
DevoteD to the StuDy of earth’S Moon 
vol. 27 no. 4 Winter 2008

SELENOLOGY
The Journal of The American Lunar Society





Selenology, Vol. 27 No. 4, Winter 2008. A publication of the American Lunar Society. 
President: Steve Boint; Vice President: Francis Graham; Editors: Steve Boint, Raffaello Lena.

Web site: http://eselenology.offworldventures.com/
http://amlunsoc.org/

Copyright © 2008 by the American Lunar Society and individual authors; all rights reserved.

Send manuscripts, general observations, photographs, drawings and other correspondence to:
Steve Boint, VP ALS, 1807 S. Spring Ave., Sioux Falls, SD 57105

E-mail: sboint0362@msn.com
Send changes of address to Andrew Martin at sellallyouown@yahoo.com

If you don’t have e-mail, send them to Steve Boint
To subscribe to Selenology, send $15 US to Andrew Martin, 722 Mapleton Rd, Rockville, MD 20850

Make checks payable to: American Lunar Society

COVER:
Mare Nectaris by Howard Eskildsen. 2008/10/18  04:17-04:23 UDT (4-image composite), 
seeing 5/10, transparency 4/6, Meade 6” f/8 refractor,  2X Barlow, Orion StarShoot II. [This 
photo was the Astronomy Photo of the Day.] “Under the illumination of a setting sun, the 
structure of the Nectaris impact basin comes to light. In the lower left portion of the photo, the 
distinct southwestern rim of the basin is visible as the Altai Scarp (also known as Rupes Altai). 
The 290 mile ridge terminates at the distinct, fresh crater Piccolomini (53 mile diameter) at 
the bottom center of the photo. It marks the visible margin of a 520-mile-diameter basin ring. 
Other portions of this ring have been mostly erased by subsequent asteroid bombardment 
and adjacent mare formations. There are hints of two more ridges between the scarp and the 
mare margin that have been identified as the remnants of a 370-mile-diameter ring and of a 
240-mile-diameter ring. All of the rings are centered on the 212-mile-diameter Mare Nectaris 
and give the appearance of ripples frozen in time. Another ring is thought to be buried under 
the dark basalts of the central mare. Imagine the force of an impact that created multiple 
concentric scarps across an area more than 500 miles in diameter, ejected rocks and dust 
completely around the moon, and even peppered the earth with meteors!”

TABLE OF CONTENTS:
Re-thinking Lunar Origin Models  ................................................................ 2

The Photography of Howard Eskildsen ........................................................ 5

Prinz and Nearby Features  ........................................................................... 12

Venus Occultation  ......................................................................................... 17

Selenology
Vol. 27 No. 4 - Winter 2008
The official journal of the American Lunar Society, an organization  
devoted to the observation and discovery of the earth’s moon



In recent history science has moved forward 
with dizzying speed making new and exciting 
discoveries on an ongoing basis. Charles Darwin 
and evolution, Wegener and plate tectonics, Louis 
Alvarez and the extinction of the dinosaurs, and the 
crowning moment of technology and science, man’s 
walk on the moon. Yet some fundamental questions 
remain unanswered.

Although we now accept the theories of Darwin 
and Wegener, this did not come – and sometimes 
still does not – without much controversy. New 
ideas always are slow to be accepted. And much of 
what we do accept is often not fully understood.

One of the big hopes of the Apollo missions 
was to finally put to rest the question of the origin 
of the moon. Where did the moon come from? It 
was hoped that the Apollo missions would resolve 
this long-standing mystery. But, alas, the failure 
to do so may have been the greatest scientific 
disappointment of the Apollo effort. 

The question of the origin of the moon has 
fascinated man since at least the time that Kant1 
first hypothesized that tides should impact the 
motions of the moon. People from many scientific 
fields have since weighed in on the subject and four 
major models of lunar origin have been developed: 
the binary model, the fission model, the collision 
model, and the capture model.

 
The Binary Model

The binary model, in some respects, is the 
simplest and least problematic model. Binary 
formation is what would be expected in the 
standard solar system formation process, with 
the moon forming as part of the Earth’s nebular 
formation. This nebular formation process, it is 
thought, would produce a moon which revolved 
about the Earth’s equator. Since the moon is 
found not to revolve around the earth’s equator 
a “special circumstance” is required to explain 
this. Typically an off- centered impact (such as an 
asteroid impact) hitting either the Earth or moon is 
used to explain the unusual nature of the moon’s 

orbit about the Earth. However, given the amount 
of time that has passed since this presumed impact, 
it would be expected that the moon would have 
returned to an equatorial orbit. This and other 
significant discoveries concerning the Earth-moon 
system led scientists to formulate the other three 
models. 

