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In the documentary “Day After Trinity”,
Freeman Dyson volunteers the opinion that nuclear
power is a very mesmerizing capability, whose
awesome power of destruction is addictive to those
physicists and governments who develop it. Today,
the United States has a large array of nuclear
weapons and is concerned about proliferation in
Iran and North Korea (although recently North
Korea has agreed to get rid of its nuclear bombs in
exchange for security guarantees and free peaceful
nuclear reactors).

Current nuclear power mongering is not seen in
the same light as in the 1950’s at the height of the
cold war. Today the ability to rebuild and create
powerful economies—such as rebuilding devastat-
ed New Orleans or making industrial capacity as in
Shanghai—is seen by most of the world as a better
test of a nation’s health than the number of its
nuclear bombs. But in the 1950’s, nuclear power
cast an almost godlike trance over the leaders of

both the United States and the Soviet Union. 
So, it is no wonder both countries began con-

sidering detonations of nuclear bombs on the
moon.

Project A119
Both the USA and USSR started their nuclear

bomb on the moon projects at about the same time;
it is not known how aware each was of the other’s
efforts. The US project was called A119 and was
sponsored by the US Air Force Special Weapons
Office, and most of the planning had been done at
the Armour Foundation (now the Illinois Institute
of Technology Research) in Chicago. From the
very beginning, it was classified secret. The impe-
tus for the effort was to provide a public demon-
stration that the USA could best the USSR in the
effort to go to the moon since a nuclear explosion
on the moon would have been visible from the
Earth, even with the naked eye if it happened on
the lunar nightside.

The project was headed by Leonard Reiffel, a
physicist who later became a deputy director at
NASA. Reiffel went on to have a very eclectic
career, inventing not only ways to explode nuclear
bombs on the moon but better ways to televise
football and treat cancer, among other patents.
Asked about his directing the project to explode
nuclear bombs on the moon, Reiffel said, “Now it
seems ridiculous and unthinkable”, but justified it
in terms of the tension in the cold war.

Reiffel needed a planetary scientist, so he hired

NUCLEAR BOMBS
ON THE MOON

Above: Likely appearance of lunar nuclear blast



Summer 2005 Page 3

Gerard P. Kuiper, then the only planetary scientist
in the USA. Kuiper recommended an up-and-com-
ing graduate student, Carl Sagan, for the project
and Sagan joined the team in 1958 as well.

Sagan was supposed to calculate the size and
scope of the mushroom cloud that would arise from
the explosion. The ten researchers determined that
the bomb itself would have to be a fission bomb,
since the hydrogen
bombs in the US arse-
nal at the time were too
heavy to transport by
then existing rockets to
the moon. Sagan seems
to have had a side
agenda in the project.
With approval from
Reiffel, he also investi-
gated whether organic
molecules on the moon
could be detected in the
flash of the nuclear
blast.

The research phase
of the project ended in
a 298-page document
called “Project A119: A
Study of Lunar
Research Flights” which was classified, and
remained so until June 3, 2001. It is now listed in
the Department of Energy as Report AFSWC TR
59-39, Vol. 1. 

One of the problems with a young graduate stu-
dent engaging in classified work is that often the
classified work can’t be used on a resume or appli-
cation for further funding outside of the military.
Carl Sagan immediately ran into this problem.
However, in what was likely a violation of the law,
Sagan cited the secret work in an application for a
fellowship at Berkeley in March, 1959.

He, however, was never arrested or prosecuted
for this violation of the law. Even in his 1966 col-
laboration with I.S. Shklovskii, Intelligent Life in
the Universe, Sagan disdains government secrecy
and spying in print, but the government never took
Sagan to task for this breach. Perhaps they never
became aware of it.

This work was mentioned in Sagan’s biography
by Keay Davidson, but Davidson had assumed
Sagan got permission. Reiffel, in a letter to Nature,
emphasized Sagan had not, and, under the situation

at the time, the Air Force would not have granted
it.

The nuclear bomb envisioned by Reiffel never
made it to the moon. Several scientists argued
against it, pointing out that the contamination
would destroy a pristine lunar environment and
very few firm conclusions could therefore be
reached about the history and origin of the moon if

later astronauts chose
to study the lunar sur-
face. These opinions,
had little sway with the
Air Force; the most
persuasive argument
came from the continu-
al failure of early US
lunar probes to hit the
moon, such as the
Pioneer 1,2 and 3
probes and probes
using the Atlas-Able
combination. The Air
Force simply decided
that the risk of losing
an atomic weapon
somewhere in space
(one that would even-
tually fall on the Earth)

outweighed the benefits of a spectacular nuclear
blast on the moon.

