. Vallis Rheita in is not a true valley but a chain of overlapping craters. Grimaldi
in appears like a lava-filled basin more than a crater. Rupes Recta (the Straight Wall) in
Map 12| is not a narrow wall but a fault where its western side slopes down by 300 m. Many
lunar views in Earth-based telescopes are dramatically different from the scenes on the Moon’s
surface and from the images taken in space. Below are some comparisons.

The Stra:ghr Waﬂ 15 B
) =0k

Standing at the foot of the 300-m high Straight Wall.

In telescope, the Straight Wall with shadow appears like a steep cliff.
Actually its slope is rather gradual, average gradient under 10°. The
steepest slope is roughly 30°.

{Mocified from a skelch in Perelman’s Astronomy For Enfertainment, Moscow, 1958

View in telescope

Crafer Amh;medes Fnjﬁﬂe{% &}[‘ZU_[

For an observer at the center of Achimedes, a large lava-flooded
crater, his horizon distance is 2.5 km. He can only see the upper
part of the distant surrounding walls because the curvature of
the lunar surface blocks the bottom slopes of the walls.

View in telescope, (Sketch from Perelman’s Astronomy For Entertainment, Moscow, 1858 )

Rima Hyginus ¥§&3Hr B

Rima Hyginus from Lunar Orbiter 3 probe, 1967. This close-up
shows numerous craterlets on the lunar surface not resolvable
by any observatory telescopes. The central crater is Hyginus,
diameter 9 km. It is rimless, has flat floor and hence appears
View in telescope, volcanic rather than impact-originated.

13



Prom. Heraclides #hisizeenms | » NASA 006

.1'I' ’

View in telescope, . Poor seeing creates ! _ Ly _
illusion which makes Promontorium Heraclides to Lunar Orbiter mapning. Here jt is rotated with south un.

resemble a maiden’s face with waving hair.

Mare Criusium {535

s 5

Two views of Mare Crisium in telescope, . They differ

slightly in aspect ratio (east-west : north-south diameter) This image from Apoflc 11 spacecraft shows
due to libration. Libration is the apparent vertical or the non-obligue view of Mare Crisium. s
horizontal rocking motion of the Moon as it orbits around the easi-west diameter is fonger than the

Earth. It distorts the surface features seen near the Moon’s north-south by 33 %.

limb, or even makes them temporarily out of sight. Libration

is detailed in pages.

Resolving Power of Telescopes

NASA 015

Left: The isolated boulder on the Moon is probably a
- ™ dropping of ejecta from crater impact. Although it looks big to
i F’ the Apollo-17 astronaut, it is not detectable by any
«+%8 observatory optics. Even the Hubble Space Telescope, with
its 2.4-m mirror, is unable to spot moon rocks smaller than
} about 80 m. At best night, a 25-cm (10-inch) telescope
resolves to 0.45 arcseconds, or lunar craters of about 800 m
in diameter.

Mghs Gtuithfen Gamma

Right: A 25-cm (10-inch) '
telescope can be tested by

resolving the pit-craterlet pair
in Mons Gruithuisen Gamma,

[Map 22]

J

d
1)'

pit-craterfet pair (diameter ~1 km)
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In telescopes, a crater close to the lunar terminator looks like deep hollow because the shadow on
it exaggerates the impression of depth. Actually the floor of a lunar crater is not deep against its
diameter. For example, the cavity of Tycho (figure below) is 85 km in diameter, 4.8 km deep.
The depth-diameter ratio is 1: 18, rather shallow by terrestrial norm. During the full moon, the
exaggerated depth of Tycho will vanish, and the crater looks almost flat with a dark halo.

. Y Y
w (at full

The shadow effect, together with the global curvature of the Moon,
also play trick to the appearance of lunar mountains. In the right
figure which shows the telescope view of Mons Piton, an isolated
mountain in , it has the appearance of a steep cliff,
exaggerated by the long triangular shadow under low illumination.
However, an astronaut on the Moon would find its slope quite Mons Piton
gradual, roughly 20°. This is because the global curvature of the
Moon is greater than that of the Earth; the short horizon distance of
the astronaut (2.5 km) makes him or her to perceive Mons Piton not
as steep as the shadowed view in telescopes.

NASA 010

AS15-88-11899

The above mosaic shows the landing site of Apollo 15 (1971 July). The mountain is Hadley Delta at the
foothills of Montes Apenninus . Astronauts called it a “featureless mountain” (quite true in this
picture). They found lunar scenery almost white or black. They also reported that distances on the Moon
were hard to estimate, partly because the Moon’s surface curves more sharply than that of the Earth and
hence the horizon is closer, partly because there is no atmosphere and hence no softening of shadows.
Note that on the airless Moon, the sky is dark even at daytime.

Here is the shadow effects experienced by the Apollo astronauts on the Moon:
http.//science.nasa.qov/headlines/y2006/03jan _moonshadows.htm

Although the Moon is physically a barren world compared to our vivid Earth, yet there are lots
of surface features visible in telescopes. See these funny highlights:

15
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Funny Features on the Moon

Under certain illuminating conditions, the lunar features may look conspicuous and funny in
telescopes. Below are the glimpses of them. Their details are traceable from the pages.

|
LY
;‘1 '_ G

)

Funny Features on the Moon 1.Crabshell 2 Tortoise 3.Pancake 4. Tropical fish 5. Sword
6. Elephant with swilingnose ~ 7.ETface 8. White-head snake 9. Man walking with torch  10. Cat face
11. Spectacles  12. Lobster  13. Rope-jumping rabbit  14. Peanut shell  15. Helmet (South is up.)

Age of the Moon

The age is the number of days that has elapsed since the last new moon. In average, the new moon repeats every
29.53 days; this period is called synodic month or one lunation. Because the Moon’s and Earth’s orbital speeds are not
uniform, the first quarter, the full moon and the last quarter may occur slightly earlier or later than the indicated age. It
is also possible to have two full moons in a calendar month, e.g. 2004 August and then 2007 June (once every 33
months). “Blue Moon” is an ambiguous term for the second full moon in the same calendar month. Rarely the Moon is
tinted blue unless there is an excessive amount of dusty particles in the atmosphere.

In the drawing below, note also the Moon must orbit about the Earth more than 360° from new moon to next new
moon.

Sunlight

P

(Not to scale) Sun

one lunation

first quarter last quarter

2

Earth's orbit ~

3

Lunar orbit
with respect to the Earth

1.newmoon (age=0days) EEi—

2. first quarter (age =~ 7.4 days) #-tsw
Lunar orbit 3.fullmoon (age = 14.8 days) +Hsi+75

with respect to the Sun 3 4._last quarter (age = 22.1days) H_—siff=
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Perigee and Apogee

The angular diameter of the Moon is about 0.5 0 equivalent to viewing a pencil thickness at an arm’s length.
It is not constant but changes according to the instantaneous Moon-observer distance. Thus the Moon
appears about 1.5 % bigger at zenith (overhead) than at horizon, though this change is quite small. To an
observer on the Earth’s equator, the Moon’s angular diameter can vary up to 34.1 arcminutes at perigee
(closet to Earth) or down to 29.8 arcminutes at apogee (farthest from Earth), a total change of almost 14 %.
The average is 31.6 arcminutes, when the Moon is 378,000 km (30 times Earth’s diameter) from the
observer. A lunar crater of 2 km diameter and facing Earth gives a visual angle of about 1 arcsecond.

Greatest high tide, also called perigean spring tide, will occur when the Moon is at perigee and when the
Sun, the Earth and the Moon (whether new moon or full moon) are aligned to reinforce gravitational
interactions. Such high tides are not uncommon and are notable at some coastal spots in Hong Kong, e.g.
on 2005.01.10~11, the new moon was at perigee; the river in Shatin overflowed the bank during the high
tide.

Moon'’s elliptical orbit

356,375 km e 406,712
on 1912 Jan 4 on 1984 Mar 2

Perigee . Apogee
UTHIES EARTH T iEG

. o . ) River overflowed a bank during perigean spring tide.
(The Moon’s elliptical orbit is exaggerated to show its perigee and apogee.)  This picture was taken shorlly after tidewater retreat.

The Earth-Moon System

Actually the Earth and the Moon move in slightly elliptical orbits about the center of mass of the system
which acts as if all the mass were concentrated there. The Earth and the Moon are always in opposite
sides of the center of mass. They go around this center once every sidereal month (27.322 days).

The center of mass is about 1900 km below the Earth’s surface when the Moon is at perigee, and 1400 km
below the Earth’s surface when the Moon is at apogee.

The center of mass is not stationary. It follows the Moon’s orbital motion to sweep an elliptical loop inside
the Earth globe.

Over time, the friction of tidewater slows down the Earth’s axial spin by 0.0017 second per century. This
loss of spin is absorbed in the Moon’s orbital motion by the principle of conservation of angular momentum.
It causes the Moon to spiral away from the Earth at average of 3.8 cm per year. However, the Moon
remains with the same face (nearside) locked towards Earth. The Moon’s distance shall not increase
forever. It would stabilize billion years later, probably at 550,000 km. By that time, one lunation would be
lengthened to 1.8 times of present; the Earth’s rotation would be dramatically slowed down; or perhaps the
Sun might have expanded to a red giant swallowing up the Earth and the Moon !

EARTH
Diameter = 12756 km (Not to scale)
. center of mass \
£
Distance MO _ Mass of Earth _ 81.3 ni TO—O;I;?SJ(
Distance EO Mass of Moon : A i

17



Moonrise and Harvest Moon

Between apogee and perigee, the Moon moves 12 ~ 15 degrees per day eastward among the star
background. As a result, moonrise repeats every 24.3 ~ 25.2 hours, and so it must be delayed in
successive days. There is always one day with no moonrise (e.g. 2007 July 08 in Hong Kong) and one day

with no moonset (2007 July 23) in each lunar month.

Moonrise Moonset
Horizon

Jupiter
]

June 29, 11pm _91,!_-.——-""*:_ {}_2007 June 27, 11pm

- June 28, 11pm

vﬁ

Scorprus

{HK Standard Time)

The Moon'’s retrograde motion in the sky: It takes the Moon  Exact moonrise or moonset is defined by the time when
two full days to cress Scorpius from west to east. the upper limb of the Moon contacts with the horizon.

The graph below shows the delay of moonrise during 2007 in Hong Kong. For example, the delay time
changes from about 35 to 65 minutes and vice versa in each month in the second half of the year. This
proves a very large variation of moonrise time in a lunation. The general saying that the Moon rises about
50 minutes later per day is not applicable most of the time.

Harvest Moon refers to the full moon that rises at minimum delay time during a year. It happens in few
successive nights close to autumnal equinox (September 23) in the northern hemisphere. At these nights,
the full moon rises around the time of sunset, and it appears only ~35 minutes later than the Moon did the
day before. This is because at days close to autumnal equinox, the ecliptic, and hence the Moon’s orbit, IS
at its least angle to the horizon at the time of moonrise in the northern latitudes. In higher latitudes (e.g. 50°

N), the daily delay time of the Harvest Moon is even shortened to 20 minutes or less. Harvest Moon
happens in March in the southern hemisphere. It is so named because the moonlight helps farmers to

work at harvest time.

Delay of Moonrise in Hong Kong (114.2°E  22.4°N)
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Tilting of the Moon'’s terminator, as seen from Earth

Between moonrise and moonset, the Moon in the sky ]
seems to tilt differently from the vertical. This is because  Binocular View of the MoonSEIyRIT AL LY L)
our eyes see the sky as its projection on the celestial
sphere, and the Moon appears to move in a curved path o p"
above the horizon. Such perception is illustrated by a ) ‘ TS
binocular watch on 2007 July 22 Hong Kong. At 3 pm, N ¥ 5 pm

the first-quarter Moon was visible in daylight at an .3
altitude of 30°. It was rising in south-east with the upper 3pm

end of the terminator tilting to the observer’s left hand

side. At transit when the Moon was highest above

horizon, the terminator looked almost vertical.

Thereafter the Moon sank westward, and the terminator

tilted to the right.

Tilting of the Moon'’s rotation axis, as seen from space

The Moon'’s rotation axis is tilted 1.54° from the vertical of the ecliptic (plane of the Earth’s orbit). Hence the
Sun always appears very low above the horizon at the polar regions of the Moon. Some craters at the
poles are so deep that sunlight probably never reaches their bottoms. Based on the spectroscopic surveys
by spacecraft, scientists speculate upon the existence of water-ice on the Moon (e.g. from impacts of
water-bearing comets), especially an area of about 100 km diameter around the south pole which contains
permanently shadowed depressions and where the temperature does not exceed —180° C. So far traces of
water-ice on the Moon are not affirmative. (http:/science.nasa.gov/newhome/headlines/ast03sep99 1.htm)

1.540

To Sun

{Not to scale) 5

Brightness of the Moon

Due to the elongation of the Moon from the Sun, the brightness of the

Moon changes against its age in a lunation. Maximum brightness is at Sun
the full moon, equivalent to visual magnitude of about —12.7.
Minimum brightness is at the crescents, see the following table. A
moon-filter is sometimes needed to suppress the lunar brightness in 0
visual observations.

Moon

0 = Elongation
Note that the eastern half of a Moon disc is slightly brighter than the A
western half, and that at ages approaching full illumination, the Moon
rises in the afternoon and is naked-eye visible in daylight. Earth
Woon Age First Last
(deys) 3 5] 7 Cir. 9 11 13 Full Moaon 17 19 21 Qr. 24 26 28

Elongation | 37° | 61° | 85% | 90° [ 110° | 134° | 158° 1800 2079 | 2320 | 2569 | 270° | 2939 | 317° | 341°

Relative
Brightness

100 (ful

ilumination [ 48 | 26 | 13| 8 | 4 [ 1 |02

0.7 3 6 g 16 30 58
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Notes on lunar observation

This book presents lunar images taken with small and medium-sized telescopes. They indicate
that the requirements of a Moon telescope are not critical except personal preference. The
author’s preference tends to have three:

® A 4-inch (102 mm) /8 refractor for portability; the front objective is fluorite for supreme
sharpness in visual enjoyment.

® A 5-inch (128 mm) /8 refractor for imaging at wide field (happened to be fluorite too).

® A 10-inch (254 mm) /6 Newtonian for imaging lunar details. It is most frequently used by
the author, and its optics hardly dews in nighttime.

The 5- and 10-inch are not supposed portable. Newtonian bigger or longer than 10-inch f/6 is
seldom used because the observer needs to “stand high on stool” by the eyepiece (sounds to
cause falling accident), and the seeing is not always supportive. The C9 (Celestron 9.25-inch
Schmidt-Cassegrain) is sometimes used when the 10-inch Newtonian is unavailable, e.g.
recoating of mirror. In the author’s experience, a collimated C9 gives best optics among all
Celestron Schmidt-Cassegrain, but it never outperforms a quality, equal-aperture Newtonian. The
Celestron kit of vibration suppression pads is highly recommended. It kills vibration residue of
the telescope almost instantly, and has been tested equally well for loading as heavy as 150 lbs
(68 kg).

Try to observe the Moon even when the seeing is mediocre, because the peculiar view of a
landscape lasts for few hours only (e.g. the “golden handle” and wrinkle ridges of Sinus Iridum
IMAP 18)). If this session is missed, the observer must wait at least 4 weeks to meet similar view.
Avoid the use of star diagonal because it gives an awkward (mirror reversed) view. During image
capture, it does not matter to orientate “south- or north-up”. South-up is more convenient to
observers who really look into telescopes, and north-up is more common in topography.

Moon after the last quarter rises late at night or even at dawn. Be relaxed before observation. It is
advantageous to plan an observing session in advance, such as the example in next page. Always
check the collimation of the optics and allow them to reach thermal equilibrium; these are
essential for high magnification works.

The author’s current site for lunar
(and planetary) observation.

Left is a 10-in (254 mm) /6 Newtonian;
right is a moveable mount for 4- to 5-in
refractors. The site is at open top of a
32-storey building in Hong Kong. A high
wall behind the site chamber blocks the
east to south view. No roof is allowed by
building regulations. When the Newtonian
is not used, it is simply protected with
plastic sheet.

During the very hot summer (50°C+ on
ground surface in afternoon!), it helps to
spray the floor by water, and hence to
minimize local air turbulences.

Hong Kong; 2004 ’J.I 3
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Here is an example to plan observing the features in where Apollo 11 landed on their
vicinity. They include crater Sabine, Ritter, Lamont, Armstrong, and the nearby domes, rilles and
wrinkle ridges.

The page at the end of the book suggests a freeware WinJupos for moon ephemerides,
a set of tables giving the predicted positions of the Moon (and planets). Download this freeware
from Internet. After setup, select the object “Moon” in the dialogue window. Input the date, time
and geographic location similar to below.

Ephemerides of the Moon

& Ephemerides of Moon 2007-05-23 12:20.0

Date [2007-05-23 Wednesday UT: [12:20.0 Geogaphic [+114712" Geographic [+22725" 3 Close
{7yyy=-nn-dd) [himm . & ] leogiude: [+add* mn ] S PR ) e e The Moon on
Tioe contiol 10| 1| _Realtime | #1| 410 minvtes  tnimation: 44| 4| Reatvime | @| i | i) @ uep 2007-5-23 12:20 UT
Ephemetids | Graphics | Optins |
Altituds
C.M.: 5,06 -l Azinuth
Heon n?c. : ‘Eﬂ ;g min H;
Hew ¢ 2007 May 16. 19 h AL oA [N
E‘E?L : ggg; S.jay gf 2% ;l set : 16 h 81 min UT
) un 01, :
A Sun rise : 21 h 40 min UT
L.Q. : 2007 Jun 05, 12 h ot . 10k E9 win UT
Elongation i RETS SR [ E ]
E'_;ght-!;imw : SJIJ..]]. sec
c iameter - 41" equat
,\gpa'{ent. t.?:gocenl.rlc cocrdinates Illunin. fractaon : 0462 of diam.
(Equinox of date) Pesition angle 18 67" equat
Right asc. 10k 0= 20.Bs 150.33?' Declinzfnts s aeth et d2icars
leur asngle 1h E9» 24.3= 29.851° » ;
Declinatsom 137 14° 377 13.243° ngngéiifg: : 3_,.3:35? -
-“gt,rgn.az,:-ig tropocentric cocordinates ';";grjﬁ:.:étgi gt‘m 11&35 i
(Equinax J2000) Haxinun phas= 1 271.42° from n.pale
Right ase. o) E9w SE.lsz  149.984" Fhago enple : =94.31° oquat. Terminator Disc center
Declination 137 16° 44" 13520 JD . 2454744 01389 o 0
at 10.25°E at5.96°E 1.32°S
+ means East or North. - means West or South,

WinJupos then predicts that at the given input, the Moon is 60° high in WSW direction and is
sinking. Its age is 6.7 days. Its C. M. (Central Meridian) is 5.96°, meaning the Moon disc is
centered at longitude 5.96" E and hence an extra 5.96° zone of libration** is visible along the east
limb. Similarly, Declination of Earth —1.32° implies that the Moon disc is centered at latitude
1.32° S, giving an extra 1.32° zone of libration near the south pole. Terminator at 10.25° (E)
indicates that crater Sabine & Ritter are illuminated at favorable angles similar to T096 of .
The angles are also oblique enough to spot the wrinkle ridges around Lamont. On the other hand,
crater Armstrong is known small (about 5 km or 2.5 arcseconds angular). It is easier to spot
Armstrong with bigger telescopes, as well as the domes and rilles in the map.

In the above table, Terminator at 10.25° (E) is just an alternative quote of Colongitude 349.75°,
because they always sum to 360°, 180° or 0°. The colongitude tells the instantaneous position of
the terminator from which one can calculate the sunlight angle, and hence the height of a surface

feature from the length of its shadow. Methods to determine feature heights are demonstrated in
http://paganastronomy.net/lunarcrater.html.

WinJupos is not the only program available. There are other Internet sources of moon
ephemeredes.

**  Libration is elaborated in the Event 1| pages.

21


http://paganastronomy.net/lunarcrater.html

IMAGINATION helps tremendously in lunar observation.
Give a name or token to your feature favorite. It will not

appear in standard Moon atlas but is a good marker of }

memory. For instance, the Straight Wall (Rupes Recta)
can be thought as a sword with a handle at the southern
end. This handle is also the wall portion of the “ghost
crater” Thebit P, see figure at right or . The floor
of Thebit P is shaded by a pattern of darker lava which
resembles a dagger. The combination is then a sword and
a dagger side by side on the edge of Mare Nubium.

The imagination may be extended to crater Alphonsus,
see figure at right or . A close look at its floor
shows three small, dark lava patches along the inner rim,
and there are clefts and craterlets on the patches. Such
appearance suggests that it might be a remnant of local
volcanism, probably very young by geologic age. If the
Moon’s interior is not totally inert, someday volcanic
outgases may leak through the craterlets. They would be
ionized by sunlight, becoming luminously noticeable as
some kind of LTP (lunar transient phenomena). LTP are
short durations of brightness, color or shape changes on
the lunar surface. They have been reported for decades
even during the Apollo missions, although a lot of them
remain controversial. The three most likely explanations
of LTP are: a flash from meteorite impact, some form of
electrostatic discharge and outgoing gases ionized by
high-energy particles from space.

In [Map 1], there is a page on three families of Moon rocks. The mare basalt looks dark. The

anorthosite, which exists in highlands or beneath the mare basalts, is light-colored. The breccia is
a cemented type caused by the heat and pressure of a meteorite impact. This rock scenario may
inspire speculation about the peculiarities of some surface features. Books and web links about

lunar geology are highlighted in the page.
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MAP 1

Maria, Impact Basins and Evolution of the Moon

The Moon keeps the same face towards the Earth. The large dark area of this face (the nearside)
is termed Mare, the Latin for “Sea”. The term was originated in the 17th century, when the dark
plains were thought to be water. Maria are physically smooth lowlands of solidified lava,
typically 500~1500 m thick over the lunar crust. They erupted 3~4 billion years ago and are
younger than the bright surrounding highlands. Maria share 17 % of the total lunar surface.

Plains of relatively small areas are Latinized as Sinus (Bay), Lacus (Lake) or Palus (Marsh).
Montes are “mountain ranges”. Three huge montes run along the eastern edge of Mare Imbrium
— Montes Apenninus, Montes Caucasus and Montes Alpes as shown in TOO1. They are part of
the rising rim of the impact basin that holds the lava floor of Mare Imbrium.

Nearside of the Moon
2000.09.13 14:39 UT
FS102 + K25+ QV2300

Mare

o Tranquilitatis

Palus Somni _ -

1. Montes Apenninus
2. Montes Caucasus
3. Montes Alpes

Mare Cognitim Known Sea Hkg
Mare Crisium Sea of Crises B8
Mare Fecunditatis Sea of Ferility 23
Mare Frigoris Sea of Cold &g
Mare Humormmm  Sea of Moisture iBig
Mare Imbrium Sea of Rains fikE
Mare Insularum  Sea of Isles E¥g@
Mare Nectaris Sea of Mectar ifig

HOnons

Mare

Serenitatis

Mare Nubium

Mare Serenitatis
Mare Tranquillitatis
Mare Vaporum
Oceanus Procellarum
Lacus Mortis

Lacus Somniorum
Palus Epidemiarum

haria on the east limb are given in pages.

Mare
S5 Vaporum

Mare
Imbrium

Sea of Clouds Ejig

Sea of Serenity E¥E
Sea of Tranquillty 3848
Sea of Wapors R4S
Ocean of Rorms BERE
Lake of Death PF#E
Lake of Dreams ##H
Warsh of Epidemics #5558

=%
=2
=
o

win.Jeysaoid

G( 1]
700

Orthographic Projection

Palus Putredinis  Marsh of Decay #i8 (BEiE)
Palus Somni Marsh of Sleep &8

Sinus Aestuum  Bay of Billows 2 ()
Sinus Amoris Bay of Love FE

Sinus Honoris Bay of Honor SgE3E
Sinus Iridum Bay of Rainbows §I#
Sinus Medii Central Bay choy@
Sinus Roris Bay of Dew FEiE
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NASA 018

Close-up view of Mare Imbrium

This is an oblique view taken by the crew of
Apollo 15 in July 1971 when they flew over
the southern region of Mare Imbrium.
South is up. Ancient lava flow on the mare
floor (shown in top right corner) is evident.
Prominent wrinkle ridges are also seen in
the bottom half of the picture. Wrinkle
ridges are common in lunar maria, height
up to about 200 m. Generally, they tend to
group like concentric ripple rings along the
inner edge of a mare. Wrinkle ridges may
have resulted from surface shrinkage
following the cease of volcanism, or
buckling of the lunar crust due to the weight
of accumulating lava in the mare.

Mons La Hire, which has a crater on the
slope, is a highland remnant partially
submerged in lava. It is about 1500 m high,
base size 11 x 25 km. The telescope view
of this mountain is given in .

(AS15-1556, south-up)

NASA 019

Close-up view of

_ Montes Apenninus
MARE g : . S

VAPORUM  _ ’ % Pl s R e _' Apicture by Apollo 17 crew in December
& ; i ; A 1972. Montes Apenninus, which forms

part of the rising rim of Mare Imbrium, is

the largest mountain ranges on the

nearside of the Moon. The height of

some peaks exceeds 5000 m above the

mean level. A similar telescope view is

given in .

Note that the slopes of Apenninus
towards Mare Imbrium are quite steep
but the back slopes between Mare
Vaporum and Sinus Aestuum are
gradual. The back slopes are believed to
form from a gigantic hurricane of ejecta
at low angle during the Imbrian impact
which happened 3.85 billion years ago.

: (One can imagine the stunning moment

. v,
A
# DL ) i . -
i P e ) of this very massive impact !)

(AS17-2432, ‘solith-up)
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The Moon seen by Apollo 11 crew on return trip, 1969 July

This view is not visible from Earth-based telescopes. Mare Crisium and Mare Fecunditatis now appear
close to the center of the disc. Maria Nos. 1 to 7 (seen obliquely along the east limb of the Moon from Earth)
are positioned in better perspective. The curve passing through Goddard is approximately at longitude

90° E which separates the Moon’s nearside from its farside.

NASA 001

Y iy :
< = Furnerius A—"

Mare g
Fecunditatis -

2=

Mare oy
Tranquillitatis

i

\
LY

Montes Apenninus

g

‘Montes Caucasus

1. Mare Australe (Southern Sea) & i 5. Mare Spumans (Foaming Sea) it 7

2. Mare Smythii (Smyth’s Sea) # & M 4% 6. Mare Anguis (Serpent Sea) & %
3. Mare Marginis (Border Sea) 5 7. Mare Humboldtianum (Humboldt's Sea) ;4%

4, Mare Undarum (Sea of Waves) & i

Note the shape of Mare Crisium in above image. It is more circular compared to the oblique

view in Image T0O1.
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MAP 1
Mare Orientale (Eastern Sea)

Mare Orientale is near the center of Image NASA 002, but on Earth it is hidden behind the west limb of the Moon
and is partially visible only at very favorable librations. The mare is centered at 93°W 19°S, about 320 km across.
Physically it is the lava-flooded portion of an impact basin. The shock waves from the impact resulted in
concentric multi-ring mountains, including Montes Rook and Montes Cordillera with outmost span of 900 km. In
wide-field maps, the Orientale ejecta can be traced in the surrounding highlands as distant as the regions of
Piazzi (No. 6) and Grimaldi (No. 4). NASA 003 shows a closer view of the multi-ring basin.

NASA 002 1. Copernicus 10. Tycho

g 2. Kepler 11. Clavius

3. Aristarchus  12. Bailly

4. Grimaldi 13. Lacus Autumni

5, Byrgius (Autumn Lake)

6. Piazzi 14, Lacus Veris

7. Schickard (Spring Lake)

8. Gassendi  15. South Pole - Aitken
9. Schiller (large impact basin)

* ,Montes Rook

&  Oceanus- el

1 2 Procellarum

/
Montes Cordillera
Fhd Bk

3«

-

Nearside \ - Farside

(Gallileo flyby image, 1990) FESEE

By comparing the nearside of the Moon (T001) with the two spacecraft images (NASA 001 and
002), it can be seen that the dark maria are concentrated in the nearside but the farside is mostly
brighter highlands with very few maria. It also shows, in general, maria tend to be circular in
shape. This suggests that, like craters, the maria were firstly created by huge impactors which
struck the Moon some billion years ago, thus forming basins. The basins subsequently flooded
with lava that flowed out from the Moon’s interior through cracks in the crust, forming the maria
that appear in TOO1. However, the total volume of maria is small, about 0.1% of the bulk Moon.

A question is why maria are concentrated in the nearside. The common belief is that asymmetric
development of the Moon made the farside crust thicker than the nearside, as shown in next page.
The farside crust has limited deep cracks to eject magma (subsurface molten rocks), hence very
few maria. The density of lunar crust (~2.9 g/cc) is also less than that of magma (~3.3 g/cc).
These combined effects shift the Moon’s center of mass from the center of figure by 2 km and
make the nearside hemisphere slightly more massive than the farside. Over time, the Earth’s
gravity must have dragged the Moon until its more massive nearside locked towards the Earth.

In the above image, No.15 marks the South-Pole Aitken of the lunar farside. It is the largest
impact basin in the solar system, diameter 2300 km and depth 12 km. It is also the oldest among
all impact basins ever known, with age at least 4.1 billion years. A research suggested that the
shock waves from this impact traversed the Moon’s interior to the opposite face, producing part
of the cracks in the nearside crust. The South-Pole Aitken is supposed responsible for part of the
maria formation. (http./researchnews.osu.edu/archive/moonboom.htm)
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Cross-section of the Moon’s interior

The Moon'’s nearside crust has an average thickness of 60 km, and the farside crust is roughly 50 % thicker. It is easier
to eject magma (non-solidified lava) through cracks of the nearside crust after colossal impacts, hence creating vast
areas of dark plains or maria we see from the Earth. The farside has very few maria due to thicker crust. The lack of
global magnetic field on the Moon’s surface and measurement of its dynamics (moment of inertia) suggest that the
present Moon may or may not have an iron-rich core. If it has, the core is plastic (~11 00° C) and small, probably less
than 800 km in diameter. The mantle is the zone lying below the crust; it constitutes the major volume of the Moon.

Impact Basin

(Not to scale)

Mantle Hi#%

Facing Earth
-

Core (7)

/
/

Center of Maés

N\
Mare — Center of Figure

(Lava Plain)

Crust

Moonquakes:
Therefore it is not surprising that moonquakes are less
intensive and less frequent than earthquakes. Most
moonquakes are 700 ~ 1000 km deep in the mantle; they
are lriggered by the Earth’s and Sun’s tidal forces
especially during the perigee, and may have mild
magnitude below 2.5 in the Ritcher scale. Shallow
oo moonquakes are rare but stronger with magnitude up to

b about 5.5; they are caused mainly by slumping of crater
walls or meteorite impacts. Roughly 1000 moonquakes are
o detected per year,
earthquakes are recorded per year with similar equipment
on Earth. During moonquakes, the Moon “rings” like a bell
for tens of minutes because there is no water on the Moon.
( http://science.nasa.gov/headlines/y2006/15mar_moonquakes.htm)

The Moon is lack of plate tectonics.

whereas hundred thousands of

Highland (thicker on farside)
Shallow Moonguake Deep Moonguake
E LHB
g }
= |
= 10,000 | ]
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A 100F £
@ s Formation of
2 & crater Tycho
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Billion (10°) years ago (& s. Tayior, et al, 1981)

Lunar Regolith

Although the impact rate to produce craters is slow today, the airless
Moon is still under day-night temperature stress and continuous
bombardment by countless micrometeoroids, cosmic rays and
charged particles of the solar wind. As a result, a layer of loose and
broken rock and dust, termed regolith, has accumulated 3 to some
tens of meters thick over the lunar crust. The right picture from Apollo
16 Mission shows the astronaut’s bootprints on the lunar regolith. He
is dragging a rake through the regolith to collect rock fragments.
Despite the ‘“light” weight of the astronaut under low surface gravity
(1/6 that of the Earth or about 25 kg on the Moon), his bootprints
appear quite deep suggesting that the regolith is loose indeed. It is this
loose layer that scatters sunlight making the full moon very bright.

The dusty particles in lunar regolith are known as “moondust”. They
are abrasive and electrostatically sticky, as noted by the Apollo
astronauts. Lunar regolith also contains traces of small black glass
beads, size 1 mm in average. These beads were produced by melting

due to the heat and pressure of micro bombardment.

Lunar Impact History

Left: The impact rate on the Moon can be deduced
from crater counts. Generally it is much higher during
the first 0.8 billion years of lunar history. The high initial
impact rate is probably due to early stages of planetary
accretion, or fragmentation of nearby asteroids. The
exact cause of early bombardment is uncertain but it is
likely that the impact rate increased abruptly at about
3.9 billion years ago, a transient stage known as LHB
(Late Heavy Bombardment) or lunar cataclysm.
http:/fen.wikipedia.org/wiki/Late Heavy Bombardment

Most impact basins formed during the LHB. Following
the LHB is a rapid drop of impact rate between 3.8 and
3.2 billion years ago. In this period, many impact
basins on the thinner side of the crust were lava
flooded. Since then the lunar impact rate has been
quite slow. The maria and mountains we see today
remain nearly same status as 3.0 billion years ago.
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A. The giant impact theory, developed after the Apollo missions and supported by computer modeling, is widely
accepted to explain the origin of the Moon. It states that nearly 4.6 billion years ago, a proto-planet “Theia” of diameter
6300 km impacted the proto-Earth at an oblique angle. The dense heavy core of Theia fell into the surviving Earth
while its less dense mantle and part of the Earth exploded as debris into space. Some debris fell back to Earth. Other
debris accreted to form the Moon orbiting Earth at less than 1/10 of present distance but beyond the Roche limit. The
process of giant impact and accretion finished within 100 years. It made the initial Moon covered by a global hot
magma ocean possibly 800 km thick. The giant impact also caused the early Earth to spin 4 times faster than today.

The Giant Impact Theory

B. 800 million years after the giant impact, the Moon migrated to 1/3 of present distance. Its surface had solidified
with impact basins and craters covering 80 % area of the global crust.

C. About 3.0 billion years ago, nearly all impact basins on the thinner side of the crust flooded with lava, forming the
dark maria much similar to those seen today. The flooding spread over vast areas because of the low surface gravity
and intensive eruption of magma at low-viscosity (roughly 1/10 that of its terrestrial counterpart). At present the Moon is
locked with its maria-rich side towards Earth at mean distance of 384,000 km, and one day is lengthened to 24 hours.

(C) 3.0 billion years ago

Impactor’s core

\

(molten) \
\

Impact basins numbered in order of decreasing age
1. Fecunditatis * 2. Tranquillitatis™® 3. Nubium 4. Grimaldi  ( * Age is nof dafinite. )
5. Nectaris 6. Serenitatis 7.Crisium 8. Humorum 9. Imbrium

5 minutes after impact : ;
P Refergnce: Impact Basin Database, hitp:/fwww.[pod.org/cwm/DataStuffL unar’20Basins.him

Abundance of Elements

A: The abundance of elements on the Moon is shown by a statistical pie chart. These elements do not stand alone
but are bonded to oxygen as oxides, so iron may exist as FeO and titanium as TiO,. Note that hydrogen is enormously
depleted, reflecting the almost total absence of water on the Moon.

B: This map was derived from filtered images of Galileo probe en route to Jupiter. It shows the titanium / TiO,

concentration in the Moon’s nearside. Highland areas have been masked black. Generally lunar maria contain titanium

at different weight percentages. They can be grouped as high-titanium (more than 7 % TiO5), low-titanium (2-7 % TiOy)
and very-low-titanium (less than about 2 % TiO3). In spectral measurements, areas of high-titanium tend to be bright in

the blue end of the spectrum, e.g. Mare Tranquillitatis. Areas of low-titanium tend to be brighter in the red end, e.g.

Mare Frigoris. The variation of Ti levels indicates that magma could erupt from different depths and at different times.

A. Abundance of Elements B. Titanium Concentration
(Bulk Moon) (Lunar maria)
Titanium others
Magnesium _- . . n b Color Key

TiOz (wt %)
T+
H3-7
W23
Hi-2
H o0-1

Silicon
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C: Iron and thorium concentration in the lunar crust. Left: The iron (FeO) map was derived from Clementine
spectral reflectance data in 750 & 950 nm wavelengths. It shows the maria have iron contents much higher than the
highlands. The farside green area is SPA (South-Pole Aitken basin) with intermediate iron level. Right: The thorium
map was derived from the data of the gamma ray spectrometer in Lunar Prospector spacecraft. It shows thorium, a
radioactive element, is concentrated in the zone known as PKT (Procellarum KREEP Terrane) which corresponds to
Oceanus Procellarum, Mare Imbrium and its southern region. KREEP is a special radioactive rock containing thorium.

Iron Concentration Thorium Concentration
SPA—

Nearside ™

5 10 15 20 124681012

FeO (wt %) (south up) Thorium (ppm) USGS 004B

Moon Rocks

Compared with terrestrial, Moon rocks are completely free of water molecules and contain relatively few volatile
elements. This is a strong support to the giant impact theory that the Moon had been molten in its initial stage.

Among the moon rocks sampled from the Apollo missions, there are two distinct families: mare basalt in the lava
plains and anorthosite in the mountainous highlands. The mare basalt is mostly 3.2 ~ 3.8 billion years old whereas
the anorhosite is older, age up to 4.4 billions years (http://www.psrd.hawaii.edu/April04/). Mare basalt and anorthosite are just
broad terms in geology; they can be subdivided into various rock types depending on their mineral concentrations.

Figure (a) shows a sample of dark, vesicular mare basalt. It is these basaltic rocks and overlaying material of similar
composition that make the maria look dark in telescopes. The rock sample is vesicular because of many holes in its
body. It indicates that gas must have dissolved under pressure in the lava from which this rock solidified. When the
lava reached the airless Moon’s surface, bubbles formed as the gas pressure dropped. The dark color is a
characteristic of mare basalt. It implies enriched contents of heavy elements like iron and titanium. Compare Figure (a)
with (b) which shows another sample collected from the lunar highlands. The rock, so called anorthosite, is rich in
silicon, calcium and aluminum. Hence it is light-colored and less dense than iron-rich materials. During the period
when the Moon’s surface was molten, the less dense anorthosite rose to the top, forming the highlands. The
anorthosite is believed to be the most ancient type of moon rocks; it is the material of the original lunar crust. On the
other hand, the mare basalt formed from lava flooded on the lunar crust; hence it must be a relatively shallow layer
over the anorthosite.

Figure (c) shows another rock type breccia, commonly exists in impact melt and ejecta terrain. It is made up of
different types of rock fragments cemented mechanically by the heat and pressure of a meteorite impact. The lunar
regolith (Image NASA 021 in previous page) acts as the cementing agent.

A special type of lunar basalt or breccia was found in PKT (Oceanus Procellarum, Mare Imbrium and its southern
region). The rock, uniquely named KREEP, is relatively rich in potassium (K), rare-earth elements (REE), phosphorus
(P) as well as radioactive elements such as thorium and uranium. It is these radioactive elements that had given the
heat energy to support the viscosity of magma in the early Moon’s interior. KREEP is incompatible to common
rock-forming process and hence it floated to the upper lunar crust in the last chemical differentiation (crystallization) of
the magma ocean. The presence of KREEP enables scientists to trace the pre-mare volcanic history of the Moon.

=

¥ B 'I ."—_h:

(a) Mare Basalt A &% 2
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A minor group of rocks named Mg-suite also exists in some lunar highlands. It is Magnesium-rich, but its origin and
how it reached the highlands are not well understood. Some proposed that the Mg-suite formed at depths deeper than
the source region of mare basalts, and massive overturning in the interior of the early Moon brought these rocks within
the reach of surface. The Mg-suite appears KREEP-related, because both rock types tend to concentrate in PKT.

During massive impact, some ejecta pieces escaped from the Moon’s gravity. A rare number reached Earth as lunar
meteorites. So far about 30 lunar meteorites have been known through comparison with rock samples from the Apollo.

Lunar Geologic Timescale

The lunar geologic (or selenologic) timescale is divided into several unequal periods, beginning as early as 4.55
Ga (one Ga = 1 billion years ago) when the Moon had accreted from impact debris that orbited around the Earth.

Mectarian

Lunar crust formed gD Impact craters lost their bright ray systems ‘l

Peroid Pre-Nectarian Imbrian Eratosthenian Copernican
HIREHT [EER:ST Gl BRI ERL HHEL

| L | | |

T T ¥ T % £ T T T T T T 1

45 4.0/T 3.5 T 3.0 2.5 2.0 15 1.0 T 0.5 T 0

Nectaris basin formed Eratosthenes crater formed Copernicus crater Tycho crater
Imbrium basin Orientale basin

Timescale in Ga (billion years ago)

® 4.55-4.5 Ga The initial Moon was red hot due to the giant impact and accretion. The global surface was
covered by a magma ocean possibly 800 km thick. A second model suggests the entire globe was molten
due to heat released by the decay of radioactive elements in the deep interior.

® Pre-Nectarian 4.5 - 3.92 Ga The magma ocean was cooling down through chemical differentiation,
primarily the crystallization of minerals which are the basic components of rocks. Heavy minerals (e.g.
pyroxene ¥t and olivine 15187 ) sank to the mantle. Less-dense minerals (e.g. plagioclase feldspar =
~T11) rose to form the most ancient anorthosite crust. The KREEP and other minorities were the last to
intrude into the crust. Due to asymmetric crystallization, the crust was not uniform in thickness. Some oldest

craters and about 30 impact basins including the farside South-Pole Aitken are recognized in this period.

® Nectarian 3.92 - 3.85 Ga This period corresponds approximately to the transient stage of LHB (Late
Heavy Bombardment) mentioned earlier. At least 10 impact basins, including the nearside Nectaris,
Serenitatis, Crisium and Humorum basins are recognized. Their ejecta formed the upper layer of the rugged
and cratered terrain found in the highlands.

® Imbrian _3.85- 3.2 Ga The Imbrium basin on the nearside marks the beginning of this era. Other impact
basins formed progressively in the next 100 million years, including the youngest Orientale on the farside.
Intensive lava-flooding inside the basins and large craters (e.g. Archimedes Map 14 and Plato Map 16)
followed to produce mare basalts. The flooding might repeat at different time sessions within millions of
years, hence it reshaped the pre-existing terrain. Localized volcanism was active.

Remark: Sometimes the Imbrian period is subdivided into Lower Imbrian and Upper Imbrian epochs. The
Lower Imbrian ranges from 3.85 to about 3.75 Ga (formation of relatively young basins). The Upper Imbrian
ranges from about 3.75 to 3.2 Ga (formation of maria). This subdivision, however, is obscure.

® FEratosthenian 3.2 - 1.1 Ga \Volcanism faded and virtually ended in about 3.0 Ga. Less intensive
bombardment continued to form craters. Most craters, such as Eratosthenes formed in the beginning of the
period, lost their ejecta rays gradually through space weathering by cosmic rays, solar winds and
micrometeoroids. By the end of this period, old (pre-existing) impact craters were virtually lack of bright rays.

® Copernican 1.1 Ga - Present Additional impact craters such as Copernicus and Tycho formed in this
period although the impact rate was slow. They are relatively young and hence able to preserve their ejecta
rays in visibility. At present a thin layer of regolith has accumulated over the lunar surface. It is a source for
the studies of space weather because it traps the atoms from the Sun and cosmic rays apart from the Moon.

For comparison: Copernicus on the Moon formed 0.8 Ga; Tycho formed 0.1 G.a. The most ancient life on
Earth dates to 3.5 Ga; creature lives bloomed 0.5 Ga; dinosaurs became extinct 0.065 Ga.

Due to limited samples of Moon rocks and the possibility of land reshaping on the lunar surface in the very
ancient past, there is still much debate to mark certain key events along the geologic timescale. The timescale is
therefore a general marker of lunar evolution and not the absolute age of surface features.
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MAP 2

Hatfield 3, 4

Mare Crisium, Proclus, Palus Somni, Cleomedes, Messala RUKI 26,97 37, 38,16

Mare Crisium
59.19E 17.00N

Age 18 days

3 | .
3 views of Mare Crisium  Left: 2000.04.20 17:52 UT FS102  Middle: 2000.09.15 12:25UT MK67  Right: 2006.11.08 20:06 UT ETX90
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Mare Crisium (Sea of Crises) is a dominating feature near the east limb of the Moon. It is a dark,
lava-filled basin surrounded by mountain walls. The mountains average to 3000 m high. The
mare measures approximately 560 km east-west and 420 km north-south, but to Earth the
north-south diameter always appears longer due to foreshortening. Mare Crisium is the site of a
gravity anomaly known as a "mascon," or mass concentration that represents thick accumulation
of dense lava, or the fragments of an impactor that created the basin buried beneath the mare
surface. Mascons exist in other mare regions and few flat-floored craters as well, e.g. Mare
Imbrium, Mare Humorum, Mare Orientale, craters Ptolemaeus and Grimaldi; details in the maps
of page. Their high-gravity causes lunar satellites orbiting at low altitudes to either
impact the Moon or to be flung out into interplanetary space after a few years.

Under oblique illumination, concentric R
wrinkle ridges are visible along the inner [FESIUERWNNERNE

. .. 7 AN
circumference of Mare Crisium. The most SN pfons Usov

apparent wrinkle ridges are Dorsa Harker ‘Z’gﬁﬁ}f _‘_" A
and Dorsa Tetyaev on the castern cdge [ESSEENY s
(Image T002); they measure 180 ~ 200 km in '
length. Crater Eimmart C happens to locate
on the northern tip of Dorsa Tetyaev, and the
combined formation resembles a string
looped at one end. The neighbor of Eimmart
is an irregular patch of lava named Mare
Anguis (Serpent Sea); it seems to be a leak T\

piece from Mare Crisium. The cape on the R0 Tef*"’if"“’ '/

southern edge is Promontorium Agarum; it \ A _"--‘t-. JC: Fea
rises about 5000 m above the mare and looks . \ Bimnat
almost disconnected from the rest of the Mare Anguis =55 (R
highlands. In 1976, the former USSR probe, '
Luna 24, returned soil samples from the
vicinity of Promontorium Agarum.

The end pages of this map give the closer
views of Crisium region.

