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A new lunar resource: The Photographic Lunar Album by KC Pau
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m very impressed with new available photographic lunar album by KC Pau, a valuable
resource for lunar observations. KC Pau produced 119 plates reporting his telescopic images
of high quality. This remarkable album provides a compilation of relevant images accessible
for the amateur interested in observing the Moon in order to have a solid base for lunar
studies. In fact, some of the lunar regions are shown under different solar angles allowing the
study of many elusive structures, such as elusive rilles and domes.
The best thing about this album is the demonstration how amateurs can go about pursuing
this type of observing activity, exactly what that Pau does on a regular basis since decades.
Digital imaging enhanced amateur capabilities demonstrating the utility of CCD-image
analysis in the elucidation of lunar domes and their properties, providing important geologic
information and measurements for their classification. Many of these excellent images made
by Pau have been analyzed allowing the publication of several GLR articles in professional
journals.
I was lucky to meet, some years ago, KC Pau in Rome talking with him about the projects
concerning lunar researches, and the valuable resource represented by a “new lunar atlas”.
Our past activities, made in the GLR group, are really memorable and very meaningful,
stimulating further studies and observations of many elusive features, most of them proposed
by Pau. As examples I can mention the rille traversing the large Valentine dome, the smaller
northern dome, the elusive rilles near Manilius and Lassel, features identified before of the
high resolution imagery recently taken by probes such as Selene and the LRO!
I am glad that KC Pau, active amateur astronomer in GLR group, has produced this
remarkable resource with enough variety of lunar regions to interest any lunar enthusiast.
Surely it is the first important result of a series of upcoming books born, likely, during the
productive activities developed in the GLR group with combined efforts in order to
understand the geologic processes occurred in our Moon. I am sure that this “unique
principle” will allow the publication of further books.
Moreover, as the new photographic lunar album by Pau shows, elusive objects must be
imaged under very oblique solar angle, demonstrating how exploring the terminator can still
be productive for lunar investigations based on telescopic CCD images. The results of the
work done by Pau, as the work done by the GLR group, demonstrate that our moon is a
resource to be still explored.
The price of the album is as follows.
For Europeans: 22 euros (including air postage).
For UK readers: 17.5GBP (including air postage).
For Americans:28 US$ (including air postage).
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Anyone interested in this valuable lunar resource can email to KC Pau
kcpaulhk@yahoo.com.hk
Let me conclude, referring to my compatriot Gaetano Filangieri, that “saying that everything
has already been done is the language of those who either lack ability or courage." (Gaetano
Filangieri 1784). This principle, illustrated in the images presented in this recommended
valuable album, should be the “inspiriting base and the key” for the youngest generation of
amateur astronomers.

Raffaello Lena
GLR group founder, and editor in chief of Selenology Today
Communication by Pau (May 6, 2012)
As the printing cost and the delivery charge is up very rapidly, I decide not to re-print this
album when the stock is out. There is only a few copies left in the stock.
So if it is convenient to you, please mention this case to the readers.
I don't want to disappoint them that they cannot order this album.
Regards
Pau
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Detection of two probable small meteoroidal impacts on the Moon
by Marco Iten (a), Raffaello Lena (b) , Stefano Sposetti (c)
(a) Garden Observatory
(b) Geologic Lunar Research (GLR) Group
(c) Gnosca Observatory
Abstract
In the course of our monitoring of the lunar surface during post-full Moon of November and
December 2011, we could detect 2 small light flashes. These flashes were simultaneously
recorded by three telescopes and videocams placed 13km apart. Both flashes were quite
brief. We argue these flashes are originated by meteoroidal impacts. In addition the mass of
the impactor for the flash occurred on December 19, 2011 at 02:27:45.7 UT is estimated
using a nominal model with conversion efficiency from kinetic to optical energy of 2×10 -3
and 2×10 -2. The results show that the meteoroid is likely to range in size from about 4 to 9
cm in diameter producing a crater of about 3-6 m in diameter.

1. Instruments and observing methods
Our equipment and observing procedure was presented and discussed in preceding articles
(Sposetti et al., 2011; Lena et al., 2011) published in Selenology Today N. 22, 23, 24 and 25.

