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Charles Kapral

November 3, 1944 – May 27, 2008

The Geologic Lunar Researches group has lost a dear friend and comrade. It is with
great sadness that we announce the death of Charlie Kapral, May 27, 2008.

Charlie was born on November 3, 1944 and began his interest in amateur astronomy in
1958. Charlie was very interested in Meteor and Lunar observations.

He began his observations with a 1” Edmund Scientific refractor, then a Unitron 2.4” re-
fractor, later using a Meade 10” SCT and 5” refractor. He worked with Winifred Cam-
eron as a member of the ALPO Lunar Transient Phenomenon team.

His interest in the study of lunar domes began with the ALPO lunar dome survey pro-
gram under Jim Phillips continuing with the present GLR program. Charlie and Robert
Garfinkle, F.R.A.S., published a revised lunar dome catalogue.

Charlie was a member of the GLR Board, carefully plotting locations of new and old
domes, from new information provided by members of the GLR, onto the GLR lunar
dome map, the most detailed and accurate catalogue and map of lunar domes available.

Charlie also rewrote John Westfall’s Lunar Photoelectric Photometry Handbook which
was published in our journal, “Selenology Today”.

Charlie was one of a kind, a true gentleman, always considerate and courteous in all
transactions.

He was known to always have a smile on his face with a joke or a happy story for every-
one. It does not surprise us that he made plans to help others even after his death, donat-
ing his corneas to two individuals and his body to science.

He is survived by his loving wife of 37 years and soul-mate Marie. A memorial service
in Charlie’s honor will be held in his home Sunday, June 8, 2008.

Donations should be sent to the SPCA, 524 E. Main, Fox Hill, Wilkes-Barre PA, 18702,
telephone number 570-825-4111.

He will be sorely missed by All.
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Charlie is our friend and we, as members of the GLR group, will do our best to
remember his work and his interest in science, and for doing “good scientific
research”.

Gaetano Filangieri, in 1784 , wrote:

"Saying that everything has already been done is the language of those who either
lack ability or courage."

SELENOLOGY TODAY # 10
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A lunar dome near Palmieri
crater and the properties of
intrusive lunar domes

By Raffaello Lena, Christian Wöhler,
Jim Phillips, Maria Teresa Bregante
and Rafael Benavides

Geologic Lunar Research (GLR) group

1. Introduction

Lunar domes may form as effusive shield-
like volcanoes or may remain subsurface
as laccoliths (intrusive origin). As
described by Lena and Wöhler (2008) the
low slope of some domes suggests similar
mechanisms of origin. Additional work
about intrusive lunar domes is still
required to establish similarities with
possibly equivalent features on the Earth.
The current programs of imaging,
measuring, cataloguing and mapping

intrusive domes will provide the
information needed to statistically
characterize these structures and to have
more detailed insight into the global and
regional geologic processes responsible
for the formation of the observed various
types of lunar mare domes.

In this article we examine a low dome
situated near Palmieri, comparing its
morphometric properties with further
domes of possibly intrusive nature,
recently described in our preceding
studies (cf. Lena and Wöhler, 2008;
Wöhler et al., 2006 and references
therein). Palmieri is a lunar crater that lies
to the southwest of Mare Humorum, in the
southwestern quadrant of the Moon's near
side. The principal feature of the Mare
Humorum region is the Humorum basin, a
circular mare basin approximately 300 km
in diameter. The basin formed early in the
history of the moon and was later flooded
by mare material. Impact cratering with
attendant erosion, episodic volcanism, and
faulting have also occurred in the region
(Wilhelms, 1987). The inferred history of
Humorum basin is similar to that of the
Imbrium basin, but the more subdued
topography and the larger density of
craters on the rim of Humorum basin
suggests that it is older than the Imbrium
basin (Titley, 1967 and references
therein). Different lithological units,
included in USGS lunar geologic map I-
495, are apparent in Mare Humorum: the
Humorum basalts have been mapped as 4
distinct units, Ipm1 through Ipm4. The
dome we describe, of likely intrusive
nature, is located in an Ipm1 unit.

2. Telescopic CCD images

A shallow dome has been detected near

Abstract

We describe a dome located at longi-
tude 47.88 ° W and 26.63° S, near the
crater Palmieri, including data about
slope and height. The dome (Palmieri
1) has a height of 60 ± 10 m and an
average flank slope of 0.5° ± 0.1°.
The dome is compared with further
structures of possible intrusive nature
described in our preceding studies.
This has made it possible to extract
additional information for its classifi-
cation and interpretation in geologic
terms. A new classification scheme of
intrusive domes in three subgroups is
reported.
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the crater Palmieri, located at 47.88 ° W
and 26.63° S. According to our preceding
studies we name the dome as Palmieri 1
(Pa1). For each of the observations, the
local solar altitude and the Sun's
selenographic colongitude were
calculated using the LTVT software
package by Mosher and Bondo (2006)
which requires a calibration of the
images by identifying the precise
selenographic coordinates of some
landmarks on the image. This calibration
was performed based on the UCLN 1994
list of control points. The dome was
detected in images taken by J. Phillips on
April 10, 2006, between 01:56 and 02:11
UT using a 200 mm TMB apochromatic
refractor and an Atik B&W camera (Fig.
1). In Fig. 1, the shading on the dome’s
antisolar flank is not black, indicating
that the slope is of low inclination. The
dome diameter amounts to 13.5± 0.60
km. Furthermore, a crater on the summit
with an estimated size of 3.9 ± 0.60 km,
is apparent, which is presumably of
impact origin. Fig. 2 shows another
image of the dome and the Humorum
region taken by R. Benavides on January
19, 2008, at 20:12 UT using a 280 mm
Schmidt Cassegrain and a Luna-QHY 5
camera. Fig. 3 displays Lunar Orbiter
frame IV-133-H2, where the impact
crater on the dome summit and its bright
ejecta are recognizable. As apparent in
the Lunar Orbiter image shown in Fig. 3,
a linear rille possibly representing a
tensional fracture is located on the
northwestern part of the dome surface. It
is marked by a red arrow.
A similar, more pronounced structure can
be found somewhat further to the
northwest.

