Revisiting the 1963 ‘Aristarchus events’

Robert O’Connell & Anthony Cook

A Transient Lunar Phenomenon (TLP) is a short-lived unexplained change in the normal
appearance of a localised area of the Moon, and can include coloured and colourless glows,
grey shadows, brightness changes and obscuration of detail on the lunar surface. One long
standing debate in lunar science concerns whether these phenomena are real physical
events in the vicinity of the lunar surface, or just observing artefacts or misinterpretations.
During a couple of nights in late 1963, experienced observers at Lowell Observatory,
Flagstaff, Arizona made two of the most famous observations of TLP, known as ‘The 1963
Aristarchus events’.1 After five decades we re-examine the background and reliability of these
observations and discuss possible terrestrial and lunar explanations for what was seen.

Introduction

TLP were studied intensely in the lead up to, amihd, theApollo
Moon program without a clear scientific consensusmging re-
garding their true nature. FollowirRyoject Apolloand through
the 1980s into the 1990s, professional intereBt iwaned as the
Moon became passé. Visual observation of our neeedsstial
neighbour once again became the sole province afamas-
tronomers and, with few exceptions, professiorehglary scien-
tists directed their space probes to other solstesy targets.
As the start of the 21st century approached, the Jibject

slid into an era of scepticism, with the 199Ry and Telescope

(S&T) publication of The TLP Myth: A Brief for the Prosecu-
tion’.2 This influential article presented a condemnirgpagainst
the lunar-based reality of TLP, allowing sceptizseize the pre-
dominant narrative. Currently, mainstream scieands to ignore
the subject despite nearly 3,000 known TLP obsemstmade
during the past 400 years. Sceptics argue thatfaparmeteoritic

igure 1. (Left) An early 1960s telescopic photograph of the cr@essendi.
(Right) An ACIC air-brush map based upon photographic wisdial observing.
North is towards the topACIC/Kopal & Carderl0

and correcting widely misreported details. The pagieoverview
the importance of the USAF lunar mapping progrademvay for
Project Apollg during which these phenomena were seen, and
the experience of the observers involved.

impact flashes, TLP aren the borderline between science and The two dates on which TLP were reported were tityanes
pseudo-scien¢@ Others go further, suggesting they are unwornoticed by observers on the USAF project over ritire eight-

thy of further scientific investigatioh.

Studies have disproven a few of the historical resptor exam-
ple an oval glow seen on the floor of the shaddieefiPtolemaeus
crater turned out to be due to shallow topograptofrpding

year span. Detailed minute-by-minute chronologicalounts for
the nights of the critical observations are givang issues raised
by sceptics concerning the two TLP events are dgemll De-
spite recent arguments to the contrary, theserfgelieave open

through the floor shado®Also it has been suggested further thathe possibility that the Lowell Mars Hill observeligl witness real

the reported appearances of some colour TLP cesldtrfrom
spectral dispersion in Earth’'s atmosphere, or ¢el@s optics’
chromatic aberratiof.

The general consensus of the planetary communitinglthe
twentieth century, was that the Moon was a geo#llyidead
world. Yet, there remains a reliable subset of detlumented TLP
observations, from experienced amateurs and a rfefegsional
observers alike, which cannot be easily accourdedy terres-
trial explanations and would seem to imply thatane occasions,
the Moon'’s apparent inert geology and/or near sertaist envi-
ronment, can produce transitory events visible fEarth.

The 1963 Aristarchus events are two of the mosgitilole and
famous visual TLP reports on record. They came fsbeervers at
Lowell Observatory who saw glowing reddish spotd ather
phenomena on the Aristarchus Plateau. Relying ygonary
source material as well as communication with sofitkose di-
rectly or indirectly involved, this paper takesesh look at these
observations 50 years later, clarifying the obs@wmal record
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lunar phenomena in 1963, although it remains an gpestion as
to the physical causes of the phenomena.

The USAF Lunar Mapping Program
and its observers

Following the Soviet Union’s successful launchSglutnik 1in
1957, a political space race began and the USamyilttirned its
attention to lunar mapping, because space had eaoew Cold
War frontier? Initial mapping efforts were pursued by both ti& U
Army Map Service (AMS) and the Air Force Aeronaati€hart
and Information Center (ACI®)The ACIC’s main terrestrial map-
ping operation, in St Louis, MO, USA, employed apgimately
2,600 civilian staff and published several millcopies of terres-
trial maps annuall§.The ACIC used a three month fast-track car-
tographic training programme to transform trainegagraphers
into terrestrial experts, and this was adaptedPfoject Apollo
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Initially, their lunar charting relied upon Eartladed telescopic
photographs, but these proved of insufficient ne#ah for the
Apollo cartographic requirements. However the then direat
Yerkes Observatory, Gerard P. Kuiper, realised @irabspheric
seeing would both distort and blur the relativelyd photographic
exposures, whereas the human eye could glimpsaapmes as
short as 1/20th of a second, or better, and dé¢ail 2 to 3 times
sharpet0To prove this, Kuiper invited ACIC cartographershe
40-inch [100cm] Yerkes refractor to draw the Iusarface. Figure 1
is a comparison of one of the best available lphatographs at
the time and an airbrushed ACIC sample map prodigéacor-
porating details seen visually at the eyepiece.

The ACIC decided to use the 24-inch [60cm] fAllGan Clark
planetary refractor at Lowell Observatory, whicbwpded resolu-
tion of small lunar features that seemed to beatlas good as
the 40-inch Yerkes at a location with fewer clomityhts and ad-
equate supporting facilities. During times of beesting, observ-
ers using the Clark refractor could detect (albettresolve) ob-
jects as small as 200 metres in size and surpassiyg the best
photographic resolution at that time. ACIC cartqirer William
D. Cannell was asked to establish and manage iilae toapping
program through negotiations with Lowell’s dire¢tiwhn S. Hall.
(See Figure 2).

The idea of a USAF lunar mapping program for NASAsject
Apollobased at Lowell was compatible with Hall's degirestab-
lish his observatory as a world-class institutionl die became
involved directly in starting the programme at tiservatory.

Cannell summarised the mapping process as foll@s: ob-
server works at the telescope with the rectifiedtps sent from
St Louis overlaid with tracing paper. As he obsemew features
and intricate details, he carefully traces themtba overlay!
Adding details to photographs is a mapping techaigorrowed
from classical selenography, developed by Bavatiaftsman and
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Figure 2. (Left) The Lowell Observatory
24-inch [60cm] Alvan Clark /16 refrac- ) ; ’
tor is one of the world's finest planetarynow turned his attention to the pressing
refractors. Note 6-inch finder and 12-inchjggye of finding suitable cartographic can-
guide scoped.owell Observatory Archives
(Above) Lunar cartographer-observe
William D. Cannell at the eyepiece of the
24-inch Clark adding details to a base photo
for Lunar Aeronautical Char{LAC-75),
‘Letronne.’ Popular Astronomy.

amateur astronomer Johann N. Krieger
(1865-1902) and others. It was also realised
that having observations from as many dif-
ferent lighting conditions as possible would
improve the accurate representation of fea-
tures on the lunar surface. The fihahar
Aeronautical Chart§LAC) were the re-
sponsibility of scientific illustrators, using
new techniques pioneered by Patricia M.
Bridges who combined the observers’ tel-
escopic observations with lunar photo-
graphic details via pen and airbrustmap

¢ projected lunar charts.

