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An interesting crater pair near the kipuka Darney Chi

Barry Fitz-Gerald, (BAA Lunar Section)

Abstract

Oblique impacts on celestial bodies produce a varied range of structures which preserve a record of the impactors
trajectory in the distribution of the ejecta and planform of the resulting crater. These features are however not
always conspicuous and an apparently radially symmetrical crater can, on closer examination be seen to be the
result of a low angle impact. Some oblique impacts however produce structures which are spectacularly bilaterally
symmetrical, leaving no doubt in the mind as to where the impactor came from and where it was going. The
archetypal oblique impact familiar to all visual observers is Messier and Messier A, with the former exhibiting a
well developed butterfly ejecta and elliptical planform, and the latter, a pair of rays extending for a considerable
distance across the mare surface. This article proposes another crater pair as being a smaller example of the same
process that gave rise to these craters.

Oblique low angle impacts can produce craters with distinct morphological features that are
related to the trajectory of the impactor, angle of incidence and in all probability a number of
other factors such as local topography, subsurface geology and composition. Elliptical planform
and asymmetric ejecta are two key indicators of oblique impacts, with crater depth profile and
central peak offset also being considered diagnostic. A further possible feature of these impacts
is ricochet, where part of the impactor rebounds from the original impact point and continues
downrange on a ballistic trajectory. Gault and Wedekind (1978) discuss this process in their
seminal paper on oblique impacts, and indicate that this process is highly likely to occur under
varying conditions of impact angle and target and impactor composition. Stickle et.al (2012) and
Stickle and Schultz (2012) examine this process and identify the phenomenon of 'impactor
decapitation' where shear failure of the impactor results in fragmentation and further impacts
downrange.

One of the most well known oblique impact structures is the iconic pair Messier and Messier A
on Mare Fecunditatis (Vandenhbohede, 2007). Messier is regarded as a primary low angle
impact, whilst its western companion Messier A is believed to have resulted from the
decapitation of the original impactor. Whilst Messier's planform is characteristically elliptical
with a well developed 'butterfly' pattern of ejecta, Messier A is not conspicuously elliptical, but
is notable for its comet like ray system, that extend westwards for some 140 kms, and which
appear to be composed of a thin veneer of immature ejecta (Hawke, et.al. 2004). The particular
circumstances of the Messier impact event and the resulting craters would appear to be of low
probability, therefore the chances of finding another example unlikely.

The present article however proposes that the craters described below represent an oblique
impact and decapitation event that mirrors that of Messier and Messier A, albeit on a much
smaller scale.
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Fig. 1 Lunar Orbiter Frame LO IV 125-H2 showing location of Craters A
and B and relationship to Darney Chi

The impact structures lie in a graben like valley immediately to the west of the isolated kipuka
of Darney Chi as shown in Figs.1. The southernmost crater (A) which is assessed to be the
primary impact is approximately 1.45kms in diameter. It is not circular but exhibits an
asymmetry about an axis orientated SE-NW, which may reflect the trajectory of the impactor.
This asymmetry is subtle but appears to consist of an increase in its cross-range dimension
from SE to NW. The depth profile along this axis of symmetry (Fig. 2) reveals that the interior
slope of the up-range crater wall is steeper than the downrange wall, with the greatest crater
depth (approximately 70m) to the SE.

This is consistent with an oblique impact from the SE. The ejecta blanket is inconspicuous and
feint but again an asymmetry about a SE-NW axis can be discerned, with enhanced
development cross-range and down-range (Fig.3). A small boulder field can be seen to lie on the
outer slope of the downrange crater rim – a possible consequence of the low angle impact.

Approximately 1km to the NW is a second smaller crater (B) measuring approximately 790
meters along a SE-NW axis, and as with crater A, it appears to increase slightly in width
downrange, reaching a maximum of approximately 650m. Again, as with crater A, crater B's up-
range inner slope is steeper that the downrange inner slope (Fig.4), with a maximum depth of
some 20m to the SE.

The asymmetry in planform of both craters about this SE-NW axis, coupled with the greatest
depth in the proposed up-range direction strongly indicates a common origin.
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Crater B is subdued topographically and visually when compared to A, and there is little in the
way of discernible up-range or cross-range ejecta.

The downrange rim is however cut by what appears to be two semi-radially orientated groves as
can be seen in Fig. 5.

Fig. 2 LROC Derived Topographic Profile of Crater A

TopographySelenology Today 29

page 3



Fig. 3 LROC Image of craters A and B (Scale: Crater X is 200m in
diameter)
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Fig. 4 LROC Derived Topographic Profile of Crater B

Fig. 5 LRO Detail image of craters A and B. Note cross-range and down-
range enhancement of ejecta associated with crater A
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Extending away from the downrange rim (NW) of crater B for some 8 kms is a fan shaped ray
of lighter materiel which is visible against the darker mare surface. This ray is visible in the
Clementine UVVIS image as shown in Fig. 6, suggesting an immature or compositionally dis-
tinct difference between it and the underlying mare.

