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A Simple Method to Determine the Distance of the Moon

Parallax measurements during the total lunar eclipse of March 3rd/4th, 2007

By Martin Federspiel
Planetarium Freiburg

The lunar orbit and the distance to the Moon are nowadays known very accurately. The
distance to the Moon can be traced at the few centimetres level by Lunar Laser Ranging
(LLR) measurements. But even by much simpler means the distance to the Moon can be
obtained with an error at the few percent level from a parallax measurement. Thus this
article only aims at pedagogical goals rather than at cutting edge science.

What is a parallax measurement?
The principle of a parallax measurement is quite simple and well known: A nearby object
appears shifted against a more distant background when observed from different view
points (the object and the view points must not lie on a straight line). Therefore, the
relatively nearby Moon appears to be slightly shifted against the in this case infinitely
distant background of the stars when it is observed from different sites on the Earth.

Figure 1: Principle of the determination of the lunar distance r from the parallax
angle πunder which the Moon appears to be shifted when observed from two
different sites on the Earth. To obtain r the distance d between the two sites and one
additional angle in the triangle has to be known.
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In practice one encounters the difficulty for a parallax measurement that the Moon is
much brighter than the majority of the background stars. There are more or less two go-
od opportunities to record and measure the Moon and the background stars simultane-
ously: One when the Moon passes by very bright stars like the Pleiades, and a second
one during a total lunar eclipse when the glare of the Moon is drastically reduced.

Data material
The total lunar eclipse of March 3rd/4th, 2007 offered a good opportunity to measure the
lunar parallax. At predefined times the author took several images of the eclipsed Moon
and the two background stars 56 and 59 Leonis under favourable weather conditions
from Freiburg. Unfortunately the planned second site Mainz was clouded out.
Fortunately other observers published their images on the internet a few days after the
eclipse, e. g. on the homepage of the magazine Sky and Telescope. Simone Bolzoni had
taken similar images of the eclipsed Moon in front of the same background stars from
Avigliano near Torino (Italy) as I had. When I contacted Simone he kindly mailed me
his complete image series and it turned out that we had taken three image pairs strictly
simultaneously. In addition, Karl-Ludwig Bath came up with an image that George Lia-
kos had taken from Rustenburg near Johannesburg (South Africa) of the eclipsed Moon
and some background stars.

Parallax determination with the baseline Freiburg-Torino
The following explications only refer to the image pair taken at 23:50:00 UTC by Simo-
ne Bolzoni and myself. At that time, as seen from Freiburg, the Moon and the second
site Torino stood in the same azimuth angle (almost in southern direction) which simpli-
fies the mathematics needed for the reduction (cf. Fig. 1).

First, let’s calculate the distance between the two observing sites (not along the surface
of the Earth, but the direct distance through the Earth). From the geographic coordinates
of Freiburg λFreiburg = 7°48'17 '' east, ψFreiburg = 48°03'07 '' north, hFreiburg = 219 m and
Avigliana near Torino λTorino = 7°23' east, ψTorino = 45°03' north, hTorino = ca. 400 m
one calculates approximate geocentric rectangular coordinates using:

where the radius of the Earth rEarth is assumed to be 6378 km.
The approximate distance between the two sites is then found using the theorem of
Pythagoras:
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This yields a distance between Freiburg and Torino of d = 335,7 km. A more accurate
calculation using the software INVERSE3D [1], which takes the ellipsoidal shape of the
Earth into account, leads to a distance of d = 335, 2 km.

In a second step we determine the parallax πof the Moon between the two sites from the
images. The Moon appears shifted by this angle on the image pair with respect to the
background stars. To be useful for this project the images must match the following
criteria:

1. The Moon must appear large enough on the images to allow a good parallax
determination.

2. At least two stars must be visible near the Moon; it is better to have more stars
surrounding the Moon; from items 1.) and 2.) an appropriate apparent field of view of
about one degree follows for the images.

3. The images must be as sharp as possible (maximum exposure time a few seconds) and
guided.

4. The images from different sites must be taken as simultaneously as possible. As the
Moon moves at an apparent angular velocity of 0.5'' per time second with respect to the
stars even time errors of a few seconds translate into noticeable errors in the parallaxπ.

To derive the parallax angle πthe images have to be reduced to a common scale and
rotated that the stars match on both images. This is performed with an image processing
software like Photoshop or Gimp [2] that works with layers. It helps to keep the top
image/layer semi-transparent. The positions of the stars are generally well known and
can be taken from an astrometric catalogue (e.g. the HIPPARCOS Catalogue [3]). In our
case the two reference stars 56 and 59 Leonis had the following apparent positions at the
epoch of the eclipse (proper motion included):

56 Leo: α=10h56m 25.443s δ= +06° 08' 41.91'' (3)
59 Leo: α=11h01m08.735s δ= +06° 03' 38.65'' (4)

angular distance = 4236.16'' . (5)

From the linear distance of 2318 pixels of the reference stars on the combined image and
their angular distance (5) we calculate the image scale:

1 pixel≃1.8275''. (6)

Possible optical aberrations of the telephoto lens/telescope are neglected.
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Figure 2: Combined image pair taken from the two different sites Freiburg and Torino. After
the images have been properly aligned that the stars match the parallactic shift becomes
readily visible. The image scale (6) follows from the angular distance of the stars (5). A mean
parallax πis calculated from individual shifts measured at well-visible lunar craters.

Next we choose some well-defined craters and other lunar formations that can be identified on both
images (e.g. northern and southern limb, craters Plato, Menelaus, Dionysius) and measure their
individual parallactic shifts in pixels. Then a mean parallax πmean is calculated from the individual
shifts and the image scale:

πmean = 71.9 pixels πmean = 131.4 ''. (7)

To have the triangle Freiburg–Avigliana/Torino–Moon fully determined we need to know one
additional angle.

We choose the angular distance between the Moon and Avigliana/Torino as seen from Freiburg.

This angle essentially consists of the altitude HMoon,Freiburg of the Moon above the horizon in
Freiburg, which in principle could have been measured with a sextant.
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In this case I calculated H Moon,Freiburg with a planetarium software. There is a second
term, which takes into account that Avigliana/Torino lies below Freiburg’s horizon.

