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FROM THE DIRECTOR
The BAA is justly proud of the flagship benefits that it offers to its members. These
include a respected Journal with a worldwide reputation, an excellent website, and
supportive observing sections that allow participation in an active community of
observers. In addition, there is a rich diet of meetings and lectures, which have
continued in webinar form during the current COVID crisis. However, there are
further privileges that are less immediately obvious. For me personally the most
important, but least tangible, of these is the sense of belonging to an observational
tradition stretching back over 130 years. Many of the BAA’s observing sections,
including the Lunar Section, are the oldest organisations in the world for the study of
their subject and they can show a rich history of achievement.
Most of the major figures in the history of the Lunar Section are well known and
widely recognised, with several, such as Elger, Goodacre, Wilkins and MacDonald,
having the distinction of lunar craters named after them. Others, such as Whitaker and
Moore, found fame in professional circles or the popularisation of astronomy,
respectively. Others still have had their contributions recognised in obituary notices in
the BAA Journal, and these are now available on the Historical Section website.
Yet there are some who made significant contributions to the work of our section
who, for one reason or another, have not been adequately acknowledged. This is
something I would like to address. With the invaluable help of Stuart Morris we have
set up on our website (under the heading ‘History of the Lunar Section’) a page
devoted to such notable past members and we would like over time to populate that
page with brief notes on each individual. At present this is simply a list of suggested
names, although I am working on at least some of the entries.
It would be helpful to hear from section members and others who might have further
candidates for inclusion. It would be even more helpful to hear from anyone who can
provide information or other material relating to the candidates already listed.
Please get in touch if you think you might be able to help with this.
Bill Leatherbarrow

OBSERVATIONS RECEIVED
This has been another very thin month for observations submitted. No doubt this is
partly due to poor weather conditions in the UK and Europe during October; but I also
suspect that the lure of a close Martian opposition has diverted attention from our
Moon!
Images/drawings have been received from the following: Daryl Dobbs, Rik Hill
(USA), Ken Kennedy, Rod Lyon, Luigi Morrone (Italy) and Alexander
Vandenbohede (Belgium).
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Rik Hill has raided his archive of past images to submit both the fine capture of the
Apollo 17 landing site, featured on the front page, and the following account of the
area south of Heraclitus.

Rik describes the area as follows:
‘Early in every lunation you can see this region on the Moon and though I have
covered it before, I discovered some remarkable new things on this particular visit.
First a little orientation. Notice the Mickey Mouse configuration in the upper left. The
left ear is the crater Licetus (77km diameter) and the right is Cuvier (also 77km).
Between them is the unusual north-south elongated feature, Heraclitus with an odd
central ridge. This is the result of a merger of two or three craters. The large flatfloored crater near the center of this image is Manzinus (100km). Then the large
crater on the right edge of this image with the central peak is Vlacq (92km). This
should serve to give the outlines.
When processing this image, a montage of two images, I thought I saw an artefact of
the knitting process about midway up the terminator. It's a little dotted horizontal line
and above the left end the barest outlines of the east walls of two vertically oriented
craters still deep in shadow. After examining numerous images of this area taken over
the last 10 years that are in the Loudon Observatory Lunar Image Archive
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(https://www.lpl.arizona.edu/~rhill/moonobs.html) I was finally convinced that these
are the regularly spaced tips of a row of peaks and crater walls. On the east (right) end
of this line is a large crater in shadow with 'ears' of two smaller craters, also in
shadow. The larger crater is Zach (73km) and the adjacent crater to the east (right) is
Zach D (32km), while the one to the west is Zach F (28km). That would make the line
of peaks west of Zach parts of Zach C (13km) and Zach G (6km) and several other
unnamed peaks leading to Deluc D (27km) which is the lower of the two vertical
craters and Deluc (49km) itself to the north. Deluc H (26 m) can be just made out
above this. So what I at first feared was an artefact was in fact quite real! If I had
noticed this at the time I was imaging I would have tried to repeat the observation as
the rising sun revealed more of the features themselves.
Just another example that the appearance of things can change quickly on the Moon.
This montage was made from two 1800 frame AVIs stacked with AVIStack2 (IDL)
and finished with GIMP and IrfanView.’
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Alexander Vandenbohede has submitted this excellent capture of the area around
Bullialdus:

Ken Kennedy captured the bands in Aristarchus (mentioned in last month’s Circular)
on the evening of 29 September 2020, using a 200mm SCT (below):
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LUNAR DOMES (part XLI): Domes in Mare Crisium and the dome Crisium 1
located near Cleomedes G
Raffaello Lena
Lunar domes are the best evidence of volcanic activity on the Moon. Most have very
low angles of inclination, only a few degrees at most. This makes domes similar to
Earth's shield volcanoes formed by outpouring of magma from a central vent (effusive
eruption) [1-3].
Over the past few years only one dome near the Yerkes crater has been identified and
studied [3]. Yerkes 1 is characterized by the presence of rilles at the summit. It has a
height of 110 ± 20 m, a flank slope of 1.36° ± 0.20°, and a volume of 4.8 km 3. The
Crisium basin is of Nectarian epoch, while the mare material is of the Upper Imbrian
epoch [4].
Maximilian Teodorescu, from Romania, has imaged another dome located at
coordinates of 23.35°N and 58.37°E. This dome – named Crisium 1 (Cr1) – is clearly
detectable in the image taken on October 3, 2020 at 23:02 UT (Fig. 1).
Another image of this region taken by Pau on the same day, October 3, 2020 but at
15:14 UT, is shown in Fig. 2.
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Figure 1: Image taken by Teodorescu on October 3, 2020 at 23:02 UT using a 355 mm Newtonian
telescope and ASI 174MM camera. The lunar dome – termed Cr1 – is marked with white lines.

Figure 2: Image taken by Pau on October 3, 2020 at 15:14 UT using a 250 mm f/6 reflector and a
QHYCCD290M camera.

