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NEW EDITOR  
 
 Selenology  has a new editor!  Francis 
Graham had edited Selenology before in 1982-
1999.  He is back, and will strive to make this 
publication the best it can be.  It will continue to 
be devoted to the Earth’s Moon and the ideas 
related to it. 
 Francis was one of the founders of the 
American Lunar Society.  Although in 1999-
2004 he was involved with research on unusual 
flying machines, he returns to the Moon with 
this issue.  
 Francis Graham can be contacted at Kent 
State University, East Liverpool branch, at 330-
382-7466.  You may e-mail Francis at 
fgraham@eliv.kent.edu. Please introduce 
yourself and tell what you thought of this issue. 

Above:  Your editor at the 9.5-inch refractor  
at Case Western Reserve University.  

Joining the American 
Lunar Society is 
simple.  Our only 
requirement is that you 
are interested in lunar 
observation or studies.  
Once a member, you 

will receive this quarterly journal, Selenology.  
To become a member, mail a letter to the 
address below, with a check for current dues 
(USA members: 15$; other country members: 
15$.)  Note: please make the check out to Eric 
Douglass, VP ALS, and be sure to include 
both your e-mail address and snail mail 
address. 
 
       Eric Douglass 
        10326 Tarleton Dr. 
        Mechanicsville, VA 23116 

ALS MEMBERSHIP 

 The ALS membership is composed of ama-
teurs and professionals who are involved in lunar 
observation and research.  To keep this organiza-
tion both viable and current, we need your help.  
You can best assist us in the following ways: 
 
    (1) Become a member of the ALS 
    (2) Contribute articles to the ALS web site or 

Selenology journal. (see page 5) 
    (3) Involve your children's science program  

in our projects 
    (4) Make other ALS members aware  

of your projects 
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1-Introduction 
 The International Farside Lunar Dome Survey 
(FLDS) is a joint effort of the American Lunar 
Society (ALS) and the Geologic Lunar Research 
group (GLR). As the USGS digitizes all Lunar 
Orbiter images [1] at high resolution, it will be 
possible to do an inventory of farside domes. 
Since the project is a long term study [2], any 
report of specific farside domes-swellings should 
not be viewed as a final report. Digitized images 
and notes will continue to be accepted and included 
in our catalogue.  
 The purpose of this study are : 
1. to classify some structures according to their 

morphologic characteristics; 
2. to gather data on associated features in order to 

provide information on their origin and to 
understand their geologic setting.  

This article describes Mare Orientale and Lacus 
Veris.  
 
2-General classification 
 Several volcanic features were identified 
during a morphologic survey of the Mare 
Orientale-Lacus Veris region. Table 1 reports their 
location and characteristics. A classification 
scheme describes a complex structure in the most 
general terms. Swellings on the maria, irregular 
swellings, low plateaus and steep-sided hills may 
be referred to as domes even though many of these 
features may not be true volcanic domes. 
 J. Westfall in his article “A generic 
classification of lunar domes” [3], gives the 
following definition for a lunar dome: "A discrete, 
regular swelling whose ratio of major axis/minor 
axis, when corrected for foreshortening, does not 
exceed 2:1, and whose maximum slope, not 
including secondary features, does not exceed 5°. 
Domes may exhibit secondary features, such as 
pits, clefts, ridges, and hills, as long as any single 
such feature does not occupy more than a quarter 

of the area of the dome ". It is of interest that some 
features in Mare Orientale-Lacus Veris region, 
likely do not meet the Westfall criteria for the 
secondary features. 
 Domes have been also classified according to 
their morphology and mode of origin by James 
Head and Ann Gifford [4] who considered the 
characteristics of over 200 domes and grouped 
them into seven categories, as follows:  
 Classes 1-2-3 refer to volcanic features 
resembling terrestrial shields. 
 Class 4 refers to dome-like features associated 
with ridges and mare arches. Because of the 
complex topography of ridge/arch it is not certain if 
this class represents a dome type. 
 Class 5 includes domes that originated from 
lava mantling of pre-existing highland topography. 
 Class 6 includes domes with higher albedo 
than mare material and steeper slopes compared 
with ordinary domes. 
 Class 7 are complex maria domes with 
irregular outline and topography (i.e. Marius Hills). 
 Classes 1, 2, 3 and 7 are, in most cases, the 
direct result of volcanic activity. Classes 5 and 6 
are the result of the draping of pre-existing 

(Continued on page 4) 

Fig. 1 

II’in 

MaunderMaunder  

LUNAR DOMES ON THE FARSIDE OF THE MOON  
By Raffaello Lena and Rodrigo Viegas  

 ALS and GLR group 
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topography (secondary volcanic effects such as 
flooding of highland material and draping of lavas 
to produce irregular dome like topography). Class 4 
structures are mainly associated with mare ridges.  
 Several volcanic features (Table 1) were 
identified during our survey. Their characteristics 
are summarized as follows:  

a) they have a flat summit and a general 
irregular outline; 

b) the flat summit and irregular outline are 
more abundant in the Orientale-Lacus Veris 
region  than elsewhere on the Nearside; 

c) most of them represent  examples of 
swelling  or, maybe, non-swelling high-lava 
remnants; 

d) the described domes (Table 1) refer to Class 
2 in the Head  classification system.  Domes 
of Class 2 are similar to Class 1 but with a 
pancake-like cross-sectional outline, having 
a penchant toward flat tops and steeper 
sides. They range from 6.0 to 16.0 km in 
diameter. 73% of these domes have summit 
craters.  