Fig. 6 Clementine UV-VISS (R=1000nm, G=900nm, B=415nm)
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Fig. 7 Apollo 16 Image AS16-119-19111 showing feint lineations to the NW
of B.

The ray is not visible on the Apollo16 image of the area, Fig. 7, but these images do show in-
dications of feint lineations extending from the down-range rim in the same direction as the
ray. The LRO image resolves these lineations into possibly three slightly diverging groves sepa-
rated by slight ridges, which appear to be related structurally to the sub-radial groves in the
NW rim of crater B (Fig.8). These groves may well be superimposed secondary crater chains
extending downrange from crater B.
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Within the body of the ray itself, a number of areas can be discerned which exhibit feint linea-
tions running in the downrange direction (Fig.9).

These areas appear to be related to pre-existing topographic low's, which may have had an influ-
ence on the deposition of ray debris.

The ray itself however, appears to be a thin veneer, with the pre-existing topography clearly dis-
cernible beneath the brighter ray material. A superficial examination of the ray suggests a slightly
enhanced number of small bright (and presumably fresh) craters in the 10 meter and below size
range.

This is a subjective assessment and would require a more rigorous analysis before being consid-
ered definitive.

Fig. 8 LRO Image of crater B. Note radial grooves NW crater rim and
grooves and ridges within body of ray extending downrange
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Fig. 9 LRO Image of lineations within body of ray. (Circled crater is 20m
in diameter)

Taking into consideration the morphology of the craters A and B with regards to planform,
depth profile and ejecta pattern of A, together with the presence of the ray material, it is pro-
posed that these structures represent the result of a low angle impactor striking the surface to
form crater A, whilst moving on a SE-NW trajectory.

This impactor experienced impactor decapitation, with the resulting fragment(s) travelling
downrange to a second impact point marked by crater B. At B, the impact produced a jet or
plume of fine ejecta, tightly focussed downrange, to produce the ray we see extending to the
NW.
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Fig. 10 Apparent axes of symmetry of craters A, B and Ray. Terrain Pro-
file in Fig. 9 is shown as x-y
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A number of objections to the conclusion that this crater and ray combination is a smaller
version of the Messier/Messier A complex can be raised, two of which are addressed below.

If we compare the present example with Messier/Messier A it is immediately noticed that cra-
ter A is only slightly sub-circular with no Zone of Avoidance (ZoA) in its up-range ejecta,
whilst Messier is clearly elliptical in planform with a well developed 'butterfly' ejecta pattern.
Gault and Wedekind (1978) point out that crater shape remains circular for impact angles
down to 30 degrees, whilst below that incipient ricochet becomes a function of impact veloc-
ity and target and impactor composition.

They also point out that ejecta patterns diverge from the radially symmetrical below angles of
45 degrees, suggesting that Messier's 'butterfly' pattern resulted from a grazing impact of less
than 5 degrees. Later authors such as Hessen et.al (2007) and Poelchau and Kenkmann (2008)
discuss these parameters and conclude that circularity of planform persists at impact angles
(10 to 15 degrees) below that at which the ejecta pattern becomes asymmetric.

It therefore may be that the impactor that formed crater A was travelling on a trajectory that
was shallow enough to induce ricochet, but not sufficiently shallow to produce an elliptical
crater. The ejecta blanket is slightly enhanced cross-range and down-range, but a conspicuous
ZoA up-range is absent. A further possible weakness with the proposed interpretation is the
misalignment between the apparent axes of symmetry of craters A, B and the ray.

Fig.11 LROC Derived Topographic Profile across line x – y shown in
Fig.8
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Fig. 8 shows that these axes appear misaligned with respect to each other, with the axis of
symmetry of B being rotated slightly clockwise in relation to that of A, and that of the ray
being similarly slightly rotated clockwise with regard to that of crater B.

These misalignments are difficult to reconcile with the presumed ballistic trajectory of the
impactor, but two factors must be borne in mind in any final analysis. The axes of symmetry
of Messier and Messier A exhibit a slight divergence despite the high probability that they
were formed by the same impactor.

This might indicate that a slight deviation in the azimuth of the downrange trajectory of the
ricocheting material is possible. In addition, the terrain to the west of the ray appears to be
somewhat elevated as can be seen from Fig. 9, with the ray lying partly on the eastern slope
of this terrain and partly in a parallel valley which appear to be orientated approximately
SSE-NNW.

It is possible therefore that this topography had an effect in 'channeling' the downrange
ejecta plume and thus influencing the distribution of the ray materiel to some degree. Alter-
natively the foreshortened view of the ray material on the slope of the elevated terrain may
provide any viewer from a vertical perspective with a distorted impression of the actual
shape of the ray itself.

In conclusion therefore, it is possible that this impact structure represents a combination of
features that came into existence following a low angle impact that reproduces on a smaller
scale, the events that produced Messier and Messier A.

