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GLR investigation: A plausible explanation for Transient Lunar
Phenomenon. Red Glow in Aristarchus

By Jim Phillips and Raffaello Lena

Geologic Lunar Research (GLR) group

Abstract

The Geologic Lunar Research group has been investigating previous reports of Transient
Lunar Phenomena (TLP) in order to provide a scientific explanation for the phenomenon
reported. This article describes the investigation by the GLR of a famous report by
Greenacre and Barr of a red glow in Aristarchus (Greenacre, 1963) with the conclusion
that atmospheric dispersion or chromatic aberration is the logical explanation for the
color phenomenon reported.

Introduction

Aristarchus has long been an object of interest for lunar observers. It is the brightest
crater on the Moon and reddish glows have been reported off and on over the years. On
May 4, 1783 and again in 1787-1788, Sir William Herschel using a 9" Newtonian of his
own making, described a red glow in or near Aristarchus. He stated “May 4, 1783. I
perceived in the dark part of the Moon a luminous spot. It had the appearance of a red
star of about the 4th magnitude. It was situated in the place of Hevelii Mons Porphyrites
(Aristarchus), the instrument with which I saw it was a 10 feet Newtonian Reflector of 9
inches aperture”. He reported additional phenomenon on May 13, 1783 and in April
1787 (Middlehurst, 1964). Multiple reports of reddish glows and other color
phenomenon in the area of Aristarchus are reported in the NSSDC (National Space
Science Data Center) catalog by Cameron (1978). The scientific community had ignored
many of these observations until the reports by Greenacre and Barr.
On the night of October 29, 1963 (October 30, 1963 01:30 UT) James A. Greenacre and
Edward Barr, using the 24-inch achromatic refractor at Lowell Observatory reported
seeing three short-lived reddish spots near Aristarchus (Greenacre, 1963). While
observing the area of Aristarchus with the 24-inch and using a Wratten 15 (deep yellow)
filter a reddish orange color was noted over the dome SW of the Cobra Head.
Simultaneously he was able to see an additional area of color on a hilltop across
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Schroter’s Valley. There was considerable “sparkle” to the color, which he noted might
be due to the poor seeing. Seeing was 2 on a scale of 10 with moments of 3-4 seeing. The
yellow filter was then removed. A third area of color was then noted, “…an elongated
streak pink along the SW interior rim of Aristarchus…” (see Fig. 4).

On November 27, 1963 (November 28, 1963 00:30-01:45 UT), Greenacre and Barr
reported seeing another ruby red spot in the same area (Greenacre, 1964): “ This feature,
like the others, seemed a light ruby red, according to Mr. Greenacre. It was larger than
the previous ones, being about 12 miles long and 1 1/2 miles wide on the rim of
Aristarchus. The coordinates were determined with the aid of the Orthographic Lunar
Atlas; it extended from Xi = -.682 to - .685 and from Eta = +. 391 to +. 398”. The glow
lasted for 1 1/4 hours with four observers using the Lowell 24" refractor including the
director of Lowell Observatory, John S. Hall who described the color as being ”delicate”.
70mm B&W film was exposed with no changes identified. Mr. Greenacre noted that he
had observed other bright areas of the Moon at the time without detecting any color thus
ruling out atmospheric dispersion.

These observations were also reported in several journals and books, e.g. New Scientist
(1964) and Observing the Moon by North (2000).

General overview about TLPs and planned observing session

There is no commonly accepted physical explanation for TLPs, and some authors even
question if they are due to processes local to the Moon at all. In fact GLR group has
previously observed a few historic TLP reports, finding that when the exact same
illumination conditions (including librations) occur, that the TLP reappears. This proves
that these particular TLPs are simply fleeting illuminations of a crater's floor that occur
only with specific conditions. Although the Cameron catalog include observational
weights, recent publications about shadow effects (Lena and Cook, 2004; Lena et al.,
2007; Lena, 2010) show how these can contribute to misinterpretation of TLPs, and
imply that many of these rankings could be doubtful (cf. discussion section). Moreover
two advances in technology permit every entry in the TLP catalog (Cameron, 1978) to be
examined under conditions identical to each observation. Lena (2010) demonstrated that
also the Kaguya and LRO global DEM obtained by the LTVT software package are able
to simulate specific observations. In fact some temporary illumination of several TLPs
can be shown by the simulation to be due to the geometry of rim and floor. This new
capability can show which classic TLPs are repeatable (and used to disprove past TLP
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reports) and which cannot be explained that way (Lena, 2010). Moreover a systematic
investigation of a large set of observations during local lunar sunrise or sunset has not
been undertaken so far and the nature and reality of TLPs is still an open problem for the
professional lunar science community. The re-observations and recreations of TLPs can
demonstrate their real nature (Wood, http://lpod.wikispaces.com/February+5%2C+2011
and http://www.astronomynow.com/astrofest/fri1505.html).