In order to compare the dome Pa1 with

two effusive domes located nearby in the
Doppelmayer region (cf. Lena et al,
2007), we show two new images of the
effusive domes near Doppelmayer along
with the corresponding Lunar Orbiter and
Clementine imagery (Figs. 4 and 5). Fig.
4 was taken by R. Lena on December 20,
2007, at 22:15 UT using a 180 mm
Maksutov Cassegrain and a Lumenera
LU075M camera. The elongated summit
vent of the larger dome southwest of
Doppelmayer (Fig. 5) was also imaged
by Lena on November 20, 2007, at 21:41
UT with the same instrumentation.

3. Morphologic and morphometric
properties

Further morphometric data were obtained
by generating a cross-section of the dome
from the image shown in Fig. 1, relying on
a photoclinometric analysis (Horn, 1989;
Wöhler et al, 2006; Lena et al, 2006 and
references therein). The effective height of
the dome was obtained by determining
elevation differences between the summit
of the dome and its surroundings. This
leads to a dome height of 60 ± 10 m,
yielding an average flank slope of 0.5° ±
0.1°.

Usually the dome volume V is computed
by integrating the reconstructed 3D
profile over an area corresponding to a
circular region of diameter D around the
dome summit. A rough quantitative
measure for the shape of the dome is
given by the form factor

f = V/[πh(D/2)²], where we have f = 1/3
for domes of conical shape, f=1/2 for
parabolic shape, f=1 for cylindrical
shape, and intermediate values for
hemispherical shape. Since we were not
able to reconstruct the complete dome
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surface due to the very bright small fresh
impact crater near its summit, the
integration approach could not be
employed. Instead we assumed a typical
form factor of f = 1/2, which yields an
estimated volume of V = 4.3 km³ based
on the dome diameter D and height h
given in Table 1. We furthermore
determined a UVVIS five-band spectrum
of the dome based on Clementine
imagery at the wavelengths of 415, 750,
900, 950, and 1000 nm. The reflectance
values were derived relying on the
calibrated and normalised Clementine
UVVIS reflectance data as provided by
Eliason et al. (1999). The extracted
Clementine UVVIS data were examined
in terms of 750 nm reflectance (albedo)
and the R415/R750 and R950/R750 colour
ratios. Albedo at 750 nm is an indicator
of variations in soil composition,
maturity, particle size, and viewing
geometry. The R415/R750 colour ratio
essentially is a measure for the TiO2

content of mature basaltic soils, where
high R415/R750 ratios correspond to high
TiO2 content and vice versa (Charette et
al., 1974). However, for many lunar
regions the relation between R415/R750

ratio and TiO2 content displays a
significant scatter (Gillis and Lucey,
2005). The R950/R750 colour ratio is
related to the strength of the mafic
absorption band, representing a measure
for the FeO content of the soil, and is
also sensitive to the optical maturity of
mare and highland materials (Lucey et al.
1998).

The Clementine UVVIS spectral data of
the dome Pa1 reveal a 750 nm
reflectance of R750 = 0.1382, a moderate
value for the UV/VIS colour ratio of
R415/R750 = 0.6054, indicating a moderate

TiO2 content, and a strong mafic
absorption with R950/R750 = 1.0224, likely
due to the fresh material excavated by the
impact that formed the small crater on
the top of the dome.

Table 1 reports the flank slope, diameter,
height, and edifice volume of Pa1 along
with data of further intrusive domes
described in our preceding studies (Wöhler
et al, 2006; Lena and Wöhler, 2008).

4. Volcanism in the Doppelmayer region

The dome we have detected near Palmieri
is located in a basaltic plain (Titley, 1967)
but its morphometric properties suggest an
intrusive origin since it is very similar to
other intrusive domes reported in Table 1.
These intrusive structures are localized
near Rupes Cauchy, in western Mare
Serenitatis, and in Sinus Iridum,
respectively. They are characterized by
low flank slopes in the range 0.4°-0.7°.

In contrast, the region around Mare
Humorum and the crater Doppelmayer,
which is situated only about 120 km east
of Palmieri, shows many traces of
ancient volcanic activity. Very dark
material partially covering the
Doppelmayer floor, also known as the
Doppelmayer Formation, has been
interpreted as fragmental volcanic ejecta
or flows, or both, from vents or fissures
along the edge of Humorum basin
(Titley, 1967). The dark material of the
Doppelmayer Formation (Eid unit in
USGS map I-495) is prominent in the
Clementine 750 nm albedo image and
coincides with units of high FeO content
within Mare Humorum found by Bussey
et al. (1997). Moreover, these two Eid
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Figure 3

Table 1: Morphometric properties of some intrusive domes

Dome
Long. Lat. slope

[°]

D

[km]

h

[m]
V [km3]

Pa1 -47.88° -26.63° 0.50 13.5 60 4.3 (estimated)

Ga1 -14.84° -0.75° 0.57 30 140 50

L6 -29.16° 47.08° 0.70 10 95 1.5

V1 10.20° 30.70° 0.55 30 130 42

V2 10.26° 31.89° 0.82 11 80 1.9

C9 34.66° 7.06° 0.13 13.3 15 0.5

C10 35.19° 10.00° 0.30 19.2 50 10

C11 36.75° 11.06° 0.70 12.2 75 6.4

C12 37.20° 12.37° 0.45 6.3 25 0.5

M13 -31.53° 11.68° 0.41 27.8 100 15

M14 -32.13° 12.76° 0.27 14.8 35 1.7
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units located just to the west and north of
Doppelmayer have been spectrally
characterised as lunar pyroclastic
deposits (LPDs) by Gaddis et al. (2003).
In a preceding study we have examined
two effusive lunar domes near
Doppelmayer, displaying markedly
different spectral, morphometric, and
rheologic properties (Lena et al., 2007).
These two lunar domes near
Doppelmayer, located at 30.08° S 41.92°
W (D = 16.8 ± 0.2 km) and 30.66°S and
43.42°W (D=12.6 ± 0.2 km), respectively
(Fig. 4), do not appear to be connected
with any of the two LPDs in southern
Mare Humorum described by Gaddis et
al. (2003). However, according to Lena
et al. (2007) dome 1 is a large,
comparably steep (flank slope 3°) and
voluminous edifice (V= 34 km3). Dome 2
is slightly smaller than dome 1,
significantly lower with a flank slope of
1.15°, and less voluminous by an order of
magnitude (V=2.8 km3). These two
domes are interpreted to be effusive
volcanic structures, due to the presence
of a shallow elongated vent on the
summit of dome 1 (Fig. 5) and the
presence of rilles traversing dome 2 (well
defined in Clementine and Lunar Orbiter
imagery), the manifestation of a dike that
initially remained subsurface but gained
access to the surface at localized points
(Lena et al, 2007).

