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FROM THE DIRECTOR

Harold Hill (5 August 1920 – 30 October 2005)

This month marks the centenary of the birth of Harold Hill, one of the truly great
lunar observers of the twentieth century. Harold’s exquisite lunar drawings will be
well known to readers through his Portfolio of Lunar Drawings (Cambridge, 1991),
but many more were contributed to Lunar Section publications over many years.
These may be found scattered throughout the pages of the Section bulletins The Moon
and The New Moon, which are available to BAA members via the ‘Section
Publications’ link on our web pages.
I had the great fortune to know and learn from Harold, having first met him in the
mid-1960s through a mutual friendship with Eric Strach and a common interest in the
Moon. But Harold was widely known to many of us in the Lunar Section, often
serving as a friend, guide and mentor. So it seems entirely fitting to mark this
centenary in the Lunar Section Circular. Nigel Longshaw, who corresponded with
Harold over many years, has kindly written the short memoir that follows, a memoir
that to my mind captures the man perfectly. The photographs of Harold reproduced
here were supplied by Bill Sheehan and Julian Baum.
Bill Leatherbarrow

Harold Hill with his 10-inch Newtonian at his home, Dean Brook House, near Wigan. The photo was
taken during a visit in September 1993 by Richard Baum (left) and Bill Sheehan (right). The mirror for
this telescope was made by Mike Brown, a long-term member of the Lunar Section who sadly passed
away recently.
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HAROLD HILL – a reminiscence

Nigel Longshaw

Put simply, Harold Hill was my mentor in lunar studies. From the only time I visited
him on June 30th 1984 until I received, from his son after Harold passed away, a letter
to me which was in his typewriter dated October 24 th 2005, he has been a constant
inspiration. First and foremost, Harold was a visual observer of the solar system.
Observation of the sun and its phenomena in hydrogen alpha light occupied a great
deal of his time, as did observing the Moon and the charting of the South Polar
Regions. He was also an accomplished planetary observer, and in all these disciplines
he was able to demonstrate his keen eye and substantial artistic ability in rendering his
subject in an accurate and aesthetically pleasing manner. I do not claim in any way to
have had a special relationship with Harold; he proffered the same encouragement and
friendship to anyone who demonstrated similar interests in the Moon and of course
solar observation.
My only visit to Harold’s home, Dean Brook House, came about in a somewhat
roundabout way. In 1984 I was a member of the Manchester Astronomical Society.
The society was very active at the time, and a few members were interested in the
Moon. John Bolton was an experienced lunar observer, and another member, Bob
Stuart, was keen on lunar imaging. Many readers will know Bob from his wonderful
CCD images of the Moon which have graced the pages of this Circular, a far cry from
the images on film he was taking in the early eighties and developing in his makeshift
dark room at home!
At the time Bob had sent some of his images to Harold, and arrangements had been
made to meet up. However, Bob was unable to make it on the day, but John Bolton
and I managed to get over to Wigan and spent a few hours with Harold. I must
confess that I don’t remember a great deal of the day, but I do remember it was sunny
and we spent some time in the garden of Dean Brook House, where Harold showed us
his 10-inch F/10 Dobsonian-mounted Newtonian. We also viewed the Sun through his
prominence ‘scope, constructed by himself utilising an old three-inch refractor he
bought from an apothecary shop in Wigan. This was sited in his roll-off roof
observatory and I still recall fumbling about in the darkness, peering into a narrow slit
and seeing prominences for the first time on the Sun. It would be many years later
before I was able to relive the experience with a Coronado PST from my own back
garden!
At the time Harold submitted regular lunar reports to ‘The Astronomer’ magazine,
often including drawings of particular features of interest. Harold arranged for a
couple of my early lunar drawings to be published in the magazine, the first time I had
seen any of my own work in print!
Regular correspondence with Harold started around this time, and save for a break
between 1986 and 1993 (marriage, house, family – the usual things!) it remained
pretty steady until his death in 2005. That’s how our contact continued. Sometimes a
couple of months would pass between letters, especially during the summer period
when the Moon is less well placed, but come the autumn and into the winter period
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the letters would often become more frequent. It would always be a thrill to receive a
large brown envelope with the familiar handwritten address because I knew inside
would be photocopies of some of Harold’s latest drawings, or a detailed list of
potential observing targets. Harold was a dedicated observer. Seldom would he roam
aimlessly about the lunar surface without apparent purpose. At the beginning of each
year he would prepare an observing schedule, working out the precise times at which
lighting and libration might match an observation he had recorded previously of a
particular feature which he found of interest. Occasionally he would simply send a
few lines to remind me of a date and time to make observations of a particular area of
the Moon. Never did my correspondence with Harold contain idle chit-chat; there was
a purpose to everything, and in my case this was generally lunar related.
Harold began his lunar studies in the 1940s, so his methods were firmly rooted in that
period – a time when the visual observer might still add something to our
topographical knowledge of the Moon. Despite the results of the Lunar Orbiter and
Apollo missions Harold still managed to instil a feeling that there remained
topographical issues to be resolved. I think to a great extent that was my inspiration in
my early years of observing and to some extent even now. After a particularly barren
observing period simply going back through all the letters I have from Harold, and the
many copy drawings he sent over the years, does still inspire me to spend time at the
eyepiece.
I corresponded with Harold during his retirement. This situation enabled him to take
advantage of observing the Moon in the early hours of the morning during the autumn
months. He often said this was one of his favourite times to observe, when the Moon
was high, and seeing conditions had settled overnight. He would often be going up to
bed as his wife was coming down stairs in the morning!
In 2000 he lamented that his night-time observing sessions would need to be curtailed
following medical advice in relation to his ongoing asthma problem. Solar observing
would need to become his main focus. His trusty 203mm Schmidt-Cassegrain was
sold, and the 10-inch Newtonian dismantled, but solar observations continued with
the 71mm prom scope. However, by late 2002 Harold had decided he needed a
telescope and took delivery of a new OMC140 telescope from Orion Optics UK,
mounted on an EQ-5. This was installed in his run-off roof observatory. Harold was
thoroughly delighted with the results, and night-time observing commenced again! By
late 2003 he was observing Mars, and was so impressed by the telescope that he
ordered the 8-inch version. It was April 2004 before the new telescope was delivered,
but it was quickly put to work on the Moon and Mars in 2005. The last copy
observations of Mars I received from Harold were made on October 6 th and 14th at
past one o’clock in the morning!
Harold passed away on October 30th 2005.
It is fair to say that Harold did not ‘suffer fools gladly’. At times he might appear
somewhat blunt and curt. Several times I was chided in correspondence for using
what Harold considered inadequate aperture for the task at hand, or making a mistake
in calculations of the lunar colongitude. In 2003, regarding a recently published
observers guide to the Moon, he wrote that he found it inexplicable why a publisher
would print drawings of the Moon with north at the top when the book was ‘… meant
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for the lunar observer’! Harold stuck to the methodology he knew, and to do that
throughout such a long observing career, despite all the changes that took place during
his lifetime, indicates a man of singular purpose and character.
Towards the end of his life, with the advent of CCD imaging, I think Harold realised
the visual observer was a dying breed. Although he appreciated the power of modern
imaging techniques, he felt that what is often overlooked ‘… is the slow erosion of
initiative and enterprise on the part of the younger generation’.
He finished his last, incomplete letter to me, reflecting on observations of Mars.
‘Martian features require a different eye of appreciation … in complete contrast to the
harsh black/white of the lunar surface’, he wrote. ‘Great patience is needed … to
reveal the finest details. I will not make any specific references but the crudity of
some work that is published makes one understand why CCD techniques have
become so popular – the sad thing is that improvement towards artistic ability is
quashed at the outset, as is the case of course with the Moon. I’m afraid we have seen
the end of an era…’
With grateful thanks to Harold Hill (1920-2005) for past encouragement and
continued inspiration.