Cameron (1972) divides TLPs into four categories:

1) “brightenings”: white or color-neutral increases in surface brightness;

2) “reddish”: red, orange or brown color changes with or without brightening;

3) “bluish”: green, blue or violet color changes with or without brightening;

4) “gaseous”: obscuration, misty or darkening changes in surface appearance.

An overview about the lunar transient phenomena, including a study using Clementine
images, was reported by Buratti et al. (2000). The authors used Clementine multispectral
images acquired both before and after suspect TLPs reported by a terrestrial team of
amateur astronomers organized to observe the Moon during the mapping phase of
Clementine. As described by Buratti et al. (2000), none of these four suspect events
shows clear morphological or spectral changes that could be attributed to the reported
TLPs.

Moreover the Cobra Head region of the Aristarchus plateau was extensively examined
including refined calibrations for the Clementine UVVIS camera. Using this calibration
Buratti et al. (2000) state that their preceding measurement, describing measurable
changes in the spectral reflectance (Buratti et al., 1996), was spurious and there is neither
observable change nor evidence for the preceding 15% increase in the ratio R 415/R1000 .

The NSSDC (National Space Science Data Center) catalog includes all reported
phenomena regardless of the perceived weight of the observation.

Several programs, primarily by groups of amateur astronomers, but sometimes involving
professional researchers, have made organized observations of the Moon. These projects
have been organized with the ALPO (Association of Lunar and Planetary Observers), the
BAA (British Astronomical Association) and GLR (Geologic Lunar Research) group.
The BAA organized observations of the Moon on Friday, April 15, between 19:00 and
21:00 UT, when the Aristarchus and Herodotus area of the Moon matched the same
illumination, to within ± 0.5°, as that observed during the TLP seen by Greenacre and
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Barr from Flagstaff observatory on October 30, 1963 (Cameron catalog, entry #778).
Unfortunately, in Italy and in several European countries was cloudy. Moreover, on the
same day, on April 15, 2001 at about 02:50 UT (with higher uncertainty in timing) it was
stated that the Moon matched the same illumination of the second event observed by
Greenacre (November 28, 1963 00:30-01:45 UT) which is reported in Cameron catalog
under the entry # 775. Phillips was able, using an 8" F/9 TMB apochromatic refractor
with 5X Powermate and Skynyx color webcam, to image Aristarchus in order to
investigate this second event.

Results and discussion

The image (north at the top and west to the left) was taken on April 15, 2011 at 02:05
UT, before the inferred time for the observation carried out, under a higher solar angle, at
Flagstaff. Hence in this observation we have not evidence of additional spots showed in
the drawing published in Sky and Telescope (Greenacre, 1963, cf. Fig. 4). We used the
image taken by Phillips in order to investigate an eventual chromatic dispersion in the
Aristarchus region.

After stacking and performing routine wavelet processing in Registax the image was
examined. A reddish zone is clearly seen on the W rim of Aristarchus with a bluish area
noted as well (Fig. 1). An enhanced image (increased color saturation) is shown in Figure
2. In Photoshop the image was examined in the blue, red and green channels. A shift of
the blue and red channels was easily seen. Shifting the channels to proper alignment
shows no color within the image, as shown in Figure 3.

This confirms that chromatic or atmospheric dispersion is a logical explanation for the
reddish color sightings within Aristarchus.

The drawing published in Sky & Telescope (Greenacre, 1963) is shown in Fig. 4.

The image shown in Fig. 2 was thus transformed in rectified view, using LTVT software
package (Mosher and Bondo, 2006), and superimposed onto the drawing reported in
Figure 4. The digital image was then stretched and rotated to give the best
superimposition among the other selected features. The superimposed map, shown in
Fig.5, was created using Photoshop.

The result shows that the elongated red area in the western rim of Aristarchus reported
by Greenacre corresponds to the reddish zone clearly seen in our CCD image. However
the CCD image displays that the chromatic dispersion is clearly extended to the western
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rims of the nearby craters and features having high albedo. On the opposite case, the
drawing and the observation made by Greenacre show the color only on the western rim
of Aristarchus crater. The other coloured regions that show up in the image are bright but
have a significantly lower albedo than the rim of Aristarchus. Since the visual perception
of colour is limited to bright parts of the lunar surface due to the low sensitivity of the
colour receptors in the human eye when compared to the brightness receptors, it is not
surprising that the less bright coloured regions in the image by Phillips were not reported
in the visual observation by Greenacre (1963).

As a final remark, a picture of the described events is lacking so that we cannot be sure
what Greenacre and Barr saw and drew for the surrounding region during their
observation carried out on October 30, 1963, and November 28, 1963, respectively. Our
data show that the most likely explanation for the reddish color sightings within
Aristarchus is a chromatic or atmospheric dispersion. Of course we never will know the
true because prominent colour for radial chromatic aberration is seen elsewhere and this
simply was not reported by Greenacre and Barr, also thought they only used a visual
observation.