The E-4 Project 
While Reiffel, Sagan, Kuiper and their associ-

ates were planning to blow up a US nuclear bomb
on the moon, the USSR also envisioned such a
project, under the code name E-4. E-1 was sup-
posed to hit the moon; this was accomplished with
Luna 2, or Mechta. E-2 and E-3 were supposed to
fly to the far side of the moon and photograph it;
this was accomplished by Luna-3. E-4 was to blow
up a nuclear bomb on its surface.

Its originator and major mover was nuclear
physicist Jacov Borisovich Seldovich. Like the US
device, the purpose was to prove to the world that
the USSR really reached the moon. The project
originated in January, 1958, a few months before
the American project got going.

It progressed to the mock-up stage. The space-
craft was to look like a submarine mine, with
spikes bristling on every direction, each of which
would initiate the high explosive charges which

Project E-4: The Soviet Plan to hit the moon in 1 day
and 10 hours with a nuclear bomb. 

From Zheleznyakov.
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would detonate the atomic bomb. 
At this point, the project stopped. Various argu-

ments, similar to the American reasons for halting
the project, emerged. The bomb might fail to
achieve orbit and fall on some unfriendly country
causing a considerable international incident. The
bomb could also get stuck in Earth orbit, eventually
decaying and falling again who-knows-where. Or
the object could miss the moon, as Luna 1 did, and
go into a solar orbit indefinitely. In addition, in
order for all the observatories in the world to
observe the explosion, they would have to be noti-
fied in advance. If the device did not work, this
would be evidence that Soviet nuclear weapons
were unreliable and less useful as a deterrent.

After reconsidering, based on all of this infor-
mation, it was academician Seldovich himself who
recommended cancellation of the project in 1959.

Considering the times, in which nuclear
weapons were with abandon exploded in Nevada
and Nova Zemlya, it is fortunate that none were
ever exploded on the moon. Later, President Nixon
would state that “We Came in Peace for All
Mankind” on the lunar plaque that accompanied
Apollo 11. But it could have just as easily been
otherwise. As British nuclear historian David
Lowry stated, “It is obscene to think that the first
contact human beings would have had with another
world would be to explode a nuclear bomb.”

Now the story can be told.
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1) Introduction
The study of domes provides lunar observers

with an opportunity for systematic observations of
the moon. Our activity has shown both the elusive
nature of these volcanic structures and the utility of
CCD imaging and digital image analysis in the elu-
cidation of their character [1].

The Crisium basin is located just northeast of
Mare Tranquillitatis. The basin is of the Nectarian
epoch, while the mare material is of the Upper
Imbrian epoch [2]. On the western rim of the Mare
Crisium lies the ghost crater Yerkes, at longitude

51.7° east and latitude 14.6° north (Xi 0.759 Eta
0.252).

Many observers have studied the dome field
near the crater Yerkes and the ALPO Lunar Dome
list reports several domes (Table 1). 

The region near Yerkes has been very well
monitored by the GLR group. In this study we
report measurements and include CCD images of
the lunar dome located at 49.96° E and 14.82° N
(Xi 0.740 Eta 0.256). This has made it possible to
extract additional information (slope and height)
for its classification and interpretation in geologic

A STUDY ABOUT A DOME NEAR YERKES:
OBSERVATIONS, MEASUREMENT AND CLASSIFICATION

By Raffaello Lena, Cristian Fattinnanzi, Jim Phillips and Christian Wöhler, GLR group
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terms. Finally we report also an overview about the
last published ALPO catalogue (1992). The ALPO
have tried over the years to eliminate errors and
duplication, but some duplicate sightings of the
dome remain in the catalogue. 

2) Instruments and measurements
Table 1 summarizes the domes, extracted from

the A.L.P.O. catalogue, located near the crater
Yerkes. Table 2 lists the 5 observers who supplied
a total of 9 observations. For each of the observa-
tions, the local lunar altitude of the Sun (H) and the
Sun’s selenographic colongitude (C) were calculat-
ed using the Lunar Observer’s Tool kit by H. D.
Jamieson (ALPO) [3]. 

Table 3 reports the diameter and the position of
the dome. The image of Fig. 2 was computer
resampled in order to minimize the E-W perspec-
tive distortion and it was superimposed onto LAC’s
map (chart #62). Furthermore, the scale of the
image [9]was obtained (0.370 km per pixel) which
allowed the diameter to be expressed in km. The
images reported in Figs. 1-5 are oriented with
north at the top and west (IAU) at the left.