Proclus 468°E 16.1°N
Palus Somni 45.0°E 14.1°N

Proclus is a prominent impact crater on the
western highlands of Mare Crisium. It has WS
sharp rim and rough floor, 28 km in diameter, 8 MARE
2400 m deep. Its ejecta begins to shine as . RN CRISIUM
asymmetrical pattern of rays around Moon age B

of 5 ~ 6 days, gradually glowing up to be one
of the brightest features on the entire Moon.
The longest rays slide through the dark floor
of Mare Crisium. The asymmetrical ray
pattern is an evidence of a grazing impact, in
which the space impactor intruded from VAN | T

southwest (top right corner of T005) gnd hit The bright reﬂectin around the inner rim of Proclus makes
the Moon surface at very low angle, likely a  this crater resembling a bull's eye. (2000.06.15 16:28UT Age 13 days)

32



few degrees from ground. A low-angled impact is characterized by ejecta in confined directions.
The lower the impact angle, the more unidirectional the ejecta is. This explains Palus Somni
(Marsh of Sleep), a diamond-shaped area at immediate west of Proclus, is lack of Proclus’ ejecta
rays. Palus Somni measures 150 km east-west and looks neither a complete highland nor dark
mare. Its northern floor is rough but the southern floor is relatively flat. The peculiar gray tone of
Palus Somni has been a study subject by astrogeologists.

Sinus Concordiae

L1
¥

| ) :
Lacus.
___—Bonitetis

Proclus & Palus Somnii 2004.12.19 ~12:13 UT Moon age 7 days. 10-in f6+2.5X+ ToUcam (mosaic)

Macrobius 46.0°E  21.3°N

An impact crater with terraced walls and central peaks, 64 km in diameter. Its rim is interrupted
by a small crater. The adjacent Tisserand (36 km) looks like a small version of Macrobius. A
small irregular patch of mare named Lacus Bonitatis (Lake of Goodness) spreads in the vicinity;
its full view is given in TO51, starting page.

Sinus Concordiae 43.2°E 10.8°N

Bay of Concord, an inconspicuous bay-like mare adjoining the southern edge of Palus Somni,
east-west length about 140 km.
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(Image T111)

O’Neill’s Bridge 49.2°E 15.2°N
This nicknamed feature, firstly noted
by amateur John O’Neill in 1953, is
elusive. It is noticeable shortly after the
full Moon when the terminator
approaches the west edge of Mare
Crisium. During unfavorable seeing, it
resembles a bridge connecting two
spiky capes: Promontorium Lavinium
and Promontorium Olivium (both are
unofficial names). When seeing is
good, it resolves into two adjoined,
small eroded craters.

Lick *

Greaves

Yerkes

Picard

Picard 54.7°E 14.6°N
Peirce 53.5°E 183N
Picard (diameter 22 km) and Peirce (18
km) are the most noticeable craters on
the floor of Mare Crisium.

AN

Lick 527°E 12.4°N O'Neill's Bridge {arrow) is a nicknamed feature composed of two adjoined,
Yerkes 51.7°E  14.6°N small eroded crater. 2004.08.31 16:53 UT Age 15 days. 10-in ff6 + 2.5X + ToUcam

This is a pair of similar shaped flooded
craters. Lick is 31 km in diameter. Yerkes
is 36 km and connects to a satellite crater (Yerkes E, 10 km) through a ridge.

Dorsum Oppel 52.6°E  18.7°N

The most noticeable wrinkle ridges on the western edge of Mare Crisium, length 270 km. This
dorsum, together with Dorsa Harker and Dorsa Tetyaev on the eastern edge (Image T002), form
a concentric ring of mare ridges. All sizeable lava-flooded impact basins on the Moon, including
Mare Crisium, are characterized by concentric mare ridges.

(Images in next page)

Cleomedes 56.0°E 27.7°N

Geminus 56.7°E  34.5°N

Messala  60.5°E  39.2°N

Cleomedes is a prominent crater in the north of Mare Crisium. It is 125 km in diameter, with
small craters, central peaks and an elusive rille (Rima Cleomedes) on the floor. Its northern wall
is somewhat eroded and interrupted by the smaller crater 7Tralles (43 km). On the contrary,
Burckhardt (56 km) is a bigger crater that overlaps a close pair of small craters (Burckhardt E
& Burckhardt F). This is an exception of the trend that small craters superposed on larger ones.

Further north of Cleomedes are two small craters Geminus C and Messala B. They appear no
special near the terminator but become centers of bright rays during the full moon. Geminus
itself 1s 85 km across, with a central peak and a wide cleft cutting on the southern rim. Messala
is a fairly large walled plain with irregularities on the floor, 125 km in diameter.

Lacus Spie (Lake of Hope) 65.0°E  43.0°N
A small lava plain, about 80 km across.
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A\ Cleomedes, Geminus & Messala

2005.10.19 ~16:27 UT Moon age 16 days.
10-in f/6 Newtonian + 2.5X + ToUcam (mosaic)

1.Messala 2. MessalaB 3. Schumacher 4. Mercurius 5.Zeno 6. cus Spei (Lake of Hope)
2004.08.11 17:38UT Moon age 15 days. 10-in f/6 Newtonian + 2.5X + TolJcam at 1/100 sec.
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Features along the edges of Mare Crisium

8
MARE CRISIUM

7.Picard 8. Curtis 9. Eckert 2004.08.31 18:38 UT Age 15 days. 10-in f/6 Newtonian + 2.5X + Tolcam

"N

MARE CRISIUM
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. Firmicus (63.4°E 7.3°N, diameter 56 km)
. Lacus Perseverantiae (Lake of Persistence, a small

Wedge-shaéJed lava plain extruded from Firmicus.)

. Webb (60.0°E 0.9°S, diameter 21 km)

. Condon (60.4°E 1.9°N, diameter 34 km)

. Apollonius (61 1°E 4.5°N, diameter 53 km)
. Townley (63.3°E 3.4°N, diameter 18 km)

. Cartan (59.3°E 4.2°N, diameter 15 km)

. Daly (59.6°E 5.7°N, diameter 17 km)

. Ameghino (57.0°E 3.3°N, diameter 9 km)

L] fl
{\f
\

MARE

South of Mare Crisium 2004.08.02 ~17:53 UT Age 16 days. 10-in f/6 Newtonian +

10.

(
3 MARE
()
A

FECUNDITATIS

Sinus Successus
(Bay of Success)

CRISIUM

%

2.5% + ToUcam

Bombelli (56.2°E 5.3°N, diameter 10 km)

11. Abbot (54.8°E 5.6°N, diameter 10 km)

12.

Auzout (64.1°E 10.3°N, diameter 32 km)

. van Albada 564.3°E 9.4°N, diameter 21 km)
. Krogh (65.7°E 9.4°N, diameter 19 km)

. Pomortsev (66.9°E 0.7°N, diameter 23 km)
. Stewart (67.0°E 2.2°N, diameter 13 km)

. Petit (63.5°E 2.3°N, diameter 5 km)

. Condorcet (69.60E 12.1°N, diameter 74 km)
. Smithson (53.6°E 2.4°N, diameter 5 km)
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MAP 3

Hatfield 15, 16
Langrenus, Vendelinus, Petavius, Furnerius Ruiki 49, 59, 60, 69

j 4 |y Petavius

[}
1

Furnerius

S~

Furnerius A —_/¢
¥y
Snellius

Petavius +'f

. MARE N ¥
FECUNDITATIS 4
ek

[' Langrenus « ’
.

Furnerius to Langrenus 2000.0.15 15:52 UT Age 17days. MKB7+CP950 Petavius to Langrenus 2000.04.20 17:58 UT Age 15 days. FS1024CPO50 1/4 sec DSCN159

The magnificent chain of craters in Image T006 — The Great Eastern Chain — lines up on the
terminator when the Moon age is 15 ~ 17 days.

Langrenus 61.1°E  8.9°S

A prominent crater with terraced walls, central twin peaks and hilly floor, 127 km in diameter.
The walls rise to nearly 3000 m high. At high illuminations, the floor takes on a distinctly
yellowish-brown tint, compared to its surroundings. At full moon, Langrenus emits bright rays.
In the past, the crater was reported a site of LTP (lunar transient phenomena) gas glow.

Vendelinus 61.6°E  16.4°S
A worn walled plain, dia 131 km. Its rim is interrupted by Lamé (84 km) and few smaller craters.

Petavius 60.4°E  25.2°S

A large ring mountain with central peaks, clefts and dark patches on its floor, 188 km in diameter,
3300 m deep. Part of the ring mountain splits into a double wall. The cleft running from central
peaks to the south-western wall (main part of Rimae Petavius) is very distinct. Minor clefts also
run on the northern floor. In fact the whole floor of Petavius is fractured, likely caused by
post-volcanism that took place inside the crater. The western wall of Petavius is flanked by
Wrottesley (57 km) and the eastern wall is flanked by a crater-valley pair, Palitzsch (41 km) and
Vallis Palitzsch (130 x 20 km). Petavius is very bright during the full moon.
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MAP 3
Furnerius 60.6°E 36.0°S

Furnerius is a walled plain, 135 km in diameter. Its northern wall is heavily worn. Its floor
contains lava patches, an off-center crater and a rille (Rima Furnerius, length 50 km). Outside
the northern wall is Vallis Snellius, a 590 km-long valley pointing towards the impact basin that
holds Mare Nectaris, see Image TO56B. The valley floor appears as a chain of many overlapping
craters. Similar to Vallis Rheita in , Vallis Snellius was created by secondary impacts
during the formation of Nectaris basin.

Snellius, Petavius B, Furnerius A, Stevinus A
These craters are centers of bright rays.

T107_T110

Mare
Nectanis

 Both Vallis Snelius &Valis Rheita point to Mare Nectaris.

. Furnerius (Dia. 135 km)
. Petavius (188 km)

. Vendelinus (131 km)
. Langrenus (127 km)
. Furnerius A

. Rima Furnerius

. Stevinus (74 km)

. Stevinus A

. Hase (83 km)

10. Rimae Hase (83 km)
11. Snellius (82 km)

12. Vallis Snellius

13. Adams (66 km)
The crater chain 14. Legendre (78 km)

15. Palitzsch (41 km)
composed of 16. Vallis Palitzsch

17. Rimae Petavius
Furnerius 18. Wrottesley (57 km)

: 19. Petavius B
Petavius 20. Balmer (138 km)

Vendelinus 21. Holden (47 km)

Langrenus 22. Lamé (84 km)
23. Lohse (41 km)

24. Kapteyn (49 km)
2004.08.31 17:04~17:27 UT 25. Barkla (42 km)

Moon age 15 days (Mosaic of .

image T107, T108, T109 & T110) RASNALAUMJCELL)
27. Somerville (15 km)

28. Born (14 km)

29. Acosta (13 km)

30. Atwood (29 km)

31. Naonobu (34 km)

32. Bilharz (43 km)

33. Al-Marrakushi (8 km)

34. Phillips (122 km)

35. Humboldt (189 km, hidden)

OCOoONOODAWN=
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1. Furnerius 2. Furnerius A (bright] 3. Stevinus tStewnusA(bnghﬂ 5 leae Haﬂ-a 6. Enelllus
7-7. Vallis Snellius (endtoend) 8. Adams  2004.08.31 17:14UT Age 15days. 10-in f6+2.5%+ ToUcam

Petavius 2004.08.31 17:04 UT #.ge15 days. 10-in /6 scope Petavius 20051019 16:08 UT A.ge15 days 10-in /6 Nm\rtoman +25}(+TOUcam
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Langrenus 20040831 17:16UT Age 15 days. 104n #6+25%+Tolcam  Langrenus 2004.08.02 18:10UT Age 16 days. 10-in 6 Newionian + 25X + ToUcam




MAP 4

Hatfield 16

Rkl 67, 68, 69, 76

Vallis Rheita, Mare Australe

H

Janssen, Fabricius

Janssen

& vicinity

~18:56 UT

Moon Age 17.5 days
10-inch f/6 Newtonian

+ 4X Barlow + TolUcam

2005.08.22

{mosaic of 3 video clips)
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Janssen and Vallis Rheita
2004.12.17 ~10:04 UT Age 5.4 days
Inconstant sky with drifting clouds
10-in f/6 Newtonian + 2.5X + ToUcam
(mosaic of 3 video clips)

1
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Janssen 403°E 454°S

15

. Janssen (dia. 199 km)
. Rimae Janssen

. Lockyer (34 km)

. Fabricius (78 km)

. Metius (8 7km)

. Brenner (97 km)

. Rheita (70 km)

. Rheita E (32 x 66 km)
. Vallis Rheita (450 km long)
. Young (71 km)

. Mallet (58 km)

. Reimarus (48 km)

. Steinheil (67 km)

. Watt (66 km)

. Wohler (27 km)

. Neander (50 km)

. Reichenbach (71 km)

A large walled formation with craters, rilles and mountain massifs on its floor, 199 km in
diameter. It is highly eroded by impacting debris and hence must be very ancient. The system of
curved rilles that crosses the southern floor is Rimae Janssen, length about 120 km. So far no
one knows how these curved rilles formed. The northwest wall of Janssen is broken by the fairly

large crater Brenner (97 km).

Fabricius 42.0°E 42.9°S

This crater hits on Janssen. It is 78 km in diameter, with a small central peak. At one observation
with small telescope, the wall appeared double, making it look as though one crater is almost
perfectly centered in another. However, high-power telescopes confirm this is not a double wall

but a lumpy ridge like a horse-shoe.

Metius 43.3°E  40.3°S

A crater joining the walls of Janssen and Fabricius, 87 km in diameter, with a low central peak.
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Vallis Rheita 51.5°E  42.5°S po A
Vallis Rheita is a long valley near Janssen, 450 km in length, width up to K e 7 A
30 km. It begins from the outer rim of Rheita (70 km), passes through #¢ { Malet
Young (71 km) and Mallet (58 km), then ends beyond Reimarus (48 km). § v, , [ ;
The floor of Vallis Rheita appears as a chain of overlapping craters more [ % 25 N LR
than a true valley. The chain also points to Mare Nectaris (T056B, [Map 3)), BZED } &7 ,/ 4
suggesting it was created by secondary impacts during the formation of FESEESEF g
Nectaris basin. Rheita E is an elongated crater-valley feature, 32x66 km,
probably created by the fusion of few pre-existing craters or by a grazing
secondary impact during the formation of Janssen.

7.
"l 4
- o

Young 50.9°E 41.5°S
A shallow crater superimposed on Vallis Rheita, 71 km in diameter.

Steinheil 46.5°E 48.6°S  Watt 48.6°E 49.5°S .
A pair of overlapped craters, each about 67 km in diameter. The east inner
wall of Steinheil houses a group of small but noticeable craters (T228).

Mare Australe 93.0°E  38.9°S  (Image T188) Valis Rheila 20040831 19:50UT Age 15

Mare Australe (Southern Sea) is on the south-east limb, overlapping the

nearside and farside of the Moon. It is a difficult object due to foreshortening. Its dark irregular
shape stretches 35°X 35, covering a span of about 600 km. In Lunar Orbiter mapping, nearly 200
craters of different sizes are scattered in this mare, hence scientists thought Australe could be the
most ancient mare among all. Lyot (84.5°E 49.8°S) is a large flooded walled plain lying within
Mare Australe, 132 km in diameter. More details in map.

2006.03.09 ~14:11UT Moon Age 9.6 days
Libration I=5.2° b =-6.5° (favorable)
10-in f/6 Newtonian + 2.5X + ToUcam (mosaic)

. Lyot (Dia. 132 km)

. Oken (71 km)

. Hamilton (57 km)

. Brisbane (44 km)

. Hanno (56 km)

. Pontécoulant (97 km)
. Peirescius (61 km)

. Peirescius D (43 km)
. Vega B (30 km)

W oo~ O & W M =
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MAP 5

Hatfield 15, 13,14
Rkl 46, 57, 58, 67

Mare Nectaris, Theophilus, Cyrillus, Catharina,

Piccolomini, Rupes Altai, Fracastorius
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Janssen Io Torrlcelll 2000.11.02 12:14 UT Age 6 days. FS128 + LE12.5 + QV2300 at 1/6 sec.
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From Piccolomini to Theophilus

1. Rupes Altai
2. Piccolomini
3. Rothmann
4, Pons
5. Fermat
6. Polybius
7. Theophilus
8. Theophilus B
9. Cyrillus
10. Cyrillus A
11. Cyrillus F
12. Catharina
13. Catharina P
14, Tacitus
15. Ibn Rushd
16. Méadler
17. Beaumont
18. Fracastorius

Piccolomini to Theophilus 2004.09.20 ~12:00 UT Age 6 days. 10-in f/6 Newtonian + 2.5X + ToUcam (Thumbnall is from 4X Barlow)




Piccolomini and Rupes Altai at Moon Age of 18 days

W ‘ (2X enlargement)

Piccolomini and Rupes Altai 2006.08.12 21:30~21:41 UT Age 18.5 days. 10-inch f/6 Newtonian + 2.5X + 1.6X + ToUcam, 95% resized. (mosaic)
The 2X enlargement shows a section of Rupes Altai with abrupt slope. Position A s roughly 1000 m higher than the foot of the cliff. Due to low surface
gravity (1/6 that of Earth), a stone dropping from position A will take half minute to reach the ground.

Remark: Distance dropped by a free-falling object on the lunar surface is equal to 1/2 « g « £*,
where g is the gravitational acceleration (= 1.62 m/s”) and ¢ is the time of falling.




Mare Nectaris (Sea of Nectar) 35.5°E 15.2°S
This is a small mare inside an impact basin, diameter
about 330 km. The impact basin is traceable by a |
pattern of three concentric rings, as suggested in
Image TOO8A. Rupes Altai lies on the outmost ring of
the basin. Theophilus, Cyrillus and Catharina form a
prominent crater trio between Ring 1 and Ring 2.

TOO8A

JRupes Altai

el

Theophilus 26.4°E 11.4°S

A ring mountain, 110 km in diameter. Its massive
terraced walls rise 4000 m above the interior. These =
huge walls appear as two to three concentric ring ~ ~ %@
mountain ranges, each successively lower to the next & g~ A H ¢ }Theothlus
until the floor is reached. At lower powers Theophilus : ' '
appears to be circular while higher powers show the
walls to be composed of linear segments. On the _
north-western wall is a small crater Theophilus B. T Torricelli ' Hypatia
Theophilus also contains magnificent multiple central
mountains with one of the peaks rising 1400 m above
the floor. Theophilus is a rayed center under high illumination.

4 Cyrillus

A

N
'.‘,
.p ’. Cathatina

2001.05.12 18:20UT Age 19 days. C9 + LE12.5 + Nikon CP90
The arrow points to a tortoise-shaped shadow on Cyrillus F.

Theophllus Cyrillus & Catharina 2006.07.31 12:18 UT Age 6.3 days. 10-in fi6 Newtonian + 2.5X + Tollcam (mosaic)
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Cyrillus 24.0°E 13.2°S

A ring mountain with disintegrated wall
and three central peaks, 98 km in
diameter. It is obvious that the Theophilus
impact destroyed a section of Cyrillus’s
walls. Cyrillus is therefore older than
Theophilus. The southwest wall contains
a small crater, Cyrillus A. The floor of
Cyrillus does not appear smooth like the
floor of Theophilus, but rough with ridges
and depressions. The floor of Cyrillus F
(diameter 44 km) also contains a shallow
depression with central uplift. It casts a
tortoise-shaped dark shadow during
Moon age of 18~19 days. (Image T009 &
T144).

]

b v LA
In the vicinity of Cyrillus F is an Cyrillus & Cyrillus F 2006.08.12 21:43UT Age 18 days 10-in f/6 Newtonian + 4X + ToUlcam
. . . The arrow points to an interesting crater trio (Beaumont A + 2 craterlets) that resembles a magnifying glass.
interesting trio of craters (Beaumont A +

2 craterlets) that resembles a magnifying glass.

Catharina 234°E 18.1°S

A ring mountain with disintegrated wall, 104 km in diameter. Catharina is connected to Cyrillus
by a broad valley, and is believed the oldest of the trio. It has been nearly obliterated by several
impacts. There are big and small craters on its floor (the most prominent being Catharina P), but
no sign of central peaks. The central peaks must have existed years ago but finally overwhelmed
by Catharina P.

Midler 29.8°E 11.0°S
A 27-km crater. Its ejecta blanket is fan-like and relatively whitish. See also .

Piccolomini 32.2°E 29.7°S
A prominent crater with terraced walls and central peaks, 87 km in diameter, 4500 m in depth.

Rupes Altai 22.6°E 24.3°S

A sinuous mountain fault running between Piccolomini and Catharina, about 450 km in length. It
is the remains of the rising rim of an impact basin in which the central part is Mare Nectaris. See
also Image TOO8A. The slope of this fault toward Mare Nectaris drops 1000 m in average.

(Image T245, next page)

Lindenau 249°E 32.3°S
A prominent terraced crater with multiple central peaks, 53 km in diameter, 2900 m in depth.

Rabbi Levi 23.6’E 34.7°S
An 81-km crater with 5 smaller but prominent ones on the floor. Its eastern wall is heavily ruined
by a cluster of impact craters.

Zagut 22.1°E 32.0°S
A crater adjoining Rabbi Levi, 84 km in diameter. Its floor contains a small central crater. Its
southeastern wall looks linear and interrupted by a fairly large crater (Zagut E, diameter 35 km).
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£ i 3

’ Toa s g th
1. Lindenau 2. Rabbilevi 3.Zagut 4. Celsius 5. Rothmann
2005.11.08 ~11:50 UT Age 6 days. 10-in /6 + 4X + ToUcam (mosaic)

MARE NECTARIS

' I [ g 'V P-’-
Fracastorius 2005.08.22 19:07 UT Age 17.5 days. 10-in f/6 Newtonian + 2.5X + 1.6X + ToUcam, 93 frames stacked.

Fracastorius  33.2°E 21.5°S  (Image T229)

An incomplete walled plain, 112 km in diameter. Its bay-like floor opens to Mare Nectaris and
contains a long narrow, unnamed rille that intersects Fracastorius M. This rille is rather elusive
to spot unless the illumination angle is appropriate. The floor also contains a tiny rayed crater
and dome-like hills. The western wall of Fracastorius is partially ruined by irregular craters
Fracastorius Y, D and H. Note the interesting crater-trio formation (arrow in T229).
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Messier, Censorinus, Taruntius, Cauchy
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Smithson

(Image T105)

Messier ~ 47.6°E  1.9°S
Messier A 47.0°E  2.0°S

A pair of small impact craters in
Mare Fecunditatis (Sea of Fertility),
diameter 11 ~ 13 km. Messier looks
oval in shape that is definitely not
caused by foreshortening. Messier A
is a double crater and hence looks
somewhat elongated. Its ejecta
splashs out as two long bright rays
like a comet; each ray is over 100 km
long towards the west. This crater
pair probably formed simultaneously
by a grazing binary or broken
impactor.

Rima Messier 45.0°E  1.0°S
An inconspicuous rille, length about
100 km.

Rimae Secchi  44.0°E  1.0°N
An elusive short rille, length 35 km.
It is in the south of Secchi (Label 13,
T262 in next page).

angranus

MAP 6

Hatfield 3
Rikl 36, 37, 47, 48
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Mare Fecunditatis

Messier *
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Secchi

Anville
Maskelyne

X * Taruntius
Mare Tranquillitatis

Cauchy Sinas

Messier A

o ¢

‘2004 08.02_17:53 uT Age 16 days
ity

3 i
v L]

1.Messier 2. Messier A 3. Rima Messier 4. Lubbock 5. Rimae Goclenius EArrn'btuns 7. Ibn Battuta El_lndhargh
9. Dorsa Mawson 10, Dorsa Cato 11, Dorsum Cayeux 12, Dorsum Cushman  13. Rimae Secchi (10-in {6 Newtonian)
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> 7
142

Mare Fecunditatis

1. Messier 2. Messier A 3. Censorinus 4. Censorinus C 5. Censorinus N 6. Maskelyne 7. Maskelyne A 8. Leakey 9. Isidorus B
10. Tomicelli 11. Lubbock 12. Secchi 13. Rimae Secchi 14. Montes Secchi 15. Menzel 2006.07.02 12:40UT Age 7 days. 10-in fi6 Newtonian + 2.5X + ToUcam

(Image 262)

Censorinus 32.7°E  0.4°S
A crater on the southern edge of Mare Tranquillitatis, 3 km in diameter. It is surrounded by a
white halo and is exceptionally bright under high illumination.

Maskelyne 30.1°E 2.2°N

A crater with terraced walls and central

Zahringer peak, 23 km in diameter. Its rim is
. somewhat polygonal.

Secchi 43.5°E 2.4°N

A crater with broken wall, 22 km in
diameter. Its western rim adjoins a
narrow mountain range (Montes Secchi,
length about 50 km).

(Image T186)

Taruntius 46.5°E  5.6°N

A rayed crater at the “neck” between
Mare Fecunditatis and Mare
Tranquillitatis. It is 56 km in diameter,
with concentric walls and a central peak
rising from the partially darkened floor.

da Vinci 45.0°E 9.1°N
A heavily disintegrated crater, 37 km in
diameter. Its floor is rough.

LY

\ \

ey .
54~ 11:01 UT Age 5.4 days. 10-n U6 + 2.5X + Tollcam

Taruntius & Cauchy 2004.12.17 10
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Rima Cauchy

Cauchy, its adjacent rille, scarp and 2 domes 2006.08.12 ~21:11UT Age 18 days. 10-in f/6 Newtonian + 4X + ToUcam (mosaic)

Cauchy 38.6°E 9.6°N

A 12-km crater with sharp rim, bright in the full moon.
It sits between two parallel features: Rupes Cauchy
(fault, length 120 km) and Rima Cauchy (rille, length
140 km). Their appearance is similar to Rupes Recta
and Rima Birt in . Rupes Cauchy looks
strange because its ends taper off to narrow rille
segments. The twin probably formed when the lava
floor of Mare Tranquillitatis was under excessive
stress. To the south are two domes designated Cauchy
Omega (o) and Cauchy Tau (t). They are visible
only at low illumination. Each dome has a summit
craterlet, but the one on Tau is less distinctive.

Aryabhata 35.1°E  62°N
A heavily flooded crater, 22 km in diameter. Its
western wall is overwhelmed in lava.

. Lucian dome 2m5.n.21 15UT Age 18 days. 10-n 6+ 25X+ T
Lucian 36.7°E 143°N

A 7 km-crater. It has a nearby dome.
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MAP 7

Hatfield 15
Capella, Isidorus, Torricelli, Bohnenberger, Gutenberg Riikl 47, 48, 58

MARE NECTARIS

1. Capella 2.lsidorus 3. Vallis Capella 4. Gutenberg 5. Rimae Gutanerg 6. Montes Pyrenaeus 7. Gaudibert 8. Médler
9. Torricelli 10. Theophilus 11. Daguerre 12 a crafer-vafley — 2004.09.20 ~11:17UT Age 6 days. 10-in /6 Newtonian + 2.5X + Tollcam.

Capella 35.0°E 7.5°S

A crater in the north of Mare Nectaris, 49 km in diameter. It has an oversized central peak with a
summit pit. A valley cuts through Capella and the adjacent smaller craters. The northern section
of this valley (Vallis Capella) is composed of two overlapped craters, length 50 km. If Image
T142 is turned clockwise, Capella resembles a monkey face.

Isidorus 33.5°E 8.0°S

A crater with relatively flat floor, 42 km in diameter. Its wall is interrupted by Capella. It has no
central peak. A prominent crater (Isidorus A, 10 km) is located on the floor near the western rim.
A nameless crater-valley feature, formed by overlapping craters, exists in the north of Isidorus.

Midler 29.8°E 11.0°S
A 27-km crater with prominent ejecta blanket. See also .

W004

Torricelli 28.5°E 4.6°S Ao SR
fF01jr1cell1 is a strange-lookmg. crater, 22 km in diameter. It is “gf ACEEH ¢ o Torricelli %
inside a ghost crater located in an uneven mare called Sinus N : :ti
Asperitatis (Bay of Roughness). The western wall of Torricelli A ;
is open and linked with a smaller crater, so that the whole 37§ Wik 1 .
formation appears pear-shaped. '
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2004.12.17 10:14 ~ 11:09 UT Age 5.4 days
Inconstant sky with clouds blocking the Moon

Fracastorius  Details in .

10-in f/6 Newtonian + 2.5X + ToUcam (mosaic of 3 video clips)
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Gaudibert 37.8°E 10.9°S  (Image T193, Label 16)
A crater with internal massifs and ridges, 34 km in diameter. Its southern wall adjoins a trio of
small craters while the rest of the walls are surrounded partially by mountain ranges.

Daguerre 33.6°E 11.9°S (T193, Label 17 and T142, Label 11)
A ghost crater in Mare Nectaris, 46 km in diameter. A rayed craterlet is in the inner western floor.

. Fracastorius (dia. 112 km)
. unnamed rille

. Beaumont (63 km)

. Rosse (11 km)

. Santbech (64 km)

. Monge (36 km)

. Cook (46 km)

. Colombo (76 km)

. Magelhaens (40 km)

. Goclenius (72 km)

. Rimae Goclenius

. Montes Pyrenaeus

. Gutenberg (74 km)

. Rimae Gutenberg

. Bohnenberger (33 km)
. Gaudibert (34 km)

. Daguerre (46 km)

. Capella (49 km)

. Vallis Capella

. Isidorus (42 km)
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Santbech 44.0°E 20.9°S

Colombo 45.8°E 15.1°S

These are typical craters with terraced walls, central
peaks and relatively flatten floor. Santbech is 64 km
in diameter, Colombo is 76 km.

Bohnenberger 40.0°E  16.2°S

A crater with internal low hills, 33 km in diameter. It
rests on the eastern edge of Mare Nectaris where
wrinkle ridges are prominent at Moon age of 18 days.

Gutenberg 412°E 8.6°S

A flooded crater, 74 km in diameter. Its eastern wall is
broken by a smaller flooded crater. Two wide systems
of rilles, Rimae Gutenberg (length 330 km) and
Rimae Goclenius (length 240 km) run in the vicinity.

Montes Pyrenaeus 412°E 15.6°S  (image T193) T
Mountain range from the south of Gutenberg to ; A

Bohnenberger and beyond, length 164 km. It appears 2006.08.12 21:23UT Age 18 days. 10-in 16 Newtonian + 4X + ToUcam
as part of the rising rim of the Nectaris impact basin.

1. Gutenburg

2. Gutenburg E

3. Gutenburg G

¥ 4. Rimae Gutenburg
5. Goclenius

6. Rimae Goclenius
| 7. Lubbock

| 2006.08.12 ~21:22UT
' Moon age 18 days

10-in ff6 Newtonian
+4X + ToUcam

56



MAP 8

Hatfield 1,13
Sabine, Ritter, Hypatia, Delambre, Arago, Lamont Riikl 35, 46
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Apollo 11 landing site —n
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\Rima Rifeg

. / \

MARE
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TRANQUILLITATIS

dome (3

Rimae
12 Sosigenes —

dome O

1.8abine 2. Ritter 3. Schmidt 4. Armstrong 5.Collins 6. Aldrin 7. Moltke 8. Hypatia 9. Delambre
10. Torricelli 11, Lamont 12. Arage 13.Sosigenes 2004.09.20 11:13UT Age 6 days. 10-in f/6+2.5X+ ToUcam

Sabine 20.1°E 14°N  Ritter 19.2°E 2.0°N

Two adjoining craters near the equator, each about 30 km in diameter and with rough floors. A
prominent ridge intersects the southern rim of Sabine. On 1969 July 20, the Apollo 11 Lunar
Module landed on the east of Sabine. The landing site is a flat area called Statio Tranquillitatis
(Tranquillity Base). It is truly flat and was chosen by the Apollo mission planners to prevent any
obstacle or hazard during final descent. To honor this pioneer expedition, three nearby craters are
named after Armstrong (4.6 km), Collins (2.4 km) and Aldrin (3.4 km). Armstrong is the Apollo
11 astronaut who first set his foot on the Moon; Collins and Aldrin are other crew members.
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Two systems of parellel rilles, Rimae Hypatia (length
200 km) and Rimae Ritter (length 100 km) are in the
close vicinity of Sabine and Ritter.

Moltke 24.2°E 0.6°S

A small crater with a bright halo, 6 km in diameter. The
bright halo makes easier to recognize where crater
Armstrong should be.

Hypatia 22.6°E 4.3°S
A curiously shaped crater. It measures 28 x 40 km and
appears to sit on its own plateau.

& R

0 0 % & v
Delambre 17.5°E 1'? S‘ Apollo 11 Landing Module (picture corner)
A terraced crater, 51 km in diameter, about 3000 m deep. and the Laser Ranging Retro-reflector Array.
The reflector was left by Apollo 11 crew on
Arago 21.40E 6.20N the landing site, and is still used today by

. . . . . the McDonald Observatory to monitor the
A crater with sharp rim and ridged floor, 26 km in diameter.  precise Earth-Moon distance.

Two domes (a, B) and few smaller domes are in the vicinity. — (http:/www.csr.utexas.edu/mirs/)

Lamont 23.7°E 4.4°N
A ghost crater outlined by concentric wrinkle ridges, 106 km in diameter. It contains a macon.

.

. Lamon
. Arago 3. Manners

. Sosigenes

. Rimae Sosigenes
8. Maclear
9. Rimae Maclear
0.Ross  11. Carrel
2. Jansen
3. Maskelyne

Lo i chra,
Wrinkle ridges around Lamont  2004,10.03 21:40UT Age 19 days. 10-in 16+ 2.5X+ToUcam. Arrow points to Diamondback Rille (nickname).
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Manners ( ,

Arago

Sausbisog

Sosigenes A (

Right: The arrow points to
a curved edge of lava flow. It
appears concentric with the
central ghost crater Lamont
(Label 9) which contains a
mascon. This hints that the
edge could be a buried rim of
a pre-existing impact basin.

Label 10 & 11 are two domes,
about 15 km in diameter and
height below 300 m. Label 5
are parallel fractures due to
the massive weight of lava
flooded in Mare Tranquillitatis.

50 km

. Delambre

. Sabine

. Ritter

. Schmidt

. Rimae Hypatia
. Aldrin

. Manners

. Arago

. Lamont

10. Arago Alpha
11. Arago Beta

OO~ W =

2004,09.04 17:28~17:56UT
Moon Age 19.7 days
12.5-in /6 + 4X + ToUcam

(Mosaic, 88% resized)




Serpentine Ridge, Plinius, Posidonius, Menelaus, Manilius
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MAP 9

Hatfield 1, 3
Rkl 23, 24, 25, 14

Mare Vaporum

¥, Autolpcus
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Caucasmg A ¥ )

Aristillus

Mara Sarnnltaﬂs 2004 06.26 14:54 UT Age 9days. 10-n fi6 Newtonian + ToUcam at prime focus, 1/100s, 38 frames stacked.

A Lacus Hiermalis B, Lacus Gaudii  ©. Lacus lenitatis D Lacus Doloris E. Lacus Odii

F.lacus Felicitais G, Sinus Fidei

(Wlinfer L ake) fLakeofJoy)  (Lake of Tendemess)  (Lake of Sorrow)  (Lake of Hate]  (Lake of Happiness)  [Bay of Faith)

Mare Serenitatis is the Sea of Serenity. It is a vast,
near-circular lava plain, size about 500 x 700 km and
contains a mascon. The inner collar of the mare looks
somewhat darker, suggesting richer in metallic composition
(e.g. iron and titanium) than the rest of the floor. The eastern
floor is crossed by two snaky wrinkle ridges named Dorsa
Lister and Dorsa Smirnov (also collectively called Serpentine
Ridge, see next page). Each of them is about 10 km wide and
meanders quite a long distance. They may have resulted from
surface shrinkage following the cease of volcanism, or
buckling of the lunar crust due to the weight of accumulating
lava in the Serenitatis impact basin. Wrinkle ridges are
typically below 200 m in height, so they are distinctive only
under very oblique sunlight.

The southwest edge of Mare Serenitatis is the 560-km long
Montes Haemus; it is part of the rising rim of the Serenitatis
impact basin. In the vicinity are six irregular lava “lakes”,
labeled A to F in Image T010. Menelaus, Plinius, le Monnier

Mare Serenitatis and its neighboring maria

and Posidonius are the most conspicuous craters in this region. A lava channel between Montes
Apenninus and Montes Caucasus connects Mare Serenitatis with Mare Imbrium.
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1. Plinius

2. Rimae Plinius
3. Dorsa Lister

4. Dorsa Smirnov
5. Very

(3 + 4 = Serpentine Ridge)

2004.09.04 ~18:18 UT
Moon Age 20 days

12.5-in fi6 + 4X + ToUcam
Mosaic of 5 video clips

1.Plinius 2. Rimae Plinius 3. Dorsa Lister 4. Dorsa Smirnov 5. Dorsa Aldrovandi 6. Dorsum Nicol

7. le Monnier 8. Posidonius

9. Luther  10. Promontorium Archerusia 11, Al-Bakri 12, Tacquet

2004.10.03 21:28~21:36 UT Moon Age 19 days. 10-inch f/6 Newlonian + 2.5X + ToUcam (mosaic)

Serpentine Ridge

Serpentine Ridge (a former
name) consists of Dorsa
Lister & Dorsa Smirnoy,
length about 400 km. It is
prominent only when it is
close to the bright side of the
terminator. In the middle of
this ridge is crater Very
(diameter 5 km). Near the
southern end is an unnamed,
12 km-long trough (T168).
Near the northern end are
Luther and a small group of
indistinctive domes.




MAP 9

The Eastern Edge of Mare Serenitatis: It is darker than the rest of the floor, especially the dark patch near
Littrow. Posidonius Gamma is a former name referring to the peak on wrinkle ridge (Dorsa Smirnov). It has a
summit craterlet surrounded by a halo of bright material.

1 l)C.arnal

MARE = TRANQUILLITATIS
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'S i 1 () () Luther
! Lacus Somniorum *{ "))
0 L)
Plinius to Posidonius 2004.12.19 12:18~12:26 UT Age 7.4 days. 10-in 6 + 2.5X + ToUcam (mosaic)
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MAP 9
Plinius 23.7°E  15.4°N  (Image T138 & T143)

A sharp rimmed crater between Mare Serenitatis and Mare Tranquillitatis, 43 km in diameter,
visible even in the full moon. Its interior has two crater-like hills with broken slopes under low
illumination. A system of parallel rilles (Rimae Plinius, length 120 km) lies on its immediate
north and cuts through the wrinkle ridges on the mare. Plinius is a Roman general and naturist,
also the author of the encyclopedia “Historia Naturalis”. He died in the witness of the massive
eruption of Mount Vesuvius, a volcano in Italy that destroyed the City of Pompeii in AD79.

Montes Taurus 41.1°E  28.4°N  (lmage 7063)

Montes Taurus (Bull Mountains) is in the east of Mare Serenitatis. It rises to 3000 m peak,
spanning roughly 200 km south-north from Sinus Amoris (Bay of Love) towards Lacus
Somniorum (Lake of Dreams). Its coverage is not well defined. Montes Taurus holds the fairly
prominent crater Romer with longitudinal rilles Rimae Romer and part of Rima G Bond. These
rilles rely on low angles of sunlight to be distinctive.

Romer 36.4°E 254°N
A sharp rimmed crater with terraced walls and a relatively large central peak, 39 km in diameter.

le Monnier 30.6°E  26.6°N
A bay-like flooded crater opened to Mare Serenitatis, 60 km in diameter. It has a dark flat floor.

. Posidonius

. Rimae Posidonius
. Chacormnac

. Rimae Chacornac
. le Monnier

. Littrow

. Rimae Littrow

. Romer

. Rimae Rémer

. Brewster

. Franck

. Hill

. Esclangon

. Kirchhoff

. G. Bond

. Rima G. Bond

. Hall

. Daniell

1
2
3
4
5
6
£
8
9

S e i L
o~ Wh 2O

2004.12.17 10:19~10:22 UT Age 5 days .

10-in f/6 Newtonian + 2.5X + ToUcam Lacus Somniorum
il _ 18 )

Mosaic of 3 video clips
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Posidonius and its vicinity

1. Posidonius 2. Rimae Posidonius 3. craterfets (~1 km) 4. PosidoniusJ 5.Chacornac
6. Rimae Chacornac 7. G.Bond 8.Rima G.Bond 9.Hall 10. Kirchhoff 11. Daniell
2006.08.12 ~20:49 UT Age 18 days. 10-in f/6 Newtonian + 2.5X + 1.6X + ToUcam (mosaic)

Posidonius 29.9°E  31.8°N  (Image 1241)

A spectacular walled plain between Mare Serenitatis and
Lacus Somniorum, 95 km in diameter. Its floor contains low
hills (probably volcanic domes), prominent ridges and a wide
system of rilles (Rimae Posidonius). Near first quarter,
Posidonius resembles "a thin pancake on the dark mare"
because of its raised floor. Label 3 in T241 is a short chain of
tiny craters, barely resolvable in 10-inch telescopes.

In T234, three small domes are distinguishable between
Posidonius and Luther (diameter 9 km).

Chacornac 31.7°E 29.8°N

A disintegrated crater adjoining Posidonius. It is 51 km in
diameter, with hexagonal walls and a small off-center crater.
Few rilles (Rimae Chacornac) on the floor are visible under

high magnifications. Chacornac appears as the little brother 9 (enlargement)
Of POSidoniuS 2004.10.03 21:36 UT Age 19 days. 10-in fi& Newtonian + 2.5X + TolUcam

Three domes near Luther

Rima G. Bond 35.5°E 33.3°N
A rille running from Montes Taurus into Lacus Somniorum, length 168 km, width up to 4 km.

Hall 37.0°E 33.7°N
A crescent-like flooded crater, 35 km in diameter. Its exposed walls are heavily worn.

Daniell 31.1°E 35.3°N
A sharp-rimmed oval crater, size 23X 29 km. See also .
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Ching-Te ~
(diameter 4 km)

et |
Mons Maraldf
L]

Sinus Amoris

2005.10.20 ~17:16 UT Moon Age 17 days.
10-inch /6 Newtonian + 4X + ToUcam (mosaic)

1.Ching-Te 2.Stela 3.Clerke  4.Fabbroni 5. Vituvius [0
6. Gardner 7.Maraldi 8. MaraldiE 9. MaraldiD 10. Littrow
11. Rima Carmen  12. Rima Rudolf  13. Apollo 17 landing

DMD: Referto hftpz{www.psrd. hawafl.edw/Feb97/MoonVolcanies.him/

Ching-Te 30.0°E 20.0°N
Ching-Te (Chinese male name) is a small crater close to Mons Argaeus, 4 km in diameter. It is an
obscure object for small telescopes and is likely hidden when the Sun angle is not appropriate.

The surroundings of Ching-Te are massifs. Apollo 17 landed on the other side of the massifs on
1972 December 11, about 18 km east of Ching-Te.

In the north of Ching-Te is a remarkably dark patch, so called DMD (dark mantle deposit). It
contains a mixture of small black and orange glass debris, possibly formed from quickly cooled
droplets during fountain-like volcanic eruption. Other DMDs appear at Sulpicius Gallus Map 9,

Alphonsus , Aristarchus Plateau , Mare Vaporum and Sinus Aestuum [Map 33|

Littrow 31.4°E 21.5°N
A flooded crater with worn walls, 30 km in
diameter. It has an adjacent system of rilles named

Rimae Littrow, length about 120 km and shown in
Image T143.

Gardner 33.8°E 17.7°N

A 18-km crater on a dome-shaped peninsula
plateau (informally termed “megadome”) where
elusive rilles, ridges and irregularities are found.
The plateau is flanked by Maraldi and two ghost _ .
craters Maraldi D & E. Details in T264, next page. A voleanic fountain in Hawaii. The arching rises to 10 m,
Note also the dome and the snaky Rima Jansen  much much smaller than a geologist's impression of

(length 35 km) in T264. lunar volcanic eruption where dark mantle deposits
are found. (Imaged by J. D. Griggs for USGS)
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2006.08.12 ~20:36 UT Age 18 days
10-inch f/6 Newtonian + 4X + ToUcam

1
2
3
4
5
6
7
8
9

10.

. Gardner (Dia. 18 km)

. Maraldi (39km)

. Maraldi D (67 km)

. Maraldi E (31 km)

. Mons Maraldi (15 km)
. Frank (12 km)

. Brewster (10 km)

. Rémer (39km)

. Lucian (7 km)

Mons Esam (8 km)

11. Vitruvius (29 km)

12,
13.
14.
15.
16.

Mons Vitruvius (15 km)
Littrow (30km)
Beketov (8 km)

Dorsa Barlow (120 km)
Cajal (9 km)

17. Jansen (23 km)

18.
19.
20.
21.

Rima Jansen (35 km)
Carrel (15 km)
Dawes (18 km)

Sinas E (9 km)




Ross

Plinius %

Mare Serenitqrfs

3
) Mare Serenitatis

1. Manilius
2. Menelaus
3. Bessel
4. Auwers
5. Daubrée
6. Bowen
7. Sulpicius Gallus
8. Rimae Sulpicius Gallus
9. Dorsum Buckland
10. Dorsum von Cotta
11. Homsby
12. Bobillier
13. Banting ()13
14. Linné
15. Dorsum Gast
16. Dorsum Owen
17. Vallis Krishna & Rima Sung-Mei

......

Rays of Menelaus crossing Mare Serenitatis
2003.09.11 16:11 UT Age 15days. FS126 + PL15 + CP995

Manilius, Menelaus & Bessel 2005.11.09 11:45UT Age 7 days. 10-in /6 Newtonian + 2.5X + Tolcam {mosaic)

Montes Haemus  9.2°E 19.9°N

A 560 km-long mountain range forming the south-western edge of Mare Serenitatis. Just beyond
it are several irregular dark lava patches: Lacus Hiemalis (Winter Lake), Lacus Gaudii (Lake of
Joy), Lacus Lenitatis (Lake of Tenderness), Lacus Doloris (Lake of Sorrow), Lacus Odii (Lake
of Hate) and Lacus Felicitatis (Lake of Happiness). See also T010, front page of this map.

Manilius 9.1°E  14.5°N
A bright rayed crater with sharp rim, terraced walls and central peaks, 38 km in diameter. Details
in T257,

Menelaus 16.0°E  16.3°N

A remarkably bright rayed crater with sharp rim and central peaks, 26 km in diameter. One of its
rays is over 1000 km long, stretching across Mare Serenitatis and beyond. Other rays are
traceable from the outer rim of Menelaus, between Auwers and Daubrée (Label 4, 5 in T167).
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MAP 9
Bessel 17.9°E 21.8°N

A small but prominent crater in Mare Serenitatis, 15 km in diameter. The bright rays of Menelaus
happen to pass over the western half of Bessel, making the latter to mimic a rayed crater as well.

Sulpicius Gallus 11.6°E  19.6"N
A bowl-shaped crater, sharp rimmed, 12 km in diameter and fairly deep (2100 m). Its vicinity is
Rimae Sulpicius Gallus, a system of prominent rilles of 90 km in length.