 
3-Farside list 
 Lunar Orbiter frame IV-195-H2 (figure 1) shows 
a low dome, elliptical in shape with a flat complex  
summit,  located near the crater  Hohmann (#2 in 
Table 1). Another irregular structure lies near the 
crater Maunder (#1); it may be described as a 
possible swelling. The presence of dark halo craters 
near both craters (see figure 1)  is also of note. 
These two swellings are blanketed by ejecta from 
Maunder. 
 Another dome-like plateau was found in Lunar 
Orbiter frame IV-195-H1 (figure 2). It lies near the 
crater Shulejkin (#3). Because of its shape one may 
question whether this dome-like plateau should be 
classified as a dome.  
 Mutch, in his book “Geology of the Moon” [5], 
calls it "an intermediate-level lava plateau around 
protective basement spines". Its summit is rather 
complex, and it  has some odd looking edges. The 
structure itself extends into the southern ridge. A 
similar but larger structure can be found in Lacus 
Mortis, around crater Bürg. 

 In this region there is another irregular feature 
(figure 3) that covers a collapse depression.  This 
irregular object, located near the crater Kopff, 
could be another swelling (#4). 
 Lunar Orbiter frame IV-181-H2 (figure 5) shows 
interesting features located in Lacus Veris to the 
SW of the crater Lallemand. The marked feature A 
(#5) is a complex structure closely related with two 
lateral low plateau-like structures. Feature A may 
be a group of separate units (it appears to have 3-4 
structures). The central feature, with an irregular 
shape, is bisected by a rille.  
 In the same figure (5) there is another dome, 
marked as B, that is located at longitude -84.76° 
and latitude -17.67° (Xi    -0.948, Eta -0.308). It 
shows an irregular shape and a flat summit with an 
elongated depression or fissure (it may be described 
in the Westfall system as  DW/2d/5g/7j). In 
addition, we detected two low features marked as C 
and D in figure 5, which may be swellings or low 
domes. Feature D is closely associated with 
highland units; the presence and shape of the rilles 
on its summit suggests a laccolithic nature for this 
feature. Nevertheless, it can also be interpreted as 
being the result of secondary volcanic effects, so it 
can also be described as Class 5 in Head’s 
classification scheme.  
 It is interesting to note that feature B can also be 
seen in LO-IV-187-H2 (figure 4). It appears in the  
A.L.P.O. Lunar Dome list as Xi -0.947, Eta -0.313 
(entry #6). Head reported this dome at 85.0° W and 
18.0°S. Interestingly, the central craterlet is esti-
mated as 1.5 km. Using the Westfall classification 
scheme, it can be described as DW/ 2a/5g/7j.  
 Finally, Lunar Orbiter frame IV-187-H2 
(figure 6) shows dark haloed craters suggestive of 
cones or explosive processes of endogenous nature. 
Nevertheless, they could have formed as a result of 
impacts that penetrated the surface ejecta layer and 
removed the underlying dark soil. 
 
4-Conclusion:  
 This study shows that it is possible to find more 
unreported domes or dome-like features on the 
Moon farside. It appears that most domes on the 
farside are low features. It will be necessary to find 
more farside domes all over the lunar disk in order 

(Continued from page 3) 
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to determine whether this low slope is a 
characteristic common to all farside domes.  
 Despite the limitation in the lighting conditions, 
the use of high resolution imagery makes a good 
tool for the search of domes that otherwise could 
never be seen through the eyepiece.  
 
Acknowledgements:   
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Contributing Articles to this Journal 
and the ALS Web Site 

 
We are happy to receive articles which contribute to the educational 
value of this journal and the American Lunar Society web site 
(http://www.otterdad.dynip.com/als/).  Indeed, we need articles as 
you—our readers—act as the eyes and ears of the ALS.  You are our 
‘reporters.’  Submissions may fit into the following categories:  
 

    (1) Articles dealing with lunar topics (e.g.: surface processes, exploration, etc.) 
    (2) Articles with information about equipment or projects 
    (3) Articles with information on current news items 
    (4) Articles detailing some aspect of a lunar feature 
    (5) Book reviews 
    (6) Other: on occasion, an article on mythology or folklore will be accepted 
 
All submissions are subject to peer review and modification at the discretion of the editor.  Changes 
which impact substantially on the meaning of the article will be returned to the author for final ap-
proval.  Neither the journal nor web site is under any obligation  to publish articles, is not responsi-
ble for mistakes, and does not necessarily endorse the views presented.   
 