5. Morphometric classes of intrusive
domes

Some intrusive domes have large
diameters of about 30 km (Ga1, V1,
M13), most have moderate diameters in
the range 10–20 km (L6, V2, C9, C10,
C11, M14), and the dome C12 is rather
small with a diameter of only 6.3 km.

The edifice volume amounts to large
values of 40–50 km³ for Ga1 and V1,
moderate values of 6–15 km³ for C10,
C11, and M13, and is fairly low (< 2
km³) for L6, V2, C9, C12, and M14. Fig.
6 shows the domes we have analysed and
the corresponding diameter versus slope
including also the dome near Palmieri
(Pa1).

Several domes of possible intrusive nature
are characterised by straight rilles
traversing their surface (Ga1, M13 and
V1) and/or by the presence of pre-existing
engulfed small peaks. Based on the data
reported in Table 1 and Fig. 6, the close
resemblance of the domes Ga1 and V1
may indicate a similar mode of
emplacement. The diagram reported in
Fig. 6 shows three distinct groups, In1
through In3. The domes of group In1
appear to represent end-members of lunar
intrusive domes with large diameters and
high edifice volumes. The rilles and
tensional fractures observed on the surface
of these two domes suggest that they are
associated with dikes that remained
subsurface but ascended to shallow depths
below the surface. Moreover there is a
clear distinction between two types of
smaller intrusive domes, one with lower
(In3), the other one with clearly steeper
flank slopes (In2). Due to its moderate
diameter, Palmieri 1 falls into the group
In2. The large intrusive domes such as
Valentine and Gambart 1 (cf. Lena and
Wöhler, 2008) provide the known upper
limit to the dome diameter. Our
interpretation based on the available data
is that during formation of the large
intrusive domes of group In1, some
fracturing and faulting of the crust
occurred, weakening the strength of the
crust and thus facilitating the uplift of the
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Figure 4
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Figure 5
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Figure 6 A new classification scheme of
intrusive domes in three subgroups is
reported.
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large volume of crustal material now
visible as a large intrusive dome. In
contrast, during formation of the smaller
intrusive domes, no fracturing or faulting
occurred, and the crust was only bent
upwards.
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A Profile Of The Rupes Altai
By Steve Boint

American Lunar Society (ALS)

Introduction
The Rupes Altai trace a 500 km long arc.
Formed as the Nectaris Basin’s rim
collapsed shortly after excavation (Wood,
2006), they rise between 3000 km and
4000 km above the lunar surface to their
east. Smooth deposits at the base are
probably lava which oozed through cracks
in the basin rim. The interior is probably
mostly fallback from Nectaris’ formation
although some lines of secondary craters
point back toward Imbrium (Wood,
2006). More recently Wood, reviving an
interpretation of the Rupes Altai
originally proposed in 1971 (Hartmann
and Wood, 1971), suggested that the scarp
possibly rose to its current height long
after Nectaris formed. Evidence for this is
found in Altai’s fresh look compared to
the ancient derivation of Nectaris (Wood,
2008).

The vertical displacement of the Rupes
Altai is not known in detail. For its 500
km stretch, Viscardy (1985) and
Cherrington (1969) each provide merely
a single measurement. Viscardy lists the
height as 1 km, Cherrington as 1.6 km.
Elger (1895) lists an average height of
6000 feet—2000 m. A point east of
Fermat Crater is called the tallest point
and listed as 13000 feet tall—4.0 x 103

m. Following contour lines on the LAC
map (LAC 96), the point east of Fermat
Crater is calculated as 1800 m – 2100 m
in height. A little north of this, the
scarp’s height comes to 2400 m – 2700
m. Directly east of Pons M, LAC 96’s
contour lines measure the height as
between 3000 m and 3300 m. Wood lists
the Rupes Altai as between 3 and 4 km
tall. Strangely, in the same article he
refers to the rim topography shown by
LAC 96 as having the scarp rise 500 m –
1000 m above the surrounding area. I
interpret this as “500 – 1000” referring
to the vertical displacement along the
western side of the scarp while “3 – 4
km” refers to that along the eastern, but
the relationship is not spelled out clearly
(Wood, 2006). The relevant contour
lines on LAC 96 are very difficult to
read due to the scarp’s steep incline. It
contains no individual measurements of
the scarp based upon shadow length.
In order to more precisely determine the
vertical displacement of the cliffs of
Altai, LTVT (Mosher and Bondo, 2006)
was used to measure an amateur photo
of moderate quality and an extremely
high-resolution photograph of
outstanding quality. The results were
then graphed in Microsoft Excel and are
presented as a profile of the Rupes Altai
as if seen by a viewer positioned east of
the scarp and looking westward.

Abstract
Using two amateur photos, one an ex-
cellent, high resolution photograph and
the other of moderate quality, the
Rupes Altai were measured using
LTVT. A profile was generated. The
scarp’s vertical displacement varies
dramatically, but does show a gradual
increase toward Piccolomini Crater,
reaching a maximum in the eighty kilo-
meter stretch south of 22.35 E longi-
tude, 23.47 S latitude. Maximum
heights in this area were around 4150
m.
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Figure 1

Figure 2
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Figure 3

Figure 4
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Method
The high resolution photo was taken by
Paolo R. Lazzarotti on 10/01/2007 at
3:50 UT from Massa, Italy. The telescope
was a Gladius CF-315 Lazzarotti Opt.
Scope with an Edmund Optics R filter.
The camera was an LVI-1392 PRO
experimental camera using a 31 msec
exposure. 160/2000 frames were stacked
and upscaling was 150%. The final
image scale was 0.18 arcsec/pixel. That
is the original sampling image scale, the
"final" image scale as perceived by the
observer is 0.12 because of the 150%
upscaling.
The photo of moderate quality was taken
by Steve Boint on 08/03/2007 at 07:15
UT from 96.7313 W longitude, 43.5293
N latitude, and a height above sea level
of 435 m. The telescope was a
Newtonian, Dob mount, 10” primary,
f/4.5 using a 2x Barlow lens. The camera
was a Toucam Pro II. Frames were
stacked using Registax (@ 50 per photo)
and a mosaic was produced using Adobe
Photoshop. From measurements made
using LTVT, a profile of the Altai Scarp
was produced. Presentation of the results
in the form of a profile was chosen
because: 1) Calculations of vertical
displacement using the method of
shadow measurement have traditionally
been plagued by, minimally, ten percent
error (often more), but the error should
be systematic and therefore the
relationship of the measurements to each
other should be valid. In other words, a
profile could be adjusted up or down by a
specific factor while maintaining its
relevance. Once a single part of the
Rupes Altai is measured with high
accuracy (perhaps by a laser altimeter)
then this height can be used to determine
an adjustment factor for the whole