< Cannell, having secured a location, tel-
escope, support facilities, a mapping method
and close working partnership with Hall,

rdidates for the lunar mapping program.

James Clarke Greenacre

Prior to his arrival at Lowell Observatory in
1961, James C. Greenacre had been an ar-
chaeologist who transitioned into military
cartography in 1942 with America’s entrance
into World War 11. In 19431944, he supervised up to three hun-
dred staff who were producing maps of Europe andHh\frica,
culminating in highly classified work on translagiforeign map
place names and the production of invasion roufesnraprepa-
ration for D-Day. After the war he remained in ography in sev-
eral capacities and in 1957 began working for t683\n St Louis.
It was here he would be drawn into his third andlifcareer as a
lunar cartographer, to provide vitally needed chéot Project
Apollo.13

At the ACIC St Louis headquarters in 1961, Canasked
Greenacre if he would like to join the fledgling AlSlunar map-
ping programme at Lowell. Greenacre expressedssitand was
asked quickly to produce a resumé and fill outehmloyment
application, which asked what the applicant knesuathe Moon.
Greenacre later recalled he only put down two iteh@omes out
at night'and‘l wooed and won my wife undet. ¥ Greenacre’s
self-effacing response was a humorous understateaaadre was
certainly familiar with the Moon as, according toe@nacre, he
had earned 40 credit hours in astronomy while ditencollege
and seriously considered a degree in geotkesy.

In 1961 September, Greenacre packed up his famdyed to
Flagstaff, and began his lunar cartographic trginimder Cannell
He was the first to enter the ACIC’s lunar mapgiragning pro-
gramme. He quickly developed visual observing skiél good
operating knowledge of the Clark refractor, ancethidity to chart
accurately lunar features through the eyepiece. AGKE now
had a full-time presence at Lowell and Greenadrealfy became
a charter member of tgoollolunar mapping team. Greenacre was
instrumental in helping Cannell and Hall estabbsid maintain
many aspects of the programme. For example, hethailpro-
gramme’s first modest dark room and became itsfifirsand print
processor for lunar images taken through the Chelalso, as did
Cannell, flew routinely to the University of Arizais Lunar and
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Planetary Laboratory, to deliver LAC proofs to G<Riper, D. W.

G. Arthur and E. A. Whitaker for review and conatitin16
Greenacre and others continued telescopic mappittng du-

nar surface until NASAs high resolutidmnar Orbitermissions
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found it difficult at first to believe what he wseeing. As to his
observing reliability, Cannell has stated that lelcl not recall
that Greenacre had ever plotted a lunar feature latér con-
firmed by some other observé?'.

(1966-1967) made further visual observations unnecessary. There are however a couple of inaccuracies wideyreported

Greenacre then assumed Cannell’s position as ACtief of the
ACIC Lunar Observation Section at Lowell from 196969, super-
vising refinements of lunar charts fApollo landings based on

about Greenacre. Firstly he was sometimes refdéoeas Dr
Greenacrg and secondly that he was an astronomer. He alid n
have a doctorate in astronomy nor was he a traihedrvational

Lunar Orbiterimageny” Greenacre oversaw the programme’s evenastronomer, but nevertheless was a highly traindegperienced

tual closure in 1969 September and retired fromABEC in St
Louis, MO in 19738

In the early 1960s, Greenacre’s observing routinelived
spending long hours at the eyepiece intensely insing the
lunar surface, interpreting its features throughBarth’s atmos-
phere and meticulously charting and documentingotieerva-
tions. Given his military cartographic backgrou@teenacre
quickly became a competent lunar observer. Whiteonca par
with life-long lunar and planetary observers likeliat Haas, Clyde
Tombaugh and Gene Cross, all three of whom reptimsdown
TLP, by late 1963 Greenacre’s observing experiatoeed him to
recognise the normal appearance of the lunar syriawd also
when atmospheric effects and optical aberratiottsso€lark were

observational lunar cartographe®thers acknowledged
Greenacre’s abilities in this capacity and the @atihis TLP re-
ports21 Ewen Whitaker (Private communication 2011) recaéet-
ing Greenacre at the University of Arizona, Tucgomliscuss the
TLP sightings with Kuiper and commentedk struck all of us as
being a calm and level headed person, with absblute
thoughts of self-aggrandisement. He was as baéftedie were
what the explanation might be. He had more hoursbserving
the Moon than any of us did, being his main joleesih961, and
obviously knew all the phenomena caused by seeidgther
atmospheric disturbances. So we concluded thabbserva-
tions were genuine, but couldnt explain théPmivate communi-
cation, A. Cook, 2011% Based on a review of correspondence

affecting the image appeararié®ased on that experience, as will following the TLP reports (catalogued online in ttmwvell Ob-

be seen, he concluded the phenomena that he, lzerd ataw in
October and November 1963 had to be lunar in arigin
Greenacre’s TLP observations were published, vwthraval
of the USAF, in the 1963 Decemb8ky and Telescop@ the
proceedings of a symposium on lunar geologicallprobin 1964
May at the New York Academy of Sciences, and i®&41May
USAF reportLunar Color Phenomendn the autumn of 1965, he
gave a presentation at a National Academy of Seielunar sym-
posium at the Jet Propulsion Laboratory, Califolnstitute of
Technology, Pasadena, CA. Aware of the controvemsiture of
TLP reports originating from his observatory, Jéfail wrote the
following in a supplement to Greenacre’s 1963 Diécla ‘A Re-
cent Observation of Lunar Color Phenomena’ pubtish&&T:
‘As director of Lowell Observatory, | wish to supglome addi-
tional information related to the Greenact®arr observation...
In evaluating the reliability of any visual obsetiem, the atti-
tude and qualifications of the observer are mospantant.
Greenacre is a very cautious observer. He had loeen scepti-
cal of reported changes on the lunar surface, amusequently

Figure 3. (Left)
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servatory Archives as of 2012 April), one findsai@llenge or
criticism to Greenacre’s experience, competenceattibility as
an observer, with the exception of UFO cultistse Tdtter, and
subsequent tabloid newspaper stories have givenuwéavour-
able spin to the unique 1963 observatiéhs.