A 3D reconstruction was performed using the
raw images taken with a webcam Vesta Pro (Figs.
1 and 2) and a ToUCam (Fig. 3). An actual gamma
calibration was carried out for these images ((=
0.8 for images shown in Figs. 1 and 2, and (=1.0
for the image shown in Fig. 3). Table 4 reports the
measured values of height and slope.

3) Digital elevation map of the dome 
near Yerkes
Generating an elevation map of a part of the

lunar surface requires its three-dimensional (3D)
reconstruction. The Clementine spacecraft entirely
mapped the lunar surface in 3D at a resolution on
the ground of 0.25 degrees in longitude and lati-
tude, i. e. better than 7.5 km, by means of laser
altimetry. Although the obtained profiles nicely
show large-scale features such as the huge South
Pole Aitken Basin on the lunar far side, they do not
reveal the 3D structure of the lunar surface on
small, such as kilometre, scales [4]. Parts of the
lunar surface have been mapped in 3D based on a
stereoscopic analysis of image pairs acquired by
the Clementine spacecraft and from the Apollo
command modules orbiting the moon [5]. The res-
olution of the obtained surface profiles is 1 km on
the ground, while the accuracy of the derived ele-

Figures 1 & 2: Dome near Yerkes Crater

Figure 3: Enhanced view of dome
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vation values is not better than 100 m, which is not
sufficient for measuring the height of lunar domes.

We will therefore generate an elevation map of
the dome near Yerkes based on our telescopic CCD
images. A well-known image-based method for
three-dimensional surface reconstruction is shape
from shading (SFS). It makes use of the fact that
surface parts inclined towards the light source
appear brighter than surface parts inclined away
from it – apart from binocular vision, shading is
one of the most important cues on which human
vision is based. The SFS approach aims at deriving
the orientation of the surface at each image location
by using a model of the reflectance properties of
the surface and knowledge about the illumination
conditions, finally leading to an elevation value for
each image pixel [6]. In this paper we make use of
the algorithm described in detail in section 5.1 of
Ref. [6].

The shape from shading method requires accu-
rate knowledge of the scattering properties of the
surface in terms of the bidirectional reflectance dis-
tribution function (BRDF). A very simple model,
the so-called Lambert model, assumes perfectly
diffuse scattering, implying an intensity RL of scat-

tered light according to
RL (2, D) = D cos 2i
with D as the surface albedo and 2 as

the angle between the surface normal and
the direction of incident light. But the
Lambert model does not correspond very
well to the true scattering behavior of the
lunar surface. A much more appropriate
relation is the physically motivated BRDF
by Hapke [7] which is based on the theory
of radiative transfer. It allows conclusions
about certain surface properties such as
average particle size, particle density, albe-
do of the surface material, or macroscopic
surface roughness. Sets of Hapke parame-
ters valid for the lunar regolith are given
e.g. in [8]. 

It is not straightforward, however, to
directly employ the Hapke model for 3D
reconstruction purposes. Therefore, in
many astrogeologic applications the sim-
ple, empirical Lunar-Lambert law is used:

R' (D, 2i, Ne, ") = D [2 L(") cos 2i /
(cos 2i + cos Ne) + (1 – L(")) cos 2i]

with Ne as the angle between the surface normal
and the viewing direction and the Lunar-Lambert
parameter L(") as an empirical value depending on
the phase angle ". This model is a weighted sum of
the Lommel-Seeliger and the Lambert BRDF.
Given a suitable choice of L("), the Lunar-Lambert
law fits the true scattering behavior of a planetary
surface equally well as the Hapke model. Values
for L(") have been tabulated for planetary surfaces
with a wide range of regolith properties. 

For oblique illumination and perpendicular
view we have cos 2i << cos Ne = (approx.) 1, such
that R’ shows essentially the same behavior as RL.
The dome near Yerkes regarded in this paper, how-
ever, is situated far from the centre of the moon’s
apparent disk (Ne = (approx.) 50°), where the
Lunar-Lambert BRDF strongly differs from the
Lambert model. The CCD images presented in this
paper have been acquired under phase angles
around 30°, where Ref. [9] yields L(á) = 0.95 for a
low-albedo surface with the Hapke parameters of
the lunar regolith.