profile. 2) There is slop room in the
horizontal positioning of the
measurement. Again, the profile can be
“stretched” and still hold its relative
shape and value, and 3) It provides a
succinct visual method of presenting
copious measurements. Heights
measured in this study are relative
heights. This means they are not
determined with reference to some
agreed upon “sea level” or the center of
the moon. Instead, the difference in
height between the point of the feature
casting the shadow and the tip of the
shadow is calculated. Ideally, as a check
for calibrating relative height
measurements, a nearby individual
feature’s relative vertical displacement
would have been accurately measured
with both the point casting the shadow
and the tip of the measured shadow
indicated. The LAC maps often have
these types of measurements available,
but in this case those measurements on
LAC 96 whose placement and length of
shadow were specified were also
measured on a waxing moon while our
photos were of a waning moon (except
for one which will be mentioned later).
This limited the usefulness of the LAC
measurements for our calibration
purposes. LTO maps provide the most
detailed and valuable information for
calibration, but none exist of this area.
This left only a few, vague benchmarks
by which to gauge our measurements.
Previously, I had measured the vertical
displacement at long. 25.625 east
longitude, 26.808 south latitude as
3050m (Boint, 2001). This measurement
had been done using the same telescope
as in this study, but a Meade 216XT
CCD camera, and measurements had
been performed using the Lunar
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Observer’s Toolkit. Using LTVT and the
current mosaic, the height was found to
be 3940 m on the lower resolution photo.
The higher resolution photo yielded a
value of 3770 m. I measured Polybius F
at -950 m on the moderate resolution
photo and -830 m on the high resolution
photo. LAC 96 has a relative depth
measurement of -840 m. With similar
shadows between the day of their
measurement (as indicated by the line
drawn on the map) and the day on which
our photos were taken and with Polybius
F very close to the Rupes Altai, this is an
important check.
It suggests the measurements from the
moderate resolution photo are enlarged
and should be corrected through
multiplication by 0.88. Double-checking
this value for the moderate photo against
the Altai Scarp itself: LAC 96 has the
point directly east of Pons F as between
2100 m – 2400 m, while I measured it at
2200 m in height. With no consistent
trend in the data, it was decided not to
modify the initial measurements by any
adjustment factor. The higher resolution
photo tested out with a strong correlation
on Polybius F.

Results
Figures 2 – 5, 7-10 have the 0,0 point at
their northernmost extent. LTVT’s
measurement of longitude and latitude is
given for the 0,0 point. Figures 1
(moderate resolution) and 6 (high
resolution) show the positions of the
other figures. In Figure 3, the dotted lines
denote cliffs which, although backset
from the primary cliff face, rise high
enough to be seen from a distance as part
of the cliff. The dotted lines in Figure 5
denote probable heights as the scarp
connects with Piccolomini Crater. The

terrain at the tip of the shadow was
difficult to decipher. The zeroed-out
section on Figure 8 indicates data
unavailable due to rough terrain
interrupting the shadow’s path.
Figures 11 – 14 compare the profiles
generated with the two different photos.
Paolo R. Lazzarotti’s photograph was
many times higher in resolution than was
mine. The ease this lent to positioning
and measurement lead me to trust
measurements from this photo more than
those from my own—especially when it
comes to a single height. Values from his
photo are probably much closer to the
actual value. However, what stands out
on these charts is the similarity between
the overall profiles generated.
Most differences in this regard can be
attributed to: difficulties in horizontal
positioning mostly in my photo
(Horizontal positions on Lazzarotti’s
photo vary from the true position by no
more than 570 m according to my
measurements.), differences in terrain on
which the shadow tips fell (A rise in the
terrain will shorten a measurement and a
drop will lengthen one.), and the limits of
earth-based measurements of shadow
length (Traditionally, a ten percent error
rate is the best that can be expected
[Davis, 1997].).
If measurements from my photo are
adjusted so that they perfectly line up
horizontally with those from Lazzarotti’s,
the differences fall predominantly near
the ten percent range. This lends a high
level of credence to the profiles
generated. The agreement in overall
profile shape generated for the part of
Rupes Altai adjacent to Piccolomini
Crater is remarkable given the difficulties
in deciphering the image on the lower
resolution photo. The profiles could
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Figure 11

Figure 12



page 23

TOPOGRAPHY SELENOLOGY TODAY # 10

Figure 13

Figure 14
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easily have varied as greatly as the
height measurements. Again, this
supports the validity of the profiles.

Acknowledgements: I want to thank P.
Lazzarotti for taking a remarkable photo
of Rupes Altai and sharing it for this
work.
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Ca l ibra t io n of Sma l l
Telescope Lunar Spectral
Images Using Keck 120 Color
Reflectance Data
By Richard Evans
Geologic Lunar Research (GLR) Group

Introduction
Multifilter spectral images of lunar
features must be calibrated if useful
spectra are to be produced from them.
The usual technique is to divide each
wavelength image by one percent of the
greyscale value of the Apollo 16 landing
site acquired with the same equipment and
at the same time. The image is then
multiplied by the reflectance of the Apollo
16 soil sample #62231 for the same
wavelength. For images in 16 bit TIFF
format, a multiplicative scaling factor of
0.000135 is applied to each wavelength
image.
Keck 120 color reflectance data were
acquired in the 1970s and 1980s for a

large number of lunar features and
approximately 400 reflectance vs
wavelength data files are availabe for
download. The geographic area imaged
in the production of these spectra was
about 5 to 10 kilometers in diameter.
These spectra were acquired as relative
reflectance and calibrated to scaled
directional hemispheric reflectance data
using spectra of the Apollo 16 soil sample
#62231 acquired by JB Adams. If
desired, data conversion factors for
transformation of this directional
hemispheric data to bidirectional
reflectance are available at the website
listed above. Data conversion allows
direct comparison of results with
Clementine data. These Keck reflectance
data can be used to calibrate images of
lunar features taken through multiple
interference filters using a small
telescope. Calibration methods are
discussed below.