Edward M. Barr

Edward M. Barr was one of two additional obsenatagraphers
taken on. He graduated in 1963 with a BA in gedagyamd worked
initially in the Department of Geography at the \émsity of Wash-
ington. Barr applied for a position as a lunaragrapher in 1963
May.24 In response to Hall's inquiry about his eyesigttt whether
he had stereoscopic vision or was colour blindy Baote the
following responseMy vision is 20/200, corrected to 20/@@ith
eyeglasses)and | have never been troubled with any type of
visual defect. While taking classes in geomorphgloglevel-
oped the ability to visualize stereo pairs of akphotographs,
but I have had little occasion to do so for
the past two year$s

Hall hired Barr as a Lowell employee un-
der a contract with the ACIC and he arrived
in Flagstaff in early August to begin his fast-
track lunar training program under
Greenacre’s mentorsh#f.Upon complet-
ing training, Barr was assignéd\C chart
38, ‘Seleucusadjacent to and immediately
west of GreenacrelsAC-39' Aristarchus.
The two observers shared the telescope rou-
tinely and coordinated observations. Batrr,
like Greenacre, did not believe in TLP until
the night of 1963 Oct 30, and because he
had completed his three month training, was
experienced enough to recognise the spuri-
ous effects produced by the atmosphere
and optics. Attempts to contact Mr Barr
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First ACIC dedicated full-time lunar cartograplrserver James C. Greenacre (1911994)

at the 24-inch Clark refractowilliam D. Cannell, ACIC, courtesy Greenacre fami(Right) ACIC lunar
cartographer-observer Edward M. Barr (b. 1938jlliam D. Cannell, ACIC



southeast of Flagstaff, using a 69" [175cm] Perkaéfiector, and
were brought in to help confirmation of the TLProght 2.

1963 October 30 — night one

01:30 UT: in the early evening Greenacre starterking at the
Clark 24" refractor eyepiece on the finishing tcegho a proof
\ copy of theLAC-39covering the Aristarchus, Prinz, Herodotus,
i #&l~ . Vallis Schréteri region (3650°W, 16>32°N, IAU). The sky was
Figure 4. (Left) John S. Hall (19081991) the director of Lowell Observa- Clearapartfrom a few high cirrus clouds. The mretiegical meas-
tory from 1958 to 1977Lowell Observatory ArchivegRight) ACIC scien-  urements from nearby Flagstaff Pulliam airport sgd that the
tific illustrator Fred Dungan working on the areavered by LAC-95, ‘Purbach.’ observing conditions were ideal, although the Mavass initially
ACIE only 25° above the horizon. A zoom eyepiece, pliogdbout
have been unsuccessful and according to Greenaam's). E.  ~430x-1050< magnification, was used in conjunction with a yel-
Greenacre Jr., it is believed he may have passayl some time |low-orange Wratten 15 filter during his observatiothe latter
ago (Private communication 2010). was standard procedure to minimise any chromaéoration ef-
fects in the two-element achromatic refractor. &ltgh the magni-
fication range seems high, this is normal for eaetbr of this size.
Fred Dungan The ACIC seeing scale, specifically for lunar clmgypurposes
through the Clark, was-Q0 with 0 being auseless image that
Fred Dungan was a cartographer and scientifictifitrsr, trans-  cannot be focuseétb 10 ‘the perfect imageCannell notedThe
ferred from the ACIC’s St Louis operations to Loliell962 to join  visual work is often severely handicapped by seeimglitions
Patricia Bridges in the mapping programme (SeerBigEfforts  and that a 56 range ratetery good’but which observers only
to locate Dungan have been unsuccessful but Jrden@cre, Jr.  enjoyed aboutdne-fourth of the time. The majority of the time,
recalled:| knew Fred and his brother Tom well, they wergnsv  according to Cannell, seeing was in thd @ange and lunar chart-
They worked at the ACIC office at Lowell. My menwairffred  ing was routinely conducted under poor seeing rtteb¢han
was that he was very precise, | mean he laughedtangs but  3-4. Under these conditions the observemmally use a mag-

he was very serious, detailed and very precisesmiork’ (Pri-  nifying power of 508 while adjusting the Clark’s aperture from

vate communications 2012011). 24 to 6 inches using a diaphragm over the objegtitte a knob
The US Air Force report on the 1963 Aristarchus §ibBted  proximal to the eyepieds.

that Dungan ‘has had a good many hours of telesa@iyserving Initially, Greenacre reported the seeiagout 2and he set the

and is highly qualified in interpreting color arats. He is also  magpnification to its lowest possible setting, ~438fter a few
very familiar with the Aristarchus plateau andhitany features?’  minutes, the seeing had improved to moments-éfsd he was
Given his visual observing experience and familfawith the  then able to push the magnification up to ~&80Greenacre ini-
Aristarchus Plateau, Dungan served as a reliablensewitness  tially concentrated on the Cobra Head area at thatmof Vallis
to the 1963 November 28 TLP episode. Schroéteri hoping to refine this area of the chart with funthe
details. The Sun’s selenographic colongitude was 60.2the
solar altitude ranged from 10.2° at the centreefidotus to 12.3°
John S. Hall at the centre of Aristarchus at 01:30 UT.
The Moon’s appearance for Greenacre would havenigsel
John Hall was named Director of Lowell Observatory958 and  Figure 5, although the libration aspect would hlaeen more fa-
remained in that position for 19 yeafside from his duties as vourable for observation of the area.
observatory dlre_ctor, he had been researchmga_iwmtlo_n of 01:30-01:50 UT: Greenacre carried on charting whilst the Moon
extragalactic objects for several years and hadechout little rose from 25° to 29° above the horizon and notieeetything

Iungr observing (See Figure 4). But, he was plaib Iy_atc_) see and looked normal, despite the less than average seeinditions
verify the colours and so served as the fourtlalbéi witness to during this 20 minute period
the November TLP episode. ‘

Peter Boyce and Kent Ford Figure 5. Image of area closely match
ing the solar illumination present during

i the 1963 October 30 TLP episode. T

Peter Boyce was still a graduate student at Lowglages for this composite were taken d
within a month of completing his PhD thesis from011 April 15 between 21:321:17 UT
the University of Michigan. Boyce was not a menf? BeVEWen ~=smith (COAA, Portimao
; . ortugal). North is at the top (IAU).

ber of the ACIC mapping team and by his own a%age has been separated into R.G
mission was not an experienced lunar observer (Rrimponents, corrected for atmospher
vate communication 2010). Kent Ford (b. 1931) wagectral dispersion, reconstituted into
. . colour image, sharpened, colours normg

a Carnegie Institute astronomer. Both astronometsy and then underwent a saturati

were sited at the Anderson Mesa observatory, 24kupst to enhance natural surface colo
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01:50-01:55 UT: Greenacre’s attention was drawn to g
reddish-orange colour that was forming over theelo
like structure near the southwest side of the Chlled. 8
Almost simultaneously he saw a second smallercfpofes
the same colour appear (01:80:52UT) on a small hill e ¥
across the valley to the east of Vallis SchrofEnese |
TLP are referred to &1& R2in Figure 6 R1appeared |
to be oval, ~2.5km 8km andR2was smaller at ~2.5kmin

diameter. Regular lunar charting came to a stahdsf
Within two minutes these colours became quite ob
ous and had somsparklé to them that, based on sub{##
sequent clarifications by Greenacre, may not haeab §
seeing related. '

Although published accounts, from different souyc
are conflicting about the sparkling nature anddios
of motion, a careful reading suggests that thenew
two patterns of barely resolvable rapidly flowingite
spots. Those seen Ril were flowing off to the west |
towards the terminator while thoseR2 were appar- [
ently flowing to the north and east inradial patterri. :
The flowing spots at both locations were reported [
having a ‘downward flow motion’ over the lunar tgpo
raphy. There was clear evidence that these twomsglso ap-
peared to obscure underlying surface detail.