The degree of asymmetry in the initial crater A, does not approach that of Messier, but indi-
cations of its oblique origin are present in subtle form.

The ray material may consist of optically immature debris ejected downrange of the second
impact B. That this is ray material and not an unrelated high albedo surface feature is indi-
cated by the lineations observed within it and the possible excess of small bright impact cra-
ters within its boundary. As crater B appears to be particularly shallow, this material is in all
probability identical mineralogically to the adjacent mare surface and conspicuous by virtue
of its immaturity.
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Two Oblique Impact Craters

By Barry Fitz-Gerald (BAA Lunar Section)

Abstract

Most lunar craters are circular in planform despite the widely varying impact angles due to the effective 'point
source' behaviour of the explosion caused by the interaction of the impactor and target material. An increasing
number of craters have been identified as being the result of oblique angle impacts on the basis of overall shape,
rim profile and ejecta distribution. This article describes two prominent craters that appear to be the result of
such impacts, and the eveidence to support this conclusion is outlined.

Goclenius is an irregularly elliptically shaped crater located towards the western shore of Mare
Fecunditatis. It is completely surrounded by flat lying mare lavas, but only separated from the
Montes Pyrenaeus by a narrow strait some 10 to 15 kilometers wide. The crater is approximately
74 kilometers long on a NW – SE axis, with a maximum width of some 52 kilometers. The
crater rim to the SE has something of a truncated appearance, whilst to the NW it is somewhat
pointed. The crater walls on either side of the long axis are symmetrical, giving the crater an
overall teardrop shaped planform. The floor of the crater is considerably lower than the
surrounding mare surface, and appears to consist of dark mare type material, which is
presumably basalt lavas of low viscosity, similar to that forming Mare Fecunditatis. The crater
floor is crossed by a number of prominent 'graben', which appear to trend in a NW - SE
direction and to be related to Rimae Goclenius I and II and Rima Gutenberg. These rimae are
part of a suite of major tectonic 'graben' features in this area, which have been linked with
Fielder's 'lunar grid' system, and proposed as exercising structural control over many
subsequent landforms (Bryan et al. 1975).

A relationship between the orientation of the rimae and the structure of Goclenius has been
described in some detail by Bryan et al. (1975), with the presence of the graben and subsequent
volcanism proposed as being responsible for the present form of the crater. A possible wholly
endogenic mode of origin (volcanic activity) for the crater is discussed briefly by these workers,
with an impact origin being considered most likely. This model of it's origin proposes that any
impact would have post-dated the rimae, with the final form of the crater being structurally
controlled by the pre-existing network of graben.

Whilst structural control appears to play a part in the overall morphology of many impact
structures resulting in a departure from the usual circular outline (Öhman, 2009) there has been
an increasing acknowledgement of the role of low angle impacts in forming asymmetric impact
craters. Gault and Wedekind (1978) initially investigated impact dynamics including those of low
angle, and subsequent studies have extended the understanding of these events, the resulting
craters and their ejecta patterns. The most well known lunar examples of craters produced by
low angle impacts are Schiller and Messier and Messier A, where a number of unique
morphological features are in evidence. Although the precise dynamics and formation processes
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are still probably open to revision, these features could be considered diagnostic of oblique
impact craters. It is possible to re-evaluate the overall form of Goclenius in the light of these
features, and propose an alternative history and evolution for the present form.

Fig. 1. Goclenius

As noted above, the overall planform of Goclenius is that of an ellipse as shown in Fig.1, with
the SE wall appearing somewhat truncated and the NW wall somewhat pointed. The sidewalls
are gently curved imparting a bilateral symmetry to the crater along an axis running
approximately NW-ES. The orientation of these crater walls, and their conformity and
relationship to the nearby rimae were cited as evidence of structural control (Bryan et al. 1975),
but the bilateral symmetry seen would be an unlikely result of this.
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A more plausible explanation would be that Goclenius is the result of an oblique impact, with
the resulting crater being symmetrical about the direction of travel of the impactor. Both
Schiller and Messier exhibit this type of bilateral symmetry.

The line of hills running centrally across the floor of the crater along the line of symmetry may
represent the elongate central uplift, which is the oblique impact analogue of the ordinary crater
central peak. This line is divided into three massifs as shown in Fig.1, one at the SE end of the
crater, an elongate central massif which is crossed by one of the NW-SE trending graben, and a
final massif in the NW end of the crater floor.

Fig. 2. Clementine UVVIS Ratio Map representation of Goclenius RGB.
Ratios as follows R 750/415 G 750/950 B 415/750
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A Clementine Ratio-Map image of Goclenius, Fig.2, shows the ridge to be composed of fresh
highland type material, comparable to the rim and inner crater wall. This would suggest that the
impact excavated highland and not mare material, whilst the 'fresh' nature implied by the
spectral response may indicate mass wastage down slope continually exposing new material.
This ridge would therefore mirror the central ridge seen in other oblique impact craters such as
Schiller and Buys Ballot.