We observe from two locations with three different telescopes:
- a 125mm refractor, located in Gordola, Switzerland.
- a 280mm and a 420mm reflectors located in Gnosca, Switzerland.
The two observatories are at a distance of 12.9km. The instruments are equipped with Watec
902H2 Ultimate and Watec 902H2 Supreme videocameras. Three GPS time inserters
(KIWI-OSD and IOTA-VTI) print the Universal Time with 1pps precision in the video
frames. Time synchronicity of the various files in the two observatories is therefore assured.
2. Detections
Table 1 shows the information about the detections. Figure 1 and 2 show the location on the
Moon of the detected flashes. We do not assign any luminosity value to the first flash. In fact
no reference stars were in the field of view during the monitoring.
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Excluding cosmic rays: We exclude cosmic rays because of the very low probability that
they appear simultaneously in three sensors at the same lunar coordinates.
Parallax angles:
Flash N.1 (Nov 21 2011). The Moon was seen at a parallax angle of 7.3arcsec as seen from
the two observatories (see Table 2). Thus the true distance between the two observatories of
12.9km measured along the earth surface (accordingly to © Google Earth) must be slightly
reduced to the apparently distance of 12.8km (measured normal to the line-of-sight).
Flash N.2. (Dec 19 2011). The Moon was seen at a parallax angle of 6.3arcsec as seen from
the two observatories (as calculated in Table 2). Thus the true distance of 12.9km measured
along the earth surface (accordingly to © Google Earth) must be reduced to the apparently
distance of 11.3km (measured normal to the line-of-sight).
Excluding artificial satellite glints:
Flash N.1 (Nov 21 2011).
Three artificial satellites (2000-028A, 1975-117A, 2009-065A) were in a 2° diameter field of
view centered on the Moon accordingly to © www.calsky.com. The nearest of them was at
39arcmin, ie. outside the Moon disk. This satellite was at a distance of 39'000km. The
parallax of this satellite from our two observatories is 67.7arcsec. The (biggest) sampling of
one of our imaging fields is 2.8arcsec/pixel (in Iten's setup). This yields a distance of 24
pixels. In our images we do not see any evident parallax displacement between the position
of the flashes (at least within some pixels).
Flash N.2. (Dec 19 2011).
During the december 19 2011 event, also three artificial satellites (1982-093A, 1984-081F,
2008-018C) were in a 2° diameter field of view centred on the Moon. The nearest of them
was predicted 25arcmin away (ie. outside the Moon disk) and at a distance of 40'000km. The
parallax of this satellite measured from our two observatories is 58.3arcsec. This gives a
calculated shift of 21 pixels. No evident shift in position is detectable between the flashes in
the images made from the two observatories.
Excluding head-on Earth meteors: The previous considerations made for satellite glints is
by far more valid here. Because meteors brighten at a distance of roughly 50 to 100km above
Earth surface, their parallax is much larger than the parallax of (geostationary) satellites
previously calculated.
We therefore conclude that the two flashes have most probably happened at the Moon
distance.
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Flash N. 1

Flash N. 2

Nov 21 2011

Dec 19 2011

05:25:22.5

02:27:45.7

Duration (s)

0.02 (=1 field)

0.06 (=3 fields)

Max Magnitude (V)

no measured

8.2 ± 0.5

34.0° ± 0.5° E

1.5° ± 2.0° E

0.20 ± 0.2° N

7.00 ± 2.0° S

Near Maskeline A

Near Ptolemaeus and Hipparchus Q

RA: 12h 03m

RA: 12h 35m

De: -06°22'

De: -09°24'

Date
UTC Time (hh:mm:ss.s)

Selenographic Coordinates

Remarks

Center Moon Coordinates
(Eq. 2000.0)

Center Moon Horizon Coor- Az: 144°08' Alt: +30°51'
dinates

Az: 122°34' Alt: +15°42'

Phase (%)

22.3

38.1

Air Mass

1.95

3.68

32'41"

32'20"

Moon angular diameter

Table 1 . Informations about the flashes and the Moon

page 6

Selenology Today 28

Lunar Impacts

Figure 1. Detection of the impact flash N. 1 (Nov 21 2011, cf. Table 1) recorded simultaneously
by Iten with a 123 mm refractor (top image) and Sposetti with a 280mm reflector telescope
(middle image) and a 420mm reflector telescope (bottom image).
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Figure 2. Detection of the impact flash N. 2 (Dec 19 2011, cf. Table 1) recorded
simultaneously by Iten with a 123 mm refractor (top image) and Sposetti with a 280mm
reflector telescope (middle image) and a 420mm reflector telescope (bottom image).
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Flash N. 1

Flash N. 2

RA

12h 02m 39.101s

12h 34m 34.838s

Dec

-6d 22m 33.20s

-9d 23m 33.55s

Distance, topocentric (km)

362270

367782

RA

12h 02m 39.563s

12h 34m 35.217s

Dec

-6d 22m 30.75s

-9d 23m 30.64s

Distance, topocentric (km)

362271.992

367788.89

7.31

6.34

Precise Apparent Moon Coordinates (Eq.2000.0)
as seen from Sposetti's observatory

Precise Apparent Moon Coordinates (Eq.2000.0)
as seen from Iten's observatory

Parallax of the Moon as seen from the
two observatories (arcsec)

Table 2. Apparent Topocentric Positions of the Moon (http://aa.usno.navy.mil/data/docs/
topocentric.php)
3. Considerations on meteor showers
Accordingly to the International Meteor Organization (www.imo.net/calendar/2011#octdec)
when the flash N.1 happened, two meteor showers were active: the Leonids (LEO) and the
alpha Monocerotids (AMO). This last shower peaked around 04h UT on November 22 2011.
The flash N. 2 was recorded when the Ursids (URS) were active (from December 17–26;
predicted maximum: December 23, 02h UT).The photometry was calculated using the star HD
109783 (Sp.Type: K2, 8.56 magV) inside the field of view at about 04:57 UT. We performed
the method of aperture photometry and used v.1.3.0.409 of Tangra© software by Hristo
Pavlov (http://www.hristopavlov.net/Tangra).