Edward Barr was able to confirm the appearanceepuatted
the colours to be a dark orange. To test for sparimlour the
Wratten filter was removed and the colour remameéavas brighter,
a definite red-orange in colour, and sparkled m@reenacre did
most of the observing during this episode becatibésgreater
experience and familiarity with the area, but Banved as a valu-
able witness who confirmed the TLPs with only didifferences
in interpretation of the colour hue and density.

01:55 UT: A third coloured area, an elongated pink regiothwi
streaks, appeared3(18kmx ~2.5km), on the SW inner rim of the
crater Aristarchus over sunlit terrain (See Figré&lo other anoma-
lous colour could be seen inside or outside Ari$tas apart from

Figure 6. Airbrushed chart identifying the locations, sizehapes,
orientations and colours of ttel, R2, R3TLP on 1963 October 30, IAU
directions, North top right (IAU). This renditionas produced by ACIC
scientific illustrator Patricia M. Bridges. Bridgewted she rendered the
TLP with ‘a great deal of input from Jim Greenacre and Ed Bafper-
sonal communication 2010). Identification labelsl@arrows added by the
authors. Note the solar illumination in this dematis somewhat lower
than that experienced by the observers on thistnigbee Figure 5 for a
better representation of the illumination condisoimage published in
‘Lunar Color Phenomena: Technical Report No. 125AF Aeronautical
Chart and Information Center, St Louis, MO, 1964yMa
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Figure 7. ApproximateR1 area as outlined
in white tear-drop shape by Hartmann &
Harris in their 1968 paper on these TLP
reports, showing what they suggest is
Greenacre’s dome-like structurewith an
apparent summit pit, identified here in a red
box onLunar Orbiter Vimage, North top
right (IAU). Image: NASA, courtesy Daniel
H. Harris. We have focused here exclusively
on R1 but this and the other TLP sites war-
rant close examination as new ultra-high
resolutionLunar Reconnaissance Orbiter
imagery is released. It will be necessary to
examine images taken under widely varying
solar illuminations to determine if there is
any evidence of very recent geologic activ-
ity at these sites.

R1, R2andR3 All three TLP were seen both with and without the
Wratten 15 filter, but in all cases were bright@hwo filter. How-
everR3 had no associated sparkling effect. Barr confirried
colours and the streaked appearande3o

Greenacre continued to check for evidence of ather&pspec-
tral dispersion elsewhere on the Moon, but founthing that
would explain the three TLP inside or outside tlopes of the
crater, or on the entire plateau or the vast draasurrounds it.

It should be mentioned at this point that Hartm&nHarris
(1968) suggested thdome-like structureover which Greenacre
watchedR1form was imaged by NASAkunar Orbiter V(See
Figure 7)39However the structure at this location, althougisent
in the LRO LOLA topographic data, is not a partaiy convinc-
ing dome and could just be general topography erilémk of a
much larger elevated area between the Cobra Helddemdotus.

02:00-02:05 UT:(lunar altitude now 31°). Greenacre found Rt
andR2were changing in appearance, namelyfiandR2were
now a light ruby red, but their density and spavidge still suffi-
cient to obscure underlying surface detail. Banficmed this. By
02:05 Greenacre noted that all TLP, visible irsgume field of view,
were fading in colour, so he and Barr chose tarmitheir areas

on aLAC-39drawing, not later based upon a sketch from memory
as has been suggested.

02:05-02:15 UT: Greenacre located the positions of the TLP on
the LAC chart and continued to study the area. @dwtions of
the TLP were determined more precisely the nextfaay the
Orthographic Lunar Atlas of the moon. Supplementlnd=di-
tion B (limb area) plate E3-a ‘Euleand are listed in Table 1. He
found thatR1 and R2 both faded gradually in colour and had
disappeared by 02:10 UT, with the lunar surfacermasg its nor-
mal appearance at these two locati®&remained but the pink
colour had faded by 02:15 UT (lunar altitude 33fthwhe lunar
surface returning back to its normal appearanceefgicre then
made a tape recorded description of the observatten which
routine mapping resumed.

05:00-08:00 UT (approximate start UT — lunar altitude 51° to 36°)
A 4th TLP (referred to &81) was noticed, when a violet or purple-
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T

Figure 8. Lone bluish TLP seen on
1963 Oct 30 as depicted by the authors
based upon published, very limited, de-
scription. B1 was first noted approxi-
mately three hours after the reddish
TLP had faded from sight. North top
right (1AU).

blue colour formed and evolved in size and shapgb@west side
of Aristarchus, spreading gradually in a circulattern around
the north side of this crater (see Figure 8). Tfexzkevolved over
several hours and was at its brightest betweer®@#0 08:00 UT
(lunar altitude 44° to 36°).

1963 November 28 - night two

On 1963 Nov 28, almost one lunar month later, fomiutes, four
observers at the same telescope under similar viggeometry

and mostly éxcellentseeing conditions (excellent seeing condi-_

tions confirmed later by microdensitometer scanilof taken
during the reddish TLP episode) observed thre@dunteddish
TLP events:

00:00-00:30 UT (lunar altitude 19° to 25°). Barr began a lone:

mapping session on the 24" Clark refractor workingheL AC-38
chart of the Seleucus area adjacent to Greena&ris®rchus
areaLAC-39chart. Aristarchus was in Barr’s field of view ahe
local altitude of the Sun at the crater was jut &r about 7° lower
than on night 1 (See Figure 9). During this haléshgeriod, noth-
ing unusual was noted by Barr.

00:30-00:45 UT (lunar altitude 25° to 28°). At 00:30UT Barr de-
tects a pinkish colour streak (~2.5km.9.3km),R4,that starts to
form on the southwest exterior rim of Aristarch8eé Figure 10)
over shadowed terraiR4was adjacent t83s location on night 1,
which had appeared over the interior of the suinfitR4grew in

area, however he was unable to detect any othenaloas col-
ours with or without the Wratten 15 filter, and lsaving estab-
lished the possible reality of the TLP, he calledadditional ob-
servers for verification. Fred Dungan, an ACICsthator was the
first independent observer to examine the area,henbad no
difficulty in confirmingR4and its colour.

00:45-01:09 UT (Lunar altitude 28° to 32°). At 00:45UT Barr and
Dungan observed a second coloured sRdg, which was be-
coming more intense thd®4 with a distinctly different reddish
orange cast (See Figure 1Bfawas 3-5km in diameter and lo-
cated on a high point on the southern rim of Aridias, on the
southern extremity dR4. R4retained its pinkish-red appearance
and extent. During this time, Greenacre arrivatiatelescope to
confirm the observations.