Methodology
On September 20, 2007 beginning at
03:00 UT, lunar spectral images were
acquired of Copernicus using a 9.25 inch
F10 Schmidt Cassegrain telescope with a
set of interference filters covering the
spectral range of 650 nm to 1600 nm.
This range required the use of two
cameras, a Lumenera 075M (650 nm –
1064 nm) and a Goodrich Sensors
Unlimited Su320MX (990 nm – 1600
nm). Below 1000 nm the filters were in
10 nm increments. Between 1000 nm
and 1300 nm the filters were in 20 nm
increments and above 1300 nm they
were in 100 nm increments. The
bandpass for the filters was between 10
nm and 18 nm. The lunar phase was
10.8 degrees and lunar illumination was
99.3 percent. Images were co-aligned

Abstract
The purpose of this paper is to demon-
strate a technique for calibrating small
telescope lunar spectral images using
Keck 120 color reflectance data avail-
able at
http://pds-geosciences.wustl.edu/
missions/lunarspec/ .
This calibration data allows for greater
imaging flexibility than using only the
Apollo 16 landing site as a calibration
standard. The 120 color Keck data has
already been calibrated against the
Apollo 16 soil sample #62231.
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Figure 1
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page 29

GEOLOGIC LUNAR RESEARCH SELENOLOGY TODAY # 10

using the free software program LTVT
(see http://inet.uni2.dk/~d120588/henrik/
jim_ltvt.html). The image scale was
approximately 1.17 km/pixel. Images
were acquired in 16 bit TIFF format but
converted to BMP format for import into
LTVT. Keck data file HC1201 of the
north wall of Copernicus was chosen as a
calibration standard. Images taken at
each wavelength were divided by one
percent of the greyscale of a 64 pixel
boxed area of the north wall of
Copernicus centered at 11.0 degrees
north latitude and –20.1 degrees west
longitude. Calibration was completed on
an EXCEL spreadsheet as described
below. The target of interest was the
floor of Copernicus at approximately the
5 oclock position corresponding to 9.0
north latitude and –19.8 west longitude.
The image set was imported into the free
program ImageJ as an image sequence
and a 64 pixel boxed area centered at
these coordinates was selected (see http://
rsb.info.nih.gov/ij/). The histogram
function in ImageJ was used to determine
the average reflectance and standard
deviation of the boxed area for each
image across the wavelength range. This
data was imported into an EXCEL
spreadsheet for further calibration and
processing. Since the data were in 8 bit
format, the data was converted to 16 bit
equivalent format by multiplying by
65536/256 and the multiplicative scaling
factor 0.000135 was applied as discussed
above. The result for each wavelength
was multiplied by the corresponding
Keck reflectance value found in Keck
data file HC1012. The reflectance scale
was determined by reference to a
theoretical maximally bright greyscale
value at 1600 nm by applying the
calibration described in this paragraph.

However, for comparison purposes, the
calibrated data was then co-scaled to the
reflectance vs wavelength plot for Keck
file H90370 which represented spectra
centered at the same coordinates. The
small telescope spectra were then spline
smoothed using a Loess algorithm in the
program TableCurve2D and a continuum
line drawn tangent to the spectra at 750
nm and 1150 nm. The reflectance curve
was divided by the continuum line to
better define the mafic absorption trough
near 1000 nm. Trough parameters
including center, width, depth and
integrated area were calculated and
compared to those obtained using Keck
data from file H90370. Characterization
and interpretation of absorption troughs
are discussed by Pieters (1999), Pieters
(1993), and Karr (1975).

Results
Spectra of the floor of Copernicus were
taken of the boxed area shown in Figure 1
which lies approximately between 20.2
and –20.0 west longitude, and 9.2 and 9.4
degrees north latitude. The reflectance and
standard deviation of the boxed area was
obtained from calibrated images co-
aligned in a single hypercube. These data
were obtained using the histogram
function in ImageJ following import of the
cube image sequence. The scaled
reflectance plot is shown in Figure 2.
The spectra obtained were then co-scaled
at 800 nm to the Keck reflectance data
H90370 of the floor of Copernicus
centered at –19.8 west longitude and 9.0
north latitude. This location is immediately
adjacent to the boxed area sampled in this
study. The plot of these two data sets is
shown in Figure 3. The 9.25 inch Schmidt
Cassegrain data was subjected to 25
percent Loess spline smoothing using the
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program TableCurve2D and a continuum
line was applied at 750 nm and 1250 nm.
The resulting curves are shown in Figure
4. Finally the reflectance spectra was
divided by the continuum line in order to
better observe the absorption trough near
1000 nm.

The continuum division plot is shown in
Figure 5. The parameters for the
absorption trough near 1000 nm can be
estimated from Figure 5. They are shown
in Table 1. The continuum division plot
for the Keck H90370 Data is sown in
Figure 6.

Trough parameters calculated from this
continuum division plot are shown in
Table 2.

Summary
This study shows the result of using Keck
120 color reflectance plots of lunar
features to calibrate small telescope
reflectance data obtained with multiple
interference filters. Copernicus was
imaged and spectra were co-aligned in a
single hypercube image set and calibrated
using Keck spectra of the north wall of the
crater. Spectra were obtained for the
region of the floor adjacent to the lower
central peak at approximately the 5
o’clock position. Spectra from this area
obtained with a small telescope were
compared to Keck data from an
immediately adjacent area of the floor of
Copernicus. The co-scaled reflectance
plots and absorption trough parameters
from the present study closely agreed to
results from the Keck study.
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Table 1

Trough Center Trough Width Trough Depth Trough Area

Copernicus Floor 975 nm 397 nm 3.6 percent 12.54 nm refl.
units

Table 2

Trough Center Trough Width Trough Depth Trough Area

Keck H90370
Copernicus Floor

960 nm 438 nm 3.6 percent 12.8 nm refl. units
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TH E O 'N E IL L B R ID GE:
DISCOVERY, ANALYSIS AND
SUBSEQUENT TRACK IN
L I T E R AT U R E TO T H E
PRESENT

By Francis Graham[*]
Observations by Gus Johnson

[*] Kent State University East Liverpool
Regional Campus- East Liverpool Ohio
43920