Linné 11.8°E 27.7°N SRR NASA 025
A small young crater surrounded by bright ejecta. Linné is only 2.4 km or § e
one arcsecond in diameter, yet it is easily recognized through telescopes as s '
a bright spot under high illumination. In the second half of the 19th century, &
numerous mysterious changes and disappearances of Linné were reported
due to seeing and inadequate telescope optics. In the past decades, Linné
was also a controversial object of LTP (lunar transient phenomena).

Lil‘lné {Ilo:‘.l 15 .. 3}
Rima Sung-Mei 11.3°E  24.6'N

Rima Sung-Mei is a 4-km long narrow rille. It is one of the three prongs in a small depression
near Dorsum Owen at Mare Serenitatis. The prongs are elusive to spot in 10-inch telescope. A
flyover of Apollo-15 resolves them, designated afterwards as Rima Sung-Mei (Chinese female

name), Vallis Christel (German female name) and Vallis Krishna (Indian male name). The
prongs could have formed from merging three or more volcanic vents on the mare.

~—— Dorsum Owen

Y Mare Sere!itatis

Croppe and 200% resized from an image taken
on 2005.11.09 12:35UT with 10-in f/6 Newtonian =
+ 4X + ToUcam under bad seeing of 2~3/10. Cropped

Lacus Felicitatis 5.0°E  19.0°N MARE
(Lake of Happiness) SR T & VAPORUM

An irregular lava plain where scientists found
evidence for volcanic “outgassing" that may have
happened within the past ten million years --- and
may still be happening today. The evidence was
spotted in 2006, inside a young crater named Ina at | . 4 \'ra_ngei,’;
the rim of Lacus Felicitatis. Ina (5.3°E 18.6"N) is Iasabiad ‘g% 4\ ‘F:‘?;‘ﬁfs'.f ) AR
a semi-circular depression, about 3 km in diameter % " I\

and less than 50 m deep. This shallow depression
is difficult to observe from Earth. See NASA
close-up image at right.

( http:/fscience.nasa.gov/headlines/y2006/09nov_moonalive.htm )
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MAP 10

Hatfield 4
Atlas, Hercules, Birg, Endymion, Mare Humboldtianum Rukl 14, 15, 16,7, 6

1. Atlas

2. Hercules

3. Biirg

4, Gauss

5. Geminus

6. Messala 7. Endymion

8.delaRue 9. Thales

10. Strabo 1. Keldysh

12. Chevallier 13. Qersted

14. Cepheus 15. Shuckburgh

16. Franklin  17. Berzelius  18. Hooke

19. Bernoulli  20. Mercurius 21. Zeno 22. Hayn
A. Lacus Somniorum B. Lacus Mortis C. Lacus Spei
D. Mare Frigoris E. Mare Humboldtianum

F. Concentric walls around Mare Humboldtianum

LN
NE limb & vicinity 2004.08.01 14:22UT Age 15days. Libration 4.5°(long.) 6.4°(lat) FS128 +LE12.5 + CP990 at 1/38 sec.

Atlas 44.4°E  46.7°N
Hercules 39.1°E 46.7°N

Atlas and Hercules are prominent pair
of craters near the north-east limb.
Their walls look similar but their
interiors are very different.

Atlas is 87 km in diameter, with a
small central peak and terraced walls
rising to about 3000 m. Its rough floor
contains two fairly dark patches and a
complex fracture of rilles (Rimae Atlas) L S\
which are believed of volcanic origin. , ot Al A ) A

WL AUESE |
Hercules is a terraced crater with W 1_. ) A o
relatively flat floor, 69 km in diameter. " S0k ‘.‘ vy S, ) .\ .
It has a 1ava_submerged central peak Atlas & Hercules 2005.08.22 19:34 UT Age 17.5 days. 10-in /6 Newtonian + 4X + ToUcam
and contains the bowl-shaped Hercules G,
easily seen in small telescopes. A small crater, Hercules E, is on the southern wall.
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Biirg 282°E 45.0°N

Biirg is a prominent sharp-rimmed
crater in Lacus Mortis (Lake of Death),
39 km in diameter. It has a large
central peak. Its high terraced walls
contain deep clefts. Biirg's ejecta
blanket can be seen thrown out into
two main swaths heading north and
south from the impact zone. Between
these swaths of material are two rilles
(Rimae Biirg) that intersect roughtly at
right angles. The two rilles add up to
140 km in length.

Mason 30.5°E 42.6°N

Plana 282°E 422°N

Manson and Plana are overlapped
flooded craters. Mason is 33X43 km.
Plana is 44 km in diameter with a
central peak.

Grove 329°E 403°N

A crater, 28 km in diameter. Its ejecta -

blanket resembles that of Biirg.

Daniell 31.1°E 353°N

An oval crater, size 23X29 km. In its
west is Rimae Daniell, a system of
straight rilles up to 200 km long.

Mare ! !
. Serenitatis

e lana

- \
Mason‘ T

.

.
5 - % -
‘ﬁ:“ - (
oy

o Lacus
N
-~ Mortis

Biirg

2004.08.02 17:28 UT Age 16 days. Misty sky. 10-n 6 + 2.5X + Tollcam, 9 frames.

1.Biirg 2.Mason 3.Plana

4.Grove 5. Hercules 6.Wiliams 7.Daniell 8.Rimae Daniell
9. Posidonius  10. Luther  2006.04.04 11:46 UT Age 6 days. 10-in 6 + 2.5% + Tollcam (mosaic)
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\ N )
" Hercules

4 ;
2004.08.02 17:24 UT Age 16 days. Misty sky. 10-in fig + 2.5X + ToUcam, 12 frames.

Image T114:

Endymion 57.0°E 53.9°N
A prominent crater with flat and fairly dark
floor, no central peaks, 123 km in diameter.

Chevallier 512°E 44.9°N

A heavily flooded, shallow walled plain,
52 km in diameter. Its rim is interrupted by
the small but deeper crater Chevallier A.

Keldysh 43.6°E  51.2°N AR e T

A crater, 33 km in diameter. Its southern
floor contains a tiny crater.

Image T104:

Gauss 79.0°E 35.7°N

A vast walled plain, 177 km in diameter. &
Its floor contains small hills and craters Belkovich
which become distinctive under favorable
illumination.

Gauss, Endymion & Mare Humboldtianum seen by Galileo spacecraft, 1992

Hahn 73.6’E 31.3°N
A mid-sized crater with terraced walls and
central peak, 84 km in diameter. Its northern rim is interrupted by a small crater.

Berosus 69.9°E  33.5°N
A flooded crater, 74 km in diameter. Its flat floor contains no central peak.
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MAP 10
Mare Humboldtianum 81.5°E 56.8°N

Mare Humboldtianum (Humboldt’s Sea) is a difficult visual object because its rim extends to the
farside of the Moon. A better terrestial view is given in T180 and T103, when the libration was
favorable. Mare Humboldtianum is physically the central lava-flooded portion of a multi-ring
impact basin. The lava floor is 270 km in diameter, but the whole basin including the outer
concentric walls is 600 km across. See also the non-oblique view of Mare Humboldtianum in the
NASA image (previous page).

1. Mare Humboldtianum
2. Belkovich

1. Mare Humboldtianum
2. Endymion

\': ‘ L. ': . 4
2004.08.01 16:50 UT Age 15 days. Libration 4.5°(long.) 6.5%(lat.) 10-in fi6 + 2.5X + ToUcam at 1/100s, 9 frames stacked.
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MAP 10
delaRue 523°E 59.1°N

A disintegrated walled plain with small off-centered craters, 134 km in diameter. It is named
after the British amateur astronomer Warren de la Rue (1815-89). He was the first to produce a
copper plate for printing from a photographic negative of the Moon.

Thales 50.3°E 61.8°N  Strabo 54.3°E 61.9°N
Thales is a rayed crater, 31 km in diameter. The neighboring Strabo (55 km) is non-rayed.

NE region during
favorable libration

1. Atlas 7. Endymion

2. Hercules 8. de la Rue

3. Atlas E 9. Thales

4. Keldysh 10. Strabo

5. Chevallier  11. Hayn

6. Chevallier & 12. Mare Humboldtianum

20041217 10:43~10:46 UT
Age 5.4 days Libration /=67 b =54°
10-in /6 Newtonian + 2.5X + Tollcam (mosaic)
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MAP 11

Hatfield 10
Tycho, Clavius, Maginus, Deslandres, Pitatus, Hesiodus Rk 64, 65, 72, 73, 54

Southern Highlands
2002.12.15 Age 11 days

A Longomontanus

L

i
3., N Wibelm
N

2003.09.11 Age 15days

The dark halo around Tycho is impact melt

Tycho and its system of rays

The rays are lines of deposits of highland rocks
and debris ejected from the Tycho impact. The
X denotes the site where regolith (lunar soil)
was examined by Surveyor 7 probe in 1968.

Tycho 11.1°W 43.4°S

Tycho is a prominent object in the Southern Highlands. It has a nominal diameter of 102 km
(cavity 85 km), depth 4800 m. The central peak is 2300 m high. During the full moon, Tycho
stands out as the brightest beacon with a system of long rays ranging to 1800 km. It is this
system of rays that shows Tycho is a very young impact crater, about 110 million years old. The
dark halo is impact melt, which will be diminished by space weathering over time. Shortly after
the first quarter, Tycho appears as an abyss surrounded by thick walls (T053, next page).

Clavius 14.1°W 58.8°S

Clavius is a spectacular, vast walled plain in the Southern Highlands, diameter 245 km. Its walls
are broken by crater Rutherfurd (48 km) and Porter (51 km), and there are ridges running
between them, see T080 & TO085. Note also the L-shaped relief near Porter. An arc-array of
craters extends across the floor, which also contains many craterlets and small hills. Clavius is
best seen shortly after first quarter or before last quarter but hardly visible during the full moon.

Newton 16.9°W 76.7°S
A crater close to the south limb, 78 km in diameter. Its depth is not ascertained, probably over
6000~8000 m. Details in T197, pages.
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T053
Newton (hidden)

Moretus

;-‘:'F.- Gruemberger

T

«. Clavius

Clavius right on the terminator

It looks like an abyss. The inside craters
are Clavius D (larger) and Clavius C.

Clavius on tarrninatur 20001105 13 SD UT Ageﬂdays FS128+QV2300

Newton Casatus

Short

“ Mo retus

Clavius just outside
the terminator.

¥ r l*.
Clavius outside terminator 2001.08.11 20: 21 ut Age 22 days. C9+LE12.5+ CP990 DSCN9622
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Deslandres to Maginus The % was crater Walter but now renamed as Waither. 2000.11.05 13:35 UT Age 9days. FS128+LE12.5+QV2300

Maginus  6.3°W 50.5°S

A large walled plain, 194 km in diameter. It is much older
than Tycho, as suggested by the eroded rim, the interior
peppered with impact craters and the absence of rays.

Deslandres 4.8°W 33.1°S

A vast ruined walled plain, 256 km in diameter. Its floor
contains crater Hell (33 km), short chains of secondary
craterlets and a bright spot. See Image T074.

Walther (formerly Waiter) 1.0°E 33.1°S v f P

A walled plain with mountain massif on its eastern floor, Deslandres in shadow 2001.08.11 21:01UT Age 22days
128 km in diameter. (Remark: This crater is now renamed as Walther.

The original “Walter” is confusingly allocated to a 1-km crater at 33.8°W 28.0°N near Diophantus. See . )

Regiomontanus 1.0°W 28.3°S
A walled plain, 126x108 km. It has a summit crater Rigiomontanus A (6 km) on the central peak.
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Clavius at age of 10 and 22 days

Ll |
k L
A a ol d g "f"

R R O TR L
Clavius & Blancanus 2004.08.07 19:48 UT Age 22 days. 10-in f/6 Newtonian + 2.5X + ToUcam at 1/33 sec
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Tycho at age of 9 and 10 days (1 day difference).

Tycho

Tycho 20050418 14:56UT A,geﬂ] days. 10—|an6 Newtonian + 2.5% + 1.6X + ToUcam at 1/33 sec, 52 frames.
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1. Moretus 2. Newton 3. Gruemberger 2004.09.05 21:16 UT Age 21 days. 10-in /6 + 2.5X + 1.6X + ToUcam
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" chain of craterlets

AN 5 .1 ' i

Deslandres and its vicinity 2004.06.26 13:47UT Age 9 days. 10-in f/6 Newtonian + 2.5X + ToUcam.
The = was crater Walter but currently renamed as Walther. Note "Cassini's Bright Spot” and the chains of
craterlets on the floor of Deslandres. A shallow, valley-like trough intersects the northeastern rim of Lexell.

See also Image T127 in[Map 33,

5. Wurzelbauer 6. Weiss 7. Cichus 8. Kies
2005.11.11 12:06 UT Age 9.5 days. 10-inch f/6 Newtonian + 2.5X + ToUcam, 97 frames stacked.

1. Hesiodus 2. Rima Hesiodus 3. Pitatus 4. Gauricus

9. Palus Epidemiarum
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Hesiodus

Mare Nubium

Pitatus, Gauricus, Wurzelbauer & Hesiodus 2005.11.11 12119UT  Age 9.5 days. 10-in f/6 Newtonian + 4X + TolJcam (mosaic)

Pitatus 13.5°W 29.9°S

A large flooded crater with central peak submerged partially in lava, 106 km in diameter. A
system of sinuous rilles (Rimae Pitatus, length 94 km) runs along the inner rim. The white
patches on the floor are remnant of deposited materials thrown out from the Tycho impact.

Gauricus 12.6°W 33.8°S
A heavily eroded crater, 79 km in diameter. Its wide wall is encircled by a ring of small craters.
The northern floor is scarred with a nameless relief that resembles the shape of a water droplet.

Hesiodus 16.3°W 29.4°S  (Image T083 & T248)

A 42-km flooded crater. The center of its floor is hit by a small crater Hesiodus D. The adjoined
crater Hesiodus A (15 km) has double concentric walls. Rima Hesiodus is a linear rille running
from Hesiodus into Palus Epidemiarum, 3 km wide, 256 km long.
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Ptolemaeus, Alphonsus, Purbach, Rupes Recta,

Albategnius, Hipparchus, Fra Mauro
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A Rupes Recta

MAP 12

Hatfield 13, 9
Rikl 54, 55, 42, 43, 44

W
g Lippershey
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Ptolemaeus to Dealandres The #% was crater Walter but now renamed as Walther. 2000.11.05 13:38UT Age 9 days. FS128+LE12.5+QV2300
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The prominent crater trio: Arzachel, Alphonsus and Ptolemaeus

T A sketch of Imbrium Sculpture in
a paper by the American geologist
Grove Karl Gilbert (1843-1918). It is
a terrain of grooves and ridges
radial to Mare Imbrium, and affects a
large area of the lunar surface. Part
of this sculpture is easily seen on
the walls of Alphonsus at the middle
of T130. Other parts are traceable in
T101 and T179 of following pages,

alsoin .

AL o,
,.iw')'r""\}p; \'Pf\' ‘\ ;
\ ' '~; J il,: \| "\
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\ ' \ e |
i N Y | | '.."I-h‘ ". 1
/ 3 | T SN S
_ CLOAEE , SOC SRR Y <L TP R L8R
Arzachel, Alpetragius, Alphonsus and Ptolemaeus (mosaic from a batch of video clips)
2004.09.05 20:53 ~21:11 UT Age 21 days. Very misty sky. 10-in /6 Newtonian + 2.5X + 1.6X + TolUcam at 1/25 sec.
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Ptolemaeus 1.9°W 93°S

Ptolemaeus is a prominent walled plain, 164 km in
diameter. Its floor contains a mascon and appears flat,
but numerous craterlets and pits are detectable at high =
powers. Ammonius (diameter 8 km) is a distinctive

crater on the floor; it adjoins a saucer-shaped &= EN"F RREENE - 3, Alphonsus
depression (Ptolemaeus B, 17 km). The floor also = 8 (¥4 \“ 5.0 4
changes dramatically during a lunation. It is very | "\ i4 L B L8N

bright during the full moon but appears quite dark at & = s w1 o M

days close to the first and last quarters. ¢
+ Ammonius¢

~ Ha ! iy
Ptolemaeus, Alphonsus (108 km) & Arzachel (96 km) - ,Pgemiaus &

form an interesting trio. The floor of Arzachel
contains a prominent central peak and a system of
sharp rilles (Rimae Arzachel, length 50 km).
Alphonsus is characterized by ridged floor with dark
halo craters and rilles (Rimae Alphonsus) along its inner rim, more details in next page. The
NASA Ranger 9 probe made a hard impact on Alphonsus in March 1965. Alphonsus is also an
object of LTP (lunar transient phenomena).

2001 09.25 12:48 UT Age Bdays Co+ LE12.5+ CP2380 1/2 sec

Note that in T130, the crater trio and their surroundings are modified by a radial pattern of
grooves and ridges known as Imbrium Sculpture, formed from a hurricane of ejecta at low
angles during the giant Imbrium impact. This marks the beginning of the /mbrian period in about
3.8 billion years ago.

Alpetragius 4.5°W 16.0°S
A bowl-shape crater, 39 km in diameter, 3900 m deep. It has a central mountain cone, probably
oversized by post-volcanic eruptions inside the crater.

Davy 8.1°W 11.8°S  (Image 7072)
A crater, 34 km in diameter. The nearby chain of craterlets is Catena Davy, details in .

! Allphonsus
Ml
N A (
ain 8f craterets * ' \
. (BE]
| {eetere Pavg g

Plolemaeus Alphonsus Da\ry 2004, 06.26 13 32.UT Age 9 days. 10-in /6 Newlnnlan + 2.5X + ToUcam
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The craters inside Alphonsus

At least 10 dark halo craters are inside Alphonsus.
Some of them along the eastern inner edge of
Alphonsus are highlighted in the right image:

Ravi 1.9°W 125°S  diameter 2.5 km
Monira 1.7°W 12.6°S  diameter 2 km
José 1.6°W 12.7°S  diameter 2 km
Soraya  1.6°W 12.9°S  diameter 2km

No. 5 and 6 bear no formal names.

These craters are volcanic according to a study
report http://www.lpi.usra.edu/meetings/Insc2005/pdf/2344. pdf.
The dark halos around them are DMD (dark mantle

deposits ), and the adjacent connecting rilles
are lava channels.

The arrow points to the elongated crater
Chang-Ngo at 2.1°W 12.7°S, length 3 km. It is of
impact origin, probably created by an impactor
which orbited around Earth but then spiraled into
the Moon region and hit the Moon at grazing angle.
The floor of Chang-Ngo appears scalloped,
possibly due to the “rubble-pile” nature of the
impactor which disrupted into fragments on its way
towards the Moon. Several of the fragments hit to
form Chang-Ngo, other fragments hit to form the
chain of craterlets next to Chang-Ngo.

MR ChangNgo/ B Y
: \ \ .‘ i 4 |
A

Above: The craters and rilles
inside Alphonsus. South is up.

Left: Crater Chang-Ngo seen from
a 10-inch telescope. It is named after
a lady in a Chinese myth. The X
indicates the impact site of Ranger 9
probe.
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MAP 12
Rupes Recta 7.8°W 22.1°S

Also called the Straight Wall, 134 km long, 2~3 km in width. It casts striking shadow shortly
after the first quarter. Rupes Recta is a fault possibly resulted from the subsidence of lava in
Mare Nubium. Its western side slopes down by about 300 m. Indeed Rupes Recta is not a sharp
cliff as appeared in telescopes. Its average gradient is under 10°. Its steepest slope is roughly 30°.

Rima Birt 9.0°W 21.0°S

A 50-km rille near crater Birt (diameter 16 km) and running in parallel with Rupes Recta. Its
north end connects the small crater Birt E. Its south end connects Birt F.

—— Rima Birt

E

\\\
0 Rupes Recta

A —— Prom. Taenarium

Mare Nubium

Rupes Recta, Rima Birt, Thebit, Arzachél 2004.06.26 13:59 UT Age 9 days. 10+in fi§ Newtonian + 2.5X + ToUcam

NASA 009
Rupes Recta

'Rima Birt

Oblique View from Apollo-16 Mission (Ap 16-20—19224}

0.5 km Cross-section of Rupes Recta

(estimated)

4 0 1 km 2 km 3 km

Very long shadow casted by Birt
2004.07.25 12:16 UT Moon age 8 days
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. Purbach 9. Stag's Horn Mountains (unofficial name)
. Purbach W 10. Rupes Recta (Straight Wall)
.Purbach G 11.Birt

. la Caille 12.Bit A

. Thebit 13. Rima Birt

. Thebit A 14. Birt E

- Thebit L It rests on a low dome and looks

. Thebit P like a lava outlet. This suggests that

Rima Birt could be a lava channel.
15. Regiomontanus A

An impact crater happened to hit on

the central uplift of Regiomontanus.

2004.09.05 21:15-21:20 UT, Moon age 21 days.
10-in /6 + 2.5X + 1.6X + Tollcam at 1/25 sec. (mosaic)

Purbach 2.3°W 25.5°S

A walled plain, 115 km in diameter. Its floor contains a
ruined crater Purbach W (20 km). Its rim is interrupted by
Purbach G (27 km).

Thebit 4.0°W 22.0°S

A terraced crater, 56 km in diameter. Its wall is overlapped
by Thebit A which is again overlapped by the 10-km
Thebit L. (It remains uncertain whether Thebit A or L came
first.) Thebit L has a distinct central peak which is
uncommon for small craters of such size. Thebit P is a
ghost crater with partially darken floor, diameter 78 km.




Burnham 7.3°E 13.9°S
A 24-km crater with broken wall.

Albategnius 4.3°E 11.7°S

A prominent ring mountain with
central peak and flatten floor, 114
km in diameter. Its inner wall is
heavily eroded with landslides,
valleys and impact craters
including Klein (44 km). The
immediate north of Albategnius is
Hipparchus.

Hipparchus 52°E 5.1°S

A vast walled plain, 138 km in
diameter. The eastern wall is cut
by a pair of deep clefts, which is
part of the Imbrium Sculture.
The western wall is fairly
disintegrated, with a gap opened
to Rima Réaumur (length 30 km).
The flooded floor of Hipparchus
contains small hills, ghost craters
and Horrocks. See also Image

T071 in Map 31|

Image T179, next page:

Herschel 2.1°W 5.7°S
A terraced crater with rough floor
and central peak, diameter 40 km.

Lalande 8.6°W 4.4°S
A 24-km rayed crater under high
illumination.

Maésting 5.9°W 0.7°S
A crater with terraced walls and rough floor, 24 km in diameter.

Sommering 7.5°W 0.1°N
A ruined flooded crater, 28 km in diameter. Wide gaps exist on the north and south rims.

Flammarion 3.7°W 3.4°S

A walled plain, 74 km in diameter. Its northern wall is lava flooded and crossed by Rima
Flammarion (length 80 km). Its western wall is interrupted by a 13-km crater Mésting A whose
selenographic position (5° 12°39.6”W  3° 12°43.2” S) is a reference standard.

Rima Schréoter 6.0°W 1.0°N
An inconspicous rille near crater Schroter (diameter 35 km), 40 km long.
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MAP 12
Gyldén 03°E 5.3°S

A disintegrated crater, 47 km in diameter. Its southwestern wall is interrupted by a valley which
is part of the Imbrium Sculpture.

Réaumur 0.7°E 2.4°S
Remains of a crater, 52 km in diameter. See also T133, .

Oppolzer 0.5°W 1.5°S
Remains of a crater adjoining Réaumur, 40 km in diameter. Its southern wall is intersected by

Rima Oppolzer (shown more prominently in T133, ).

Ptolemaeus

Ammonius

‘l' || V

Ny _ W s '
“ ‘ ‘. f LY L] \ i
? h .‘ ' VWUERML Y \ Lalande A
i I Herschel SN

|1I
A

Lalande

Flammarion ()i*ostmEIA o oY

'.- -.‘!l
\ a‘s.\ln

81

\ Réaumu_r‘ “i . . 'I,."_ ? l
A : . i

\ \ WA b i ,
Oppolzer . N 'DM“S”“Q

%

\ gﬁﬁ

|

p Sommering
Blagg Elru.ce Rima Schriter—
] !

SINUS MEDII Schroter

Ptolemaeus & northern vicinity 2005.04.18 ~13:49UT Age 9.8 days. 10-in fi6 + 2.5X + ToUcam (mosaic)
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Mare Nubium

|

)

A \
Gueril;:ke\".n VAN ‘1 Mare Cognitum
} A d | i ]

Tolansky

T Dorsum
Guettard

\ Bonpland

Lassell D 10.5°W 14.5°S  (fmage 1089)
A bright halo crater, 2 km in diameter.

Rimae Opelt 18.0°W 13.0°S R { ' Dorsum
A system of rilles, length 70 km. It is located e
on a dome-shaped plateau above the mare floor.

Details in T258, Map 24,

Mons Moro 19.7°W 12.0°S
A low hill on a wrinkle ridge, base size 10 km.

Guericke 14.1°W 11.5°S

Parry  15.8°W 7.9°S

Guericke is the remains of a walled plain, 63
km in diameter. Together with another walled |
plain Parry (47 km), they form a g-shaped pair
lying between Mare Nubium and Mare
Cognitum. A wide system of rilles (Rimae
Parry) intersects the southern and western rim
of Parry.

Bonpland 17.4°W 8.3°S
A shallow walled plain, 60 km in diameter. Its
floor is also crossed by Rimae Parry.

FraMauro 17.0°W 6.1°S
Remains of a walled plain, 101 km in diameter.
Its floor is bisected by Rimae Parry. Apollo 14

landed on its northern vicinity on 1971.02.05. 1.FraMauro 2.Parry 3.Bonpland o indicates Apoflo 14 landing site.
2005.04.18 ~11:58 UT Age 9.8 days. 10-in /6 + 4X + ToUcam, 85% resized.
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MAP 13

. . . . ) ) i Hatfield 1, 13
Rima Ariadaeus, Rima Hyginus, Rimae Triesnecker, Agrippa Riikl 33, 34, 44

SINUS MEDII
X T “‘1 LYy W - “\ . ! %Y/ . | -
( ) *’ ' AR ; Ay R ' Rimae Triesnecker
( ) ) t ! L4 et
‘\ ' Chiadniy

2l ) ()

Triesnecker A

2004.12.19 ~12:29UT Age 7 days
10-in fl6 Newtonian + 2.5X + ToUcam

A rima is a rille, an open or slumped channel on the Moon’s surface. Rilles are classified
according to their appearance. Sinuous rilles are found mostly in maria (lava plains). They are
thought to have been formed by running lava and hence become narrower as they flow
downslope; fine examples are Rima Hadley in and Rima Marius in [Map 20]. Linear rilles
are straighter, and can cross mare and highland boundaries. They might be either collapsed lava
tubes, or more likely, surface fractures where the ground to either side has been pulled slightly
apart. An example of surface fractures is Rimae Hippalus in .

There are three prominent rille systems in this map, all visible in small telewscopes:

Rima Ariadaeus 14.0°E 6.4°N
A 250-km linear rille with nearly uniform width of about 5 km. It is a fault, a graben between
two cliffs. A section of it is interrupted by a ridge extending from Silberschlag (diameter 13 km).

Rima Hyginus  7.8°E 7.4°N

It is composed of two linear segments jointed at Hyginus (diameter 9 km), total length 220 km,

3 ~ 5 km wide, 400 m deep. Presumably the rimless Hyginus is volcanic originated, the rille
segments could be lava channels and the chain of craterlets inside the rille floor could be
exploded lava bubbles formed by rapid escape of gases.

Rimae Triesnecker 4.6°E 4.3°N

A group of rilles spreading like the branches of a tree. It measures 210 km north-south.
Triesnecker (diameter 26 km) happens to stick in vicinity.

In the north of Hyginus is a small spiral mountain resembling a rotated letter "e", as marked by
the arrow in T164. Observers call it Mount Schneckenberg. In the east of th1s mountain is the
disintergrated crater Boscovich (46 km) and Rimae Boscovich composed of short rilles. Julius
Caesar (90 km) is a flooded crater with partially darkened floor; it has a heavily worn wall.
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Ariadaeus

Rima Ariadaeus & Julius Caesar

2005.11.08 12:03 UT Age 6 days.
10-in /6 Newtonian + 4X + ToUcam

(mosaic of 3 video cfips)

R NASA005B
R i

Craterlets on Rima Hyginus
(cropped from Lunar Orbiter 4 - 4094)

Rima Hyginus  2004.09.05 21:23UT Age 21days. 10-in fi6 Newtonian + 2.5X + 1.6X + ToUcam, 47 frames.
The crater in the middle of the rille is Hyginus. It is rimless, has flat floor and hence appears volcanic rather than
impact-created. Presumably Hyginus is volcanic, it would be a lava outlet and the rille would be a lava channel.

(Images in next page)

Pallas 1.6°W 55°N  Murchison 0.1°W 5.1°N
A pair of joined craters near Sinus Medii. They appear like the Greek alphabet ®. Both have
disintegrated walls. Pallas is 46 km in diameter and Murchison is 57 km with an internal dome.

Bode 24°W 6.7°N
A crater, 18 km in diameter. Rimae Bode (length 70 km) runs northwards from this crater.

Rhaeticus 4.9°E 0.0°N
A crater with ruined wall, 45 km in diameter.
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MAP 13
Bruce 04°E 1.1°N

A bowl-shaped crater in Sinus Medii nearest to the zero-point coordinates, 6 km in diameter.

Réaumur 0.7°E 2.4°S
Remains of a crater, 52 km in diameter. Part of its rim is lava-flooded and interupted by Rima

Réaumur (length 30 km) and Rima Oppolzer (length 94 km).

AR Sinus Medii N

1. Murchison 2 Pallas 3.Bode 4.RimaeBode 5. Ukert 6.Chladni 7. Triesnecker 8. Hyginus
2005.05.17 11:43UT Age 9 days. 10-in ff6 Newtonian + 2.5X + ToUcam, 85 frames stacked, 90% resized.

0° longifude —e
¢ 0° [atitude

7 3
Q) (,

Sinus  Medii

1. Rhaeticus 2. Réaumur 3.Bruce 4.RimaRéaumur 5.Rima Oppolzer 6. Rimae Triesnecker (partial)
7.Blagg 8. Seeliger 9.Oppolzer (partial) 2004.09.05 21:46UT Age 21 days. 10-in /6 + 2.5X + 1.6X + ToUcam
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Agrippa and its northern vicinity 1175
W

)
Seeliger

)
. Lo L | '. 4
n ’ Eqliator
[

Sabine  Schmidt & : | \ N L 4 " . "Rhaetieus

Dionysius, ¥ de Morgan & ) 9
Cayley( ) $y Al : | )
) Manners { ) Ariadaels K Whewell b Ve ] Triesnecker

2006.01.07 13:30 UT Age 7 days. 10-in £ + 2.5X + Toucam (80% resized)

Godin 102°E 1.8°N

A rayed crater under high illumination,
34 km in diameter. It is fairly irregular,
with rough floor and a central peak.

Agrippa 105°E  4.1°N
A crater with central peak, 44 km in dia.

Tempel 11.9°E 3.9°N
An irregular, disintegrated crater
adjoining Agrippa, 45 km in diameter.

Lade 10.1°E 1.3°S Whevel
A pentagonal flooded crater, 55 km in
diameter. Its southern wall is nearly
overwhelmed in lava. The Moon’s
equator is between Lade and Godin.

Dembowski 72°E 2.9°N
A flooded crater, 26 km in diameter.

Dionysius  17.3°E  2.8°N

A crater with a white halo, very bright
during the full moon. It is 18 km in
diameter. Close inspection reveals that
an additional pattern of dark rays is
beneath the white halo. One arm of the
dark rays extends across Ritter to the
outer rim of Sabine. See also .

Delambre, Sabine, Ritter
See @aﬁ 8|.

Dionysius with bright halo and dark rays 2006.08.12 20:27 UT Age 18 days. 10-in f/6 Newtonian + 4X + ToUcam
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MAP 14

. . . Lo Hatfield 1, 5
Montes Apenninus, Rima Hadley, Archimedes, Aristillus Riikl 22, 21 12

SINUS ~ AESTUUM

MARE Eratosthenes

VAPORUM

j i : MARE
U 1 3 b ' '
T4 AR ] 1' - g IMBRIUM

] Montjes' Arc!'iil"nedes "
j‘ ’ ¥ /

L)
Bancroft
Montes Apenninus

2005.04.18 ~12:48 UT
Moon age 9.7 days

10-in /6 + 2.5X + ToUcam
(mosic of 5 video clips)

LUNICUS ' The inlet Moon was taken
4 MARE on 2001.10.26 14:02 UT
- : Montes f, T with a 6-cm refractor and

f":x/ Y Astilis (» Spitzbergen t;f'a IMBRIUM @ digital camera.
>
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LE
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MARE IMBRIUM

Sinus Aestuum & Eratosthenes 2005.05.17 ~12:30UT Age 9days. 10-in fi6 Newtonian + 2.5X + TolUcam

Montes Apenninus 3.7°W 18.9°N

The largest mountain range on the nearside of the Moon, named by the Polish astronomer and
selenographer Hevelius (1611-1687). It is on the south-eastern edge of Mare Imbrium (Sea of
Rains), and is part of the rising rim of the impact basin that holds the mare. Apenninus measures
about 500 km end-to-end, 5000 m peak. The mountain slopes towards Mare Imbrium are rather
steep (roughly 30°) but the back slopes towards south are gradual. The back slopes are believed
massive deposits of the ejecta produced by the Imbrium impact. See also T257 in .

Montes Apenninus is very bright at days close to the full moon.

Sinus Aestuum 8.8°W 10.9°N
Sinus Aestuum (Bay of Billows) is a mare-like lowland where its eastern edge is the slopes of
Montes Apenninus, 290 km in diameter. Its floor contains concentric wrinkle ridges.

Eratosthenes  See .

Conon 2.0°E 21.6°N

A prominent crater on Apenninus, 21 km in diameter. Some people guessed it could be an
“oversized” secondary crater produced by the gigantic Imbrium impact. A sinuous rille (Rima
Conon, length 30 km) is in the vicinity.

Macro Polo 2.0°W 15.4°N
An irregular shallow crater on the southern slope of Montes Apenninus, 21 x 28 km.
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Rima Bradley 1.2°W 23.8°N
A prominent linear rille running parallel with Montes Apenninus, length 160 km.

Rima Hadley 3.0°E 25.0°N

A sinuous rille which begins at the elongated crater Béla (2 x 11 km). It is a typical lava channel,
80 km long, 1~2 km wide, 300 m deep. On 1971.07.30, Apollo 15 landed on the eastern side of
this rille, near Mons Hadley Delta. See Image T137.

Rimae Fresnel 4.0°E 28.0°N ,
A system of rilles, length 90 km. A

closer view is shown in T137. The main
rille appears to be a continuation of
Rima Hadley. It ends near the spiky .}
cape Promontorium Fresnel.

Montes Spitzbergen 5.0°W 35.0°N
A group of adjoined mountains with }
peak height up to 1400 m, base 60 km.

Palus Putredinis 0.4° 26.5°N

Palus Putredinis (Marsh of Decay) is a
small mare facing Montes Apenninus,
east-west span 160 km. It contains a
dome, noticeable only under low sun
angle.

13”' 1"

; f, ' Palus Putredinis
’ i

;..‘
I‘

l
-a;

1. Promontorium Fresnel 2. Mons Hadley Delta 3. Rima Hadley 4. Rimae Fresnel 5. Rima Braley {partial)
6. Aratus 7.Joy 8. Santos-Dumont 2004.09.05 21:26 UT Age 21 days. 10-in /6 Newtonian + 2.5X + 1.6X + Tolcam
(The arrow points to the landing site of Apollo 15.)
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MARE IMBRIUM

Archimedes 2004.09.05 21:40UT Age 21 days. 10-in f/§ Newtonian + 2.5X + 1.6X + Tocam, 69 frames stacked.

Archimedes 4.0°W 29.7°N

A flooded crater with terraced walls, 82
km in diameter, 2100 m deep. Its large
size suggests central peaks once existed,
but they were buried by post-flooding of
lava on the floor. The ejecta blanket of
Archimedes is also buried partially in |
lava. This makes the crater rim to look
bulgy. A prominent triangular cape
extends 30 km from the southeast rim.

Montes Archimedes 4.6°W 253°N
A mountain range adjoining the south . )
rim of Archimedes, length 160 km. It &8 0 e
might be part of Montes Apenninus 3.8 F{HEE o befimedes
billion years ago, before Mare Imbrium 2 WA
was formed.

Rimae Archimedes 4.1°W 26.6°N
A broad system of rilles running
between the south-east of Archimedes
and Montes Apenninus, length 170 km. Aoyl

At least two rilles of the system are 15 L)

recognizable in small telescopes. P o

L 2 ]
2004.06.26 14:09 UT Age 9 days. 10-in f/6 Newtonian + 2.5X + ToUcam
Spurr 12°W 27.9°N

Remains of a flooded crater, 13 km in diameter.
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Autolycus 1.5°E 30.7°N

Aristillus ~ 1.2°E 33.9°N

A prominent crater pair in the Apenninus
region. Autolycus has a rough floor with
disintegrated central peaks, 39 km in diameter.
Aristillus has wide ejecta blanket, terraced
inner walls and multiple central peaks, 55 km
in diameter. A ghost crater is also beneath the
ejecta blanket of Aristillus (shown in Image

T120, .) Both craters are centers of

bright rays under high illumination.

In 1959, the Russian Luna 2 probe hit the
Moon near Autolycus and Sinus Lunicus
(Bay of Luna). Luna 2 is the first man-made
object to reach the Moon surface.

¥ 'L Timocharis y‘

: Arch[medes)" -

} MacMillan

" dome
catena  \

'. } Beer
LY
’ D Feuilée

\
Timocharis

Timocharis 13.1°W 26.7°N

Timocharis and its vicinity 1. 2006.03.09 13:26 UT Age 9.6 days. 10-in f/6 + Newtonian +4X + ToUcam 2. 2006.02.07 12:36 UT Age 8.9 days.

-‘."‘,1 .

eluna2

T254
Heinrich

)

Timocharis

A sharp rim crater with terraced inner walls, 33 km in diameter. The central floor has a small
crater that lies on a slight rise. Timocharis is a rayed center under high illumination.

Catena Timocharis 13.0°W 29.0°N

A chain of craterlets, about 50 km long. It is barely distinguishable in Image T254.

Beer 9.1°W 27.1°N

Feuillée 9.4°W 274°N

A close pair of bowl-shaped craters, each about 9 km in diameter. Note the nearby dome and
catena which are noticeable only under very oblique sunlight.
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MAP 15

Montes Caucasus, Montes Alpes, Vallis Alpes, Hatfield 2
Cassini, Aristoteles, Eudoxus

Rikl 13,12, 5, 4

Montes Apenninus

Montes Caucasus  Montes Alpes

MARE Oe Avistillus’;
SERENITATIS
MARE IMBRIUM

Mons Piton

¢

_— Prom. Agassiz

_— Prom. Deville
_— Mons Blanc

Tl

L Vel s

b g

MARE  FRIGORIS

MCH*I Caucasus & Montes Alpes 2001.09.25 12:57 UT Age 8 days. C9 + CP990 (DSCN9804)

Montes Caucasus 10.0°E  38.4°N

A rugged mountain range between Mare Serenitatis in the east and Mare Imbrium in the west.
The southern half of the range has several breaks intruded by mare lava. It measures 445 km
north-south, height up to 6000 m. It is the highest montes on the nearside of the Moon. Standing
on the highest peak, an observer could see distant land at least 140 km away?*, including part of
Cassini which has a raised floor. Montes Caucasus appears once united with Montes Apenninus
but a channel of mare lava separated them subsequently, see Image T190 in next page.

* Horizon radius = square root of (altitude of eye-level X diameter of the Moon)
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Montes Caucasus Cassini, Eudoxus & Anstoteles 2004.12.19 ~13:00 UT Age 7 days. 10-n /6 + 2.5X + ToUcam (mosaic)
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MAP 15
Calippus 10.7°E  38.9°N

A crater on the highlands of Montes Caucasus, 32 km in diameter. Its eastern wall looks linear.
Its western wall is slided. Calippus C (40 km) is a bay-shaped crater facing Mare Imbrium.

Alexander 13.5°E  40.3°N
A heavily eroded walled plain, 81 km in diameter. Its northeastern wall is obliterated.

Montes Alpes 0.8°W 46.4°N

A mountain range named by the Polish astronomer Hevelius (1611-1687) on the northeast edge
of Mare Imbrium, length 280 km and average height 2400 m. Under low Sun angles, the
mountain peaks cast a forest of spectacular spiky shadows. The southern end of Montes Alpes
has two capes named Promontorium Agassiz and Promontorum Deville.

Mons Blanc (Mont Blanc) 1.0°E  45.0°N
A mountain adjoining Montes Alpes, 3600 m high, base 25 km.

Mons Piton 1.1°W 40.6°N
An isolated mountain, 2300m high, base 25 km. It casts long shadow under low Sun angles.

Vallis Alpes 3.2°E  48.5°N

Vallis Alpes is a prominent landmark,
length 166 km and width up to 11 km. It is
radial to Mare Imbrium, appearing like a
blade to bisect Montes Alpes. Under
appropiate illumination and good seeing
condition, a very narrow central cleft can
be spotted with an 8-inch telescope. Vallis
Alpes is a graben (sunken area between
faults) produced at the time of the Imbrium
basin-forming impact. The valley was
subsequently filled by volcanic material.
The central cleft is less than 500 m in Y . \ Vi
Wldth and COUld be a lava channel running Vallis Alpes 2004.09.06 21:31 ~21:33UT Age 21 days. 10-in f/6 + 2.5X + 1.6X + ToUcam
downhill along the back slope of Alpes.
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MAP 15

Montes Spitzbergen
-

Aristillus A
3 r

‘l

Left:  Montes Alpes and
Mons Piton cast long spiky
shadows during the first
quarter. Note also the ghost
crater beneath the ejecta
blanket of Aristillus.

Below: Cassini with
subcraters A, B and M. A

( trough-like feature (length
about 20 km) extends
Mons Piton northward from the rim of

L. ) Piazzi Smyth Cassini M.

" Cassini

Cassini 4.6°E 402°N

A flooded crater with bulging outer slopes,
diameter 56 km. The floor appears slightly raised
and is stuck by two distinct craters Cassini A & B.
Cassini M is on the outer rim. A broken rille is
located between Cassini & Calippus (Image T190).

Aristoteles 17.4°E  50.2°N

A crater with terraced walls, 87 km in diameter. Its
eastern wall adjoins crater Mitchell (30 km). A
triangular landslide is on the western wall. The
southern wall is crossed by a chain of craterlets
which appears only under appropriate illumination.

Aristoteles The arrow points to a chain of craterlets.
2005.11.09 11:04 UT Age 7.4 days. 10-in 6 Newtonian + 2.5X +1.6X + ToUcam
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MAP 15
Eudoxus 163°E 443°N

A crater with terraced walls and small irregularties on the floor, 67 km in diameter. It is often
described with Aristoteles as a twin.

1. Aristoteles 2. Eudoxus 3. Biirg 2004.10.03 21:15 UT Age 19 days. 10—In1‘fﬁ+25x+ Tolcam, 10 frames.

Rimae Theaetetus 6.0°E  33.0°N
Inconspicuous rilles, length about 50 km. See Image T190.

Valentine Dome (nickname) 10.2°E  30.5°N
A raised, circular plateau near the southern end of Montes Caucasus. Together with the nearby
smaller dome, they are noticeable only at very low Sun angles. Compare Image T135 with T190.

Valentine
Dome

smaller dome —__

{150% enlargement)

Valentine Dome with protrusions (at least 5 are
prominent) and one rille on its surface. The dome
is located at about 10°E 31° N, 30 km in diameter. >
Caucasus *
2004.09.05 20:46 UT Moon age 21 days. /
10-in f/6 Newtonian + 5X + TolUcam at 1/25 sec.
Taken in Shatin, Hong Kong under misty sky.

104



Mare Frigoris, Plato, Mons Pico, W. Bond, Meton, NP Region

T024A
-

N

Mons Piton
‘ :

>
Mons Pico
©  Montes ',
“we leneriffe
- .-t}“‘_

Montes Recti
- r—

L

2002.08.21 14:40 UT Age 12 days. F5128 + LE12.5 + CP990

Mare Frigoris (Sea of Cold) 1.4°E  56.0°N

While lunar maria generally tend to be circular in shape, F&=

Mare Frigoris is not. It extends roughly 300 km
north-south and 1,600 km east-west between Lacus
Mortis and Sinus Roris, see the inlet of Image T024A.
The formation of Mare Frigoris is not ascertained.
Some geologists suggested that it could be part of the
lava-filled depression that belongs to the outmost
circumference of the gigantic Imbrium Impact; the
other parts of depression including Mare Vaporum,

Sinus Aestuum and perhaps, the eastern portion of |

Oceanus Procellarum. There is no notable crater within
Mare Frigoris except Aristoteles (diameter 87 km) in
the east and Harpalus (39 km) in the west.

Sinus Roris (Bay of Dew) 56.6°W 54.0°N

Mons Gruithuisen Gamma—— %

2

7

'

s - South
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/ - Oenopides

Babbage
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#* Pythagoras
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Harpalus

2005.05.22 15:02UT Age 14 days. 10-in {18+ 5X + Tollcam (70% resized)

A dark lava plain between Mare Frigoris and Oceanus Procellarum, size up to about 200 km.
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MAP 16
Plato 9.4°W 51.6°N

Plato is a walled plain, 109 km in diameter, 1000 m in depth. Hevelius of the 17" century called
it “The Great Black Lake”. It is one of the darkest surface features, even in the full moon. Its
lava floor looks flat and blank, but tens of tiny craterlets are detectable using big telescopes
under good seeing. At Moon age of about 9 days, the eastern walls of Plato cast spiky shadows
on the floor. The western walls also cast similar shadows at Moon age of about 21 days. There
are two triangular landslides on Plato’s rim; similar landslides also exist in Aristoteles and
Gassendi [MAP 23 An oval ghost ring, nicknamed Ancient Newton, exists between the southern
wall of Plato and Mons Pico. It was first noted by Schréter in 18th century while “Newton”
refers to a crater near the lunar south pole, .

\

Mons Pico

T031

Mons Pico

2004.08.07 Age 22 days

Mons Pico is an isolated
mountain, height 2400 m,
base 15x25 km.

Montes

[

2004.06.27 Age 10 days

Montes Teneriffe is a group
of mountains, individual
peak height up to 2400 m.

Plato 2004.09.05 21:34 UT Age 21 days. Misty sky 10-in f/6 Newtonian + 2.5X + 1.6X + ToUcam at 1/25 sec.
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MAP 16
Rimae Plato  32°W 52.9°N

A system of rilles east of Plato. It contains three isolated sections as indicated by arrows in T121.
The main section, which is nearest to Plato, is 87 km long.