The Fission Model
The fission model was the model taught in grade 

school during the Apollo era. Interestingly, at the 
time of Apollo, it was still taught that the Pacific 
Ocean was formed by the fission of the moon from 
the Earth’s crust. Thus the model of plate tectonics 
and mid ocean ridges was still a hypothesis while 
man was walking on the moon.

The fission model was first presented by George 
Darwin2, son of Charles. This was really the first 
scientific and comprehensive model developed 
to explain the origin of the moon. Darwin’s work 
was done on rapidly spinning viscous bodies. He 
calculated that the Earth would have about a 2.5 
hour day in order to have the centrifugal force to 
spin the moon off. It was later determined that 
the fission model is not dynamically possible for 
two major reasons. First, the bulge in the Earth 
which theoretically would form and be flung off 
would cause instability in the Earth’s spin leading 
ultimately to a slowing of the Earth’s spin. This 
negative feedback loop would dampen the spin 
of the Earth before it could reach a fission speed. 
Second, it is not believed that the Earth could 
slow from a 2.5 hour day to a 24 hour day in the 
4+ billion years which have elapsed since lunar 
formation. The classic fission model seems not to 
be possible but many of its attributes have been 
reborn in the newer collision model.

Collision vs. Capture
The collision model is currently the darling of 

the scientific community, but the capture model 
was once the prized son. The collision model, 
like the two previous models, has the Earth and 
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moon sharing matter, thus chemical evidence of 
a common origin is an important constraint. The 
capture model on the other hand has the Earth and 
moon forming as uniquely independent bodies, 
sharing only a gravitational bond. Both models 
have weaknesses and strengths.

The Collision Model
The collision model achieves wide acceptance.

The collision model, developed in the 1980s, 
originally had the same main objective as the 
fission model; to explain the observed similarity 
in density of the Earth’s mantle and the moon. The 
original idea was that the moon formed as a result 
of a collision between the proto-earth and another 
free-roaming planetary body3. 

The similarity in the density between the moon 
and the Earth’s mantle had long attracted scientific 
interest. In the beginning it was thought that the 
collision model would account for this similarity 
in density, just as it had been thought that the 
fission of the Earth’s mantle would account for the 
similarity. Ironically, further investigation led to 
the understanding that in the case of collision, the 
moon would actually be composed primarily of the 
impacting proto-moon, not the proto-earth.

A strong selling point of the collision model is 
that computer simulation of a protomoon impact 
into the Earth can produce the desirable outcome of 
creation of a moon. These simulations however, are 
quite simple approximations of reality.

Trouble in paradise
The collision model still has some difficulties 

which need to be overcome. One serious problem 
is that it appears that the lunar material has not 
been subject to temperatures in excess of 1200K4. 
Thus, the moon seems not to have been vaporized. 
It is generally believed that the collision of the 
protomoon and proto-earth would have vaporized at 
least the impactor indicating that the moon should 
show signs of vaporization in its chemistry. This 
appears not to be the case.

Another potential problem with the collision 
model results from the finding that in order to 
generate a moon such as ours in a collision origin, 

the initial proto-spin of the Earth must have been 
around 2.5 hours5. The rapid spin rate would have 
to have slowed to our current 24 hour day, and this 
may be difficult to achieve. This same result was a 
blow to Darwin’s fission model and must be dealt 
with in proving the collision model.

The Capture Model
The observation that our moon is a rather unusual 

partner for the Earth was the strongest selling 
point for the capture model. The moon’s unusually 
large size, its non-equatorial orbit and its tidally 
locked orientation all suggested a possible capture 
origin6. The capture model was a favorite model 
up until the Kona conference held in 1984. The 
greatest difficulty with the capture model is the 
dynamics of the capture event itself. This event 
is typically imagined as a freely moving moon 
nearing the Earth and the gravitational power of 
the Earth literally slowing the moon to the point 
that it becomes permanently “captured” into a 
geocentric orbit. The difficulty with this proposition 
is primarily the relative size of the moon compared 
with the Earth. The kinetic energy of the moon 
which would be required to be dissipated in order 
to facilitate a captured moon is immense. It is felt 
that the capture event window would be too brief to 
allow this amount of energy to be dissipated from 
the lunar motion.

It is important to recognize that at the time of the 
Kona conference, a major problem with the capture 
model was thought to be that oxygen isotope 
evidence proved a similar place of origin in the 
solar nebula. For the Earth and moon this was seen 
as conclusive evidence that the capture model was 
not the correct model. The oxygen isotope evidence 
has since been called into question and it’s relation 
to the origin argument is not yet settled. 