For 3D reconstruction by means of SFS, it is
necessary that the greyvalue G of a pixel is propor-
tional to the intensity I of incident light. For many
CCD cameras and especially webcams, this is not
necessarily the case because it is often possible to

Figure 4: Dome photo showing gentle slope
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adjust the gamma
value manually from
within the camera con-
trol software, such that
the relation between
greyvalue and intensity
is governed by G ~ I(.
For the Philips web-
cams used for the
images presented here,
we performed a cali-
bration of the gamma
scale in the camera
control software, rely-
ing on flatfield frames
of varying intensities
acquired with different
neutral density filters.
We estimate the
remaining uncertainty
of ( to ±0.1, which is
taken into account for
the confidence inter-
vals of the derived
height values for the
dome.

(4) Observations
Figure 1 displays

the dome under an
evening illumination.
This image was taken
by C. Fattinnanzi on
September 2, 2004, at
00:12 UT. Another image, here proposed as Fig. 2,
was made by C. Fattinnanzi on December 29, 2004
at 00:55 UT.

Figure 3 shows an image taken by C. Wöhler
on August 3, 2004, at 00:22 UT.

Figure 4 reports the dome under a lower solar
altitude. This image was taken on October 31, 2004
at 11:15 UT by J. Phillips (H 4.70°, C 125.08°).
The dome’s eastern flank does not show a black
shadow on the raw image, but a dark grey shading
(penumbra) of the dome’s flank which represents
grazing illumination by sunlight. 

In addition, Figure 5 shows the dome as drawn
by Lena. This observation was carried out on
January 21, 1999 at 18:05 UT with a 250 mm f/10
Schmidt-Cassegrain telescope (H 14.27°, C
324.66°). The dome appears to be hemispherical

with the presence of a
small darkish area on the
top that could suggest a
craterlet or a depression.
Close inspection, particu-
larly of Fattinnanzi’s
frames (Figs. 1 and
2) shows this summit
feature. It shows a
penumbra on the western
flank.

5) Results and
discussion
With a solar altitude

of 10.98° the dome was
estimated to have a base
diameter of 8.51±0.37
km. The height values
reported in Table 4 were
obtained by determining
elevation differences
between the summit of
the dome and its sur-
rounding on the corre-
sponding 3D profiles
derived by SFS analysis.
The dome height on the
images shown in Figs. 1
and 2 was measured as
90±20 m and 110±20 m,
respectively. These
height values are consis-
tent with the measure-

ment carried out on the image shown in Fig. 3, esti-
mated as 110±30 m. From Table 4 it follows that
the average slope angle is smaller than 2°, corre-
sponding to a hemispherical circular dome having a
gentle slope (see Fig. 4). Moreover a central
depression on the dome summit was detected. 

Fig. 6 shows the 3D reconstruction results
obtained by means of the SFS method as described
in Section 3, making use of the Lunar-Lambert
BRDF model with L(") = 0.95. Fig. 6a displays a
3D view of the complete dome derived from the
image in Fig. 3, while Fig. 6b shows the northern
half of the dome based on an evaluation of the
image in Fig. 2. The reconstruction results are pre-
sented as a mesh (left) and as a rendered view
(right), viewed approximately from the north-west,
respectively. In the rendered views, the z axis is 20

Figure 5: Sketch showing dome appearance
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times exaggerated.
From the data in Tables 1 and 3 we see

that this dome (+0.740+0.256) is situated
close to the ALPO dome reported under the
entry #C (+0.742+0.256) in Table 1. As a
note of interest ALPO does not show any
classification for +0.740+0.256.

The last published ALPO catalogue
(1992) probably contains numerous errors
and missing or incomplete data. When
ALPO and the BAA first began their dome
catalogue in the 1960s, the observers were
using different maps. This led to the fact that
some of the domes in the catalogue are actu-
ally multiple observations of the same dome,
and likely different and wrong coordinates
are given. 

We may categorize the present dome as
of Class 1 using the Head and Gifford
Scheme [10] , and as DW/2a/6f/7j using the
Westfall scheme [11].

It is a clear example of a classical dome.
Domes probably formed in the later stages
of volcanism on the moon. Early stage lavas
were very fluid, due to their high tempera-
ture, massive volumes, and mineralogy.
Over time, the erupting lavas cooled,
decreased in flow rate, and began to crystal-
lize. This changed the characteristics of the
lava, decreasing its fluidity so that it began to
‘pileup’ around its vent, forming low shield-
like volcanoes. This is the possible source of
the investigated lunar dome.