For further information on submissions to the web site, contact the webmaster: Eric Douglass at 
ejdftd@mindspring.com.  
 
For information on submitting articles to Selenology, the Journal of the American Lunar Society, 
contact our editor: Francis Graham at fgraham@eliv.kent.edu.  
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TABLE I  
#  Long ( deg).  Lat. (deg.)  Location (near)  Region Dimension(km)   Imagery     Remarks           
 
1 -96.25  -16.00  Maunder M. Orientale   22 x  25  V-195-H2 circular w./protrusions       
                          
2 -95.86  -17.97  Hohmann M Orientale   18 x 23  IV-195-H2 elliptical w/protrusions       
 
3 -95.72  -22.90  Shulejkin M Orientale   15 x 23  IV-195-H1 likely a plateau;        
  
4 -95.71  -21.50  Kopff  M Orientale   11 x 19  IV-195-H1 Irregular in shape;  protrusions and cleft  
 
5 -84.88  -17.91  Lallemand L. Veris    6.6   IV-181-H2 irregular in shape  marked as A in fig.5  
                          
6 -84.76  -17.67  Lallemand L. Veris  7.8   IV-181-H2 irregular in shape  marked as B in fig.5    
                          
                          
7 -85.46  -17.34  Lallemand L. Veris  4.2 x 5.4 I V-181-H2 marked as C in Fig. 5      
 
8 -84.88  -17.34  Lallemand L. Veris  6.8   IV-181-H2 marked as D in Fig. 5      
 
9 -85.87  -15.70  Lallemand L. Veris  —-   IV-187-H2 dark halo crater       
 
10 -85.60  -16.00  Lallemand L. Veris   —-   IV-187-H2 dark halo crater       

Fig. 2 

Fig. 3  

Fig. 4 
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  Classification     Westfall classification 

  Swelling or high  
   lava remnants 
  Dome  2      DW/3b/5g/7n8n 

  elliptical shape   Plateau 

  Swelling 

  Complex complex structure Swelling 
   bisected by a rille     
  Dome class 2&IV-187-H2   DW/2d/5g/7j 
   Dome reported in  
   ALPO and Head  
  Dome     DW/1b/5g/8j 

  Dome      DW/2a/5g/8j9m 

  DHC 

  DHC 

Fig. 5 

Fig.6 

UPCOMING EVENTS 
 

May 5 - Eta Aquarids Meteor Shower. 

May 24 - Lunar Occultation. The Moon will pass in 
front of the bright star Antares.  

June 16 - Lunar Conjunction. The moon will pass 
within 0.4 degrees of Jupiter. 

July 17, 18 - Lunar Occultation. The Moon will pass 
in front of the bright star Antares.  

August 7, 8 - Lunar Conjunction. The moon will pass 
within 1.2 degrees of Venus.   

October 3 - Annular Solar Eclipse.   

October 7 - Lunar Conjunction. The moon will pass 
within 0.2 degrees of the bright star Antares. 
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  It was a clear night September 3, 2002, when 
Bill Yeung, an amateur astronomer, discovered 
what he thought was a new asteroid. Amateur 
astronomers discover asteroids all the time, and this 
was nothing out of the ordinary, although it did 
give Bill a place in astronomical history as its 
discoverer. 
 Bill Yeung’s new object was tracked by 
astronomers, who gave it the designation JE002E3, 
to both verify it and determine its orbit. Then came 
the first surprise. The object was not in solar orbit 
like almost all other 
asteroids  It was in orbit 
around the Earth! It 
orbited in an elliptical 
orbit every 49 days 12 
hours. Yeung had not just 
discovered another 
asteroid: he had 
discovered another moon 
of the Earth! 
 Astronomers began to 
suspect the 16th 
magnitude object would 
have been discovered 
before 2002 if it had been 
orbiting the Earth all this 
time. The inescapable 
conclusion was that the 
new object had come into 
an Earth orbit from somewhere else! 
 Paul Chodas is one of NASA’s best celestial 
mechanicians. I met him at the Shoemaker Levy 
impact conference where his predictions were 
invaluable for planning observations. Paul 
retrocalculated the orbit of JE002E3 and 
determined that it indeed came into the Earth’s 
gravity from outside, through the solar L1 point 
with the Earth, where such captures are possible, 
about May 19, 2002. It was indeed a recent 
interloper. 
 The L1, or first Lagrangian point, is where the 
Earth’s gravity and Sun’s gravity balance 