Concluding Thoughts
Given the effort that has been put toward solving 

the lunar origin mystery it is amazing that the 
problem still exists today. The new emphasis on 
returning to the moon will inevitably lead to a 
renewed interest in the subject of lunar origins. It 
appears that the collision model, though the favorite 

Winter 2008 Page 3



for the past 25 years, has failed to seal the deal. It 
may be time to dust off the capture model and apply 
the knowledge gained over the past quarter century 
toward a better understanding of possible capture 
scenarios. Tidal heating on Io, captured satellites 
in other parts of the solar system, as well as the 
interesting nature of binary pairing in the asteroid 
belt are all new discoveries since capture was last 
seriously contemplated. The origin of the moon 
remains a mystery and the ultimate answer still 
awaits. 
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Beams of moonlight brighten the deepest reaches 
of my childhood memories: a thin, western crescent 
calling howls from coyotes along the Platte River 
in Nebraska, a huge white sphere coloring can-
yon walls as we camped out alongside a mountain 
stream in Colorado, the flattened orange oval rising 
in the east during the 7th inning stretch. Clear dark 
skies, stars so bright they seemed within reach, and 
the ever-changing moon constituted my Midwestern 
heritage.

With a little help from a teacher and a lot of 
self-study, I learned the constellations while still in 
grade school. In high school, I restored the science 
department’s badly abused 4.25” Dynascope and 
with profound delight observed deep sky objects, 
planets, and of course the moon. Later, I ground 
and polished a 6” mirror and even seriously consid-
ered a career in astronomy, but eventually turned 
towards medicine instead.

While in medical school, I continued to gaze at 
the stars as time permitted, frequently sneaking out 
to the fifth story hospital helipad to get a glimpse 
of the stars or watch meteor showers. For the 
next 25 years, various responsibilities greatly cur-
tailed my observations, but the interest smoldered. 
Seldom did I step out at night without looking 
upward towards the stars and moon. In 2001 while 
living in Washington state, the spark of astronomi-
cal fascination rekindled into a flame and I began 
to observe regularly again.

On September 10, 2001, I arose early in the 
morning to observe the lunar occultation of Saturn 
through my old 6” reflector with family and 
friends. As the last of Saturn’s rings emerged and 
twilight paled the early morning sky, I proved that I 
was no prophet by announcing that this day would 
likely be the only day of September, 2001, that any 
of us would specifically remember. How I wish I 
had been right.

After the occultation, I realized the need for a 
more compact telescope that would be easier to 

manage than my old one. I mentioned it to my 
wife, Fairy (yes, that IS her given name), and after 
some discussion we settled on a Meade ETX-125 
as my Christmas present for that year. Its excellent 
optics far outperformed my homemade reflector 
and I immediately put it to good use observing the 
moon. Later I purchased a full-aperture solar filter 
and a digital camera and began photographing the 
sun and the moon.

In 2003 we moved to Ocala, Florida, where I had 
the good fortune of meeting Jose Olivarez at a Mars 
lecture that he presented for the local science cen-
ter. He left a standing invitation for anyone to visit 
him at his home in the evenings where he observed 
from his driveway every clear night. I joined him 
several times a month for the rare opportunity of 
moon-gazing and photographing through his folded 
10-inch refractor. Eventually he sold me his Meade 
6” refractor which I currently use for lunar observ-
ing. He encouraged my efforts and served as a per-
sonal tutor until his passing in 2006.

At his advice I joined the Association of Lunar 
and Planetary Observers and sent solar photos to 
Rik Hill who, among others, guided the develop-
ment of my solar photography skills. Later Bill 
Dembowski encouraged my participation in the 
American Lunar Society and in the lunar section 
of ALPO. Since joining ALPO, I have submitted 
over 1,800 observations to the solar section and 
several hundred observations to the lunar section. I 
have also written articles for Selenology, The Lunar 
Observer, and The Strolling Astronomer. To my 
mind, this is just the beginning.

While I continue to practice medicine as a fam-
ily physician, I have a manageable schedule that 
allows for regular observing time. Photos of Earth’s 
brightest and nearest neighbors grace my office and 
lighten my spirits as I work through the day. And 
whenever I need a respite from the day’s responsi-
bilities, my imagination is quietly carried away by 
visions of moonlight. Oh! Look at that moon.

Once Upon a Moonbeam
by Howard Eskildsen
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Right: Tranquillitatis, Anything But Tranquil. 
This photo shows the treasure trove of lunar structures visible on Mare Tranquillitatis which has seen 

considerable geologic activity.  Ridges mark the outline of buried crater Lamont near the central mare.  To 
the northwest Arago lies with two domes, Arago Alpha to its north and Arago Beta to the west of the crater.  
Arcuate rilles mark the junction of the western edge of the mare basalts and the highlands, which consist of 
massive ejecta from Mare Imbrium.