page 9

Selenology Today 28

Lunar Impacts

Figure 3. Lightcurves of the flash n. 1 (Nov 21 2011). Iten (top image) and Sposetti with a
280mm reflector telescope (middle image) and a 420mm reflector telescope (bottom
image).
.
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Figure 4. Lightcurves of the flash n. 2 (Dec 19 2011). Iten (top image) and Sposetti with a
280mm reflector telescope (middle image) and a 420mm reflector telescope (bottom image).
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4. Luminous efficiencies of the impactors and initial mass estimates
According to Ortiz et al. (2006) the mass of the impactor is estimated using a nominal model
with conversion efficiency from kinetic to optical energy of 2×10-3 and 2×10-2. The
parameters used in the calculation are the projectile density (2000 kg m -3), the target density
(2000 kg m -3) and the impact velocity. Using the luminous efficiency of 2 x 10-3 (the
nominal value determined from Leonid impact flashes, e.g., Bellot Rubio et al., 2000; Ortiz
et al., 2002) and the speed of the Ursids (32.6 km s -1), the mass of the impactor would be
0.65 kg for Flash n. 2.
Based on the above data and assuming a spherical projectile, the diameter of the impactor
was inferred to be approximately of about 9 cm. This impactor would strike the target with
an energy of 3.7 x 108 Joules (9 x 10 -8 MegaTons). A luminous efficiency of 2 x 10-2 yields a
mass of the impactor and the impact energy considerably less than the preceding inferred
value by a factor of 10. Using Gault’s scaling law in regolith for crater sizes (Melosh, 1989;
Melosh and Beyer, 1999), the size of the lunar impact crater was computed to be 6 m. Using
the luminous efficiency of 2 x 10-2 the mass of the impactor would be 0.065 kg with an
impact crater estimated of about 3 m.
It should be noted, however, that these values are “nominal”, since the results includes
uncertainties in the projectile density, meteoroid mass and luminous efficiency.
Based on a modelling analysis the meteoroid is likely to range in size from about 4 to 9 cm
in diameters and produced a crater of about 3-6 m in diameter.
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On the complex rilles system south of the Manilius crater
by KC Pau and Raffaello Lena
Geologic Lunar research (GLR) group
Abstract
In this study we examine two rilles located near the crater Manilius and imaged during a
survey started in the year 2004 using telescopic CCD images. During our analysis we have
identified a complex rilles system which is not reported in the Atlas of the Moon by A. Rükl,
in the Lunar Quadrant Maps and in the LAC charts. The two structures are detectable in the
WAC imagery. Based on GLD 100 data, the two degraded rilles are only 30-40 m deep.

1. Introduction
There are so many rilles existing on the surface of the near-side Moon. Some of them are
very easy to locate, such as the most-renowned Triesnecker complex rilles system and the
Hippalus rilles system. There are some rilles that you need an appropriate illumination
condition to identify them, such as the Rima Sheepshanks. To look for an unlisted or
unnamed rille on the Moon is really a challenging task that can be compared with finding a
new lunar dome.
During an our previous survey an unnamed narrow rille, located just south of the crater
Manilius, was imaged by KC Pau using telescopic CCD images. Clementine imagery,
reported in an our preceding work (Lena et al., 2007), taken under high solar elevation angle,
shows a hint of this feature, which looks like a degraded structure. It is about 80 km long and
oriented roughly radially with respect to Mare Imbrium and is running in parallel to the
Ariadaeus rille. This unnamed rille, not reported in the Atlas of the Moon by A. Rükl, in the
Lunar Quadrant Maps and in the LAC charts, is unofficially termed Rima Pau by the
dedicated lunar amateur astronomer. A second angular rille is detectable in this region,
meeting the first horizontal rille running in E-W direction.

2. Telescopic CCD images
2.1 Images from Hong Kong using a Newtonian telescope of 25 cm
On December 30, 2003 Pau took some AVI clips near the terminator from north to south to
look for any unlisted domes. The seeing in that evening was average and the sky was not so
clear but a few minutes of steadiness was happened. When Pau checked the processed image
of crater Manilius taken at 12h36m UT at colongitude 353o (Fig. 1), he noticed a dark streak
running in nearly east-south and north-west direction diagonally touching the northern edge
of crater Boscovich P. At first, He thought it might be a processing artefact. When Pau
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carefully browsed through the other images of the same area taken at the same evening, the
streak was detectable.

Figure 1
When Pau re-checked the image again, another short dark streak, running in east-west
direction toward the previous rille, was noticed. However, at that time it was not confirmed
by other group members, until the recent observation carried out by Lena on March 29, 2012
(cf. section 2.2). Recently, a raw WAC image in this area was processed by Lena. The WAC
image really shows another rille at the same location that Pau noticed the short streak before.
This second rille is very distinct at the western portion and then fades out smoothly toward
the eastern part. In the image taken on December 27 2006 at 10h47m (UT), at colongitude
358o, this second rille is clearly shown (Fig. 2).
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Figure 2
The orientation of the second rille has the same nature of Rima Sheepshank, which runs
horizontally against the sunlight and make it not easily be detected.
From a series of images taken at different colongitudes, it shows that the Rima Pau is best
seen at colongitudes 353degree to 359 degree and at colongitude 169 degree (Fig. 3).
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22 Nov 2005, 22h32m UT at colongitude 169o 13 Dec 2010, 11h38m UT at colongitude 359o
Figure 3