OBSERVATIONS RECEIVED
This month images and drawings have been received from the following observers:
Leo Aerts (Belgium), Maurice Collins (New Zealand), Daryl Dobbs, Rik Hill (USA),
Rod Lyon, Mark Radice, Graham Wheatley, George Whiston, and the Director.
Rik Hill has submitted an image of the Heraclitus region along with the following
notes.
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This is a crowded highland region on the moon east of Tycho and Clavius. The large
crater on the terminator with the great dramatic shadows on is floor is Maginus
(168km diameter) with its tiny offset central peaks. Below center is a crater with a
pronounced central peak, Lilus (63km) and to the lower right of it is Jacobi (70km)
with a bunch of secondary craters on its floor. In the upper right corner of this image
is half of the large crater Maurolycus (117km). Notice the crater to the left, Faraday
(71km). On the lower left crater wall is a particularly polygonal crater Faraday C
(30km) with a curious floor infilled with ejecta from another nearby impact. The
concentric depression on the left (west) side of this crater consists of at least 3 merged
craters again overlain by ejecta looking like thumbprints in the lunar surface. Moving
south from Maurolycus is the crater Barocius (85km) with a curious upper right rim,
worthy of some investigation at different illuminations. Going even further south is a
smaller crater, Breislak (51km) and just south of that is Baco (71km).
Near the center of the image is another large flat floored crater Cuvier (77km) and just
to the left of this crater is the star of the show, a crater called Heraclitus. It is the
elongated depression with a long central mountain chain or ridge, a large crater on the
north, Licetus (77km) and a smaller crater on the lower end, Heraclitus D (52km).
This feature stands out when you run across it with your telescope. It is thought to be
several craters merged in some fashion. There is nothing else on the Moon like it.
There is a bizarre feature on the floor of Heraclitus D that consists of some deposited
material in a mound with fragments of two smaller crater walls that create a spiral
form on the southwest quadrant of the crater floor! Lots of strange topography in this
area!!
IMAGES GALLERY

Schiller-Zucchius Basin, 2 June 2020, 21-34 UT, C11, (George Whiston)
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Leo Aerts has sent in a fine selection of images from the nights of 30 and 31 May
2020, including images of the Mare Crisium and the Petavius-Humboldt region under
high solar illumination.

Mare Crisium (south), 30 May 2020, C14 (Leo Aerts)

Petavius-Humboldt, 30 May 2020, C14 (Leo Aerts)

Leo also sent the following richly detailed image of the area around Copernicus, taken
on 31 May 2020 with a C14.
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Rod Lyon captured the interior craterlets of Plato under good seeing conditions on
the evening of 12 July 2020.
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Mark Radice captured the little-explored area around the Lacus Timoris, as well as a
fine study of the Hadley rille.
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In the spirit of Harold Hill, Graham Wheatley has submitted (via Colin Ebdon) an
excellent drawing of the area around Newton. For comparison we include a crop from
an image by the Director, taken around the same time with a 300mm Mak-Cass. South
is up in both.