Another image of Cr1 was taken by Guy Heinen on March 22, 2019 at 23:08 UT (Fig.
3).
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Figure 3: Image taken by Heinen on March 22, 2019 at 23:08 UT using a Schmidt-Cassegrain 235mm.

A possible vent of 3.4 km diameter and 160 m deep is present on the summit (see
Figs. 1-3 showing the terrestrial telescopic images and Fig. 4, which displays a WAC
image). The image in Fig. 4 is shown in cylindrical projection, correcting the
foreshortening.
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Figure 4: LRO WAC imagery. The dome under study is marked with white lines. The image is shown in
cylindrical projection, thus correcting the foreshortening. On the summit of Cr1 are present some
wrinkle ridges and a possible vent (under investigation).

Morphometric properties: digital elevation map based on telescopic imagery and
LOLA DEM
Generating an elevation map of a part of the lunar surface requires its threedimensional (3D) reconstruction. A well-known image-based method for 3D surface
reconstruction is shape from shading (SfS). It makes use of the fact that surface parts
inclined towards the light source appear brighter than surface parts inclined away
from it. The SfS approach aims to derive the orientation of the surface at each image
location by using a model of the reflectance properties of the surface and knowledge
about the illumination conditions, finally leading to an elevation value for each image
pixel [3]. The SfS method requires accurate knowledge of the scattering properties of
the surface in terms of the bidirectional reflectance distribution function (BRDF).
The height h of a dome is obtained by measuring the altitude difference in the
reconstructed 3D profile between the dome summit and the surrounding surface,
considering the curvature of the lunar surface. The average flank slope ζ was
determined according to: ζ= arctan 2h/D. The uncertainty results in a relative
standard error of the dome height h of ±10 percent, which is independent of the height
value itself. The dome diameter D can be measured at an accuracy of ± 5 percent. The
3D reconstruction of the dome Cr1 obtained using terrestrial telescopic images is
reported in Figs. 5-6.
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Figure 5: 3D reconstruction of Cri1 based on terrestrial telescopic image of Fig. 1 by photoclinometry
and SfS analysis. The vertical axis is 15 times exaggerated.

Figure 6: 3D reconstruction of Cri1 based on terrestrial CCD image of Fig. 2 by photoclinometry and
SfS analysis. The vertical axis is 25 times exaggerated.

The examined dome has a base diameter of 24.5±0.5 km. The height of Cri1
measured on the images shown in Figs 1 and 2 amounts to 215±20 m and 225±20 m,
respectively. Using the image of Fig. 3 the derived height amounts to 230±20 m.
The ACT-REACT QuickMap tool was also used to access the LOLA DEM dataset,
obtaining the cross-sectional profile for the examined dome (Fig. 7).
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Figure 7: LRO WAC-derived surface elevation plot of Cr1 based on LOLA DEM in N-S direction.

The most elevated part of the surface section covered by the DEM (in N-S direction)
has a height of 215 ± 20 m, thus consistent with the measurements carried out on the
telescopic images, yielding an average slope of 0.98° ± 0.1°.
The edifice volume is determined, assuming a parabolic shape, to 51 km3.
Spectral data
Spectral data have been obtained using Chandrayaan-1 Moon Mineralogy Mapper
(M3), an imaging reflectance spectrometer that can detect 85 channels between 460 to
3,000 nm. The spectrum of the dome (Fig. 8) displays a narrow trough around 1,000
nm with a minimum wavelength at 975 nm and an absorption band at 2,130 nm,
corresponding to a typical High-Ca pyroxene signature, indicating a basaltic
composition.

Figure 8: Moon Mineralogy Mapper (M3) spectra of the examined dome.
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The Clementine UVVIS spectral data reveal a colour ratio of R 415/R750=0.5713,
indicating a low TiO2 content <3%.
Classification
According to the classification scheme for lunar domes [3] Cri1 belongs to class C1. It
is the second dome identified in Mare Crisium during our survey after Yerkes1 (Fig.
9).

Figure 9: Image taken by Teodorescu on October 3, 2020 at 23:02 UT using a 355mm Newtonian
telescope and ASI 174MM camera. The dome Yerkes 1 is marked with white lines.

Ye1, with its low flank slope and rather low edifice volume, belongs to class B2 [3]. A
map of this region including the dome Ye1 is published in our lunar domes atlas
(http://crisiumdomes.blogspot.com/).
Further analysis is ongoing. We encourage more high-resolution imagery of this area
so we can have more data of this dome, which is under study. Please check also your
past
images
and
send
them
to
me
for the
ongoing
study
(raffaello.lena59@gmail.com).
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PYROCLASTIC DEPOSITS IN WALTHER A?

Barry Fitz-Gerald

The battered Nectarian age crater Walther lies in the lunar southern highlands where it
just cuts the eastern rim of the much larger but older pre-Nectarian crater Deslandres.
It has a rather battered rim and largely smooth crater floor, whilst what appears to be
the central peak complex is displaced by about 10kms to the north-east of the
geometric centre of the crater. Ejecta, clusters of secondary craters and ray material
from Tycho, which lies some 350kms away to the south-west, covers much of the
interior of Walther and surrounding terrain (Fig. 1).

Fig. 1 LROC WAC image of Walther (satellite craters A and E marked). White arrows indicate linear
fractures which suggest Walther is a Floor Fracture Crater.

Not immediately apparent is the fact that Walther is probably a Floor Fracture Crater
(FFC), evidence of which can be seen in the form of obscure fractures adjacent to the
south-western and eastern rims. The actual floor shows no sign of an upward bulge
seen in some FFCs, but the GRAIL gravity data shows the presence of a shallow
positive gravity anomaly which may indicate the presence of a dense body of
solidified magma beneath the south-western quadrant (Fig. 2). Supporting evidence
for the belief that Walther is a FFC is the presence of a concentric crater (CC),
Walther E nestled up against the western rim. Though the actual crater rim is
degraded the 'torus' or ring which gives CCs their distinctive look is still conspicuous.
The origin of CCs has been hotly debated, with the latest academic study [1]
concluding that they were the product of intrusive volcanic activity. However the
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evidence for any volcanism is thin at best and an alternative proposal is that the torus
forms where the rim collapses inwards in a symmetrical fashion due to something like
localised uplift [2][3], accounting for why they are common in and around FFCs such
as Humboldt and Lavoisier.
I previously suggested [4] that the offset central peaks in many craters might have
been displaced as a result of magmatic de-gassing during the FFC phase. This would
occur as the crater floor become detached from the underlying rocks by upwelling
magma and ending up 'floating' on the molten material below. Any movement within
this magma would then carry the crater floor along like a raft, away from its original
position displacing the central peak from its original position. Whether this idea has
any merit or not, Walther's volcanic history as a FFC may have a bearing on the
anomaly that is the patch of dark material centred around the 11km diameter Walther
A.