2.2 Images from Rome using a Maksutov-Cassegrain 18 cm
Figure 4 shows an image taken by R. Lena on March 29, 2012 at 19:22 UT using a MakCassegrain 180 mm of diameter and a Lumenera LU 075M CCD camera.
An evident lunar dome 70 m high, first detected by Pau and reported in an our preceding
paper (cf. Lena et al., 2007), is marked with an arrow. Incidentally, the same image also
displays a second more elusive rille.
The image shown in Fig. 5 reveals much detail in the Manilius region, including the most
evident horizontal rille, located to the south of Manilius, interconnected with the second
rille.
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Figure 4

Figure 5

page 18

Selenology Today 28

Topography

3. LRO WAC Imagery
Due to the comparably high illumination angle, the first examined rille is not clearly visible
in the Lunar Orbiter imagery. These two rilles, first imaged by Pau in December 2003, are
confirmed by the Lunar Reconnaissance Orbiter (LRO) WAC image which displays this
elusive rilles system (cf. Fig. 6).

Figure 6. Crop of the WAC image M116255749ME of the examined rilles detectable
also in telescopic CCD images (see text for details)

The stratigraphic relationships between the rilles and other surface features indicates the
relative age of landforms in this region. The second rille cuts an elevated soil in the middleleft of the WAC frame of Fig. 6. This relationship suggests that the rille is younger than the
highland soil. However, there are small craters present on both rilles floor, which suggests
that the rilles are older than these superposing craters.
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Uncalibrated Wide Angle Camera
(WAC) image M116255749ME processed by Raffaello Lena using the
software LROC WAC Previewer by
J. Mosher
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4. GLD 100 data set
Using digital photogrammetric techniques, a terrain model can be computed from the stereo
overlap and an useful web resource is represented by the LRO altimetry tool (ACT-REACT
Quick Map). Using this data set it is possible determine distances, profiles, depths and/or
elevation of several lunar features. Using the ACT-REACT tool, GLD 100 data, at the
western branch, the horizontal degraded rille (termed unofficially Rima Pau) is only 30-40 m
deep. Similar depth was inferred for the second rille (cf. Figs. 7 and 8).

Figure 7
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Figure 8
5. Conclusion
We have identified in the WAC imagery this complex rilles system.
The unofficially Rima Pau is a shallow rille apparently in connection with a second rille,
imaged by us (Figs. 1-5) that is oriented horizontally to the light direction so it can only be
shown at certain light angle, like Rima Sheepshank. Interestingly the first Rima Pau is not
clearly shown in WAC imagery when compared with our images, while the second rille
(running angularly to Rima Pau) is clearly shown in WAC imagery but less evident in our
images.
The average width of the least-disturbed linear sections of the Rima Pau is ~940 m and its
depth is ~30, computed using the GLD 100 data set.
If a graben is caused by the near surface intrusion of a dike, there will be a relationship
between the dike geometry and the graben geometry which is based on several data reported
in literature and adopted by Giguere et al (2010). Using the same approach for the horizontal
first rille the ratio of the width of a graben to the depth to the top of the causative dike would
be in the range ~3 to 4, implying that the depth to the rille dike top D is of order 940/3.5 =
~269 m. The ratio of the dike width W to amount of vertical subsidence S of the graben floor
is considered to be 1.0 to 1.5, so we estimate W = ~1.25 x 30 m = ~38 m.
No albedo variations are detectable in this region and near the rilles suggesting the absence
of pyroclastic material and lava, as it is the case for the magmatic origin for Rima Hyginus.
Likely two shallow rilles are two degraded structures, which deserve further investigation.

page 22

Selenology Today 28

Topography

References
Lena, R., Wöhler, C., Pau, KC and Maria Teresa Bregante, 2007. A study about the
Manilius region and a dome located at 08.26° E AND 10.52° N. Selenology Today, 3, pp. 924
Giguere, T.A., Wilson, L., and Hawke, B. R. Magmatic origin for Rima Hyginus:
implications for its feeder dike. 41 st Lunar and Planetary Science Conference (2010).