Newton, 1 June 2020, 20-46 UT, OMC300 (Bill Leatherbarrow)
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JANSSEN AND ITS RILLES

Barry Fitz-Gerald

The old and battered highland crater Janssen is cut by the prominent Rima Janssen
(RJ), a spectacular linear rille or graben which cuts across a rugged central massif
from northeast to southwest for some 60kms before transforming into a diverging
group of smaller, less prominent graben that splay out like a bird’s foot and continue
across the crater’s western floor and beyond.

Fig. 1 LRO image of Janssen.

These graben have piqued the curiosity of many because they really should not be
here in the highlands; graben are features associated with areas of geological activity
where uplift and subsidence has pulled the crust apart and the highlands are usually
thought to be dormant and inactive. So Rimae Janssen, to give them their collective
name, really should not be here in this ancient pre-Nectarian crater.
To set the scene Janssen is about 200kms in diameter (depending on where you
measure it) and appears to consist of an ancient crater, the southern part of which has
been demolished by the rather less ancient Janssen. Both craters were about the same
size, with the remnant rim of the older crater peeking out as an arc of higher terrain to
the north. These ancient overlapping craters form something of a palimpsest, and
working out where one ends and another begins is a bit of a guessing game* but for
the present we can content ourselves with the scenario just outlined of an older crater
with a younger crater on top, both pre-Nectarian in age. In this case the rugged central
massif within Janssen appears to sit just about where a central peak should be, or
more accurately a peak ring which is a 'concentric ring of rugged hills' that appear in
craters greater than 140– 170 km in diameter [1]. The formation of the Nectaris basin
smothered much of the adjacent terrain and the northern part of Janssen with ejecta
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which comprises the Janssen Formation, which is analogous to the Hevelius
Formation of the Orientale Basin. It also produced crater chains such as the Vallis
Rheita, comparable to the grooves and troughs of the Imbrium Sculpture. Janssen's
central massif is smothered in a lobe of Janssen Formation deposits, which probably
accounts for the lobe-like nature of the southern edge just to the north of Janssen K.
The 79km diameter crater Fabricius straddles part of the north-eastern rim of Janssen
and is of Eratosthenian age. As RJ terminates abruptly just outside Fabricius's rim and
cannot be traced within the crater, it is likely that the crater postdates the graben.

Fig. 2 Quickmap overlay of the Bouguer gravity filtered from degree 60 to 660 GRAIL data for
Janssen and Fabricius showing the evidence for dense volcanic rock in the form of red colour-coded
areas. Note the centrally located anomaly in Fabricius and one beneath the central massif of Janssen.
The signal from the latter anomaly may be masked by the low density lobe of Janssen Formation
deposits which are draped over the massif.

But, Janssen might not be just an old and battered crater, and there is good reason to
believe that it is a Floor Fracture Crater (FFC), a class of crater subject to the effects
of shallow magmatism including uplift of the floor [2]. The current understanding is
that FFCs are modified by the intrusion of magma which has ascended from deep
within the crust and accumulates in magma chamber beneath the crater floor. FFCs
are normally found within and around the maria where fractures, faults and volcanic
activity are endemic, and not within the more dormant lunar highlands. The uplift
associated with FFC formation would account for the rilles we see, and what follows
is a trip through the spacecraft data to explore this possibility further.
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The latest research also suggests that once the magma reaches the relatively shallow
depths beneath a FFC, gasses within it come out of solution under reduced pressure
and form a frothy foam which continues to rise and collects in the upper part of the
magma chamber. The gas in this foam exerts an upwards pressure which contributes
to the uplift of the overlying surface, but it can then escape to the surface via
fractures, leaving behind the de-gassed magma. This de-gassed magma is much
denser than the original gassy variety and as a consequence it is detectable in gravity
data such as that from the GRAIL mission. Fortunately, Quickmap has several
GRAIL overlays and the one in Fig. 2 is a Bouguer gravity overlay where red is
indicative of a positive gravity anomaly within the crust which would be diagnostic of
de-gassed basaltic magmas. The first thing to note is that there is a lot of red about, so
there are plenty of positive anomalies beneath the highland crust, but where a positive
anomaly corresponding to a magma body beneath is combined with evidence of uplift
then it is reasonable to infer a cause and effect relationship. In the case of Janssen Fig.
2 shows that there is an elongate anomaly corresponding to the central massif and a
further one associated with Fabricius. The signal associated with the central massif
appears weaker than the one beneath Fabricius but this may be due to the presence of
the low density lobe of Janssen Formation deposits draped over the massif.

For the sake of brevity I have annotated the components of Rimae Janssen using R1 to
R5 to identify the smaller components and RJ to identify Rima Janssen itself. This is
my notation and is not an IAU-recognised designation. RJ is of course the most
prominent of all the graben, and can be traced from just outside the southern rim of
Fabricius for some 65kms to the west in a slightly curving path to where it ends
abruptly up against RJ1. RJ3 and 4 as well as some smaller scale graben which I have
not numbered appear to sprout off the rather abrupt western end of RJ.
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Fig. 3 Central part of Janssen showing the Rimae Janssen including Rima Janssen (RJ) the broad
curving graben that cuts the central mound. Other members of the graben complex are labelled RJ 2 to
RJ5 (this is not IAU designation and just for use in this article). Topographic profiles along lines PQ
and RS are reproduced below.