Albedo differences across the mare represent different lava flows that filled the basin at different times.  
Apollo 11 landed just to the right of center in the relatively smooth mare, but only after a nail-biting hori-
zontal flight away from a boulder strewn crater that lay in their original flight path.  Finally, Ritter and 
Sabine, two medium size craters of equal diameters, may represent simultaneous impacts by gravitationally 
bound asteroids.  A great deal of lunar geography can be learned by studying this area of the moon.

Above: Burg 070524 01:09:09 UDT, seeing 8/10, clarity 5/6, Meade 6” f/8 refractor, Orion StarShoot II, 
2x Barlow. “This photo shows the complex structure of Burg and Lacus Mortis along with the surrounding 
areas.  It is always an interesting place to visit telescopically.”

Photography by Howard Eskildsen
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Two-page spread: 
4.2 Day Crescent Moon
By Howard Eskildsen

Mare Crisium forms the 
large, oval, dark area on the 
northern half of this photo. 
This 375-mile-wide feature is 
the basalt-flooded inner por-
tion of a multi-ringed impact 
basin. Two small craters, 
Peirce and Picard, appear as 
eyes on the west side (left) of 
the mare and give the appear-
ance of the back of a crab 
looking towards the central 
Moon. 

To the south of Crisium, 
Mare Fecunditatis appears 
with its irregular shape and 
indistinct boarders. There is 
some debate as to whether 
this, too, is the remnant of 
an impact basin or simply 
a mare-flooded lowland 
feature. Langrenus, the 80-
mile-diameter crater on the 
eastern (right) margin of 
Fecunditatis, appears young 
and bright with its double 
central peak and fresh ter-
races. 

Langrenus marks the 
northern end of a group of 
craters that in times past had 
been labeled the “Western 
Chain.” In the pre-Apollo 
era, what we now call the 
eastern Moon was once 
regarded as the western mar-
gin of the moon since it was 
the “leading” portion of the 
moon as it drifted towards 
the west in the unguided tele-
scope. In the post-Apollo era, 
east has been defined as the 
direction towards sunrise on 
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the moon, hence the “Western Chain” of craters lies on 
what is now regarded as the eastern side of the moon. 

The next crater in the chain is the ancient, heavily-
degraded Vendelinus just south of Langrenus. Further 
to the south, 107-mile-diameter Petavius shows distinct 
central peaks, a flattened floor, and a rille or crack 
extending from the center towards the 8 o’clock posi-
tion. The latter two features give evidence of floor 
fracturing likely caused as magma welled up under 
the crater but never reached the surface. This implies 

that Petavius is a bit older than the little-modified 
Langrenus. The final crater in the chain is Furnerius, a 
76-mile-diameter battered depression about two crater 
diameters south of Petavius. 

On the young crescent moon the so-called Western 
Chain consists of a distinct arc of unrelated craters of 
obviously different ages. Compare the craters in the 
chain to see the causes and cumulative effects of crater 
weathering on the ancient Vendelinus and Furnerius 
compared to the relative young Langrenus and Petavius.
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Left: Clavius 2006/10/14, 10:40-10:44 UT, four-image composite, Meade 6” Refractor, 5X Barlow, 
Celestron NexImage imager, IR-block filter, Seeing 7/10, Clarity 5/6. “This is probably the best close-up 
photo that I have ever taken.  It also earned me what I deemed my highest honor in astrophotography.  
When Jose Olivarez saw it he stated, ‘You are one of the big boys now.’  I treasure that moment.”

Below: Southern Moon 08/10/18 04:28 – 04:30 UDT (2-image composite), seeing 6/10, transparency 5/6, 
Meade 6” f/8 refractor, 2x Barlow, Orion Starshoot II

Calling all authors, artists, and photographers!