page 23

Lunar geology with „amateur” equipment
by Piotr M aliński

Abstract
In this article I'm going to present maturation and mafic ratio images obtained with mass
made astronomical equipment. The goal of this task was to produce lunar maps by using
bandpass imaging. Methods used are presented and described.
1. Introduction
In several articles appeared in Selenology Today are described various methods of analyzing
spectral lunar images (cf. References list and Selenology Today 19). One of them were
maturation and mafic false-color images showing differences in surface age and
composition. Using a set of images made at 415, 750, 900, 950 and 1000 nm it is possible to
create such images.
Taking off the shelf camera and telescope to make lunar images at those wavelengths isn't
easy, especially if you are counting on high resolution images. First of all plain CCD or
CMOS sensors have low quantum efficiency at long infrared wavelengths. Even the better
ones like Sony ICX285 can offer around 12% at 900 nm and around 4% at 1000 nm. Lower
sensitivity to light enforces longer exposures but on high resolution that's not possible due to
air turbulence blurring the view – unfrozen seeing.
Constantly improving image processing software, as well as imaging sensors and their
sensitivity or low noise do however allow do take such images even at 1000 nm, but on a
limited scope resolution. In my tests sensors with 5,6 or 5,3 micrometer pixels in fast
machine vision cameras were capable of recording lunar surface with narrow bandpass filter
even with the speed of 20 FPS (showed and described later in the article) using a 11” SCT at
f/10. Brighter f-ratios would be even better, but at the expense of resolution. By the end of
2012 we should see a yet another new generation of imaging sensors. E2V showed their
Ruby line of CM OS sensors. They offer 40% QE at 900 nm and around 10% at 1000 nm
coupled with very low read noise. That should noticeably improve any narrowband imaging.
Second part are bandpass filters. If the price is not a problem then it's not a problem, but not
everyone is willing to spend more than 100 EUR per small filter. But also filter market
evolves. Cheap interference filters show up in shops like Edmund Optics or you can get
production overruns and refurbished filters on ebay. That drops the price to 50-20 EUR per
filter. Their performance will be rather poor compared to astronomical narrowband filters,
but still they do work.
2. Equipment used
To make mafic and maturation ratio images I had to gather the whole filter set. From
Edmund Optics I bought 10 nm FWHM interference bandpass filters centered at 766, 905
and 940 nm (closest to the bandwidths given in the reference paper). From eBay
OmegaOptical related stores I got 425 nm (40 nm FWHM ), 745 nm (30 nm FWHM )
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bandpass and 1000 nm longpass (cut-on 986 nm) filters. Each had 25 – 24 nm diameter. The
766 nm filter was used with TSAPO65Q shots, while 745 nm filter with C11. For imaging I
used Atik 314L+ (cooled, 16-bit camera for long exposure imaging) as well as
DM K21AU618 and IDS UI-1245LE-M -GL machine vision fast cameras imaging at 8-bit.
Two telescope were used – 65/420 mm APO refractor for low resolution images and 11”
SCT (C11) for high resolution images. Filters were placed in a filter wheel within the
imaging chain.
3. Image acquisition
Low sensitivity to long wavelengths was a problem. Using the 65mm APO and Atik 314L+
even 1-3 sec exposures were required for the longest wavelengths. On the other hand seeing
at such wavelengths is limited so at that small resolution sharp images were obtained. I
captured 50 frames per every filter. Exposure times were set to give nearly full histogram
fill.
For f/10 high resolution imaging I used typical “planetary” cameras – DM K and IDS
machine vision cameras. 8-bit capture combined with high gain allowed recording at
relatively short exposures (40-60 ms max). The disadvantages is noise which even at around
2000 frame stacks will be visible (some Gaussian blur and other noise removal techniques
do help if the noise is strong). Very high resolution imaging should be doable with EM CCD
or high-end sCM OS cameras offering ultra-low read noise, but that's something for projects
with big budgets (Figure 1).
4. Image processing
Captured FIT files or AVI recording were stacked using Registax 6 application. Stacked
images were sharpened using Lucy Richardson deconvolution filter. For images showing full
M oon or M oon edges the histogram was slightly clipped to remove any signal from the
“black” areas around the M oon. Next step was image alignment.
To divide one image by another – needed for mafic and maturation images – every input
image must be aligned vs each other. To do this I used Nebulosity2 and option to save each
file for standard align process. The trick was to use a small lunar feature as Nebulosity align
options were designed to work on stars (for DS imaging). Aligned images could be divided.
Applying a flat (common in DS imaging) is actually image division. Instead of usual flat file
I used the M oon image made at divisor wavelength (Figure 2).
Results of the image division were assigned to RGB channels creating color images. To
improve colors gamma was lowered by a great degree. Some auto-color balance algorithms
from Nebulosity2 were also applied.
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Figure 1. Full Moon image obtained through 766 nm bandpass filter, TS APO65Q and
IDS UI-1245LE-M-GL camera
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Figure 2. Maturation ratio red channel image – 766 nm image divided by 425 nm image
5. Results
The following figures show the results of this application, including an analysis about the
color in the ratio images.
Comparison of calibrated small telescope filter images to calibrated Clementine false color
and ratio images shows reasonable correspondence of mafic and soil maturation features and
it is important to consider that the calibration of the telescopic images was only relative and
did not involve corrections for phase angle or Apollo 16 landing site, used during a
calibration from professional observatories.
It is also true that except for co-alignment, ratio images require no image pre-treatment as
the calibrations cancel out during ratio image division (although pre-treatment doesn’t have
an adverse affect on the result).
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Figure 3. Maturation Ratio image obtained at 08.03.2012 (TS APO65Q, IDS UI1245LE-M-GL)
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Figure 4. Mafic Ratio image obtained at 08.03.2012 (TS APO65Q, IDS UI-1245LE-MGL)
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Figure 5. Another ratio image obtained at 08.03.2012 (TS APO65Q, IDS UI-1245LE-MGL). This image is obtained with the following ratios: the 750nm/415nm ratio image is
assigned to the red channel, the 750nm/950nm ratio image is assigned to the green
channel and the 750 nm image is assigned to the blue channel
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Figure 6. Maturation Ratio image obtained at 09.02.2012 (TS APO 65Q, Atik 314L+)
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Figure 7. Mafic Ratio image obtained at 09.02.2012 (TS APO 65Q, Atik 314L+)
M aturation ratio image would indicate:
-Tycho and its ejecta blue due to being fresh
- old highland areas are red or orange in color
-maria rich in Ti - light blue. M aria with a lower Ti content are shown in yellow
M afic ratio image would indicate:
purple (or reddish) - principally pyroxene material.
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Using C11 I managed to get some high resolution images showing much more detailed
differences in the composition or age. The following figures shown maturation and mafic
ratio images obtained at 03-04 03.2012 (C11, IDS UI-1245LE-M -GL).