RJ1 runs approximately northwest-southeast down the western crater floor (Fig. 3).
RJ1 can be traced north of the intersection with RJ, where it continues as a ridge
RJ1N beneath the Janssen Formation deposits. In fact only a short section of RJ1 is a
graben at all, as to the south it transforms into a 300m high west-facing scarp. The
terrain surrounding the graben-like section of RJ1 is peppered with ejecta and small
secondary craters from Fabricius, giving RJ1what has been described as a crateriform
appearance – but it is purely a tectonic feature with no evidence of volcanism. RJ5 is
a small inconspicuous graben that is cut by RJ1 near where the latter ends up against
the southern crater wall. RJ2 branches off RJ's northern side and heads off across
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Janssen's western rim, and at one point it can be seen to cut RJ1(N) which indicates
that RJ1(N) and presumably RJ1 is the older structure.

Fig. 4 SELENE/JAXA image of Rima Janssen. Yellow arrows indicate displacement of the graben
along faults. Note the horizontal displacements (yellow arrows) that have produced a saw-tooth look.

The SELENE image in Fig. 4 shows that the central massif (and much of the wider
area in fact) is traversed by faults which trend in a northwest-southeast direction. This
is roughly radial to the Nectaris Basin and is probably a regional response to the basin
forming impact. One of these faults is visible as the 1200m high scarp (~ 15° slope)
that forms the western edge of the massif.
A closer look at RJ shows that it is quite a complicated structure, being extremely
wide – in places up to 10kms from rim to rim – and with a few large longitudinal
troughs and ridges, some of which are probably areas where the walls have collapsed.
It is traversed by a number of faults and horizontal displacement along these has given
parts of the graben a rather saw-toothed look.
These features in RJ can all be accounted for if the central massif has been subject to
episodes of uplift. Recall that this massif may be a central peak or peak ring which
was draped in Janssen Formation deposits from the Nectaris Basin. An initial phase of
uplift would produce a graben across the summit, as well as activating pre-existing
faults dating from the Nectaris impact event. Further episodes of uplift would widen
RJ as additional faults developed parallel to the original ones and subsidence took
15

place between them. Note that stretching the crust in an approximately northwestsoutheast direction would both widen RJ and potentially produce the horizontal
displacement evident in Fig. 4.
The scale of RJ can be seen in the Quickmap topographic profile shown in Fig. 5
(beware the vertical exaggeration!) which shows just how prominent a feature it is. If
the central massif was uplifted, the maximum stresses would occur at the summit –
and this is where we find the graben. If on the other hand the graben had formed in
response to some other regional deformation, it could just as easily have crossed a
flank or the base of the massif – a minor point maybe, but it supports the hypothesis
that the central mound has undergone uplift.

Fig. 5 Topographic profile along a line NW-SE across the central massif of Janssen. Note the width of
Rima Janssen (black arrows) which here is in excess of 10kms, and depth of some 600m.

Returning to Fig. 3, the profile along line P-Q shows that the crater floor in this area
consists of a gentle swell some 40kms across and about 500m high, with RJ1(N)
forming a ridge running along its crest. Be aware that these profiles are very
exaggerated in the vertical direction and what looks like a precipitous spike in the
diagram is in fact a 400m high scarp but with a slope of 10° at most. This swelling
represents a gentle uplift of the crater floor, and this was probably responsible for the
formation of RJ3 and 4 and the smaller graben that cross the area.
The profile along line R-S in Fig. 3 is shown in Fig. 7, and as can be seen at this point
along its length RJ1 is a west-facing scarp 300m high and with a slope of some 12°.
The crater floor to the east also forms something of a low swelling, indicative of
uplift. It is possible that RJ1 formed in response to the same forces that generated the
crater floor uplifts we see here and to the north. Despite these surface features being
extremely subtle, telescopic images have managed to capture them, so that the
swelling of the crater floor to the east of RJ1 has been described as a 'sharply bounded
dome' based on hi-res images**. This is an important observation, supporting the
hypothesis that uplift has played a part in the evolution of the crater.
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Fig. 6 Topographic profile along a line P-Q on Fig. 3 showing the broad swell that occupies the crater
floor and the line of RJ1(N) along the crest of the swell.

A more obvious indication of uplift associated with magmatic intrusion is Fabricius
(Fig. 8) as it is rare example of a highland FFC. This crater has an unusual, almost
horseshoe-shaped central peak which may be a consequence of a low angle impact
origin from the southwest. The fractures that can be seen on the southern crater floor
are typical of the angular concentric and radial fractures that develop within FFCs as
the floor is pushed upwards by the intrusion of a magma body below. The suggested
presence of a dense rock mass beneath the central part of the crater as indicated in the
GRAIL data (Fig. 2) further supports the interpretation that Fabricius is a FFC and the
general uplift scenario proposed above.

Fig. 7 Topographic profile along a line R-S on Fig.3 showing the scarp like nature of RJ1 and the
'dome like' nature of the crater floor to the east.
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Fig. 8 LROC-WAC image of Fabricius showing the unusual central peak complex and the floor
fractures typical of FFCs on the southern crater floor.