Fig. 2. Bouguer gravity (60 to 660) GRAIL overlay of Walther from Quickmap showing the large
kidney bean-shaped positive anomaly under the south-western half of the crater. This may represent a
solidified body of magma intruded below the crater floor during FFC activity. Craters Walther A and
E are labelled.

It has been proposed that these dark mantle deposits or DMDs are pyroclastic and of
volcanic origin, a conclusion based on their spectral composition which indicates the
presence of volcanic glass and mafic iron rich material erupted from some as yet
unidentified vent [5]. Another suggestion is that the impact of Walther A may have
excavated a pre-existing layer of older volcanically derived material, depositing it on
the surface rather like the scenario in dark halo craters [6]. It is not possible however
to distinguish between glass produced by either volcanism or impact, so there is a
possibility that they do in fact represent impact deposits of some form and are not
volcanic. If they are however impact deposits there appears to be no suitable parent
crater nearby.
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Fig. 3 Abundance of olivine (wt%) mosaic for Walther A derived from the JAXA SELENE Mineral
Mapper data. Note the high concentrations over the northern rim extending northwards onto the crater
floor of Walther. The section of wall within the white box is shown in detail in Fig.5. The section of
crater floor to the north of Walther A is shown in detail in Fig.7. Inset shows a Clementine
multispectral image showing the correspondence between the DMD and the olivine rich deposits
around Walther A.

To add to the picture, spectroscopic data from the JAXA/SELENE Mineral Mapper
reveals the presence of the mineral olivine within the deposits coating the northern
and eastern rims of Walther A and the adjacent crater floor of Walther (Fig. 3),
though not all of the dark material shows such an olivine-rich signature. Olivine is
often seen in volcanic pyroclastic DMDs such as those on the floor of Alphonsus, so
this at least is consistent with the proposed volcanic origin. Fortunately the LRO
imagery available allows a rather detailed look at the area around Walther A, and
some tantalising evidence to support an actual impact origin for these DMDs can be
found in a small, approximately 2.5km long crater just to the north-east of Walther A
(Figs 4 and 5). The southern rim and walls of this small crater are draped in dark
material with the high olivine signature whilst to the north-east the surface is streaked
by streams of dark deposits. The morphology of the crater is typical of a secondary
crater and the most likely candidate parent crater is Tycho, which lies some 400kms
away to the south-west.
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Fig. 4 SELENE/JAXA image of Walther showing Walther A and the dark mantling deposits associated
with this small crater. The white arrow shows a small secondary crater of Tycho. The central peak of
Walther is at the bottom of the frame.

A more detailed look at the floor of this small crater reveals a large dollop of formerly
molten rock which has oozed down off the north-eastern rim and solidified in a lobeshaped deposit. Its surface is covered in cooling cracks which is typical of impact
melt (Fig. 5). From this it is possible to infer that the dark deposits on this crater rim
are probably impact ejecta, which in this case contained a large proportion of molten
material that separated out from the clastic/rocky component and flowed downslope,
to solidify on the crater floor. As already noted, the small crater may well be a Tycho
secondary, and the melt-rich dark deposits are in all likelihood Tycho ejecta. This
implies that the secondary crater formed first by the impact of debris from Tycho and
was then smothered by later arriving ejecta from the same source. More olivine-rich
dark ejecta from Tycho coated the inner eastern wall of Walther A (white box Fig. 3)
but then flowed down the wall towards Walther A's floor, where it accumulated as a
band of smooth dark deposits which infilled some of the sculpture on the floor created
by earlier impacts of Tycho debris (Fig. 6).
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Fig. 5 Left - Small crater identified with the white arrow in Fig.4. Note the dark streaks down the
southern rim and walls which have a high olivine signature, and the dark deposits obscuring the
northern rim. Right - Lobe of impact melt showing cooling cracks on its surface. This melt has flowed
down off the north-eastern rim of the crater

Strips of smooth material such as this can be seen at the foot of numerous slopes
around Tycho showing where unconsolidated ejecta slumped downhill towards lower
terrain. The absence of cooling cracks suggest that this ejecta was not as melt-rich as
that seen in the small crater to the north-east of Walther A and that any melt, if
present, did not separate out from the clastic rocky component of the ejecta. In the
present case this strip of material is probably several meters thick. In other locations
around Tycho where these strips of material occur (such as the eastern rim of Werner
A) they can look suspiciously like small lava flows which can lead to incorrect
interpretation for their origin [7].

Fig. 6 LRO WAC image of area shown within white box in Fig. 3 consisting of the eastern wall of
Walther A. To the right is the floor of Walther A pockmarked by Tycho secondary craters, and to the
left is the eastern crater wall. In between is a thin strip composed of Tycho ejecta that initially
plastered the crater wall (dark deposits) but then slid downwards (yellow arrows) onto the crater
floor. Note how the material in this band overlies the rough sculpturing of the crater floor caused by
the impact of earlier Tycho ejecta. This shows that the slumping occurred after the impact of the
ejecta.
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It is generally accepted that Tycho formed in a low angle impact from the south-west
and if is the case we can see that Walther A is in the downrange direction. Looking
several hundred kilometres further downrange from Walther A, we can see an area of
lunar highlands around the crater Almanon where an elevated olivine abundance is
evident (Fig. 7). As with Walther A olivine in a highland setting is unusual, and the
standard interpretation would be that of a volcanic deposit.