The northern crater rim is somewhat irregular, particularly in it's central region, whilst the
souther rim appears sharper. Within the rim, slump terracing is evident around the
circumference of the crater, but this terracing is unusual in a number of ways. To the NW dark
halo craters, some with slightly built up rims may indicate pyroclastic volcanic activity Bryan et
al. (1975). Similar activity is indicated in the SE part of the crater by the Clementine UVVIS
Multispectral image as shown in Fig 3. Pyroclastic dark mantle deposits may therefore drape
over the inner terraces in these areas resulting in a more subdued appearance locally. The
terrace to the SE appears broken up into an irregular hilly unit reminiscent of terrain altered by
the focussing of seismic waves associated with antipodal basin forming impacts.

Fig. 3. Clementine UVVIS Multispectral Mosaic of Goclenius (RGB bands,
R 1000 nm, G 900 nm, B 415 nm)
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There is indications that the mare lavas to the north may have covered part of the outer rim
ramparts during a 'high lava' period before withdrawing to lower levels. Is it possible that mare
lavas have either invaded the terraces by overflow or infiltration at some time when the level of
the mare lavas was higher?

This might explain the unusually subdued topography, and may warrant further investigation.

Fig. 4. Apollo 8 frame AS8-2225-E

It is interesting to note that the unusual appearance of these terrace have made it into the world
of conspiracy theories, with the Apollo 8 frame of the crater (AS8-2225-E Fig.4) featured in the
web-site www.thelivingmoon.com, and the subdued topography of the terrace being identified
as obscuration by 'mist and clouds'. I prefer a more geological explanation.

The junction of the terraces with the mare covered floor is irregular, with a number of
promontories stretching out onto the crater floor as shown at 'P' in Fig.1. It is possible that
these promontories represent the remains of a structure or structures that originally divided or
partially divided the crater into separate areas. Two of these promontories, one on the northern
wall and one at the corresponding location on the southern can be seen towards the western
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end of the crater, whilst a less prominent one can be seen on the southern wall towards the
eastern end of the crater. This unusual configuration may correspond to a rather
counterintuitive feature of some oblique impact craters, where a transverse ridge or septum can
be seen across part (usually towards the downrange end) of the crater. Examples include the
downrange part of Schiller and Buys Ballot where a distinctive 'pinch' of the crater walls can be
seen, and Messier A (and possibly the far-side crater Joule) where a septum divides the craters
into deeper (uprange) and shallower (downrange) sections.

I am sure that this interpretation is a disputed one, but a number of similar structures can be
seen elsewhere on the lunar surface and have been noted in Martian examples (Herrick and
Hessen 2006) where the process of 'impactor decapitation' is suggested as a possible origin.

Bryan et al. (1975) comment on the low hummocky rim facies, observing that their greatest
extent is to the north and south, with an absence to the east and west. They propose this
anomaly is a consequence of the enlargement and modification of the crater in the SE and NW
by 'volcano-tectonic' collapse. Asymmetric ejecta emplacement is a characteristic of oblique
impacts, with the development of the 'butterfly wing' pattern of at low impact angles, where the
ejecta is concentrated cross- range and reduced or absent uprange (in the zone of avoidance) and
downrange (Herrick & Forsberg 2003).

In Goclenius, the elevated rim material to the north and south may represent part of a
'butterfly' pattern, the remainder submerged below the mare lavas of Mare Fecunditatis. The
absence of ejecta to the NW and SE would naturally follow if this interpretation is correct. This
situation is not unlike that seen in Schiller where only traces of the 'butterfly' pattern can be
seen to either side.

The floor of this crater is domed upwards (Bryan et al . 1975) with the LROC Derived
Topographic plot showing this doming effect. The crater floor is however still some 1000 to
1500 meters lower than the surrounding mare surface, as shown in Figs.5 and 6. Oblique impact
craters generally have their greatest depth in the uprange part of the crater, being shallower
downrange with the downrange rim of reduced height or absent (Fossberg et al. 1998).

Referring to Fig.5, we can see that the western rim is lower than the eastern by some 500 meters,
this is less than that seen in some downrange rims studied, but Fig. 6 shows that this crater and
the area in general have been subject to some major tectonic forces as a result of the formation
and downwarping of Mare Fecunditatis, with the northern rim and mare surface beyond being
much lower topographically than the southern rim.

This distortion may well make any comparison of rim heights unreliable, but the height
difference between the western and eastern rims is supportive of the oblique impact hypothesis,
and would indicate a impactor trajectory from E to W, consistent with other morphological
observations outlined above.
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Fig. 5. LROC Derived Topographic profile of Goclenius on a W – E axis

Fig. 6. LROC Derived Topographic profile of Goclenius on a N – S axis
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If this crater is the result of an oblique impact, the previous hypothesis which appealed to
tectonic forces to account for it's planform could be discarded. This would further eliminate the
need for the crater to post-date the complex of nearby rimae, and would imply a more
parsimonious interpretation, with the crater pre-dating the rimae which therefore play little or
no part in the formation of it's final shape.