__ tiny crater with
MARE FRIGORIS bright ejecta

»
)_

Fontenelle
L

Mouchez

Libration I=-6° bh=-1°

North Pole Region 2004.06.27 14:25UT Age 10 days. 10-in f/6 Newtonian + 2.5X + ToUcam, 3 frames stacked.

Fontenelle 18.9°W 63.4°N
A 38-km crater with notched rim and small peaks. It looks oval due to foreshortening.

Birmingham 10.5°W 65.1°N
A heavily ruined crater, 92 km in diameter.

Epigenes 4.6°W 67.5°N
A crater with off-centered peaks, 55 km in diameter.
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(Image T022 & T223)

Meton 18.8"E 73.6"N
Remains of a vast walled plain, 130 km in

diameter. It overlaps with 2 flooded craters,
Meton C (77 km) and Meton D (78 km).

W.Bond 4.5°E 654°N
A vast walled plain, 156 km in diameter. Its
rough floor contains a faint thin rille.

Anaxagoras 10.1°W 73.4°N

A 50-km crater. At high illumination, it emits
bright rays up to Plato (Image T024A).
Goldschmidt 3.8°W 732'N g < U“i"_” -

A 113-km crater interrupted by Anaxagoras. e o v . it Pt

Its outer walls are very rugged Meton 2004.12.19 13: 15 UT Age 7 days. 10-inf/6 Newlonlan + 2.5X + ToUcam

T223

MARE FRIGORIS

Libration in latitude b = +1.2°

W. Bond & North Pole Region 2007.05.25 ~11:43 UT Age 8.7 days. 10-in {/6 Newtonian +4X + ToUcam.
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2007.05.29 14:41UT Age 12.8 days. Libration I =-1.4° b =+5.7°. 10-inch f/6 Newtonian + 4X + ToUcam
1. Scoresby 2. Scoresby M 3. Challis 4. Main 5.Gioja 6.Byrd 7.Peary 8.unnamed 9. Anaxagoras
S1, 82 suggests part of the Peary’s southern floor is permanently shadowed. B1, B2 is brightened rim section.

{ Reference: hitp:/fwww.ipi.usra.edu/meetings/ipsc2004/pdf/1387.pdf )

Scoresby 14.1°E  77.7°N
A 55-km crater with two low hills and a small crater inside the floor. Scoresby M (54 km) is a
shallow crater in the south-west vicinity.

Gioja 2.0°E 83.3°N
A 41-km crater. Its western rim is heavy eroded.

Byrd 9.8°E 853N

A 93-km walled plain connecting Gioja. It
eastern and western walls are heavily eroded.
Its floor is peppered with craterlets.

Peary 33.0°E  88.6"N

A 73-km crater nearest to the north pole,
resolvable only during favorable libration.
Peary is in fact circular but looks much
elongated due to extreme foreshortening. A
wide portion of its southwestern circumference
is opened to an unnamed feature (T240, No. 8).
Part of Peary’s southern floor remains in
permanent shadow (S1, S2). Two sections of its
rim (B1, B2) seem to be brightened during the
full season of the lunar summer. This is because
the Moon’s axial tilt is as small as 1.50, hence
the Sun illuminates Peary at grazing angles
most of the time. Compare T240 with the
Clementine image at right.
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MAP 17

J. Herschel, Anaximander, Philolaus, Pythagoras, Babbage :ﬂilegl,d;

. J. Herschel

. Anaximander
. Carpenter

. Pascal

. Anaximenes
. Philolaus

. Pythagoras

. Babbage

. Oenopides

. South

J. Herschel 42.0°W 62.0°N
Remains of a walled plain with small craters on
the floor, 165 km in diameter.

Anaximander 513°W  66.9°N

A 67-km broken crater between two larger craters
Anaximander B & D. Details in T157, next page. |
The formation connects with Carpenter (59 km).

Pascal 70.3°W 74.6"N
A 115-km crater, visibility subject to libration.

Anaximenes 44.5°W 725N
An 80-km crater with worn walls and flat floor.

Philolaus 32.4°W 72.1°N
A crater with terraced walls and double central
peaks, 70 km in diameter.

Pythagoras 63.0°W 63.5°N
A 142-km crater with conspicuous central peak.

Babbage 57.1°W 59.7°N
A 143-km walled plain. Its floor contains a
bowl-shaped crater (Babbage A, 32 km).

Oenopides 64.1°W  57.0°N o

A 67-km crater with few tiny craters on the rim. Py Phlla/l ah;' ' .'Anaximenes

South 50.8°W 58.0°N S '
Remains of a ruined crater, 104-km in diameter. :

Philolaus 2004.09.25 14:12UT Age 11 days. 10-in /6 + 2.5X + ToUcam
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T157
The north-west limb, from Anaxagoras to Babbage

2004.09.26 16:50 ~16:53 UT Moon Age 12 days
10-in /6 Newtonian + 2.5X + ToUcam
Mosaic of 3 video clips

LT

"._I,_ v "'A.JJ;I'-IersgI}E?I A : Babbage

J ]

. Anaxagoras

—

1. Carpenter

2. Anaximander
3. Anaximander B
4. Anaximander D

A non-oblique view of | |
Anaximander asacosB)|




MAP 18

. . A . . Hatfield 6
Sinus Iridum, Montes Recti, Bianchini, Sharp, Maupertuis Rikl 10, 11, 20

MARE  IMBRIUM

leVerrier { » () Helicon .-

Sinus Iridum

Sinus Iridum

la Condamine

Pom. 1
Heraclides }

The edge of Sinus Iridum resembles a “golden handle" at this time.
2002.12.14 16:40 UT Age 10 days. C3 + Or25+ CP390 @ 1/4 sec, DSCN5832

~~ linear feature

Falis A § 4 . B 4
Sinus Iridum 2002.12.16 14:02UT Age 12 days. 10-in f/6 Ruyce mirror+ 2.5X + TolUcam, 2 frames stacked.

Sinus Iridum (Bay of Rainbows) 31.5°W 44.1°N

Sinus Iridum is a distinct landmark on the north-western edge of Mare Imbrium (Sea of Rains). It
measures 230 km between two capes named Promontorium Laplace (height 2600 m) and
Promontorium Heraclides (height 1700 m). Its origin is believed a vast crater but large part of
the walls is overwhelmed by Mare Imbrium. Under low Sun angle, the floor of Sinus Iridum is
crossed by wrinkle ridges, and Montes Jura (the semicircular mountain range along the shore)
resembles a “golden handle” of a teapot. In the 17" century, the western cape of Sinus Iridum
was nicknamed the “Moon Maiden” by the French astronomer Cassini.
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The Moon Maiden \When the Italian-born French astronomer Cassini observed Sinus Iridum in
the 17t century, he depicted Promonterium Heraclides (circled) as the “Moon Maiden”, complete with
face and waving hair. Cassini's "Moon Maiden" is in fact an illusion and may not show up all the time.
The trick to knowing it is to view it on a night when seeing is not that good; this exaggerates the illusion !

= W03 < Moon Maiden

A burr frame
from video

Bianchini 34.3°W 48.7°N Sharp 402°W 45.7°N
Crater Bianchini (38 km) and Sharp (39 km) resemble a pair of “eyes” guarding Sinus Iridum.

Maupertuis 27.3°W 49.6°N

_ Prom.

A pentagon-shaped disintegrated ~ Laplace
crater close to Promontorium MARE IMBRIUM

Laplace, 45 km across. A small lava
“lake” is just in the south. YN
;ﬁfava “.'a!ge"

Montes Recti
ie, ¢
L Ll -
‘f’ " ‘T '.-F.
crater

Montes Recti  20.0°W 48.0°N
A straight range of mountains close
to Sinus Iridum, 20xX90 km and up
to 1800 m high. A small crater lies
near the eastern and western end of
this range respectively.

/
crater

VL N i ,._;
nian + 4X + ToUcam (80% resized)

A

2006.05.09 15:03 UT Age 12 days. 10-in f/6 N

Image T065, next page: ewtol

Lambert 21.0°W 25.8°N
A crater with terraced walls, 30 km in diameter. Its immediate south is the ghost crater
Lambert R (55 km). See also Image T177 in .

C.Herschel 312°W 34.5°N
A 13-km crater named after Caroline Herschel, the sister of the German-born English astronomer
William Herschel who discovered Uranus in 1781. She assisted her brother lifetime and was the
first woman to discover a comet.

Mons La Hire 25.5°W 27.8°N
An isolated mountain, base about 11 x 25 km, peak height 1500 m. It is a highland remnant
partially submerged in lava. A closer view from the Apollo-15 mission is given in

Dorsum Zirkel 23.5°W 28.1°N  Dorsum Heim 29.8°W 32.0°N

They are wrinkle ridges on the western side of Mare Imbrium. Dorsum Zirkel is 190 km long.
Dorsum Heim is nearly 150 km long, followed by few more unnamed wrinkle ridges that extend
northwards into Sinus Iridum.
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Sunrise over Sinus Iridum

éﬂ- Mons La Hire

.
‘I

Delisle {'
%‘1 . Caventou
Y,
>
)
* McDonald

i
i , -

Prom. Heraclides

{ |
'\.l- . '\‘ Carlini { 2 C. Herschel ()

s 4
-‘*!.‘ )
by )

\

X

Domes near Prom. Heraclides 2004.05.29 15:19UT Age 10 days

(9
Helicon

TOG5A

0‘:‘@6

Lambert to Sinus Iridum

2005.04.19 13:14 UT Age 10.7 days
10-in 6 Newtonian + 2.5X + TolUcam

The wrinkle ridges on the floor of Sinus Iridum are particularly prominent when the terminator passes over them.
To emphasize the profile of these ridges, Montes Jura (the mountain range under illumination) is inevitably
over-exposed in Image T065. Sunlight comes from the east, suggesting that an observer on the shore of Sinus
Iridum would experience sunrise at this time.

Helicon is a crater resembling a bowl, 24 km in diameter and 1900 m deep. The cape-like feature that casts
triangular shadow is Promontorium Laplace. It rises 2600 m high and has an indistinctive dome in the west
(TOB65A). Other domes exist near Promontorium Heraclides (T174), but they are noticeable only under very low
illumination angles.
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MAP 19

. . Hatfield 5
Copernicus, Eratosthenes, Stadius, Montes Carpatus, Rkl 32, 31, 30, 20, 19

Euler, Lambert, Hortensius, Milichius

L fiMare
¥ ‘ﬁ.;,!mb"”m
-I'_. p b o

N

(Image T027)

Copernicus 20.1°W 9.7°N
Copernicus is a fine example of
a young ring mountain, formed
about 800 million years ago. It is
located between the south of
Mare Imbrium and the north of a
loosely bounded plain named
Mare Insularum (Sea of Isles).
Copernicus is 93 km in diameter, ¢ '
with a group of central peaks
and terraced walls 3700 m above
the floor. The depth-diameter ratio
of Copernicus is 1:25; this makes the crater to resemble a pie pan rather than a bowl. The
Copernicus region is rich in observation details. At Moon age of 9 ~10 days, a faint dome is
barely notable about one diameter west of the crater. Numerous secondary craterlets and pits also
spread like raisin holes in the north-east vicinity. Extensive bright rays emit from the crater at
days close to the full moon.

2002.11.14 14:58UT Age 9days. C9+LE12.5+CP930 1/7 sec DSCN5818

The number of central peaks in Copernicus is a challenge to observation. Three peaks of height
up to 1200 m are obvious in small telescopes. Large telescopes may spot additional small
“bumps”. Images from spacecraft, however, reveal even more peaks. The terraced walls look
somewhat hexagonal. The radial scars around the outer walls are the ejecta blanket resulted from
an asteroid-like impact. The two small overlapping craters in the south of Copernicus are Fauth
(12 km) and Fauth A (10 km); they are good indicators to align an image’s north-south
orientation.

(Image T205, next page)

Outside the rim of Copernicus are two small craters surrounded by dark halo --- Copernicus H,
diameter 5 km and Gay-Lussac N, diameter 2 km. Presumably these craters formed from
secondary impact, the dark halo could be the deposits of mare basalt excavated from the impact
site. The impact was supposed not too energetic, so only the top-most layer of dark basalt was
excavated but the deeper underground of light-colored anorthosite remained intact.
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. " . Gay-Lussac N —

Copernicus 2005.04.19 ~12:39UT Age 10.7 days. 10-in fi6 Newtonian + 2.5X + 1.6X + Tolcam (mosaic)




Copernicus on the terminator 2007.10.20 12:57 UT Age 9.4 days. 10-in ff6 Newtonian + Meade 2X + ToUcam

A | ejecta blanket Cross-section of Copernicus

|
| "l Diameter A = 93 km Height of central peaks C = 1200m
terraced t}en:ml peaks D Depth of floor B = 3700 m Height of outer walls D = 1400 m

c Small impact craters (diameter less than about 15 km) do not have
central peaks. They tend to have simple bowl shape whereas in a
large crater like Copernicus, slumping of material off the inner walls
helps to flatten the crater floor. Note also that B is greater than D,
(Not to scale) and the inner walls are always steeper than the outer ejecta blanket.

Image T219:

Eratosthenes 11.3°W 14.5°N
An impact crater between Copernicus and the south
end of Montes Apenninus, 58 km in diameter and L-shaped feature
3600 m deep. It has a sharp rim, terraced walls and 3 e
central peaks. Eratosthenes changes in appearance , Stadius *
during a lunation. At full moon it almost disappears. L

5 T 98 ]

The lack of bright rays around the crater suggests that
the rays were washed out by space weathering, so
Eratosthenes must be older than Copernicus and is
determined to have formed 3.2 billion years ago (the
beginning of the Eratosthenian period). The adjacent
land relief is interesting; it resembles an elephant
with an upward swirling nose.

Stadius 13.7°W  10.5°N

A ghost depression with incomplete low walls, 69 km
in diameter. It is peppered with secondary craterlets
and pits. A L-shaped feature (possibly composed of a
catena and a rille) extends from the southeast rim. -
The height of the northeast wall is 650 m. Eratosthenes 2005.04.18 11:53UT Age 9.8 days. 10-in if6+ 4X + ToUcam, 85% resized.

.
Eratosthenes
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' Rima Gay" Lussac

\*:n\ #I\I \
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. MARE IMBRIUM ?
4 { ) Draper

Montes Carpatus ( north of Copernicus) 2004.06.27 13:47 UT Age 10 days. 10-in fi& Newtonian + 2.5X +Tollcam, 11 frames.

Montes Carpatus 24.4°W 145N

A mountain range, length 360 km with peak height 2300 m. It is one of the montes that form the
rising rim of Mare Imbrium. It holds crater . Mayer (diameter 33 km), Gay-Lussac (26 km),
and one rille (Rima Gay-Lussac, length 40 km) that runs across the ejecta blanket of Copernicus.

Short chains of craterlets and a megadome (low elevated plateau) can be spotted in the
northern vicinity, see T253 in next page.
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The megadome north of of T. Mayer
(Enlargement from T253)

__— megadome

MARE IMBRIUM

¥ * Rima Wan-Yu

‘Natasha

Mons Vinogradov

(Lunar Orbiter image)

Euler & Rima Wan-Yu 20060508 13:37 UT Age 12 days. 10-n 16 + 5X + Toldcam (B8% resized)

Image T253:

Euler 292°W 233°N
A terraced crater with central peak, 27 km in diameter. A short catena (chain of craterlets) runs
almost tangential to the south rim of Euler.

Mons Vinogradov 32.4°W 22.4°N
An irregular mountain rising up to 1400 m, base width 25 km.

Natasha 31.3°W 20.0°N
An inconspicous crater, 12 km in diameter. Rima Wan-Yu (31.5O W 20.0°N, length 12 km) is an
elusive rille very close to the west rim of Natasha.
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Lambert and wrinkle ridges

Lambert 21.0°W 25.8°N  (Image T177)
A terraced crater, 30 km in diameter. It adjoins
the ghost crater Lambert R (55 km) which is
almost buried beneath the mare floor. In the
southeast of Lambert is a nameless network of
wrinkle ridges.

Pytheas 20.6°W 20.5°N
A crater with sharp rim, 20 km in diameter.

Gambart 152°W 1.0°N  (Image T178)
A ring-shaped flooded crater, 25 km in
diameter. To the south of Gambart are two
opposing spiky mountains that cast triangular
shadows. A dome (~10 km) is located close to
Gambart B and C. The arrow points to
another skeptical dome.

Turner 132°W 1.4°N
A crater, 11 km in diameter, 2600 m deep.

Lalande 8.6°W 4.4°S
A bright rayed crater under high illumination,
24 km in diameter. It is probably less than 2.8

billion years old. See also T179 in .

2005.11.11 ~11:49 UT Moon Age 9.5 days. 10-inch /6 Newtonian + 2.5X + ToUcam

Mons La Hire

L2

Copernicus

Gambart and vicinity 2006.02.07 ~11.56 UT
Moon age 9 days. 10-in f/6 Newtonian + 2.5X + ToUcam

120



Image T199:

Lansberg 26.6°W 0.3°S
A terraced crater with multiple central
peaks, 38 km in diameter.

Reinhold 22.8°W 3.3°N

A terraced crater with a small central
peak, 42 km in diameter. Between this
crater and Lansberg is a volcanic dome
that has a summit pit.

Reinhold B 21.7°W 4.3°N

A flood crater with a conspicuous
craterlet on the floor, 26 km in
diameter. Although it is close to
Reinhold, its interior is completely
different from Reinhold. See larger
image in T205, previous page.

Hortensius 28.0°W 6.5°N
Milichius ~ 30.2°W 10.0°N

In T206, Copernicus is beyond the
left edge of the frame. Hortensius
(dia. 14 km) and Milichius (12 km)
are well-known for the clusters of
volcanic domes in their vicinity.
These domes range from about 5 to
15 km in diameter and are few
hundred meters high. They are
visible only under very low Sun
angles. The summits of some domes
have single or even double pits. Six
domes are clustered at the immediate
north of Hortensius, and at least ten
domes spread in the region between
Milichius and T. Mayer. Note also
the nameless rille and the
“megadome” marked in T206.

200k
0*km

The “megadome” (dome-shaped plateau)

Lansherg

Hortensius
1)

domes

Milichius A
L)

Milichius |

0

Domes near Hortensius & Milichius 2005.04.19 ~12:35 UT Age 10.7 days. 10-in f/6 + 5X + Tollcam (mosaic).
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MAP 20

. . Hatfield 7, 11
Oceanus Procellarum (Kepler, Marius, Montes Riphaeus, | Riki 30, 29, 28, 40, 41, 42

Flamsteed, Letronne, Reiner Gamma)

1. Kepler 2.Grimaldi 3.Hevelius 4.Riccioli 5.Hedin 6. Qlbers 7.Sirsalis 8. Reiner 9. Reiner Gamma
10. Marius 11, Montes Riphaeus 12, Euclides 13. Flamsteed 14. Lansberg 15.Rocca 16. Cavalerius 17. Letronne

Kepler 38.0°W 8.1°N

A terraced crater with central peaks, 31 km
in diameter. It is also a center of prominent |
bright rays. A faint dome is barely visible = =% 4 Y,
in the northwest of Kepler. '

_ Maestlin R

N i
s . ( ¢ets

AT
Ke' .»-I ' oy )

Maestlin

Encke 36.6°W 4.6°N A

A slightly polygonal crater with uneven
floor, 28 km in diameter. Its rim is
interrupted by craterlet Encke N. During
the full moon, Encke is overwhelmed by |
the bright rays from Kepler.

Image T233:

Maestlin R 41.5°W 3.5°N

A disintegrated walled plain, 61 km in
diameter. A chain of craterlets extends |
outward from the east wall of Maestlin R. | #
A system of rilles (Rimae Maestlin, length
80 km) passes through the southeast wall.

7

g
Kepler with rays 2001.01.06 15:17 UT Age 11 days. FS102 + QY2300
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The Maestlin Region appears as a low elevated plateau (megadome) that holds
Maestlin R, Rimae Maestlin and a nameless chain of craterlets. It is located on the
eastern edge of Oceanus Procellarum near Kepler, size about 100 km north-south.

. Maestlin R (dia. 61 km)
. Rimae Maestlin

. a chain of craterlets

. Encke

. Kepler

. a dome

N T

Maestlin Region

2006.05.09 ~13:48 UT
Moon Age 11.8 days

10-in f/6 Newtonian
+ 5X + ToUcam

(mosaic)




Reiner
Gamma

vy

 Marius Region 2004.09.26 ~15:36 UT Age 12 days. 10-n f/5 Newtonian + 4X + Tolcam  2005.04.21 14:17UT  Age 12.5 days. 10-in /6 +4X+ ToUcam

Marius  50.8°W 11.9°N

A crater in the middle of Oceanus Procellarum. It has a flat floor, 41 km in diameter. Its rim is
stuck by a small elongated crater Marius H. The vicinity of Marius is rich in wrinkle ridges and
dome-like hills, best seen at Moon age of about 12 days. About 300 hills of few hundred meters
high were estimated in this area. They are believed to form from concentrated rise of magma
within the lunar crust at the later stages of lunar volcanism (roughly 3.2~3.5 billion years ago).
The bright streaks at the left edge of T155 are rays radiated from Kepler.

Rima Marius  48.9°W 16.5°N

A sinuous rille in the north of Marius. It is shown more clearly in
T057. Rima Marius begins near crater Marius C, where its width is
about 2 km. At Marius B, the rille turns west and ends about 40 km
west of Marius P, where it is less than 1 km wide. This rille
measures 120 km south-north, 250 km in total length. Rima Marius
is a lava channel. It runs long distance because lunar lava is less
viscous and the Moon’s surface gravity is only 1/6 of the Earth.
Compare Rima Marius with the lava channel in Hawaii in the right.

Alavachannel on ilauea Yolcano, Hawail, in 1986

0 0 Itis about 4 meters wide, much smaller than a lunar

. 48.2 . W 6'7_ N . . volcanic rile. The cone in the distance is Pu'u O'g,
A faint, narrow sinuous rille (from position I to 2 in TI155) |ihesoureoftelava (University of Hawail

Rima Suess

meandering between small crater Suess D and Marius V, length
165 km. It is a low contrast feature, barely noted even in steady seeing with 10-inch telescope.
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The Marius region

This image, taken by Lunar Orbiter 5 at an altitude of 110 km, shows a complex of wrinkles ridges, rilles
and dome hills in the northwest of Marius. The arrow points to a nameless sinuous rille located at about
57° W 14° N. It is a lava channel where the lava outlet is a crater. It penetrates the wrinkle ridge because
running lava is hot and pushing to erode rocky obstacles ahead.

Sinuous rilles are distinctly different from rivers on Earth. For example, they usually start in a small crater
and become narrower instead of larger as they flow downslope. They may have abrupt breaks and
sometimes splits, e.g. Rimae Herigonius in . Sinuous rilles were first seen on the Moon and later on
Mars and Venus. Their intrinsic nature had not been ascertained until the Apollo 15 astronaults visited
Rima Hadley, another sinuous rille in [Map 14,

Lunar Orbiter 5 Image'5215?
“ . South-up)™, g
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MAP 20
Image T210:

Montes Riphaeus 28.1°W 7.7°S
A mountain range between Oceanus
Procellarum (Ocean of Storms) and
Mare Cognitum (Known Sea), length
190 km, peak height about 1000 m. It
consists of several long narrow
mountains, giving the impression that
resembles a hunter armed with a spear
(wrinkle ridge) and a torch when
viewed with south up. The “torch” is
the bright rayed crater Euclides, 11 km
in diameter. An inconspicuous trough
(length 40 km) is located on the
north-east end of Montes Riphaeus.

Image T154 shows the landing site of
the  American unmanned probe
Surveyor 3 (April 1967). The manned
Apollo 12 visited the same site in
November 1969, about 360 m away
from Surveyor 3. The network of
wrinkle-ridges in the west of Montes
Riphaeus looks like an alien creature
fighting with the “hunter”.

K:'iPEf Epplnger ﬂ G ';

¥ 5 !*1

'-\ {254
MARE ‘ \
COGNITUM ﬁl N '-.§ Euclldes
e

'&t.*‘

o

Montes Rlphaeus

|-‘{|‘-.|

€ The wrinkle ridges in
Oceanus Procellarum become
prominent near the terminator.
Note also the ghost ring
formation at the picture corner.

OCEANUS

PROCELLARUM

| o

Montes Riphaeus & wrinkle ridges  2005.04.19 ~13:33UT Age 10.7 days. 10-in /6 Newtonian + 2.5X + Tollcam (mosaic)

126



MAP 20
Flamsteed 443°W 4.5°S

A crater, 20 km in diameter. It is just inside the
ghost ring formation Flamsteed P. This ring has
incomplete wall of diameter 112 km, and is
believed an ancient impact crater flooded by
lava during the formation of Oceanus
Procellarum.

Letronne  42.5°W 10.8°S

Remains of a flooded crater, 116 km in diameter.
Rubey It appears like a bay which opens to Oceanus
/ Procellarum. Three small central peaks and a
white halo craterlet are distinguishable on the
floor. Letronne B (5 km) is also a white halo
crater. A trough feature is in the immediate
south of Letronne.

Dorsa b

i)
Flamsteed ¢,

Winthrop 44.4°W 10.7°S
Remains of a flooded crater lying on the
western rim of Letronne, 17 km in diameter.

Dorsa Rubey 42.0°W 10.0°S
A system of wrinkle ridges extending outward

Letronne 2006.05.09 13:56 UT Age 11.8 davs. 10-in f/6 Newtonian + 5X + ToUcam
The arrow points to a white halo craterlet close to three central peaks.
Letronne B is also a white halo crater, diameter 5 km. Its rim adjoins a craterlet.

Flamsteed 2006.05.09 13:50 UT Age 11.8 days. 10-in fi Newtonian + 5X + ToUcam
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Image T036:

Wichmann 38.1°W 7.5°S

A bowl-shaped crater, 10 km in diameter. Its
northern rim connects to an arc-shaped
mountain. Its southern rim is linked to an
irregular mountain through a ridge.

Scheele 37.8°W 9.4°S
A 4-km bowl-shaped crater.

Image T069:

Reiner 54.9°W 7.0°N

An isolated crater in the middle of Oceanus
Procellarum, with central peak and fairly
rough floor, 29 km in diameter. It is circular
in shape but appears oval due to
Wichmann 2006.05.09 14:40 UT Age 12 days. 10-in /6 Newtonian + 4X + TolUcam foreshortening.

Reiner Gamma 59.0°W 7.5°N

A swirling deposit of bright material near
Reiner on Oceanus Procellarum. It measures
about 70 km east-west, with the central part
resembling an oval dome. Together with the
adjacent bright tail formation, Reiner
Gamma resembles the head of a white snake.
Visually the snake has two tails, but only one
tail prominent at a time. The “east tail” is
shown in T0O69 (Moon age 14 days); the
“west tail” is shown in T155 of previous
page (Moon age 12 days).

In general the lunar surface is lack of
magnetic field, but Reiner Gamma is one of
the few known exceptions. A model suggests
that the early Moon still preserved a weak
magnetic field. It just happened some
fragments of a low-density comet fell on the
Moon and ploughed up the regolith. Their
interaction strengthened the local magnetic
Gl field while the global magnetic field faded
Reiner Gamma 20050422 16:00UT Age 136 days. 104n 6 + 4+ Toucam ~ 1MOTE  quickly in  time. As magnetic field
deflects the charged particles in solar wind
which are known to darken the lunar surface, it may account for the high albedo (brightness) of
Reiner Gamma against the dark mare background. Another model proposed that shock waves
produced from a meteoroid impact on the farside of the Moon may have forced lighter matetials
to the location of Reiner Gamma. At present the puzzle of lunar swirls remains unanswered.

Remark: Other bright swirls were reported to locate on the nearside crater Airy ,
plus a few more on the farside. http://science.nasa.gov/headlines/y2006/26jun_lunarswirls.htm
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Aristarchus, Herodotus, Vallis Schroteri, Prinz
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Aristarchus, Herodotus and Vallis Schroteri form an interesting feature group on a
diamond-shaped plateau in Oceanus Procellarum (Ocean of Storms). Near the terminator shortly
before the full Moon, the feature resembles the face of a cat (or an owl) viewed with south up.

Aristarchus  47.4°W 23.7°N

A rayed crater with terraced walls and small central peak, diameter 40 km.
Its depth is 3000 m, deep enough to expose the bright anorthosite rock of
the lunar crust. Indeed its brightness is even detectable in the earthshine
portion of a Moon crescent, m. Aristarchus is very young, formed
about 500 million years ago. The Aristarchus region is a site of LTP
(lunar transient phenomena) glows, probably caused by gases released .
from decay of radioactive elements. The Apollo-15 and Lunar Prospector | aristarchus during the full moon
flyover also detected the radioactivity of radon gas. The inner walls of |on 2005.04.23. Radial dark bands

Aristarchus are shaded with radial dark bands near the full Moon (T176).  |extend up the inner terraced
walls of the crater.

Herodotus 49.7°W 23.2°N
A flooded crater with flat floor, 34 km in diameter. A dome is in the south of Herodotus (T200).

Vallis Schroteri (Schroter’s Valley) 50.8°W 26.2°N

This is the largest sinuous valley on the Moon. It starts about 30 km north of Herodotus on a
diamond-shaped plateau (Aristarchus plateau), then bends through nearly 180° to the west before
opening out onto Oceanus Procellarum. The starting end joins with a 6-km diameter crater;
nicknamed the Cobra’s head. Vallis Schroteri is 168 km long, up to 11 km wide and 1000 m
deep. Current theory suggests that the entire valley, including the head, is a lava channel or
collapsed lava tube. Note the dome with summit craterlet in the west of Vallis Schréteri, T159.

Rupes Toscanelli 475°W 27.4°N
A fault, length 70 km.

Montes Agricola 542°W 29.1°N
A straight narrow mountain range, 140 km long.

Prinz 44.1°W 25.5°N  (Image 1231)

The remains of a flooded crater, about 46 km in
diameter. A wide system of rilles (Rimae Prinz,
80 km) emerges northward from the crater wall.

Montes Harbinger 41.0°W 27.0°N

A group of isolated mountains spanning 90 km
south-north, peak height 2500 m. Some observers
speculated that the Harbinger region is a
“megadome” (large uplifted piece on lunar mare) *
similar to the diamond-shaped Aristarchus plateau.
However this remains unconfirmed because its very low elevation is elusive to observe.

Rimae Aristarchus 47.5°W 26.9°N
A wide system of rilles near Aristarchus, length 120 km. The longest rille runs beyond Prinz.

Brayley 36.9°W 20.9°N (Image T151, previous page.)
A bowl-shaped crater, diameter 14 km. Its depth is as great as 1/5 of the diameter. Like
Aristarchus under high illumination, the inner walls of Brayley are shaded by radial dark bands.
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The Region of Vallis Schroteri

2005.04.21 ~14:09 UT Moon Age 12.5 days
10-in f/6 Newtonian + 2.5X + 1.6X + ToUcam
Mosaic of 3 video clips

1. Aristarchus 2. Herodotus 3. Vallis Schriteri 4. Raman 5. Mons Herodotus 6. Toscanelli 7. Rupes Toscanelli 8. Vaisdld 9. Rimae Aristarchus 10, Prinz 11, Vera
12.Rimae Prinz  13. Montes Harbinger 14.Dorsa Argand 15.Krieger 16.Van Biesbroeck 17.Ruth 18.Rocco 19.Dorsum Niggli 20.Montes Agricola 21.Dorsa Burnet 22.Freud
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Mons Gruithuisen Gamma, Mons Rumker, Mons Delisle
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The arrow points to a “LTP" site where a flash (meteoroid impact)
of 7th magntude was captured by NASA / MFSC on 2005.11.07.
{ http.//science.nasa.gov/headlines/y2005/22dec_lunartaurid.htm )
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Mairan 43.4°W 41.6°N

A 40-km crater with sharp rim and a tiny off-centered
peak. Mairan T (3 km) is a small bright dome with a
summit craterlet. Rima Mairan (90 km) is a faint rille
south of Mairan T. In the north of Mairan is Louville, a
36-km heavily ruined crater; it is difficult to
distinguish from the surrounding rugged terrain.

Rima Sharp 50. 5°W  46.7°N

Na arupta volcanic dome in Alaska, Earih (base ~2km, height -84I‘.lm}

Mons Gruithuisen Gamma 40.5°W 36.6"N

A dome mountain in the south of Mairan, base 20 km, height about 1 km. Its summit has a very
shallow pit and a craterlet around 1 km in diameter. They are good tests for the resolution of
10-inch telescopes. Compare this lunar dome with Novarupta dome on Earth. On 2005.11.07,
NASA captured a flash west of Mons Gruithuisen Gamma (T153).

Mons Gruithuisen Delta 39.5°W 36.0°N
A mountain similar to Mons Gruithuisen Gamma in nature but irregular in shape, base 20 km.

Mons Riimker 58.1°W  40.8°N
A volcanic complex of dome mountains on Oceanus Procellarum, base 70 km, height 500 m. Its
top contains a shallow depression sculptured by clefts and craterlets. At low Sun angles, wrinkle

ridges are seen in the vicinity.
Diuphanuz;, )
[
Walter
i

0/

Delisle

Right: 2006.05.09 13:31 UT Age 12 days 10-in /6 Newtonian +5X+ToUcam. Louise is a rayed craterlet, dia. 1 km. Mons Delisle looks like a baby crawling to Diophantus.

Delisle 34.6°W 29.9°N  Diophantus 34.3°W 27.6°N  (lmage 1211)

A pair of craters, diameter 25 and 17 km respectively. Delisle has uneven floor with a central
broken craterlet. Mons Delisle is an interesting isolated mountain which runs 30 km south-north.
It has a bulgy southern head but narrows down to a “fish-tail” at the other end. Louise is a tiny
rayed crater, 0.8 km in diameter. Two faint narrow rilles Rima Diophantus (length 150 km) and
Rima Delisle (60 km) are in the close vicinity. Both rilles are difficult to spot. Walter (1 km) is
an obscure craterlet near Diophantus; it is named by AU but this gives confusion mentioned in
. The arrow in the picture points to a skeptical dome.
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MAP 23

Hatfield 7
Eddington, Struve, Russell, Seleucus, Olbers, Einstein
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Eddington 722°W 21.3°N, Struve 77.1°W 22.4°N,  Russell 754°W 26.5°N
These are fine examples of remains of flooded walled plains, named to honor three
astrophysicists in the early 20" Century. They are located near the north-west limb, visible as
long as lunar libration is favorable. Their diameters are 118 km, 164 km and 103 km respectively.
The longitude of 80° W passes through Struve’s western rim.

Seleucus 66.6°W 21.0°N
A crater with terraced walls and a small central peak, 43 km in diameter. Its rim is interrupted by
a bright ray originated from the ejecta of the distant crater Glushko (formerly Oblers A, 43 km).

Schiaparelli 58.8°W 23.4°N
A crater, 24 km in diameter, named after the 19" century Italian astronomer whose description of
“canali” (channels) on Mars was misinterpreted as “canals” by other astronomers of his times.

Briggs 69.1°W 26.5°N
A 37-km crater with ridged floor.

Olbers 75.9°W 7.4°N
A 74-km crater with fairly flat floor. Its wall is interrupted by Glushko. Both craters are rayed
centers under high illumination. The long rays of Glushko extend far beyond Schiaparelli.

Dalton 84.3°W 17.1°N  Einstein 88.7°W 16.3°N

Dalton is 60 km in diameter. Its western wall adjoins the concentric crater Einstein which is
visible only at very favorable libration. Einstein is truly circular in shape, diameter 198 km and
has a central 51-km crater (Einstein A) as shown in Image T226. Spacecraft mapping indicates
that Einstein A has a small central peak, but the peak does not appear in T226 due to
inappropriate illumination.

™ o W T226
24 Ll

U

Daltoh

~Bohr

\asco da G!lma T"

i,

aﬂonl",

Krafft , | \

j

' Seleucus

Einstein 2005.05.23 14:52UT Age 15 days. 10-in f/6+2.5X+Tollcam. Insert Is a rescaled projection.
This image was taken at fairly favorable libration of [ =-4.7° b= 4.1°.
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Vasco da Gama 83.9°W 13.6"N  (Image 72044)
A crater with a small central peak, 83 km in diameter.

Rima Cardanus 71°W 11°N (Image T204A)
A linear rille in the northeast of Olbers and Glushko, length about 170 km. It is indistinctive,
especially when the bright rays of Glushko happen to sweep over it.

(Image T225)

Cardanus 72.5°W  132°N
A sharp-rimmed terraced crater with a small central peak, 49 km in diameter. A skeptical ghost
ring just lies outside the northeast rim of Cardanus.

Krafft 72.6'W 16.6°N
A sharp-rimmed terraced crater, 51-km in diameter. It contains a small internal crater Krafft C
(13 km). Apparently Krafft and Cardanus look like a twin.

Catena Krafft 72.0°W 15.0°N

A chain of tiny, eroded overlapping craters which connects Cardanus and Krafft. In Image T225,
foreshortening of the Moon’s limb makes the chain not as distinctive as the flyover view of
Lunar Orbiter (NASA 007). Actually, the catena crosses into Krafft’s floor and bisects Krafft C,
total length 60 km. The width of Catena Krafft is tapered from south to north.

. AR
B0 S| NASA 007
N :

|

Cardanus

l{.

.",/'_,CatenaKr_afﬂ :

Catena Krafft 20050522 15:11 UT Age 14.3 days. 10in i +5X+ ToUcam, 95% resized.
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MAP 24

Hatfield 9
Capuanus, Ramsden, Marth, Bullialdus, Kies, Opelt Riki 83, 52, 63

This map covers the west zone of Mare Nubium (Sea of Clouds). The complete mare is irregular
in shape and does not have definite boundary traceable to a typical impact basin. Probably it is
an extension of lava flooding that had spread over vast surface including Mare Cognitum, Mare
Insularum and perhaps as far as Oceanus Procellarum. (Maria are shown in T001 of .)

| Guericke

(A

‘P

]

Mare
Humorum

Mare ' Nubium I ‘Cﬁ?a

The Helmet
(nickname)

10-in 6 + 2.5X + Tollcam
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MAP 24

Image T216, previous page:

Capuanus 26.7°W 34.1°S
A flooded crater, 59 km in diameter. Its floor contains low ridges and dome-like features.

Mercator 26.1°W 29.3°S  Campanus 27.8°W 28.0°S

Adjoining craters of almost same size (46~48 km). The twin resembles a pair of spectacles.
Campanus has a small, arc-shaped central peak. Two segments of inconspicuous rilles extend
south-north from the junction wall between Mercator and Campanus.

Ramsden 31.8°W 32.9°S
A 24-km crater in the irregular plain Palus Epidemiarum (Marsh of
Epidemics). It sits on a wide system of rilles (Rimae Ramsden, 110 km).

Marth 29.3°W 31.1°S
A double-walled crater in Palus Epidemiarum, 6 km in diameter.

Marth 2004.04.30 14:05UT Age 11 days

Rimae Hippalus 292°W 25.5°S
A spectacular system of wide rilles at the boundary between Mare Nubium and Mare Humorum,
length 190 km. It cuts through the ruined crater Hippalus (57 km).

Rima Hesiodus 20.0°W 30.0°S - - | W .

A linear rille, 250 km long. Part of it = = % i @ \1‘ M | :

enters into Palus Epidemiarum. See | Ut s h_gi"\. "'?

also T083 in [Map 11| e (TN ; ; '3" Mmﬁ“”“i \
el O ! ¥

Rupes Mercator 22.3°W 31.0°S ) & g .

A fault on the southern edge of Mare ’

Nubium, length about 100 km. An
adjacent nameless rille runs in parallel.

Image T081:

Bullialdus 22.2°W 20.7°S

A terraced crater with multiple central
peaks and radial ejecta blanket outside
the rim, 60 km in diameter, 3500 m
deep. It looks like a “small version” of

Copernicus, .

Kies 22.5°W 26.3°S

A flooded crater with a spiky cape, 45
km in diameter. The volcanic dome
with summit craterlet (Kies 7) is in the
immediate west. Pi is about 12 km
across.

Konig 24.6°W 24.1°S
A crater, 23 km in diameter, fairly deep ) |
(2400 m). (TR0 (R

2005.11.11 12:43 UT Age 9.5days. 10-in f/6 Newtonian +4X + ToUcam, 85% sized (mosaic)
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Image T252 & T258:

Wolf 16.6'W 22.7°S
{ ) "Nicollet ¥ Remains of a flooded crater, 25 km
in diameter. Its southern wall is
overlaid with Wolf B (the small
' | ' crater shadowed in T252).

‘ Gould 172°W 19.2°S
MARE NUBIUM Remains of a flooded crater, 34 km
' in diameter. Its western rim appears
as a curved ridge.

Opelt 17.5°W 16.3°S

Remains of a flooded crater, 48 km
in diameter. Its northern wall
adjoins a circular dome-shaped
' I") megadome plgteau, diqmeter about 60 km and
5 ) \ height possibly few hundred meters.
* Its top is sculptured by a system of
rilles Rimae Opelt (length 70 km,
details in T258). This plateau,
together with crater Opelt, Gould
and Wolf, form an interesting
quartet on the terminator.

Guericke 14.1°W 11.5°S
A 63-km crater with “horns” at the

rim, see .

Rimae Opelt

\t\

T

___Mons Moro

Megadome near Opelt 2006.03.09 ~15:30 UT Age 9.6 days. 10-in f/6 + 2.5X + 1.6X + ToUcam (sfack of 3 videos)
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MAP 25

] ] Hatfield 11
Mare Humorum, Gassendi, Lacus Excellentiae, Rkl 52, 51, 62

Rimae Hippalus, Vitello, Mersenius

Mare
Humorum

¢y Clausius

Lacus
*_— Excellentiae

»

MARE

HUMORUM

Gassendi 2002.06.21 13:30UT Age 10 days. C9+CP930

Mare Humorum 38.6°W 24.4°S

Mare Humorum (Sea of Moisture) is a fairly
small lava plain, about 400 km in diameter. It
is inside an impact basin. Geologic study
suggests that the impact occurred 3.8 ~ 3.9
billion years ago. The mare contains a mascon
and could be thicker than 3 km at the floor
center. It has concentric wrinkle ridges along the inner circumference. Palus Epidemiarum
(Marsh of Epidemics), Lacus Excellentiae (Lake of Excellence) and Lacus Timoris (Lake of
Fear) are in the southern vicinity.

2 g
Mare H um 2000.12.07 14:16UT Age 11 days. Qv2300-20001207-0002

Gassendi 40.1°W 17.6°S

Gassendi is a prominent impact crater on the edge of Mare Humorum, 101 km in diameter. Much
of its floor was lava-flooded during the formation of the mare, leaving behind the crater rim and
a jumble of central peaks. The floor is fractured by a wide system of rilles (Rimae Gassendi,
T261) due to post-volcanism. The western wall of Gassendi is broken by a triangular landslide.
The northern wall is interrupted by a smaller crater, Gassendi A. This crater is 33 km in diameter,
3600 m deep while the depth of Gassendi is just 2000 m. Gassendi B is 26 km in diameter.

Letronne 42.5°W 10.8°S

A semi-circular relief just north of Gassendi. It is the remains of a large flooded crater, 116 km in
diameter. Letronne together with Gassendi resemble a “lobster”. Details in T158, Map 20,
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Full view of Mare Humorum
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Gassendi — The most prominent feature
in the Humorum region.
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Excellentiae

y 2006.09.04 14:30UT
Moon Age 12 days

10-in f/6 Newtonian
+ 4X + Tocam

{Arrow points to
approx. position
of Smart-1 ompact.)

Lacus Excellentiae (Lake of Excellence) 44.0°W 35.4°S

An irregular strip of mare among the rugged terrain of the Southern Highlands, maximum length
180 km. Clausius (diameter 24 km) is the only notable crater in this region. On 2006.09.03, the
European lunar orbiter Smart-1 ended its mission with a controlled impact on the northern end of
Lacus Excellentiae.

(Image T068, next page):

Rimae Hippalus 29.2°W 25.5°S

A spectacular system of wide rilles crossing the ruined crater Hippalus, length 190 km. The
system is dominated by three rilles, each about 2 km wide and visible in small telescopes. They
appear as concentric fractures along the outer circumference of Mare Humorum, and are caused
by the subsidence of immense lava masses in the Humorum Basin. See also T216, .

Promontorium Kelvin 33.0°W 27.0°S
A cape almost detached from Rupes Kelvin, base width 50 km.

Loewy 32.8°W 22.7°S  Puiseux 39.0°W 27.8°S

Both craters are 24 km in diameter. They are named after the co-authors of the Atlas
Photographique de la Lune, first published by Paris Observatory in 1896-1910.
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Rimae Hippalus and wrinkle ridges in Mare Humorum
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Agatharchides 30.9°W 19.8°S

A ruined-wall flooded crater, 48 km in
diameter. In its east is Agatharchides P
(66 km) crossed by Rima Agatharchides
(length 50 km).

The Helmet 31.5°W 16.7°S

A fairly bright dome-shaped plateau
(megadome) nicknamed by the Apollo-16
crew, size about 60 km. Its top is ridged
and cratered.

The “Helmet"

Agatharchides & the Helmet 2006.05.09 14:10UT Age 12 days. 10-in %6 + 5 + ToUcam
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Image T150:

Rimae Herigonius 37.0°W 13.0°S

A system of sinuous rilles meandering on
the southern edge of Oceanus Procellarum,
100 km long. Note the rectangular
depression and plateau feature between
Rimae Herigonius and Gassendi A. The
plateau top appears rugged and somewhat
depressed.

Image T059 & T123:

Vitello 37.5°W 30.4°S

A crater on the southern edge of Mare
Humorum, 42 km in diameter. Its central
peak is encompassed by a C-shaped cleft,
giving the impression of a rope-jumping
rabbit in a Chinese myth. A short chain of
caterlets (catena) is in close vicinity.

Lee 40.7°W 30.7°S,
Remains of a flooded crater, diameter
41 km. Its wall shares with Lee M (77 km).

Doppelmayer 41.4°W 28.5°S

A ruined crater with fairly large central
peak, diameter 63 km. An inconspicuous
system of rilles (Rimae Doppelmayer,
length 160 km) runs in the vicinity. The
arrow in T123 points to a skeptical dome.