= HMoon,Freiburg + ηTorino = 48.13°+ 1.50° = 49.63°, (8)

where ηTorino is the altitude of Torino below Freiburg’s horizon.
In good approximation the altitude ηsite of a second site in direct distance d below the
horizon of the first site can be calculated as follows (cf. insert in Fig. 1):

The third angleβcan finally be calculated from:

The topocentric distance of the Moon from Freiburg can finally be obtained with the help
of the sine theorem:

The actual topocentric distance of the Moon from Freiburg at the observation time was
about 3.975·105 km and can be calculated with [4], for example. The absolute distance
error is about 3700 km corresponding to a relative error of nearly 1%. This result is very
satisfying. The error matches the expected order of magnitude if one keeps in mind that
an error of 1'' in the primary error source πtranslates into an error of about 3000 km in
the lunar distance. A possible error in the angle β contributes much less to the error
budget and is neglected here.

Parallax determination with the baseline Freiburg-Johannesburg
In general it is advantageous to have an as large as possible baseline for a parallax
measurement. With a large baseline the parallax πincreases whereas the corresponding
error in distance decreases. The baseline Europe-South Africa is already close to the
practically achievable maximum baseline for a lunar parallax project. In our case we
encounter the difficulty for the reduction that the two images taken at roughly 1000 mm
focal length do not overlap (cf. Fig. 3). The reduction has therefore to be modified
compared to the above description.
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With the help of a good sky map or planetarium software [5] the stars near the eclipsed
Moon are identified on both images. Then the images are properly overlaid to a large-
scale star chart with coordinate lines where the respective topocentric lunar positions for
the two sites can be read from. In our case an additional problem arises because the
timing of the images does not match. The South African image was taken at 23:01 UTC
on March 3rd, 2007, whereas the first useful image of the Freiburg series is of 23:08
UTC. The 23:01 UTC position of the Moon for Freiburg was extrapolated backwards
from the other images of the series covering the time until 23:50 UTC. Fig. 3 shows the
star field in Leo and overlaid the images taken from Rustenburg/Johannesburg and
Freiburg, respectively. The backwards extrapolated lunar position for Freiburg at 23:01
UTC is the darker circle, which appears slightly shifted to the top right compared to the
actually photographed position, the grey circle. The following topocentric lunar positions
for 23:01 UTC were read from the map:

Alternatively we could have determined the positions of the Moon with higher accuracy
and with much higher effort with a special astrometry software (e.g. [6]).

We approximate the celestial sphere locally by a plane and obtain the angular distance of
the two positions – the parallax π– with sufficient accuracy:

where = 7° is the approximate mean declination of the Moon.

As a next step we calculate the direct distance between Freiburg and Rustenburg using
the above coordinates for Freiburg and the following coordinates for George Liakos:
λRustenburg = 27°13'53'' east,ψRustenburg = 25°42'03'' south, hRustenburg = ca. 1270 m.

The approximate direct distance from equations (1) and (2) is found to be d = 7836 km;
software [1] calculates the direct distance much more accurately to d = 7797 km.
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Figure 3: Star map with the overlaid images which were taken from Rustenburg
near Johannesburg (top) and Freiburg (bottom). The dark circle which is slightly
shifted against the Freiburg image marks the extrapolated Freiburg position of the
Moon at the time when the Rustenburg image was taken (23:01 UTC on March 3rd,
2007).
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We are lucky again: at 23:01 UTC, as seen from Freiburg, the Moon had the same azimuthal
angle as Rustenburg within 3°. Thus we can in good approximation use analogous relations
like equations (8), (9), and (10) for the determination ofβin equation (11).

From equation (11) we finally obtain the following topocentric distance to the Moon for
Freiburg:

r = 3.974 · 105 km. (14)

Again, the result is very satisfying. The agreement with the true distance of 3.97448 · 105 km
at 23:01 UTC is even a bit too good when the errors are considered. Due to the larger baseline
an error in the parallax πis less significant in the lunar distance r than in the first case with
the shorter baseline Freiburg-Torino. An error of 1 arcminute (not arcsecond as in the first
example) in πyields a distance error of roughly 6000 km. This is the expected error for our
measurement, because the errors for our lunar positions read from a star map are of the order
one arcminute. On the other hand the lunar distance could be measured within a few 100 km
with such a long baseline from lunar positions that are accurate at the arcsecond level.

Final remark/conclusion
Measuring the distance to the Moon from its parallax is an experimentally and conceptually
simple and convincing method to make the third dimension in space evident. Considering the
pedagogical strength of this method one can easily forgive that it is nearly a factor 107

less accurate than the modern Lunar Laser Ranging technique.

Acknowledgements
This work would have been impossible without the fast and very friendly help of Simone
Bolzoni, whom I would like to thank here again for his images and his good cooperation. A
special thank goes to Karl-Ludwig Bath for the initiation of this project and for his
connections to South Africa, which finally made the data of George Liakos available to me.

References
[1] Software INVERSE http://www.ngs.noaa.gov/TOOLS/Inv_ Fwd/Inv_ Fwd.html
[2] Image processing software Gimp: http://www.gimp.org
[3] HIPPARCOS astrometric catalogue: http://vizier.u-strasbg.fr, catalog I/239
[4] Interactive HORIZONS ephemeris: http://ssd.jpl.nasa.gov/horizons.cgi
[5] Astronomy/planetarium software: XEphem: http://www.clearskyinstitute.com;
The Sky: http://www.bisque.com;
Guide: http://www.projectpluto.com
[6] Astrometric software Astrometrica: http://www.astrometrica.at



page 9

TOPOGRAPHY SELENOLOGY TODAY # 12

Profiles of the Central Peaks of
Albategnius, Alphonsus, and
Arzachel Craters
by James Burkman and Steve Boint

American Lunar Society (ALS)

Introduction
Older than the maria, the central
highlands preserve samples (albeit not
pristine) of the earliest, extant lunar crust.