Another crater which shows evidence of being formed by an oblique impact is Gruithuisen,
located at the junctions Oceanus Procellarum and Mare Imbrium. This crater appears somewhat
elliptical in planform, with a truncated western rim, a more acutely curved eastern rim and
gently curving northern and souther rims. The bilateral symmetry is conspicuous, but the crater
dimensions of 15.5 kilometres on and E-W axis and a shade under 15 kilometers at it's widest
N-S show that it is not too far from the circular .

Fig. 7. Gruithuisen showing 'butterfly' ejecta.
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The ejecta blanket of this crater forms a well developed 'butterfly' pattern as shown in Fig.7.
The morphology of the ejecta, with the thicker continuous ejecta giving way to crater chains
and 'herringbone' texture further from the rim is subdued and of similar colouration to the
mare surface on which it is deposited. The Clementine UVVIS Ratio Map of the area, Fig.8
however reveals that the ejecta nearest the rim is mineralogically distinct from the mare surface.

Fig. 8. The Clementine UVVIS Ratio Map of Gruithuisen showing
mineralogical distinct 'butterfly' pattern.

Ratios as follows R 750/415, G 750/950, B 415/750
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This also shows clearly the 'zone of avoidance' in the west, where there is no trace of the ejecta
blanket, indicating that this is the uprange direction, consistent with the shape of the crater,
which indicates an impactor trajectory of W to E.

It is possible that this impact, which took place on the surface of the mare, excavated underlying
highland material (possibly Appenine Bench formation) of different composition and this
resulted in the mineralogically different spectral signature of the butterfly wings.

Fig. 9. LROC Dervived Topographic profile of Gruithuisen on a N – S axis

A glance at Fig.9 shows that the N-S profile of the crater is quite symmetrical with comparable
rim heights on either side, whilst Fig.10 shows that the western and eastern rims are slightly
lower topographically giving the crater rim a slightly saddle shaped profile such as is observed in
Messier (Fossberg et al. 1998).

Fig.10 however reveals that the downrange rim (eastern) is in this case not depressed relative to
the uprange rim (western) which is at variance with other observations on oblique impact
craters. Whilst this is an anomaly, I do not think it fatal to the oblique impact model for this
crater, as the 'butterfly' pattern argues strongly in its favour.
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Fig. 10. LROC Derived Topographic profile of Gruithuisen on a W – E
axis

Conclusions and Suggestions for future research.

It is possible that a number of the more well known nearside lunar craters may show evidence
of having originated in impacts at highly oblique angles to the surface. We are used to seeing
circular planforms, but there is a gradual appreciation that circularity is only one end member of
a spectrum of potential crater shapes with elliptical craters such as Messier forming the other
end of the spectrum.

It is apparent that the ejecta patterns we see can often reveal evidence of low angle impact even
when the crater itself is circular, therefore an analysis of ejecta may well prove more fruitful in
the future search for these unusual features rather than considerations of rim outline only. This
may present opportunities to visual lunar observers who can, under favourable libration
conditions be able to view craters from a variety of angles thus providing a fuller appreciation
of their overall planform.

Low angle illumination will also assist in identifying subtle indications of butterfly ejecta, whilst
high sun conditions which enhance the appearance of rays may well reveal asymmetries
indicative of low angle impact. It is also apparent that multispectral imaging may well reveal
these features through the differing mineralogical signature of ejecta excavated from beneath
mare or other smooth plains surfaces.
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Partial Lunar Eclipse 2012 June 4

A short observational report from New Zealand
By Maurice Collins

Introduction

In the afternoon of lunar eclipse day, clouds started to come over, so I wasn’t sure if it would be
clear come lunar eclipse time. When the Moon rose it went into a bank of thick clouds, so I
decided not to setup my telescope early, but just to wait and see what happened weather-wise
later on near eclipse time.

Fig. 1: Moon rising into a bank of clouds, unsure of my chances to see the
partial eclipse

The times of the Partial lunar eclipse for us in New Zealand were that first contact with the
penumbra was at 8:48pm (for UT times just replace the am/pm with UT am, as we are 12 hours
ahead), and with the umbra at 9:59pm. Mid eclipse was 11:03pm and last contact with the
umbra, 12:06am1

Observations

For the eclipse, I used my trusty Meade ETX-90/RA Astro telescope and a couple of Fuji
compact cameras, a 25mm University Optics eyepiece, and the Meade Lunar and Planetary
Imager for prime focus images.

I got my first view of the eclipsed Moon at around 10:10pm, where there was a bite out of the
Moon visible through passing clouds with binoculars. I quickly setup my ETX-90 and started
taking some afocal images through the eyepiece at around 10:13pm (I noted later that the
camera clock was out by about 10 minutes).