Sagan wrote: extraordinary claims require extraordinary proof. So far, we don't have
even ordinary levels of proof for TLPs, nor the written text of Greenacre, based on a
visual observation, can be considered an extraordinary proof.

Our data, at least, can be profitable for observers to try to understand what they see on
the Moon. Greenacre observation is just lacking of a photograph, or other extraordinary
proofs.
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Figure 1. Aristarchus region. Image taken by Jim Phillips (see text for detail).
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Figure 2. Enhanced image with color saturation.
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Figure 3. Result obtained shifting the channels (R, G, B) to proper alignment.

No color is detectable.
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Figure 4. The drawing published in Sky & Telescope, December 1963 “A Recent
Observation of Lunar Color Phenomenon”, p. 316- 317.
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Figure 5. Comparison including the superimposed map (see text for detail).
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Detection of three meteoroidal impacts on the Moon

by Raffaello Lena (a) , Marco Iten (b), Stefano Sposetti (c)

(a) Geologic Lunar Research (GLR) Group

(b) Garden Observatory (Switzerland)

(c) Gnosca Observatory (Switzerland)

Abstract

From April 7 to April 12, 2011, we monitored the waxing Moon under variable sky
conditions with two (and sometime three) telescopes placed 13km apart. We detected 3
simultaneous flashes of light. None of the flashes were brighter than 8mag and longer
than 60ms. We exclude further flash sources, e.g cosmic rays, noise, meteors and
artificial satellite glints. The selenographic coordinates of the three lunar impact flashes
are determined, and the impacts occurred in Mare Humorum (at about 110 km from
Liebig crater), and in the western shore of Mare Imbrium near the craters Diophantus
and Fedorov. The examined impact flashes correspond probably to sporadic events
because no major meteor showers were active or exhibit favourable impact geometry on
the impact dates. In addition the masses of the impactors are 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 meteoroids are likely to range in size from about 6 to 14 cm in
diameter producing craters of about 3-10 m in diameter.

1. Introduction

The purpose of the Lunar Meteoritic Impact project is to coordinate and evaluate the
observations of lunar impact events. On November 18, 1999, the first confirmed lunar
meteoritic impacts were recorded in the form of flashes that resulted from the collision of
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the Moon with debris within the Leonid meteoroid stream (Cudnik et al., 2003). Since
these initial successes, other meteor swarms have been shown to produce lunar impacts
(Yanagisawa et al., 2006; Ortiz et al. 2002, 2006). A systematic search and detection for
sporadic impact flashes was conducted by Ortiz et al. (2006). During a video monitoring
carried out on February 11th 2011, Sposetti and Iten detected a simultaneous flash of light
(peak brightness of 8.1 ± 0.3 magV) on the lunar border (88° ± 2° W and 16° ± 1° N)
and our results have been presented in a previous work (Sposetti et al., 2011). Thus we
have shared own planned observing sessions for the detection of lunar meteor impacts,
including future simultaneous and independent observations. In this article we report the
detection of three meteoroidal impacts on the Moon, detected during the April 2011
observations, and further conclusions that can be drawn from these data.

2. Methods

The analysis have been conducted as described in an our previous article (cf. Sposetti et
al, 2011). We used Calsky© (http://www.calsky.com/) to search for artificial satellites in
the line-of-sight. No satellites within a circle of 3° diameter were found during our
impact times (Table 3a). The selenographic coordinates were computed using the image
shown in Figs. 1, 3 and 5, displaying several lunar features that were of very low contrast
on the dark limb of the imaged lunar surface. After alignment with the edge of the lunar
disk, computation of the libration and overlay of the rotated Moon's surface matching the
imagery, a coordinate map was superimposed on the flash images. This procedure was
performed using the LTVT software package by Mosher and Bondo (2006). The
photometry was done using the stars moving in the FOV during the observing sessions.
We performed the method of aperture photometry and used v.1.1.0.360 of Tangra©
software by Hristo Pavlov (http://www.hristopavlov.net/Tangra). This software delivers
“signal minus background” values. The intensity of the flashes were measured in the
field of the maximum intensity, i.e. in the 0.020s interval. The intensities of the stars
were measured and evaluated over several frames (Tables 3a and 3b).

3. Observations and data processing

In table 1 we report a sky quality evaluation, the times and duration of the April 2011
observation run. Information about the observatories location, hardware equipment, and
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the detected flashes are reported in table 2 and 3, respectively. In this run was tested also
a 420mm f/4 newtonian telescope equipped with a cheap 0.5X focal reducer. The quality
of the delivered images was affected by severe distortion. A Watec 902H2 Supreme
videocamera was placed directly at the focus of the primary mirror. No autoguider
system was used. A GPS time stamp was inserted in the data-stream at the beginning of
each videorecording to ensure time synchronization. This second instrument (named
“SposettiB”) confirmed two of the three flashes. Even if the image quality of this
instrument was relatively bad, because the light of the detected flashes was spread over
several pixels, this additional setup gave a useful information about the duration of the
emitted light. We discovered a problem on Iten’s setup regarding the light-duration
measurement. The lightcurve of the flashes shows a strange permanent residuum of
signal. At the moment we do not know where this problem comes from. We therefore
rejected this information in this article.