Palmieri See .

catena

Puiseux

Vitello. Lee & Doppelmayer 2005.01.22 15:10 UT Age 12 days. 10-in /6 + 4X + Tollcam

depression

Rimae Herigonius, composed of section 1-2-3 & 24, length 100 km. Gassendi A
(dia. 33 km) is at top corner. 2006.05.09 14:14UT Age 12 days. 10n 16 +5X+ToUcam

MARE

HUMORUM
\

L}
2006.09.04 14:18 UT Age 12 days. 10-in f/6 Newtonian + 2.5X + ToUcam
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Mersenius

2005.01.22 ~15:05UT
Moon Age 12.1 days

10-inch f/6 Newtonian
+ 2.5X + 1.6X Barlow
+ ToUcam at 1/25 sec.
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Cavendish

Images T033 & T195:

Cavendish 53.7°W 24.5°S
A 56-km worn crater. Its rim is

interrupted by crater Cavendish A (10 km)
and Cavendish E (24 km).

de Gasparis 50.7°W 25.9°S

A 30-km flooded crater. Its floor is
crossed by a wide system of straight rilles
(Rimae de Gasparis, 90 km).

Mersenius 49.2°W 21.5°S

An 84-km flooded crater. Its floor is
somewhat convex and contains tiny
craters and a group of faint rilles. Its wall

adjoins the smaller flooded crater
Mersenius P (42 km).

Rimae Mersenius 46.5°W 20.0°S
A notable system of rilles, length 300 km.
It runs through Mersenius D (34 km).

Rupes Liebig  46.0°W 25.0°S

A scarp at the edge of Mare Humorum,
length 180 km. Its middle section is
interrupted by craters including Liebig G
(20 km) and F (9 km), see Image T123.
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MAP 26

Hatfield 7
Rkl 39, 28

Grimaldi, Hevelius, Cavalerius, Riccioli, Hedin

| unnamed
massif

- ; ’ '
Hermann ) A simulated non-oblique view of Grimaldi, cropped

) ] from T181 and rescaled horizontally. Note the
concentric ring mountains around the lava floor.
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Grimaldi to Reiner Gamma 2004.11.25 16:42-16:45UT Age 13 days. 10-n £% Newtonian + 2.5X + Tollcam
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2005.04.22 ~16:25 UT Age 13.8 days. 10-in /6 + 4X + ToUcam {mosaic)

Hevelius 67.6°W 2.2°N

A walled plain with small central peak,
115 km in diameter. Its floor is cratered
and crossed by an X-pattern of rilles
(Rimae Hevelius, length 180 km).

Cavalerius 66.8°W 5.1°N

A 57-km crater adjoining Hevelius,
3000 m in depth. It has a tiny central
peak. The inner walls are terraced.

Lohrmann 67.2°W 0.5°S
A 30-km crater. It floor has several low
hills.

Grimaldi 68.3°W 5.5°S

Grimaldi looks like a lava-flooded impact basin more than a crater. It is encircled by two
concentric mountain rings, see Image T181A and the cross-section diagram in next page. The
outer ring is partially ruined, about 400 km across. The inner ring is 200 km and the lava floor is
150 km. The nominal diameter of Grimaldi is 172 km. An inconspicuous system of rilles (Rimae
Grimaldi, length 230 km) adjoins the south-east wall. A blade of dark shadow appears to cut
along the northern rim. In T213, a dome with summit pits is found on the northern part of the
floor; few smaller domes are also found under good seeing. Grimaldi contains a mascon which is
probably the mantle uplift caused by sudden release of the impact pressure.
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Cross-section of Grimaldi

Ejecta deposit (breccia)

-« Lava floor (150 km) a‘ /'““3' ring Outer ring

/

)

Mantle uplift due to sudden release of impact pressure

' 1 1*‘#. 1 .
2005.04.23 ~15:38 UT Age 14.8 days. 1

Hedin 76.5°W 2.0°N

A heavily obliterated walled plain, diameter 150 km.

created Mare Orientale on

Schliiter 83.3°W 5.9°

\ Schliiter

0-in /6 + 2.5X + ToUcam (mosaic)

the farside.

S

| ! I
| a.\RiccioIi

s o WA 18 A i
Riccioli 2005.05.22 ~14:31UT Age 14.3 days. 10-in f/6 + 5X + ToUcam

Riccioli 74.6°W 3.3°S

A walled plain near the limb, 139 km in
diameter. The Moon’s equator crosses its
northern outer wall. The southern floor of
Riccioli is crossed by a system of rilles
(Rimae Riccioli, 400 km). The northern
floor is lava-flooded. Riccioli C is a 31-km
crater in which the floor is stuck by another
crater.

It possibly formed in the impact event that

An 89-km crater with terraced walls and central peaks. It is flanked by Hartwig (79 km).
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MAP 27

Hatfield 11
Darwin, Byrgius Rimae Sirsalis, Cruger, Billy, Hansteen Riikl 50, 39, 40

g
La cu’ Agstatis

OCEANUS

PROCELLARUM

Riccioli

2005.04.22 ~16:09UT Age 13.8 days. Longitudinal libration /= -5 3°. 10-in ﬂﬁ anan 2 5)( + Tc-Ucam {masar’c}
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Darwin 69.5°W 20.2°S

Darwin is a complex disintegrated walled plain,
120 km in diameter. A cluster of smaller craters is
located on its southern floor. Its northern floor is
crossed by Rimae Darwin (length 140 km) and
contains a weird dome hill which is visible only
under appropriate illumination, see Image T034.
When Darwin is near the terminator, it resembles
one wing of a butterfly while the other wing is an
unnamed feature.

Lamarck 69.8°W 22.9°S
A disintegrated, rugged crater sharing the walls
with Darwin, 100 km in diameter.

Byrgius 65.3°W 24.7°S

Byrgius is an 87-km crater. Its floor is fairly flat |
and white because of the ejecta splashed from the |
bright rayed Byrgius A (19 km) on the rim.

v RN

\\\‘ y AN \\‘ A {

12.5°S
A 42-km crater with small central peak. It is a rayed
center under high Sun angles. Sirsalis intersects the

Sirsalis 60.4°W

rim of Sirsalis A (once known as Bertaud, diameter
49 km). A trough is just outside Sirsalis A.

In Image T196, Sirsalis is shadowed by the terminator
and hence appears like a black hole. A strip of ridge

extends from the northern rim of Sirsalis. This ridge |

forms the eastern rim of the irregular crater Sirsalis Z
(91 km); it casts a weird triangular shadow around
Moon age of 12 days.

Rimae Sirsalis 61.7°W 15.7°S

A system of rilles, length 426 km. The most prominent
section is Rima Sirsalis which runs between Sirsalis
and Byrgius, see Image T182. It looks like a fracture,
probably caused by the Orientale impact on the farside.

Shadow of Sirsalis Z 2004.09.26 16:35UT Age 12 days. 10in #16+2.5X+ ToUcam
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Criiger 20050522 15:26UT Age 14 days. 10-n fl6+5X+ ToUcam Damoiseau 2005.05.22 15:44UT Age 14 days. 10-n f6+5X + Tollcam

Criiger 66.8°W 16.7°S
A flooded crater with a central craterlet on the dark-flat floor, 45 km in diameter. In its
immediate north is Lacus Aestatis (Summer Lake), a curved strip of dark lava, size about 90 km.

Damoiseau 61.1°W 4.8°S
A shallow crater with rough ridged floor, 36 km in diameter. It is encompassed by crater
Damoiseau K and Damoiseau M.

Image T037, next page:

Billy 50.1°W 13.8°S
A dark-floor crater almost identical to Criiger, 45 km in diameter; but Billy does not have a
central craterlet. Rima Billy (length 70 km) is in the south-east.

Hansteen 52.0°W 11.5°S
A crater with fractured floor and internal hills, diameter 44 km. It is flanked by the short rille
Rima Hansteen (length 25 km).

Mons Hansteen 50.0°W 12.1°S
A triangular hand-shaped mountain, base 30 km. Very bright.

Zupus 523°W 17.2°S
Remains of a lava-flooded craters, 38 km in diameter. Its floor is darkened and featureless. Its
eastern rim looks straight and is considerably higher than the western surroundings.

Rimae Zupus 53.0°W 15.0°S
A system of thin rilles, 120 km long. It runs between Zupus C and Hansteen, difficult to spot.

Fontana 56.6'W 16.1°S
A 31-km crater with an internal low hills. Its northeastern rim is interrupted by small craters.
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Billy, Hansteen and southern vicinity

1.Bily 2.RimaBilly 3.Hansteen 4.RimaHansteen 5. Mons Hansteen 6.Zupus 7.Rimae Zupus
8.ZupusC 9. Fontana 10.deVico 2006.05.10 14:52 UT Age 13 days. 10-in /6 Newtonian + 4X + ToUcam
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Schiller 39.0°W 51.9°S
A truly elongated crater, about 70 x 180 km. The
southern half of the floor is fairly flat but the
northern half is rough and contains two mountain
peaks. It seems Schiller is the fusion of two
adjoined near-sized craters which formed at the
same time. An alternative proposal based on
NASA laboratory experiment is that Schiller was
created by a grazing impactor, which could be an
orbiting debris spiraling into the Moon and
hitting the Moon at very low angle (few degrees
measured from ground).

(Other examples of elongated craters in Map |3, 4,6, 12,14 &20|)

Segner 483°W 58.9°S
A shallow crater with rough floor, 67 km in dia.

Zucchius 50.3°W 61.4°S
A terraced crater, diameter 64 km, depth 3200 m.

Schiller-Zucchius Basin

The territory between Schiller and Zucchius is an
impact basin characterized by two concentric
mountain rings. The inner ring (dia. 200 km)
intersects Segner; the outer ring (dia. 330 km)
intersects Zucchius. There is also the hint of a
third ring almost buried beneath the mare floor,
as marked by arrow in Image TO38A. This basin
contains a mascon.

MAP 28

Hatfield 10, 12
Rikl 71, 70, 62, 61

Schickard,
Wargentin

A simulated non-oblique view of Schiller. The picture center line is 40°W.
2005.04.21 13:56UT Age 12.5 days. 10-in f/6+4X +Tollcam, 65 frames stacked.
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Same image as T038 but rescaled to simulate a
non-oblique view of the Schiller-Zucchius Basin.
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MAP 28
Schickard 55.3°W 44.3°s

A prominent vast walled plain with internal craters, 206 km in diameter. Its rim is fairly worn. A
large part of the floor is lava flooded and darkened, especially the southeast portion and the
northern half. Quite often the floor looks convex with spiky shadows cast by the inner walls.

Inghirami  68.8°W 47.5°S
A 91-km crater. Its floor was modified by the Orientale impact event. See NASA003 map.

Convex floor
of Schickard

(2002.12.16)

v . . b -
\ W
L = L 4
b D] ‘\
SN - b ™
! S €y Blpga 0

P

A

2004.11.25 14:52 UT Age 13 days. 10-in fi6 Newtonian + 2.5X + Tolcam

Inghirami 2005.05.22 15:42UT Age 14 days. 10-in 16 +5X + Tollcam (80% resized)
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Schickard ’ .
Wargentin, Nasmyth, Phocylides 2005.04.22 16:41UT Age 13.8 days. 10-in f16+4X + Toucam, 85% resized.

Image T061:

Wargentin  60.2°W 49.6°S

A rare type of “plateau crater”, 84 km in diameter. It is filled up with solidified dark lava almost
to the top of the rim. The floor is raised 400 m above the surrounding, and is crossed by wrinkle
ridges formed when lava cooled. A craterlet with dark halo is found on the southern floor.

Phocylides 57.0°W 52.7°S
A flooded crater, 121 km in diameter, 2100 m

in depth. Its eastern wall is eroded and adjoins
Phocylides C (46 km).

Nasmyth 562°W 50.5°S
A flooded crater, 76 km in diameter. Part of its
rim is ruined by Phocylides.

Image T214:

Pingré  73.7°W 58.7°S

Yakovkin 78.8°W 54.5°S

Both craters are quite close to the limb and
hence best seen in favorable libration. Pingré
is 88 km in diameter, Yakovkin is 37 km.

2005.04.23 16:08UT Age 14.8 days (98% full Moon). 10-in 16 + 2.6X + Tolcam
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Image T215 & T184:

Piazzi 67.9°W 36.6°S
A 134-km crater heavily modified by
the ejecta from the Orientale impact.

(See NASA003 in map.)

Lagrange 72.8°W 32.3°S
A 225-km crater adjoining Piazzi.

5 Schickard

Vieta 56.3°W 29.2°S

A 87-km crater. In its south is an
unnamed, isolated dark patch,
roughly 40 km across. The
irregularity of the patch suggests this
might be magma leaked out through
the local crust fractures. The
darkened floor of Lacroix R might
be similar magma leak but trapped
by the crater walls. Details in T227.

Fourier 53.0°W 30.3°S
A 51-km crater. Its wall is fairly wide.

Palmieri 47.7°W 28.6°S

A 40-km flooded crater. Its floor is
crossed by a system of narrow rilles
(Rimae Palmieri, length 150 km).
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La&roix‘--"" \\ N
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W !"-"-\. [N \ Piazzi.'."__.
.\ \‘\ \\ B
)

N\ LY

Lagrange

2004.11.25
14:50UT, Age 13 days.
10-in f'6 Newtonian + 2.5X + Tollcam.
Arrow points to an unnamed dark patch.

10+in 6 Newtonian + 5X + TolUlcam, 88 frames stacked, 85% resized.

156



MAP 29

Hatfield 12
Bailly, Longomontanus, Wilhelm, Mee, Hainzel Rikl 71, 72, 63, 64

T047

Caa\tus
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% -KII>C‘hEF' X - . g
N SN ‘%Bettlnus
\ NS . : .
> \lZucchlus

2000.05.15 14:15 UT Age 11 days. FS102 + LE12.5 + CP950 1/40 sec.

Image T047 & T139

Casatus 29.5°W 72.8°S
A flooded crater with internal craters, 108 km in diameter. Its western rim rises higher than the

rest.

Klaproth 26.0°W 69.8°S
A flooded walled plain sharing the wall with Casatus, 119 km in diameter.

Blancanus 21.4°W 63.8°S
A crater with fairly flat floor, 117 km in diameter.
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MAP 29
Scheiner 27.5°W 60.5°S

A crater, 110 km in diameter. Its floor contains a small but conspicuous central crater, no central
peak. Its southern wall is intersected by two straight ridges. In T047 of previous page, one arm of
Tycho’s rays hits on the western wall of Scheiner.

T139

1.Cabeus 6. Gruemberger 12. Wilson
2. Newton 7. Casatus 13. Kircher
3. Short 8. Klaproth 14, Bettinus
4. Moretus 9. Blancanus 15. Zucchius
5. Cysatus  10. Scheiner 16. Weigel

11. Drygalski 17. Ballly
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South pole and its western region during favorable libration

2005.01.22 15:34~15:35UT Age 12.1days. Libration [ =2.1° b =-5.9¢
10-inch 16 Newlonian + 2.5X + ToUcam at 1/50 sec (mosaic of 2 video clips)

Bailly 69.1°W 66.5°S

The largest crater (walled plain) on the nearside of the Moon, 287 km in diameter. It is best seen
during favorable libration. Bailly is truly circular but looks oval due to limb foreshortening. The
floor is scattered with craters, the largest being Bailly A (38 km) and Bailly B (65 km). By
geologic classification, Bailly is a “small” impact basin but it has not undergone lava flooding.
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Kircher 453°W 67.1°S Diameter 72 km IR Lo Y, S T259
Bettinus 44.8°W 63.4°S Diameter 71 km | AR | i
Zucchius 50.3°W 61.4°S  Diameter 64 km 55 O (AN ‘

These craters have roughly same size. They form a
prominent trio outside the rim of Bailly, especially
when Bailly is hidden in shadow (Image T047).

Longomontanus 21.8°W  49.6°S
An eroded crater with off-centered peaks, 157 km in
diameter and interrupting Longomontanus Z (95 km).

Wilhelm 204°W  43.4°S
An eroded crater with fairly rough floor, 106 km in

diameter. It intrudes on two smaller eroded craters
Lagalla (85 km) and Montanari (76 km).

\9515

-., Ep|man|das

Lacus
' Timoris

h ]
Palus Epidemarum
' Timoris

L)Y g Marth
[} » | - [ 'l .1
Mee & Hainzel 2006.05.09 14:28 UT Age 12 days. 10-in /6 Newtonian + 4X + Tollcam

il
- . ' t‘ &mlhcrrie
Mee, Hainzel & vlcmlly 2005.01.22 15:38UT Age 12 days. 10-in i1 + 2.5X + Tolcam

Mee 353°W 43.7°S
A heavily eroded crater, 126 km in diameter. Its floor contains a bright spot, probably caused by
the ejecta of the Tycho impact.

Hainzel 33.5°W 41.3°S
A crater adjoining Mee, 70 km in diameter. It is overlapped by Hainzel A (53 km) and
Hainzel C (38 km). The trio formation resembles the shape of a peanut shell.

Palus Epidemiarum 28.2°W 32.0°S  (Marsh of Epidemics, width 286 km)
Lacus Timoris 273°W 38.8°S (Lake of Fear, width 117 km)
These are irregular lava plains. See also Map 24 & 25|
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MAP 30

Hatfield 14, 16
Southern Highlands (Maurolycus, Stofler, Boussingault) RSkII%& 65,74, 75

The Southern Highlands is a vast, heavily cratered region where no
mare exists. It includes Tycho and its vicinity, the south polar zone,
and the broad bright terrain in the southeast quadrant. This region

is high because it rises few kilometers above the maria level. It is
bright because the lands are dominated by light-colored anorthosite,
the most ancient type of Moon rocks briefed in .

T217 shows a portion of the Southern Highlands. Note that some
crater floors are splashed by the deposits of light-colored ejecta,
which are traceable to the Tycho impact occurred 110 million years
ago. Tycho is an impact crater located beyond the top right corner of
this frame.
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7082

Clavius

Maurolycus,
Faraday & Stofler Tycho

Left: A chaos of craters in
the Southern Highlands

)"y ,_':" s . ?]l .
Crater Trio: Maurolycus, Faraday & Sttfler 2004.09.04 ~19:08UT Age 20 days. 12.5-in /6 Newtonian + 4X + ToUcam. (mosaic of 2 video clips, 88% resized.)

Maurolycus 14.0°E 42.0°S  Faraday 8.7°E 424°S  Stofler 6.0°E 41.1°S

These are often depicted as a trio feature in the Southern Highlands. Maurolycus is a typical
crater with central mountains and terraced walls, 114 km in diameter, 4700 m deep. The shadow
in Image T191 tells that Maurolycus must be the deepest of the trio. Its walls and floor are
interrupted by smaller craters. Faraday lies in the middle of the trio, 69 km in diameter, 4000 m
deep. Its walls are also interrupted by three conspicuous craters. Stofler is a vast walled plain
peppered with secondary craterlets, 126 km in diameter and 2700 m deep. A large portion of
Stofler’s floor is flat, but the eastern portion is mountainous suggesting it could be the remains of
a crater which was ruined by the Faraday impact. The light-colored strips on Stofler’s floor are
the ejecta deposits from the Tycho impact.

This trio is a fine example to demonstrate a chaos of craters battering at other pre-existing
craters.
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1. Barocius (Dia. 82 km)
2. Maurolycus (114 km)
3. Faraday (69 km)
4. Stofler (126 km)
5. Clairaut (75 km)
6. Breislak (49 km)
7. Baco (69 km)
8. Licetus (74 km)
9. Heraclitus (90 km)
10. Cuvier (75 km)
11. Lilius (61 km)
12. Jacobi (68 km)
13. Tannerus (28 km)
14. Fernelius (65 km)
15. Kaiser (52 km)
16. Nonius (69 km)
17. Gemma Frisius (87 km)
18. Goodacre (46 km)
19. Poisson (42 km)
20. Aliacensis (79 km)
21. Asclepi (42 km)
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Boussingault —_

‘ p L lI '-h;- . | HIF: 8 L
- el e . A T y
2006.01.07 ~13:08 UT Age 7.4 days. 10-in f/6 Newtonian + 4X + ToUcam (mosaic)
Boussingault 54.6°E  70.2°S A ,
A terraced crater, diameter 142 km. Its floor contains another large crater oo WA _
Boussingault A. The whole formation resembles a triple-walled crater. | = ‘ 29 -.
0 0 1o . . 57 4 S8 Y
Boguslawsky 43.2°E  72.9°S  Dia. 97 km, with relatively flat floor. 1.Vlacq 2. Rosenberger 3. Hommel 4.MNearch 5. Hagecius 6. Biela 7. Pitiscus
2004.09.19 11:00UT Age 5 days. 10-in f/6 Newtonian + 2.5X + Tolcam at 1/33 sec (Seeing 2/10)

Vlacq 38.8°E 53.3°S  Diameter 89 km, with central peaks.
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MAP 31

Catena Abulfeda, Catena Davy, Crater Arrays

T070

. Abulfeda

. Almanon

Geber

. Abenezra

Azophi

. Playfair

. Aplanus

. Pontanus

. Sacrobosco
10. Pons
11. Fermat
12. Catena Abulfeda
13. Tacitus
14. Descartes
15. Dollond
16. Andél
17. Lindsay
18. Kant
19. Zollner
20. Taylor

.; 21. Alfraganus

% 22. |bn Rushd

©oNODU A WN =

i 23. Apollo 16 landing site
% 24. Achain of craterlets

Abulfeda

2005.11.09 11:43UT Age 7 days
10-in f/6 Newtonian + 2.5X + Tollcam

(mosaic of 4 video clips)




Catena is a chain of small craters, generally resulted from secondary impacts, or from fragmental
impacts of a tidally disrupted meteoroid / asteroid. An exception is the chain of tiny craters inside
Rima Hyginus [Map 13|, which appears to be volcanic rather than impact-originated.

The most known crater chain is Catena Abulfeda shown in the middle of Image T070, length
210 km. At low power, it resembles a thin, bright line running from the rim of Abulfeda
(diameter 65 km) to the northern end of Rupes Altai. At high power, it resolves to over 20
craterlets in a chain. A short, loose chain of craterlets is also shown by Label 24 in TO70. Note
the interesting arc array of craters from Abulfeda to Apianus (Label 1 to 7), the irregular crater
Sacrobosco (dia. 98 km, Label 9) and the bright patch just north of Descartes (Label 14).

Another crater chain, Catena Davy, is shown in T093. It requires high power to spot. This chain
consists of 23 craters from 1 to 3 km in diameter, 50 km long. It is likely caused by fragmental
impacts of a tidally disrupted “rubble pile” meteoroid / asteroid, because most craters in the chain
do not overlap. To the north of Davy C (diameter 3.4 km) is another catena but it is nameless.

NASA 016

Catena Abulfeda
17°E 17°S

Catena Davy
W 11°S

In T093, a dome is recognized outside the rim of Davy. Six IAU-named craters are marked along
the eastern section of Catena Davy:

Harold (6.0°W 10.9°S 2 km) Alan (6.1°W 10.9°S 2 km) Osman (6.2°W 11.0°S 2km)
Delia  (6.1°W 10.9°S 2km) Priscilla (6.2°W 10.9°S 1.8km) Susan (6.3W 11.0°S 1km).
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Other chains of craterlets are found close to Deslandres, Ptolemaeus, Rima Hyginus, Timocharis,
Aristoteles, Eratosthenes, Montes Carpatus, Euler, Maestlin, Krafft, Vitello and Stofler. They are
marked by arrows in the guide maps below. Most of them are nameless.

Chain of Craterlets (Rreferto the Map No. for full prcfure )
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Vogel
59'E 15.19g Ptolemaeus

Albulfeda
120 138%

Hipparchus
5.2E &.4%g

Mare Imbrium

T173 shows a gourd-like crater
array composed of Vogel, its
satellite craters A, B and C. Vogel
can be spotted with the larger map
in next page. It is 26 km in diameter.

Vogel and its satelllte craters 2004.00.05 20:27 UT Age 21 days. 10-in frs + 5X + Tollcam

T071 shows a row of diminishing craters, composed of Halley, Hind, Hipparchus C and
Hipparchus L. Hipparchus is a vast walled plain, 138 km in diameter, . Its walls are
modified by a pattern of grooves and ridges known as "Imbrium Sculpture". This pattern is
radial to Mare Imbrium, which affects the lunar surface for more than 1000 km from Imbrium.
The same pattern can be seen in the middle of T173. Horrocks (30 km) is a younger crater
within Hipparchus. Pickering (15 km) is named after E. C. Pickering, the former director of
Harvard College Observatory. [Remark: Messier A of was once named as Pickering (after W. H. Pickering,
the smaller brother of E. C. Pickering), but this W. H. Pickering was removed from crater nomenclature since 1964.]

Ptolemaeus

chain of
Crateriets

‘ Miiller

]

¢

\ : \\
undar \ () Pufk‘bnm} : » Seeliger

Hlpparchus & vicinity 2004.06.25 12 4? UT Age 8 days. 10-in /6 Newtonian + 2.5X + ToUcam, 6 frames stacked.
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€ An array of diminishing small
craters, composed of

la Caille (67 km)
Delaunay (46 km)
Faye (36 km)
Donati (36 km)
Airy (36 km)
Argelander (34 km)
Vogel (26 km).

Delaunay 2005.01.19 12:18UT Age 9 days. 10-in f/6 + 5X + ToUcam at 1/25 sec

A Delaunay, la Caille E and
la Caille M form a bell-shaped
crater array. Delaunay is 46 km
in diameter. lts floor is divided
by a sharp central ridge.

\if Ptolemaeus
\ f ‘

2004.12.19 12:41UT Age 7 days. 10-in #6+2.5X-+ToUcam. The % was crater Walter, now renamed as Walther.
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Domes

Domes refer to small, rounded low elevation found mostly on
lunar maria. They swell up from ground level to slope 1° ~ 5° and
are believed to form during the later stages of lunar volcanism,
when the rate of lava extrusion had decreased. Lunar domes are
similar to the shield volcanoes on Earth. Sometimes they have
calderas, visible as summit pits or craterlets in telescopes. However the
megadome, which is a large uplifted piece of the crust (diameter

more than 30 km), is more complex in nature. Lunar domes and | St focand E;’;:'gnﬂgiisgﬁgﬁ;ﬁ;a[frég
megadomes located near a known feature are highlighted in the | summitcaldera, dia. 5 km, height 1330 m.
following maps; they require very oblique sunlight to be seen. {6 Hekde ol Tk Uoke % dovellon ek

1. Cauchy & Lucian, [Map 6.

2. Arago, Maclear & Ross .

3. Davy, .

4. Kies & Capuanus, Map 24,

5. Gambart & Reinhold, [Map 19|

6. Copernicus, Hortensius & Milichius, .
7. Kepler, Map 20,

8. Marius, Map 20,

9. Gruithuisen, Mairan T & Mons Riimker, Map 22|

10. Grimaldi, [Map 26|

11. Darwin, [Map 27].

12. Palus Putredinis & Beer, [Map 14

13. Luther, Map 9.

14. Sinus Iridum, [Map18)

15. Aristarchus & Herodotus, .

16. Fracastorius, Map 5.

17. Murchison, .

18. Valentine Dome (megadome), .

Other megadomes are shown in next page.

More details:
http.//www.glrgroup.org/news/28.htm,
http://digilander.libero.it/qlrgroup/
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Megadome is a near-circular plateau or uplift piece (usually on lunar mare) which has diameter more than 30 km and low elevation of few hundred meters.
The plateau surface is textured with protrusions, depressions, ridges, rilles, craterlets etc. The large diameter means it is within the reach of small telescopes.
But the trick is that all megadomes are truly low in height and poor in contrast, so they are noticeable only under very oblique sunlight. The nature of megadomes
is complicated and not fully understood, though hints suggest that they are volcanic. (Reference: http:/www.pi.usra.edu/meetings/lpsc2005/pdf/1116.pdf)
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Lunar Rays

MAP 33

When the Sun illumination angle is high enough (e.g. 30° or more), bright rays begin to emit
from certain craters. The table below lists those craters known to have bright rays.

Anaxagoras (Map 16) |Copernicus (Map 19)
Aristarchus  (Map 21) |Euclides (Map 20)
Aristillus (Map 14) |Furnerius A (Map 3)

Autolycus (Map 14) |Geminus C (Map 2)

Bessel (Map 9) |Godin (Map 13)
Birt (Map 12) |Hind (Map 12)
Byrgius A (Map 27) |Kepler (Map 20)

Craters with bright rays
Lalande (Map 19) |Glushko (Map 23) |Taruntius (Map 6)
Langrenus (Map 3) |Petavius B (Map 3) |Thales (Map 10)
Manilius (Map 9) |Proclus (Map 2) |Theophilus (Map 5)
Menelaus (Map 9) |Sirsalis (Map 27) |Timocharis (Map 19)
MessalaB (Map 2) |Snellius (Map 3) |Tycho (Map 11)
MessierA  (Map 6) |Stevinus A (Map 3)
Olbers (Map 23)

Lunar rays are bright due to two separate causes, or a mix of both.

® Some rays are composed of materials ejected from an impact site on the highlands. The
highlands are predominately light-color anorthosite (illustrated in ). These rays
become bright simply because anorthosite is deposited on the darker maria.

® The ray may also contain fine pulverized rock powder created by the energy of the impact.
This powder reflects sunlight effectively making the ray (ejecta) bright under illumination.
However, the brightness of such powdery ray is weathered away by micrometeoroids,
cosmic rays, and solar winds more rapidly than the ejecta that is rich in anorthosite.

In theory all fresh impact craters have rays. As time goes by, both the anorthositic and powdery
rays will vanish. This suggests that rayed craters are generally younger than non-rayed craters.

Lunar rays are unique in the following characteristics:

® They do not have fixed pattern. For example in next page, the rays from Tycho are long in
multi directions but those from Copernicus and Kepler are wispy. The difference of pattern
probably depends on the impact intensity and the viscosity (fluidity) of the ejecta melt.

® The rays may not point exactly back to the crater from which they supposedly originated.

® The rays may shift slightly in position during a lunation.

While bright rays are common, there
is a rare type of dark rays. In T255,
Dionysius (diameter 18 km, )
seems to appear with a bright halo
only. Close inspection, however,
shows an additional pattern of dark
rays beneath the bright halo. The dark
rays were first noted by Clementine
spacecraft in 1994. They are actually
ejecta composed of dark material
excavated from the mare basalts. The
bright halo is deposits of light-colored
anorthosite excavated from deeper
layer of the impact site.

Schmidt '

Sabine

Dionysius &

-
. , Ariadaeus
L]

Dionysius with dark rays beneath a white halo 2006.03.09 13:48UT Age10 days. 10-in f6+5X+Tolcam

* Manners
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Rayed Craters

Messier A

¢ ¢

A%/ oy
20 kmiad o §

LTalrakal”

Messier Awith rays 2004.08.02 17:53UT Age 16 days (enlarged from T105, 10-in f/5)

\
A

4 Byrgius ﬁ.-with' brighl rays

Mare Serenitqﬁs

Endyi"ni_on- b,

S
. Thales

PV ) i Ay 4 .
Deslandres overwhelmed by Tycho's bright rays. 2000.05.16 18:25 UT Age 12 days (FS102)
The arrow points to a bright patch on the floor of Deslandres. This patch was first noted by

the 17th century astronomer Cassini, hence nicknamed “Cassini’s Bright Spot”.

Rays of Menelaus crossing Mare Serenitatis
2003.09.11 16:11 UT Age 15 days. FS128 + PL15 + CP385
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Sinus Aestuum

| i far T v \ "fl
Mare Vaporum . ¥ f’
'
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_ 1+ [Eratosthenes
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o e ing K
\ii;_ W dRNHNRT

Back slope of Montes Apenninus and Manilius with bright rays  2006.03.09 ~14:53 UT Age 9.6 days. 10-inch /6 Newtonian + 2.5X + ToUcam (mosaic of 4 video clips)

One arm of Manilius rays stretches across Mare Vaporum and the back slope of Montes Apenninus. The ray is as long as 450 km, almost penetrating into Sinus Aestuum.
It is lengthy because (1) the impact energy to create Manilius is truly huge; (2) the Moon's surface gravity is only 1/6 that of Earth and (3) the Moon has no air to retard the
ejected materials during the crater-forming impact. In more massive impacts such as Tycho, the bright rays stretch even longer, up to 1800 km !

MAP 33

Note also the regions of DMD (dark mantle deposit, Map 9) in the immediate north of Rima Hyginus and in the eastern edge of Sinus Aestuum.
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Libration

Libration Additional surface area, up to 7.9 degrees in longitude and 6.8 degrees in latitude, can be seen due to libration.
Left: 2000.04.20 18:26 UT Moon phase=0.96 Diameter = 30.0 arcmin Libration = +3.4° longitude, - 5.9° latitude.
Right: 2001.10.02 19:06 UT Moon phase=1.00 Diameler = 29.8 arcmin  Libration = -3.0? longitude, +6.5° latitude.

Libration (<~ EI*J) allows the nearside of the Moon to be seen from slightly different angles at

different time, producing an overall view of the lunar surface that adds up, over time, to 59% of
the total. It was first noted by the Polish astronomer Johannes Hevelius (1611-1687).

There are three types of optical librations.**

® Libration In Longitude (i~ F) is due to the fact that the Moon moves faster when it is
near perigee and slower when near apogee, but its rotation remains constant. This means
that the Moon’s rotation is not yet in perfect synchronization with its orbital motion. As a
result, the Moon appears to wobble back and forth around its rotation axis. The additional
longitudinal surface that can be seen with this libration is +7.9°.

¢ +7.9° max

Farside

Apogeeg i \r

Moon at perigee

= ™ Nearside
See more surface
of the west limb
) . ~, (Not to scale)
Speed increasing Nt

e -7.9° max

** Due to irregularities of gravitational pull by the Earth and the Sun, the Moon does librate
very slightly by itself; this is known as physical libration. See Appendix — .
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®  Libration In Latitude (75—~ F) is due to the tilt angle of the Moon’s equator (or rotation

axis) from its orbital plane. As a result, the Moon appears to nod its polar regions towards
and away from the Earth as it goes around its orbit. The additional latitudinal surface that
can be seen with this libration is + 6.8°.

+6.8° max
Moon's orbital plane

; W See more surface s
Farside \;{" of the north limb m / TR
} - Earth - =
o 4 . See more surface _—,—'}_.:._""-
~"™ Nearside of the south limb m

(Not to scale)

LR
L
b

/

-6.8° max

®  Diurnal Libration ("j|[ '~ E*J) gives an extra 1° of visible surface round the east or west
limb of the Moon, E)ecause the Earth's rotation brings a terrestrial observer at slightly
different view angles between moonrise and moonset. Simultaneous observations of the
Moon disc from two cities on Earth also produces a parallax, such as € shown below.

Hong Kong (Not to scale)

—_— Moon

s =
e Parallax © =1.05° a:

*
Sdyney starry background

Libration in longitude and libration in latitude occur concurrently and repeat every 27 ~ 28 days
(approximately one sidereal month). They are quantified by parameters / and b, i.e. the shift of
zero coordinates (0° longitude and 0° latitude) from the Moon disc’s exact center at that moment.
They also mean that the disc center is now at longitude / and latitude b. A positive value of / or b

gives more surface of the east or north limb exposed to Earth. A negative value of / or b gives
more exposed surface of the west or south limb.

Lunar Libration, August 21 to October 15, 2004 (00:00 HK Standard Time)
+80
+/o

Libration in fatitude (b} |
” Libration in longitude (I)
f

_40 \I. \ .-"I.’I / \\' \ 'If
Y|
-5° /

+
£
C)

/
o0 £

Disc center at
longitude [
latitude b

8]
3

Amount of Libration ([, k)
(=]
L3

repeats every 27~28 days. —

21 3 10 20 30 10 15
— August— September — October—
2004

Lunar libration causes surface features near the limb distort noticeably in
angular dimensions, and features very close to the limb may be
temporarily out of sight. For instance, Lacus Autumni (Autumn Lake)
and Lacus Veris (Spring Lake) appear on the west limb only at very
favorable libration. The visibility of the maria on the east limb (T056D,
next page) are also libration dependent.
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The east limb during favorable libration
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2. Mare Smythii (Smyth's Sea) # % #7 %

3. Mare Marginis (Border Sea) 5%

4. Mare Undarum (Sea of Waves) i& i

5. Mare Spumans (Foaming Sea) &,

6. Mare Anguis (Serpent Sea) 2 i

7. Mare Humboldtianum (Humboldt's Sea) 4% i

Endymion
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Petawus

' Vendelinus
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., Langrenus

Abel (dia. 122 km)
Ansgarius (94 km)
Barkla (42 km)
Barnard (105 km)
Beals (48 km)
Berosus (74 km)
Cannon (56 km)
Fraunhofer (56 km)
Gauss (177 km)
Gibbs (76 km)
Goddard (89 km)
Hahn (84 km)
Hamilton (57 km)
Hecataeus (167 km)
Hubble (80 km)
Humboldt (189 km)

Craters close fo the limb:

/ " SnBﬁIL:S

Santbech

Kapteyn (49 km)

la Pérouse (77 km)
Legrende (78 km)
Lyot (132 km)
Mercurius (67 km)
Neper (137 km)
Oken (71 km)
Peirescius (61 km)
Phillips (122km)
Plutarch (68 km)
Reimarus (48 km)
Seneca (46 km)
Urey (38 km)
Vega (75 km)
Zeno (65 km)

(This image is 115% resized.)

East Limb of the Moon 2001.09.22 11:27UT Age 5 days. Kenko ED refractor 8cm /8 + Or18 + Nikon CP990 at 1/6 sec.
This day is almost autumnal equinox. It also happened that lunar libration was maximum in longitude ( / = +7.8°%).

DSCN8724
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Hatfield 3, 15 R[]kl38,49| EVENT 1

The east limb near equator during favorable libration
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Mare Smythii & Mare Spumans at falrlyr favorabla libration ( ! 45° b= 0“)
2004.10.28 ~14:09 UT Age 15 days. Terminator at 83°E. 10-in /6 Newtonian + 2.5X +TolUcam
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Mare Spumans & Mare Undarum 2004.09.29 ~15:32UT Age 15 days
Libration I=54° b=14° Terminator at82°E

Crater Diameters:

Back (35 km) Liouville (16 km)

Banachiewicz (92 km) Maclaurin (50 km)

Barkla (42 km) Nobili (42 km)

Born (14 km) Pomortsev (23 km)

Condon (34 km) Rankine (8 km)

Dubiago (571 km) Respighi (18 km)

Firmicus (66 km) Schubert (54 km)

Gilbert (112 km) Somerville (15 km)

Jenkins (38 km) Stewart (13 km)

Kao 1 + (34 km) Townley (18 km)

ﬁggﬁgp ((14(?8k;<7r7r))) Y/Z: ©||Zidka(3($1k§:;') Crater Kao Left: original image Right: 5X enlargement in horizontal scale
Kiess (63 km) von Behring (38 km) 2005.10.17 15:20 UT Age 15 days (Terminator at 93°E Libration 7 = 4.6° ).
Krogh (19 km) Weierstrass (33 km) 10-inch /6 Newtonian + 2.5X + ToUcam

la Pérouse (77 km) Widmanstatten (46 km)
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|Hatfie|d11 Riikl 50, 39 |

The west limb during favorable libration (from 31°S to 4°S)

2005.04.23 ~16:02UT
Moon age 14.8 days
(99.4% full moon)
Terminator at 86.1° W
Long. libration = -5.1°

10-in /6 + 2.5X + ToUcam
{mosaic of 3 videa clips)

. L]
’ N Mare Orientale
x X / (in shadow)
W \

Lacus Veris
hidden in terminator

~
-

Orientale y. -

Grimaldi .-‘Q e {

" ry " 4 g Yy - o - L
Jallin ..‘ h . : L0 | \‘

Image from Lunar Orbiter probe (NASA SP-206) o \,“\-.J
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Hatfield 7,8 Rkl 39, 28,17, 8 | BE=AYA= Nl K|

The west limb during favorable libration (from 12°S to 42°N)
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favorable libration

2005.04.23 ~15:50UT Age 14.8 days
Colongitude 86° Long. Libration I = - 5°
10-incn f/6 Newtonian + 2.5X + ToUcam

(mosaic of 6 video clips)




South pole and its eastern region during favorable libration

The south pole is marked SP. Crater Cabeus (diameter 98 km) and Newton (78 km) are hidden in the dark side of the terminator.

Amundsen (85.6°E 84.3°S, 101 km) is not visible usually but it is recognizable in this image. See also the map for non-oblique
views of these craters.
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South pole and its eastern region durmg favorable libration 2005.04.18 14:44~14:47UT Age 10 days. Libration /=-2.3° b=-6.0°. 10-in /6 Newtonian + 2.5X + ToUcam

Hatfield 14, 16 RUkI 73, 74, 75 | EVENT 1
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South pole and its western region during favorable libration

The south pole SP, crater le Gentil and Drygalski (Nos. 14, 15) are heavily shadowed. Newton (No. 3, diameter 78 km) is shown together with
satellite craters A and G. M1, M3, M4 and M5 are the high peaks of Leibnitz Mountains (informal name). They are actually the peaks on the

outer rim of SPA (South-Pole Aitken basin); see also the Global Maps in the pages. The M5 rises to 9,000 m above mean level; it is the
highest surface feature on the entire Moon.

1.Cabeus 2. Malapert 3.Newion 4.NewtonG 5. NewtonA 6. Short

7.Moretus  8.Casatus 9. Klaproth 10.Wilson 11, Kircher 12 Bailly
13.Bailly B 14.le Gentil  15. Drygalski M1, M3, M4, Msmwmdmmmanj MHMMNMMMM

2007.10.25 ~15:15UT Age 14.5days Libration/=-1.9° b =-4.9". 10-inch f/6 Newtonian + 2.5X + ToUcam at 1/100s. (Mosaic of 3 video clips)

Hatfield 10 Rkl 73, 72, 71 | EVENT 1
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The region east of the North Pole during favorable libration

The region east of the North Pole

2004.09.20 11:06 UT Age 6 days. Latitudinal libration +4.3¢
10-in /6 Newtonian + 2.5X + TolUcam (mosaic of 2 video clips)

1.Meton 2. Scoresby 3. Euctemon 4.de Sitter 5. Neison 6. Baillaud 7. Kane 8. Moigno 9.Arnold 10. Democritus 11. Girtner 12. Cusanus 13. Petermann 14. Peters 15. Schwabe

Hatfield 2 RUkI4,5,6| EVENT 1
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EVENT 1
Artist’s impression of libration

To an observer at a given place on the nearside of the Moon, the Earth would seem to be almost fixed in the sky.
Lunar libration, however, produces an additional peculiar motion of the Earth. Whenever on the Moon the Earth is
seen above horizon, it will seem to set and then rise again, as indicated by the broken curves. This peculiar rising or
setting of the Earth at the horizon follows the period of libration, which repeats approximately every 27~28 days.

(Sketch from Perelman’s Astronomy For Entertainment, Moscow, 1958.)

A patrtially illuminated Earth rises above the lunar horizon

Taken by Apollo 11 crew flying over Mare Smythii, 1969 July 20 (NASA Image AS11-44-6550). Mare Smythii
Is on the east limb of the Moon’s nearside. If the crew landed on Smythii and stayed there long, they would

find the Earth wandering very slowly above the horizon, similar to the above sketch.
NASA 013

Watch these videos of Earth-rise and Earth-set from the Japanese “Selene” lunar probe.
http.//www.jaxa.jp/press/2007/11/20071113 kaquya_e.html
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EVENT 2

Terminator

The terminator is the border line between the illuminated and dark portions of the Moon. It is the
line of sunrise or sunset. At the morning terminator, the Sun is rising over that part of the Moon;
at the evening terminator, the Sun is setting. Precisely the terminator position is specified by the
Sun’s colongitude, which is same as the selenographic longitude of the morning terminator,
measured westwards from the 0° longitude of the Moon globe. Thus the terminator position is
approximately colongitude 0° at first quarter, 90° at full moon, 180° at last quarter and 270° (=
90" E) at new moon. In some lunar ephemerides, it is often measured in relation to the mean
center of the lunar disc not accounting for any effect of libration. This may cause the observer to
notice a deviation between the actual terminator position and the position quoted by the
ephemeris. To avoid such ambiguity, this book marks the terminator position simply in terms of
the “Age of the Moon” or the fractional “Illumination £” although both parameters are not exact
indication of the sunlight angle. See the following illustrations.

Colongitude = angle A

Age of the Moon

180° Evening
5.0 days 7.0 days 7.5 days 9.0 days 10.5 days 13.5 days P *___Terminator
{ . Farside
Fd
[ 7
90°E— s 90°W
\ /4
: ide
\\ &F

Full Moon 16.5 days 19.0 days 20.5 days 22.0 days 24.0 days 26.5 days A o ’
Morning 0° Longitude

Terminator

) The terminator always moves
westwards on the nearside of
the Moon, hence it rotates
anticlockwise if viewed from top

Mosaic from various images, south is up and west is right. The top row (before full | ©f the lunar south pole. However
moon) gives the morning terminator: the bottom row (after full moon) gives the | the terminator rotation is not
evening terminator. Note that Moon age less than 2 days or greater than 27 days is ggn;o;m. ggrggy Vfry dfr O’g ab ‘;Ut
very difficult to trace due to close proximity to the Sun. Practically the Moon crescent 27 to 29.83 calendar days for

. e - one revolution. The average is
is not visible if it is less than 7° from the Sun. 29.53 days, generally known as

the Synodic Month.

Duration of a full moon
llumination k
100 % R
e S
99 % o 44 hours ‘1‘
W ;
) -
98 % 5 .
r‘r .“'
- N
o7 % A =
lllumination (also called Phase) 63 h?“"s
- _ 96 % e P : : -
k=nB/AC Now2d Mov29 Nov3) Nov30 Now30 DecOl DecOf DecO Dec02 Dec02 Dec(2
= 0% at exact new moon 1200 2000 0400 1200 2000 0400 1200 2000 0400 1200 2000
50% at first or last quarter Year 2001, Hong Kong Standard Time
100 % at full moon
(plotted from data in THE SKY software)

The terminator moves slowly at days close to full moon. This is illustrated by astronomy
software in the above diagram, which shows no terminator at exact full moon (k = 100 %), and
that the Moon remains “pretty full” (k> 98 %) in 63 hours. The daily shift of terminator along
the Moon’s equator is marked approximately by the scale in Index Map, cover page of this book.
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The movement of terminator is detectable in telescopes. One observation through a 4-inch
refractor at low power indicates that the movement is barely distinguishable in interval as short
as 10 minutes (Image T040B). When the terminator is crossing Copernicus, its movement can
even be detected in a couple of minutes under high power (T084A).

T040B

2000.04.20 SRR 0000420
18:26 UT . 18:35 UT
Age 16 days ; Age 16 days

LR

/ , 4 ' ; L/2008:04.18 16:07\UT
i { f [ (L8 ~ ] i 1
Two views of Copernicus on the lunar terminator, separated by 3.5 hours (11:29 to 15:07 UT)

The lunar terminator produces many intriguing but momentary views. Some examples are

The tortoise-shaped shadow on the floor of Cyrillus F, Moon age ~ 19 days.