Lunar Eclipse
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Clouds were moving rapidly in front of the Moon as we had quite a bit of wind, but they
proved quite transparent and I was able to see the eclipse for several minutes at a time before
thicker clouds briefly obscured it. During some long stretches of cloud, I went back inside to
warm up. I took many images, but as is the norm for afocal handheld imaging, some were
blurred. I also captured some brief afocal avi movies around mid eclipse to give a sense of the
event.

The umbra appeared to me to be very dark, I would rate it as L=1 on the Danjon scale2 though
the attenuating effects of the cloud, and contrast to the bright part of the penumbral Moon
could have been a factor. However, there were periods where the Moon was in the clear, and it
was difficult to discern any detail in the umbral shadow. It was only in later stages of the eclipse
when Tycho’s rays were in the shadow was it possible to trace them in the umbral shadow. It was
very difficult to image much in the umbra.

Fig. 2: Mid-eclipse at 11:03UT
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Fig. 3: Not much detail visible in the umbra even at longer exposures.
Hand-held motion blurred image. Tycho’s rays just visible
Just before mid-eclipse I decided to try some images with the Meade Lunar and Planetary
Imager (LPI) I normally use for imaging the Moon to make mosaics, but had not attempted
before during a lunar eclipse. I however inadvertently left it set to mono from a previous
session, so all color information was lost. All the same it did provide some sharper views of
sections of the shadow contact and illuminated portion of the penumbral shadow. I was also
able to mosaic them into one image (Fig 4).

Fig. 4: Mosaic of LPI image frames of eclipse
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Fig. 5: LPI stacked frame at 10:46 UT

Fig. 6: LPI stacked frame at 10:52 UT
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Fig. 7: LPI stacked frame at 11:10 UT

Fig. 8: LPI stacked frame at 11:10 UT
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Figures 5 to 8 are a selection of stacked LPI frames using Registax 5. No crater timings were
attempted during the eclipse and I stopped observing shortly before the umbra left the Moon,
when the cloud totally obscured the Moon. Inside I started examining and processing some if
the images to email out. I later checked and the Moon was once again visible, but only the
penumbral shadow remained on the Moon.

Summary

Even though the sky wasn’t perfectly clear, and views at time were occasionally intermittent and
through thin clouds, a good portion either side of mid-eclipse was observable. Other parts of
the country didn’t fare quite so well. It was a very enjoyable, if somewhat chilly, eclipse to watch.
Two days later we were treated to views, once again with clouds, of the once in a lifetime Transit
of Venus. What a great week for astronomical events the first week in June proved to be!
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Detection of the Venus aureole during the transit of Venus on June 6, 2012

By Raffaello Lena (GLR group)

Abstract

This article describes the method used for a study carried out on the Venus aureole, using images taken during the
recent transit of Venus occurred on June 6, 2012. This report describes the partial illumination of the arc as
detectable after the third contact of Venus and Sun. The target of this observation was the detection of the bright
arc encircling Venus related to the atmosphere of the planet.

Imagery

Images of the Venus transit across the Sun were taken on June 6, 2012, between 04:11 and
04:52 UT from Rome, Italy.

The seeing was estimated as III Antoniadi and transparency as 2/3 (scale between 1 poor to 5
excellent). AVI films were made using a 13 cm f/6 TMB apo Refractor and a Lumenera LU 075
M camera at a gamma of 1.0, with variable gain and exposure times due to the wheatear
condition, with variable presence of low clouds.

The images obtained before and after the third contact were obtained from AVIs made using a
2x Barlow lens with a variable extension tube, a Herschel wedge, the Baader continuum and ND
3 filters.

After alignment and stacking with the Registax 5.0 software package the raw images (about 400
frames stacked of 1500) were saved in FITS format. The raw images were then processed using
the Iris 5.34 software package with the following prompt commands:

>mult 0.85

>unsharp 0.6 7 1

>blur 0.3

>gauss 0.42

>unsharp 0.33 85 1

>blur 0.3

>crisp 0.18

>af310

Hence, it was a combination of a slight low pass filter and unsharp masks.

The final images were imported into Photoshop with a final adjustment of the levels, brightness
and contrast (Fig.1).
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Further images not discussed in this article are reported in the current issue of Selenology
Today under the section “Venus Transit across the Sun-Gallery”.

Fig. 1

Processing and Venus aureole detection

The aureole of the planet was very faint, against the sky, also in the AVI film.

When the mean of 21 best frames was used with a following multiply prompt (Iris >mult 1.2) in
order to have a brightener image, a partial illumination of this arc was detectable despite the
difficult detection principally due to the turbulence.

Of course I have modified the contrast of the sky as shown in Fig. 2.
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Fig. 2

The arc, corresponding to a partial illumination of the known “Venus aureole” is also detectable
using the Larson-Sekenina method with the software AstroArt. The Larson-Sekenina algorithm,
principally used in cometary imagery, is based on two parameters as follows:

-Delta R (Dr) is necessary to calculate the radial gradient from the selected pixel to the pixels
more external (positive Delta R) or internal (negative delta R), this value must be expressed in
pixels and depends largely on the resolution of image (normally assumes values from 1 to 5).
This parameter can be important to show the variations of brightness in the radial direction
from the selected pixel to the pixels outside (in general terms using the based theory of this
method for comets it can show details such as shells and fountains from a comet).