; _ j!;’ﬁ ,-’ft":q

Figure 10. This Bridges rendition depict®4, R4aand R5 TLP on Nov 28
in the same manner as was carried out for Figufer 6he Oct 30 observa-
tion. Note the illumination here is higher thanttiseen by the observers
during the reddish TLP episode on this night. Sigeire 9 (Left) for a better
representation of the illumination conditions anatenin particular the
relatively dim, low contrast lighting at the loocaii of the brightest TLP

seen on this nightR4a North top right (IAU).

/

Greenacre now called Dr John Hall, Lowell Obsemyadirector to

the eyepiece who arrived after 5 minutes. Althodgh had done
little lunar observing in the past, he had no tteub seeing and
verifying the colours and pinpointed the locatidrthe spots on a

intensity over £2 minutes and the colour became a brighter pinkopy of theLAC to which the three other observers agreed. During
or light red. To check for optical or atmospheigpersion effects,
Barr started to scan areas to the north and sdutiecsuspect

the observing session, Greenacre used the sm2llguile scope
refractor to check the area, but was unable tactitite colours —
this had happened in night 1 also with the 6-inictier scope.
Greenacre also tried to obtain some photograplsamik and

white Panatomic X (SO-136) film at slow cine spegfdsframes
per second, intermixed with individual short timpesures of 0.5
and 1 second. These were taken through the 24 @fmactor.

01:09-01:15 UT Visual monitoring showed the spots retain-
ing their same intensity during the first photodrigpbursts
that ended at 01:09 UT. With the Moon now at aituale of
approximately 32°, all four observers continuedrthisual
observations. Shortly after 01:09 UT, both Hall &hdhgan
detected a small reddish-orange spot on a hilhereast side
of Vallis Schréteri, designate®5 (see Figure 10). However,

Figure 9. Similar illumination views of the Aristarchus araa they would have e T
appeared to the Lowell observers on 1963 Nov 2&eReillumination images Greenacre and Barr were unable to make a posniermflca

uncorrected for libration(Left) Image by Brendan Shaw taken on 2012 Jan 0HON.31 Dungan located the spot, not far away from the-pos
20:20-20:23 UT, corresponding to 1963 Nov 28, 01:14 URew red phenom- tion of R2 seen on night 1. The appearance of Aristarchus

ena were seerfRight) Image by Robert O’Connell taken on 2011 Feb 151D6 R . . . .
UT, corresponding o 1963 Nov 28, 04:44 UT, whereghbluish phenomena OUld have been similar to Figure 9 (left), illuration wise,
though libration would have been different.

were seen later in the night, at which point tleoflwas half illuminated.

202 J. Br.Astron.Assoc. 123,4,2013



O’Connell & Cook: Revisiting the 1963 ‘Aristarchus events’

Date and UT JE Reported Orthographic | Equivalent Selenographic same location over shadow. Boyce notes that
Charifinies Chordifiates they were not observing d_irectly through th_eir
Oct 30 UT 01:50-02:05 | RI - centre Xi =-0.692, Eta = +0.412 49.5°W, 24.4°N telescope but off the slit jaws through optics
Oct 30 UT 01:5002:05 | R2 - centre Xi= 0681, Fta = +0.426 19.0°W, 253N which were usually meant for the positioning
- of stars on the slit. What they were using was
0ct 30 UT 01:55-02:05 | R3 - south Xi=-0682, Gta = +0.392 47.8°W, 23.1°N
e Y o F R a scanner cobbled together by someone else
- TS R e - from an old spectrograph, and was not very
- s B leE S e e well designed. It should also be pointed out
Nov 28 UT 00:45-01:45 | R4 - south Xi=-0682, Gta = +0.391 47.8°W, 23.1°N that x900 magnification on a 69" telescope
Nov 28 UT 00:30-01:45 | R4 - north Xi = -0.685, Eta = +0.398 480°W, 23.2°N (approximatelyx13 per inch aperture) was a
Nov 28 UT 00:45--01:45 | Rda Xi=-0.682, Eta=+0.391 47.6°W, 23.0°N re|ative|y low magnification and so colours
Nov 28 UT 01:09-01:15 | RS Xi =-0.685, Eta = +0.427 49.3°W, 25.3°N would be easy to detect.
(est. LRO PDS Archive Interface)

01:50-05:00 The Lowell observers contin-

Table 1. Positional information on the reddish TLP seen @63 Oct 30 and 1963 Nov 28. The P .
original orthographic coordinates were reportedhi@e decimal places, or about 1.7km precision o'ﬁed monitoring the a}rea for any sign of COI_'
the lunar surface. The longitudes and latitudes$ Wea give were found by comparing the illustrated®Ur, and bursts of cine were taken up until

maps by Patricia Bridges (Figures 6 and 10) withitROC Target Acquisition Tool and have a precisio4:10 UT. By 05:00JT the Moon’s altitude

of 0.1° or approximately 3km, because it is difficto compare the LAC chart visually with the bas

maps used on the LROC website due to differenceumination angle.

Tas 59°. Towards the end of this time, the
shadow and interior of Aristarchus should

01:15-01:45 UT (Lunar altitude 34° to 39°). Greenacre noted thahave had the appearance that can be seen in Figuight) —

by 01:15 UT the colour was subsiding in intengityother burst of
cine was taken at 01:23UT. By this time the colwaa dropped in
visual intensity by 3850%,R4awas now pink an&k4was much
fainter. The Moon’s altitude was now approxima&8y above the
horizon. At 01:35UT Hall telephoned the Lowell Amsten Mesa
observatory, some 24km to the southeast, where Beyee and
Kent Ford were preparing to observe with a 69'trfir, however
he did not tell them precisely where they shoubd io Aristarchus.
Although the 69" had a spectrograph, it was nasiptesto get this
working in time as other equipment was mountederiglescope.
Therefore Hall suggested that the two observerdystive area
visually as Boyce reported seeing conditions werlghere.

Visual observations continued at the Clark untiBOIUT when
it was obvious that the colours were fading rapisitya third burst
of cine photography was taken before more visusénting, how-
ever by 01:45 UT all four observers agreed thatctileur had
gone completely. The next day, Greenacre wouldrhirte the
coordinates of the spots that had been seen use@rtho-
graphic Lunar AtlagSee Table 1).

01:50 UT (estimated from Lowell documents). Telephonereall
ceived from Boyce by Hall, and, according to Lov@tiservatory
documents,confirmed the reddish glow in the shadow just out-
side the southwest exterior rim of Aristarchus sTreported con-
firmation was made through the guiding eyepiece980. This
was at approximately 01:45 UT, near the end ofttiavity, but
exactly in the same place seen by the other foserokrs on the
24-inch refractor. Observers at both sites repdhtedolour at the

Figure 11. Three bluish TLP
seen on 1963 Nov 28 as de-
picted by the authors based
upon published, very limited,
descriptions. These TLP were
first noted approximately three
hours after the reddish phe-
nomena had faded from sight.
North top right (IAU).
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although the libration and resolution would haverbdifferent.