approximately 1.5 million kilometers from the 
Earth in front of the Sun. If an object is to be 
captured by the Earth’s gravity, it most likely 
would come from this direction through this point. 
Theories of the Moon’s origin that talk about the 
Moon being formed elsewhere and captured by the 
Earth’s gravity involve it coming in through the L1 
point. 
 That the Earth would capture an asteroid is not 
unexpected. Mars’ two moons Phobos and Deimos 
are so unlike Mars in composition and like other 

asteroids that they are 
undoubtedly asteroids 
captured by Mars’ 
gravity. How fortunate 
we are to live in an age, 
one might think looking 
at JE002E3, where a new 
moon is captured! 
 Astronomers began 
to estimate the size of the 
new moon at roughly 18 
meters (60 feet) long.  
Paul Chodas then 
calculated the little 
object’s path into the 
future; he determined 
initially that on May 25, 
2003, the object would 
impact into our own 

Moon! It was to be like “When Worlds Collide” on 
a smaller scale. So this new moon would not be 
around long for us to enjoy it. 
 As JE002E3 continued its lazy elliptical orbit of 
300,000 km (187,000 miles) by 840,000 km 
(525,000 miles), other astronomers rushed to study 
it. Using reflectance spectroscopy produced a sur-
prise. 
  Reflectance spectroscopy can determine 
mineral composition since different minerals reflect 
light and infrared light differently at different 
wavelengths. Carl Hergenrother and Robert 
Whitely of the Lunar and Planetary Laboratory of 

THE STRANGE SPACE OBJECT JE002E3 
by Francis Graham 

Above: The Asteroid Research Team at Ft. Bend made a 
30-second image of JE002E3 on Sept. 10, 2002.  
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the University of Arizona used the 61-inch Seward 
Observatory telescope on Mt. Bigelow and a 
reflectance spectrograph. They discovered  
JE002E3 was not an asteroid at all. It was covered 
with white titanium oxide paint! JE002E3 was a 
spacecraft! 
 To double check their results, they asked MIT 
scientists Richard Benzel and Andy Rivken to have 
a look. Examining infrared spectra, they confirmed 
“JE002E3 is a dead ringer for white TiO paint.” 
 A search began for JE002E3’s identity. Lists of 
abandoned spacecraft boosters were examined. 
Was it a loose hatch? No, a hatch is too small. A 
Russian Zond upper stage? Maybe. Attention 
focused, however, on the S IVB stages of Saturn 
V’s which launched Apollos 8, 10, 11 and 12. 
These were the right size. Apollo 14 was ruled out 
as both the Antares LM and the S IVB impacted 
the Moon. Likewise with Apollos 15, 16 and 17. 
 Apollo 9 remained in Earth orbit. 
 The one that was the closest match was Apollo 
12’s S IVB which was launched November 14, 
1969. It made about 6 orbits in the Earth-Moon 
system and then left the Earth-Moon system in 
March, 1971. Chodas' retrocalculation shows that 
JE002E3 did pass near the Earth at that time, 30 
solar orbits ago. So the story was put out that 
JE002E3 is the Apollo 12 S IVB upper stage. 
 It might be. But this is a fast explanation, 
perhaps the best one, but not the only one. 
Sometimes such analyses are too hasty. In January, 
2004, a mysterious object was seen by Mars rover 
camera entering Mars’ atmosphere on a north south 
path. The kneejerk explanation was that this was 
the nontransmitting Viking 2 orbiter, which had 
been orbiting Mars in a polar orbit. It turns out, 
though, that this was too fast an explanation. A 
more detailed analysis revealed it was a shower 
meteor. 
 When asked whether JE002E3 was an alien 
spaceship, Chodas said “if it is, the aliens aren’t 
good pilots. JE002E3 is in a chaotic orbit...there is 
no evidence that the speck is moving under its own 
power.” In other words, if JE002E3 is an alien 
spacecraft, it is deadsticked. 
 Good enough. But soon it became clear that 
JE002E3 was going to miss the Moon on May 25. 

This was due to “radiation pressure” not being 
included in the calculation. And so it missed the 
Moon, but the Moon’s gravity accelerated it, and 

(Continued on page 10) 

Above: May 19, 2002. JE002E3 enters the 
Earth-Moon system through the L1 portal. 

Above: June 9, 2002. Captured by the Earth’s 
gravity, the object falls inward. The solar 

direction is always to the left on these diagrams.  

June 12, 2002: The object begins 
to move toward Earth, but... 
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July 29, 2002  Out of momentum,  
JE002E3 begins to fall Earthward again.  

August 30, 2002. But it misses the Earth again due to 
its tangential velocity and arcs up again toward apogee.  