Fig. 7 JAXA/SELENE abundance of olivine (wt%) mosaic extending from Tycho (bottom left) across
the lunar southern highlands. Note the enhanced concentration of olivine in a direction downrange of
Tycho which includes Walther A (between the white dashed lines).

Within Almanon itself the enhanced levels of olivine correspond to low albedo areas
on the north and eastern crater floor and walls, with a prominent concentration
running in an arc at the base of the north-eastern crater wall. These slopes face
towards Tycho and would be in the path of any ejecta travelling north-eastwards from
the impact point, suggesting that these deposits may be more ejecta from that crater
(Fig. 8). Almanon C which perched on the north-eastern rim of Almanon also has an
approximately 30 to 40m high mound of low albedo material with a higher olivine
content on its floor. This and other dark deposits around the floor of this 15km
diameter crater appear to be Tycho ejecta which has slumped downwards off the
higher crater rim and walls. The mound is reminiscent of the mound of ejecta in Fig. 5
but lacks any cooling cracks indicative of cooled molten material.
An impact of the magnitude of Tycho has more than just local or regional effects, but
can have global consequences on a body such as the Moon. So it is believed that
unusual rocky deposits on the lunar far side, at the antipodal point to Tycho and some
5,300kms distant formed when two steams of debris, ejected in different directions
from 'ground zero', collided and showered the surface with impact melt-rich deposits
[8][9]. These rocky deposits are however also accompanied by extensive low albedo
deposits with an elevated olivine content, particularly to the north-east of the crater
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Langevin (Fig. 9). It is not too much of a stretch of the imagination therefore to
suggest that these dark olivine rich deposits are also Tycho ejecta.

Fig. 8 Two images of the crater Almanon, left showing a JAXA/SELENE abundance of olivine (wt%)
mosaic overlay and right a UV-VIS multispectral image. Note the correspondence between the dark
patches on the eastern crater and northern floor and rim with elevated abundance of olivine.

Fig. 9 WAC Normalised Hapke (upper panel) and JAXA/SELENE abundance of olivine (lower panel)
of the the antipodal point to Tycho (red star lower panel) showing the enhanced levels of olivine
corresponding to low albedo deposits around the crater Langevin.
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There is, so it seems, an awful lot of olivine-rich material covering the lunar surface
which appears to come from the Tycho impact, with a particularly strong distribution
in the downrange direction which includes Walther A and the terrain around
Almanon. This raises the issue of where all this olivine came from considering that
Tycho lies in highland terrain which is usually olivine poor with the exception of
areas where volcanism has occurred. A possible answer is suggested by the
hypothesis that where the impact velocity is less than 12km/sec, much of the impactor
survives, albeit in highly fragmentary or melted form, but is not completely vaporised
[10].
In a number of crater central peaks including those in Tycho, Copernicus and
Theophilus, olivine and Mg-spinel has been detected, the presence being explained as
mantle material excavated during the impact event and central uplift formation [11].
Computer modelling however revealed that the impacts producing craters in this size
range would not have excavated material from anywhere near anywhere mantle
depths, particularly in the highlands where the lunar crust is thickest. If however the
Tycho impactor was an olivine-rich asteroid it might provide the source for the
extensive olivine deposits we see in Walther A and further afield. This conclusion
pre-supposes a homogeneous highland composition at the impact site, which would
not necessarily be the case and an impact which excavated a pre-existing intrusive
olivine/spinel body could also provide a valid explanation [12]. Mg-spinel was
detected along walls of the central peak of Walther [6] but was not believed to be
associated with the DMDs around Walther A. If the Tycho impactor contained Mgspinel in sufficient amounts, then the presence of spinel in Walther would also be
explained. Impactor survival is predicted to be enhanced in the case of low-angle
impacts such as Tycho [13] with a focusing of the projectile material downrange, an
effect which may explain the distribution of olivine-rich ejecta around Walther A and
further north-eastwards towards Almanon and beyond.
Are there any other lunar examples that might support this idea of impactor-derived
material ending up as a surface deposit in the downrange direction?
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Fig. 10 JAXA/SELENE abundance of olivine data overlay showing the V shaped streak of olivine-rich
material draped up and over the north-eastern crater wall and rim. Yellow arrow shows the direction
of the impactor.

One possible candidate could be Aristillus, where a rather odd bifurcating ribbon of
low-albedo olivine-rich material climbs up the north-eastern downrange wall
(Aristillus formed during a low-angle impact from the south-west) and up and over
the crater rim onto the north-eastern glacis (Fig. 10). It is possible that this may be the
result of the excavation of a pre-existing plutonic body [14], but an origin from an
olivine-rich impactor might also fit the bill.
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Fig. 11 Clementine UVVIS derived iron abundance (wt% FeO – with higher iron content showing as
darker) image of Arzachel showing streak of low-albedo iron-rich material draped up and over the
northern wall and rim. Though not as clear as the streak in Aristillus this also has a V-shaped
distribution. Yellow arrow shows impactor direction.

Another candidate is Arzachel, where a low-albedo double streak climbs up and over
the northern wall and rim. Arzachel is not widely known as being the result of a lowangle impact, but there is evidence that it is, with the impactor arriving from the south
[15]. If this is correct the low-albedo streaks are in the downrage direction, consistent
with the current suggestion that some of this material is derived from the impactor. In
this case however there is no olivine signature, but then again not all impactors would
be olivine rich.
I think it is likely that there is lots to disagree on regarding the above suggestion, and
if you can spot any flaws, or even anything to support the argument please join the
debate!
Barry Fitz-Gerald. (barryfitzgerald@hotmail.com)
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LUNAR OCCULTATIONS

November 2020

Tim Haymes

Time capsule: 50 years ago (LSC Vol.5, No.11) [With thanks to Stuart Morris for
the LSC archives]


Patrick Moore reports: that at the IAU meeting in Brighton Dr Ewing stated
categorically that there was absolutely no doubt about the correlation between
moonquakes, perigee and TLP (based on Apollo 12 seismometer).
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Visual occultation times were received from R.W. Middleton (10),
J. Pedler (5) and P. Young (10). Timing was by stopwatch and time signal.
(GPO speaking clock, or DIZ shortwave radio).