Near Mare Crisium's Cape Olivium, is a
strange 12-mile-long feature which has
been called O'Neill's Bridge. Discovered
by John J. O'Neill, science editor of the
New York Herald Tribune, July 29,1953,
and studied by the famed selenographer
H.P. Wilkins, it was originally thought to
be an example of a natural bridge on the
Moon, similar to the natural bridges
produced by erosion in the American
west. The “bridge” is located at latitude
+17° , longitude +50°.
It can be best seen when the Moon is
about 3 days past full. The “bridge” is
now known, from Apollo-Lunar orbiter
investigations, to be entirely illusory.
One of the more astounding artist's
depictions of the bridge is in Brenna [1].
It shows a natural bridge several
kilometers long as seen by a hypothetical
observer on the lunar surface. It is an
astounding illustration, but even Brenna
acknowledged that the “natural bridge”
was likely illusory and due to shadows.
The idea of a natural bridge, in 1953, was
a reasonable hypothesis given the paucity
of information that was known about the
Moon. When O'Neill and Wilkins made
their drawings in August, 1953, and

announced this hypothesis based on what
they observed, they were engaging in
scientific behavior of the highest caliber.
Very quickly, other scientists began to
investigate these claims with additional
observations and very quickly came to the
conclusion that they were erroneous. In
January, 1954, using a 12-inch refractor,
Paul Rocques of the Griffith Observatory
photographed this area and showed the
fan-shaped lighting area that was
presumed from a low sun shining under a
natural bridge was really caused by
“sunlight coming through a pass and over
the sloping shoulders of the promontories,
falling on rising land westward” [2].
Unfortunately things became sad at the
British Astronomical Association. When
other observers failed to detect the Moon
bridge that Wilkins and O'Neill had
reported, they had the lack of tact to
suggest that Wilkins was no longer seeing
things as clearly as he was when younger,
and other ad hominem type comments.
Wilkins, the greatest selenographer of the
pre-Apollo era, resigned from the BAA
following this denigration. Gus Johnson
observed this area with a 3.2-inch
Astrophysics f/11 refractor in 1986, 1987
and recently in 1995. The fan of light
seems to emerge from under a natural
bridge in the constricted ridge area. On
the August 23, 1986 observation, which
he sketched, we can see the shadow of
what appears to be a natural bridge. On
October 12, 1995 the effect is also there.
It is easy to see how O'Neill and Wilkins
would have reached their conclusions. It
was only careful restudy which produced
the alternative hypothesis. The March 18,
1987 sketch shows the ridge of Proclus
AA that O'Neill and Wilkins mistook for
the top of the “Bridge”. But the O’Neill
Bridge remained in popular literature,
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even though it was pretty much
disproved as early as 1954! Brenna's
book did carry the statement that the
bridge by then was regarded as
shadows, and his painting of it can
only be described as an excellent
representat ion of the W ilkins
hypothesis. But in the speculative
popular press things quickly got way
out of hand. The first remention of it
was in Frank Edward 's Fortean
masterpiece [3] Stranger Than Silence. I
first heard about the Moon Bridge in
1960 when I was 9; Jack Freeman used to
read us stories from this book around the
campfire at Camp Algonquin near
Rillton, PA.
The scientific investigation of the “Bridge”
kept up, and again there was no evidence
of a natural bridge, and the Ashbrook
exp lan at ion seem ed tho rough ly
satisfactory. Donald Menzel investigated
this with the 15-inch Harvard Observatory
refractor, and reached much the same
conclusions as Ashbrook. Again, things
degenerated into ad hominem attacks, UFO
buffs declaring him "one of the Army
stooges" [4]. Interestingly, in the hindsight
of years, we now know Menzel really
was a consultant for Army intelligence and
the CIA [5]. But of course, this ad
hominem stuff has nothing to do with the
question of the O'Neill Bridge.
O'Neill and Wilkins never suggested their
Bridge was artificial: to them, it was a
possible natural bridge similar to the
natural bridges of the American west, a
perfectly reasonable and prosaic
hypothesis, given the very initial 1953
observations and the lack of information
about the geologic processes of the Moon
at the time. But with subsequent exposure
in the popular speculative press the bridge
became artificial. As early as 1955 Donald

Keyhoe [6] reported an observation from
Palomar Observatory that the bridge was
determined spectroscopically to be made of
metal.
I have tried to trace this observation
without any success. The Moon was a rare
object for the 200-inch Hale telescope at
Mt. Palomar. And, what is more, the
techniques of reflectance spectroscopy
were not developed until the 1960's, and
the Hale telescope was never used then for
reflectance spectroscopy. The telescope all
during the 1950's was almost exclusively
used for studies of absorption lines in
galaxies, to determine red shift, when the
spectrograph was engaged.
Jim Oberg [7] analyzed abundant Apollo
and Lunar Orbiter photographs of the
region. Good photos are Apollo-15 metric
photo 378, Apollo-15 panoramic mapping
camera photos 9232/9237 [a stereo pair],
and Apollo 17 pan camera stereo pair
2259/2262, and Apollo 17 hand-held AS-
17-149-22793. The edge of the subdued
crater Yerkes runs into a long ridge
connecting it with the smaller Yerkes E. It
casts a long shadow at low sun angle.
Another ridge, Proclus AA's rim, also
appears as a raised bridge in the region.
The lighting effects cited by Ashbrook take
over, and this is how Wilkins and O'Neill
made the error.
But once the announcement gets stuck in
UFO Folklore, Oberg points out, it is
uncritically repeated and embellished in
UFO books, magazines, films. In 1972
Don Wilson, who issued a pseudoscientific
book arguing the Moon was a hollow
spaceship, repeated the story [8] without
any critical appraisal or without citing the
critical literature. In the late 1970's, George
Leonard's book Someone Else is on the
Moon [9] portrayed not only the O'Neill
Bridge itself but many other little
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“bridgelets”. Leonard's book inspired a
flurry of other totally pseudoscientific
writings. Earlier, George Adamski had
written a totally bogus book on his
conversations with Venusians and how
they had taken him to the Moon, which
was much more habitable than
contemporary scientific theory suggested
[10]. Three decades later, this hoaxer still
has substantial devotees, among them Fred
Steckling, who gave an incredible account
of lunar machines [11]. In 1981, Las Vegas
observer Jack Swaney depicted the
“bridge” as seen with a small telescope and
considerable imagination [12] as part of a
series of articles on “Moon Machines” in
Fate magazine. Again, there was no critical
analysis. Says Swaney: “The famous
bridge is rather small as these things go but
I am offering it because of its notoriety
among UFO buffs”.
I wrote two detailed critiques of the
Leonard, Steckling [13] and Swaney [14]
literature. To his credit, Ufologist William
H. Moore reprinted  these and sold them in
his catalog. In spite of the fact that I was
gentle, the "moon machiners" fought back
[15].
The O'Neill Bridge still lives on. In a
recently published book, Childress [16]
continues to perpetuate the myth uncritically.
“And the question remains” he asks, “Is this
bridge over the Sea of Crisis area artificial
or natural? A trip to the spot should resolve
this problem once and for all.” Of course,
the Soviet probe Luna 24 landed in the Sea
of Crisis in 1976, and the Crisium area was
well-surveyed geologically [17]. There is
no question about the bridge anymore: it
does not exist. Most sensational popular
writers on the subject continue to ignore
the critical observations, and pretend that
the Russian and American space programs
newer returned reliable data about the