05:00-06:00 UT(Lunar altitude 59° to 55°). Greenacre, Barr and
Dungan observed a bluish TLBZ) form and evolve on the west-
ern side of Aristarchus, at 05:00 UT, covering $shene general
area a81seen on Oct 30 but under noticeably lower sdlamit
nation conditions (see Figure 11).

B2 gradually spread along an arc around to the nbirlike
October’sB1's violet or purple-blue colouB2 was a very deep
violet and noticeably more vivid thdil had been. During this
time, a less deep violet coloB3, was forming in a depressed area
just to the east of the crater. WhiB2 andB3 were becoming
strong and persistent, a strong blue coBdrwas forming on the
sunlit portion of the floor of AristarchuB4 was like a haze through
which they could see the floor, although curiowstyl inexplica-
bly, dimmed it considerably. All three TLP weretguilearly seen
until 06:00 UT when the seeing began to deterio@teserva-
tional records are uncertain if the Wratten 1%®filivas initially
present at 05:00 UT, but it was certainly removéeémobservers
were trying to see if the effects were due to spédtspersion, or
chromatic aberration. There was no evidence to esigtat it
was due to either of these two causes.

Questions and criticisms

1. Why were no photographs taken on night 1? Greenaase
eager to capturRl, R2andR3on film, but before attempting this
(a process that would have taken several minutpatton place
and refocus even underseeing) Greenacre had wanted to visu-
ally verify the TLP were real by checking for spuws$ colour —
chromatic aberration in the optics or atmospheréactal disper-
sion. The phenomena had disappeared before phptggeauld

be attempted.

2. The photographs taken on night 2 did not reveathamg unu-
sual despite undergoing microdensitometer scarlk.iflaorre-
spondence to American chemist Harold C. Urey, tsgbat the
black and white film used (Kodak SO-136) was noysensitive
in the hydrogen-alpha part of the spectrum, butensensitive at
longer wavelengths, which when combined with fdealgth
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changes (focus made in visible light, but film mesnsitive to  when using both the 12" and the 24". Parker furtberments that
longer wavelengths) at different wavelengths, weikely to have  the 12" had superior optics to the 24" Clark (Revammunica-
recorded the TLP in detail. The totality of all seéssues is why tion 2010). However the 24" is one of the world'sekt resolving
the USAF determinedExperiments with color film made by the telescopes as demonstrated by Hartmann tests, Whiol that

Observation Section indicate that any future cgdbenomena
can be photographed although there is no evidehat llack
and white film will respond sufficiently to the aoto produce a
discernible contrast3!

3. Was the night 2 TLP really confirmed by the Perk&lsscope
observers? Despite Hall's and Greenacre’s belafithvas con-
firmed (reiterated by Cannell in correspondendedinick Moore),
now retired Dr Peter Boyce disputes these accaamdschal-
lenges the notion that he and Ford confirmed thE TRrivate
communications, 20H2011). Attempts to contact Dr Ford have
been unsuccessful but Boyce’s recounting of thegeovation
and low weighting of this observatiestablishes sufficient doubt
to limit an evaluation of the 1963 Aristarchus egeo just what
the four observers on Mars Hill reported seeingheumore Boyce
and Ford started observing when the colours weeaay fading
as seen by the Mars Hill observers, and so theg veally less
definitive over whether they could see the repodeldur that
Hall reports. Boyce does clarify though that theuld not rule
out the colours not being present either, but givesertainty of
4 on a scale of 1 to 10, with 1 being not preseudt X0 being
absolute certainty. He also states that the Moas sean in the
slit jaws of a scanner, a rather non-optimal vigimethod.

4.Some sceptics imply Greenacre was an inexperidanadob-
server at the time he witnessed his first TLP efgsbased on his
choice of ~508 magnification under the moments of43poor
seeing. But as addressed earlier, this magnificatas ACIC pro-
tocol for 3-4 seeing on the Clark. Additionally, Greenacre éwad
tensive training and hundreds of hours of obsesaati experi-
ence on the Clark. By the time of the night 1 Thé’had already
been mapping the lunar surface for two years. ©thttistarchus’
LAC-39alone he had spent 108 hours charting this arestlyn
during lunar mornings or evenings, since 1962 Déegnand was
very familiar with its appearance, and also howEhgh’s atmos-
phere and telescope optics affect detail.

5. Critics also suggest atmospheric spectral dispergas respon-
sible for the colours, however on night 1 the Ma@s 25° high and
rising at the time that the first TLP was obsent@éorm, so the
difference in position in the sky between red doé bnages of the
Moon would have been approximately 0.5 secondscpba~1km
on the Moon’s surface. The Moon was also gainitigude and
was as high as 59° (just culminated) during3thevent. Greenacre
was well aware of the effects of colour fringed twuld be pro-
duced from spectral dispersion or chromatic akierraind both
Greenacre’s paper and the 1964 USAF report stgnlithat other
bright areas were repeatedly checked for simillouraand none
were found. It should be noted on this issue thtestent made by
Hall following his own November TLP observatioraitetter to Phil
Bury of theSociete d’Astronomie Populajr&oulouse, France:
‘Contention made here is that this coloration ig pooduced in
the optics of the telescope or by the earth’s apinere’32

6. The telescope suffers from chromatic aberratiomasd by
contributing editor t&&T and TLP sceptic Thomas A. Dobbins
(Private communications 2022012) and by renowned American
planetary imager Donald C. Parker —indeed Parkafdund this
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it had the least aberration of those scopes té8iguk ACIC was
aware of this because the telescope was notorawysdducing
blue fringes close to bright objects, and the rait5 filter was
employed by USAF cartographer-observers to compenshis
blocked off wavelengths below 520nm and removeddtgely
blue radial chromatic aberratiéf.

To test for such colour effects, on night 1, Greeearied
firstly removing the Wratten 15 filter. If chromagberration were
to blame then a corresponding blue colour shoul Haeen
seen nearby. However upon removing the filter,Ine lwas seen
nearby, aR1, R2andR3 only the saturated orange-red that had
been seen through the filter in the first placesoAif spurious
colour were the cause, then it should have beesepteelse-
where, especially without the filter. Greenacrenseal the area
without the filter but no other similar colouredo$p were seen,
and this ruled out both telescopic optical effemtsl atmos-
pheric spectral dispersion. Greenacre’s frequeaésto the
Clark during the previous two years qualified himiquely to be
able to judge spurious colour effects.