3.1 Simultaneous and independent impact detections

Three impacts were simultaneously recorded by two observatories and are shown in
Figures 1, 3 and 5. The intensity of the flashes is well above the noise level and the event
covers several fields (Figs. 2, 4 and 6). The lack of trail and the absence of another flash
in the same frame or in other frames indicate that the feature is not likely to be due to a
satellite, nor to space debris. In addition, the flash is present in a number of frames at a
stationary position, which again rules out cosmic rays, noise, or even artificial satellite
glints. Besides, the positions of all geostationary satellites were checked and none was
within a few degrees of the Moon at the impact time as seen from two observatories. The
impact flash detected on April 9 lasted 60 ms and reached a peak brightness of 8.4 ± 0.5
magV. The selenographic coordinates of the impact flash are determined to 45.1° ± 0.6°
W and 26.8° ± 0.6° S (Table 3a). During the April 10 two further impact flashes (Flash 2
and 3) were simultaneously detected (Fig. 3, 5 and Table 3a) reaching a peak brightness
of 8.2 ± 0.5 magV and 8.5 ± 0.5 magV, respectively. Both flashes lasted 60 ms. Their
selenographic coordinates are determined to 38.3° ± 0.6° W, 28.1° ± 0.6° N and 40.4° ±
0.7° W and 27.9° ± 0.7° N, for Flash 2 and 3 respectively. A lunar map and the regions in
which the lunar flashes were detected is shown in Fig. 7.
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3.2 Further flashes detected from a single observatory

During this April run we observed two other flashes. We just want to mention them
shortly. Their lightcurve shows a decreasing curve, accordingly to a true impact
behaviour. However these flashes were observed only by 1 observer because the sky was
partially cloudy over the second observatory.

April 8, 20:58:48UT, detected only by Iten, lasted several frames. For this flash no
artificial satellites were in the field of view, according to Calsky.

Apr 9, 20:38:08UT, detected only by Sposetti in its two instruments, lasted about 60ms.

At the time of the detection an artificial satellite (30212-1999-025VV) was at
17arcminutes angular-distance and at 1500 km distance from the observatory according
to Calsky. This object was moving at 0.28deg/s, ie. 1arcsec/ms. A 60ms light emission
caused by this object would be marked by a 60arcsec long trail. Our images show a fix
emission (sampling 2arcsec/pixel). We therefore conclude that this flash was not caused
by this satellite. Hence we report these other two lunar flashes, mentioned above, as
“unconfirmed lunar flashes” being considered impact candidates (Figures 8 and 9).

4. Discussion

The agreement among the times and positions of the lunar flashes detected by two
observatories shows that they must have been lunar phenomena. We have examined the
flash characteristics in order to exclude further flash sources, e.g. cosmic rays, noise,
meteors and artificial satellite glints, as described in section 3.1. The detected impact
flashes correspond probably to sporadic events because no major meteor showers were
active at the impact date (http://www.imo.net/calendar/2011#table5). In fact the Lyrids
should peak between about 15h30m UT on April 22 to 02h30m UT on April 23. To our
knowledge a high activity of sporadic meteors, including a fireball of zenithal magnitude
-13.4, was captured in north Italy on April 10, 2011 at 02:31 UT. Further fireballs are
reported to be occurred on April 2 at 18:30:32 TU, with zenithal magnitude -8.1, and on



page 16

LUNAR IMPACT SELENOLOGY TODAY 24

April 6 at 19:38:31 TU with zenithal magnitude -3.9 (http://meteore.uai.it/b2011/
b2011_04.htm). Hence the luminous efficiency could be very different between the
sporadic meteoroids and Leonid-Perseid lunar impact flashes reported in previous works
(cf. Ortiz et al., 2002; Yanagisawa et al., 2006; Cudnik et al., 2003).