D. Hall notes that ZC 701 was double at x100.

Double stars
As previously mentioned in the LSC, the occultation of double and multiple star
systems can be detected by observation at the lunar limb during ingress and egress as
brief step events. This has led to a number of unconfirmed double stars referred to as
‘occultation doubles’, mostly by visual observers between the years 1970 and 1990.
Video and CCD systems can now investigate these stars by examining the light curve
of the transition. The video frame rate is 25 or 30, or 50 and 60 fields/sec.
USB3/CMOS cameras can achieve higher rates and the writer has had success at 100
fps. Higher frame rates are possible but these may suffer from increased noise.
Double star occultation observations don’t need accurate UT, only the step duration.
D.Hall 50 years ago noted ZC 701 was double. The WDS identification is ADS3353
(STF 572) (HIP 21619) with Sep/PA of 4.3” / 190. The writer did a light curve search
for ZC 701 in the Occult4 double-star data and found two light curves that have been
submitted by IOTA/US observes, R.Sandy and S.Messner on separate occasions in
2007 and 2008.

Fig. 1: light curve by Messner

Fig. 2: light curve by Sandy
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The observations were recorded at 60 fields/sec. Fig. 1 has a shorter duration of 0.73s,
the longer of 2.45s. The difference in step duration is caused by the limb contact
angle. Occult4 can do an analysis of the step time and contact angle to derive PA and
distance.
Graze predictions for November 06/07/08 – reminder (see LSC Oct-2020)
The BAAH lists three events over Southern England in November: SAO-79805,
SAO-79864 and SAO-80552. See Fig. 3. Two on the night Nov 06/07 and one on
Nov 08. All occur at the Northern cusp, phase about 60%.
#13 Nov 06-2355UT
#14 Nov 07-0224UT
#15 Nov 08-0327UT

SAO-79805
SAO-79864(d)
SAO-80552

mag 6.8 cusp angle 9.9
mag 6.4 cusp angle 6.8
mag 7.6 cusp angle 4.0

Alt. 26d
Alt. 48d
Alt. 47d

Fig. 3 November graze paths

Graze predictions for 2020 December
The BAAH lists two events in the early evening at crescent phase:
#18
#19

38 Cap
Dec 18th
SAO 165586 Dec 20th

1847UT – Dublin, IoM, Carlisle, S.Scotland.
1859UT – NW Ireland, Inverness.

Please send reports (success or failure) to the coordinator. Best of luck. Predictions at:
https://britastro.org/downloads/17673
Occultation of M35 – Nov 5th 0200UT
A reappearance of the cluster may be observed in the night of Nov 5/6.
The lunar phase (83%) will hinder observation of the fainter cluster members. Two 8 th
mag stars in the cluster are listed this month. I will be interested in reading any reports
that may be forthcoming.
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Nu Virginis on Nov 11th
This 4th magnitude M0 star will be occulted on Nov 11, 06 Hr.
There is one light curve available in Occult at 60 fps. The event was noninstantaneous, disappearing over a span of 3 or 4 frames. To record this event, the
recording system should be started in advance of the predicted reappearance time
with the SW quadrant in view.
2020 November 11th nu Virginis (ZC
Reappearance–dark limb:
City
HH:mm ss (UT)
Angle
Greenwich
06:31 12s
Exeter
06:25 41s
63S
Cardiff
06:26 47s
66S
Birmingham
06:29 37s
Manchester
06:29 38s
Carlisle
06:29 51s
Edinburgh
06:30 1s

1702)
Cusp
69S
70S
73S
77S
80S

Gamma Cancri on Dec.5th
This star will be occulted from Scotland. The egress (RD) is predicted for Edinburgh
at 0308.9 UT, but since the phenomenon is at near-grazing incidence (Southern limit)
the star will enter the bright limb at about 0240UT. A graze will occur on the bright
limb. This isn’t listed in the Handbook, but can be followed by observers at or north
of: Londonderry (NI), Stranraer, Cockermouth, Darlington, Whitby.
Predictions for Manchester, 2020 November
W. Long. 002d 15’, N Lat. +53 25’, Alt. 50m
y

m

day Time
d h m

20 Nov 2
20 Nov 2
20 Nov 3
R752 =
20 Nov 3
20 Nov 4
20 Nov 5
M35
20 Nov 5
20 Nov 5
20 Nov 5
20 Nov 5
R954 =
20 Nov 5
20 Nov 6
20 Nov 6
20 Nov 6
20 Nov 7
20 Nov 7
20 Nov 7
20 Nov 10
20 Nov 10

s

0 51 57
22 23 53.6
19 42 29.3
iota Tauri
23 20 56.1
22 27 5.7
2 18 28.6

Ph

Star
No

Sp

R
93484 F5
R
93844 K0
R
752 A7
is double: **
R
77003 A0
R
77851 A0
R
X 8417

3 1 51.1 R
5 32 17.4 R
5 36 8.5 R
6 47 48.0 R
8 Geminorum is
21 49 47.7 R
1 35 13.5 R
4 20 39.7 R
6 14 14.2 R
0 1 11
M
2 20 54.7 R
2 27 36
M
3 15 36.0 R
5 42 0.5 R

Mag
v

Mag
r

% Elon Sun Moon
ill
Alt Alt Az

7.0 6.8
98- 164
7.6 6.9
95- 154
4.6* 4.5
91- 145
5.4 5.4 0.10"
7.6
90- 143
7.4 7.3
84- 132
K5
8.6 7.9

78051 A2 7.6
78122
7.9
78121 F0 7.5
954 G8 6.1
double: ** 6.9
1052 F8 6.8
1070 G5 5.2
1080 M1 6.7
79133 F5 7.9
1195 B8 6.8*
1200 K0 6.9
1208 K1 6.4
1569 A2 6.9
99317 K0 8.1