The snaky Serpentine Ridge intersected by Rimae Plinius, Moon age ~20 days.

Valentine Dome with surface sculpture.

The edge of Sinus Iridum (Montes Jura) that brightens up like a “golden handle” of a teapot.

The Maestin region that resembles an “ET” (Extraterrestrial) face.

The triangular shadow cast by Sirsalis Z.
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Terminator seen by Galileo spacecraft as it flew by the Moon

Below is a mosaic of 18 images from the spacecraft's camera through a green filter on 1992 December 7, when the
Moon was 94 % full and with the illuminated portion approximately facing the Earth. The lunar north pole is on the outer
rim of crater Peary. This crater is 73 km in diameter and lies just inside the shadow zone next to Byrd. To a terrestrial
observer, Mare Humboldtianum is a difficult object on the northeast limb of the Moon but here it is seen clearly with
two concentric mountain rings. Note the bright ray from Geminus C striking on the edge of Mare Humboldtianum. The
shapes of Mare Tranquillitatis, Mare Fecunditatis and Mare Crisium also change dramatically from their usual
impressions.

The straight line through the north pole separates the nearside from the farside of the Moon. The morning terminator
rotates clockwise in time. It indicates the Sun is rising over that part of region. At the evening terminator, the Sun is
setting. Because the Moon has no atmosphere, there is no Earth-like twilight. The day and night transition over a lunar
place occurs quite instantly. During daytime (which lasts about 2 weeks by Earth calendar), the surface temperature at
the equatorial zone can reach 1 30°C maximum. During nighttime (which also lasts about 2 weeks), it falls to -1 80°C or
even lower at the polar regions. The temperature at depth of 1 m under surface, however, is relatively constant, around
-35°C. This suggests that lunar “soil” (regolith) is a good thermal insulator. (Reprocessed from NASA image JPL-PIA00130)

NASA 008
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EVENT 3

Crescent

When the Moon is a crescent, its sky position is not far away from the Sun. The Waxing
Crescent (Image T042) indicates the Moon phase is increasing; it always sinks low in the
western sky after sunset. The Waning Crescent indicates the Moon phase is decreasing; typically
it rises few hours before daybreak.

Waning Crescent Waning cresoent (’
\ s Earthshine

— %A
Waxing Crescent

HAER o Sun D Ean

ew moon i
. Eaithshine ",-":

Waxing crescent ..

Maré.
Crisium

Winter \ Summer

Naked-eye view of waxing crescent

Left: 2000.05.07 12:25 UT Age 3 days. Tx50 finderscope + CP950. Right : 2007.07.19 9:30 pm Hong Kong (Summer)
Right : 2000.07.28 21:26 UT Age 27 days. FS102 + K25 + CP950. Left : 2007.12.15 9:30 pm Hong Kong (Winter)

Thin crescents often appear with Earthshine, as shown in T086 and T095. Earthshine refers to a
faint illumination of the dark portion of the crescent, caused by sunlight reflected from the Earth.
Surface features in a photograph of thin crescent (e.g. T094) are likely lack of contrast, because
the light reflection of Earth shines on the crescent as well.

\
Aristarchus

Waxing crescent with earthshine  2002.08.13 ~12:00UT Age 4 days. FS102+Or25+CP990. The right image
is deliberately overexposed to show the earthshine. Aristarchus, a high albedo crater, is visible even in earthshine.
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Waning Crescent
with Earthshine

(Taken on 2004 July 13
when it was 27 degrees
above horizon)

A 26-day old Moon Left: Earthshine portion  2004.07.13 20c42~20:57 UT, FS102 + PL25 + CPY80 (2 images)

Right: Crescent portion

Part of waning crescent

2004.07.13 21:07 UT Age 26 days
FS102 + LE12.5 + CP990 at 3X zoom
South up

1. Bailly
2. Phocylides
3. Schickard
4. Mersenius
5. Cavendish
6. Vieta
7. Fourier
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EVENT 4

Earth's Urnbra Full Moon Luref Om"\n}

Eclipse and Occultation

" . . Y ination
The condition for total lunar eclipse is , i ) (i

3 -6.000 -3.750 00 +6.000 .
shown at right. Whenever the full moon e Eclipc
comes within 3.75° on either side of the I <3750
node of orbits, it must be completely Total Lunar Eclipse (aays)
shadowed by the Earth’s umbra. A total - -

. . Total or Partial Lunar Eclipse
lunar eclipse will be seen on Earth.

Lunar and solar eclipses are also related to the Saros, a period of 223 lunations (6585.32 days or
18.03 years) which was known in ancient Babylonian times. After one Saros, the Sun, Earth,
Moon and nodes of the orbits return to almost the same alignment; hence a lunar or solar eclipse
with passage (duration and obscured portion) resembling its predecessor will recur. This link
predicts the worldwide eclipses: http:/sunearth.gsfc.nasa.gov/eclipse/eclipse.html

The total lunar eclipse on 2001 January 9 is shown in T044. It represents the view in binoculars
at different time. The color and brightness of the Moon did not change much in the Earth’s
penumbra (18:34 UT). As the Moon entered the Earth’s umbra, its color changed gradually and
dimmed to dull red at eclipse maximum (20:21 UT). The brightness drop during total eclipse was
about 1 : 10000, as plotted in next page. It also happened that Delta Geminorum, a 3.5-magnitude
star, was almost occulted by the Moon in this event. See T045.

uT 17:42
Moon's path

Total Lunar Eclipse 2001.01.09 (Observed in Taipo, Hong Kong at 114.2°E 22.4°N)

Passage of the Moon through the Earth’s shadows 2001 January 9

|
Stage of Lunar |2001.01.09| Moon’s i
Eclipse (UT) Altitude
P1 Bk 17:43 710
Ul | A 18:42 580 i
——

U2 =L 19:30 430 EAST

Max R&E 20:21 36" i

U3 A 20:52 290 Ecliptic

U4 | iEE 21:59 150

P4 FRE 22:58 30

i oA S © P1—- Lunar eclipse begins
Arcminutes with the west limb of the Moon
L] entering the Earth penumbra.

Duration of Moon in Earth umbra = 62 min.
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The relative brightness is deduced by comparing the exposure readings of different images captured by
Casio QV2300 digital camera during the eclipse. For example, at fixed magnification and ISO sensitivity,
a non-manual exposure of /5.6 1/20sec means the image is 40 times brighter than /2.8 1/2sec.

Brightness of the eclipsed Moon, 2001 January 9

10000 = T
i e e * eqUiValent tO Change
3000 0001y of one stellar magnitude
=
1000 » S
= 2
2 300 1 -
© [}
£ 100 3
5 IS
w =
] 30 o
g b3
S 10 ® 3
= o
i @ ©
g 3 Y °‘
(]
L) 1 e
1 i bge ————
Enters penumbra | Enters umbra Fully in umbra | Eclipse M;W
0.3 | R AR \@i&@ oA | it |
4l N N

17:30 18:00 18:30 19:00 19:30 20:00 20:30
2001.01.09 (Universal Time)

« Delta Geminorum

P -

20:39

The eclipsed Moon and Delta Geminorum (3.5-magnitude star) in near-occultation on 2001.01.09 19:45 UT.
The closest separation is 0.9 arcmin between the star and the Moen's south limb. Observed in Hong Kong.
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T067 was taken is another Total Lunar Eclipse, occurred on 2004 May 4 and observed in Hong
Kong. When the eclipse began, the sky was overcast for rain. Only this picture is available in the
full course of the event.

Total Lunar Eclipse 2004.05.04 seen from the cloudy sky at Shatin, Hong Kong. Right: 18:08 UT, 17 minutes after the beginning of
penumbral eclipse (P1), FS128 + PL25 + CP995 at 1/450 sec. Left: 19:02 UT, 14 minutes after the beginning of partial eclipse (U1),
same equipment at ~1/2 sec. Images cropped & resized by 33%. No observation after 19:03 UT due to bad weather. Alan Chu

Lunar and solar eclipses at the same time

Mot !
(Natoiscne) Earth's shadow (umbra)

Above: While watchers on the Earth see a lunar
eclipse, watchers on the Moon could experience a solar
eclipse as well. As the Moon passes through the umbra
(darkest portion) of the Earth’s shadow, the total solar
eclipse seen from the Moon can last up to 1.7 hours,
much longer than the duration of any solar eclipse seen
from the Earth.

Right: A space painting which depicts an eclipse of
the Sun by Earth as seen from the Moon. From here the
Earth looks four times larger than the solar disc; hence
the corona (extremely hot ionized gas surrounding the
Sun) would not be seen. The Earth’s atmosphere forms
a “ring of fire” as sunlight is refracted by it, giving a
typical coppery tint. The bright red glow at the ring
bottom is caused by “sunset” effect. The Moon also
turns red by the illumination of the Earth’s atmosphere.

(This explains why the eclipsed Moon in T045 looks red.)

Credit: David A. Hardly htip://iwww.astroart.org
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3. Farside of the Moon

FARSIDE OF THE MOON

Longitude & latitude
grids are spaced fo

avoid over-distortion

in the limb region.

A. Shi Shen G

B. Chang Heng #&#f

C. Tsu Chung-Chi fH3H;&
D. Kuo Shou Ching BPSFa#

USGS 001

Altitude

E. Wan-Hoo 5=

Long. | Lat. Dia. Long. Lat. Dia.

Feature Name (deg) | (deg.) (km) Feature Name (deg) | (deg) (km)

1 Mare Moscoviense Crater
(Moscow Sea) BUEE (1A 148E 27N 277 | 5 Hertzsprung ##% il 129W 3N 591%
2 Mare Orientale (Eastern Sea) ji& 9QBW 19S 327 21 Campbell [ !#2 151E 45N 219
3 Mare Australe (Southern Sea) i 93E 39S 603 22  D’Alembert [ [’Erﬁ 164 E 51N 248
4 Mare Marginis (Border Sea) & 86E 13N 420 23 Birkhoff [fIju&= 146W 59N 345
5 Mare Ingenii (Sea of Ingenuity) 4 163E 348 318 24  Landau J#if 118W 42N 214
Crater ' 25  Lorentz S (Sifm) 95W 33N 312
6  Tsiolkovsky 7 B%[ L 27l 129E 21S 185 | 26  Giordano Bruno %% @V‘ﬂﬁ%?ﬁ. 103E 36N  22#
7  Milne f &Rl 1M2E 318 272 27 Fabry ii‘?ﬂJE' 101 E 43 N 184
8  Gagarin “ritf 149E 20S 265 28  Compton ¥t 104E 55N 162
9 Jules Verne k&« iRl 147E 358 143 29  Schwarzschild piI% 121E 70N 212
10 Leibnitz #7)"d2% 179E 38S 245 30 Plaskett %n‘j:ﬁiﬁ 174E 82N 109
11 Oppenheimer [ 7 y& Rk 166 W 358 208 31 Jackson AR 163W 22N 71 #
12 Apollo [w g 152W 36S 537 32 Mach E## 149W 18N 180
13 Von Karman &3 176 E 458 180 33  Pasteur 4 105 E 128 224
14  Poincaré Bt 164E 578 319 | 34 Hilbert 752 [frHf 108E 188 151
15  Schrodinger #gki ﬁ‘[%’ 132E 758 312 35  Fleming 7% 110 E 15N 106
16 Planck ¥ 137E 588 314 36  Joliot s=ENH 93 E 26 N 164
17  Mendeleev [I[JFEj[A 141 E 6N 313 37  Curie {E! 91E 238 151
18  Aitken U ff] 173E 178 135 38 Zeeman & 134W 758 190
19 Korolev |~ 157W 48 437 | 39 Rowland #5ji® 162W 57N 171
* Hertzsprung is the largest crater-like feature on the entire Moon, formed in Pre-Nectarian period. # Crater with bright rays

192



The farside ranges from 90°E to 90°W with the mean center of the disc at 180° longitude and 0° latitude. Compared to
the nearside, the farside is more heavily cratered, contains only few small maria and mascons (mass concentrations).

The north pole lies on the outer rim of crater Peary, details in . The south pole is inside Shackleton, a crater
on a depression which is roughly 100 km across and is so deep that sunlight probably never reaches there. The south
pole is therefore a speculative cold area where water ice could exist. On 1999 July 31, the Lunar Prospector probe
ended its mission with a controlled impact on a permanently shadowed crater near the south pole. This crater is
Shoemaker, diameter 51 km and named after the American astrogeologist Eugene M. Shoemaker (1928-1997).
Shoemaker, his wife Carolyn and his amateur colleague David H. Levy discovered the fragmented comet SL-9 which
collided on Jupiter during 1994 July 16 - 22.

The South Pole - Aitken is an impact basin about 2300 km in diameter and 12 km deep, so named for its location
between the lunar south pole and crater Aitken. It is the largest and oldest known impact basin in the solar system.

USGS 002

T B
Sbackleton

“Shoemaker 4. & &

.

REGIONS OF THE MOON

(Clementine image)
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All images in this page are north up. 1. Sunrise over Oppenheimer: Oppenheimer is a farside crater at 1 66° W
3508, 208 km in diameter. It has a narrow rim and a relatively flat floor. Label L is Leibnitz, 245 km; V is Von Karman,
180 km. All these features are actually circular but appear oval due to limb foreshortening. (Lunar Orbiter 5 image).

2. Mare Moscoviense (Moscow Sea) : It is the most prominent feature on the farside, 277 km in diameter. A large part
of the mare floor is darker than the rest. Tsu Chung-Chi is a crater named after a Chinese mathematician in the 5"
century, 28 km in diameter. (Apollo 13 image) 3. Tsiolkovsky: A feature that appears partially crater and partially
mare, size 185 km. The crater itself is fairly circular, but its dark mare-like floor is distinctly not circular. The central
peaks, terraced walls and slump blocks on the inner rim of the crater are typical of many large impact craters. (Apollo
15 image) 4. Schrédinger: An impact crater-basin feature, 312 km in diameter. At this size, it may develop an
internal ring instead of central peak due to fluidized waves during the impact. The floor of Schrédinger is fractured with
a distinctive dark-halo crater. (Clementine image)

Features on the Farside of the Moon

: B *p

Moscoviense

1 ¢ Oppenheimer

/' (dia. 208 km)

M = Maksutov

L = Leibnitz

V = Von Kdrmén
B = Bose
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Mare Orientale (93°w 19°S)

A: Mare Orientale is the lava flooded portion of an impact basin.
It is encircled by mulfi-rings including Montes Rook and Montes
Cordillera. B: The ejecta of the Orientale impact, which appears
as radial grooves, is traceable to distance as far as Inghirami (No. 6).

1. Lacus Veris (Spring Lake) 10. Schiiiter (89 kmn)
) 2. Lacus Autumni (Autumn Lake)  11. Piazzi (134 km)
! 3. Vallis Bouvard (284 km} 12. Schickard (206 km)
; A 4, Vallis Baade (203 km) 13. Byrgius A (19 km)
; L 5. Vallis Inghirami {148 km) 14. Grimaldi (172 km)
g M }\é 6. Inghirami (91 km) 15, Ricciali {139 km)
L4\ },. i 7. Baade (55 km) 16. Olbers (74 km)
Yl ¢ 8. Krasnov (40 km) 17. Vasco da Gama (83 km)
i A 9. Eichstadt (49 km) 18. Einstein (198 km)

NASA 003

~

OCEANUSS
- PROCELLARUN'S
i '

Mare Orientale _ i
(dia. 327km) ", ~

J
Montes Rook { { ;7

L

Montes Cordillera’ ™ :‘

{(North up)

Lunar Orbiter 4 image
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Mare Australe as seen by Apollo-15 in orbit

The lunar south pole is at the frame top. Mare Australe (Southern Sea) is the dark area ranging from longitude 70° ~
110° E and latitude 30° ~ 65° S, size about 600 km. The mare floor is stuck with many craters of various sizes, Lyot
(diameter 132 km) being the largest and visible in telescope under favorable libration. Jenner and Lamb are
prominent crater pair, but they are on the farside and hence invisible from Earth. A long narrow valley cuts through the
farside crater Sikorsky. Humboldt is a large walled plain on the nearside close to Mare Australe, diameter 189 km.
Catena Humboldt is a chain of craterlets running between Humboldt and Schorr A, length 165 km. See also T188 in

Map 4

NASA 022

Sikorsky - «S¥%

Nearside

Fraunhofer

Fumerius  Fumerius A
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Lunar Features named after Chinese

There are 10 lunar features named after Chinese, 5 on the nearside and 5 on the farside. See the full list below.

Year Long. Lat. Dia.* .
Feature Name Adopted ( degg.) (deg.) (km) Origin Where
Crater
Chang Heng 3=fi~ 1970 1122E  19.0N 43 | Astronomer, 78 - 139 Label B, Farside map.
Chang-Ngo Qi ff& 1976 21W 1278 3 Female in Chinese myth Inside Crater Alphonsus, Map 12.
Ching-Te [-f 1976 30.0E 20.0N 4 Male name Southwest of Crater Littrow, Map 9.
Kao (Ping-Tse) fit =" 1982 87.6 E 6.7 S 34 | Astronomer, 1888 - 1970 | On the southern edge of Mare Smythii, Event 1.
Kuo Shou Ching #[i< %t 1970 133.7W 84N 34 Astronomer, 1231-1316 = Label D, Farside map.
Shi Shen 7! 1970 1041E 76.0N 43 Astronomer, ~ 300 B.C. Label A, Farside map.
Tsu Chung-Chi #'jfil/ 1970 1451E 17.3N 28 | Mathematician, 429 - 500 = Label C, South of Mare Moscoviense, Farside map.
Wan-Hoo ﬂ{l, 1970 138.8 W 9.8S 52 Inventor, ~ 1500 Label E, Farside map.
Rima
Rima Sung-Mei A #4 £ [ 35 * 1985 11.3E 246N 4 Female name Near western edge of Mare Serenitatis, Map 9.
Rima Wan-Yu fp’i = Eyg 1976 31.5W 20.0N 12 | Female name Almost at the west rim of crater Natasha, Map 19.
Names in native language are not yet ascertained. * Diameter or long-side dimension
Shi Shen 7 f|! ~ 300 B.C. Wan-Hoo fljt I ~1500
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Shi-Shen 7 f! ~300 B.C.

Shi-Shen was an astronomer and astrologist. He catalogued the equatorial positions of 121 stars in 28 Su (ancient Chinese
constellations). His catalogue, together with similar works of another Chinese observer Gan-Te, are supposed to be the
earliest star catalogue in the world. The original star catalogue by Shi-Shen was lost, but much of his works were
frgquently quoted and preserved in Kaiyuan Zhanjing (Treatise on Astrology of the Kaiyuan Reign Period) compiled in the
8" century.

Chang Heng 3Ef 78-139

Chang was interested in literature at youth and produced several works that brought him recognition as a writer. In his
early 30s, he decided to turn to astronomy. He was soon recognized as a scientist and entered government service at the
age of 38. Eventually he became chief astronomer and minister under the emperor. In year 123 Chang introduced a
calendar reform, which aligned the months again with the seasons. Chang's best known invention is a seismograph, or
more accurately a “seismoscope”, since it did not produce a graph of the earthquake but indicated in which direction it
occurred. He also invented a chariot that indicated direction automatically and a wooden bird that could fly hundreds of
meters. He had several papers in science, philosophy and literature. Chang also excelled in picture painting.

Tsu Chung-Chi {2z 429-500

A mathematician and an astronomer. He determined Pi (w) between 3.1415926 and 3.1415927, a thousand years ahead of
the European precision. At age 33, he proposed an improved calendar with one tropical year only 54 seconds longer than
today’s value, and a nodical month accurate to within 1 second. He also introduced the concept of “precession of the
equinoxes” in his calendar and suggested 144 extra-months (leap months) per 391 years for the season alignment scheme.
During calendar development, Tsu invented a method to time the accurate moment of winter solstice by measuring the
Sun’s shadow at noon on days near the solstice. This method remains to be a standard reference for many later years.
However, his calendar was not accepted by court until 10 years after his death.

Kuo Shou Ching F5F# 1231-1316

An astronomer and a senior government officer. He once conducted a large-scale land survey, north up to Siberia and
south up to the islands in southern China. His survey conveyed the concept of “the elevation above sea level” and the
mathematical method of “interpolation”, both being 400~500 years earlier than the European did. He developed a calendar
with one year = 365.2425 days, same as today’s calendar year or 25 seconds more than the tropical year. He invented or
improved over 10 astronomical instruments including a torquetum, sight tubes and a huge gnomon with a pin-hole device
to read the sun’s shadow length accurately. He also built an observatory and held credits in national projects of flood
prevention, agriculture and navigation. He authored a variety of scientific books in 105 volumes but they were lost.

Wan-Hoo &1 ~1500

Wan-Hoo is supposed a carpenter who later joined the army of the Ming Dynasty as a weapon builder and inventor.
Wan-Hoo may not be his real name but probably a term in the military rank. He attempted to fly by binding himself on a
47-rocket powered chair together with large kites. Unfortunately the rockets, being gun-powder fueled, exploded during
ignition. Wan-Hoo died in his attempt. He is credited to be “the first man to fly in rockets”.

Kao (Kao Ping-Tse) = ~-F 1888-1970

Kao is one of the pioneer astronomers in the 20" century China. He did not have a formal education in astronomy. He
picked up everything by himself. In his earlier career, Kao worked under two French observatories in Shanghai, major in
the observations of sunspots, asteroids and binary stars. In 1924, he represented the Chinese government to resume the
supervision of Qingdau Observatory from the Japanese. In 1926, He participated in the international project of
longitude-latitude survey. He had been an editor of astronomical almanac and also one of the planners to establish the
Purple Mountain Observatory in Nanjing of China. During World War II when no observations were feasible, he resided in
Shanghai to study the history of Chinese astronomy. In 1948 he moved to Taiwan. There he founded the Taiwan-China
Astronomical Society and was its president for some years. His papers in astronomical measurements and calendar studies
were published collectively in Taiwan in 1987.)

Moon Watch in old China

The first Chinese who watched the Moon in telescope was probably court minister
Xu Guang Qi (%% ?9{) in the late Ming dynasty, when the Jesuit Schall von Bell
(FE| W 1592-1666) brought the Galilean telescopes to China. The most early
documented watch of the Moon by Chinese is a sketch by Jie Xuan (?]’EEET) through

his telescope. The sketch was presented in his New Words About Celestial Bodies
<<%Fj,’:\§9?;3‘ﬁ Y, A (FERE ), published around 1675 during the Ching dynasty.

ARAZEBHFE 4RE  —oEoll -
Moon Sketch by Jie Xuan $5HE (1610-1702)
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Spacecraft

4. Lunar Spacecraft

From 1959 to 2007, over 30 unmanned spacecraft were launched successfully to the Moon. They returned
volumes of information about the Moon surface.

List of the major unmanned spacecraft

Unmanned Spacecraft Date of Launch (UT) Missions / Results
Luna 2, 3, 9 to 14, 1959 September ~ ® Crashed or soft-landed on the Moon surface, or entered lunar orbits.
16, 17,19 to 24 1976 August ®  First succeeded to photograph Moon’s farside (Luna 3, 1959).
(former USSR) ® Returned a total of 300g soil samples to Earth.
FE| SRR http.//www.lpi.usra.edu/expmoon/luna/luna.html
Ranger 7, 8, 9 (USA) 1964 July ~ ® Returned closeup images before the spacecraft crashed on the
25T 1965 March moon.  http://www.Ipi.usra.edu/expmoon/ranger/ranger.html
Surveyor 1, 3,5,6,7 1966 June ~ ® Tested or analyzed lunar soils directly on landing sites.
(USA) 1968 January ® Transmitted to Earth about 86,000 lunar photographs.
T http://www.lpi.usra.edu/expmoon/surveyor/surveyor.html
Lunar Orbiter 1, 2, 3, 4,5 | 1966 August ~ ®  Photographed the entire moon surface from orbit.
(USA) 1967 August ® Discovered the existence of mascons.
r FIZRPGRIR S http://www.Ipi.usra.edu/resources/lunar_orbiter/
Clementine (USA) 1994.01.25 ® Mapped the entire Moon at multi-wavelengths from which scientists
rﬁu S Flﬂi? r deduced the abundance of elements on the lunar surface without
coming into direct contact with it (the so-called remote sensing
technique).  http://www.cmf.nrl.navy.mil/clementine/
Lunar Prospector (USA) 1998.01.07 ® \Went into polar orbit around the Moon to survey the composition of
USRI (Controlled crash on the lunar crust; searched water-ice at the poles.
Moon on 1999.07.31.) ® Mapped the Moon’s gravity and magnetic fields.
®  Monitored volcanic emission. http:/lunar.arc.nasa.gov/
Smart-1 (Europe) 2003.09.27 ® Testing and proving of an ion drive engine and miniaturized
F’Fﬁlﬁb il (Controlled crash on the instruments, along with investigations of lunar geochemistry and a
Moon on 2006.09.03.) search for water-ice at the lunar south pole.
http://sci.esa.int/science-e/www/area/index.cfm?fareaid=10
Selene “Kaguya” (Japan) | 2007.09.14 ® To investigate the Moon’s elemental and mineralogical composition
FE[fed 1 for further study of its origin and evolution.
http://www.jaxa.jp/pr/brochure/pdf/04/sat16.pdf
Chang’e-1 (China) 2007.10.24 ® To obtain the Moon’s 3D images and elemental distribution; to
Ftﬁjﬁﬁk‘w il investigate lunar regolith (its Helium-3 contents) and the space
weather (solar wind) en route to the Moon. http://210.82.31.82/

This link compares the instruments on lunar spacecraft:  http.//www.spudislunarresources.com/Papers/orbital_missions _all.pdf

age from

The first manned landing began with the Apollo 11 mission when
two American astronauts Neil Armstrong and Edwin Aldrin set
foot on the Moon in Mare Tranquillitatis (Sea of Tranquility) on
1969 July 20. Meanwhile Michael Collins orbited in the command
module. Apollo is a program to land humans on the Moon. A total
of six Apollo landing modules including 12 astronauts succeeded
in landing between 1969 and 1972, see Landing Map in next page.
Since then no human landed on the Moon but surveys by
unmanned spacecraft continued. The best rewards from the Apollo
are the human experience on the low-gravity lunar surface, the
collection of 380 kg of Moon rocks and the on-site experiments
about solar wind, cosmic ray, lunar atmosphere, heat flow,
magnetic field, seismometry and laser ranging. The Moon rocks
played the key role to reveal the lunar evolution. By analyzing the
rocks with the technique of radiometric dating, scientists
determined the Moon was created 4.5 billions years ago, almost
same age as that of Earth.
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Moon Landing Map

@ Luna
@ Surveyor
M Apollo
Date of Date of
Spacecraft Landing Results Spacecraft Landing Results
Luna Probes (former USSR) Apollo Missions (USA)
Luna 2 1959.09.13 | Hit moon in Palus Putredinis. First manned landing on 23.5°E 0.7°N,
Luna 9 1966.02.03 | Soft-landed in Oceanus Procellarum. Apolio 11 1969.07.20 Map 8. Collected 22 kg rock/soil samples.
Luna 13 1966.12.24 | Soft-landed in Oceanus Procellarum. Avollo 12 1969.11.19 Landed on 23.40W 3.00S, Map 20.
Luna 16 1970.09.20 | Returned 100g soil from M. Fecunditatis. P o Collected 34 kg rock/soil samples.
Luna 17 1970.11.17 | Landed one rover in Mare Imbrium. Avollo 14 1971.02.05 Landed on 17.50W 3.6°S, Map12.
Luna 20 1972.02.21 | Returned 30g soil from Crisium highlands. P o Collected 43 kg rock/soil samples.
Luna 21 1973.01.15 | Landed one rover in Mare Serenitatis. Apollo 15 1971.07.30 Landed on 3.6°E 26.19N, Map 14.
Luna 24 1976.08.18 | Returned 170g soil from Mare Crisium. P T Collected 77 kg rock/soil samples.
Landed on 15.5°E 9.0°S, Map 31.
Surveyor Probes (USA) Apollo 16 1972.04.21 | Gojected 95 kg rock/soil samples.
N Landed on 30.80°E 20.2°N, Map 9.
Surveyor 1 1966.06.02 | Soft-landed in Oceanus Procellarum. Apollo 17 1972.12.11 o
Surveyor 3 1967.04.20 | Tested soil in Mare Insularum, later visited P Collected 110 kg rockisoil samples.
by Apollo 12 astronauts.
Surveyor 5 1967.09.11 | Tested soil in Mare Tranquillitatis.
Surveyor 6 1967.11.10 | Tested soil in Sinus Medii.
Surveyor 7 1968.01.10 | Tested soil near crater Tycho.
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5. Methods of Imaging

The author of this book applied two methods to image the Moon — the “afocal” method and the
“video” method.

5.1 Afocal Method

Figure A - Afocal Imaging

Min. gap

camera adapter
(eyepiece inside)

/

A

ccD

Eyepiece

Objective
Camera lens

Telescope with focus at co

Effective Focal Length = (f1 / f5) x fa

tNot to scale)

eyepiece in camera adapter

This is implemented by coupling a digital camera to the telescope’s eyepiece, Figure A. The
camera’s focus mechanism is fixed at infinity (hence the term “afocal”). Actual focusing is
adjusted on the telescope while watching the camera LCD screen.

The effective focal length of an afocal system is equal to the telescope magnification times the
focal length of the camera’s front lens.

Example
Telescope focal length, f; = 1040 mm
Eyepiece focal length, f; = 12.5 mm
Telescope magnification = f; / £, = 1040/ 12.5 = 83
Camera lens focal length, f; =24 mm
Effective focal length for afocal imaging = (f; / ;) X f3= 83 x 24 = 2000 mm

The frame FOV (field of view) is equal to the FOV of the camera lens divided by telescope
magnification. If the FOV of the camera lens is 15 x 11 degrees (which can be estimated from its
specifications), then following the above example, the frame FOV will be 11 x 8 arcmin. This
covers about 1/3 ~ 1/4 diameter of the Moon disc.

The afocal method is very flexible while image quality is quite promising. Changing the
eyepiece, zooming the camera lens, rotating the camera body, and/or using telescopes of
different sizes virtually satisfy all needs of wide-field and close-up images of the Moon.
However, there is a limit of telescope magnification. Under average seeing, the author controls
the telescope magnification not to exceed 25X per inch aperture (10X per cm). 40X per inch
(16X per cm) is used only during very good seeing. The author also avoids using eyepieces
longer than 30mm focal length, because they produce excessive darkening (vignette) of the
frame corners.
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The telescopes used depend on instant availability, see Figure B. The digital cameras are 2~3
megapixels with 3~4X optical zoom range, including Casio QV2300, Nikon Coolpix-950 and
Coolpix-99x. These cameras incorporate CCD of pixel size around 3.5 x 3.5 um.

Typically a raw image from any digital camera looks flat. The author enhances it with the editing
software “Photoshop”.

Figure B - Telescopes Used for Afocal Imaging Figure C - Video Method

2.5X Barlow lens

TolUcam Pro with its front lens removed

5.2 Video Method

The default setup of this method is illustrated in Figure C. It includes a 10-inch (254 mm) f/6
Newtonian reflector in which the prime mirror was produced by the specialist Robert F. Royce
(http://www.rfrovce.com), a 2.5X Barlow lens, a webcam with its original lens removed and a
computer that controls the webcam exposure. The webcam is Philips ToUcam Pro. It
incorporates a Sony CCD chip (Type ICX098BQ, 3.6 x 2.7 mm, 640 x 480 pixels, each pixel =
5.6 x 5.6 um) and allows video frames to be captured at shutter speed 1/25 ~ 1/10,000 second.
The whole setup is quite powerful for high magnification works, for the webcam can be set at
highest possible speed to compensate the jittering of images, and the overall resolution can reach
3.3 pixels per arcsecond of the imaged object. Each frame covers a FOV of 3.2 x 2.4 arcmin or
roughly 1/10 of a lunar diameter at 2.5X Barlow. In theory this 10-inch telescope resolves round
objects to 0.45 arcsecond or lunar craters as small as 800 m in diameter. Linear objects like clefts
can be detected to 400 m or less in width, subject to their contrast and the atmospheric seeing.

Video Clip ' CD-version only

B < Click here to play a half-minute ToUcam video clip. It produces Image T064 in Figure F.
ToUcam Settings:  Video Format = 1-420, Frame Size = 640x480 pixels, Frame Rate = 10 frames/sec,
Color = off (B&W only), Audio = off, Gamma = 1/5 full scale, ~Gain = 1/3 full scale, ~Shutter = 1/50 sec.
All other settings at default values.

202



After video capturing, the sharper raw frames are extracted and stacked with the freeware
“RegiStax” (http.//registax.astronomy.net). Stacking is a technique to reduce image noise
inherent in CCD. RegiStax can sort out the sharper frames automatically while the user
determines by preference the number of frames stacked. No more than 300 frames are stacked,
for over-stacking leads to loss of image details. In general, good seeing allows less stacking (e.g.
50 frames) and bad seeing requires more stacking (e.g. 200 frames). RegiStax also provides a
sharpening tool, the so called wavelet filter where image sharpness is adjustable on individual
layers. However, the author prefers to enhance the image by “Photoshop” whereas the wavelets
serve only as ancillary tool. Note that this method, though superior, may take several minutes to
convert a video clip to final image. A high-speed PC is preferred to run RegiStax.

Figure D - The 10-inch f/6 Newtonian Figure D shows the full view of the 10-inch /6
Newtonian, equipped with a Barlow lens and a
motorized Crayford focuser. When seeing is
good, a 4X or even a 5X Barlow lens is used
instead of the 2.5X. The 4X is supposed an
optimal choice according to Nyquist sampling
theory. At 4X, the effective focal length of the
10-inch Newtonian is 6100 mm. A lunar
feature of angular size equals to the telescope’s
resolution (i.e. 0.45 arcsecond) thus projects an
image length = 6100 sin (0.45 / 3600) = 13 um
at the focal plane. This covers approximately
two pixels on each side of the CCD chip in
ToUcam --- a fitted Nyquist sampling.
However the 4X is not always useable due to
unfavorable seeing.

The choice of afocal or video method is a
matter of FOV and seeing consideration. For
instance in Figure E, a wide field like TO19 is
obtained with the afocal method. High
magnification like T118 in Figure F is obtained
with the video method. The image is rotated
“south-up" like an eyepiece view in Newtonian
telescope placed in the northern hemisphere.

This Moon book adopts magnified images more than wide-fields. Therefore much of the imaging
works were done with the video method (10-inch f/6 Newtonian + Barlow lens + ToUcam).
Sometimes, frames from different video clips were combined to make a mosaic. Those who wish
to capture the Moon at large format may refer to cameras with larger CCD chips or more pixels.
It is also possible to replace the Barlow lens with a projection eyepiece (e.g. 9 mm focal length)
for imaging.
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Figure E - Moon imaging by afocal method

Digital camera coupled to:

7x50 mm finderscope with cross-hair removed.

4-inch (102 mm) 1/8 refractor + 25 mm eyepiece.

5-inch (128 mm) /8 refractor + 12.5 mm eyepiece.

9.25-inch (235 mm) /10 Schmidt-Cassegrain + 7.5 mm eyepiece.

howbnn

(All images are south up.)

Vixen 7x50 finderscope + CP995 at 4X zoom, 1/85 sec.

o AT42UT
fi5.6 1/671s

20:39 UT
fi2.8 4s

St [}

Total Lunar Eclipse 2001.01.09 FS104 + Or25 + QV2300 Clavius (Blancanus at corner) 2001.08.11 20:42 ut .22days. C9+CP990
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Figure F - Moon imaging by video method

Webcam coupled to:

Royce 10-inch (254 mm) f/ 6 Newtonian + 2.5X Barlow lens, effective f/ 15.

Royce 10-inch (254 mm) f/ 6 Newtonian + 2.5X + 1.6X Barlow lenses in cascade, effective f/ 24.
Orion 6-inch (150 mm) f /8 Newtonian + 2.5X Barlow lens, effective f/ 20.

Orion 6-inch (150 mm) f /8 Newtonian + 2.5X + 1.6X Barlow lenses in cascade, effective f/ 32.

honvn

(All images are south up.)

st ARAL
T125

Copernius 2004.05.29 15:20 UT Age 10 days. 10-in f/6 Newtonian + 2.5X + ToUcam

:(_

N
P Y _E/ "l '
o J‘ ¢ Reiner Gamma

2005.05.21 16:09UT Age 13 days (Orion 6-in 1/8)
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5.3 Other Considerations

It should be noted that the brightness of the Moon changes significantly with its age in a lunation.
This implies that when shooting the Moon, a wide range of camera shutter speed is required.
Typically the shutter speed is a fraction of a second at crescent to about 1/500 second for a full
moon. If the frame includes both very bright and very dark features, the exposure is
compromised by trials. Today’s technology makes exposure rather easy, because the trials can be
judged from the digital camera or PC screen any time.

A second consideration is precise focusing. In close-up images taken by the video method (the
setup in Figure D), a motorized focuser has been found extremely useful. It also avoids telescope
vibration as focusing is made.

Object tracking is important to create image mosaic from a multiple of video clips, otherwise the
post-work of stacking and mosaicking are complicated by any excessive drift of the object in
field. The author tracks the Moon’s R.A. and Declination with the Vixen New Atlux mount; it
virtually “locks” the object in field during the entire video session.

For high magnification works, it is essential to ensure proper collimation of the optics and allow
them to reach thermal equilibrium.

5.4 Environment and Image Archives

All lunar images in this book and taken by the author are traceable from the in next
pages. The images were taken mostly in City One Shatin of Hong Kong where the author’s
observing site is located. The night sky above the site is heavily light-polluted, and there are
hundreds of air conditioners in the windows of the neighbor buildings. The site is also blocked in
the east direction, hence much of the imaging were done in phases before the last quarter.

In the list of Image Data, the Moon Age is expressed in rounded number, e.g. /5 means the age of
the Moon is about /5 days. The Equipment Used are abbreviated, e.g. F'S102 + K25 + QV2300 =
Takahashi FS102 refractor with Kellner 25mm eyepiece and Casio QV2300 digital camera. All
digital cameras are set to ~[SO100 and full resolution for maximum available pixels. When the
ToUcam was used, not all video clips were archived; only the stack of raw frames were saved.

Figure G - The Night Sky

A light-polluted sky like this is disappointing
to explore deep sky objects but still
manageable for lunar (and planetary)
observations.

LY ]
2000.07.16" 8:51pm
A typical night sky in -
City One Shatin, Hong Kong
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Data of Lunar Images

Image Data

The following data apply to lunar images taken by the author in Hong Kong; each image is identified by a at the frame corner.

Image Code

TOO1
T002
TO03
T004
T005

TO06
TOO7
T008, A
T009
TO10

TOM
T012
T013
T014
T015

T016
TO17
T018
T019
T020

T021
T022
T023
T024,A,B
T025

T026
T027
T028
T029
T030

TO31
T032
T033
T034
T035

TO36
TO37
T038, A
T039
TO40,A, B

T041
T042

T043
To44
T045

T046
T047
T048,A-D
T049
T050

T051
T052
T053
T054
T055

T056,A-D
T057
T058
T059
TO60

T061
T062
T063
T064
T065, A

T066
TO67
T068
T069
T070

Date / Time (UT) Moon Age
2000.09.13 14:39 15days
2000.04.20 17:52 15
2000.09.15 15:25 16
2006.11.08 20:06 18
2000.06.15 16:28 13
2000.09.15 15:52 17
2000.04.20 17:58 15
2000.11.02 12:14 6
2001.05.12 18:20 19
2004.06.26 14:54 9
2001.01.09  20:39 15
2002.12.15 ? 1
2003.03.17 16:49 14
2001.08.11  20:42 22
2000.11.05 1335 9
2000.11.05 13:38 9
2001.09.25 1249 8
2001.01.06 15:117 11
2000.11.05 13:58 9
2001.09.25 12:57 8
2004.09.05 ~21:31 21
2004.12.19 13115 7
2004.09.25 14:10 M
2002.08.21 14:40 12
2002.12.14 16:40 10
2002.12.16  14:02 12
2002.11.14 1458 9
2000.09.12 15:34 14
2005.10.17 15:20 15
2006.09.04 ~14:30 12
2004.08.07 20:27 22
2002.06.21 13:30 10
2002.12.16  15:112 12
2000.06.15 14:36 13
2005.05.22 15:26 14
2006.05.09 14:40 12
2006.05.10 ~14:52 13
2002.12.16  15:117 12
2005.01.22 ~15:17 12
2000.04.20 18:26 15
2001.10.02 19:06 15
2004.08.07 20:10 22
2000.05.07 12:25 3
2000.07.28 21:26 27
2001.04.03 10:08 9
2001.01.09  Total lunar eclipse
2001.01.09  Total lunar eclipse
2000.12.07 14:16 1
2000.05.15 14115 11
2003.09.11  16:11 15
2004.10.21 ~14:26 8
2005.05.21 16:21 13
2004.08.31  19:07 15
2004.06.26  14:09 9
2000.11.05 13:50 9
2001.08.11  20:21 22
2005.04.22 16:34 14
2001.09.22 11:27 5
2005.04.21 14:17 13
2005.01.22 ~15:38 12
2005.01.22 15:110 12
2004.01.06 15:03 14
2005.04.22 ~16:41 14
2004.04.30 14:05 M
2004.12.17 ~10:19 5
2004.05.29 15:20 10
2005.04.19 ~13:14 M
2004.05.31  12:37 12
2004.05.04  Total lunar eclipse
2004.04.30 13:06 11
2005.04.22 16:00 14
2005.11.09 ~11:43 7

Equipment Used Exposure (sec)

FS102 + K25 + QV2300

FS102 + LE5 + CP950

MK®67 (6-in f/12) + PL16 + CP950
ETX90 Maksutov + LE24 + CP990
FS102 + LE7.5 + CP950

MKB7 (6-in f/12) + K25 + CP950
FS102 + LE5 + CP950

FS128 + LE12.5 + QV2300

C9 + LE12.5 + CP990

10-in /6 + ToUcam at prime focus

FS102 + Or25 + QV2300

10-in /6 Royce + 2.5X + ToUcam
C9 + LE7.5 + CP990
FS128 + LE12.5 + QV2300

FS128 + LE12.5 + QV2300
C9 + LE12.5 + CP990
FS102 + LE7.5 + QV2300
FS128 + LE12.5 + QV2300
C9 + LE12.5 + CP990

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10 in f/6 Royce + 2.5X + ToUcam
FS128 + LE12.5 + CP990

C9 + 0r25 + CP990

10-in f/6 Royce + 2.5X + ToUcam
C9 + LE12.5 + CP990

MK67 (6-in f/12) + PL16 + QV2300
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
C9 + LE12.5 + CP990

10-in f/6 Royce + 2.5X + ToUcam
ETX90 Maksutov + PL16 + CP950
10-in f/6 Royce + 5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
FS102 + K25 + CP950

Kenko 8cm f/8 + Or18 + CP990

10-in f/6 Royce + 2.5X + ToUcam
7x50 finderscope + CP950 at 3X
FS102 + K25 + CP950

FS128 + LE12.5 + CP990

FS102 + Or25 + QV2300

FS102 + Or25 + QV2300

?
FS102 + LE12.5 + CP950

FS128 + PL25 + CP995

10-in /6 + ToUcam at prime focus
Orion 6-in f/8 + 4X + ToUcam

10-in /6 + ToUcam + IR Blocker
10-in f/6 Royce + 2.5X + ToUcam
FS128 + LE12.5 + QV2300

C9 + LE12.5 + CP990

10-in f/6 + 2.5X + 1.6X + ToUcam

Kenko 8cm /8 + Or18 + CP990

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam

7x50 finderscope + CP995 at 4X
FS128 + PL25 + CP995

10-in f/6 Royce + 2.5X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

1/265
13
1711
1/20
1721

1/42

1/4

1/6
?

1/100

4 sec

1/500
?

1/10
1/8
12
1/8
1/8
1/4

1/25
1/50
1/50
1/28
1/4

177
1/10
1/100
1/25

1/25
1/3

1/33
115
1/25

1/25
1/25

1/25
1/322
1/140

1/33
1/4

117
?