Composed largely of anorthositic gabbro,
their features have been softened by
gardening of their upper regolith. In this
study, we measured the profiles of the
central peaks of three craters in this
region: Albategnius, Alphonsus, and
Arzachel. Relatively famous among
central peaks, two have sadly remained
poorly measured.
Of the craters we measured, the central
peak of Albategnius is most thoroughly
known. LTO77C1 provides a contour
map with 100-metre intervals from which
we generated a north-south profile. It was
compared to the profile measured from
our photograph in order to determine the
quality of data we were generating.
Unfortunately, in our photograph of
Albategnius’s central peak, the shadow
was slightly truncated on the southern
edge of the tip by the wall of Klein crater.
So, for purposes of comparison, the height
of the southern edge of the tip of the peak
cannot be used. The remainder was more
than sufficient for determining the
accuracy of our method. According to the
Lunar Topographic Orthophoto map, the
peak rises between 1600 m – 1700 m
above the surrounding interior terrain.
(Interestingly both Elger and Sekiguchi
measured the central peak at 3000 m
[the-moon wiki:
h t t p : / / t h e- mo o n . wi k i s p a ce s . co m/
Albategnius]).
Alphonsus Crater has had a history of
association with volcanism mostly due to
ash deposits surrounding pits that speckle
its floor. Although Russian astronomers
believed they had discovered evidence of
central peak outgasing, this has been
proven highly unlikely by Clementine’s
discovery that the central peak is
composed of anorthosite and therefore too
ancient to be of volcanic origin (Wood,

Abstract
Using LTVT to measure shadows re-
corded on photographs (two for each
peak), profiles were generated of the
central peaks of Arzachel Crater and
Alphonsus Crater. A profile of Albateg-
nius Crater’s central peak was gener-
ated and compared to a profile created
from contour lines on the LTO map of
Albategnius. The comparison was
strong, validating the method. Ar-
zachel’s peak when measured from a
westward-falling shadow is slightly less
than 2100 m tall with two progressively
smaller hills (from north to south: 750 m
– 1000 m, 500 m – 600 m) attached to
the south. The two profiles generated
for Alphonsus’ peak (again from a west-
ward-falling shadow) showed a small
hill 960 m – 1000 m in height rising on
the north of the central peak. The shad-
ows from which measurements were
taken landed upon the wrinkle stretching
across Alphonsus crater and indicate
that the wrinkle rises to a height of at
least 500 m. It has a braided appear-
ance with the outer of the two braids
being 200 m higher on its inner edge
than on its outer. The inner braid is
taller still.
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Figure 1: Profile of Albategnius’ central
peak from image taken on 4/4/06 at 2:18
UT compared with profile generated from
LTO contour lines.

Figure 2: Profile of Alphonsus’ central
peak from image taken on 6/26/04 at 2:39
UT.
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2007). Measurements of the central peak’s
relative height fall into two clusters: large
values (Westfall at 2.73 km [Westfall,
2000], Viscardy at 2.73 km [Viscardy,
1985], Cherrington at 3.2 km
[Cherrington, 1969]) and small values
(Sekiguchi at 2.2 km [Sekiguchi, 1972],
Wood at 2.0 km [Hartmann and Wood,
1971]). Slightly west of center, a
prominent wrinkle runs north-south
through the center of Alphonsus, but no
height data is available for this feature. It
appears large enough to impact relative
height calculations; but of the height
measurements available, only the height
shown on the LAC map indicates the
direction in which the measured shadow
fell leaving it impossible to determine
whether the ridge caused the shorter
measurements listed above.
Arzachel’s central peak shows spectral
signatures of 80%-90% gabbro, norite,
troctolite, and anorthosite, revealing the
upper level of lunar crust in this area to be
largely plagioclase (Tompkins and Pieters,
1999). There is better agreement upon the
height of the central peak of Arzachel
Crater. Boint measured it at 1.36-1.50 km
(2001), while Sekiguchi (1972) measured
it at 2.1 km and Wood (1971) measured it
at 2.0 km.
However, none of these measurements as
presented in The-Moon Wiki indicates
which side of the central peak was
measured. This leaves room for
significant variation if the floor of
Arzachel is not extremely smooth.

Method
Using photos of modest quality, LTVT
was used to calculate the height of
various features.  Beginning on the
northern end of each feature near the first
hint of shadow, heights were measured at

approximately equal increments until the
shadow ended on the south side of the
feature. Termination of the shadow’s
length, both at the casting end and at the
falling end, was often difficult to
determine. The penumbra (a medium
gray area between the lightest white and
the darkest black pixels at both of the
shadow’s ends) was chosen. While the
difficulty in determining shadow length
causes variability in the total height of
the feature, consistent use of the same
method produces a profile which is
accurate in shape but may require
proportional height adjustment once
lunar orbiters provide absolute values for
peak heights.
Once heights were determined, the
horizontal position of the measured points
was acquired. Setting the northernmost tip
of the feature as a reference point, LTVT
was used to determine the position of each
measurement. We continued down the
feature, recording distance from the
reference point for each of the positions
whose heights were measured earlier. In
order to generate a profile of the feature,
the measurements were entered into a
scatter graph with data points connected
by lines. The x-axis is the distance of each
point from the northern reference point.
Height in metres was plotted on the y-axis.
The method was double-checked using the
LTO of Albategnius and by using two
different photographs of each feature and
comparing the profiles generated.
All photos were taken by Steve Boint from
96 degrees 43.88 minutes west longitude,
43 degrees 31.76 minutes north latitude
using a Newtonian with 10 inch primary,
f/4.5, 2x Barlow, and SBIG 237a CCD
camera. Adobe Photoshop and Maxim DL
were used for image processing.
Measurements were made with LTVT.
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Figure 3: Profile of Alphonsus’ central
peak from image taken on 6/26/04 at 2:55
UT.

Figure 4: Comparison of the profiles of
Alphonsus’ central peak. The dotted line
is the measurement of the photo taken at
2:55. The difference in height may be due
to the shape of a wrinkle passing near the
central peak.



page 13

TOPOGRAPHY SELENOLOGY TODAY # 12

Graphing was done with Microsoft Excel.
All measurements were performed
by James Burkman.

Results
Albategnius
Accuracy of this study was tested using the
LTO map for Albategnius crater. Our
profile of Albategnius’ central peak
mimics the profile made using
measurements from the LTO strongly
enough to lend credence to this work.
Horizontal positioning is a limiting factor
as can be seen in the slopes of the two
graphs. However, the slopes are of similar
angle, variance is primarily due to
positioning. Both graphs come to a
plateau and run a flat course for nearly
5000 metres. Both peak tops end at nearly
the same southern point. As stated earlier,
the northern corner of the peak top is not
usable for comparison -  the remaining
parts of the graphs are in close agreement.