One rather interesting possibility is that Janssen's floor may have been uplifted prior
to the formation of the Nectaris basin during the pre-Nectarian period – some 4.2 to
3.92 billion years ago. This is suggested by the fact that RJ1(N) which appears to be a
northern extension of RJ1 is covered in Janssen Formation deposits. As these deposits
originated in the Nectaris impact event, RJ1 and the uplift that produced it would
therefore pre-date that event. The faint graben RJ5 that RJ1 cuts through might
represent one of the original circumferential fractures that date to this early phase in
Janssen's history. The formation of RJ itself appears to have occurred after the
Nectaris impact (as it is draped in Janssen Formation deposits), so at some stage
during the Nectarian period – 3.92-3.85 billion years ago.
Fabricius is of Eratosthenian age which extended from 3.16 to 0.8 billion years ago –
and clearly the uplift that transformed it into a FFC occurred at some time during or
after this period. If this chronology is accurate, it would imply ongoing volcanism
within this small area of the Moon extending over at least some 3 billion years – an
impressive lifetime for any bout of volcanism. Of course, this is not to imply ongoing
volcanism over the entire period; an early one involving the pre-Nectarian Janssen
and a later one during the Eratosthenian age might account for all the features we see.
This chronology would however assume that the correct interpretation has been made
for the deposits covering the central massif, but timings aside, the conclusions linking
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the formation of the Rimae Janssen and uplift due to shallow magmatic activity
remain.
The crater Petavius may be in some ways a good indicator of what Janssen may have
looked like in the past had it not been smothered by ejecta from the Nectaris basin.
Both are large FFCs with a single massive graben that dwarfs the others on the crater
floor. The peak-ring of Petavius gives one an indication of what Janssen's central
massif originally looked like, and both craters have a centrally placed uplift and
underlying positive gravity anomaly. Of course Petavius lies on the southern shore of
Mare Fecunditatis as opposed to the highland setting of Janssen – a location more
typical of FFCs.
Janssen might not however be in a typical area of highland terrain. The highland
surface of the Janssen and Pitiscus area has something of a 'plains-like' appearance (at
least to my eye) with a lesser concentration of old overlapping craters than other
highland areas. The GRAIL crustal thickness map shown in Fig. 9 also shows that
Janssen lies within a rather broad latitudinal swathe of reduced crystal thickness
(~25kms) sandwiched between two zones of greater thickness (~40kms). This reduced
thickness is more typically seen within the mare basins.

Fig. 9 GRAIL crustal thickness map overlay form Quickmap showing a zone of reduced crustal
thickness within which Janssen (J) is located. The edge of the Nectaris basin is shown in blue at the top
of the frame. Topographic profile along line X-Y is shown in Fig. 10.
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Fig. 10 Topographic profile along the line X-Y shown on Fig. 9. Based on SLDEM2015+LOLA(m)
from Quickmap

Additionally this zone is slightly depressed on a regional scale relative to the thicker
crustal zones north and south (Fig. 10), which may have made it more prone to the
effects of subsurface volcanism which in its ultimate expression resulted in the
eruption of mare lavas we see in Oken, Lyot and Mare Australe. So Janssen is within
the highlands, but a part of the highlands where volcanism is more likely to manifest
itself along with the associated secondary phenomena such as uplift and graben
formation.
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LUNAR OCCULTATIONS

August 2020

Tim Haymes

Time capsule: 50 years ago (LSC Vol. 5, No. 8)
[With thanks to Stuart Morris for the LSC archives]
E.C. Deavin: An Appreciation of the Late Dr. H. P. Wilkins FRAS.
O’Neill’s Bridge: A BBC sound interview with Wilkins at his telescope declares the
bridge is 20 miles in length and unmistakable.
G. Falworth discussed Saturn-V stage impacts on the Moon.
P. Darnell (Denmark) discusses PE in his occultation observations classifying 0.3s as
‘good’, 0.5s as a ‘difficult’ observation.
Personal equation (PE) for Occultation observers – T. Haymes
Over a number years of visual observation, an observer will have generated a good
feel for his/her reaction time. Observers using digital stopwatches have reported PE
like 0.25 +/- 0.05 partly based on the O-C residuals received from the data reduction.
It should be pointed out, that the uncertainty in the time correction is perhaps the most
desirable figure to establish. This is reported along with the timings. But it is still only
an estimate. With the advent of video and on-frame GPS time stamps the timing
accuracy is improved considerably. There is no correction for PE. Yet when we look
there are still some fine adjustments to make.
The video frame duration is now the timing uncertainty. At 25fps the uncertainty
becomes +/-20ms using the mid-frame as the event marker. Then there is a delay
introduced by the video camera because we receive the timed frame after the event
has occurred. Fortunately, the delays for most video camera + time inserters are well
documented.
The timing of lunar occultations is now a very precise art.
L.V. Morrison and G.M. Appleby (1981) found that PE was dependent on Lunar
Phase and Magnitude of the star. Hammerton and Stretch (U of Newcastle) also
publish simulations in BAAJ (1981,91,3,245).
https://academic.oup.com/mnras/article/196/4/1005/983324
Now, 40 years later, we have equipment and software capable of recording timed
events with 1-2ms accuracy using USB3-CMOS cameras – a professional approach in
many ways.
This theoretical accuracy is more than is needed for most amateur observations.
In August
Hopefully, this month’s predictions will tempt observers. On the mornings of 14 th and
15th the crescent passes through a dense star region in Taurus and Gemini giving rise
to a number or reappearances which are typically under-observed. Look out for 3
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Gem and 4 Gem on the 15th from 0340UT, (0440 BST). I will make an effort to
observe these and report back.
I will be up and about early on the 14th at 0306UT for asteroid (1042) Amazone
occulting TYC 1249-00179-1 which is in Taurus and 20 degrees from the Moon at the
time. The prediction is the BAA page 54. Details here:
http://www.asteroidoccultation.com/2020_08/0814_1042_65752.htm
Good luck…
2020 August predictions for Manchester (Occult4 by D.Herald).
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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.
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: Tim Haymes