Figure 8. Maturation Ratio image including Stadius and Copernicus region
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Figure 9. Mafic Ratio image including Stadius and Copernicus region
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Figure 10. Maturation Ratio image of Mare Serenitatis
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Figure 11. Mafic Ratio image of Mare Serenitatis
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Figure 12. Maturation Ratio image with the Posidonius crater
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Figure 13. Mafic Ratio image with the Posidonius crater
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One of mafic images turned out to be quite unusual. The 745/905 nm channel gave unusual
red blob (quite likely some artifact) in Sinus Iridum. M aturation and M afic ratio images
obtained at 04.03.2012 with unusual red coloring on mafic ratio image (C11, ID S UI1245LE-M -GL) are shown in the following figures

Figure 14. Maturation Ratio image of Sinus Iridum and different lava composition
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Figure 15. Mafic Ratio image of Sinus Iridum
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6. Other images
It is also possible to take UV images of the M oon. To capture valid UV images a good,
totally IR blocked filter is required. I used Astrodon UVenus that transmits between 325 381 nm.
CCD and CMOS sensors go blind at around 1100 nm. Using bright f-ratios and cameras with
big pixels it is also possible to do images whiting 1050-1100 nm wavelength range. I used a
thin silicon window from UQG Optics. It's a polished plate of pure silicon that has a cut-on
wavelength at around 1030-1050 nm. Venus or M oon were bright enough to give an
acceptable image with that filter.

Figure 16. Moon in UV (TS APO65Q, Astrodon Uvenus, IDS UI-1245LE-M-GL)
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Figure 17. Maturation Ratio image with UV image used instead 425 nm image –
slightly changed colors; obtained at 08.03.2012 (TS APO65Q, IDS UI-1245LE-M-GL)
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7. Conclusions
Obtained images show that's it's possible to get some geological information on the M oon,
including lunar maps, with amateur equipment. Progress made in image sensors as well
increasing scope apertures may allow at some time getting results comparable with those
taken some time ago by other advanced professional equipment.
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Marth: spectral and compositional studies
by Maurizio Morini and Raffaello Lena
Geologic Lunar Research (GLR) group
Abstract
In this work, morphological and spectral characteristics of Marth, a concentric crater, are investigated using
remote sensing data. Spectra of several features are analyzed using Clementine data.
1. Introduction
The concentric crater (CC) M arth (29.3° W 31.1° S) is located close to the centre of the top
bank of Palus Epidemiarum, a marsh of Imbrian age. Palus Epidemiarum is delimited from
M are Humorum by a relatively narrow highland terrain, characterised by craters Douthorne
and Ramsden, and from M are Nubium by craters Campanus and M ercator.
M arth is a relatively isolated object: in fact, the closest relevant features are M arth K located
to north-east and M ercator B located to east, both at about 45km. To the north, at about
57km, lies Campanus B. The closest lunar features from M arth are two unnamed elevations
located to the west.
M arth is characterised by being a concentric crater (CC). The two rings are separated by "V"
shaped valley (Fig.1). The average dimension of the inner ring is 2.1km, the average
dimension of the outer ring is 4.0km, giving a ratio In/Out = 0.52, consistent with the
average CCs ratios.
The Ramsden rille ends his path into the southbound of Marth outer ring. It is unusual that
the rille interacts with the wall itself, that looks "cut" by the final rille portion. This
connection creates a depression covered by dark material (Fig.2). Another interesting feature
regards the inner ring south-west bound, that looks affected by a likely mass wasting
episode, with the formation of a long scallop on that bound (Figs. 1-2).
2. General overview about Concentric Craters
Trang et al. (2011) recently proposed a morphologic classification of CCs based on the
reciprocal shapes of the crater rings. They defined three end members: the first one consists
in CC where the inner ring is a continuous smooth torus. M arth belongs to this category.
The mechanism of formation of CCs is still an open debate in lunar science. CCs tend to be
located near mare/highland boundaries, in the neighbours of isolated mare ponds, and within
floor-fractured craters.
Trang et al. (2011) proposed seven possible formation mechanism, partly exogenic and
partly endogenic. We focus on three of them, the first one exogenic and the other two
endogenic.
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One possible explanation for the CCs formation is an impact event that happens on a terrain
which external layer is weaker than the (much stronger) substrate. In this case any crater at a
reasonable distance from the target CC should share the same destiny of being concentric.

Figure 1. Marth (S ELEN E imagery VIS 1000nm)

The other two mechanism relate to mare volcanism. The first one, the volcanic extrusion
hypothesis, puts the link between extrusive domes and impact as the cause of CCs: in fact,
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according to this hypothesis, such domes were constructed by two cycles of lava extrusion
followed by a cratering event in the centre of the dome.
The second one, the igneous intrusion hypothesis, extends the cause of formation of floorfractured craters to CCs: in this scenario, the inner ring is formed by magma that intruded
into the crater layer distorting it from below, without material extrusion. Distribution of CCs
and floor-fractured craters is in fact very similar.
The main proof for the two hyphotesis regards the relation between the crater and the
surrounding terrain lithology: in case the CC composition is equivalent to that of the
surroundings terrain, the igneous intrusion is more likely. In the opposite situation, when the
CC lithology is different from the neighbours terrain, a mafic extrusion can be one possible
explanation. The present paper has the main objective to describe the spectral and
compositional properties of M arth.