September 29, 2002. Falling again towards 
the Earth, the object is already discovered by 

Bill Yeung and studied by spectroscopists.  

its new velocity carried it out of the Earth-Moon 
system on June 21, 2003, through the L1 portal 
again. Almost as if it was planned that way! 
 Kevin Randel, in Scientific Ufology tries to 
make a case that, while many UFO investigators 
are wildly and egregiously unscientific, there are 
also flibbertygibbet explanations in the scientific 
literature of previously unknown phenomena. Did 
the early pronouncement of it being an Apollo 12 
stage discourage further investigation (such as a 
Hubble image)? I hope not.  
 The idea that JE002E3 is the Apollo 12 S IVB is 
the best explanation. But it is not the only possible 
explanation. It could be a Russian rocket still, or—
something else. Occam’s razor states that if a 
number of possible explanations exist, we should 
tentatively adopt the one which is simple and has 
the least amount of postulated new entities. On that 
basis, Apollo 12 S IVB is adopted.  
 But it is by no means certain, and we should 
look at this object again if we can. Paul Chodas 
himself realized this. 
 “[The explanation of it being a Saturn IV stage] 
is plausible, but still speculative,” he cautioned. 
“Thirty years from now, it might come back again. 
If it does, perhaps it will be greeted by human 
explorers...they might detour and discover, once 
and for all, what JE002E3 really is: an historical 
attraction or something wholly unexpected...”  

(Continued from page 9) 

July 9, 2002 ...has enough velocity 
to miss the Earth and rise to a high 
apogee in a geocentric orbit.  
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December 22, 2002: JE2002E3 completes its third 
orbit  The orbits seem rotated  mostly because the 
direction of the Sun has rotated over 90 degrees in 
space due to the Earth’s orbit around the Sun.  

Feb. 5, 2003  The object 
completes its fourth orbit.  

April 26, 2003.  The object has completed its 
fifth orbit and is nearing apogee on its sixth.  

May 25, 2003: JE002E3 approaches the 
Moon, missing it by 500 miles (800 km). The 
gravitational attraction speeds up the object.  

June 21, 2003. Thusly accelerated by the 
Moon’s gravity to escape velocity, the object  is 

now on its way out of the Earth-Moon system 
through the L1 portal again.  It may be back in 

At right: Apollo SIV B stage. The most 
probable explanation for what JE002E3 was.  
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 “What kind of 
telescope is best to 
observe the Moon?” is a 
common question.  I have 
an immediate answer: a 
refractor with a nice long 
focus.  The aperture 
should be at least 6 inches 
(15 cm) and the 
unobstructed optics give 
the crisp clear images and 
shadows.  Many small 
college observatories 
built near the turn of the 
19th-20th century have 
such refractors. What to 
do with them? Lunar 
observing and double 
stars.  
 Each year, I like to do 
some lunar photography 

THE MOON THROUGH A FINE REFRACTOR 
By Francis Graham 

Above: The poorly studied area 
Mare Australe, in the southeast Moon.  

Below,  Ptolemaeus, Alphonsus and  Arzachel. 

The Southern Polar area of the Moon August 24, 2001.  

and measurements with the 9.5-inch (24 cm) 
refractor at Case-Western Reserve University in 
the heart of Cleveland’s cultural district.  A twin of 
this telescope exists labout a kilometer away at the 
Cleveland Museum of Natural History, being 
provided by the philanthropy of donors and Warner 
and Swasey.  Here are some photos.  



SPRING 2005                                                                                                                                      Page 13 

 

The 24 cm. Warner and Swasey Refractor on 
Smith Hall at  Case-Western Reserve University 

in  the culural district of Cleveland, Ohio.  

The three landmark craters  
“Young Theophilus, old Cyrillus 

and ancient Catharina” 
 —as Ernest Cherrington says—

at sunrise.  

Sunrise on Archimedes, an old lava-floored crater, 
with Autolycus and  Aristilius nearby and the 
Apennines to the south.  Also note to the north of 
Archimedes the lighted face of the eastern 
Spitzbergen Mountains.  