Alphonsus
The comparison of two profiles from
different photos of Alphonsus shows the
relative shape of the central peak. If
adjusted for variations in horizontal
positioning, the profiles are similar. Both
show a smaller mound on the north of the
central peak that rises to a height of 960 m
– 1000 m. However, the maximum height
of the central peak differs between the two
graphs by over 200 m. The maximum
height is also more than 500 m shorter
than that measured by previous
researchers. Perhaps this is explained by
two factors. Determining the vertical
displacement of lunar features based upon
the length of the shadows cast provides
relative heights. The value measured is the
difference in vertical displacement
between the point casting the shadow and

the tip of the shadow.
If previous researchers measured the
height of the peak from shadows which
fell to the east or from shadows which
fell to the west but landed beyond the
wrinkle stretching across Alphonsus’
floor and passing beside the peak, then
the shortness of this study’s
measurements would indicate the wrinkle
rises to a height of at least 500 m.
Indeed, the shadows in both photos do
fall upon the wrinkle. The wrinkle also
appears to be complex, more than a
single tube in shape. In the two
photographs measured, the shadow in
one (2:39) falls upon the joint between
the inner and outer braids (perhaps
starting to climb the side of the outer
braid) and the shadow of the other (2:55)
falls fully upon the outer braid. The
difference between our measurements
would indicate that the outer braid is over
200 m higher on its edge nearest the
central peak. Since this edge abuts the
joint between the braids, it seems likely
that the inner braid is even taller (or no
joint would show, it would be a smooth
hill not two braids). Unfortunately, we
have no access to high resolution images
of this braid which are suitable for
further measurement.

Arzachel
Horizontal positioning is obviously the
limiting factor in our measurements of
Arzachel. If the profiles are adjusted to
account for this, similarity between them is
remarkable. Arzachel’s central peak
certainly rises slowly to a height of 2000
m and is rounded at its pinnacle. On the
southern end there are two smaller hills
(from north to south: 750 m – 1000 m, 500
m – 600 m).



page 14

TOPOGRAPHY SELENOLOGY TODAY # 12

Figure 5: Profile of Arzachel’s’ central
peak from image taken on 6/26/04 at 2:39
UT.

Figure 6: Profile of Arzachel’s’ central
peak from image taken on 6/26/04 at 2:55
UT.

Figure 7: Comparison of the profiles of
Arzachel’s central peak.
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A) top to the left: Albategnius (4/4/2006 03:18 UT) B) top to the rigth : Alphonsus and Arzachel (6/26/2004 02:55 UT)

C) bottom: Alphonsus and Arzachel (6/26/2004 02:39 UT)
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Measurements of North West edge
of Mare Crisium
By George Tarsoudis
Astro Observers Group of Thrace
(www.oath.gr/)
Website www.lunar-captures.com

Introduction
Mare Crisium also known as the “Sea of
Crisis (Thalasa tis Crisis)”, is located
northeast of Mare Tranquillitatis. It has a
diameter of 605 km and measures
176,000 km2 in area.
This basin is of the Nectarian epoch,
while the mare material is of the Upper
Imbrian epoch. A soil sample from Mare
Crisium was successfully returned to
Earth on 22 August 1976 by the Soviet
l u n a r m i s s i o n L u n a 2 4 .
The Dorsum Oppel is a wrinkle ridge in
the form of an arc and fringes the west
wall of Mare Crisium. Has and Dorsum
Termier are wrinkle ridges located in the
center of Mare Crisium. Finally, there is
one more Dorsa, the Dorsa Harker. The
concentric structure of the Crisium basin
consists of a series of raised rings and
intervening troughs. Several rugged rings
are delineated in the circum-mare
highlands, and other rings inside the mare
are revealed by concentric wrinkle ridge
patterns. Wilhelms (1973) identifies basin
rings with diameters of approximately

420, 500, 680, and 970 km. A more recent
interpretation of the multi-ring pattern by
Spudis (1993) comprises one ring of 360
km diameter inside the mare, which is
probably identical with the 420 km ring
postulated by Wilhelms (1973), and the
mare-bordering 540 km ring. The
highland elevations around the abrupt
edge of the mare are relatively constant,
revealing a further ring of 740 km
diameter which is identified by Spudis
(1993) as the main topographic ring of the
Crisium basin. Looking at my image of
August 30 2007 taken at 22.28 UT, I
noted that the shadows of North West
edge of mare Crisium are quite long and I
realised that the mountains casting these
shadows must be very high. I computed
the height using LTVT program by
Mosher and Bondo (2006).

LTVT and Unified Control Points
(calibration)
Version 19_1_01 of the LTVT software
package was used. An accurate shadow
measurement requires an accurate
knowledge of the feature (and shadow tip)
positions relative to the Sun's position. If
the positions are inaccurately calibrated,
those errors will affect the measurements.
Two accurate means of calibration are
available:

1. The photo could be calibrated using the
1994 or 2005 ULCN (Unified Lunar
Control Network).
The craters Macrobius F and Swift
(formerly Pierce B) are selenodetic
control points, readily visible in the field
of view. Using this method, one overlays
the ULCN selenodetic points on the
Shaded Relief map, then right-clicking
near, for example, the Macrobius F dot.
After repeating this for the second control

Abstract
Using LTVT vertical displacements for
a number of features located on north-
west of  Mare Crisium were calculated.
Checking against the LTO shows that
the method can be used to obtain rea-
sonably accurate (~5% or better) height
estimates in regions where LTO-type
stereo coverage does not yet exist.
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point, the user photo is then loaded into the
main window and the complete set of
ULCN control points are overlaid on it to
verify that a good calibration has been
obtained.

2. This area is plotted on LTO-44D4,
which provides quite accurate coordinates
for features in this
region: http://www.lpi.usra.edu/resources/
mapcatalog/LTO/lto44d4_2/
Once loaded into the main window using
the JPEG version of the LTO chart, the
longitude/latitude values of the small area
where the shadows are going to be
measured can be calibrated using the
photographic background of LTO-44D4,
rather than the Shaded Relief map, as the
reference.
Since the LTO is a far more accurate
portrayal of the correct positions of the
lunar features, a more reliable result can be
expected.
In the present case, because the photo
covers a rather large area, the first of these
two methods (the 1994 or 2005 ULCN)
seems the easiest way to get a verifiable
overall calibration .
See Fig.1.
Result and discussion
Using the estimates of the shadow tip
positions, and measuring to the main light/
dark edge rather than to the ghost rims, the
height (H) for three different points of the
North East edge of Mare Crisium was
computed (Fig. 2 and Table 1).  The
uncertainties listed correspond to the
difference in height result observed when
the mouse position is moved by one pixel
in the original image. Because the feature
and shadow points are not that definite, the
actual uncertainty is undoubtedly larger
than this.