3. S pectral analysis
We undertake a composition analysis of M arth area with Clementine imagery wavelengths
cube. The analysed area is reported in Figure 3, along with geographic keys used in this
article. A spectral mapping of the region was conducted according to the method discussed
in a preceding article (M orini & Lena, 2011 and references therein). This method produce
spectral band center (BCW), band depth and FWHM maps of the region of interest (Fig.4).
Along with these, a segregated map of BCW is created to identify orthopyroxene (red
channel), olivine (green channel) and clinopyroxene (blue channel) bearing-rocks (Fig.5).
To infer on the relative freshness of the area, an OMAT map was created (Fig.4 last inset).
Since higher values mean geologically younger features, M arth rings look chronologically
successive to the adjacent terrain. The spectral mapping was obtained using the
implementation in Octave as described by Evans and Lena (2010). For more details about
this technique refer to Wöhler et al. (2011).
Tables 1-2 reports the inferred elemental abundances and Table 3 the BCW, Depth %,
FWHM values for ROI identified in Figure 3. M arth shows an average composition of 6.3
wt% Fe, 5.6 wt% M g, 11.5wt% Ca, 0.5% Ti, 13.5wt% Al corresponding to a highland
composition. Other analysed craters (M arth K, Campanus B) and the surrounding soil show
a stronger mafic signature, with higher Fe and Ti content.

4. Petrographic maps
In order to put the elemental abundance information into a readily understandable geologic
context, petrographic maps were created in which the iron and magnesium ranges for mare
basalt (red channel), magnesium suite rock (green channel), and ferroan anorthosite (blue
channel) were defined to produce a map in which each of these rock/mineral types was
defined in its respective colour channel by their respective elemental abundance ranges.
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Figure 2. Marth (east side) (LROC NAC detail)
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Figure 3. Marth with geographic keys (Clementine imagery)
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Figure 4. BCW (up left), Depth (up right), FWHM (down left), OMAT (down right,
detail)
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Figure 5. Band absorption false colour (transparency with Clementine 750nm)
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Figure 6. Marth - Petrographic Map

The red to orange colour in the petrographic map indicates the presence of a mare basalt
composition. The blue coloration indicates very low iron rock, typically consistent with
ferroan anorthosite or generally highland-like material. The green colour indicates the
presence of magnesium suite rock and is sensitive to the presence of olivine. The light purple
colour shows a mixture of highland material (blue) and mare basalt (red).
To distinguish between different mare basalt types in the examined region, we produced
another petrographic map (basaltic petrographic, cf. Fig. 7) which displays the relative
fractions of the three basalt end-members titanium-poor mare basalt (red channel; 9.25 wt%
Al, 1.6 wt% Ti), highland like-material (green channel; 14 wt% Al, 0.5 wt% Ti), and

page 51

Selenology Today 28

Spectral Studies

titanium-rich mare basalt (blue channel; 6.3 wt% Al, 3.6 wt% Ti). The relative fractions
were inferred from a ternary diagram in the space spanned by the Al-Ti abundances.

Figure 7. Marth - Basaltic Petrographic Map
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Aluminium wt%

Calcium wt%

Iron wt%

M agnesium wt%

Titanium wt%

Oxigen wt%
Figure 8. Marth - Elemental Abundances
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Elemental abundances maps (Fig.8 and Table 1) show that M arth is characterised by a
relatively low Fe, M g and Ti abundances and relatively high Al and Ca contents, typical of
highland material.
From Fig. 5 we can infer that M arth surrounding area is characterized by several lithologies.
M arth is composed mainly of clinopyroxene bearing-rocks, with an inferred absorption of
about 7-8% (Tables 1-3). Only few spots on the inner ring bring foci of orthopyroxene
bearing-material. On the contrary, the surrounding soil displays the presence of a pyroxene
signature, likely low Calcium pyroxene admixed with high Calcium pyroxene. Olivine
bearing-rocks are also present in Palus Epidemiarum, but with different lithologies from the
M arth immediate surrounding terrain.

DESCRIPTIO N

RO I

Fe

Mg

Ca

Ti

Al

O

Marth: inner ring centre

A

6.58

5.71

11.38

0.56

13.32

45.25

Marth: inner ring rim
SW

B

5.58

5.20

11.79

0.34

14.01

45.52

Marth: outer ring rim
N

C

6.79

5.88

11.36

0.58

13.23

45.18

T errain S

D

8.24

6.21

10.37

1.13

12.01

44.86

T errain SW

E

8.09

6.11

10.47

1.11

12.14

44.90

T errain E

F

8.71

6.35

10.26

1.25

11.71

44.70

Formation 1 (E)

G

6.18

5.55

11.62

0.45

13.64

45.35

Mercator A

H

7.00

6.26

11.32

0.56

13.20

45.12

Marth K

I

17.93

9.34

7.88

3.33

6.42

41.60

Campanus B

L

10.43

7.06

9.38

1.60

10.53

44.29

Table 1. Elemental Abundaces % wt
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ROI