At left:  
Mare Crisium at high solar elevation.  The varied 
lunar lava flows in the basin are apparent.  There are 
at least three basaltic flows; the first, high in 
titanium, is seen only around the craters Picard and 
Pierce; the second flow, a very low titanium 
ferrobasalt  picked up by Luna 24 to the northwest; 
and finally, an  intermediate titanium ferrobasalt  
that flooded the southeast, similar to Apollo 12 
samples..  See “Mare Crisium: The View from Luna 
24 “ Pergammon Press, 1977.  
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 At least some of my former professors are 
famous!  
 A chunk of the Moon that landed on Earth as 
a meteorite contains a mineral which scientists 
Lawrence .A. Taylor and colleagues have named 
after the Pittsburgh lunar scientist that, years 
ago, predicted the process that formed it.  
 In April, 2001 a lunar meteorite was found in 
Dhofar,  Oman.  Numbered 280 of the many 
meteorites found in that region, it was a 
fragmental highland-type breccia, the 
predominant type of rock that litters the Moon 
and is occasionally impact-blasted to Earth.  
 Examination of this new lunar meteorite at 
the University of Tennessee in Knoxville, at the 
Vernadsky Institute of Geochemistry and 
Analytical Chemistry in Moscow, and at the 
Geophysical Laboratory of the Carnegie 
Institution in Washington revealed a small 
amount of opaque mineral originally thought to 
be iron-nickel metal, but with electron 
microprobe analysis, revealed to be “three 
distinct new mineral phases”, FeSi , Fe2 Si and 
FeSi 2. The second of these was able to be 
characterized and was named Hapkeite after the 
University of Pittsburgh professor Bruce Hapke 
(b. 1932). 
 Hapke predicted that micrometeorites 
constantly bombarding the Moon would create 
momentary high impact temperatures which 
would produce iron oxide (FeO) and stishovite 
(SiO 2) from the impact surface.  Subsequently, 
vaporization or further dissociation in the 
original vapor would create iron (Fe) and silicon 
(Si). This iron and silicon vapor would condense 
into the three iron-silicon phases seen in Dhofar 
280, including Hapkeite.   Hapkeite 
crystallographically crystalizes in the isometric 
crystal system, hexoctahedral crystal class.  
 Iron-silicon minerals are not found in rocks 
on Earth, because of the nirogen-oxygen 
atmosphere which reacts with the vapor. Two 
other iron-silicon minerals, suessite (Fe 3 Si)  and 

A slice of Dhofar 280.  Dhofar 280 , as a lunar 
meteorite, can be privately owned in the USA 
and pieces on occasion come up for sale. 

THE LUNAR MINERAL HAPKEITE 
By Francis Graham 

Above: Bruce Hapke  at the 2002 Mars Spectral 
Conference.  Photo by Don Burt, used with 
Permission.  He developed the Hapke function which 
predicts lunar photometric behavior, identified the 
‘’fairycastle” structure of the lunar regolith,  and 
predicted the mineral which now bears his name. 
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perryite (Fe 5 Si 2), are known only from 
meteorites, although non-lunar.  
 So far, Hapkeite is only known to exist on 
the Moon, although it is likely in other airless 
planetary settings where impact vaporization in 
a reducing environment plays a role.  
 When asked about both his role in predicting 
the mineral and its being named after him, 
Hapke said, “I told them so. It ‘s quite an 
honor.” 
 Yes it is, Bruce Hapke. And well deserved. 
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Issues in 35 mm Photography:    Bill Dembowski   (dembowski@adelphia.net) 

Issues in Lunar Geology:     Eric Douglass   (ejdftd@mindspring.com) 

Issues in Lunar Height Calculations:  Bill Davis    (billdavi@bellsouth.net) 

Web page issues:       Eric Douglass   (ejdftd@mindspring.com) 

Computer Software:      Patrick Craig   (pac56+@pitt.edu) 

 

Lunar Impact Project:     Raffaello Lena   (gibbidomine@libero.it) 

Transcient Lunar Phenonemon Project:  David Darling   (DOD121252@aol.com) 

Lunar Dome Project:      Guido Santacana   (laffitte@prtc.net) 
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 The Space Age dawned on 
October 4, 1957; it may seem a little 
strange that it would take almost 
forty-eight years for the “first” space 
exploration conference to be held. 
Yet, that is exactly how Lockheed-
Martin’s spokesman, John Harris, 
billed it (Lockheed-Martin was the 
Conference’s major sponsor). As 
with the Great Inca, Atahualpa, 
previous history was to be erased and 
a new space age proclaimed.  
 This is not the first time 
Lockheed-Martin has erased 
previous history. Moon affectionatos 
may recall that Lunar Prospector was 
actually originated by Princeton’s 
Space Studies Institute, and much of the 
preliminary hardware and design was done there 
under the direction of Gay Canough. When 
Lockheed-Martin took over the project, they 
insisted that all previous history be erased, 
according to an insightful interview by Binder 
(1). None of the previous work on the project was 
acknowledged in any of their public releases. It 
takes a lot of clout to rewrite history and 
Lockheed-Martin has it.  It is the Defense 
Department’s largest contractor, and it doesn’t 
hurt that Lockheed-Martin’s Former CEO, Peter 
Teets, was, until last month, simultaneously the 
chief of the National Reconaissance Office 
(which runs the spy satellite business), 
undersecretary of the Air Force for space 
activities, and Acting Secretary of the Air Force. 
There was no corruption; Peter Teets is a 
dedicated public servant. But there is undeniably 
the advantage of familiarity. When Boeing was 
found to have stolen Lockheed-Martin’s rocket 
data, it was suspended from government contracts 
for 20 months, the largest such suspension in 
history. Spy satellites scheduled to be boosted on 
Boeing’s Delta IV were switched to Lockheed-