The initial kinetic energy of the meteoroid has been computed in previous works by
means of the luminous efficiency concept, which is the fraction of the kinetic energy that
is emitted in the visible. This kinetic energy can be translated into impactor mass as
previously described in Bellot Rubio et al. (2000), Ortiz et al. (2002), Ortiz et al. (2000),
Carbognani (2000) and reported in Sposetti et al. (2011). We assume a typical sporadic
impactor speed. According to the statistics of a large meteoroid orbit database (Steel,
1996) the speed for sporadic meteoroid is approximately 20.2 km s-1 on Earth and 16.9
km s-1 on the Moon, after correcting for the different escape velocities of the Earth and
the Moon. Although the luminous efficiency could be different between the Leonid
Perseid lunar impact flashes and our sporadic impact flashes, we have adopted as
“nominal efficiency” the values of 2 x 10-3 and 2 x 10-2 according to Ortiz et al. (2006).
The transient crater diameter is thus evaluated by three independent methods, yield
scaling, pi-scaling and Gault's semi-empirical relations supplemented by rules on how
crater size depends on gravity and angle of impact (Melosh, 1989; Melosh and Beyer
1999). The parameters used in the calculation are the projectile density (2000 kg m-3), the
target density (2000 kg m-3), the impact velocity (16.9 km s-1), and the meteoroid mass
inferred as described in an our previous work (Sposetti et al., 2011). The results of the
computation are reported in Tables 4-6. It should be noted, however, that these values are
nominal since the results include uncertainties in projectile density, meteoroid mass and
luminous efficiency. Using the luminous efficiency η= 2 x 10-3 (the nominal value
determined from Leonid impact flashes, e.g., Bellot Rubio et al., 2000; Ortiz et al., 2002)
the masses of the impactors would be:

kg for the April 9 detection (Flash 1). For the April 10 detections we obtain
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The uncertainties in the masses arise from the uncertainties in the peak brightness
estimates (± 0.5 Mag V). Based on the above data and assuming a spherical projectile,
the diameter of the impactors were inferred to be approximately of about 14 cm. They
stroke the target with an energy of about 3-4 x 108 Joules. However, the kinetic energy is
only affected by the luminous efficiency adopted. For sporadic impact flashes on the
Moon a luminous efficiency of 2 x 10-2 yields a mass of the impactors considerably less
than the preceding inferred values by a factor of 10. Thus the masses of the impactors
would be:

In this case, assuming the same parameters as those used in the previous computations,
the impact flashes appear to have been produced by a body with diameters of
approximately 6 cm when assuming a spherical projectile. Using Gault’s scaling law in
regolith for crater sizes, the size of the lunar impact craters were computed to be 3-5 m.
These values are similar for different impact angles of the meteoroids. Using the Pi-
scaled law for transient craters, the final craters are simple crater with a rim-to-rim
diameters of 3-4 m or 6-8 m adopting the luminous efficiency of 2 x 10-2 or 2 x 10-3,
respectively. These impactors would strike the targets with an estimated average energy
of about 3-4 x 107 Joules, assuming η= 2 x 10-2. If we assume a luminous efficiency of
η= 2 x 10-3 the computation yields a higher average energy by a factor of 10. Future
high-resolution orbital data, e.g., from LRO spacecraft (NAC images) would in principle
allow the detection of these small craters. The collisions of meteoroids on the Moon give
rise to a wealth of phenomena that can be detected. Furthermore these studies could be
used to derive properties of the meteoroids as well as properties of the soil at the impact
sites. Therefore our team is planning future systematic search for shower and sporadic
impact events using simultaneous ground based observations.

5. Summary and conclusion

In this study we have described three lunar impacts detected simultaneously from two
(and sometime three) independent video recordings. The meteoroidal impacts occurred
on April 9, 2011, at 20:52:44.654 UTC ± 0.010s and on April 10, 2011, at 19:28:00.135
UTC ± 0.010s and 19:47:02.388 UTC ± 0.010s. The duration of the three flashes
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correspond to 0.06 s ± 0.02 s in Sposetti's video. They reached a peak brightness of 8.4 ±
0.5 magV, 8.2 ± 0.5 magV and 8.5 ± 0.5 magV, respectively. The selenographic
coordinates of the lunar impact flashes are determined to 45.1° ± 0.6° W 26.8° ± 0.6° S
for Flash 1, and to 38.3° ± 0.6° W 28.1° ± 0.6° N and 40.4° ± 0.7° W 27.9° ± 0.7° N for
Flash 2 and 3 respectively. The masses of the impactors are estimated to have been about
2-4 kg based on a nominal model with conversion efficiency from kinetic to optical
energy of 2 x 10 -3. The examined impact flashes probably correspond to sporadic events
because no major meteor showers were active or exhibit favourable impact geometry on
the impact date. Based on a modelling analysis, the masses of the impactors are
estimated to have been 0.2 - 0.3 kg assuming a luminous efficiency of 2×10 -2 . These
results show that the meteoroids are likely to range in size from about 6 to 14 cm in
diameters and produced craters of about 3-10 m in diameter. Future high-resolution
orbital data, e.g., from LRO spacecraft (NAC images) could allow the detection of these
small craters.
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Table 1. Data for the April 2011 observational run.
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Table 2. Information about the observatory location, instruments and hardware
equipment.
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Table 3a. Data for the three impact flashes detected on April 2011. In the table are
reported the time of detection, the measured intensity of the flashes and the
selenographic coordinates (see text for detail).



page 23

LUNAR IMPACT SELENOLOGY TODAY 24

Table 3b. Star data including the V magnitudes.

Figure 1. Flash N.1 of April 9 detected in Iten and Sposetti’s instruments.
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Figure 2. Lightcurve of flash N.1. Every point measures a 20ms time interval.