53 178
40 113
12 70

CA
o

Notes

33N
63N
59S iota Tau Dbl*

43 113 68S Dbl*
30 89 81S
82- 130
59 152

7.5
82- 130
61 171 59N in M35
7.5
82- 130
52 232 44S
7.3
82- 130
52 233 54S
5.6
82- 129 -5 42 252 52S
6.9 0.10" 90.0, dT = +0.24sec
6.5
76- 121
17 73 72N
4.7
75- 119
49 120 64S omega Gem
5.9
74- 118
61 183 50S
7.7
73- 118 -10 53 229 51S
6.9
66- 108
28 87
9N
6.4
65- 107
47 119 52S
65- 107
48 120
6N
6.8
33- 70
25 102 76S
7.6
32- 68
43 139 73S

32N in
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20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec

11
11
11
13
22
22
22
22
23
25
27
27
28
29
1
1
2
3
4
4
5
5

5
5
6
5
18
18
20
22
22
23
17
19
23
19
19
20
6
5
2
3
2
2

26
38
29
57
23
44
45
10
40
27
30
30
5
14
27
4
7
12
17
13
56
56

24.4
59
38.8
30.8
0.7
23
41.1
14.4
11.3
36.7
59.3
41.3
53.2
55.5
30.7
15.7
26.0
8.3
58.4
37.5
9
12

DB
R
RD
R
D
M
D
D
D
D
D
D
D
D
R
R
R
R
R
R
Gr
M

1702
119034
1702
139409
165258
3336
3343
3349
3480
150
110516
362
478
593
859
865
77851
1052
79679
79688
1308
1308

M0
F2
M0
F0
K1
K4
B9
K5
F5
F1
K0
F5
G5
F4
B8
B2
A0
F8
B9
K0
A1
A1

4.0*
7.7
4.0*
9.0
7.6
7.1
5.7*
4.1
7.2
6.1
6.9*
6.5*
7.4
5.9
6.6
6.2
7.4
6.8
7.7
7.5
4.7
4.7

3.3
7.4
3.3
8.8
6.9
6.3
5.7
3.2
6.9
5.9
6.4
6.2
7.0
5.7
6.6
6.3
7.3
6.5
7.7
7.0
4.7
4.7

212121655+
55+
56+
57+
66+
83+
94+
94+
98+
100+
9898979387877979-

55
55
55
27
96
96
97
98
109
131
151
152
164
173
164
163
160
149
138
137
126
126

30
32
-9 37
11
22
22
18
11
16
29
20
37
52
29
21
27
30
46
59
60
55
56

124 -69S
127 10N
141 73S
115 88S
174 43S
180
6S
210 66S
229 72N
229 56N
226 14N
101 89S
129 73N
184 87N
99 68S
79 73N
86 61S
270 45S
247 54S
160 19S
185 67S
** GRAZE
154
1S

nu Vir
nu Vir

69 Aqr
tau Aqr
26 Ceti
25 Ceti

nearby
Gamma Cnc

Predictions to Dec 5th

Notes on the Double Star selection
Doubles are selected from Occult 4, where the fainter companion is brighter than mag 9.0, and the time
difference(dT) is between 0.1 and 10 seconds. Please report double star phenomena.
Key
P = Phase (R or D), R = reappearance D = disappearance
M = Miss at this station, Gr = graze nearby (possible miss)
CA = Cusp angle measured from the North or South Cusp. (-ve indicates bright limb)
Dbl* = A double star worth monitoring. Details are given for selected stars.
Mag(v)* = asterisk indicates a light curve is available in Occult-4
Star No:
1/2/3/4 digits = Zodiacal catalogue (ZC) referred to as the Robertson catalogue (R)
5/6 digits = Smithsonian Astrophysical Observatory catalogue (SAO)
X denotes a star in the eXtended ZC/XC catalogue.
The ZC/XC/SAO nomenclature is used for Lunar work. The positions and proper motions of the stars
in these catalogues are updated by Gaia.

Detailed predictions at your location for 1 year are available upon request.
Occultation Subsection Coordinator: occultations at stargazer dot me dot uk

LUNAR GEOLOGICAL CHANGE DETECTION PROGRAMME
Tony Cook
Introduction: In the set of observations received in the past month, these have been
divided into three sections: Level 1 is a confirmation of observation received for the
month in question. Every observer will have all the features observed listed here in
one paragraph. Level 2 will be the display of the most relevant image/sketch, or a
quote from a report, from each observer, but only if the date/UT corresponds to:
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similar illumination (±0.5º) and topocentric libration (±1.0º) for a past TLP report, or
a Lunar Schedule website request. A brief description will be given of why the
observation was made, but no assessment done – that will be up to the reader. Level 3
will highlight reports, using in-depth analysis, which specifically help to explain a
past TLP, and may (when time permits) utilize archive repeat illumination material.
TLP reports: No additional TLP reports have been received for September.
Concerning Leandro Sid’s (AEA) image of Proclus, Römer, Theophilus and
Carmichael, from 2020 Sep 23 UT 01:18, mentioned in the last newsletter (p. 56),
Leandro added that they could indeed also observe the colours visually at the
eyepiece, at high magnification, but with the exception that the colour pattern
oscillated between yellow and pink. But the most significant thing was that the visual
effect disappeared after UT 0118, using the same equipment on the same night. I think
that I will change the weight of this report to 1, although I suspect some atmospheric
effect may still be the most likely explanation. On 2020 Jul 24 two impact flashes
were recorded just a minute apart by BAA member Luigi Morrone (See Fig. 1) – they
were also recorded by two other UAI members. Statistically the impacts may be from
the same meteor stream, and Lunarscan suggests that they may be from the Piscis
Austrinids.

Figure 1. Impact flash images in earthshine on 2020 Jul 24 as imaged/videoed by Luigi Morrone
(BAA) (Left) 19:55:07UT. (Right) 19:56:25 UT.