Martin’s Atlas V.(2). 
 In spite of Lockheed-Martin’s sponsorship, the 
conference revealed that the main thrust of space 
exploration hardware may go to another contractor 
anyway. 
 The conference, held at Disney’s 
Contemporary Resort, opened up with suitable 
patriotic activities, including a presentation of the 
flag by the Florida National Guard and the 
national anthem sung by the Colonial High School 
Choir. The keynote was given by outgoing NASA 
Adminstrator, Sean O’Keefe.  
 Although scheduled for 45 minutes, O’Keefe 
spoke for over 90, and none of his words were 
superfluous. O’Keefe both underscored the 
attitude and outlined the program that space 
exploration needs to take in the next 20 years. (3, 
4) The main part of the Space Program will be 
built on President George W. Bush’s space 
initiative of January 14, 2004, in which the U.S. 
will return to the Moon and from there go to Mars. 
These objectives were laid out by NASA in 
February, 2004 (5) and formed the focus of the 

Above: Disney Contemporary Resort, Orlando, 
site of the First Space Exploration Conference.  

THE FIRST SPACE EXPLORATION  
CONFERENCE, JANUARY, 2005 

by Francis Graham 
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First Space Exploration Conference. 
 The outgoing tenth NASA 
administrator emphasized that NASA 
needed to focus all of its fiscal resources 
on these goals, and not be diverted from 
them. O’Keefe warned that NASA could 
not be the jack-of-all-space-trades and 
fund all worthy projects. NASA, 
henceforth, must concentrate on projects 
devoted to the Moon and Mars. 
  The effect of this pronouncement was 
not long in coming.  
On January 24, Curt Niebur, Discipline 
Scientist for the Outer Planets Research 
Program at NASA, rescinded funding 
letters for outer planets research and analysis that 
had been sent in December (6). The outer planets 
are not part of the new NASA focus, said 
O’Keefe. Even JIMO, The Jupiter Icy Moons 
Orbiter, in the pipes, has been renamed 
Prometheus I and may end up mostly being a test 
bed for the Prometheus nuclear reactor which 
powers it (now being built at the Bettis atomic 
reactor factory near Pittsburgh).  
 Some of those rescinded letters were 
reactivated, partly since Universities had already 
hired and contracted graduate research assistants 
who would otherwise have nothing to do for their 
paychecks (which, without NASA support, would 
have to come from University general funds).  
 The second boot came down as the Conference 
was closing February 2. NASA announced that 
none of the 11th round Discovery planetary 
mission proposals would be accepted for further 
study. In response, Bill McKinnon, chair of the 
American Astronomical Society’s Division of 
Planetary Sciences, said: “The DPS is stunned by 
this decision. Discovery proposals require a 
tremendous amount of unfunded work by 
Principal Investigators, Co-investigator teams, 
NASA centers, other research centers and 
laboratories, and their industry partners. Are we to 
believe that none of the flight proposals merited 
going to phase “A”, which is not flight selection, 
but selection for further detailed study...?” (7)  
 The Discovery program came from the space 

exploration initiative announced by the current 
president’s father, President George H.W. Bush. It 
included Lunar Prospector, Pathfinder, NEAR, 
Stardust, Genesis, and Deep Impact.  
 An even more startling realization slowly 
dawned as the conference proceeded. O’Keefe had 
already announced that the Space Shuttle fleet, 
aging, would be retired after the International 
Space Station is completed, about 2010. The 
Vision for Space Exploration (5) stated that 
around 2016 the ISS would be “in transition”. 
Most of the presentations of future space 
exploration operations and hardware did not 
involve the ISS. (cf. 8, 9, 10, 11, 12) At one 
question and answer session, I asked about it. 
“Our contract for this research was to do this 
study without the ISS.” 
 The Space Station was to be abandoned, and 
this was confirmed by the new NASA 
Administrator, Michael D. Griffin.  This would 
occur in 2016, just six years after completion. (13) 
Whether international partners such as Russia and 
Japan will continue to run the ISS or whether, like 
Mir, it will be de-orbited remains to be 
determined.  Indeed, the huge cost over-runs of 
both the Space Shuttle and the International Space 
Station have been a source of ongoing criticism 

(Continued on page 18) 

In the new NASA Vision, the ISS will not be used 
as a platform for launching spacecraft to the 