Point 1 extends to a height of 5454 m
above the basin floor. Points 2 and 3 show
an elevation of about 4744 m and 3495 m
respectively. The peaks that are being
measured (and the shadow tip points) can
be rather easily identified on LTO-44D4.
Although the zero point of the height
contours plotted on the LTO's is quite
arbitrary, the differences in elevation
should match those returned by LTVT (see
Table 2).
The fact that the LTVT estimated peak
locations are systematically larger than the
overhead positions recorded on the LTO is
because, in an Earth-based view, the height
of the peaks causes them to project closer
to the limb than would be expected for the
fixed radius Moon assumed by LTVT.
Nonetheless the LTVT height estimates are
systematically high (compared to the LTO
ones) by about 200 m. This could be due to
several factors, excluding a timing error in
the Earth-based photo, such as a bias in
estimating the shadow tip positions, or a
systematic error in the LTO.

Note that even with LTVT's rectification
capabilities, for a limb region like this it is
not possible to achieve a perfect overlay of
the Earth-based photo with the LTO due to
the projection effects mentioned above,
which distort the positions of high features
relative to low ones. Checking against the
LTO , described in this article, shows that
the method can be used to obtain
reasonably accurate (~5% or better) height
estimates in regions where LTO-type
stereo coverage does not yet exist.
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Table 1

Table 2
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Point no Longitude ° Latitude ° H
1 50.67 20.4 5454 ± 50 m

2 50.80 19.79 4744 ± 50 m

3 50.19 18.46 3495 ± 50 m

Point no Longitude ° Latitude ° Peak H
m

Shadow Tip
H m

H difference
m

1 50.43 19.98 8893 3680 5213
2 50.56 19.75 8214 3700 4514
3 50 18.42 7500 4110 3390
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Figure 1



page 21

TOPOGRAPY SELENOLOGY TODAY # 12

Figure 2
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Spectral Study of Aristarchus Using Clementine UVVIS NIR (415nm to 2000 nm)
By Richard Evans

Geologic Lunar Research (GLR) Group

Introduction
Clementine 16 bit images at 1100 nm, 1250 nm, 1500 nm and 2000 nm were converted
to png format and imported into ImageArithmetic where pixel division was performed to
produce 1250nm/1500 nm, 1100 nm/1500 nm, and 2000 nm/1500 nm ratio images after
the method of Le Mouelic (1999). These ratio images were assigned respectively to the
red, green, and blue channels of a blank color image in PhotoshopCS2. The resulting
false color composite ratio image and the 2000 nm/1500 nm single ratio image were used
to detect geographic areas of high pyroxene and olive composition. This information
was used to select seven geographic areas of compositional interest in and around
Aristarchus.
Until recently only five band (415 nm to 1000 nm) Clementine UVVIS spectra were
available for study on the map-a-planet website maintained by the USGS (http://
pdsmaps.wr.usgs.gov/PDS/public/explorer/html/moonpick.htm). The shape of the
normalized reflectance plot for a geographic area can be used to infer its composition by
an empirical method described by Tompkins (1998, 1999), however additional NIR
wavelengths beyond 1000 nm are required to specifically characterize the parameters of
mafic troughs. These parameters are useful in directly determining mineral composition.
Recently six additional Clementine NIR bands from 1100 nm to 2780 nm were added to
the image sets available on the map-a-planet site:
(http://www.mapaplanet.org/explorer/moon.html).
Of these, images taken at the wavelengths of the first four bands have been calibrated so
that they can be used with the five band UVVIS images to generate spectra. Absolute
reflectance and reflectance normalized to 1.0 at 750 nm vs wavelength plots were made
for the seven areas of compositional interest. A smoothing spline was applied and a

Abstract
The intent of this paper was to study the mineral content of Aristarchus using the nine
Clementine UVVIS NIR wavelength bands from 415 nm to 2000 nm available on the
usgs map-a-planet site (http://www.mapaplanet.org/explorer/moon.html ). Seven areas
within and surrounding the crater were selected for study. As an initial survey of ar-
eas of high pyroxene and olivine content, band ratio images were prepared with 1250
nm/1500 nm assigned to the red channel, 1100 nm/1500 nm assigned to the green
channel and 1500 nm/2000 nm assigned to the blue channel after the method of Le
Mouelic (1999). Spectra from 415 nm to 2000 nm were prepared from Clementine
UVVIS and NIR images and were used to study the mafic trough characteristics of
each of the seven selected areas.
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continuum division plot was prepared from each of these. The characteristics of the
mafic trough for each area were measured in PeakFit and used as a tool to infer
composition. All software used in this study is referenced in the Appendix 1.

Method
NIR single ratio images and a false color composite ratio image of Aristarchus was
prepared as described above and used as a guide to selecting areas of geographic interest
in and around the crater. Nine band Clementine UVVIS NIR images were downloaded
from the map-a-planet website as 16 bit tiff images and imported into ImageJ as an
image sequence. To achieve visualization greyscale pixel values for all images were
multiplied by 15.0. Geographic areas of compositional interest were boxed and their
greyscale values determined by use of the histogram function in ImageJ. After dividing
this result by 15.0, absolute reflectance was determined by multiplying pixel greyscale
values by the constant 0.000135 as discussed on the USGS website listed above. A cubic
constrained smoothing spline was applied to the absolute reflectance plot using
TableCurve2D and was used to interpolate additional data points along the curve. A
continuum line was then placed tangential to the slope of each curve. The reflectance
plot was divided by the continuum line at each wavelength. The area of the mafic trough
resulting from the continuum division was imported into PeakFit where trough
parameters including band center, FWHM, trough depth, trough width, and trough area
were measured. This information was used a tool, together with the results of the single
and composite ratio images to predict composition. Finally reflectance vs wavelength
plots were prepared where reflectance was normalized to 1.0 at 750 nm. The UVVIS
bands in these plots were used for empirical assessment of mineral composition by the
method described by Tompkins (1998 and 1999).
Seven Crater Areas Studied

Figure 1a
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Clementine 9 Band UVVIS NIR Spectra of Each Area Normalized to 1.0 at 750 nm:

Figure 1b

Figure 1c
Mafic NIR Ratio Image: Red=1250/1500, Green=1100/1500, Blue=2000/1500

Interpretation of Ratio Image after Le Mouelic (1999)
Bright yellow areas represent very high pyroxene content. Deep blue areas represent
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olivine content. Also, the 2000/1500 nm ratio image below shows the olivine content as
being lighter grey in approximately the 4 o’clock to 5’oclock position just outside the
crater wall. This ratio image is particularly useful in identifying olivine. Pyroxene rich
areas appear darker in this ratio image.