Moon. Only Brenna included critical
comments.
Childress advertises Steckling's book for
sale in the rear of his book on
extraterrestrial archaeology in spite of the
fact that Adamski is as bogus a theory as a
theory can possibly be. Childress also
wrote the book, The Anti-Gravity
Handbook, which almost also reaches this
level of bogusness.
And so here is a question for those who
study anomalies. John O'Neill was
devoted to the propagation of scientific
thought in the popular press. H.P.
Wilkins was a consumate selenographer
who deeply wanted an accurate
scientific knowledge about the Moon
and spent his life to substantial
contributions to that aim. If they would
have known their justified speculations
about a natural bridge on the Moon in
1953 would end up in a flurry of
pseudoscientific books nearly a half-
century later, would they have been
more restrained?
I cannot speak for O'Neill and Wilkins
[who have both passed away] but I can
render a considered opinion. It is not
good for science to restrain thought lest
the popular speculative press misuse
one's ideas. The true philosopher can not
worry about such social ancillaries in his
quest for knowledge. We must be brave
in advancing hypotheses.
It is the teacher and the popularizer who
must serve their responsibilities to give
a thorough and critical appraisal to the
level of education they address.
Wilson, Childress, Adamski, Steckling
and Leonard -and their publishers-
victimize their audiences by falsely
claiming their books are non-fiction, or
pretend to be a scientific appraisal.
But, since science includes such
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critical material, which is missing in these
popular works, it is as much a fraud as
someone selling abridged dictionaries
while claiming they are unabridged.

It's pretty clear though, that since the
O'Neill Bridge has entered this genre of
self-feeding literature, it is likely to be
around for a long, long time.

Reprint from Selenology 14, 4
1995
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A Study about Rupes Recta, Rima
Birt, and two bisected domes near
Birt
By Raffaello Lena, Christian Wöhler,
Maria Teresa Bregante
Geologic Lunar Research (GLR) group

1.Introduction
Mare Nubium, located in the south-
central region of the lunar near side
between 0° and 30° S and 0° and 30° W,

Abstract

In this article we describe the results of
a study about the slope and height of
Rupes Recta, the origin of a narrow
rille extending perpendicular to Rupes
Recta, and the the morphometric and
rheologic results for two bisected domes
situated at the northern end of Rima
Birt, termed Birt 1 and 2. According to
shadow length measurements performed
in telescopic CCD images acquired at
low illumination angles, the height of
the fault amounts to 490 m in its central
part and decreases towards the north
and south. Based on Lunar Orbiter im-
ages, we determine a width of the fault
of 1280 ± 70 m. This value is lower than
the values around 2500 m usually re-
ported in the literature for Rupes Recta.
Accordingly, the slope angle is about
21° for the highest and steepest part of
the fault while it decreases towards the
north and south, where slopes of about
19° and 18°, respectively, are obtained.
The diameters of the domes Birt 1 and 2
are determined to 16.0 ± 0.5 km and 7.8
± 0.5 km. Their heights amount to 170
± 20 m and 70 ± 10 m, resulting in flank
slopes of 1.22° ± 0.14° and 1.03° ±
0.15°. The edifice volumes correspond
to 17.3 and 1.3 km³. The dome Birt 1
belongs to class C1 in the GLR classifi-
cation scheme while Birt 2 belongs to
class C1 with a tendency

towards class C2 due to its smaller di-
ameter and lower edifice volume. Based
on rheologic modelling we obtained ef-
fusion rates of 623 and 228 m3 s-1,
magma viscosities of 5.7 x 105 and 4.5 x
104 Pa s, and durations of the effusion
process of 0.88 and 0.18 years, respec-
tively. Furthermore, we derive an ap-
proximative method for estimating the
pressure gradient dp/dz that occurred
during dome formation based on the
observed length of the linear rille that
bisects the surface of Birt 2. Assuming
that the length of the feeder dike that
formed Birt 2 corresponds to the ob-
served length of the linear rille of 18.2
km, we obtain a pressure gradient of
1043 Pa m-1, a dike width of 4.1 m, and
a magma rise speed of 3.1 x 10-3 m s-1.
For the dome Birt 1, the same pressure
gradient yields a dike which is 50 km
long and 11.2 m wide through which the
magma ascended at a speed of 1.1 x 10-3

m s-1. Under the realistic assumption
that the elastic stiffness of the lunar
crust amounts to between 20 – 30 and
100 GPa, the pressure gradient is lar-
ger than 600 – 700 Pa m-1 and may
reach values of up to 1320 Pa m-1.
These pressure gradients are difficult to
explain solely by a positive magma
buoyancy due to the density difference
between the material of the crust and
the ascending magma, such that an ex-
cess pressure in the magma reservoir
appears to be inevitable to allow the
ascent of magma to the surface.
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has undergone a long and complex
volcanic activity. Multiple flows of
different ages and compositions have
resurfaced the basin floor (Holt, 1974).
Rose and Spudis (2000) have mapped the
stratigraphy of Mare Nubium and
reconstructed the volcanic history of this
region of the Moon. They report five
different units of different age,
composition, and thickness of the lava
flows. Rose and Spudis identified that the
lava flows in Mare Nubium fall into the
low and medium Titanium category,
corresponding to 3-6.5 wt%. Based on
the age and volume estimates, Rose and
Spudis (2000) suggest rapid effusive
eruptions of high volume flows lasting a
few weeks or months. Rima Birt is a rille
with a length of more than 50 km. Two
domes are situated at the northern end of
Rima Birt, supporting a volcanic origin
of the rille. The 120 km long Rupes
Recta lies on the eastern shore of Mare
Nubium and is the best-known lunar
fault. According to Wilhelms (1987), it
was created by the shock wave of the
impact that formed Mare Imbrium and
was later activated by lava loading with
slippage on its western side. When the
sunrise terminator is situated close to
Rupes Recta, a long shadow can be seen
west of the fault. During sunset, the fault
appears very bright as its sloped surface
then faces the sun.
In this article we examine the slope and
height of Rupes Recta and compare the
results with preceding data in the
literature (cf. Section 2). We furthermore
describe and examine a nearby narrow
rille running perpendicular to Rupes
Recta. Moreover, we perform a detailed
examination of the two domes at the
northern end of Rima Birt, which we
have termed Birt 1 and Birt 2. Based on