Moon or Mars, but limited to supportive 
biomedical experiments, and phased out around 
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for NASA. (14). By reducing expenditures in 
these areas, NASA can better aim for a return to 
the Moon and a flight to Mars. 
 The bad news of what NASA is heaving 
overboard was balanced by what NASA is 
building in its place, for this was the other side of 
the coin in the First Space Exploration 
Conference.   Central to NASA’s new approach is 
the Crew Exploration Vehicle (CEV) , used for 
return to the Moon. The CEV superficially 
resembles the Apollo CM, and can be combined in 
a number of configurations, including with 
landers, various boosters, and other mix-and-
match configurations. This modular versatility 
will greatly reduce the cost and development of 
space missions, part of NASA’s new “spiral 
approach” of building upon prior developments to 
create “systems of systems”.  
 This is logical. According to J.R. Hale, the 
most successful craft in the Age of Maritime 
Exploration were the most versatile and adaptable 
(15) and in modern space exploration only the 
Russian Soyuz fit that bill, having been used as a 
military satellite, Earth-orbit spacecraft, Moon 
probe, manned moon craft (but not launched as 
such), space station ferry and cargo ship. 
 The CEV and its approach may well fit this 
profile when testing begins in 2011. The next 
question in its development involves which 
boosters will loft it.  There is no lack of proposals.  
They include the Boeing Delta IV and the 
Lockheed-Martin Atlas V and other Atlas series. 
However, the most inexpensive proposals are 
from ATK-Thiokol and build upon Shuttle-
derived propulsion technologies (16).  These 
Shuttle-derived rockets appear to be the ones that 
NASA will now adopt. They include: an 
unmanned cargo rocket which uses the shuttle 
main tank, engines, and solid fuel strap-ons as the 
“Side-Mount Heavy Lift Launch Vehicle”; a 
human-rated CEV launcher using a single solid 
fuel strap-on as a booster, and a liquid second 
stage, the “Human-Rated CEV Launcher”; and an 
Ultra-heavy Launch Vehicle using shuttle motors, 
a large tank, and solid strap-ons.  
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Above, the CEV Human-rated launcher; the Side-Mount 
Heavy Lift Launch Vehicle; and the Ultra-Heavy Lift 
Launch Vehicle.  These missiles are not to the same scale. 

A Lunar Resupply lander design by Raytheon (model on 
exhibit at the First Space Exploration Conference).  In a 
lunar base situation, such resupply will be essential.  

The Prometheus I ( formerly Jupiter Icy Moons Orbiter) will 
test nuclear reactors for space propulsion.  It uses a nuclear 
reactor to drive a Brayton cycle turbine to generate ions for 
robust ionic propulsion.  Some Jupiter experiments, such as 

the Europa lander, will likely be eliminated.  

The Delta IV 
was Boeing’s 
entry into the 
space 
architecture 
competion for 
the Moon-
Mars 
exploration.  It 
is likely that it 
will see 
minimum 
usage; both it 
and Lockheed-
Martin’s  
Atlas V are 
very expensive.  

 ATK Thiokol’s proposals appear to be the ones 
that may garner the most acceptance, and if so, the 
new lean trim space exploration effort can go to the 
Moon and Mars within a reasonable expenditure.  
The plan is to return to the Moon as early as 2017, 
which would make a fine vantage point to observe 
the Moon’s shadow cross the United States during 
an eclipse that year.   
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 Just as the Boston Red Sox beat the “Bambino 
Curse” and won the World Series,  a lunar eclipse 
was seen over North America.  Here in East 
Pittsburgh on that memorable Oct. 27-28, 2004 
night, a group of us watched the eclipse and 
performed some scientific experiments in regards 
to it.  
 Photoelectric photometry was not possible due 
to a last minute failure of the system, and the video 
system did not work either.  The geoumbra-scope 
(see diagram below) also did not work due to the 

lack of suitable night comparison planets for this 
relatively bright lunar eclipse (Danjon number on 
the basis of 5 estimates from seasoned observers: 
2.1) 
 Observers were Francis and Theresa Graham, 
William B. Hall, Glenn A. Walsh and John 
Weinhold.  
 An alternative method of photometry was 
devised: photographs were made and placed on a 
CD-ROM with identical exposure times and 
apertures.  The lunar images were then isolated, 

converted identically to 256 grey 
scale, and a histogram was made 
of the pixel values, and then 
integrated. 
   These integrated values were 
used as the basis for magnitude 
estimation, based on magnitude -
12.7 at zenith. 
 On quite a preliminary basis, 
these integrations yielded a 
magnitude of -11  80 minutes 
before mid-eclipse, -8 60 minutes 
before mid-eclipse, and 
approximates to -4 at onset of 
totality. 60 minutes after mid-
eclipse, the magnitude was -10, 
indicating a sharper post-eclipse 
brightening.  
 Timings were also made of 
the immersion and emersion of 
craters into the shadow.  The 
results indicated an umbral 
enlargement and ellipticity 
beyond that expected for a 
geometrical Earth’s shadow— a 
common result—but the precise 
results have yet to be analyzed.  
We would welcome other similar 
studies for publication in 
Selenology. 

LUNAR ECLIPSE  SEEN WELL AT 
THE CHRISTINE ALLEY OBSERVATORY 

by Francis G. Graham 

Above:  
Theresa Graham uses a geoumbrascope, a simple device 

 to measure lunar eclipse magnitude by comparison 