Figure 1d

Analysis of Aristarchus Area #1:

Figure 1e

Aristarchus Area #1 Spline Interpolation
with Continuum Line at 712.19 nm and 1702.18
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Figure 1f

Area #1 Mafic Trough Analysis using Peak Fit:

Figure 1g

Summarized Trough Data for Area #1:
Band Center: 997 nm
FWHM: 265.8
Trough Width: 490 nm
Trough Depth: 14.3%
Trough Area: 44.0
Probable Composition: Gabbro
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Study of Aristarchus Area #2:

Figure 2a

Figure 2b

Aristarchus Area #2 with Continuum Line at
712.2nm & 1702.8 nm
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Area #2 Mafic Trough Analysis using Peak Fit:

Figure 2c

Summarized Trough Data for Area #2:

Band Center: 1007 nm
FWHM: 366.73
Trough Width: 792.5 nm
Trough Depth: 18%
Trough Area: 70.87
Probable Composition: Olivine
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Study of Aristarchus Area #3:

Figure 3a

Figure 3b

Area #3 Mafic Trough Analysis using Peak Fit:

Area #3 Spline Interpolation with Continuum Line
at 712.2 and 1702.8
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Figure 3c

Summarized Trough Data for Area #3:

Band Center: 977.8 nm
FWHM: 222.4
Trough Width: 588 nm
Trough Depth: 15.7%
Trough Area: 37.2
Probable Composition: Gabbro

Study of Aristarchus Area #4:

Figure 4a

Aristarchus Area #4 Spline Interpolation with
Continuum Line at 712.2 nm & 1702.8 nm
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Figure 4b

Area #4 Mafic Trough Analysis using Peak Fit:

Figure 4c

Aristarchus Area #4 Continuum Division
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Summarized Trough Data for Area #4:

Band Center: 966 nm
FWHM: 213.4
Trough Width: 594.4 nm
Trough Depth: 20.6%
Trough Area: 46.8
Probable Composition: Gabbro

Study of Aristarchus Area #5:

Figure 5a

Figure 5b

Aristarchus Area #5 Spline Interpolation with
Continuum Line at 712.2 nm & 1603.75 nm
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Area #5 Mafic Trough Analysis using Peak Fit:

Figure 5c

Summarized Trough Data for Area #5:
Band Center: 977.3 nm
FWHM: 242.5
Trough Width: 448 nm
Trough Depth: 17.6%
Trough Area: 45.5
Probable Composition: Gabbro

Study of Aristarchus Area #6:

Figure 6a

Aristarchus Area #6 Spline Interpolated with
Continuum Line at 712.2 nm & 1702.8 nm
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Figure 6b

Area #6 Mafic Trough Analysis using Peak Fit:

Figure 6c

Aristarchus Area #6 Continuum Division
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Summarized Trough Data for Area #6:
Band Center: 993 nm
FWHM: 197.3
Trough Width: 326 nm
Trough Depth: 9.6%
Trough Area: 20
Probable Composition: Gabbro

Study of Aristarchus Area #7:

Figure 7a

Figure 7b

Aristarchus Area #7 Spline Interpolation with
Continuum Line at 712.2 nm & 1702.8 nm
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Area #7 Mafic Trough Analysis using Peak Fit:

Figure 7c

Summarized Trough Data for Area #7:

Band Center: 1000 nm
FWHM: 253.58
Trough Width: 326 nm
Trough Depth: 13.5%
Trough Area: 36.3
Probable Composition: Gabbro

Table 1 Mafic Trough Parameters
Area Band Center

nm
FWHM
nm

Trough Width
nm

Trough Depth
%

Trough
Area

Composition

#1 997 266 490 14 44 Gabbro
#2 1007 367 793 18 71 Olivine
#3 978 222 588 16 37 Gabbro
#4 966 213 594 21 47 Gabbro
#5 977 243 448 18 46 Gabbro
#6 993 197 326 10 20 Gabbro
#7 1000 254 326 14 36 Gabbro
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Table 2 Continuum Slope

Discussion

Mafic absorption was strong or very strong in all seven areas in and around Aristarchus
that were sampled. Area #2 showed a band center beyond 1000 nm and a broad
bandwidth consistent with olivine and this composition was supported both by the 2000
nm/1500 nm single ratio image (Figure 1d) and the composite ratio image (Figure 1c).
All remaining areas showed strong pyroxene mafic trough parameters that were
consistent with high calcium pyroxene (i.e. clinopyroxene).
This was consistent with gabbro. No noritic trough parameters were encountered (i.e.
band centers less than 950 nm). Although Areas #1, 5, and 7 showed shallow continuum
slopes suggestive of a feldspathic content, the band depths observed appeared to indicate
a substantial mafic component. It is possible that the shallow continuum slopes in these
areas reflects immaturity of the soil, since more mature soils have steeper (i.e. “redder”)
slopes showing increased reflectance at more infrared wavelengths. On this basis, Areas
#2, 6 and 3 showed “redder” slopes which may indicate a greater degree of maturity than
the other areas. It is also possible that landslides are responsible, at least in part, for
observed differences in maturity.