-Alpha (Da) allows to calculate the rotational gradient with center in the selected pixel and with
a rotation of Alpha degrees (values from 1 to 20 degrees are usually sufficient).

Two different computation were used based on the above method with the values Dr 1 Da 0
(Fig. 3) and Dr3 Da 1 (Fig. 4), respectively.

Selenology Today 29 Venus aureole  

page 35



Fig.3
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Fig. 4

Be careful when you interpret the results obtained with this parameter. Alpha values too high
may create false details, or bring them back with a different morphology. On the other hand,
however, application of a small angle of rotation can be enough to increase the contrast of
these weak structures.

In this work the Larson-Sekenina method was used in order to support the results shown in Fig.
2.

The original image was then processed using a DDP filter to show faint background details by
using AstroArt software package. The resulting image was then imported into Photoshop and
transformed in a false colour image with a final adjustment of the levels (Fig. 5 and Fig.6).
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Discussion and conclusion

The aureole is a bright arc which is seen around the circumference of the planet which may
appear partial or complete. At ingress, the aureole begins to show itself between first and
second contacts, i.e. when about half of the Venusian disk has crossed the solar limb. At egress,
it usually starts just after the third contact (referred to the link below for more explanation:
http://www.venustransit2012.moonfruit.com/#/the-transit/4553749413).

It begins as a spot of light (apparently, near one of the Venusian poles) which slowly extends as
the planet moves off the Sun.

Fig. 5

The aureole is caused by the refraction of sunlight through the Venusian atmosphere. The extent
of the arc is determined by the density of the Venusian atmosphere at the transit. The effect
diminishes when the planet is positioned more than half its angular width away from the solar
limb.

The brightness of the aureole is generally not much lower than the solar photosphere close to
the limb. Likely the altitude of the clouds at different positions along the limb can be related to
the intensity of the aureole. Its visibility, however, depends upon the intensity of turbulence,
which effectively disperse the tenuous light of the thin ring.
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Fig. 6
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Venus Transit Black Drop Effect with LG Lucid Droid 8366
By Jeff Barton

Historically, this effect was taken as "proof" that Venus has a thick atmosphere, however it is now generally
thought to be an optical illusion due to contrast and optical system limitations.

A drawing as depicted by Torbern Bergman in 1761 is reported below (from Wikipedia):

en.wikipedia.org/wiki/File:Venus_Black_Drop_effect.png
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The telescope I used was the 15" refractor at Comanche Springs Astronomy Campus and the filter was a Baa-
der Turbo Solar Film 10" filter over the front aperture. Hand-holding a Droid smartphone over an eyepiece is
not the best way in the world to get an astrophoto, but it sometimes works (Fig. 1). This is almost precisely at
Second Contact (complete ingress phase) of the Venus Transit of 2012. Notice how the edge of the sun and
the adjacent edge of Venus seem to reach out and "grab" each other? That's called the black drop effect.

An additional smartphone image of the Venus transit of June 5, 2012, showing the "black drop effect" is
shown in Fig. 2. Severe crop and histogram stretch to overcome overexposure.

The photo shown in Fig. 3 is extreme in many ways: the overexposure was estreme, the histogram stretch nee-
ded to see the black drop detail was estreme, the crop needed to salvage this bit of image from a 6-megapixel
DSLR frame was estreme, but the good news is that the black drop effect itself is very extreme. This happe-
ned to be the very first frame of a few dozen I made during the Venus transit with my DSLR.

Many of the later frames were "better" but none capture the black drop effect so well.

Selenology Today 29 Venus Black Drop effect

page 42



Fig. 1 Venus Transit Black Drop Effect
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Fig. 2
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Fig. 3
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Observations of the Transit of Venus event, 2012 June 6 from New Zealand
By Maurice Collins

Introduction

The rarest of celestial events, the planet Venus crossing in front of the sun in a transit, occurred
in the skies over New Zealand and much of the world on June 6, 2012. The day dawned
reasonably clear, just some thin haze, with the setting Moon visible in the west and blue sky
above. The weather predictions were for total socked-in rain for the whole day, but since
predictions are often inaccurate here, I was hoping that it would be wrong. Since it did start out
clear, here may be a chance to see it after all I thought, so I readied my 60mm refractor for solar
projection just in case. Unfortunately as the sun rose the cloud thickened and totally obscured
the sun.

The transit was to begin at 10:15am here and last until 4:43pm (22:15 June 5 to 04:43UT June
6), with mid-transit occurring at 1:29pm (01:29UT).