Figures 6a & 6b: Geometry of Yerkes dome
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Keep In Touch . . . 
ALS needs your email address!
With a small, all volunteer staff,
life's crises will sometimes
cause delays in publication.
When this happens, we would
like to keep you informed.  

Notify us so we can notify you!

Send your email address to:
ejdftd@mindspring.com

An upcoming issue of Selenology will feature the
drawings and photographs produced by ALS members.
So, send them in!  

Be sure to include:
1. The name of the lunar feature
2. The date and time of the observation
3. Your location
4. The focal length, aperture, and type of your tel-

escope and/or camera
5. And, of course, your name. 

Although it isn’t necessary, we would be pleased if
you included either anecdotes about why the observation
was unique for you or detailed information about the fea-
ture and the import of your observation.  We will do our
best to include your information along with the image.  

Email your images to SBoint0362@msn.com

On the subject line place “Selenology”

We need your observations!
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NOTES ON THE MINIMUM
OBSERVABILITY OF A

PARTIAL SOLAR ECLIPSE
By Francis Graham

Figure 2 (middle right): Small “nick” out of sun’s
disk is the maximum eclipse by the moon

Figure 3 (at right): map

Figure 1 (above), left to right: John Weinhold, Glenn
A. Walsh, Theresa M. Graham, William B. Hall.

On April 8, 2005 an eclipse of the Sun took
place, which was, by less than 1%, partial at our
observing location in Pittsburgh. Using the
Christine Alley Observatory in East Pittsburgh the
first time since its severe damage by a windstorm
in November, 2003, we observed through a 6.5-
inch (16 cm) f/15 refractor mounted on a tempo-
rary pedestal outside of the observatory. We also
made this an event sponsored by the American
Lunar Society Pittsburgh Chapter and the Friends
of the Zeiss, a group interested in the historical
preservation of the Zeiss model 2 planetarium pro-
jector and theater at the old Buhl Planetarium
Building in Pittsburgh.

The solar limb, when viewed through a tele-
scope either in projection or through a filter,
exhibits undulation on its limb (the result of atmos-
pheric conditions in the Earth’s atmosphere called
“seeing”). It is reasonable to assume that a minimal
partial eclipse of the sun would be invisible as the
lunar limb is deep within this zone of seeing irreg-
ularity.

Our site was located at longitude west 79o 51'
59".34, latitude north 40o 23' 42".27, elevation 298
m. where the solar eclipse was viewed by projec-
tion in the refractor by Francis Graham, Glenn A.
Walsh, William B. Hall, Theresa M. Graham and
John Weinhold. (Fig. 1) This event, called “Barely
See It III”, emphasized the minimal nature of this
eclipse. Fortunately it was a perfectly cloudless
sky.

The eclipse 1st contact was predicted to be
22:11:35 UT, the maximum eclipse 22:18:09 UT,
and the last contact 22:24:53. The maximum mag-
nitude was 0.005.

The actual time the eclipse was first visible was
at 22:13:49. The eclipse was barely photographable
(Fig. 2, taken at Maximum). The last the eclipse
could be seen was 22:23:19, thus, it was visible
only 9 min. 30 sec. This differs from its theoretical



NASA chose the Moon Mineralogy Mapper (M3) to fly
as part of the scientific payload for the Indian Space

Research Organization’s (ISRO) Chandraayan-1 mission,
slated for launch in 2007. The M3 is designed to create a min-

eral-resource map of the moon. It will be flown as part of the
Chandraayan-1 mission if it is selected by ISRO in an independ-
ent competition.

“This exciting scientific experiment will provide detailed
maps of the moon’s surface geology and mineral composition for

the first time,” said NASA’s Deputy Associate Administrator of
the Science Mission Directorate at NASA Headquarters, Dr.

Ghassem Asrar. “The M3 investigation also complements the six
experiments recently selected by NASA in response to the Lunar

Reconnaissance Orbiter (LRO) Announcement of Opportunity. Together, the M3 and LRO investi-
gations support NASA research and exploration objectives for the moon,” he said.

The final confirmation of the M3 investigation is subject to successful negotiation of an interna-
tional agreement between NASA and ISRO.

Created in 1992, NASA’s Discovery Program sponsors frequent, cost-capped solar system
exploration missions with highly focused scientific goals. In July 2004, NASA received 18 propos-
als in response to an Announcement of Opportunity for Discovery missions and Missions of
Opportunity. Proposals were evaluated for scientific merit, technical, management and cost feasibil-
ity. The M3 mission was proposed to the Discovery Program as a Mission of Opportunity.