Figure 3. Flash N.2 of April 10 detected in Iten and Sposetti’s instruments.
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Figure 4. Lightcurve of flash N.2. Every point measures a 20ms time interval.

Figure 5. Flash N.3 of April 10 detected in Iten and Sposetti’s instruments.

Figure 6. Lightcurve of flash N.3. Every point measures a 20ms time interval.
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Figure 7. Lunar map (from Clementine imagery) and the regions in which the lunar
flashes were detected. North is to the bottom and West to the right.
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Table 4. Basic data and estimated values of the sporadic lunar impact flash 1.

Table 5. Basic data and estimated values of the sporadic lunar impact flash 2.
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Table 6. Basic data and estimated values of the sporadic lunar impact flash 3.

Figure 8. flash and lightcurve of April 8 detected only in Iten instrument (see par. 3.2.
for details).
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Figure 9. flash and lightcurve of April 9 detected only in Sposetti’s A and B instruments
(see par. 3.2. for details).
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A Cratering Field Trip in Mare Nectaris: Discussion of crater
morphologies around Mare Nectaris.

by Federico G. Corno

ALPO & GLR Group

Abstract

In Mare Nectaris and surroundings distinct craters of a wide variety of sizes and
morphology are within the reach of the visual observer. In the present article, some of
them are described as examples of typical morphological cases. Morphology is then
related to formation mechanics. The discussion is meant to demonstrate how a simple
visual observation, when properly directed, may lead to rewarding understanding.

Cratering as an impact-driven process

To the telescopic observer, since the earliest times of lunar investigation by Galileo at the
beginning of the 17th century, craters have always posed an interpretative riddle.
Circular structures, central peaks or mounds, apparently sharp rims, spurious detection of
sudden release of gas or flash of lights, misinterpreted changing of forms for a long while
have prompted observers to a volcanic explanation. Only at the end of 19th century did
Grove K. Gilbert, a pioneering American geologist, suggest a revolutionary explanation,
based on cosmic impacts strong enough to create craters by the excavation of large bulks
of rocks (Gilbert, 1893). He supported his arguments with the earliest description of the
Imbrium Sculpture System: linear troughs and valleys oriented radially to Mare Imbrium,
and formed by materials thrown along low trajectories during the Imbrium Basin
formation. Gilbert first had a glimpse of the Moon as a cold body, essentially unchanging
if not scarred by a celestial projectile. Unfortunately, Gilbert’s work went most
unnoticed: being published in a non-specialist journal, it did not reach the astronomical
community. Now, space age exploration has demonstrate the role of impact cratering in
shaping the lunar surface.
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Impact cratering is a process involving the collision of two ideally rigid bodies of
different masses: the less massive is called a projectile, the most massive, a target. The
crater is formed in the target. To create a crater the projectile hits the target at a speed of
a few tens of kilometres per second. Its kinetic energy is instantly transformed into heat,
fracturing, melting and excavation of target rocks, causing intense shock waves to
propagate through both bodies. The projectile disintegrates, while target constituent
rocks are excavated and expelled from the area as ejecta. The resulting landform, the
most distinctive on the lunar surface, is a roughly circular cavity, whose morphology and
diameter depend upon the size and speed of the projectile, its composition, the nature of
the target and the local acceleration of gravity. Cavities ranging in diameter from 1 µm
through thousands of kilometres share the same origin.

Crater Morphology

In Mare Nectaris and immediate surroundings, as in most of the lunar districts, the
complete series of the possible crater morphologies (Shirley & Fairbridge, 1997) is well
represented, and is within the reach of a visual observer, even if equipped with entry
level telescope.

1. Rosse (17.9°S, 35.0°E, diameter 12 km; Rukl, 1990) is a most typical simple crater, a
circular cavity, with a bowl-shaped floor, with a maximum diameter of about 15 km. In
simple craters the rim is elevated above the surrounding terrain by about 4% of the cavity
depth, and a typical ratio of 1:5 is found between the crater’s depth and diameter. Ejecta
make a blanket of hummocky material up to about 1 diameter from the rim. Larger
chunks of ejected rocks may form secondary craters, but these are often beyond an
amateur’s visual capabilities. The floor of the crater is blanketed with breccias, a rock
made of a partially melted and glassy matrix embedding fragments of the original
bedrock.