7. Although Greenacre’s 1963 DecemBéty and Telescoeti-
cle refers to the night 1 spd andR2as beingquite brilliant
(R3 was never described in this way), subsequentficktion
was made in a letter from Greenacre to Daniel Hrislat the
University of Arizona in 1968The intensities of the red glows
varied during the observing time but in general {dobe less
bright than the background solar (brightest) illurated sur-
face. The paper which | am enclosing gives an aucofithe
observations. | have also marked an approximategm@age
figure showing the deficit of brightness comparedhe back-
ground. I would like to stress that my figures telt the bright-
est areas of the backgroun®¥Based on this clarification it seems
Greenacre’s ‘quite brilliant’ description8&T 1963 Dec was attempt-
ing to describ&®1andRZs brightness relative to their immediately
adjacent, shadowed and dimly lit surrounding temaiar the termi-
nator. This might explain wh3was not characterised as brilliant
since, unlikeR1andR2, its was surrounded by much brighter back-
ground terrain on the rim of Aristarchus furthenfrthe terminator.

Figure 12. A brightness gradient, going from black on the leftwhite on
the right. The rectangle in the middle is of a fiXarightness value, but looks
brighter on the left and darker on the right. Tlisan illusion due to the
relative differences with the background. To prakies, cover the gradient
to the top and bottom of this rectangle with soraedcand the rectangle will
look its normal grey self. Note in this gradientaige, the contrast differ-
ence on the far left is intended as an analogyn¢odimly lit background at
the locations ofR1 and R2 on night 1, whose apparent brightness is repre-
sented here by the embedded centre light greyTiar.far right end of this
gradient would correspond to the distinctly differeontrast condition at
R3 which, unlikeR1 andR2 was surrounded by brightly lit background on
the rim of Aristarchus, making the centre bar happear darker relative to
the brighter background.
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See Figure 12 for an example of this illusionafgaf It is of interest
to note that following his initiaB&T ‘brilliant’ characterisation,
Greenacre never again referredRtbandR2 as brilliant, but only
noted that as they formed, they ‘increased in gitgh

8.Non-visibility in the 12" guide scope. In thieew York Academy
of Sciencepaper, Greenacre reporisis possible that events of
this nature will be difficult to observe with smalberture tel-
escopes, since we were unable to see them with2sunch re-
fractor.’ Hall also noted this issue in his correspondenmcéne
phenomena. It seems this was because the TLP wielendy
fainter than previously assumed and in fact Greengought a
20" refractor or 16" reflector would be the minimapertures re-
quired to see the phenomena he witnessed. Givesxtied at-
mosphere present in the Clark dome on both nighiskly switch-
ing views between the bright image provided by24eto the
image provided by the smaller 12" guide scope nzelposed
eye adjustment issues preventing the detectidmea$mall TLPs
R1, R2andR5in particular.

On night 2 Hall noted thelelicate nature ofR4which may also
have been a contributing factor in the failure ébedt this larger
area TLP (and the similar appearing TRBin October) through the
12" scope. It should also be noted that while wankfor certain the
12-inch scope was pressed into service on Noveg@hérappears
from Hall's supplement to Greenacre’s 1963 DecerSkgand Tel-
escopeeport that on October 30, Greenacre only attetirtpteon-

O’Connell & Cook: Revisiting the 1963 ‘Aristarchus events’

Figure 13. (Left) Howard Eskildsen’s 2009 March 9 low-altitude Moon
image from Ocala, Florida during repeat illuminatioonditions for 1963
October 30. This image was taken through a six-inefnactor clearly
showing ubiquitous spurious colours at high conttasders, most notably
at Herodotus. Image saturation was boosted to role@ly show colours
inherent in this unprocessed imagRight) One of Anthony Cook’s simu-
lated artificial atmospheric spectral dispersionages, produced using
Figure 5 by moving the red component in one direetand the blue
component in the opposite direction, confirming pus colours appear
to manifest most strongly at Herodotus under thagas illumination.
Note particularly the relative absence of reddistoars in both images at
the locations ofR1 and R2

would be partially obscured by gas and dust, givieg to the

sparkling effect withessed. The later blue coloilwsy speculated
were akin to strongly scattered blue light somesiseen in analo-

firm the TLP, R1R2andR3 through the 6-inch finder scope. In later gous ash clouds above terrestrial volcanoes. Tadyakd, from

correspondence, the use of the 12-inch guide sisopeted in
general but without reference to a specific nigbtthis issue re-
mains an open question. If Greenacreotily attempt confirmation
of the October TLP through the 6-inch finder scdlpis, might ac-
count for their non-visibility in this much smallketescope.

9. Why were theB1-B4 events from night 1 and night 2 not ini-

tially reported? The USAF withheld some of the obratons of
the additional TLP until 1964 May. In a sectiotetit‘Unpublished
Observationsthe USAF reportl.unar Color Phenomenaoted:

‘This portion of the observations has not been ghblil for vari-
ous reasons, the most important being that thedoigt as to

examiningLunar Orbiter Vphotographs, that at least three of the
TLP locations were near former lava flows, howex@mecessar-
ily recent. Their paper considered that the volcaniiption might
have been in the form of a fire fountain, henceld/oot show up

in the topography seen in the images.

Unfortunately we now know from examining the NA&Anar
Reconnaissance OrbitdfROC WAC and NAC images of the
Aristarchus Plateau that there are no signs of ewetl recent lava
outpourings, nor non-space-weathered colour chaogige sur-
face from fire fountains. However images do shork deaposits on
top of the 175-million year old Aristarchus ejebtanket and also
justinside the rim. This may infer at least somwleanic activity that

whether they are part of tifearlier reddishphenomena. They do g geologically younger than the ejecta blanket, there are no

belong in this report as a matter of record and rgayprove to

hints that these are associated with the 1963akcistis events.

be of scientific value'The report also notes historical reports of  gyplimation of radon frost in sunlight — Aristarstis the most

similar bluish phenomena. With regard to the redgisenomena
seen on both nights, the report concludédh évaluation of the
reliability of the observers and the thoroughnegh which veri-
fication was pursued leads to the conclusion thagsd phenom-
enon was observed on two separate occasions.

Possible physical explanations

It is not within the scope of the paper to decigerua specific
mechanism that could account for all of the 196300er and
November observations; however mention will be nafdsome
of the theories.

Hartman & Harris in 1968, considered many of thermena
could be explained by the eruption of molten volcanaterial.
Their calculations showed that black body radiatfom molten
volcanic material, not necessarily contiguous listtibuted over
patches covering the red spot areas, could acdoubbth the
reported dull red visual intensity seen and theatiiom. These
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prolific source of radon on the Moon, as detectethforbit from
Apollo andLunar Prospectolpha particle radiation detectors.
Radon melts at71°C, which means that if it has been outgassed,
it can exist as a frost coating on the surfacaniitted at night.
Although radon is a colourless gas, when it fre@zsyellow and

at lower temperatures an orange-¥ed.

This might explain some other coloured TLP seethemvioon
near the terminator, providing that radon is distiéd in suffi-
cient quantities and the temperature lies in thieezHowever due
to the relatively large solar altitudes at Aristars on both nights
in question, the temperature would have probablyadly risen
outside this range, hence it is unlikely that raftost could be an
explanation on this occasion.