More recently exposed areas would be expected to have shallower continuum slopes. It
was not possible to obtain spectra for the central peaks of Aristarchus themselves in the
present study due to overexposure of the peaks on Clementine images available at the
map-a-planet website, particularly in the 415 nm band. Results of the present study
generally support prior observations of the composition of Aristarchus found in the
literature with an excellent recent example being Le Moulic (1999). Other literature
includes Chevrel (2004), McEwen (1994), and Pieters ( 1993).
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APPENDIX 1

Links for referenced software:

EXCEL: http://office.microsoft.com/en-us/excel/default.aspx

Image Arithmetic: http://homepages.inf.ed.ac.uk/rbf/HIPR2/arthops.htm

ImageJ: http://rsbweb.nih.gov/ij/

Peak Fit: http://www.systat.com/products/PeakFit/

Photoshop CS2/CS3: http://www.adobe.com/products/photoshop/index.html

Table Curve 2D: http://www.systat.com/products/TableCurve2D/
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The Consolidated lunar dome catalogue (CLDC)

By GLR Group

The Consolidated Lunar Dome Catalogue contains all lunar domes which have been studied
in detail by the GLR group and for which reasonably accurate morphometric properties
could be determined. The catalogue is continuously updated according to ongoing observing
and modelling activities. It is maintained by Raffaello Lena and Christian Wöhler and is ac-
cessible online at :

http://digilander.libero.it/glrgroup/consolidatedlunardomecatalogue.htm

For each dome, the following properties are listed:

-ID: Label of the dome according to the scheme used in the articles published by the GLR
group.

-Longitude: Selenographic longitude of the dome centre in degrees (positive in eastern di-
rection)

-Latitude: Selenographic latitude of the dome centre in degrees (positive in northern direc-
tion)

-750 nm albedo: Albedo of the soil at 750 nm according to Clementine UVVIS data

-415/750: Reflectance ratio between 415 nm and 750 nm according to Clementine UVVIS
data. This reflectance ratio is an indicator of the titanium dioxide (TiO2) content of the soil.

-950/750: Reflectance ratio between 950 nm and 750 nm according to Clementine UVVIS
data. This reflectance ratio is an indicator of the iron oxide (FeO) content of the soil but also
of its optical maturity.

-Slope: Average inclination angle of the dome flank in degrees.

-D: Base diameter of the dome in kilometres.

-h: Average height of the dome summit above the surrounding surface in metres

-V: Volume of the dome edifice in cubic kilometres.

-f: Form factor (1/3 for conical shape, 1/2 for parabolic shape, 1 for cylindrical shape)

-Dc: Average diameter of the summit vent (if present) in kilometres

-Class: Dome class according to the classification scheme introduced by GLR, for effusive
and intrusive domes, which has been extended and related to the modelled rheologic proper-
ties of the dome-forming magma.

-Name: Traditional name of the dome or name according to previous catalogues.

The CLDC website contains:
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a) The lunar dome list, prepared in HTML and also in Excel format for download:

http://digilander.libero.it/glrgroup/cldc.htm

http://digilander.libero.it/glrgroup/cldc.xls

b) The diagrams for classification scheme used by the GLR group to establish criteria for
effusive and intrusive structures to be “classified” as described in our articles:
http://digilander.libero.it/glrgroup/classification.htm

c) Images showing the domes with their ID used in the list (a):

http://digilander.libero.it/glrgroup/images.htm

d) A list of some of our articles

http://digilander.libero.it/glrgroup/publications.htm

Especially, modern high-resolution telescopic CCD imagery in combination with spacecraft
data reveals novel insights into the topography and geology of the Moon and the processes
that formed its surface. In this catalogue, the domes are routinely described and classified in
terms of the two new schemes for effusive and intrusive domes. The CLDC published by the
GLR group provides a new resource to share these findings with the lunar science commu-
nity.

Publications from which the CLDC has been compiled

[1] Lena, R., Wöhler, C., Bregante, M. T., Lazzarotti, P., Lammel, S., 2008. Lunar domes in
Mare Undarum: Spectral and morphometric properties, eruption conditions, and mode of
emplacement. Planetary and Space Science 56, pp. 553-569.

[2] Wöhler, C., Lena, R., Phillips, J., 2007. Formation of lunar mare domes along crustal
fractures: Rheologic conditions, dimensions of feeder dikes, and the role of magma evolu-
tion. Icarus 189(2), pp. 279-307.

[3] Lena, R., Wöhler, C., Phillips, J., Wirths, M., Bregante, M. T., 2007. Lunar domes in the
Doppelmayer region: Spectrophotometry, morphometry, rheology, and eruption conditions.
Planetary and Space Science 55, pp. 1201-1217.
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spectrophotometric and morphometric study of the lunar mare dome fields near Cauchy,
Arago, Hortensius, and Milichius. Icarus 183(2), pp. 237-264.

http://digilander.libero.it/glrgroup/cldc.htm
http://digilander.libero.it/glrgroup/cldc.xls
http://digilander.libero.it/glrgroup/images.htm
http://digilander.libero.it/glrgroup/publications.htm


page 41

[5] Lena, R., Wöhler, C., Bregante, M. T., Fattinnanzi, C., 2006. A combined morphometric
and spectrophotometric study of the complex lunar volcanic region in the south of Petavius.
Journal of the Royal Astronomical Society of Canada 100(1), pp. 14-25.

[6] Lena, R., Wöhler, C., 2008. Intrusive Lunar Domes: Morphometry and Mode of Emplace-
ment. Lunar and Planetary Science Conference XXXIX, abstract #1122, League City, Texas.

[7] Pau, K. C., Lena, R., Wöhler, C., Bregante, M. T., Sbarufatti, G., 2008. Effusive Lunar
Domes in Mare Tranquillitatis: Morphometry and Mode of Emplacement. Lunar and Plane-
tary Science Conference XXXIX, abstract #1107, League City, Texas.

[8] Wöhler, C., Lena, R., Pau, K. C., 2007. The lunar dome complex Mons Rümker: Mor-
phometry, rheology, and mode of emplacement. Lunar and Planetary Science Conference
XXXVIII, abstract #1091, League City, Texas.

[9] Lena, R., Wöhler, C., Bregante, M. T., 2008. A study about Rupes Recta, Rima Birt, and
two bisected domes near Birt. Selenology Today 10, pp. 41-66.

[10] Lena, R., Wöhler, C., Phillips, J., Bregante, M. T., Benavides, R., 2008. A lunar dome
near Palmieri crater and the properties of intrusive lunar domes. Selenology Today 10, pp. 4-
14.

[11] Lena, R., Wöhler, C., Bregante, M. T., Phillips, J., Zompatori, D., Sbarufatti, G., 2007.
Two domes in Mare Fecunditatis near Messier crater. Selenology Today 3, pp. 25-37.