2. Madler (11.0°S, 29.8°E, diameter 28 km), Capella (7.6°S, 34.9°E, diameter 49 km)
and Theophilus (11.4°S, 26.4°E, diameter 100 km; Rukl, 1990) belong to the next
morphological class, complex craters. A complex crater may range from about 20
through 2-300 km, with a progressive change in appearance, well demonstrated by the
mentioned series. All complex craters bear a central peak: in smaller craters the peak is a
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simple edifice, made of a single relief, while larger members of the series usually display
complex or even ring-shaped peaks. For crater diameters between 20 and 200 km, the
floor depth increases from 3 through 6 km, resulting in a shallower profile of the crater
floor if compared with that of simple craters. The ejecta mantle is always present, and its
deposition changes from a continuous and hummocky blanket close to the crater to a
discontinuous mantle at medium distance, and at greater distances, a streaked structure
radiating from the crater (rays). Due to the violence of the formation process, large
blocks of the pristine bedrock are thrown away from the crater to make secondary
craters, often arranged in chains. Central peaks are mantled with melted and
compression-shocked rocks, pools and blotches of solidified melt rocks are present on
both the floor and ejecta mantle. Wall profiles are vaguely polygonal. The inner side of
the wall is largely terraced, and pools of melt rock can be found on it as well.

The series Madler-Capella-Theophilus demonstrates fairly well changes taking place as
crater diameter increases: the central peak is almost in touch with inner rim in Madler,
while progressively larger expanses of flat floors occur in the larger craters, often with
mounds or hills, as in the case for Theophilus. Capella is the most degraded of these
three craters, and it is more difficult to make out the pristine appearance of the floor. The
rays of Madler and Theophilus overlap, with Madler’s being the youngest (Corno, 2008).

3. To the last class belongs the Nectarian basin (15°S, 35°E, diameter approximately
860 km) (Rukl, 1990) itself. Multi-ring basins are a form of craters originated by the
largest impacts. Their size is larger than 300 km, and may range up to about 2000 km.
Multi-ring basins have multiple concentric annular scarps: in the case of Nectaris Basin,
Montes Pyrenaeus to the east are the remnant of an inner circle, and Rupes Altai (24°S,
23°E, length 480 km; Rukl, 1990) to the west is part of an outer one of diameter 860 km.
A scarp intermediate between these two is detectable, even though it is degraded. The
circular profile is well recognizable in the arrangement of the district.

Cratering Mechanics

The variety of forms and diameters of craters depends upon the energy of their formation
(Shirley & Fairbridge, 1997; Heiken, French, & Vaniman, 1991): the whole process is
articulated in three distinct phases, whose extent depends upon mass and velocity of the
projectile.
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1. Contact and compression: it is the shortest in time among the three phases, lasting
usually for the time needed by the projectile to travel a distance equalling its diameter.
Almost all the projectile’s kinetic energy is transferred to the target, as the projectile
penetrates the target. Both bodies experience powerful shockwaves, such as to rapidly
slow and compress the projectile, and to compress the target surface downward and
outward. As soon as the wave front reaches the rear of the projectile, part of the wave
energy is dissipated to expand its body; part is feeding a reflected wave that travels again
to the boundary between projectile and target. The projectile experiences a pressure as
high as 100 GPa (106 atm) and a heating such as to melt or vaporize it completely.
Around contact point, the target is melted and shocked, and materials are ejected as
impact melt from the immediate surroundings of the impact point. The reflected wave
reaching the interface between the projectile and the target marks the end of the contact
and compression phase;

2.Excavation: the shock wave generated in previous step diffuses through the target
along a progressively wider front. At the same time the crater progressively grows in
size. Excavation phase duration is proportional to diameter of the final crater and inverse
to gravity acceleration (Shirley & Fairbridge, 1997). Propagation of the shock wave in
the target proceeds along a hemi-spherical surface, at supersonic or close to supersonic
speed. The shock wave generates a pressure front, immediately followed by a rarefaction
wave. At the wave front rocks are compressed, while just behind it the rocks are already
decompressing. Materials are then thrown away from the free surface around the impact
point, to make 1-3% of the ejecta mantle. The deeper the origin of the expelled material,
the higher its exposure to the shock wave front and its degree of transformation. The
remnant part of the ejecta mantle originates from deeper material completely exposed to
the shockwave. The total volume of the ejecta equals the volume occupied by the final
crater down to approximately one third of its depth. Rocks making the remnant two
thirds are compressed to the bottom of the crater without being expelled or they are
pushed to the side in rim uplift. Surrounding rocks are deformed and compressed to
allocate excess material. The crater is excavated along a hemi-spherical surface, at least
in the very beginning (see Fig. 6a for simple craters). The hemi-spherical profile is
preserved in smaller craters (simple craters) and progressively changes in a shallower
profile for complex craters and basins. The phase ends with the formation of a transient
cavity.

3. Modification: Modification phase starts upon formation of the transient cavity and
ends with the crater reaching its final configuration. The end of excavation stops the
outflow of materials from the cavity; material from internal walls and rim collapse to the
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floor in slumps and landslides. For simple craters (see Fig. 6b) collapse may constitute
the only post-excavation modification, leading to an apparent crater whose floor is made
of brecciate material and impact melt. Larger craters may undergo elastic rebound of the
floor. In the latter case (complex craters) a central peak or a central ring may form.
Central edifice undergoes modification on its own before cooling freezes it in its final
configuration: when large complex craters are considered, the collapse of the inner peak
creates the central annular reliefs. The inner side of crater’s walls slumps in a terraced
pattern. All the inside of the craters is blanketed with glassy impact melt, and the same
melt collects in pools on the terraces. All details of modification leading to multi-ring
basins are not completely understood, but the formation of normal faults, concentric to
the crater, is supposed to be a part of the modification phase: the floor of the crater is
fractured because the locally thinned lithosphere is pushed upward by the mantle, making
the multiple circular scarps engulfing the basin.