“We are looking forward to the March release of the Discovery 12 Announcement of
Opportunity that will provide greater flexibility commensurate with the technical complexities asso-
ciated with Discovery class experiments,” said Andrew Dantzler, Acting Director of NASA’s Solar
System Division. 

NASA SELECTS MOON MAPPER FOR
MISSION OF OPPORTUNITY

By Dolores Beasley and Gretchen Cook-Anderson
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duration of 13 minutes 18 seconds, so there is the
hint that the eclipse would not be visible at all if
the duration were less than about 3 minutes.

William B. Hall viewed the Sun without a tele-
scope, but with an aluminized mylar filter. No
eclipse was visible, even at maximum.

Several reports from other locations in the tri-
state area were examined. Gene Henderson of
Henderson Tool Company, near Emsworth, longi-
tude 80o 4' 59" latitude 40o 30' 29", who had a mag-
nitude of 0.002, photographically recorded the
most faint hint of an eclipse. A positive report was
received by the Amateur Astronomers Association
of Pittsburgh of a sighting in New Kensington,
where a report to the same group from an observer

in Allison Park was negative. At Allison Park the
magnitude would have been 0.001 and the duration
3 min. 11 sec.

The theoretical northern limit for the partial
phase was in McCandless Township, about 5 miles
to the north of Allison Park, at 40o 33' 34" for lon-
gitude -80o 00' 00".

Thus the hypothesis that a partial phase of 3
minutes or less would be generally impossible to
see seems to be verified. See map, Figure 3.

I thank my colleague George Guzik for making
reports of the Amateur Astronomers Association of
Pittsburgh available.
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A STUDY ABOUT TWO CONES NEAR MILICHIUS
By Rodrigo Viegas, Raffaello Lena and Maria Teresa Bregante GLR GROUP

Abstract
This study describes two cones positioned at

(10.74 º N and 31.74 º W) and (10.71 º N and
31.81 º W), which were recently reported in [1] as
part of the ALS/GLR Lunar Cone Survey (LCS)
project. These cones lie radial to a well-known low
dome in the Milichius area. High-resolution
imagery was utilized and proved vital for the clas-
sification and geologic interpretation of these small
features. 

1) Introduction
Volcanic cones are constructed by the accumu-

lation of pyroclastic materials. On the Earth, cinder
cones form when small gas-driven eruptions frag-
ment lava, extruding it in small ‘cinders’ that pile
up around a central vent. 

Lunar cones come in many shapes and sizes.
Mostly they are presented as circular, slightly
dome-shaped structures with high slopes and cen-
tral craters or fissures. The majority is less than
100 metres high with diameters of 2 to 3 Km with
low albedo. [6]

On the moon, there are different cone mor-
phologies. This is due to differences in eruption
style which is determined by magma volume,
extrusion rate, eruption energy and other factors
[2]. Osiris and Isis, two known crater-topped cones
on a fissure in Mare Serenitatis (Fig.5) exemplify

small pyroclastic cones. Isis is a breached cone
with a short sinuous rille disappearing into the
mare [3].

The Milichius region is possibly one of the
most thoroughly studied by dome observers; with
more than 20 domes reported [4-5]. As happens in
other regions of the moon, such as the Marius hills,
cones are found in a region where volcanic mani-
festations are extensive.

2) The International Lunar Cone Survey 
The International Lunar Cone Survey (LCS)

started in April 2004. It is a joint effort of the
American Lunar Society (ALS), the Geologic
Lunar Research group (GLR) and independent
observers [6]. 

Various circular to elliptical cone-like features
have been reported in several regions of the moon.
These features are often located in the maria
aligned along linear fissures that, in some cases, are
the sources of lava flows [3]. 

A series of lunar volcanic dimensions were
published in a File report of the US Geological
Survey [7]. In this work the authors reported meas-
urements for 18 lunar volcanoes, including five
lunar cones. The measurements of these lunar vol-
canoes (diameters, height, depth of the summit
crater) were computed from Lunar Topographic
Orthophotomosaics, Lunar Orbiter imagery and



Figure 1

Figure 2: A salient lunar cone structure

Figure 3
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Apollo images. A recent LPOD item focused on
the dimension of Lunar Volcanoes [8].

In this article we report the description of two
lunar cones, with elongate shape, located in the
well-known region of Milichius.

3) Observations and digital images 
As part of the LCS project, two small cones,

here proposed under entries #1 and #2 in Table 1,
were identified close to Milichius crater [1] utiliz-
ing the Lunar Orbiter frame LO-IV-132-H2 (Figure
1). 