[12] Lena, R., Wöhler, C., Pau, K. C., Bregante, M. T., 2007. A study about the Manilius re-
gion and a dome located at 08.26° E and 10.52° N. Selenology Today 3, pp. 9-24.

[13] Lena, R., Wöhler, C., Wöhler, A., Phillips, J., Pau, K. C., Lazzarotti, P., Bregante, M. T.,
2006. A study about two unlisted domes near Promontorium Laplace. Selenology Today 1,
pp. 11-17.

[14] Lena, R., Wöhler, C., Phillips, J., Bregante, M. T., 2006. The Hortensius-Milichius-
Tobias Mayer region: An unlisted dome located at 25.17° W and 6.07° N. Selenology Today
1, pp. 4-10.

[15] Viegas, R., Lena, R., Wöhler, C., Phillips, J., 2006. A study about the T. Mayer B high-
land dome. Journal of the British Astronomical Association 116(5), p. 266.

[16] Lena, R., Pau, K. C., Phillips, J., Fattinnanzi, C., Wöhler, C., 2006. Lunar domes: a ge-
neric classification of the dome near Valentine, located at 10.26° E and 31.89° N. Journal of
the British Astronomical Association 116(1), pp. 34-39.

[17] Lena, R., Fattinnanzi, C., Phillips, J., Wöhler, C., 2005. A study about a dome near
Yerkes: observations, measurements and classification. Selenology 25(2), pp. 4-10.

[18] Lena, R., Wöhler, C., Pujic, Z., Phillips, J., Lazzarotti, P., 2005. An unlisted dome near
crater Arago, located at longitude +21.96° and latitude +7.66°. The Lunar Observer, August
2005, pp. 5-9.

LUNAR DOME CATALOGUE SELENOLOGY TODAY # 12



page 42

[19] Lena, R., Wöhler, C., Phillips, J., Bregante, M. T., Lazzarotti, P., 2005. An unlisted dome
near Cauchy, located at 36.75° E and 11.06° N. The Lunar Observer, July 2005, pp. 8-13.

[20] Lena, R., Pujic, Z., Wöhler, C., Bregante, M. T., 2005. An unlisted dome near Hortensius
E - Located at 25.17° W and 6.07° N. The Lunar Observer, June 2005, pp. 8-12.

[21] Lena, R., Wöhler, C., Phillips, J., Bregante, M. T., Pau, K. C., 2005. A dome near crater
Vendelinus, located at longitude +57.83° and latitude -15.74°. The Lunar Observer, May 2005,
pp. 8-11.

LUNAR DOME CATALOGUE SELENOLOGY TODAY # 12

http://digilander.libero.it/glrgroup/cldc.htm
http://digilander.libero.it/glrgroup/images.htm


page 43

HISTORICAL NOTE SELENOLOGY TODAY # 12

WILLIAM HENRY PICKERING:
THE CANALS IN THE MOON

By Maria Teresa Bregante

Geologic Lunar Research (GLR)
group

William H. Pickering American
astronomer (1858–1938) born in Boston

William H. Pickering was an astronomer 

just like his  brother  Edward.  

  Born in Boston, he studied at the

Massachusetts Institute of Technology

where he worked after graduating in

1879. In 1887 he moved to the Harvard

College Observatory where his brother

was director. He set up a number of

observing stations for Harvard including

that at Arequipa, Peru, in 1891 and

Mandeville, Jamaica, in 1900. He took

charge of the latter in 1911, converting it

into his own private observatory

following his retirement in 1924.

He also helped Percival Lowell set up

his private observatory in Flagstaff,

Arizona, and, also like Lowell,

concerned himself with the trans-

Neptunian planet. In 1919, on the basis

of past records, he predicted that a new

planet would be found near the

cons t e ll at ion of Ge m ini b ut

photographic surveys failed to confirm

his prediction. When the planet was

finally detected in 1930 by Clyde

Tombaugh, Pickering made a somewhat

exaggerated claim to be its discoverer.

He made extensive observations of Mars

and claimed, like Lowell, that he saw

signs of life on the planet by observing

what he took to be oases in 1892. He

went further than Lowell however when

in 1903 he claimed to observe signs of

life on the Moon. By comparing
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descriptions of the   Moon from

Giovanni Riccioli's 1651 chart

onward, he thought he had detected

changes that could have been due to

the growth and decay of vegetation.

He was more successful in 1899

when he discovered Phoebe, the ninth

satellite of Saturn. This was the first

planetary satellite with retrograde

motion to be detected, i.e., with

orbital motion directed in an opposite

sense to that of the planets. His 1905

report of a tenth satellite, which he

confidently named Themis, was not

substantiated. He led solar eclipse

expeditions and studied craters on the

Moon, and hypothesized that changes

in the appearance of the crater

Eratosthenes were due to "lunar

insects". He claimed to have found

vegetation on the moon.

Just in this article "The Canals in the

Moon" by Pickering published in

1901 in The Century Magazine, he

describes some of his observations

made with his telescope on the

Eratosthenes crater.

In this crater the author believed to

have identified the "channels of the

M oon" collect in g back ground

information about their existence

wit h differ ent drawin gs and

photograp hs made in different

periods. In this article Pickering

asserts that he found inside the crater,

a set of paths of canals and lakes

whic h p rovi des an ac cur at e

description referring to the channels

of Mars, at the time already famous.

In this art icle the author also

proposed the presence of a form of

vegetation (unlikely) as also claimed

t h e F r e n ch a s t r o n o m e r C .

Fla m ma ri on on   " As tro nom ie

populaire"  (1892). 

And now it is time to begin with  Pi-

ckering's article. Happy reading!
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Gerardo Sbarufatti Skywatcher 80 ED

VENUS OCCULTATION SELENOLOGY TODAY # 12

VENUS OCCULTATION INGRESS

VENUS OCCULTATION EGRESS
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VENUS OCCULTATION DECEMBER 1, 2008
Raffaello Lena TMB 13 cm Refractor
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AANIMATION OF VENUS OCCULTATION
By Raffaello Lena Rome (Italy)
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Camille Flammarion from “Astronomie populaire”
Venus occultation drawings

October 14, 1874
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FROM “Astronomie populaire” by Camille Flammarion (1908)
Occultation October 14 1874