1/8
1/40
1/416
1/100
1/25

1/500
1/50
1/8

1133
1/8

1125
1/50

1/25
1/50

1/25
1/33
1/50
1/50
1/33

1/85
1/33

1/25
1/50

Raw Image

QV2300-20000913-0072
CP950-DSCN 1589
CP950-DSCN 4013
CP990-DSCN 9738 (2)
CP950-DSCN 2989

CP950-DSCN 3997
CP950-DSCN 1591
QV2300-20001102-0044
CP990-DSCN 9080

38 frames stacked

QV2300-20010110-0021
ToUcam single frame ?
60 frames stacked
CP990-DSCN 9642
QV2300-20001105-0018

QV2300-20001105-0020
CP990-DSCN 9797
QV2300-20010106-0041
QV2300-20001105-0029
CP990-DSCN 9804

Stacked from 2 video clips
200 frames stacked

16 frames stacked
CP990-DSCN 5490
CP990-DSCN 5832

2 frames stacked
CP990-DSCN 5818

?
75 frames stacked
Mosaic of 2 video clips

27 frames stacked
CP990-DSCN 4483 (lost)
7 frames stacked
CP950-DSCN 2964

82 frames stacked

120 frames stacked
Mosaic of 3 video clips
2 frames stacked
Mosaic of 2 video clips
CP950-DSCN 1596
CP990-DSCN 9823

11 frames stacked
CP950-DSCN 1958
CP950-DSCN 3399
CP990-DSCN 8764

Mosaic from a batch of images
Mosaic from a batch of images

QV2300-20001207-0002
CP950-DSCN 2350
CP995-DSCN 9883
Mosaic of 2 video clips
68 frames stacked

12 frames stacked

11 frames stacked
QV2300-20001105-0024
CP990-DSCN 9622

69 frames stacked

CP990-DSCN 9724
64 frames stacked
Mosaic of 2 video clips
68 frames stacked

48 frames stacked

Mosaic of 2 video clips

19 frames, cropped, 2X resized.
Mosaic of 3 video clips

2 frames stacked

Mosaic of 3 video clips

CP995-DSCN 0120
CP995-DSCN 0035 + 0038
55 frames stacked

88 frames stacked

Mosaic of 4 video clips
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Image Code Date / Time (UT)

TO71
T072
T073
T074
T075

T076
TO77
T078
T079
T080

T081
T082
T083
T084, A
T085

T086
T087
T088
T089
T090

T091
T092
T093
T094
T095

T096
T097
T098
T099
T100

T101
T102
T103
T104
T105,A

T106
T107
T108
T109
T110

TN
T112
T113
T114
T115

T116, A
T117
T118
T119
T120

T121
T122
T123
T124
T125

T126
T127
T128
T129
T130

T131
T132
T133
T134
T135

T136
T137
T138
T139
T140

2004.06.25
2004.06.26
2004.06.26
2004.06.26
2005.04.18

2004.06.26
2005.05.17
2000.11.05
2004.06.26
2004.08.07

2005.11.11
2004.06.26
2005.11.11
2005.04.18
2005.04.18

2002.08.13
2004.06.27
2005.04.18
2004.06.27
2006.05.09

2005.05.17
2004.06.27
2004.09.05
2004.07.13
2004.07.13

2004.09.20
2005.11.08
2001.08.11
2004.07.25
2006.03.09

2004.09.05
2004.08.01
2004.08.01
2004.08.01
2004.08.02

2004.09.05
2004.08.31
2004.08.31
2004.08.31
2004.08.31

2004.08.31
2004.08.31
2004.08.31
2004.08.02
2004.08.02

2004.10.28
2004.08.07
2004.08.07
2004.08.07
2005.11.09

2005.11.11

2005.05.22
2006.09.04
2004.08.02
2005.05.21

2004.08.31
2000.05.16
2004.09.05
2004.09.05
004.09.05

2004.09.05
2004.09.05
2004.09.05
2004.09.05
2004.09.05

2004.09.05
2004.09.05
2004.09.04
2005.01.22
2004.12.17

12:47
13:32
13:59
13:47
~12:48

13:53
11:43
13:22
14:15
19:48

~12:43
15:03
12:06
11:29
~14:53

~12:00
13:47
14:56
13:30
15:03

~12:30
14:25
~20:12
21:07
~20:42

~11:13
~11:30
21:01
12:16
14:37

~21:49
14:22
16:50
17:12
17:53

21:34
17:14
17:04
17:27
17:16

16:53
18:38
18:54
17:24
17:28

~14:09
19:04
21:31
~20:36
~12:00

~13:08
15:44
14:18
~17:53
~16:09

17:38
18:25
21:18
21:16
~20:53

~21:15
21:23
21:46
21:30
20:46

21:40
21:26
~18:18
~15:34
~10:04

Data of Lunar Images

Moon Age

8 days
9
9

= ©
o

© © © BCOLO(O(O

-
o o

10
10
10
12

10
21
26
26

22

10

21
15
15
15
16

21
15
15
15
15

15
15
15
16
16

15
22
22
22

14
12
16
13

15
12
21
21
21

21
21
21
21
21

21
21
20
12

Equipment Used

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
FS128 + Or25 + QV2300

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 + ToUcam at prime focus
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

FS102 + Or25 + CP990

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 5X + ToUcam

Exposure (sec)

1/50
1/50
1/50
1/50
1/50

1/50
1/25
1/74
1/50
1/33

1/25
1/100
1/50
1/33
1/25

1/33
1/33
1/50
1/25

1/50
1/50
1/25

FS102 + LE12.5 + CP990, 3X zoom  1/8

FS102 + PL25 + CP990, 2X zoom

10-in f/6 Royce + 2.5X + ToUcam
10 in f/6 + 2.5X + 1.6X + ToUcam
C9 + LE7.5 + CP990

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
FS128 + LE12.5 + CP990

10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10 in f/6 Royce + 2.5X + ToUcam
FS128 + LE24 + CP990

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
Orion 6-in f/8 + 4X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
FS102 + LE12.5 + CP950

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
0-in f/6 + 5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
12.5-in f/6 Royce + 4X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10 in f/6 Royce + 2.5X + ToUcam

1 sec

1/50
1/25
?
1/50
1/50

1/25
1/38
1/100
1/100
1/50

1/25

1/100
1/100
1/100
1/100

1/100
1/100
1/100
1/100
1/50

1/100
1/30
1/33
1/25
1/50

1/25
1/25
1/33
1/50
1/25

1/100
1741
1/25
1/25
1/25

1/25
1/25
1/25
1/25
1/25

1/25
1/25
1/25
1/50
1/50

Raw Image

6 frames stacked

10 frames stacked

14 frames stacked

5 frames stacked
Mosaic of 5 video clips

12 frames stacked

85 frames stacked
QV2300-20001105-0016
35 frames stacked

9 frames stacked

Mosaic of 2 video clips
16 frames stacked
97 frames stacked
33 frames stacked
Mosaic of 2 video clips

CP990-DSCN 4967 + 5021
11 frames stacked

52 frames stacked

18 frames stacked

130 frames stacked

Mosaic of 2 video clips

3 frames stacked

Stacked from 3 video clips
CP990-DSCN 9005 (2)
CP990-DSCN 8992+9000(2)

Mosaic of 2 video clips
Mosaic of 2 video clips
CP990-DSCN 9648

9 frames stacked

200 frames stacked

Two adjacent images
CP990-DSCN 9081(2)
9 frames stacked

4 frames stacked

16 frames stacked

88 frames stacked
16 frames stacked
16 frames stacked
16 frames stacked
16 frames stacked

16 frames stacked
9 frames stacked
25 frames stacked
12 frames stacked
9 frames stacked

Mosaic of 2 video clips
CP990-DSCN 9131 (2)

14 frames stacked

50 frames (from 5 video clips)
Mosaic of 2 video clips

Mosaic of 2 video clips
81 frames stacked
130 frames stacked
Mosaic of 2 video clips
Mosaic of 2 frames

16 frames stacked
CP950-DSCN 2465
47 frames stacked

64 frames stacked
Mosaic of 6 video clips

Mosaic of 2 video clips
47 frames stacked
41 frames stacked
68 frames stacked
90 frames stacked

69 frames stacked
87 frames stacked
Mosaic of 5 video clips
Mosaic of 2 video clips
Mosaic of 3 video clips
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Image Code Date / Time (UT)

T141
T142
T143
T144
T145

T146
T147
T148
T149
T150

T151,A
T152
T153
T154
T155

T156
T157
T158
T159
T160

T161
T162
T163
T164
T165

T166
T167
T168
T169
T170

T171
T172
T173
T174
T175

T176
T177
T178
T179
T180

T181,A
T182
T183
T184
T185

T186
T187
T188
T189
T190

T191
T192
T193
T194
T195

T196
T197
T198

T199
T200

T201
T202
T203, A
T204, A
T205

T206, A
T207
T208
T209
T210

2004.09.20
2004.09.20
2004.12.19
2006.08.12
2004.09.04

2004.06.27
2004.09.25
2004.09.25
2005.01.22
2006.05.09

2006.05.10
2006.05.10
2004.09.26
2005.04.19
2004.09.26

2005.05.21
2004.09.26
2006.05.09
2005.04.21
2004.09.29

2006.05.09
2005.11.11
2005.11.11
2004.12.19
2004.10.03

2004.10.03
2005.11.09
2004.10.03
2004.10.03
2007.10.20

2004.09.20
2004.09.19
2004.09.05
2004.05.29
2006.01.07

2005.04.23
2005.11.11

2006.02.07
2005.04.18
2004.12.15

2004.11.25
2005.04.22
2004.11.25
2004.11.25
2004.08.31

2004.12.17
2004.12.17
2006.03.09
2004.12.19
2004.12.19

2004.09.04
2004.12.19
2004.12.17
2005.01.19
2005.01.22

2004.09.26
2007.10.25
2006.05.09

2005.04.19
2005.01.22

2005.04.18
2005.04.18
2005.04.23
2005.04.23
2005.04.19

2005.04.19
2005.04.19
2005.04.23
2005.04.22
2005.04.19

~12:00
~11:17
~12:18

21:43
~17:28

14:23
14:12
~14:44
~15:45
14:14

14:09
~15:06
14:22
13:33
~15:36

15:16
~16:50
13:56
~14:09
~15:32

13:50
13:04
13:12
~12:29
~21:49

21:15
~11:45
~21:28

21:40

12:57

~11:06
11:00
20:27
15:19
~13:30

16:15

11:49
~11:56
~13:49

19:13

~16:42
~16:09
14:52
14:50
19:59

~10:54
~10:43
~14:11
~12:13
~13:09

~19:08
~12:41
~10:14

12:18
~15:05

16:35
~15:15
14:10

13:36
~14:06

~11:58
~14:44
~16:02
~15:50
~12:39

~12:35
13:40
~15:38
~16:25
12:58

Data of Lunar Images

Moon Age

6 days
6

7

18

20

10
1"
1"
12
12

13
13
12
1
12

13
12
12
13
15

12
9
9
7
19

19
7
19
19
9

6
5
2
10
7

15
9
9
10
3

13
14
13
13
15

5
5
10
7
7

20
7
5
9
12

12
14
12

1
12

10
10
15
15
1"

1
1"
15
14
1"

Equipment Used

10 in f/6 Royce + 2.5X + ToUcam
10 in f/6 Royce + 2.5X + ToUcam
10 in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
12.5in /6 +2.5X + 1.6X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

Orion 6-in f/8 + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam

10-in f/6 Royce + 5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 5X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam

12.5-in f/6 Royce + 4X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 5X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in f/6 Royce + 5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 Royce + 5X + ToUcam

Exposure (sec)

1/50
1/50
1/50
1/25
1/25

1/33
1/50
1/50
1/50
1/25

1/25
1/25
1/50
1/50
1/33

1/33
1/50
1/25
1/25
1/100

1/25
1/25
1/25
1/50
1/50

1/50
1/50
1/50
1/50
1/25

1/33
1/33
1/25
1/33
1/33

1/100
1/50
1/50
1/50
1/50

1/100
1/50
1/100
1/100
1/50

1/50
1/50
1/50
1/50
1/50

1/25
1/50
1/50
1/25
1/25

1/50
1/100
1/25

1/50
1/50

1/25
1/50
1/50
1/50
1/25

1/25
1/33
1/50
1/25
1/25

Raw Image

Mosaic of 4 video clips
Mosaic of 2 video clips
Mosaic of 4 video clips
180 frames stacked

Mosaic of 4 video clips

2 frames stacked

22 frames stacked
Mosaic of 2 video clips
Mosaic of 4 video clips
190 frames stacked

200 frames stacked
Mosaic of 3 video clips
34 frames stacked
Mosaic of 3 video clips
Mosaic of 2 video clips

68 frames stacked
Mosaic of 3 video clips
176 frames stacked
Mosaic of 3 video clips
Mosaic of 3 video clips

108 frames stacked
98 frames stacked

99 frames stacked
Mosaic of 2 video clips
Mosaic of 3 video clips

10 frames stacked
Mosaic of 2 video clips
Mosaic of 2 video clips
48 frames stacked
270 frames stacked

Mosaic of 2 video clips
60 frames stacked
67 frames stacked
18 frames stacked
Mosaic of 2 video clips

68 frames stacked
68 frames stacked
Mosaic of 2 video clips
Mosaic of 2 video clips
68 frames stacked

Mosaic of 3 video clips
Mosaic of 3 video clips
67 frames stacked
64 frames stacked
25 frames stacked

Stack of 4 video clips

Mosaic of 3 video clips
Mosaic of 2 video clips
Mosaic of 2 video clips
Mosaic of 4 video clips

Mosaic of 2 video clips

Mosaic of 3 video clips

Mosaic of 3 video clips

88 frames stacked

Mosaic of a batch of video clips

50 frames stacked
Mosaic of 3 video clips
171 frames stacked

78 frames stacked
Mosaic of 3 video clips

Mosaic of 2 video clips
Mosaic of 3 video clips
Mosaic of 4 video clips
Mosaic of 6 video clips
Mosaic of 3 video clips

Mosaic of 3 video clips
78 frames stacked
Mosaic of 2 video clips
Mosaic of 2 video clips
54 frames stacked
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Image Code Date / Time (UT)

T211
T212
T213
T214
T215

T216
T217
T218
T219
T220

T221
T222
T223
T224
T225

T226
T227
T228
T229
T230

T231
T232
T233
T234
T235

T236
T237
T238
T239
T240

T241
T242
T243
T244
T245

T246
T247
T248
T249
T250

T251
T252
T253
T254
T255

T256
T257
T258
T259
T260

T261
T262
T263
T264
T265

T266
T267
T268
T269
T270

2006.05.09
2005.04.21
2005.04.22
2005.04.23
2005.05.22

2005.04.19
2005.04.18
2005.05.22
2005.04.18
2005.04.21

2005.05.22
2005.05.22
2007.05.25
2005.05.22
2005.05.22

2005.05.23
2005.05.22
2005.08.22
2005.08.22
2005.08.22

2005.10.14
2006.05.09
2006.05.09
2004.10.03
2005.10.19

2004.08.02
2004.08.02
2005.10.19
2005.10.20
2007.05.29

2006.08.12
2005.10.21
2005.11.09
2005.11.08
2005.11.08

2005.11.09
2004.10.03
2005.11.11

2005.11.09
2006.01.07

2000.05.15
2006.02.07
2006.05.09
2006.03.09
2006.03.09

2006.03.09
2006.03.09
2006.03.09
2006.03.09
2006.04.04

2006.05.09
2006.07.02
2006.07.31
2006.08.12
2006.08.12

2006.08.12
2006.08.12
2006.08.12
2006.08.12
2006.08.12

13:31
14:29
~16:32
16:08
17:17

~13:43
~13:35
15:42
11:53
13:56

15:02
15:42
~11:43
~14:31
15:11

14:52
15:38
~18:56
19:07
19:34

14:14
14:28
~13:48
21:36
16:08

18:15
18:10
~16:27
~17.16
14:41

~20:49
15:37
12:35
~12:03
~11:50

12:41

21:00
~12:19

11:04
~13:08

14:02
~12:00
~13:37

13:26

13:48

13:56
~14:53
~15:30

14:08
~11:46

14:02
~12:40
~12:18
~20:36
~21:22

21:23
20:42
20:27
~21:30
~21:11

Data of Lunar Images

Moon Age

12 days
13
14
15
14

1"
10
14
10
13

14
14
9

14
14

15
14
17
17
17

1
12
12
19
16

16
16
16
17
13

18
18

9

7
6
6
7
1
9
7
7
1"
9
12
10
10

10
10
10
10
6

12
7
6
18
18

18
18
18
18
18

Equipment Used

10-in f/6 Royce + 5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 5X + ToUcam

10-in /6 + 2.5X + 1.6X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam

10-in f/6 Royce + 5X + ToUcam
10-in f/6 Royce + 5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 5X + ToUcam
10-in /6 Royce + 5X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 5X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 5X + ToUcam

10-in f/6 Royce + 2.5X + ToUcam
10 in f/6 Royce + 2.5X + ToUcam

10 in f/6 Royce + 2.5X + ToUcam
10 in f/6 Royce + 2.5X + ToUcam
10 in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in /6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in /6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam

FS102 + LE7.5 + CP950

10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 5X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam

10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in /6 Royce + 2.5X + ToUcam

10-in f/6 Royce + 5X + ToUcam

10-in /6 Royce + 2.5X + ToUcam
10-in f/6 Royce + 2.5X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

10-in f/6 + 2.56X + 1.6X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam
10-in /6 + 2.5X + 1.6X + ToUcam
10-in f/6 + 2.5X + 1.6X + ToUcam

Exposure (sec)

1/25
1/25
1/25
1/50
1/25

1/33
1/50
1/25
1/25
1/25

1/33
1/33
1/25
1/25
1/25

1/100
1/25
1/25
1/25
1/25

1/33
1/25
1/25
1/50
1/50

1/50
1/50
1/50
1/25
1/50

1/25
1/50
1/25
1/25
1/25

1/25
1/50
1/25
1/25
1/25

113
1/50
1/25
1/25
1/25

1/25
1/50
1/25
1/50
1/50

1/25
1/50
1/50
1/25
1/25

1/25
1/25
1/25
1/25
1/25

Raw Image

198 frames stacked
88 frames stacked
Mosaic of 2 video clips
57 frames stacked

88 frames stacked

Mosaic of 3 video clips
Mosaic of 2 video clips
75 frames stacked
67 frames stacked
65 frames stacked

68 frames stacked
75 frames stacked
Mosaic of 2 video clips
Mosaic of 2 video clips
85 frames stacked

68 frames stacked
88 frames stacked
Mosaic of 3 video clips
93 frames stacked
88 frames stacked

97 frames stacked

180 frames stacked
Mosaic of 3 video clips
68 frames stacked

92 frames stacked

10 frames stacked

11 frames stacked
Mosaic of 2 video clips
Mosaic of 2 video clips
250 frames stacked

Mosaic of 2 video clips

92 frames stacked

400 frames stacked (testing)
Mosaic of 3 video clips
Mosaic of 2 video clips

150 frames stacked
48 frames stacked
Mosaic of 2 video clips
72 frames stacked
Mosaic of 2 video clips

CP950-DSCN 2354
Mosaic of 4 video clips
Mosaic of 2 video clips
100 frames stacked
Stack of 2 video clips

190 frames stacked
Mosaic of 3 video clips
Stack of 3 video clips
200 frames stacked
Mosaic of 2 video clips

169 frames stacked

Mosaic of 2 video clips
Mosaic of 2 video clips
Mosaic of 6 video clips
Mosaic of 2 video clips

200 frames stacked
170 frames stacked
200 frames stacked
Mosaic of 4 video clips
Mosaic of 2 video clips
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Data of the Moon

Equatorial diameter - Jijfi i
Polar diameter Ay i
Angular diameter =i i
Axial rotation period E’lﬁféﬁ’ﬁJﬁﬂ

Mass #T!

Mean density 5%

Surface gravity #[1d[]y

Surface Escape velocity # [l EEH Y
Albedo I £57 fiffs

Apparent magnitude [ 5
Atmosphere 3/t

Average thickness of crust = I5EYEIS,

Surface height variation £4%%& L@l

Surface magnetic field # [t

Surface temperature % [“1JEl %

Average heat flow through Moon’s surface H5% [ 14t

Mean distance from Earth |47 H4E

Increase of distance from Earth | BRHEEET 5
Distance of Moon at apogee i s REHE
Distance of Moon at perigee /TPy HEHE

Period of revolution of perigee 37 %ﬁ%ﬁ ’ﬁJfEIEJ

Orbital eccentricity #upi faf- 5

Mean orbital velocity - F=euigi %

Mean sidereal motion 1 H4E|725

Inclination of orbit to ecliptic | R FE T F

Inclination of lunar equator to ecliptic kjfﬁﬁ‘iﬁ%?‘?”‘,iﬁﬂ@ £
Inclination of lunar equator to orbit F|ZRaJEHE | R T #)

Lunar Months (Epoch J2000)

Sidereal month (orbital period) fEi k! |

Synodic month (new moon to new moon) & k|
Anomalistic month (perigee to perigee) ¥TE{*]
Tropical month (equinox to equinox) 5j =
Draconic month (node to node) @\%F,HJ
Regression of nodes ﬂz‘%!,iélf’%

Earth-Moon System

Earth: Moment of inertia about rotation axis =t {41
Moon: Moment of inertia about rotation axis *| g1 %51
Lagrangian points{ & #/] 'K

Total angular momen[um ALl

3476 km (0.2725 of Earth’s diameter)

2 km less than equatorial

29.4 - 33.5 arcmin (geocentric); 29.8 - 34.1 arcmin (topocentric #4715f)
same as sidereal month (1:1 spin-orbit coupling)

7.348 x 10% kg (Earth-Moon mass ratio = 81.30)
3.34 g/ cm® (0.6 of Earth’s density)

1.62 m / sec’ (1/6 of Earth’s gravity), Map B.
2.38 km/ sec

maria 0.06  highlands 0.17
-12.7 at full moon

none, except particles from solar wind and radioactive decay.

mean 0.12

approx. 60 km nearside, 90 km farside.

up to about 16 km, Map A.

very weak except few localized anomaly, Map C.
approx. 130° C at day to -180° C at night

29 mW / m?

384 401 km (30 times Earth’s diameter)

3.8 cm/ year

406 700 km (406 712 km on 1984 March 2)
356 400 km (356 375 km on 1912 January 4)
8.849 years (3232 days)

0.0549 (variable 0.026 to 0.077), Note 1.
1.023 km / sec

13.18° / day (moving eastward, variable 12° to 15° / day)

5.14° (oscillating between 4.96° to 5.31° every 173 days), Note 2.
1.54°

6.68°

27.321662 days

29.530589 days (variable 29.27 to 29.83 days), Note 3.
27.554550 days

27.321582 days

27.212221 days

19.34° / year (period = 18.61 years), Note 4.

0.331 Mg Re” Where M, = Earth’s mass & Re = its radius.

0.394 Mm Rm? where Mm = Moon’s mass & Rm = its radius, Note 5.
Note 6.

3.48 x 10* kg - m?/ sec, Note 7.

Perigee
Libration of the Moon E[ZR=.T" g
Longitudinal Latitudinal
A T e NS
Optical libration A 5= F)
Displacement (selenocentric) f{r] -« id#% +7.88° +6.85°

Period

Physical libration $7ZEI= ;*J
Displacement (selenocentric) f{r]-wid#%
Period

Surface area of Moon visible from Earth

approximately one sidereal month

+66” +105”
1 year 6 years
59 % maximum

Apogee (Not to scale)

The perigee (and apogee) of the lunar
orbit revolves in a period 0f 8.849 years.

Lunar Geologic Timescale *|3RPyETw =
Time (10° years ago) Name of Period Marking events
4.55-45 impact debris accretion & melting, global magma ocean
45-3.9 Pre-Nectarian i 14! cooling & primary differentiation, crust formation
3.9-3.85 Nectarian Jj1iaiqe! intense bombardment , impact basins & highland formation
3.85-3.2 Imbrian 347! volcanism, mare basalt formation
3.2-1.1 Eratosthenian 4% 75  |continuing but less intense bombardment
1.1 - present Copernican f [ 175l continuing crater formation, regolith
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_— Moon'’s orbit
Earth

Note 1: a
According to Jean Meeus (the author of Mathematical  gecemricity Max. H
Astronomy Morsels), the instantaneous eccentricity of the
Moon’s orbit can vary between the extremes 0.026 and
0.077. Eccentricity maximum occurs at position H of the
attached diagram, where the apogee and perigee line up

p = perigee

AN
towards the Sun. Eccentricity minimum occurs 103 days & J -
later at position J, where the apogee-perigee line are 3 S ;pé);ee
perpendicular to the Sun-Earth line. A new eccentricity B e
maximum is reached again after 103 days at position K. 2
Overall the apogee and perigee lines up towards the Sun ®

every 206 days or 7 synodic months.

Eccentricity Max. p

Note 2:

Because the ecliptic inclines at 23.44° to the celestial equator,

the declination of the Moon shall vary up to 23.44° + 5.31° = 28.75° north or south of the celestial equator,
e.g. the Moon’s declination exceeded 28” N on 2007 March 25; 28° S on April 8; 28N again on April 21.

Note 3:
The mean value of synodic month is calculated from ﬁessio
1 / synodic month =1/ sidereal month — 1/ sidereal year, ;;:: 25800 ye2r® %
ie. 1/29.530589 days =1/27.321662 days — 1 / 365.256363 days d f’(/:'”‘ ‘-2, Nutation
< . = period =

= 18.61 years

Note 4:

The positions of the Moon and Sun relative to the Earth are continuously
changing. They cause an irregular tidal pull on the Earth’s equatorial
bulge, and hence a slight periodic oscillation of the Earth’s pole
superimposed on the precession circle. This slight oscillation, called
Nutation, has a main amplitude of + 9 arcseconds and a period equal to
the regression of the Moon’s nodes (18.61 years).

Ty . S
T T

Earth

Note 5:
The Moon’s moment of inertia is slightly below the theoretical value (0.4 MR?) of a homogeneous sphere.
It implies that the Moon’s interior is not uniform and might contain a small core of denser material.

Note 6:

The Lagrangian points refer to 5 points L1 L2 L3 Ls and Ls on the orbital plane of the Earth-Moon
System. L1 L2 and L3 are points of quasi-equilibrium. That is, a small perturbation will cause an object in
these points to drift away. The L4 and Ls are points of stable equilibrium.

O = center of mass in Earth-Moon system
=4,700 km from center of Earth
(1/82 of Earth-Moon distance)

L1 = 61,500 km from center of Moon
L, = 61,500 km from center of Moon
(16% of Earth-Moon distance) Lg @

L3 = 384,400 km from center of Earth

L4 = 384,400 km from center of Earth

Ls = 384,400 km from center of Earth (Not to scale) -
(same as Earth-Moon distance) ' '
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Note 7:

The total angular momentum is virtually equal to the sum of
the angular momentum of the Moon in its orbit around Earth
(2.89 x 10°* kg » m?/s) and the angular momentum of the Earth
about its own rotation axis (0.59 x 10** kg » m*/s). This value is
anomalously high compared with that of Mars, Venus or the
Earth alone, but is plausible by referring to the giant impact
theory of the Moon’s origin.

Over time, the movement of continents, oceans and winds
slows down the Earth’s rotation. It also causes the Moon to
spiral away from Earth by the principle of conservation of

Moon-Earth distance (103 km)

500
increasing at 3.8 cm/year
400 - o
“.-..
300 .\'\ -
O&P:o‘.'
200 W
Las+*"" Continents approached
wssssnunE® TR T
100 F present distributions
Ocean began on Earth. /
0 / 1 1 1
4 3 2 1 0

Billion (10°) years ago

angular momentum. The curve at right hypothesizes the change of lunar distance in the past. It is
hypothetic because the past distribution of land and sea is not ascertained. Today the Moon is receding
from Earth at average rate of 3.8 cm/year, a result obtained by laser ranging since the Apollo missions.

Global Maps:

{North-up, Equal-area projection)

. ,i?fzﬁ"

USGS 004

Surface features

1. Mare Crisium

2. Mare Nectaris

3. Mare Serenitatis

4. Mare Imbrium

5. Mare Humorum

6. Mare Humboldtianum
7. Oceanus Procellarum
8. Montes Apenninus

9. Mare Orientale

10. Mare Australe

11. Mare Moscoviense
12. Tsiolkovsky

13. Hertzsprung

14. Korolev

15. South-Pole Aitken
(basin, dia. 2300 km)

Altitude {Topographic)

300
200

=
2
=
e
=
@
E
=
<
<L
=
-
il
(L)
=
o=
@
o=

Surface Magnetic Field Strength
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Glossary

Abundance of Elements 7 2 5"% The relative amount of each element in a given object such as a star, planet or satellite.
Accretion [F&fi The increase of mass of a body by the accumulation of smaller objects that collide and stick to it.
Age of the Moon ’|#i; The period that has elapsed since the last new moon. It starts at “zero” day (exact new moon).
Albedo ~ Eﬁ} Fraction of sunlight reflected from a planetary surface. The albedo of lunar maria are 5-10 %; highlands are 12-18 %.
Angular Momentum =E7£l A property of any rotating or revolving body. Its value depends on the distribution of the body’s mass
and velocity about the axis of rotation or revolution. The total angular momentum is constant in a closed system.
Anorthosite #{={/| Light-colored rock from lunar highlands or beneath mare basalts, rich in silicon, calcium and aluminum.
Apogee ;aFIEI The farthest point on the Moon’s orbit from the Earth.
Apollo Missions Kﬁ’iﬁf%éﬁ F|[=75% The American NASA (National Aeronautics and Space Administration) program to land humans
on the Moon. The first manned landing is Apollo 11 (1969 July 20), and the last is Apollo 17 (1972 December 11).
Apollo 13 (1970 April) aborted in the third day of the mission. A total of 12 Apollo astronauts landed on the Moon.
Basalt . j“}/| Dark-colored rock formed from solidified lava. See also Mare Basalt.
Breccia #|##| On the Moon, it refers to the rock of 2 or more types cemented together by heat or pressure (e.g. meteorite impacts).
Caldera ||/ [T I A type of volcanic crater formed primarily by a sinking of its floor rather than by the ejection of lava.
Catena U/ IFH Latin for chain of relatively small craters (plural: catenae).
Center of Mass 1% The point in a system of bodies (e.g. Earth-Moon) which acts as if all the mass were concentrated there.
Colongitude f##i%% A measure of the Sun’s relative position. On the Moon, it is same as the selenographic longitude of the morning
terminator, measured westwards from the prime meridian. Thus its value is 0° at first quarter, 90° at full moon, 180° at
last quarter & 270° at new moon.
Crater ZE"[!| A generic term for circular depression on surface, typically a ring mountain or a walled plain which has relatively large
and flat floor. Craters are of either impact or volcanic origin.
Crescent FF' {£] The phase of the Moon when it is less than half illuminated as seen from the Earth.
Crust 47 The outermost solid layer of a planet or satellite.
Dark Mantle Deposit FIFIg¥d7# s Remarkably dark deposit on the Moon’s surface. It contains a mixture of small black and
orange glass debris, possibly formed from quickly cooled droplets during fountain-like volcanic eruption.
Differentiation 5 {*[="] The formation of variety of rock types and layers (crust, mantle etc.) from an initial single parental magma.
Diurnal /[ 'fY Happening daily.
Dome #17-['[I] / #1 = Low rounded elevation formed by volcanism, typically 5 to 20 km in diameter and slope under 5,
Dorsum g&? (plural: dorsa) Latin for wrinkle ridge. Long narrow rising feature on the mare floor, resulted from surface shrinkage
following the cease of volcanism, or buckling of the lunar crust due to the weight of accumulated lava in the impact site.
Earthshine Y E:ﬁ / 1“351“*% The faint illumination on the dark side of a crescent, caused by sunlight reflected from the Earth.
Ejecta [Ei!1'}7 Material thrown out from an explosive event, such as a crater-forming impact or volcanic eruption.
Ejecta Blanket [£i!l'%Z %2 The area immediately outside the rim of an impact crater where the ejecta has completely covered the
underlying terrain.
Farside of the Moon *| ;HE' The side of the Moon facing away from the Earth.
Fault %' A fracture of surface along which there has been slippage, either vertical or horizontal.
First Quarter 3% The phase of the Moon that occurs midway between new and full moon, when half of the Moon is illuminated. At
first quarter, the Moon has moved 1/4 of its orbit around the Earth and lies 90° east of the Sun.
Full Moon iﬁljfj | W The phase of the Moon when it is fully illuminated and 180° away from the Sun, as seen from the Earth.
Ghost Crater [-80%|!| The bare hint of a crater formation that has been destroyed or heavily modified by some later action.
Giant Impact Theory kﬁi"%% A popular theory (hypothesis) for the origin of the Moon from impact debris when a Mars-sized
proto-pranet collided with the proto-Earth in about 4.5 billion years ago, developed after the Apollo missions.
Graben P Sunken area between faults.
Harvest Moon #7| The full moon closest to the autumnal equinox when it rises at minimum delay time in successive days.
Highlands f#s Raised areas on the Moon, light-colored, heavily cratered and chemically distinct from the maria.
IAU @I~ ?ﬁﬁﬁ % International Astronomical Union, an assembly to govern the world of astronomy, founded in 1919.
Igneous '[RY Y Referring to processes that involve the formation and solidification of hot, molten magma or lava.
Illumination Eﬁ@ A measure of moon phase, equal to the ratio of illuminated area to the total area of the Moon disc. New moon gives
illumination = 0 %, full moon gives 100 %.
Impact Basin [EIE:Z 25 A vast depressed surface (size larger than about 300 km) caused by colossal impactors. Quite often it is
encircled by multiple mountain rings. A typical example is the farside basin that holds Mare Orientale.
Isotopes [fi]# 3 Atoms of the same element having same number of protons but different numbers of neutrons in their nuclei.
KREEP i L!¥ | A special type of rock concentrated in Oceanus Procellarum and Mare Imbrium. It is relatively rich in potassium
(symE)o K), rare-earth elements (REE), phosphorus (P) as well as other radioactive elements such as thorium and uranium.
Lacus jff Latin for lake. A “small version” of lunar mare.
Laser Ranging %4 % Establishment of precise Earth-Moon distances by aiming and reflecting laser beams between them.
Last Quarter ™ 5% The phase of the Moon that occurs midway between full and new moon, when half of the Moon is illuminated. At
last quarter, the Moon has moved 3/4 of its orbit around the Earth and lies 90° west of the Sun.
Late Heavy Bombardment X H17%3|IiTif# The event that postulates the Moon was heavily bombarded around 3.9 billion years ago.
Lava i’ﬁ? | Molten rock that reaches the surface during a volcanic eruption. See also Magma.
Libration =" [¥) The apparent vertical or horizontal rocking motions of the Moon as it orbits around the Earth. The amount of
libration is measured by the shift of longitude and latitude at the center of the Moon disc.
LTP *|7#@flgd Abbreviation for “Lunar Transient Phenomena” or “Transient Lunar Phenomena”. A controversial observed
phenomena of weird happenings or changes on the Moon’s surface. It only lasts for a short while.
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Lunation (Synodic Month) w7 %] The period of time taken for the Moon to go through a complete cycle of phases.

Magma z[}"‘ Subsurface molten rock. When it reaches the surface during a volcanic eruption, it is called lava %{].

Mantle [ / £#31% The thicker layer in the interior of a planet or satellite, underneath the crust but overlying the core, and differing in

composition from both.

Mare 5 / *]i& Latin for sea (plural: maria). The broad dark plain formed from ancient lava outflow from the Moon’s interior.

Mare Basalt *]i&: j%4/| Dark rock on lunar maria, enriched by heavy metals like iron and titanium. Few samples of mare basalt
from the Apollo missions are vesicular; they suggest that trapped gases escaped from the rocks during mare formation.

Mascon #iEbg / E17]0EHiEh Abbreviated from the term “mass concentration”. An area on the Moon composed of relatively denser

material, as evidenced by an increased gravitational pull on orbiting spacecraft.

Meteoroid ik ?E Small low-mass interplanetary debris. A meteoroid that hits the Earth’s or lunar surface is called Meteorite [Ei7 .

Mineral ’P'%#"J Inorganic solid with a definite composition and crystal structure formed through geologic processes. Chemically it is a

bonding of silicates (silicon + oxygen) with composites of calcium, aluminum and/or magnesium etc. Minerals are classified
according to their chemical compositions. They are the basic components of rock.

Moment of Inertia {£[%%i A measure of a body's ability to resist changes in its angular velocity about a given axis. The Moon’s

moment of inertia is slightly less than that of a homogeneous sphere, so the Moon might have a small dense core.

Mons || Latin for mountain. A group of isolated mountains or mountain ranges are Latinized as Montes [ I[%.

Moonquake *|&" Sudden trembling of the Moon caused by the abrupt release of internal energy, meteorite impacts or landslides.

Nearside of the Moon %] I—f&‘l The side of the Moon facing the Earth.

New Moon #v%| / % The phase of the Moon when it is directly between the Earth and the Sun.

Occultation & The movement of one celestial object (e.g. a star) behind another (e.g. the Moon).

Oceanus ¥ Latin for ocean. The “large version” of lunar mare. Oceanus Procellarum is the only feature so named.

Palus 71 Latin for marsh or swamp. A “small version” of lunar mare.

Penumbra 5 Y The less dark outer region of the shadow of the Earth.

Perigee 3 7THEE The nearest point on the Moon’s orbit from the Earth.

Phase *[#f! Illuminated portion of the Moon disc. There are four specific phases: new moon, first quarter, full moon and last quarter.

Promontorium 1! / 5 ¥ Latin for promontory or cape.

Radiometric Dating FVEH’I‘;':[ﬁJ b2 FF F Age-determination of rocks by comparing the decay of radioactive elements such as the

isotopes of potassium (*’K), rubidium (*’Rb) and uranium (*°U) embedded in the samples.

Rays, Lunar || lﬁ?ﬁ}ﬁ? Streaks (normally bright) radiating from certain impact craters of the Moon.

Regolith 7+ / #J#a1 From the Greek for “blanket of stone”. A layer of loose and broken rock and dust on the crust of a planet or

satellite. The lunar regolith *|1# contains a small amount of tiny, black glass beads produced by micrometeoroid impacts.

Remote Sensing 3% Gathering of information without actual physical contact with what is being observed.

Rima 1% / *[3% / {E# Latin for rille (plural: rimae). A narrow and relatively long cleft, slumped channel or valley on the surface of

the Moon, caused by ancient running lava or slight pulling of ground to either side.

Ritcher Scale ’,?'p’ﬂ?‘j BEEE A scale to determine the magnitude of earthquake (and moonquake). Each whole number increase in

scale magnitude represents 31.6 times more energy release than the preceding magnitude. Thus magnitude 8.0 releases
1000 times more energy than magnitude 6.0. Magnitudes below about 2.0 are generally not noticed by human.

Roche Limit iﬁ‘l?ﬂﬁy[ﬂ The minimum distance from a planet’s center at which a satellite will not be disrupted by the planet’s tidal

tforce. Its theoretical value is 2.46 times the radius of the planet (16,000 km from the center of Earth).

Rock | A solid mass on the crust of a planet or satellite, largely composed of silicates (composites of silicon and oxygen) while the

rest may be one or more types of other minerals.

Rupes f@=' / Mj8¥ / gt Latin for scarp, cliff or fault.

Saros V'[5£HH] A cycle of nearly identical lunar or solar eclipses that recur every 223 lunations (6585.32 days or 18.03 years).

Secondary &raters TRRRZRI [ TRARENEASL Impact craters produced by the ejecta of a large impact-crater.

Seeing i@ A measure of the steadiness of air through which a celestial object is observed.

Seismometry #EE! Measurement of seismic waves, such as those produced by earthquakes or moonquakes.

Selenographic *|[Ifi) Belonging or relating to the surface of the Moon. “Selene” is the Greek goddess of the Moon.

Shield Volcano FF"H% '] Volcano that appears in gently sloping cone, constructed of solidified lava flows.

Shock Wave 74 An abrupt ripple of compression across a medium, due to a fast object hitting on or moving through the medium.

Sinus ¥ Latin for bay. A “small version” of lunar mare, usually in the appearance of a bay but can be irregular in shape.

Tectonics 744515 (=] Large-scale movements of the crust of a planet or satellite, such as land rising to form a mountain.

Terminator F'EJE‘F*} J78L The boundary on the Moon between day and night, or between light and shadow. At the morning terminator,

the Sun is rising over that part of the Moon; at the evening terminator, the Sun is setting.

Terraced Wall {175 The inner wall (of a lunar crater) that appears in terrace structure.

Terrain Py / P95k A generic term referring to any surface area with a distinctive geological character.

Tidal Force 337 / & 7]J The ability of a celestial body A to raise tides on another body B. It is quantified by the difference of
gravitational forces experienced by B between its surface and center, and is inversely proportional to the cube of the
distance between the two bodies. The lunar tidal force acting on Earth is 2.2 times greater than the Sun’s tidal force.

Umbra 7}V The darker core of the shadow of the Earth, typically cone shaped, and surrounded by a lighter penumbra shadow. Within

the umbra, the Moon is completely obscured from direct sunlight; a total lunar eclipse will be seen on Earth.

UT {{] /¥ Abbreviation for “Universal Time”. For time conversion, UT = Hong Kong Standard Time — 8 hours.

Volatile }ﬁ?gﬁ [y Easy to vaporize. Volatile substances have low boiling points, e.g. water, hydrogen, nitrogen, methane, ammonia, CO,.

Vallis ¢ / F|# / 151 Latin for lunar valley that appears as a broad trough of volcanic origin or a chain of overlapping craters.

Viscosity %™ Resistance to flow. The lunar lava is believed less viscous than the terrestrial and hence can flow in long distance.

Volcanism ‘f[I[{="] Any process to transfer molten material and gases in the interior of a planet or satellite to its surface.

Wrinkle Ridge ngﬁ Sometimes called mare ridges because they are found usually in mare floors. See also Dorsum.
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Crater List

Nearside
Diameter in km )
Hahn 736 313 &4
Haidinger 250 -392 0 22
Hainzel 335 41370
Haldane 41 17 37
Hale ang <742 83
Hall 3700 337 35
Halley 57 B0 36
Harnilton 847 428 57
Hanno 712 -563 %6
Hanzen 725 140 39
Hansteen 520 -115 0 44
Harding 717435 12
Hargreaves 640 -232 16
Harlan 705 385 65
Harold -6.0 -10.9 2
Harpalus 434 526 30
Hattwig 405 -41 79
Hase 625 -294 83
Hausen 8.1 -650 167
Hayn 852 647 87
Hecataeus 794 218 167
Heédervari 340 -3818 69
Hedin 6.5 20 150
Heinrich -153 2438 6
Heinsius 177 -305 0 64
Heis 319 3240 14
Helicon 231 404 4
Hell 78 -324 0 33
Helmert 8746 76 26
Helmhaoltz 641 -681 04
Hetry S68 2400 41
Henry Fréres 589 -235 0 42
Heraclitus 6.2 -492 90
Hercules 301 467 60
Hetigotius 339 -133 15
Hermann 5700 -09 0 15
Hermite 0.9 840 104
Herodaotus 497 2312 34
Herschel 21 57 40
Hesiodus -16.3 -204 0 42
Hewelius 676 22 115
Hill 4005 209 16
Hind 74 7929
Hippalus 02 248 57
Hipparchus 52 -51 138
Holden 625 -191 47
Hornmel 338 -347 126
Hogke 549 412 36
Hornshy 125 238 3
Horrehow 408 587 M4
Horrocks 59 40 30
Hortensiug -28.0 6.5 14
Houtertrans 872 -94 10
Hubble 6.9 221 80
Huggins 14 411 65
Humason S8 307 4
Humboldt 0.9 -270 180
Humne an4 47 13
Husdey 4.5 202 4
Hyginus 63 78 9
Hypatia 2246 43 40
lan 04 257 1
Ibny Battta 504 -89 11
bt Rushd 217 -117 32
Ideler 223 4932 38
Itia 53 184 3
Itghirarod 688 475 91
lsahel 341 282 1
Isidorus 335 -0 42
Isis 75 180 1
van 433 269 4
J. Herschel 420 620 165
Jacobi 114 -567 68
Janzen 287 135 23
Janskoy 805 35 72
Janssen 403 -454 199
Jehan 319 207 5
Jenkins 78.1 03 38
Jerik 76 185 1
Jotoo 24 244 7
Jogé -la 127 2
Joy 6.6 250 5
Julienne 32 260 2
Julius Caesar 154 9.0 i}
Kaiser 6.5 -365 52
Kane 261 631 54
Kant 201 -106 33
Kao 876 67 34

http://planetarynames.wr.usgs.gov/
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Crater List