LUNAR GEOLOGICAL CHANGE DETECTION PROGRAMME
Tony Cook
Introduction: This month I will begin the new format of reporting observations – this
has to be done in order to cope with the popularity of the programme and the vast
numbers of observations received. There will be three levels. Level 1 is a
confirmation of observations 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 repeat illumination 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 TLP were reported in June, however UAI observers have
discovered a bright impact flash in an archive 2017 video recording made on 2017
Sep 27 UT 18:56:12. Please check out any video recordings you have from that date
and UT e.g. occultation observations, just in case it was captured by chance.
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Level 1 – All Reports received for June
Jay Albert (Lake Worth, FL, USA - ALPO) observed: Linne, Mare Imbrium, and
Mons Piton. Alberto Anunziato (Argentina - SLA) observed: Alphonsus, Daniell, and
Trouvelot. Aylen Borgatello Alaniz (Argentina – AEA) imaged: Messier, Plato and
Proclus. Maurice Collins (New Zealand – ALPO/BAA/RASNZ) imaged: Bullialdus,
Copernicus, earthshine, Longomontanus, the lunar disc, Plato, and several features.
Alexandra Cook (Spain – NAS) imaged the penumbral eclipse. Tony Cook
(ALPO/BAA) videoed the Moon in the thermal IR. Rob Davies (Mid-West Wales,
UK - BAA/NAS) imaged Albategnius. Daryl Dobbs (Risca, UK – BAA) observed:
Beaumont, Proclus, Sinus Iridum and several features. Walter Elias (Argentina –
AEA) imaged: Aristarchus, Deslandres, Mons Piton, Plato, and Tycho. Les Fry (MidWest Wales, UK – NAS) imaged: Clavius, Encke, Euler, Gassendi and Mee. Cian
Gonzalez and David Emiliano Abel (Argentina – AEA) imaged: Aristarchus,
Langrenus, Mare Crisium, Petavius and Proclus. Rik Hill (Tucson, AZ, USA ALPO/BAA) imaged: Heraclitus and Sirsalis. Bill Leatherbarrow (Sheffield, UK –
BAA) imaged: Sinus Iridum. Gabriel Re (Argentina – AEA) imaged: Aristarchus,
Gassendi and Mare Frigoris. Leandro Sid (Argentina – AEA) imaged: Bullialdus,
Cassini and Cassini E, Copernicus, Darney and the lunar disc. Bob Stuart (Rhayader,
UK – BAA/NAS) imaged: several features. Fabio Verza (Italy – UAI) imaged: Mare
Frigoris.
Level 2 – Example Observations Received
Mons Piton: On 2020 Jun 01 Jay Albert (ALPO) at 01:10-01:30UT both observed
and imaged (Fig. 1 – Left) and Walter Elias (AEA) imaged (Fig. 1 – Right) at 0:2301:24UT, the mountain under similar illumination (to within ±0.5º) to the following
report:
Piton 1958 Sep 23 UT 00:00? Observed by Moore? (UK?) "Enveloped in an
obscuring cloud-like mist" NASA catalog ID 697. NASA catalog weight=2.
ALPO/BAA weight=2.

Figure 1. Mons Piton on 2020 Jun 01 orientated with north towards the top. (Left) Taken by Jay
Albert (ALPO) at 01:27UT. (Right) Taken by Walter Elias (AEA) at 01:23UT.

Jay comments that: Contrary to the TLP description, Mons Piton and environs were
clearly and sharply seen without the slightest hint of obscuration or fuzziness, despite
the overall hazy sky. The E slopes were brightly lit and the W slopes were in shadow.
The mountain showed good detail. We have covered this TLP before in the 2006 Feb
and Mar newsletters.
Sinus Iridum: On 2020 Jun 01 UT 21:27 Bill Leatherbarrow (BAA) imaged (Fig. 2)
this area under similar illumination (±0.5º) to the following TLP report:
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Sinus Iridum 1996 Apr 28 UT
refractor, x112, seeing III,
floor ~1/4 diameter of Sinus
Section Observation. ALPO/BAA

20:00 Observed by Brook (Plymouth, UK, 60mm
slight breeze, twilight) "dark shaded area on
Iridum on western interior by rim" BAA Lunar
weight=1.

Figure 2. Sinus Iridum on 2020 Jun 01 UT 21:27 as imaged by Bill Leatherbarrow and orientated
with north towards the top.

Bullialdus: On 2020 Jun 01 UT 22:23 Les Fry captured an image (Fig. 3) of this
crater under similar illumination to the following report:
Bullialdus 1979 Aug 03 UT 21:36-21:48 Observed by Cook (Frimley, UK, seeing
III, Moonblink device) "Bullialdus eastern side of the crater looked
brighter in red i.e. rim and exterior, extending to the south slightly and
this reddish area was slightly hazy. At 21:41 it clouded over but at 21:4721:48 it cleared briefly and effect was noted again. Also, Darney appeared
very visible through the red filter. Probably spurious colour as the Moon
was -18 deg in declination and the whole Moon had a slight brownish tinge"
ALPO/BAA weight=1
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Figure 3. Bullialdus to Darney area as imaged by Les Fry (NAS) on 2020 Jun 01 UT 22:23 and
orientated with north towards the top. This has been colour normalized and had its colour saturation
increased to 60%.