For earth-based observers, these are difficult
features. Their small diameter makes them a chal-
lenge even for high-resolution CCD imagers. The
cones are seen as mounds in an image taken by Jim
Phillips on December 22nd 2004 at 02:37 UT
using a TMB 8” f/9 Apochromatic refractor, Atik
B&W camera (Figure 2). Also, in the Consolidated
Lunar Atlas frame D 20 the cones appear as
mounds.

Using a Hires version of LO-IV-132-H2
(Figure 1), we were able to identify their shape and
dimensions. The positions were determined using
the LAC #57 and are prompted in Table 1. Their
coordinates are 31.74º W, 10.74º N (Xi – 0.517 Eta
+0.186) and 31.81 º W, 10.71 º N (Xi –0.518 Eta
+0.186).

4) Geological considerations and interpretations 
As can be seen on the LO frame IV-133-H2,

the cones are aligned radially on the flank of a low
dome which is reported in the A.L.P.O. catalogue
as Xi –0.523 and Eta +0.183 (32.14° W and 10.54°
N). Therefore, a study of the cones requires some
consideration as to the nature of the neighboring
dome. 

In Figure 1 the dome is difficult to identify due
to the high solar altitude. From the other images,
we know that it has a flat summit and a low aver-
age slope, suggesting that it is not the result of
effusive volcanism. Likely, it formed by the rising
lava that collected in a subsurface pocket (intrusive
dome). On earth, this would be similar to a laccol-
ith. Moreover, the dome itself shows no distinct
coloration from the surrounding mare material,
which contributes to this view.

In a laccolith there is generally no central pit or
crater, as the magma is usually contained beneath
the surface, unless the tensile stresses are large
enough to break the overlying country rock and



produce a usually elongated crater or cleft.
There are no signs of dark pyroclastic
deposits on the dome associated to the
summit craterlet and Gaddis, using the
multispectral Clementine imagery, did not
identify lunar pyroclastic deposits in this
region [9-10]. Moreover, the central crater-
let on this dome appears very circular in
shape, with its walls as bright as the ones
of nearby similar-sized impact craters. For
this reason, we believe this is an impact
crater. 

There is a sinuous bright feature
(Figure 1) that extends out of the dome
surface into the surrounding terrain. We
interpret this as a lava flow front, not associated to
the dome, that possibly formed prior to the upbow-
ing that produced the dome. The fact that this low
feature was not covered by newer material favors
an intrusive nature for the dome.

A rille-like feature, north of the summit crater,
which extends into the surrounding terrain to the E,
bisects the dome. This rille is not sinuous but a
straight feature. For this reason we feel it is not a
lava channel, but it is likely due to tensional stress-
es consistent with laccolithic formation. These
cones have high-sloped rims (HIRES LO and LO),
they are elongated and are aligned along the rille,
with common walls. In fact, the easternmost cone
appears like two craters superimposed (HIRES
LO). These observations suggest that the cones
were formed, likely, from the lateral manifestation
of a dike and not from a central conduit. 

Moreover, in the HIRES LO image it can be
seen that the west extension of this rille is formed
by small aligned craterlets. Several mechanisms
can be described: it is unlikely that they are
drainage pits due to the height (in fact, they are on
the dome). A possibility includes degassing vents,
and this is consistent with the features on the E end
of the rille: the two cones. 

Examples of ‘multiple cones’ with a linear
arrangement do appear on the moon (Figure 3), and
here the interpretation is that they are lunar cones
[7]. Figure 3 (from AS15-0344 P) shows these
cones, located in Oceanus Procellarum near the
crater Nielsen (Table 1 entry #3 and #4), in maxi-
mum detail.

Examples of typical small cones aligned along
fissures are found also on the Earth, as can be seen
in Lanzarote, on Figure 4.

Conclusion
In this progress report we studied two elongate

cones aligned on a fissure, located at 31.74º W,
10.74º N ( Xi – 0.517 Eta +0.186) and 31.81 º W ,
10.71 º N (Xi –0.518 Eta +0.186). 

This study shows that for the study of such
small features, the use of high-resolution imagery
is inevitable.

Since the ALS/GLR project is a long-term
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Figure 4

Figure 5
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Note: NWA 482 was a meteorite from the far
side of the moon, identified by its high KREEP con-
tent. Recently, Dhofar 25 has also been identified
as a likely farside meteorite. Here is a press release
which describes it dated May 13, 2005 from the
Russian Informnauka Agency. 