It appears spectral dispersion effects in our gpim@s or chro-
matic aberration from telescope optics can be rolgdfor the
distinct red eventsR1 andR2 seen on both nights. Although
Phillips & Lena, in their 201$elenology Todaarticle offer these
explanations foR4on night 2, its position is slightly off from what
the four Flagstaff observers saw, and it does xpla@é R4aor

205



O’Connell & Cook: Revisiting the | 963 ‘Aristarchus events’

R537 Furthermore, earlier imaging and experiments tesigalar
colours elsewhere on contrasty edges, as cantadagure 138
Such ubiquitous terrestrially produced colours warecked for
but not seen in 1963.

Given Greenacre and Barr’s extensive traininggenss highly
unlikely that they would have misinterpreted atniesjr spectral
dispersion or chromatic aberration effects. Furtieee, weather
data from Flagstaff Pulliam airport suggests naence of an
inversion layer over this city on either night, winhas been pos-
ited by sceptics as possibly causing odd atmospe#ects which
could account for the colours reportéd.

Natural surface colour is another possible expianghowever
as can be seen from Figure 5 there are no colwargyenough in
the regions concerne@lementinecolour image mosaics also fail
to show significant colour here.

As for other aspects of the TLP, Garletlkal (1972) referenced
studies of the appearance and behaviour of fluddigmllo dust
samples artificially illuminated in the laboratoapd suggested
sharp rises (50 to 100%) in observed surface allvéglat account
for Greenacre’s reportedparkling or ‘flowing appearancet!
Geake & Mills (1977) invoke that radon emissionsrdwistarchus
are a trace gas and much larger quantities of gtms could loft
dust. They discuss the possibility of lightningygischarges
between dust particles in a rarefied gas, and himmtight explain
some of thesparklind seen by Greenacre and B&(Crottset al
(2009) take the theory further and have modelledegaptions,
induced by seismic activity, which could explain mgarLP

his Senate testimony dProject Apollds status:'The eighth
landing (Apollo 18) is planned for Schroter’s Vallevith the
purpose of looking for and examining possible tiansevents
and to learn more about the red flares which hagerbseen in
the area’,e.g.by Greenacre, Herschel and many otk&tsnfor-
tunately theApollo 18-20 missions were cancelled by the Nixon
administration.

Although the Moon was relatively low during bothddésh
TLP episodes as sceptics have noted, we have stimtnthe
night 1 and 2 observations cannot easily be exgieéway by the
spurious effects of atmospheric spectral dispersiaelescopic
chromatic aberration. Greenacre was a very expagceobserver
and would have recognised these effects at the sitecerned
and even more prominently elsewhere on the Moopddermed
checks for such false colours elsewhere but conddimd any. If
spurious colours were somehow responsible for sufrtie phe-
nomena, this explanation appears inadequate taiexpttober’s
R1andR2TLP in particular as both direct colour imaging!oé
Aristarchus Plateau under similar solar illuminatonditions and
spurious colour simulations consistently fail t@guce colours
at these two locations.

Spurious colours also cannot account for the ofagicur of
surface detail reported only at these two smajihlyilocalised,
areas. Since TLP were only seen twice during theyntilaou-
sands of observing hours required for the ACIC funapping
programme, one must conclude that if these typph@fiomena
are real lunar events, they are inherently raremfare so than

sightings? They also suggest reddish and bluish colours couldreviously assumed.

be produced by sub-micron-particle light scatteiingust clouds
depending on SuttEarth-Moon orientationg4

Dollfus obtained definitive polarimetry evidence flust clouds
above the surface of the Moon, albeit in Langremager and not

But the central issue underlying any examinatiofloP re-
ports is whether the Moon is geologically deadiduld be almost
three decades before a similar well-documentedafaBeP was
recorded by Dollfus in the crater Langrenus, wiiietsuggested

Aristarchust> However, Lipskii & Pospergelis (1967) reported de-were dust clouds above the lunar surface produced b

tecting peculiarities of polarised light at Aristhus which they
believed was caused by a cloud of scattering mediven the
crater#6 As for the reported obscuration of surface det&lland
R2 it is of interest to note Fitton (1975) suggekesemission of
light by gases above the lunar surface could predyaque
TLPs47 Such an effect accompanied by lofted dust coubdbéx
the temporary obscuration reported at these twatitmas. Crotts
(2009) has concluded based on his research tharigtarchus
Plateau isresponsible for undeniably objective transient anem
lies associated with lunar outgassir§

Discussion

Up until night one, Greenacre had long been scapifaeported
changes on the lunar surface, believing that therveas a
geologically dead world where nothing ever happBas: shared
this view as did Hall. So it is reported that Graeme was some-
what ‘dumbfoundedwhen R1 andR2 appeared. Although no
photographic evidence was obtained that showedr'the on
night 2, probably because of film colour sensigivibcus, and
resolution issues, the reports from the two nigihéssamong the
best documented visual cases of TLPs and causet gpien-
tific interest in the study, especially at NASA. SA's interestin
the reliability of night 1 and 2 TLP observationasione of the
reasons why in 1969 April, Dr George Mueller, Asate=Admin-
istrator of NASA's Office of Manned Space Prograstsated in
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outgassing® We now know that the Moon still undergoes cur-
rent minor exogenically produced geological chanfyem
meteoritic impacts as monitored by NASA's Marsisgace Flight
Center. The Moon also experiences electrostatiggigof dust
particles, and NASA's scheduled 2Q18DEE mission will search
for evidence of whether these form as clouds abiwvsurface or
at high altitude in the lunar exosphere.

The Ina and Hyginus depressions on the Moon aretimought
to be only a few million years old and 27 of thesecalled funar
meniscus holloiormations have now been imaged by the LROC.
Nakamura’s (2003) reanalysis of @ldolloseismic data has revised
sharply upward the actual number of deep moonquat&svely
identified by a factor of fivé2 In 2010, the NASA.ROteam an-
nounced newly discovered tectonic lobate scarpgesting these
were evidence of geologically recent activity tméght still be ac-
tive today, and in early 2012 small scale tectgréden have been
found which may be in a state of present day faonag

Itis perhaps timely to re-evaluate some of thé paB reports,
rather than applying the general dogma of autoiatidismiss-
ing them. Within the BAA and ALPO Lunar Sections ereour-
age observers to re-observe under similar illunonatonditions
of past TLP$4 This way we can gather information and images on
the normal appearance of the features concerneglirdages
obtained can then be tested to see if natural cudalour, or
simulated spectral dispersion could explain somthefeffects
claimed in the original TLP reports.

Until CCD imaging can demonstrate that the Eardtraos-
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phere and/or optics can produce the varied diseygtearances
and behaviours of the TLP seen by the Lowell oleysrunder
similar illumination and observing conditions (pretbly with the
24-inch Clark refractor), there can be no resolutiothe question
posited by Walter H. Haas more than 70 years dgoes Any-
thing Ever Happen on the Moorf?
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