Penumbral Lunar Eclipse: On 2020 Jun05 UT 19:22 Alexandra Cook (NAS) from
Torrevieja Spain imaged (Fig. 4) the Moon during the penumbral lunar eclipse.

Figure 4. The penumbral lunar eclipse on 2020 Jun 05 UT 19:22 as imaged by Alexandra Cook (NAS).

Lunar eclipses are important as they are the closest we get to zero phase angle
conditions (Full Moon) before the darker umbral shadow makes photometric studies
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of the lunar photometric function more complex. There are also numerous TLP
reports during or close to lunar eclipses, so they are always worth imaging.
Mare Frigoris: On 2020 Jun 14 UT 08:03 Fabio Verza (UAI) imaged (Fig. 5) this
area (during local daylight) under a lunar schedule request for:
UAI Request: Mare Frigoris between Plato and Fontenelle (colongitude from
23-27deg or from 185-190deg), a study of the area by Maurizio Cecchini
(member of the PNdR Luna UAI) for the confirmation of a probable volcanic
dome in the area. The highest possible resolution achievable, with
telescopes at least of 8" aperture or larger, is needed. All images,
sketches and visual reports should be e-mailed to: u a i . l u n a . l g c @
g m a i l . c o m
Richiesta UAI
(colongitudine da 23-27, colongitudine da 185-190 Luna in
fase calante) Mare Frigoris tra Plato e Fontenelle, uno studio della zona di
Maurizio Cecchini (socio UAI - PNdR Luna) per la conferma di un probabile
Domo in zona. Si richiede la massima risoluzione possibile con telescopi di
almeno 8" o superiori. Tutti i disegni, foto o report visivi devono essere
inviali per email: u a i . l u n a . l g c @ g m a i l . c o m

Figure 5. Mare Frigoris as imaged by Fabio Verza (UAI) on 2020 Jun 14 UT 08:03 and orientated
with north towards the top. Image taken through an Astronomik Pro IR 807 filter.

Cassini E: on 2020 Jun 27 UT 22:27 and 22:29 Leandro Sid (AEA) imaged (Fig. 6)
this area under similar illumination (±0.5º) to the following report:
Cassini E 2002 Dec 11 UT 16:30-18:46 Observed by Knott (Liverpool, England,
216mm Newtonian, x216, red and blue filters used) seeing III, transparency

27

good) "Observations carried out of the area extending from the Alpine Valley
to the Crater Cassini. At 17:12 a pin point bright flash was seen NW of the
rim of the crater E in white light. A 2nd pin point flash was also seen at
18:18, this time thru a blue filter. The 2nd flash was also seen on the NW
rim of the crater E. The observer does not think this was a TLP as the
seeing was III, but the flash was so bright as to be startling. Other peaks
within the Alps were bright but were much less so in red and blue filters,
where the rim of the crater E. NW edge was very bright in all filters,
including white light. Incoming cloud prevented further observation." BAA
Lunar Section report.

Figure 6. Cassini (at the centre of this image) taken by on 2020 Jun 27 UT 22:29. Image orientated
with north towards the top.

Proclus: On 2020 Jun 27 UT 21:21 Cian Gonzalez and David Emiliano Abel (AEA)
imaged (Fig. 7) this crater under similar illumination (±0.5º) to the following report:
Proclus 1877 Mar 21 UT 20:00? Observed by Barrett (England?) described in
NASA catalog as: "Brilliant illum. -- not from sun". NASA catalog weight=2.
NASA catalog event ID=#188. ALPO/BAA weight=1.

Figure 7. Proclus on 2020 Jun 27 UT 21:21 as imaged by Cian Gonzalez and David Emiliano Abel
(AEA) and orientated with north towards the top.