Following it formation, a crater begins a billions of year period of degradation by
subsequent impacts and lava flows.

Conclusion

Comparison between Lunar Orbiter images and the Author’s drawings demonstrates that
accurate visual observation of lunar feature allows the identification of main
morphological features, leading to geological interpretations relating to the impact
processes driving their origin. Availability of high quality imaging devices at a
competitive price now allows amateurs to obtain excellent pictures of the lunar surface:
nevertheless, the pursuit for the perfect shot should not overcome the eagerness for the
understanding. Visual observation and reporting of crater morphology in drawings force
the observer to keenly exam the subject to recognize its distinctive features and
characteristics, thus prompting study and understanding. In this respect, for the novice
amateur, visual observation still stands in front of advanced imaging as an unrivalled tool
of investigation and learning.
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Figure 1: Rosse (identified with R) is a typical simple crater, piercing through the lava
floods of Mare Nectaris: note the regular circular rim and bowl profile. Floor does not
show details, being made of a lens of brecciate material (crop from frame IV-072- H2,
Bowker D. E.).
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Figure 2a: Madler (identified with M) lies on the Eastern side of Theophilus (T) on the
Northern reaches of Mare Nectaris: note the central peak and the prominent rays made of
excavated material superimposing to ejecta and rays from Theophilus (crop from frame
IV-077-H2, Bowker D. E.).
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Figure 2b: Madler in a drawing from a visual observation by the Author: even if the
lighting conditions did not allow the inside of the crater being seen, ejecta and ray
system fairly well reproduce those reported in Fig. 2a. Crater walls already look
polygonal rather than perfectly circular as is the case for Rosse. Observation taken on the
night of the 10th of October 2005, 20:00 UT, at 260x with a 5” apochromatic refractor.
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Figure 3a: Capella (identified with C) is a long battered complex crater North of Mare
Nectaris. Further impacts made Capella Vallis (V and V’) transecting from the NW to the
SE the main crater. Central peak is still easily recognizable, as are the angular profile of
the rim and the terracing of inner walls (crop from frame IV-072-H3, Bowker D. E.).



page 40

TOPOGRAPHY SELENOLOGY TODAY 24

Figure 3b: Main features of Capella described in Fig. 3a are evident in this drawing,
made by the Author on the 3rd of April 2006, 20:00 UT, at 200 x with a 4” achromatic
refractor.
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Figure 4a: Theophilus is a large complex crater: the floor is shallow and punctuated with
hills and reliefs, walls are terraced and central peak is articulated in various edifices (crop
from frame IV-084- H2, Bowker D. E.). See also Fig. 2a for Eastern side.



page 42

TOPOGRAPHY SELENOLOGY TODAY 24

Figure 4b: Theophilus as it was drawn by the Author on the 16th of March 2003, 20:10
UT, with an 8” catadioptric telescope at 216x. Due to the poor seeing conditions at the
time the observation was made, finest details of the floor are lost in simple patches of
different hue, but structure of the central peak, inner walls and rim profile were easily
distinguished.
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Figure 5a: The external rim of Nectaris basin, a 350 km wide multiring basin, is
marked to the SW by the prominent Rupes Altai (identified with A) stretching to the
NW for 480 km from the crater Piccolomini (P). Inner circle of the basin is marked
by the Montes Pyrenaeus (M), to the East of the Mare. Rosse is identified as well (R).
Crop from a plate of the Consolidated Lunar Atlas (Kuiper G. P.).
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Figure 5b: the long arcuate stretch of the Rupes Altai is depicted in this drawing by
the Author, taken at 200x with an 80 mm ED refractor on the 2nd of January 2009,
17:05 UT.
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Figure 6: Excavation (a) and modification (b) phases for a simple crater. In (a) the
formation of transient cavity is described: arrows indicate the direction materials
travel, 1 is the excavated and ejected zone, 2 is the zone where compression and
displacement occur, 3 is the uplifted rim of the transient cavity, 4 is the hemi-
spherical profile of growing transient cavity, 5 is the original ground level of the
target. In (b) modification is described: 1 is the profile of the transient cavity, 2 is the
direction of collapse of landslides, 3 is the profile of the final true crater, 4 is the
accumulation of brecciate material originated from collapse, 5 is the visible surface
of the final crater, also called apparent profile, 6 is the original ground level of the
target. Adapted from Heiken, French, & Vaniman, 1991.