Participate in the discussion. Share your work. Even if you only have a half-formed proposal for an article, 
drop us a line. We'll work with you. Send emails to: sboint0362@msn.com. Regular mail should be sent to:  
      Selenology
      1807 S. Spring Ave.
      Sioux Falls, SD  57105.
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Prinz and Nearby Features
By Raffaello Lena, GLR group

1. Introduction 
Prinz is a large Imbrian-

Age crater flooded by 
Eratosthenian mare soils. 
The rilles occur mostly 
in a smooth, probably 
Eratosthenian mare unit which 
exhibits relatively sharp con-
tacts with an older, probably 
Imbrian, roughly textured unit 
(Strain and El- Baz, 1975). In 
a previous paper I examined 
the width of the rilles using an 
Apollo 15 image (AS15-M-
2195) and, for comparison, a 
CCD telescopic image taken 
with a Maksutov Cassegrain 
which was 18 cm in diam-
eter (Lena, 2008). The IAU’s 
Rimae Prinz includes the four 
large rilles around the peak 
named Harbinger Mu and probably the one start-
ing in from the rille labeled as 3 (see image from 
Apollo 15 M 2195) and named Rima Handel in 
LTO 39A3. The thinner rilles in the west are an 
extension of the neighboring Rimae Aristarchus 
(Fig.1). In this article, the origin of three bumps 

detected near the crater Krieger is described. The 
study is also an interesting test case for how well 
features can be interpreted from Earth-based photos. 

2. Digital images and method 
Fig. 1 displays Prinz and its rilles. The image 

Apollo 15 M 2195

Figure 1: Prinz and Rilles.  11-9-08.  21:42 UT.
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was taken on 
November 9, 2008 
at 21:42 UT using 
an 18 cm Maksutov 
Cassegrain and 
a Lumenera LU 
075M. This image 
is composed of 
two different pho-
tographs. Another 
image, taken in very 
oblique illumina-
tion, was made on 
October 10, 2008 at 
21:10 UT (Fig.2). 
Fig. 3 is an enlarged 
view of the CCD 
image and shows 3 
bumps, marked with 
arrows. The bumps 
could be dome-like 
features or three 
unresolved crater-
lets. The uncertainty 
is due to the limits 
imposed by resolu-
tion and seeing. [An 
example is Linnè 
crater: it looks like 
a mound under an 
oblique solar angle 
but definitively 
displays its crater 
nature when imaged 
under high solar 
angle.] The three 
bumps, shown in 
Figures 2 and 3, 
are also visible in 
Plate C19 of the 
Consolidated Lunar 
Atlas (Fig.4). 

An image from 
Lunar Orbiter IV 
(IV-144-H3) is 

Figure 2: Prinz area

Figure 3: Enlarged view of figure 2 showing 3 bumps.
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shown in Fig.5, where the three fea-
tures are marked with arrows, corre-
sponding to two evident craterlets. 

This area was extensively photo-
graphed by Apollo 15 and appears 
in the LTO 39A2. Arizona State 
University (ASU) has recently posted 
high resolution images of some of the 
Apollo 15 photos from which the LTO 
was prepared. The region examined in 
this study is detectable with very high 
resolution in the Apollo 15 imagery 
(http://apollo.sese.asu.edu/webmap/
summaries/html/AS15-M- 2082.html). 
A crop of the region of interest is 
shown in Fig.6. 

The location of the three objects was 
determined by superimposing Fig.3, 
transformed into a rectified view, onto 
the Apollo 15 frame allowing the Figure 4: Plate C19 from the Consolidated Lunar Atlas

Figure 5: Image from Lunar Orbiter IV (IV-144-H3)
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identification of lunar features nearby. The super-
imposed map, proposed as Fig.7, was created using 
PhotoShop. 

3. Results and discussion 
Based on the Apollo 15 Metric photos, the nature 

of the three objects was identified. The superim-
posed map in Fig.7 allows a direct comparison of 
the corresponding location. Effectively the two 
western bumps (feature #1 and #2) are ordinary 
craters with diameters of 1.6 and 1.9 km respec-
tively. The eastern feature (bump #3) is a triangu-
lar-shaped swelling about 3 km across and 6-7 km 
long. On its northwestern edge there is a 1.1 km 

crater with a 0.5 km crater inside (appearing as a 
concentric crater). All detected features are unam-
biguously seen in the Apollo images, including two 
craterlets and a swell. 

This study highlights a warning against interpre-
tation based only on terrestrial images. Always, all 
available spacecraft images should be checked. 

Acknowledgement: I wish to thank J. Mosher for 
stimulating discussion and for his contribution to 
this paper.
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Venus Occultation On December 1, 2008
by Raffaello Lena

Rome, Italy
longitude 12.56076 degrees east, latitude 41.94195 degrees north

All photos taken using a TMB 13 cm f/6 refractor, Lumenera 075M camera, 
seeing 3/10, transparency 3/5, north is up, west is to the left.

Enlargement of egress

Ingress. 16:21 UT, -4.1 mag., 5x Barlow and extension tube



Egress of Venus.
 -4.1 mag., 17:23 UT, 2x Barlow, moon 10 degrees over the horizon, 

angular diameter of Venus is 16.7”