Alphonsus: On 2020 Jun 28 UT 22:40-22:55 Alberto Anunziato (SLA) observed
visually under similar illumination (±0.5º) to the following report.
Alphonsus 1968 May 05 UTC 20:00 Observed by Farrant (Cambridge, England, 8"
reflector, x220, Seeing: Good). "Did not see grey patch SE (ast. ?) of c.p.
Noted W. (ast. ?) dark patch was invis. while S. one was seen easily,
emerging from shadow. On 7th all seen easily, emerging from shadow. On 7th
all 3 clearly vis. with the darkest one the invis. one on 5th." NASA catalog
weight=3 (average). NASA catalog ID #1071.
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Alberto commented that he could not understand completely the reference to the
patches included in the original report. But he could see the southwest and south east
dark patches as well as a southwest bright zone - presumably part of the rim. He
sketched an extension of the shadows and two bright spots on it.
Plato, Mare Frigoris, and Montes Teneriffe: On 2020 Jun 29 UT01:35 Gabriel Re
(AEA) imaged (See Fig. 8 Left) this region under similar illumination (±0.5º) for
Plato, under similar illumination (±0.5º), and according to the lunar schedule web site
(An image (Fig. 8 Right) was taken by Aylen Borgatello_Alaniz (AEA) at 03:10 UT
that also corresponds to this lunar schedule request below) respectively for the
following:
Plato 1886 Sep 06 UT 19:00? Observed by Valderama (Italy?) "Streak of light
on dark floor of crater in shadow. (sunlight between peaks on walls?)" NASA
catalog weight=0 (most unlikely to be a TLP). NASA catalog ID #251. ALPO/BAA
catalog weight=1.
On 1871 Nov 20 at UT 17:30-19:30 H. Pratt (UK) saw one of the most
spectacular TLP obscurations that he had ever seen in Mare Frigoris. He
observed a kind of haze around the north west (NE?) slopes of Plato. This
effect was not seen elsewhere and all objects in Mare Frigoris were
indistinct or veiled. By 18:30 the effect was modified and by 19:30 very
little trace was seen. Ref. from Corliss.
BAA Request: please image this area as we want to compare against a sketch
made in 1854 under similar illumination. However, if you want to check this
area visually (or with a colour camera) we would be very interested to see
if you can detect some colour on the illuminated peaks of this mountain
range, or elsewhere in Mare Imbrium. Features to capture in any image
(mosaic), apart from Montes Teneriffe, should include: Plato, Vallis Alpes,
Mons Pico and Mons Piton. Any visual descriptions, sketches or images of
Earthshine should be emailed to: a t c @ a b e r . a c . u k

Figure 8. Plato and surrounds on 2020 Jun 29 and orientated with north towards the top. (Left) Image
taken by Gabriel Re (AEA) at 01:35 UT. (Right) Image taken by Aylen Borgatello Alaniz (AEA) at
03:10UT.

Mons Pico: On 2020 Jun 30 UT 07:26 Maurice Collins (ALPO/BAA/RASNZ)
imaged (See Fig. 9) this area under both similar illumination and topocentric libration
(viewing angle) to within ±1.0º to the following report:
On 1987 Mar 09 at UT20:00 M. Mobberley (Sussex, UK) obtained some video of
Mons Pico - apparently these show the mountain with a puzzling appearance
(not sure whether it was the observer who claimed this or someone who
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analysed the tape). The Cameron 2006 catalog ID=300 and the weight=5.
ALPO/BAA=1.

Figure 9. Mons Piton as imaged by Maurice Collins on 2020 Jun 30 UT 07:26 and orientated with
north towards the top.

Level 3 - In Depth Analysis
Linné: On 2020 Jun 01 UT 01:50-02:15 Jay Albert (ALPO), using an 8” SCT (x290)
under transparency magnitude 1 and seeing 7 to 8 out of 10, observed visually the
crater under similar illumination (to within ±0.5º) for the following Victorian era
report:
Linné 1867 Mar 15 UT 20:00? Observed by Dawes (England?) "Excessively minute
black dot in middle of feature. A geom. fig. boarded & centered with black
that formed, dissolved & formed again" NASA catalog weight=3. NASA catalog
ID #150. ALPO/BAA weight=3.

Jay comments that the ‘excessively minute black dot’ in the middle of Linné was
clearly, if unevenly, visible. The Linné crater was seen at the center of its ejecta
apron and the black dot was the shadow of the crater’s interior E wall. The black dot
sometimes vanished then reappeared due to momentary fluctuations in seeing,
especially when breezy or clouds passed nearby. It sounds like that Jay has really
solved this problem in that it was just the normal appearance that Dawes observed
back in 1867. We can therefore remove it from our TLP database by setting the
ALPO/BAA weight to 0.

Proclus: On 2020 Jun 24 UT 20:45-21:23 Daryl Dobbs (BAA) imaged (Fig. 10) the
area under similar illumination and topocentric libration (viewing angle) to within
±1.0º to the following report:
West of Mare Crisium, near to Proclus 2008 Feb 10 UT 19:21 Herbie Bradley
(Great Malvern, UK – 113mm Newtonian, Antoniadi II seeing) saw a pinpoint of
white light almost as bright as Aristarchus. This has been assigned an
ALPO/BAA weight of 2.
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Figure 10. The region around Proclus as imaged by Daryl Dobbs (BAA) on 2020 Jun 28 UT and
orientated with north towards the top.

Alas, we don’t have much to go on from Herbie’s original report, i.e. no photos or
sketches, though I did have some follow up emails. Obviously Aristarchus was in
shadow at the time, so the estimate as ‘almost as bright as Aristarchus’ means it was
an estimate from memory. I sent Herbie a repeat illumination image from Sep 2008
and he said that the spot was a lot brighter in Feb than in Sep 2008. Anyway, Daryl’s
image (Fig. 10) shows that the NW rim is bright and visually it appeared to be 9 to
him on the Elger scale. There appeared to be nothing else apparent in the area of
equivalent brightness. The inner wall was illuminated from the North through to the
South-West; the illumination was tapered from its North end to a point on the SouthWest wall. At low magnifications this can give the appearance of a bright point. In
view of the small telescope that Herbie Bradley used, and presumably a low
magnification, that NW inner slope of Proclus could indeed appear quite bright,
matching the visual description by Herbie and Daryl’s similar brightness estimate.
Also looking at Fig. 10, Proclus is not too well defined as an obvious crater so at low
magnification that NW illuminated inner slope might not obviously look part of the
crater. I think we can probably lower the weight to 0 and remove it from our
ALPO/BAA TLP database.

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:
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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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