Observations

The week before the transit I had ordered some of solar transit viewer glasses from Norman
Izett of the Whakatane Astronomical Society to view the transit with the naked eye, and they
luckily arrived the day before. I also tuned into live feeds from various sources on the internet to
watch the beginning of the transit to see the first contact and watch the coverage over the
internet while it was still cloudy here in Palmerston North. Some astronomers had headed over
to Napier on the east coast in search of clear skies, but that was not an option for me due to my
wife being in Wellington for two days and my daughter at school. But I watched the sky for any
breaks in the cloud cover as I hoped there would be a chance to see it.

At around 10:40am (22:40UT June 5) there were some holes visible in the clouds, and the sun
started to make an appearance through one of them. Using the solar glasses I searched the
surface of the sun for Venus and immediately spotted it at the 5 o’clock position on the disk as
a distinct black dot! I had not checked previously as to where Venus would appear with the
naked eye, the internet coverage’s varied in image orientation due to location and imaging
systems, so I checked up on the RASNZ website (HTTP://WWW.RASNZ.ORG.NZ/) to see if the
position I had seen the black dot was in fact Venus, and it was precisely in the correct location
on the disk! Cloud covered the sun again for a long while, then when I was not looking, a large
break occurred, and I tried to get my 60mm refractor telescope in position to try take an image,
but found aligning it difficult, and the clouds covered the sun again before I could get the image
on the projection screen. It then clouded over solidly again and thought I may have missed my
chances and wished I had just used the solar glasses for another look.

At 11:45am while I was on the phone telling my mother about seeing the transit (they were
clouded out there as well), there was another brief break in the clouds and so I just used the
solar glasses to view it again while I was talking and describing it to her. Venus was further in
from the edge of the disk now. By seeing it a second time I was happy I had really seen it and
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both views are something I will never forget for the rest of my life!

I posted that to Facebook that I had seen the transit, and a friend John Field who is a professional
astronomer / planetarium guide at the Carter Observatory in Wellington, our countries National
Observatory, saw my post and since they were totally clouded out at Carter, he asked if I would
speak to a newspaper reporter from the Dominion Post about having seen it. I emailed him my
phone number and the reporter called about 2:05pm to hear about what I it looked like. He
asked if I had got any photos of it, I said no, and he asked if I thought I might get some later?
Perhaps but it looked doubtful at this time as it was raining heavily by this time. He said he will
call back after it was over and check with me again.

Fig. 1: First good image of the transit was obtained at 03:31UT. Sky processed to look
black.
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Fig 2: Sky had cleared now so can get some better images. Sun is not circular as photos
taken from and angle to the projection screen. Taken at 03:54UT

The rain passed over and there were breaks in the clouds around 3pm after collecting my
daughter from school. When back home I was able to get the 60mm refractor onto the sun and
attempt some images to record the event. The autofocus would not lock onto the projected
solar image, so most were blurry, causing me some frustration, but I got one good image finally
when it locked on. Then later around 3:30pm onwards there were even longer breaks in the
clouds where the sun and transit were wonderfully visible and I was able to secure many more
images and some video of the event. It was also neat to also share it with my 11 year old
daughter Shannen who was very impressed to see it and gave a big smile.
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Fig. 3: My best image of the transit taken at 0358UT. Venus appeared quite large on the
disk.

I also had a quick look with the solar glasses and I could see Venus near the limb of the sun by
this time. The seeing was poor (A-IV) due to unstable weather and passing clouds along with
the low altitude of the sun close to sunset. As the sun set lower in the sky I had to keep moving
the telescope further back in our backyard as the shadow of neighbouring houses were casting
shadows down at the height of my telescope. Then as clouds started to finally cover the sun
again I decided that I had seen it well enough and put away the telescope. I was happy, but
extremely tired from the stress of chasing it all day.

I emailed the reporter my images and he called me for my final comments. The article, but not
my images (a NASA image was used instead) was published the next day in the nations
newspaper.
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Fig. 4: Venus getting nearer the limb as the sun sinks lower in the west at 04:15UT

Fig. 5: My 60mm refractor setup to project the transit images.
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Fig 6: Last view of the transit before getting too low. Venus is nearing the limb 04:23UT
and interior egress starts in two more minutes at 04:25UT.

Summary

Before seeing the transit, I was ho-hum about the significance of the event, after all it is just a
planet going in front of the sun, and we had all seen Mercury do it several times before. But on
the day I just had to see it, and when I did, I was awestruck! Venus was much bigger than
Mercury and it made the Sun look special in a way I had not seen before. It was one of the top
astronomical events of a lifetime to see and I am so glad I was fortunate enough to be allowed
to see at least some of the unique event, one which for this country has special significance. The
last time it occurred it led Captain James Cook on an expedition that discovered New Zealand
in 1769. As I said to the Dominion Post newspaper reporter “It is certainly not something I am going
to see again!”. The next transit will be in 2117. Perhaps my daughter will be able to tell her
children and grandchildren to look out for it.
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VENUS TRANSIT ACROSS THE SUN
Gallery
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An animation is visible at the public link

http://www.youtube.com/watch?v=2kLg1Womz9E&feature=player_embedded

Selenology Today 29 Venus Transit

page 60