Nearside

Crater Long. Lat. Dia. (+Longitude = East - Longitude = West + Latitude = North -Latitude = South Diameter in km }
Kanpteyn 70.6 -10.8 49| Madler 298 -11.0 27| Palmien 477 -28.6 40| Fussell <754 26.5 103| Theiler 833 134 7
Kastner 785 -6.8 103| Maestlin 406 4.9 7| Parrot 33 -145 70| Ruth 451 287 3| Theon Junior 158 -23 17
Kathleen 07 254 5| Magelhaens 441 -11.9 40| Parry -158 7.9 47| Rutherfird -121 609 43| Theon Senior 154 -08 18
Keldysh 436 512 33| Magmus -6.3 50,5 194 | Pascal S703 746 115 Sabatier 79.0 132 10| Theophilus 6.4 -114 110
Kepler S350 81 31| Main 10,1 80.8 46| Patricia 0.3 250 5| Bahine 201 1.4 30| Theophrastus 3.0 175 9
Kies -24.5 -263 45| Mairan 434 416 40| Peary 330 886 73| Bacrobosco 167 -237 98| Timaeus 05 628 32
Kiess 84.0 -d4 63| Malapent 129 -34.9 69| Peek 86.0 2.6 12| Bamir -34.3 285 2| Tinocharis -131 267 33
Kinau 15.1 -60.8 41| Mallet 542 454 53| Peirce 535 183 13| Bampson -5 287 1| Tisserand 482 214 36
Kirch 5.6 392 11| Manilivs 9.1 145  3§| Peirescius 67.6 46.5 1| Santbech 44.0 -20.9 64| Tolansky -16.0 -B5 0 13
Kircher 453 -67.1 72| Mamners 200 4.6 15| Pentland 115 -64.6 56| Santos-Dumont 4.8 27.7 3| Tomicelli 285 46 22
Kirchhoff 38.8 303 24| Manuel 113 245 0.5 Petavius 604 -25.1 1858| Barabhai 21.0 247 7| Toscanelli 475 474 &
Klaproth -26.0 -69.8 119| Manzinus 268 677 98| Petermann 66.3 74.2 73| Basserides -0.3 -390 90| Townley 633 34 18
Klein 2.6 -120 44| Maraldi 349 194 39 Peters 205 681 15| Saunder 38 42 44| Tmlles 528 284 43
Knoz-Shaw 0.2 53 12| Marco Polo -20 154 23| Pefit 635 23 5| Baussure -3.8 434 54| Tresnecker 36 42 26
Kinig -24.6 -24.1 23| Mannus 76.5 -394 53| Petrov 38.0 -61.4 49| Bcheele -378 94 4| Trouvelot 5.8 493 9
Kopff -89.6 -174 41| Marius S50.8 119 41 Pettit -86.6 -27.5 35| Scheiner -275 -60.5 110| Tucker 88.2  -54 7
Kmfft J46 166 51 Madkow -627 534 40| Phillips 753 -26.6 122| Schiaparelli -58.8 234 24| Tumer -132 -14 11
Krasnov 9.6 -20.9 40| Marth -293 311 fi| Philolaus -324 721 70| Schickard -553 44.3 206| Tycho -11.1 -434 102
Kreiken 346 -9.0 23| Mary 74 159 1| Phocylides -57.0 -527 121) Schiller -39.0 51,9 180 Ukert 14 78 23
Krieger 456 200 22| Maskelyne 301 2.2 23| Plazzi -67.9 -36.6 134) Schliter -833 59 89| UlughBeigh 1.9 327 54
Krogh 657 94 19| Mason 305 426 33| Plazzi Smyth 32 419 13| Schrnidt 188 1.0 11] Urey 874 9 33
Knsenstem 5.9 262 47| Maupertuis -273 496 45| Picard 5477 146 22| Bchomberger 249 J67 85| Vaisala 478 259 g
Kuiper -227 88 6| Mauvrolyous 140 420 114)Piccolomini 322 2007 87| Bchorr 807 -10.5 53| wan Albada 643 04 21
Kundt -11.5 -115 10| Mawry 396 371 17| Pickering 7.0 29 15| Schriter -7.0 2.6 35| Van Bieshroeck 456 287 9
Kunowsky 3250 32 18 Mavis -264 298 1| Pictet 74 434 62| Bchubert §1.0 2.8 54| Van Vieck 783 -1 31
la Caille 1.1 -238 67| McClure 503 -153 23| Pilitre -86.9 -60.2 50| Sctumacher 607 424 60| VascodaGama -33.9 1346 83
la Condamine -28.2 534 37| McDonald -209 304 T| Pingré <737 -58.7 88| Schwabe 456 651 25| Vega 634 -454 75
la Pérouse 76.3 -107 77| Mee -353 437 124|Pitatus -135 -29.9 106] Scoreshy 141 777 55| Vendelinus 6l.6 -164 131
Lacroiz -59.0 -37.9 37| Menelaus 16.0 146.3 26| Pitiscus 309 504 52| Scott 485 -82.1 103| Vera 437 263 2
Lade 0.1 -1.3 55| Menzel 369 34 3| Plana 282 422 44| Becchi 435 24 22| Verne -25.3 249 2
Lagalla -24.5 446 85| Mercator -26.1 -29.3 44| Plato S04 516 109 Seeliger 30 22 8| Very 253 156 5
Lagrange 748 -323 225| Mercurius 66.2 46.6 67| Playfir 84 -23.5 47| Begner 483 589 67| Vieta S56.3 -29.2 87
Lalande 8.6 -44 24| Mersenins -49.2 1.5 84| Plinius 237 154 43| Beleucus -66.6  21.0 43| Virchow 837 98 18
Lallemand -84.1 -143 18| Messala 605 392 125| Plutarch 79.0 241 68| Seneca §0.2 26.6 46| Vitello -37.5 -304 42
Lamarck -69.8 -22.9 100| Messier 4746  -1.9  11|Poisson 10.6 -30.4 4% Shackleton 0.0 -89.9  19( Vitnmwius 313 176 29
Lambert -21.0 258 30| MMetius 433 403 87| Polybius 256 224 41| Shaler -852 329 48| Vlacg 388 -533 89
Lamé 64.5 -147 54| Meton 188 736 130|Pomortsev 66.9 0.7 23| Shanley 569 0.4 13| Vogel 59 -151 26
Laméch 13.1 427 13| Michael 02 251 4| Poncelet -54.1 758 69) Sharp 402 457 39| Volta -84.4 539 123
Latnont 237 44 106 Milichiue -30.2 10,0 12| Pons 215 253 41| Bheepshanks 160 502 25 von B ehring 718 78 38
Landsteiner -14.8 313 6| Miller 0§ -39.3 61| Pontanus 144 -284 57| Shoemaker 449 -33.1 51| vonBraun 780 411 60
Langley -86.3 511 59| Mitchell 202 497 30| Pontécowlant  66.0 -58.7 91| Short -7.3 746 70| Voskresenskiy  -88.1 280 49
Langrenus 61.1 -89 127 Moigno 289 664 36| Porter -10.1 -56.1 51| Shuckburgh 528 426 38 W. Bond 45 654 156
Lansherg -26.6  -03 33| Moltke 42 06 fi| Posidonius 09 318 95| Bilberschlag 125 6.2 13| Wallace 7 203 26
Laszsell 7.9 -155 23| Monge 4746 -19.2 36| Prinz 441 255 46| Simpelivs 152 73.0 70| Wallach 323 49 f
Lavoisier -81.2 382 70| Monira -17 146 2| Priscilla -6.2 -10.9 18| Sinas ila 88 11| Walter 2338 280 1
Lawrence 432 74 24| Montanan -206 458 74| Proclus 46.8 161 23| Birsalis -604 -12.5 42| Walther 1.0 -331 128
Le Gentil 757 746 128 Moretus -58 706 111 Proctor 5.1 464 52| Slocum g9.0  -3.0 13| Wargentin 0.2 496 34
Le Monnier 306 266 60| MWorley 646 -28 14| Protagoras 73 546.0 21 Smithson 536 24 5| Warner 873 40 35
Le Verrier -20.6 403 20| Moseley -90.1 20,9 90| Ptolemaeus -1.9 0.3 164] Snellius 557 -29.3 B2 Watt 456 495 64
Leakey 374 -32 12| Misting S50 0.7 24| Puissux -390 -27.8 24| Somerville 649 53 15 Watts 46.3 89 15
Lehesgue 89.0 -51 11| Mouchez -26.8 783 81| Pupin -110 238 2| Bommering -7.5 01 28| Webh 60,0 -09 21
Lee 407 -307 41| Iuller 21 7.6 22| Purbach -2.3 <255 115 Zorava -la -12.9 2| Weierstrass 772 -13 33
Legendre 702 289 73| Murchison -0.1 51 57| Pythagoras -63.0 63.5 142 Sosigenes 176 87 17| Weigel -38.8 -582 0 35
Lehmann -S56.0 -40.0 53| Mutus 301 636 77| Pytheas -206 0 2005 20) South -50.8 58.0 104| Weinek 370 275 32
Lepaute -33.6 -333 16| Naonobu 578 4.6 34| RabbiLew 36 347 81 Spallanzan 247 463 32| Weiss -85 -318 66
Letronne 4245 -10.8 116 Masireddin 02 41.0 52| Faman -551 27.0 10| Spdrer -l 43 27 Werner 33 -280 70
Lexell 4.2 -358 61| Masmyth -56.2 505 76| Ramsden -31.8 2329 24| Spurr -1 278 15| Wesler 002 691 51
Licetus 6.7 -47.1 74| Matasha -313 200 12| Rankine 715 -39 3| Stadius -137 105 69 Whewell 137 42 13
Lichtenberg -67.7 318 20| Maumann -62.0 354 9| Favi -1.9 -12.5  2.5| Bteinheil 465 486 67| Wichmann 381 <7510
Lick 527 124 31| Neander 399 313 50| Rayleigh 306 203 114 Stella 03 19.9 1| Widmannstitten 855 -6.1 44
Liehig 482 -243 37| Mearch 391 585 75| Réaurmr 07 2.4 52| Stevirms 542 315 74| Wildt 758 80 11
Lilius 6.2 -545 61| Meison 251 683 53| Regiomontarus -1.0 -28.3 103| Stewart 67.0 2.2 13| Wilhelm -204 434 106
Linda 2334307 1| MNeper 346 85 137 Regnault -88.0 54.1 46| Stiborius 320 -34.4 43 Wilkins 19.6 -204 57
Lindbergh 52.9 -54 13| Meurnaver 707 711 76|Reichenbach 480 -30.3 71| Stéfler 6.0 41.1 126 Williams 37.2 420 36
Lindenau 24.9 323 53| MNewcotb 433 209 41| Reimarus 60.3 477 43| Stokes -88.1 525 51| Wilson 424 -69.2 49
Lindsay 13.0 -7.0 32| Newton -16.9  76.7 78| Reiner -549 7.0 29| Btrabo 543 61.9 55| Winthrop 444 -107 17
Linné 11.8 277 2| Micholzon -85.1 -26.2 33| Remnhold -228 33 42| Street -105 465 57| Wihler 314 332 27
Liouwille 735 26 16| Micola 259 424 42| Repsold -78.6 513 109| Stnuwve -771 234 164 Wolf -16.6 -227 25
Lippershey -10.3 -259 6 Micollet -125 219 15| Respighi 719 L8 13| Buess 476 4.4 3| Wollaston 46.9 306 10
Littrow 314 215 30| Mielsen -518 318 9| Fhaeticus 49 0.0 45 Sulpicius Gallus 116 19.6 12 Wright -86.6 -316 39
Lockyer 36.7 462 34| MNohile 535 -85.2 73| Rheita 47.2 -37.1 70| Busan -6.3 -11.0 1| Wrottesley 56.8 -239 57
Loewy S48 -227 24| Mobili 759 0.2 42| Riccioli S746 0 -33 139 Swasey 807 55 23| Wurzelbauer -15.9 2339 8§
Lohrmann 67.2 -05 30| Moggerath 457 488 30| Ricciug 265 -36.9 Tl Swift 534 19.3 10| Xenophanes -82.0 575 125
Lohse 60.2 -137 41| MNonius 38 -34.8 69| Riemann 36.8 38.9 163| Sylvester -79.6 827 58| Yakowkin 788 %45 37
Longomontanus -21.8 -49.6 157| Norman -304 -11.8 10| Ritchey 85 -11.1 24| T. Maver -29.1 156 33| Yangel' 47 170 g
Louise -34.2 285 0.3 Oenopides -64.1  57.0 67| Ritter 192 2.0 29| Tacchini 858 4.9 40| Yerkes 517 144 36
Louville 46.0 440 36| Oersted 472 431 41| FRobert 274 190 1| Tacitus 19.0 -16.2 39| Yoshi 11.0 246 1
Lubbock 41.8 -39 13| Oken 759 437 71| Robinzon -459 50.0 24| Tacquet 192 166 7| Young 509 415 71
Lubini ezky -23.8 -17.8 43| Olhers -759 74 74| Rocca -728 -127 89| Taizo 22 247 6| Zach 53 -609 70
Lucian 367 143 7| Opelt -175 -16.3 43| Roceo -450 289 4| Talhot 853 25 11| Zagut 221 -320 34
Luther 241 332 9| Oppolzer -0.5 -1.5 40| Rémer 364 254 39| Tannerus 220 -56.4 18| Fahninger 40,2 56 11
Lyapunov 0.3 263 66| Orontius 46 406 105 Rosa -323 203 1| Taruntius 465 56 56| Zeno T10 451 a5
Lyell 406 136 32| Osarma 52 184 05| Fosenberger 431 554 95| Taylor 167 53 42| Finner 588 264 4
Lyot 84.5 408 132| Osins 76 154 1| Foss 217 117 24| Tebbutt 536 9.6 31| Zallner 189 -850 47
Ivlaclaurin 68.0 -1.9 50| Ostnan -6.2 -11.0 2| Rosse 350 -17.9  11f Tempel 11.9 3.9 45 Eucchius 503 -614 64
Maclear 0.1 105 20| Palisa 12 -84 33|Rost -337 -56.4 48| Thales 503 618 31| Zupus 523 -172 38
Iachillan 7.8 242 7| Palitzsch 645 -28.0 41| Rothmann 277 3008 42| Theaetetus 6.0 370 24

Macrobius 46.0 213 64| Pallas -6 55 46| Runge 36.7 -2.5 33| Thehit 40 220 56

Reference: Nomenclature and Topography Maps (Moon)  http://planetarynames.wr.usgs.gov/
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Crater Name Long.
Abbe 175.2
Abul Wafa 116.6
Aitken 173.4
AlBinmni 925
Alden 110.8
Alder -177.4
Alelkhin -131.3
AlKbhwarzmi 106.4
Alter -107.5
Armici -172.1
Anders -142.9
Anderson 171.1
Andersson -85.3
Andronov 144.1
Antoniadi -172.0
Anuchin 101.3
Apollo -151.8
Appleton 158.3
Arrifiski 154.2
Arthenius -91.3
Artamonoy 103.5
Artern'ev -144.4
Ashbrook -112.5
Avicenna -97.2
Avogadro 164.9
Bahbalkin 123.3
Babeock 93.9
Backlund 103.0
Balandin 152.4
Baldet -151.1
Barbier 157.9
Baminger -149.7
Bawa 1026
Becguerel 1207
Bedafr 125:2
Befierinck 151.8
Bel'kowich a0.2
Bell -96.4
Bellinsgauzen -164 6
Belopol'skiy -128.1
Belyaev 143.5
Benedict 141.5
Beroman 1375
Bergstrand 176.3
Betlner -105.2
Betage -162.3
Bhatha -164.5
Binghatn 115:1
Birkeland 173.9
Birkhoff -146.1
Bierlnes 113.0
Blackett -116.1
Blanchard -94.4
Blazhko -148.0
Bobone -131.8
Bok -171.6
Boltzmann -90.7
Bolya 1259
Bondarenko 136.3
Bortoan -147.7
Bose -170.0
Bowditch 103.1
Bovle 1781
Bragg -102.9
Brashear -170.7
Bredilhin -158.2
Bridgman 137.1
Bronk -134.5
Brouwer -126.0
Brunner an.9
Buffon -133.4
Buisson 1125
Butlerov -108.7
Buys-Ballot 174.5
Cabanties -169.6
Cailleux 15313
Cajori 165.8
Catrphell 151.4
Cannizzaro -99.4
Cantor 115.6
Camot -143.5
Carol 122.3
Carver 126.9
Cassegtain 1135
Chadwick -101.3
Chaffee -153.9
Chalonge -117.3
Chatrbetlin 957

Lat.

-573
1.0
-16.8
17.9
-23.6
-45.6
-65.2
71
18.7
9.9
-41.3
158
-407
<227
-60.7
-49.0
-36.1
37.2
-164
-55.6
255
10.8
-514
307
63.1
-20.8
4.1
-16.0
-15.9
-55.3
-23.8
-28.0
<253
40.7
-1.9
-135
61.1
218
-60.6
-17.2
233
44
70
-15.8
252
-63.2
-55.1
3.1
-30.2
587
-354
S35
-58.5
316
26.9
-20.2
-74.9
-33.6
-17.8
-35.8
-53.5
-25.0
-53.1
425
-73.8
173
435
26.1
-36.2
9.9
-404
-1.4
125
20.8
-60.9
-60.8
-474
453
55.6
38.2
523
3.5
-43.0
-524
=527
-35.8
-21.2
-58.9

Dia.

lili}
55
135
7
104
77
70
65
64
54
40
109
13
16
143
57
537
63
26
40
a0
67
156
74
139
20
99
75
12
55
ili]
it}
1
65
67
70
214
36
63
59
54
14
21
43
B
92
64
33
32
345
45
141
40
54
31
45
76
135
30
50
91
40
57
34
55
59
30
64
158
53
106
56
40
55
30
50
70
219
56
81
126
g
59
55
30
49
30
58

{ + Longitude = East

Charnpollion
Chandler
Chang Heng
Chant
Chaplygin
Chapman
Chappe
Chappell
Charlier
Chaucer
Chawrenet
Chawda
Chebyshew
Chertiyshew
Chrétien
Clark
Coblentz
Cockeroft
C otrpton
Comrie
Cotnstock
Congreve
Cooper
Con
Coriolis
Couder
Coulotmh
Cremona
Crococo
Crorornelin
Crookes
Ctesibiug
Curie
Cyrano

D, Brown
Daedalus
Dr'Alembert
Danjon
Dante
d'Arsonval
Dhas
Dravisson
Drawson

de Forest
de hioraes
de Roy

de Vries
Debus
Debye
Dellinger
Drelporte
Denning
Dreutsch
Drewar
Diderot
Dririchlet

D obrowol'skiy
Droetfel
Dotuier
Droppler
Drouglass
Dreyer
Diude
Dryden
Dufay
Drugan
Dungr
Dyson
Drziewulskd
Edison
Edith
Ehtlich
Eijktran
Einthoven
Ellenman
Ellison
Elvey
Emden
Engel'gardt
Edtwis
Erto
Esnault-Pelterie
Espin
Ewans
Ewvdaoldmav
Esrerched
Ewen
Fabry

5.3
171.5
1122
-109.2
150.3
-100.7
915
-177.0
-131.5
-140.0
137.0
-147.5
-133.1
174.2
162.9
118.9
126.1
-162.6
103.8
-112.7
-121.5
-167.3
1756
-151.9
171.8
924
-114.4
0.6
150.2
-146.9
-164.5
1187
910
1577
-147.2
1794
163.9
124.0
180.0
124.6
-136.8
-174.4
-134.7
-162.1
1433
991
-176.7
09.6
-176.2
140.6
121.6
1426
1105
165.5
121.5
-151.4
129.7
-107.9
08.0
-150.4
-122.4
06.9
918
-155.2
169.5
103.3
179.5
-121.2
0g.9
99.1
1023
-172.4
-141.5
109.6
1201
-107.5
-100.5
-177.3
-159.0
1338
08.5
-141.4
109.1
-133.5
-153.0
-150.5
1214
1o0.7

374
438
19.0
40.0
6.2
504
1.2
547
36.6
357,
115
428
337
473
45.0
354
-37.9
313
553
233
218
-0.2
529
506
0.1
4.8
547
67.5
475
-68.1
-10.3
0.8
2229
=205
42.0
-5.9
50.8
-114
255
-10.3
-26.6
375
674
73
405
553
-19.9
-10.5
40.6
-6.8
-16.0
-16.4
4.1
=27
=204
11.1
-12.8
9.1
314
-12.6
350
100
385
-33.0
5.5
64.2
448
61.3
212
250
258
40.9
-63.1
4.9
253
55.1
3.8
633
5.7
355
5.7
477
281
05
348
357
R
429

- Longitude = West

58
85
43
3

137
71
59
80
59
45
81
15

178
55
58
49
33
03

162
59
72
57
36
65
78
21
50
85
75
04
49
36

151
80
15
03

248
71
54
25
38
57
45
57
53
43
50
20

142
81
45
44
66
50
20
47
38
65
55

110
49
61
24
51
39
50
62
63
63
62

8
a0
54
69
47
36
74

111
43
59
61
79
75
67
50
66

3

154

Fairouz
Fechner
Féryi
Feolktistow
Fetrni
Ferstran
Fesenkov
Finsen
Firsowv
Fischer
Fitzgerald
Fizean
Fleming
Florensky
Focas
Foster
Fowler

Fox
Freundlich
Fridman (Friedmann)
Froelich
Frost
Fryzell
Gadomski
(Gagatin
Galois
Gatnow
Ganskiy (Hansloy)
Ganswindt
Garavito
Gavrilov
Geiger
Gerasimowich
Gernshack
Ginzel
Giordano B runo
Glauber
Glazenap
Golitsyn
Golovin
Grachev
Grave
Green
Gregory
Grigg
Grissotn
Grottian
Guillavne
Gullstrand
Guthnick
Guyot

H. G. Wells
Hagen
Hale
Harden
Haret
Harkhehi
Harriot
Hartrrann
Hatwrey
Hatanaka
Hayford
Healy
Heaviside
Helberg
Henderson
Hendrixz
Henyey
Heron (Hero)
Hertz
Hettzsprung
Hess
Heytrans
Heyrowsky
Hilbert
Hippocrates
Hiravatrma
Hoffineister
Hogg
Hohrnann
Holetschels
Hoproann
Houzeau
Humme
Husband
Hutton

Ihn Firras
Ihn Yumnus

+ Latitude = North

- Latitude = South

102.9
124.9
-105.1
140.7
122.6
-126.0
135.1
1779
112.2
142.4
1717
-133.9
109.6
131.5
038
-141.5
-145.0
ng.2
171.0
-126.0
-109.7
-118.4
-101.4
1473
149.2
-151.9
145.3
97.0
110.3
156.7
130.9
158.5
-122.6
09.7
974
102.8
142.6
137.6
-105.0
161.1
-108.2
150.3
132.9
127.2
-129.4
-147.4
128.3
1734
-129.3
939
117.5
122.8
13541
00.8
143.5
-1768.5
083
114.3
1353
-146.5
-121.5
-176.4
-110.5
167.1
-102.2
152.1
-159.2
-151.6
119.8
104.5
-129.2
174.6
-144.1
853
108.2
-145.9
93.5
136.9
121.9
941
150.9
160.3
-123.5
00.4
-147.9
168.7
122.3
91.1

-26.1
-50.0
44.9
309
-19.3
18.7
-23.2
42.0
4.5
3.0
7.5
556
15.0
253
357
237
443
0.5
5.0
128
80.3
T
213
36.4
-20.2
-14.2
5.3
9.7
79.6
47.5
17.4
-14.6
2229
-36.5
14.3
359
11.5
-lé
251
KR
37
171
4.1
22
12.9
47.0
6.5
45.4
45.2
417
11.4
40.7
453
142
5.5
500
KN
331
32
19.5
9.7
12.7
328
-10.4
225
4.8
46,6
13.5
0.7
13.4
2.6
543
753
-39.6
179
0.7
6.1
15.2
EEN]
179
278
508
171
4.7
40.8
373
6.8
14.1

3
63
38
23

183

151
35
72
51
K]l

110

111

106
T
22
33

146
24
85

102
58
75
18
5

265

222

129
43
74
74
il
34
86
43
55
22
15
43
36
37
35
40
i)
67
36
58
37
57
43
36
92

114
55
83
15
29

237
56
1
ill]
26
27
38

165
62
47
18
63
24
]

501
88
50
16

151
il

132
45
38
16
38
88
71
23
20
50
g9
58

Diameter in km )

Icarus
Idel'son
Iin
Ingalls
Innes
Ioffe
Isaew
zsak
Jackson
Jatwis
Jeans
Jeniner
Joliot
Joule
Jules Verne

Kametingh Onnes

Karitna
Karpinsliy
Karrer
Kasper
Katchal sley
Kearons
Keeler
Kekulé
Kepinski
Khwol'son
Kibal'chich
Kiditr
Kimura
King

Kira
Kitlewood
Kleymenow
Klute

Koch
Kohlschiitter
Kolhérster
Komatow

K ondratyuls
Konoplev
Konstantinow
Korolew
Kosherg
Kostinskiy
Kovalevslava
Koval'skdy
Kozyrev
Kratrarow
Kramers
Krasovsldy
Erylow
Kugler
Kulik

Kuo Shou Ching
Kurchatow
L. Clark
Lacchind
Latnb
Latnpland
Landau
Lander
Lane
Langemalk
Langevin
Langrmuir
Larmmor
Laue
Lauritsen
Leawitt
Lebedev
Lehedinskiy
Leswwenhoek
Leibnitz
Letnaitre
Lents (Lenz)
Leotiow
Leucippus
Leuschher
Lewi-Civita
Lewis

Ley
Lindblad
Lippratt
Lipskiy
Litke (Litke)
Lobachewvskiy
Lodygin
Lomaonosav

Reference: Nomenclature and Topography Maps (Moon)  http://planetarynames.wr.usgs.gov/

Crater List

Farside

1732 53 06
1109 -81.5 i1}
A75 -17E 13
-1531 264 37
1192 278 43
-129.2 -144 i)
1475 -175 on
1171 -233 30
-163.1 22,4 71
-148.0 -340 38

014 -358 70

959 421 71

031 258 164
-144 2 273 06
147.0 -35.0 143
1158 150 fifi
105.0 -259 3
166.3  73.3 02
-1418 -521 51
122.1 83 12
116.1 50 32
-1126 -114 23
161.9 -10.2 160
1381 164 04
126.6 288 31
1114 -138 54
-146.5 30 02
1229 350 i}
1184 -57.1 18
120.5 5.0 i)
1328 -174 3
-156.1  68.8 67
-140.2 -324 55
-141.3 372 75
150.1 428 05
154.0 144 53
1146 11.2 o7
1525 47 78
1155 -140 108
-1255 -85 15
1584 19.8 [ili}
1574 4.0 457
1406 -202 15
118.8 147 75
-12048 308 115
1.0 -21.9 40
1203 468 i)
088 -2.3 i}
12760 536 fil
1755 3.0 50
-1658 356 40
1057 -538 i)
1545 424 58
-1337 84 34
142.1 383 106
1477 4537 16
1075 417 58
0.1 429 106
131.0 -31.0 i)
1181 418 214
131.8 -153 40
1320 -9.5 55
1187 -103 o7
1627 443 58
-1284 -357 o1
1797 321 o7
D7 280 37

06.1 -27.68 52
-1393 448 [ili}
107.8 473 102
-164 3 8.3 62
-1787 -293 125
170.2 -383 245
-1494 -61.2 o1
-102.1 28 21
1482 19.0 33
1160 2901 56
-108.8 1.8 40
1434 -237 121
-113.8 -185 43
1549 4232 70
QEE 704 fifi
-114.9 540 160
1795 2.2 a0
123.1 -16.8 39
112.6 09 &4
-146.8 -177 62

9.0 7.3 02
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Crater List

Farside
Crater Name Long. Lat. Dia. {+Longitude =East - Longitude = West + Latitude = Horth - Latitude = South Diameter in km )
Lorentz -95.3 326  312| Pamskevopoulos -149.9 504 94| Shatalov 1415 243 21| von der Pahlen -1327 -2458 56
Lowe 129.0 -6.3 84| Parenago -108.5 2589 93| Shayn 1725 326 93| won Karman 1759 448 180
Lowelace -106.4 823 54| Patkhurst 103.6 -334 96| Sherington 1150 -11.1 18| won Mewrrann 153.2 404 78
Lowell -141.9 348 34| Parsons -171.2 373 40| Shd Shen 1041 76.0 43| von Zeipel -1416 426 83
Lowell -103.1  -129 66| Paschen -13908 135 124 Shirakats 1256 -12.1 51| Walker -162.2 -26.0 32
Lucretiug -120.8 -8.2 63| Pasteur 1046 -11.9  234| Shtemberg (Sternberg) -116.3 185 70| Wan-Hoo -1388 08 52
Ludwig 974 =77 23| Patsaev 1334 -167 55| Shuleyldin 925 271 15| Waterman 125.0 -259 76
Lundmark 1525  -397  106| Pauli 137.5 445 84| Siedentopf 1355 220 61| Watson 1245 -6246 62
Lytnan 163.6 -645 34| Pavlov 1425 -288  145| Sierpinsid 1545 -27.2 69| Weber -1234 504 42
M. Anderson -149.0 414 17| Pawsey 1450 445 60| Sikzorskey 103.2 -66.1 08| Wegener -1133 452 88
Mach -149.3 18.5 130| Pease -l06.1 125 38| Sisaloyan 109.0  41.2 34| Wezler 90,2 -69.1 51
Maksutow -1687 405 83| Pereliman 106.0 -24.0 46| Sita 120.8 4.6 2| Weyl -1202 175 108
Malyy 1053 219 41| Perepellin 129.0 -10.0 97| Sklodowska 955 -18.2  127| White A1583 446 39
Mandel'shtam 162.4 54 197| Petkin -175.0 0 472 62| Slipher 160.1 495 60| Wiechert 165.0 -345 41
Marci -167.0 226 25| Petrine -127.5 425 86| Smith -150.2 314 34| Wiener 146.6 40,8 120
Marconi 1451 -3.6 73| Petre 108.4 453 33| Smoluchowsld -96.8 603 83| Wilsing -1552 <215 73
Mariotte -139.1  -285 65| Petropavlowskiy  -114.8 372 63| Sniadecki -168.9 <225 43| Winkler -179.0 422 22
Maunder 038 -146 55| Petzwal -110.4 627 90| Soddy 121.8 0.4 42 Winlock -105.6 356 64
Mazxwell 089 30,2 107 Pikel'er 1233 4709 47| Sornmerfeld -162.4 652 169 Woltjer -1506 452 46
Mchdie 921 21 45| Pirguet 139.6 -203 65| Spencer Jones 1656 133 85 Wood -12008 430 78
Mcauliffe -145.9  -33.0 19| Pizzett 1188 349 44| 5t John 1502 10.2 63| Wrablewskd 1528 -24.0 21
MecCool -146.3 417 21| Planck 136.8 -57.9  314| Stark 1346 -25.5 49| Wyld 981 -14 a3
McKellar -1708 0 -157 51| Planté 163.3 -10.2 37| Steams 162.6 348 36| Xenophon 1221 -228 25
McLaughlin 029 471 79| Plaskett 1743 821 109 Stebhing -141.8 6485 131] Yablochkow 1283 609 a9
MclMath -165.6 173 86| Plumnmer -155.0 -25.0 73| Stefan -108.3 46.0  125| Yatnatnoto 1609 531 76
McMair -147.3 0 -357 29| Poczobutt 988 571 195] Btein 179.0 7.2 33| Zanstra 1247 29 42
cHally -137.2 0 226 47| Pogson 1os 4312 50| Steldov -l04.9 367 36| Pasyadko 042 39 11
Mechnikov -149.0  -11.0 60| Poincaré 163.6 567  319( Steno 161.8 328 31| Zeerran -1336 <7520 190
Mees -06.1 13.6 50| Poinsot -14577 0 785 63| Stemfeld -141.2 -19.6  100] Zelinskdy 166,85 -28.9 53
Meggers 1230 243 52| Polzunov 1146 253 67| Stetson -118.3 -394 64| Zernike 165.2 154 48
Meitner 1127 -105 &7 Popov 087 172 65| Stoletow -155.2 451 42| Zhiritskiy 12003 -2438 35
Melissa 121.8 81 18| Poynting -1334 181 128| Stoney -156.1 553 45| Zhukovsldy -167.00 78 81
Mendel -109.4 438 138| Prager 1305 -39 60| Stirmer 146.3 573 69| Esigtnondy -1047 597 65
Mendeleev 140.9 57 313| Prandtl 141.8 -60.1 91| Stratton 1646 58 70| Ewicky 165.1 -154 150
Ierrill -116.3 752 57| Priestley 1084 573 51| Strimearen -1324 217 61
Meshchersldy 1255 12.2 65| Purkoyné 949 -14 48| Subbotin 1353 -29.2 a7
Mezetitsew -1287 0 721 89| Quételet -134.9 0 431 55| Sutrtier 1087 375 50
Michelson -120.7 7.2 123| Raczh -179.8 -13.8 63| Sundran 916 1008 40
Milankowic 168.8 772 101 Raimond -159.3 144 70| Swverdrup -152.0 -88.5 35
Millikan 1215 468 98| Ramon -148.1 416 17| Bwann 1127 520 42
Mills 156.0 86 32| Ramsay 1445 402 81| Szilard 1057 340 122
Milne 1122 -314 272 Raspletin 1518 -225 48| Tarmm 1464 44 38
Mineur -161.3 250 73| Rayet 1145 447 27| Teisserenc -135.8 0 322 62
inkowsld -146.0  -565 113 Razumow -114.3 0 391 70| Ten Bruggencate 1344 85 59
Minnaett 179.6  -678 125| Recht 124.0 0.8 20| Teteshkova 1443 234 31
Mitra -154.7 18.0 92| Resnik -150.1 338 20 Teda 1247 385 43
Mebius 101.2 158 50| Ricco 176.3 754 65| Thiel -134.5 407 32
Mohorowitic -1650  -190 51| Richards 1401 77 16| Thiessen -169.0 754 66
Moiseew 103.3 95 59| Richardson 100.5 311 141 Thomson 166.2 327 117
Moiszan 137.4 48 21| Riedel -139.6 489 47| Tikhomitow 162.0 252 65
Montgolfier -159.8 473 33| Rittenhouse 106.5 745 26| Tikhow 1717 623 83
Moore -1775 0 374 54| Riz 022 -151 51| Tiling -132.6 531 38
Morozow 127.4 50 42| Roberts 17450 711 89| Tirniryazev -147.0 55 53
Morse -1751 221 77| Robertson -105.2 0 218 83| Tiselius 176.5 7.0 53
Moseley -90.1 209 90| Roche 136.5 423 160| Titius 07 268 73
Ioulton 072 -61.1 49| Romeo 122.6 75 8| Titow 150.5 286 31
Murakatrd -140.5 233 45| Rintgen 914 330 126| Trwmpler 167.1 293 77
Magaoka 154.0 194 46| Rosseland 131.0 41.0 75| Tsander (Zander) -149.3 6.2 181
Mansen 953 809 104| Rowland -162.5 0 574 171| Tseraskiy (Ceraski) 141.6 49.0 56
Maszan 1774 -249 76| Rozhdestvensldy  -1554 852 177| Tsinger (Zinget) 1756 567 44
Mecho 1231 -5.0 30| Rumford -169.5 <288 61| Tsiolkowsdy 1259 -21.2 185
Mernist 048 353 116| Rutherford 137.0 107 13| Tsu Chung-Chi 1451 173 28
Mewjmin 1250 -270 101 Rydberg 963 465 49| Tyndall 7o -34.9 13
Miepce -119.1 727 57| Ryder 1432 445 17| Valier 174.5 6.8 67
Mijland 134.1 33.0 35| Rynin -103.5 470 75| Van de Graaff 1722 -274 233
Mikolaew 1513 352 41| Saenger 102.4 43 75| Van den Bergh -158.1 0 313 42
Mishina -170.4  -446 65| Safafik 176.9 106 27| wvan denBos 146.0  -53 22
Mobel -101.3 15.0 48| Saha 127 -1a 99| Van der Waals 119.9 4309 104
Mither -1135 666 67| Sanford -138.9 324 55| Van Gent 1604 154 43
Mu? 167.6 323 61| Sarton -121.1 483 69| Van Maanen 125.0 357 a0
Mumerow -160.7 707 113 Scaliger 1089 -27.1 34| wan Rhijn 1464 5246 46
Munn 911 4.6 19| Schaeberle 117.2 -26.2 62| Van Wijk 1188 -62.8 32
Oberth 1554 624 60| Schiellerup 1571 697 62| wan't Hoff -131.8 621 92
Obruchey 1621 -389 71| Schlesinger -1386 474 97| Vashalkidze 033 4348 44
ODay 1575  -306 71| Schliemann 1552 -21 80| Vawilow -137.9 0 0.8 93
Ohrn -113.5 184 64| Schneller -163.6 418 54| Vening Meinesz 1626 -0.3 87
Clcott 117.8 206 81| Schénfeld hE 1 448 25| Ventis 155.0 4.9 as
Olivier 1385 591 69 Schrodinger 1324 750  312{ Vernadskiy 1305 23.2 91
Omar Khayyam  -102.1 58.0 70| Schuster 146.5 4.2 108| Vertregt 171.1 -19.8 187
Crnizulka -145.9 362 29| Schwarzschild 121.2 701 212| Vesalius 145 -31 61
Oppenheitner -166.3  -352  208| Scobee -145.9 0 311 40| Vestine 938 339 96
Orestne 169.2 424 76| Seares 1458 735  110| Vetchinkin 131.3 102 93
Otlow -1750 0 =257 81| Sechenov -1426 0 71 62| Vil'ew 1444 4.1 45
Ostwald 121.9 104 104| Segers 1277 471 17| Virtanen 1767 155 44
Paneth 048 3.0 65| Seldel 1522 328 62| Viviani 1171 52 26
Pannekoek 140.5 4.2 71| Seyfert 1146 291 110f Volkow 1317 -136 40
Papalelesi 164.0 10.2 97| Shahinaz 122.4 HE5] 15| Volterta 1322 56.8 52
Paracelsus 163.1  -230 83| Sharonov 1733 124 74| won B gkéey 1268 519 96

Reference: Nomenclature and Topography Maps (Moon)  http://planetarynames.wr.usgs.gov/
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Non-crater List

+Longitnde = East - Longitude = West + Latitude = Harth — Latitude = Soth Diarneter {or lovg-side direension) in ke
Name Long. Lat. Dia. | Name Long. Lat Dia. |Mame Long. Lat. Dia. | Name Long. Lat Dia.
Catena Mare Fecunditatiz 512 78 909 |Promontoriom Fresmel 4.7 290 A | Fimee Goclende: 430 -80 240
Catena Abulfeda 172 -169 219 | Mar Frigods 14 560 1596 |Promontociom Hemelides -332 403 50 | Fimee Griraldd -840 90 2
Catena Bngitte o5 185 5 | Mare Humboldtamnm 815 68 23 |Promontoriom Eelvin =330 2270 50 | Rimee Chutenberg »|0o o o-50 33
Catena Davy S0 -110 50 | Mare Hunonmm -36 244 39 |Promontorium Leplace -258 460 50 | Rimee Ham 25 294 83
Catena Deievwlshd 100 190 80 | Mar Imbdwm -156 328 1123 |Promontocion Teensdum  -8.0 -190 70 | Rivgee Hed griive =30 o-30 1m
Catens Humbold t Mo 215 165 | Mar Ingeni 1635 337 318 Fimee Heveling -880 10 1|
Catena Krafft -0 1500 A0 | Maw Insulanim -¥;a 75 523 [Rima, Rimae Rirnce Hippalue -A93 E55 191
Catena Littoow M5 222 10 | Mar Marginis @1 133 420 |Bima b gatharchides -0 -200 X0 | Rimee Hypatia o4 04 2e
Cotena Michelson  -1134 14 450 | Mae Mosowienes 479 272 7 |Eime b gricola -5E00 290 110 | Rimee Janssn no 456 114
Catena P iere -318 198 9 | Mawe Nectars 355 -152 333 |Rima Awhotas 20 530 W |ERinwe Eopff -Be 174 A
Catena 3 vivester -2 814 173 | Mar Nubium -l66 212 TS |Rime Anadaeus 140 64 250 |Fimse Lishig* -450 200 140
Catena Tarmtive 480 20 100 | Mae Orentale 28 -194 37 |Rima Atsivaowich -30 270 M | Rimee Litheow X009 221 1S
Catena Timocharis -1200 290 50 | Mae Serenitatiz 175 280 07 |Rime Bily -430 150 M | Rimee Maclear N0 120 110
Catena Vo -A04 244 5 | Mar Swothii M5 13 373 |Rima Bit -90 210 50 | Rimce Magstlin -400 20 &
Mar Jpumans 651 11 129 |Eima Bradley -12 238 161 | Rimee Mavpertos -30 0 520 a
Dorsa, Dorsum Mar Tmnguillittis 314 85 &% |Rime Breley S35 214 31 | Rimee Menelaws 178 172 131
Dioma Aldmvandi B5 240 136 | Mar Undamm B4 68 243 |Rima Calippe 130 370 40 |Fimee Memenin -465 200 0
Doma Andreoy S0 -10 160 | Mar ¥apomm 26 133 U5 |Rime Cardams -5 114 175 | Fimse Opelt -180 120 W
Diorma Avgend 406 281 109 | Ocearms Procellanm -574 184 258 | Eime Camen M3 198 10 | Rimee Palmieri -470 280 130
Doz Barlow 20 150 120 Fma Canchyr &0 105 140 | PRinwe Pary -leg 61 22
Doma Burnet -5i0 384 194 | Mons, Montes Eima Cleomedes T0 270 & | Rinwe Petewius S5O 250 &
Dioma Cato 470 10 140 | Mons & gnes 53 186 1 |Rima Cleopatm -538 300 14 | Rimee Pettit -0@0 230 4830
Do Dare oan o 20 70 | Mons Ampere 4.0 190 30 |Eims Comn 20 186 A |FRimwe Pitatus -138 385
Dioma Ewing -4 -102 141 | Mons AndE 52 1206 10 | Eima Dawes He 175 15 |Rimege Plato 32 529 &7
Dioma Geikie 5 46 28 | Mons Aweshir 1210 50 2 |Eima Delisle -30 210 60 | Rimee Plinivs 226 170 1M
Dioma Harker 640 145 197 | Mons Lrpaeus 20 190 50 |Rima Dicplestus -3300 290 150 | Rivee Posidonivs 37T DLW
Dioma Lister 28 203 203 | Mons Bradley 10 220 20 |Riwe Dmper -4500 180 160 | Rimee Frie -430 270 @
Dioma Mawsaon a0 700 132 | Mons Delisle -358 295 20 |Riwa Euler -30 210 90 | Rimee Bamsden -34 330 B
Dioma Rubey -420 -100 100 | Mons Dieker 102 50 20 |BEime Flammanon -56 28 80 | Rimwe Repsold -817 506 168
Doz Smdocey 52 272 156 | Mons Diip 1208 54 2 | Eime Fumerivs 6l.0 -350 X0 | Rimee Ficcioli -dn 20 4m
Dioma Borker 140 190 80 | Mons Esam a7 146 8 |Rima (3. Bond 355 333 168 | Rimee Ritter 1|80 20 100
Doma Btk -190 0 270 80 | Mons Genan 106 483 14 |Eive Galilaed -HS 119 20 | Fimee Romer a0 270 10
Dioma Tetwmew 642 199 176 | Mons: Grithodisen Delta -305 360 20 |Rime Gartrer 30 500 X |Rimee Secchi 40 1o 35
Diorsa Whiston -fad 294 85 | Mons Grdthodsn Garmma, 405 366 20 |Rine GageLussae -E0 130 40 | Rimee Sirsalis -A17 157 4%
Diamurn b rduin -358 0 249 107 | Mons Hadlew 47 265 25 |Rime Hadlew 30 250 80 |Rimee Sosigenes 187 86 190
Domum Azam 192 267 105 | Mons Hedley Delta 38 258 15 | Eime Hancteen =530 -120 25 | Rimee Stadie * -137 105 /9
Dozum Bucher =30 210 90 | Mons Hansteen S50 -121 20 |Rime Hesiodus -0 =200 25 | Bimee Sulpiciee Gellus 100 210 90
Diomum Buekland 128 204 380 | Mons Herodotue -530 275 5 | Riwe Hygiinns 78 74 219 |Rimee Tamntine /5 55 I8
Domum Capeme 22 16 84 | Mons Huoreers 29 200 40 |Eime Jacen A0 145 35 | Rimee Theastetus 60 3310 50
Diomum Cloos oo 10 100 | MonsLaHire -85 278 25 |Rima Kideger -456 0 290 2 | Rimee Tdesnecker 46 43 215
Dozum Cushmen 490 10 80 | Mons Mareldi 352 202 15 |RimaLaplace * -H0 480 10 | Rimee Vamoda Gama -820 100 &0
DoEum Gast ap 240 a0 | Mons Mo -197 -120 10 |Bime Metran 4700 280 W | Rimee Zupus -5E0 150 1@
Dozum Graban -159 294 121 | Mons Peck 216 -100 20 |Rime Macello 7T 18e 2
Domum Guettard -180 -100 40 | Mons Pico £9 457 25 |Riwe Marco Polo * -20 154 23 |Rupes
Diomum Hein -8 320 148 | Mons Piton A1 406 25 |Riwe Marivs -4830 165 12 | Fupes Altai L6 3 47
Dozum Higazy -1700 280 60 | Mons Bimdker -l 408 0 |Bine Messier 450 -10 100 |Rupes Bods S35 5 4
Dozum Nicol 220180 50 | Mons Uaw 620 120 15 |Rima Milichive =330 80 10 | Bupes Canchy no o 9n 1
Dozum Niggh -5a0 290 50| Mons Vino gradoy s34 224 25 |Bime Newcomb ¥ 438 200 41 |BRupes Kelvin EECH e
Domum COppel Sia 187 BB | Mons Vitdus 08 194 15 |Rima Oppolzer 10 -17 9 |Rupes Liebig -460 250 1380
Diomwm Owen 110 250 50 | Mons Waolff £8 170 35 |Rima Ptolemaens * -18 92 153 | Rupes Mermabr -3 3100 93
Dozum Seilla -804 228 108 | Moot Blaxc 10 450 25 |Bima Béswur 20 -20 A |EupesRects 18 23l 1M
Diomum Termisr S0 110 90 | Montes & gricola -542 291 141 |Eime Reiko a7 188 2| Fapes Tomarelli 475 2740
Dozum Thera =314 244 7 | Montes Llpes 4.8 464 281 |Eive Eudolf X6 198 g
DoEum Von Cotta 119 233 199 | Montes Apennims =37 189 401 |Rime Schodter 60 10 40 | Sinus
Diomum Zirkel -235 0 281 193 | Montes Amhimedes 46 253 163 |Rime Sharp -H05 467 100 | Simus Aeshmom 8 109 20
Montes Caxpatus -4 145 351 |Rine Sheepshanks 40 580 200 | Sims Lmods ni 181 120
Lacus Montes Cancazme 100 284 445 |Rime Siegiried 1020 -259 14 | Buws Asperitatis a4 -38 b
Lacus Aestatiz -0 -150 90 | Montes Cordillers 816 -175 5 |Bime Jvess -432 67 160 | Suws Concordiae 432 108 142
Lacus Avhumind -390 90 183 | Maontss Herne 02 199 560 |Eime Swmgbel 113 246 4| Bivns Fided 20 180 W
Lacus Bomtatiz 437 232 92 | Montes Harbinger 410 270 90 (Rua T Maver =310 130 50 | Siows Honoris 1|1 117 1@
Lacus Daloris af 171 110 | Montes Jua S0 471 422 |Riva Vladimdr 07 252 14| Bt Tadun S35 441 %
Lacus Exellentiae -440 354 184 | Montes Pyrenses 412 -156 164 |Rima War¥u =315 200 12 | Siows Lumcus 14 318 1%
Lacus Felicitatis 500190 90 | Montes Recti 00 480 90 |Bive Widmanstatten®* 855 61 46 | Siws Medit 1.7 24 35
Lacue Gandii 126 162 113 | Montes Riphaeus 81 17 189 |Rima Tangel' 46 167 30 |Eim:BRods -WeA 5S40 I
Lacus Hiemalis 40 150 50 | Montes Fook -5 206 M1 |Bine Zshia -A5 250 16 | Siws Successus mno 09 1=
Lacue Lenitatis 120 140 80 | Montes Secchd 430 30 50 |Rimee Llphoreus -20 -140 &
Lacus Liparize 'm0 190 50 | Montes Spitzbergen S50 350 60 |Rimee &pollomus 530 50 23 |Vallis
Lacus Mortis 212450 151 | Montes Tawros 411 284 172 |Rimee Lchimedes -41 266 169 | Vellis Alpes 33 485 186
Lacus Oblivionis -legn 210 50 | Montes Terenffe -118 471 182 |Bimee Lostachos -47.5 0 269 121 | Vellis Baade -Hhi 450 X2
Lacus Odid 700190 70 Eimee Azachel -20 -180 50 | Valliz Bohe -Bh 124 @
Locus Permverantiae 620 20 70 | Palus Rimee At 436 475 A0 | Vallis Bowward -3l 383 M
Lacus Solitd inis 1Mz 278 129 | Palus Epidermanmm S22 220 286 |Einee Bode -40 100 M| Vellis Capella Mo 5 49
Lacue Somindomm A2 380 384 | Palus Putredinis 04 265 161 |Rimes Bozeowich 111 98 40 | Vallis Christel 110 245 2
Lacus Sped 650 420 80 | Palus Somud 450 141 143 |Rimee Biirg 238 445 147 | Vallis Inghimond -7Z 438 148
Lacus Temporis Ba 459 17 Eimee Chacomse 20200 190 | Vallis Kdshme 112 245 32
Lacue Timous -#73 328 117 | Planitia Rimee Dadell X0 370 20 | Vallis Palitesch 643 264 132
Lacus Vers -1 -165 395 | Planitia Desensus 4 Tl 1 |Rimse Darurin -85 -192 143 | Valliz Flack 1251 584 451
Rimee de Gasparis -5 246 93 | Vellis Rleita 515 425 M5
Mare, Oceanus Promontorium Eimee Doppelmaser -451 <259 162 | Vellis Schoddinger 100 €70 210
Mag Lnguis G677 226 150 | Promontoriom b garom @0 140 70 |Rimes Focas -980 280 100 | Vellis Bchodtert -508 262 168
Maw Lustele 20 389 603 | Promontorivn L gassiz 18 420 20 |Riwee Fresnel 40 280 90 | Vallis Srellivs o o311 5
Maw Cognitoim S22l -100 0 #75 | Promontorivm Awherosta 220 167 10 |Rimes Gessendi -400 -180 M
Mawr Crizinm 1l 170 418 | Promontorio Dewille 10 432 20 |Rimee Gerard -0 460 100 * [AU- dropped hame

Reference: Nomenclature and Topography Maps (Moon)  http://planetarynames.wr.usgs.gov/
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