News: On October 2nd I took part in my first ALPO ALCON conference (on-line) and
gave a talk on TLP statistics. If you are interested there is a youtube video that you
can watch – scroll forwards to 3h25m. However, there were also a good couple of
lunar lectures before mine that you might want to watch too!
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On Monday 26th October NASA held a press conference to announce the discovery of
molecular water on the dayside of the Moon. Previously it had been assumed that any
dayside water could only survive as OH in minerals on the surface. However, these
latest SOPFIA NASA Stratospheric Airborne Observatory infrared observations
suggest (according to one theory) that it may be held in the glass from impact melts
from micrometeoroids. The amount is very small, at maximum 400 parts per million
by volume. How this relates to TLP it is too early to say – if some TLP are caused by
outgassing then one would expect some water to be present, but not locked up in
glass. However, many hundreds-thousands of hours SOPHIA observing may be
necessary to confirm this.
Finally, an image in the last newsletter of Mons Pico that I attributed to Valerio
Fontani was actually taken by Vincenzo della Vecchia.

Level 1 – All Reports received for September: Jay Albert (Lake Worth, FL, USA ALPO) observed: Agrippa, Aristarchus, Mare Crisium, the Moon’s conjunction with
Mars, Plato, Proclus and Vallis Schröteri. Alberto Anunziato (Argentina - SLA)
observed: Aristarchus, Herodotus, Manilius, and Pytheas. Anthony Cook (Newtown,
UK – ALPO/BAA/NAS) imaged several features. Daryl Dobbs (UK - BAA)
observed: Atlas and Gassendi. Les Fry (UK – NAS) imaged: Anaxagoras, Bullialdus,
Clavius, Copernicus, Encke, Mare Frigoris, Mare Smythii, Mee, and Sinus Iridum.
Leandro Sid (Argentina - AEA) imaged several features. Román García Verdier
(Argentina – SLA) imaged Alphonsus. Fabio Verza (Italy – UAI) imaged: Geminus
and Lichtenburg.

Level 2 – Example Observations Received :
Alphonsus: On 2020 Sep 27 UT 23:59 Román García Verdier (Argentina – SLA)
imaged this crater under similar illumination to the following report:
Alphonsus 1958 Dec 19 UT 20:00? Observed by Wilkins (Kent, England)
described in the NASA catalog as: "Reddish patch on central peak" 15"
reflector used. NASA catalog weight=4. NASA catalog TLP ID No. 711. ALPO/BAA
weight=3.
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Figure 2. Alphonsus as imaged in monochrome, by Román García Verdier (SLA) on 2020 Sep 27 UT
23:59 and orientated with north towards the top.

Figure 2 provides a useful context image as to the appearance of the crater that
Wilkins would have seen if it was in a normal state of appearance. Román used an
18cm Newtonian and a QHY5-II camera.

Level 3 - In Depth Analysis:
Geminus: On 2020 Sep 04/05 UT 21:49, 22:38, 22:40, 23:02 Fabio Verza (UAI)
imaged in the near IR, and at 00:17 Tony Cook imaged this region using a colour
webcam, after the following Lunar Schedule request:
BAA Request: On 2011 Jan 21 Nigel Longshaw suspected the eastern side of
Geminus (on the border of the crater filled shadow and the eastern
illuminated rim) had a colouration to it. This extended for a short distance
from the floor shadow into the illuminated rim width and spanned from the
north to the south of the crater. For a comparison, Cleomedes was checked
but nothing unusual was noticed in its shadow. The observer notes that Elger
also saw colour here too. It’s probable that some natural surface
colouration was observed, but this needs to be checked out? Telescopes of
aperture 4" or larger are needed to observe this effect. If you have a
refractor, then try using this, otherwise a reflector will do just as well.
Please send any sketches, images, or visual descriptions to: a t c @ a b e r
. a c. u k .
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Figure 3. Geminus orientated with north towards the top. (Far Left) A sketch by Nigel Longshaw
(BAA) made on 2013 Dec 19 UT 22:15-22:30 (Col. = 118.5°-118.6°, Altʘ=4.7°-4.6°). (Left) A near-IR
monochrome image by Fabio Verza (UAI) made on 2020 Sep 04 UT 21:49 (Col. = 118.9°, Altʘ = 4.5°).
(Centre) A sketch by Nigel Longshaw (BAA) made on 2011 Jan 21 UT 22:30 (Col. = 118.8°, Altʘ =
4.2°). (Right) A colour webcam image by Tony Cook taken on 2020 Sep 05 UT 00:17 (Col. = 120.2°,
Altʘ = 3.4°) – colour saturation at 50%. (Far Right) the same image but red and blue colour channels
offset to remove the effects of atmospheric spectral dispersion.

Nigel Longshaw’s two reports (Fig. 3 – Left and Centre) of colour in Geminus have
always fascinated me, and there is an earlier account of a sepia colour by Elger from
1885 Sep 29 21:30-22:15. However, it is described as being in the surrounds, and the
colongitude was much earlier at 113.6°-114.0°. Although Fabio’s image (Fig. 3 Left)
was in monochrome, it does show the reliability of detail in the depiction in Nigel’s
sketch (Fig. 3 – Far Left) from 2013. My own image (Fig. 3 – Right), taken later in
colongitude, even after that of Nigel’s 2011 Jan 21 sketch, does show some brown
between the interior shadow and the illuminated eastern rim. I know this was
atmospheric spectral dispersion as it appears on similar contrast craters elsewhere, and
when I attempted to remove it, as in Fig. 3 (Right) it has mostly vanished. The
Moon’s altitude back in the 2011 sketch was 26°, where as in 2013 and 2020 for
myself it was around 33°. So, this raises the possibility that what Nigel saw was
induced by our atmosphere. If so, then it should be stronger at lower altitudes, and
indeed it may well be. The odd thing was that Nigel did not report similar colour on
other features. We shall leave the weight as it is at the moment to encourage more
observing.
Pytheas: On 2020 Sep 26 UT 00:05 Alberto Anunziato (SLA) imaged the Moon
under similar illumination to the following report:
On 1982 Aug 29 at UT 02:13-02:30 Robotham (Springfield, ON, Canada, x97 and
x160) found that the west rim of Pytheas crater was very bright, especially
at lower magnifications, being one of the brightest spots on the Moon. The
Cameron 2006 catalog ID=182 and weight=3. ALPO/BAA weight=1.
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Figure 4. Pytheas as indicated by arrows as imaged by Alberto Anunziato on 2020 Sep 27 UT 00:05.
North is towards the top.