It is not necessary to fly to the moon to get
lunar soil even if the sample is required from the
other side of the moon . A meteorite originating
from the other side of the moon has recently got
into the hands of scientists. The meteorite investi-
gation required precision instruments and grants
from the Russian Foundation for Basic Research
and the Büro Für Wissenschaftlich-Technische
Zusammenarbeit Des Österreichischer
Austauschdienst (Bureau for Scientific and
Technical Collaboration of Austrian Exchange
Service).

A piece of lunar soil (its weight being slightly
less than one kilogram) was knocked out by a
meteorite blow and later fell on the Earth. Judging
by a microparticle of zircon mineral the specialists

not only calculated its age, but also made conclu-
sions about the event that had taken place on the
moon at that time. It has appeared that about 2 bil-
lion years ago the rock containing a particle of zir-
con endured some planetary cataclysm and melted,
and 500 thousand years ago a piece of rock was
thrown away from the lunar surface into space by a
meteorite blow.

Meteorite Dhofar 025 was found in 2000 in the
desert on the Arabian Peninsula (Oman). It weights
751 grams and consists of breccia—sintered frag-
ments of various minerals from lunar continents.
Several years were spent on investigation of this
celestial stone. To determine its age, the researchers
of four Russia institutes jointly with Austrian col-
leagues found a microscopical grain of zircon in it -
the mineral consisting of oxides of zirconium, lead,
thorium and uranium.

The isotopic composition in the two sections of
this tiny speck was investigated on the SHRIMP
mass-spectrometer. The researchers were interested
in ratio of stable isotopes of lead 206, 207, 208 and

study, any report of specific lunar cones should not
be viewed as a final work. Observations and notes
of lunar cones will continue to be accepted and
included in our catalogue.
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radioactive isotopes of uranium - 238 and 235. The
grain was extracted from the core of meteorite, i.e.
it had been isolated from the environment while the
meteorite was lying on the Earth. That allowed the
researchers to compare quantitative ratios of iso-
topes with known and dated rocks of the Earth and
the moon and to determine the age of meteorite. On
the Earth, for example, zircon contained in gabbro
from Eastern Australia was accepted as the stan-
dard for the uranium-lead relation.

Geochemists discovered that zircon from
Dhofar 025 was of the same age as others, already
known lunar rocks - i.e. 4.3 to 4.4 billion years, but
its composition had changed approximately 2 bil-
lion years ago. Most likely, that is the consequence
of a powerful blow by a meteorite, as a result brec-
cia was formed out of granite which contained zir-
con being investigated. This result, by the way,
coincided with radiation age of meteorite calculat-
ed by isotopes of noble gases. Breccia was formed
and carried out to the surface of the planet as a
result of some catastrophe, and gases started to
accumulate in it. However, that was not the mete-
orite bombardment well-known to researchers, to
which the visible part of the moon was exposed to
3.9 billion years ago. Consequently, the specialists
believe that Dhofar 025 is nothing but a sample of
lunar soil from the other part of the planet. It is not
for the first time that lunar meteorites were found
in the region of Dhofar. Among the findings are,
for example, Dhofar 305, 307 and others.
Altogether, there were about 50 such meteorites
found on the Earth. However, within thousands of
years spent on the Earth with its oxygen atmos-
phere, under rain and sunshine, with temperature
differences and in contacts with microorganisms
that excrete deleterious substances, debris of the
moon became gradually destroyed and by our time
it turned out to be fairly contaminated by “terrestri-
al’ atoms, it oxidized and lost part of original com-
ponents. From this point of view, the integral
Dhofar 025 meteorite is considered unique by the
researchers.

NOTE ABOUT THIS ISSUE
The editor expresses his deep regrets about the

lateness of this issue, originally slated for early
August. Some technical problems developed, but
these have been corrected and the publication
schedule will resume with the Fall, 2005 issue for
October 31, 2005.

MENELAUS DOME
A very nice drawing of the Menelaus

dome and rille by Daniel del Valle forwarded
to the editor by Howard Eskildsen and Eric
Douglass.  Comments Dr. Douglass: “The
rille (Rimi Menelaus I) ...is a tectonic feature
that cuts across two domes, and is partially
covered by later stage lavas. It appears as a
graben—I’ve attached an Apollo 17 image of
the rille where it crosses the dome Daniel
drew. Note that more info on the geologic
history of this region can be found in an old
issue of Selenology (Autumn 2002, Vol 21,
No. 3).”

Do you have a lunar drawing that you
would like to share with the readers of
Selenology? See page 10.