Marth

Fe
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Mg

Ca

Ti

Al

O

A-B-C 6.32

5.60

11.51

0.49

13.52

45.32

T errain

D-E-F 8.35

6.22

10.37

1.16

11.95

44.82

Formation 1

G

6.18

5.55

11.62

0.45

13.64

45.35

Mercator A

H

7.00

6.26

11.32

0.56

13.20

45.12

Marth K

I

17.93

9.34

7.88

3.33

6.42

41.60

Campanus B

L

10.43

7.06

9.38

1.60

10.53

44.29

REGOLIT H

N/A

4.80

4.50

10.70

0.30

13.30

44.60

MARIA

N/A

13.20

5.70

7.90

3.0

6.90

41.70

Surrounding

HIGHLAND

Table 2. Elemental Abundaces (average values)

DESCRIPT ION

BCW (nm)

DEPTH(%)

FWHM(nm)

OMAT

Mg/Al

Marth

999.67

7.95

221.49

0.18

0.41

Surrounding T errain 952.89

4.08

221.22

0.17

0.52

Formation 1

1000.38

8.27

203.61

0.23

0.41

Mercator A

991.29

10.00

205.71

0.27

0.47

Marth K

959.97

9.96

298.88

0.30

1.45

Campanus B

964.15

4.59

332.63

0.20

0.67

Table 3. S pectral parameters (average values)

5. Pixel block spectra
In order to analyse in more detail the mafic fraction of M arth and surrounding soil,
continuum divided spectra (from 750nm to 1250nm) for the selected ROI in Fig.3 are
calculated and reported below. M ature terrains exposed to space weathering and
microimpacts tend to have a steeper spectrum (spectral redder feature) than fresher ones,
masking the strenght of mafic elements in the spectral analysis. The use of the continuum
helps overlooking this issue. Figure 10-11 compare M arth sampled units (A-B-C) with the
adjacent terrain (D-E-F) and the unnamed unit (G): the spectra confirm the high-calcium
pyroxene signature for M arth, with minimum around 1000nm and depth equal to 8%. Unit G
shares same spectral properties with M arth. Differently, units (D-E-F) show minimum band
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around 950nm and relative low depth of 4%. The spectra of the units I-L, corresponding to
craters M arth K and Campanus B, display an olivine spectral signature.
Mart h - 750nm normalised s pect ra - Clementine
1. 45
1. 4

A
B

1. 35

C
D
E
F
G

relat iv e s pect ra

1. 3
1. 25
1. 2
1. 15
1. 1
1. 05
1
750

800

850

900

950 1000 1050
wavelenght (nm)

1100

1150

1200

1250

Figure 10. Normalised S pectra

Marth - 750nm normalise d cont. div. spect ra - Cleme ntine
1 .01
1
0 .99

relative spectra

0 .98
0 .97
0 .96
0 .95

A
B
C
D
E
F
G

0 .94
0 .93
0 .92
0 .91
7 50

800

850

900

950 1000 1050
wavelenght (nm )

1 100

1150

Figure 11. Continuum divided spectra

page 56

1200

1250

Selenology Today 28

Spectral Studies

Marth - 750nm normalised spectra - Clementine
1.5

relative spectra

A
B
1.4
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0.9
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Figure 12. Normalised spectra
Marth - 750nm normalised cont. div. spectra - Clementine
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Figure 13. Continuum divided spectra
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6. Results and discussion
The higher values for Fe, M g and Ti were inferred at the surrounding soil where the
concentric crater M arth is located, with about 8.3 wt% Fe, 6.2 wt% M g and 1.2 wt% Ti. The
lower values for Fe (6.3 wt%), M g (5.6 wt%) and Ti (0.5 wt %) correspond to higher
amounts of Aluminium and Calcium wt%, inferred for the concentric crater, typical of
highland composition (cf. Table 1). Using the inferred elemental abundances no significant
compositional differences between the inner ring and outer ring of the concentric crater is
observed. The Fe content of the interior of concentric crater (unit A) differs by 1.5-1.7 wt%
to the surrounding area, which could be contaminated by lateral mixing due to crater
impacts.
The spectral signature of the floor of M art is similar to that of the two rings and units G
(highland terrain) and H (crater M ercator H). The UVVIS-NIR spectra show that the impact
penetrated the uppermost basaltic layer and indicate at the same time that the shallow crater
depth is not due to lava filling but that the original crater floor is still visible. Topographic
data were provided by the WAC-derived digital terrain model (DTM ) at the 100 m/pixel
scale (Scholten et al., 2010).
Fig. 14 displays a 3D reconstruction provided by the corresponding WAC-derived digital
terrain model. A depth of 190 m for the shallow inner crater and an elevation difference of
85 m between the crest of the outer rim and the surrounding surface was derived. Hence, the
centre of the inner crater lies at about 290 m below the surrounding surface. The
corresponding profile derived by the GLD 100 data is shown in Figure 15.

Figure 14. 3D reconstruction provided by the corresponding WAC-derived digital
terrain model.
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Figure 15. GLD 100 data.
The crater depth to diameter ratio for fresh lunar craters is determined to 1/5 by Pike
(1980) and Wood and Andersson (1978). For the M arth diameter of 7 km the expected
depth amounts to 1.4 km, which is higher than the inferred depth suggesting other
mechanisms, like uplift of the crater floor.
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