Alberto’s image (Fig. 4) certainly shows Pytheas to be bright as it has a digital
number value of 212. Only the brightest features on the right-hand side of the image
exceed this. Pytheas, however, is on a dark background that gives it more contrast, so
may seem the brightest feature. We discussed a similar repeat illumination before for
this crater in the 2019 Jan newsletter, p. 35. I will lower the weight to 0 and remove it
from the ALPO/BAA TLP database.
Plato: On 2020 Sep 27 UT 01:20-01:40 Jay Albert (ALPO) observed this crater under
similar illumination to one of his earlier TLP reports:
On 2009 Apr 05 at UT 01:03-01:31, 01:44 and 02:30 J. Albert (FL, USA, 11"
reflector, x224 and x311, transparency 4-3 and seeing 5-6/10) noted a tiny
point on the south east rim of Plato, adjacent to the east wall shadow. It
was first seen at x311 without filters, then in both Wratten 25 (red) and
Wratten 38A (blue) - it was faintest in the latter. The spot was probably a
high point on the south east rim. By 01:28UT the spot was no longer visible
in the blue filter, but could still be seen well in red and white light. No
change was seen during rechecks at 01:44 or 02:30. The observer considers
that this was not a TLP as it was on the limits of detectability and anyway
observing conditions were poor. The ALPO/BAA weight=1.

Jay was using an 8” SCT and his transparency was initially 1 st magnitude and the
seeing was 6-7/10. No filters were used. This time around he found the tiny, bright
point on the SE wall adjacent to the E wall shadow was seen with some difficulty –
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due to the hazy sky conditions, but was not especially bright anyway. The central
craterlet was seen and the N pair was seen with difficulty. Transparency was
decreasing and dew was starting to form on the eyepiece towards the end of the
observation. We covered this repeat illumination earlier in the 2020 September
newsletter, p. 117, when we assigned it a weight of 0 as normal appearance. And I
will double check that this has been removed from the predictions – sometimes it
takes a month or two for the removal to make it into the web pages. But anyway, it is
good to have an additional observation to be sure that the TLP was not a TLP.
Atlas: On 2020 Sep 27 UT 20:30-20:58 Daryl Dobbs (BAA) sketched this crater
under similar illumination and topocentric libration to the following report:
On 1991 Apr 25 at UT 02:34-02:37 UT D. Darling (Sun Praire, WI, USA, 12.5"
reflector, x64) found that Atlas had spots in it that were "more intense in
blue". No blinks were detected elsewhere on the Moon apart from Gassendi.
The Cameron 2006 catalog ID=425 and weight=4. The ALPO/BAA weight=2.

Figure 5. Atlas as sketched by Daryl Dobbs (BAA) on 2020 Sep 27 UT 20:30-20:58. Orientated with
north towards the bottom.

Daryl’s sketch (Fig. 5) was made using a 10” Newtonian under Antoniadi II-III
seeing. He comments that ‘the interior of the crater had three dark albedo features,
the darkest on South East part under the crater wall, there were two other dark
features one on the North East part and one on the North West part. The NE feature
was slightly darker than the NW feature. Between these were a bright spot which
gave the impression of a “causeway” leading to the centre area.’ He observed the
area using a Red #23a filter followed by the Blue 80a filter. The contrast between
these two filters did give the impression that the albedo features using the blue filter
had a deeper tone than observed in the Red.
Daryl then tried the following filters in sequence: #23a, #12, #58 and finally #80a,
then swapped eyepieces and repeated. He gained the impression that the red filter
made the area appear darker (including the albedo features) than the blue filter, which
made them stand out for from the general area. ‘The yellow filter did not enhance or
diminish the contrast between the albedo features and the surrounding area. The
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green filter did darken the view through the eyepiece but not so much as the red filter.
The glare from the lunar surface was reduced slightly using the blue filter but far
more so using the red filter. The slight reduction in the glare with the blue filter could
give the impression the albedo features were intense than with the red filter, this
theory seems plausible when I used the green and yellow filters as a comparison.’
To sum up, he thought that the intensity of the spots observed was more to do with
reducing the glare from the lunar surface than any change. The contrast of the spots
did seem to be enhanced when using the blue filter which he thought was more to do
with the geology of the features than any TLP change.
We have covered a repeat illumination report of this crater back in the 2014 March
newsletter on p. 14 and comparing the observations, I think that I will lower the
weight to 1 – just enough to keep it on the system as I would like to get hold of some
colour images just to confirm these visual reports.

General Information: For repeat illumination (and a few repeat libration)
observations for the coming month - these can be found on the following web site:
http://users.aber.ac.uk/atc/lunar_schedule.htm . Only by re-observing and submitting
your observations can we fully resolve past observational puzzles. To keep yourself
busy on cloudy nights, why not try ‘Spot the Difference’ between spacecraft imagery
taken
on
different
dates?
This
can
be
found
on:
http://users.aber.ac.uk/atc/tlp/spot_the_difference.htm . If in the unlikely event you do
ever
see
a
TLP,
firstly
read
the
TLP
checklist
on
http://users.aber.ac.uk/atc/alpo/ltp.htm , and if this does not explain what you are
seeing, please give me a call on my cell phone: +44 (0)798 505 5681 and I will alert
other observers. Note when telephoning from outside the UK you must not use the
(0). When phoning from within the UK please do not use the +44! Twitter TLP alerts
can be accessed on https://twitter.com/lunarnaut .
Dr Anthony Cook, Department of Physics, Aberystwyth University, Penglais,
Aberystwyth, Ceredigion, SY23 3BZ, WALES, UNITED KINGDOM. Email: atc @
aber.ac.uk
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