telescopic CCD observations carried out
under oblique illumination conditions,
we examine their morphometric
characteristics by making use of a
combined photoclinometry and shape
from shading approach (Horn, 1989;
Wöhler and Hafezi, 2005; Lena et al.,
2006; Wöhler et al., 2006). The obtained
values are used to derive information
about the physical parameters of dome
formation (lava viscosity, effusion rate,
duration of the effusion process, magma
rise speed, dike dimensions), employing
the rheologic model by Wilson and Head
(2003). We provide a geological
interpretation of our spectrophotometric,
morphometric, and rheologic modelling
results, comparing them to the
corresponding parameters observed for
typical lunar mare domes.

2. Rupes Recta: an overview

Several articles report height values for
Rupes Recta in the range between 200 to
400 m (Ashbrook, 1960; Boint, 2003;
Vandenbohede, 2005). Ashbrook (1960)
reports a height of 260 m on the northern
end and 370 m near the centre of the
fault. The two locations measured by
Ashbrook are given as lunar orthographic
coordinates, which translate into (8.32°
W, 20.06° S) and (7.71° W, 21.35° S),
respectively. At the same coordinates,
Boint (2003) calculates average heights
of 280 m and 450 m, respectively. Based
on shadow length measurements,
Vandenbohede (2005) reports a height of
about 300 m in the centre. The height of
Rupes Recta diminishes slightly towards
the south while towards the north, the
height decreases until the fault fades
away in the mare plane (Vandenbohede,
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2005). Further measurements are
reported by Viscardy (1985) and
Cherrington (1969), who obtain height
values of 300 m and 360 m, respectively.
Different slope angles have been reported
in the literature. North (2000) reports an
average value of 7°, Legault and Brunier
(2004) measure a slope of 10°.
Vandenbohede (2005) estimates a slope
angle of about 15° for the upper part of
the fault, which decreases towards its
lower part probably due to slumping.
Wood (2003) reports that the fault may
rise as much as 450 m above the basin's
western floor and that it rises relatively
steeply above the mare plain at an angle
of more than 20°. The largest slope
values are given by Dethier (1988) and
Ashbrook (1960), who observe the
moment in time when the shadow cast by
the fault vanishes. Dethier reports a slope
angle of 40° while Ashbrook measures a
value of 41° ± 3°. Furthermore, a typical
width of 2-3 km is usually reported for
the fault (Wikipedia, 2008). Rükl (2004)
in his Atlas of The Moon reports a width
of 2.5 km. Hence, assuming a height of
about 300 m a width of about 2.5 km
yields a slope of 7°. A height of 400 m
would imply a slope of 9°.

2.1 Sunrise illumination: Shadow lengths
and height of the fault
The height values obtained in this study
were computed using the LTVT software
package by Mosher and Bondo (2006)
which requires a calibration of the images
by identifying the precise selenographic
coordinates of some landmarks on the
image. This calibration was performed
based on the UCLN 1994 list of control
points. The computed heights were
obtained with the shadow length method
based on the sun angle at specific locations

of the fault and the angular distance from
this point to the tip of the shadow. In the
figures reported in this article, north is to
the top and west to the left. Fig. 1 displays
Rupes Recta under a low solar
illumination. The image was taken on
September 30, 2006, at 17:50 UT by R.
Lena using a 130 mm TMB refractor. Fig.
2 was made on April 6, 2006, at 19:26 UT
by C. Wöhler using a 200 mm Newtonian
telescope. The results of our shadow
length measurements are shown in Table
1.

2.2 Sunset illumination: width of the fault
The width of the fault, measured
perpendicular to the direction in which it is
running, was determined by measuring the
pixel coordinates (u1, v1) and (u2, v2) of
corresponding locations on both sides of
the fault, respectively, as described in our
preceding articles (Wöhler et al, 2006;
Wöhler et al, 2007a). Fig. 3 displays
Rupes Recta under sunset illumination.
This image was taken on August 06,
2007, at 03:27 UT by R. Lena with a
Maksutov-Cassegrain f/15 of 180 mm
aperture. In this image, the fault appears as
a bright line. The width of Rupes Recta
was computed as 1.34 ±0.5 km (cf. Table
2).

2.3 Width of the fault measured on Lunar
Orbiter image
Wöhler et al (2007c) show that
excessively large values measured in the
telescopic images for the width of a fault
are caused by the effect of the point
spread function (PSF) due to the
telescope aperture and, more
significantly, the seeing, leading to an
effective image resolution which is
comparable to or lower than the fault
width. This effect typically occurs for



page 46

GEOLOGIC LUNAR RESEARCH SELENOLOGY TODAY # 10

Figure 3



page 47

GEOLOGIC LUNAR RESEARCH SELENOLOGY TODAY # 10

narrow faults observed when they appear
brighter than their surrounding. Hence,
we estimated the width of Rupes Recta
using a Lunar Orbiter image (Fig. 4). The
scale is 68 m per pixel, computed based
on the diameter of the crater Birt of 17
km. In this image, the fault is not wider
than 20 pixels, corresponding to 1.28 ±
0.07 km. The width obtained from the
telescopic image shown in Fig. 3 is in
good agreement with the Lunar Orbiter
image; hence, our measured width value
is different from the commonly cited
average value of 2.5 km according to
Rükl (2004).

2.4 Slope of the fault
Based on the data we measured, the slope
 of the Recta fault was computed using
the relation

 = arctan (h/w), (1)

where h and w denote the average
computed height and the width of the fault
(see Section 2.3), respectively, determined
for a specific location. Based on
measurements of the shadow length and
the width of Rupes Recta, the height and
the slope angle of the fault were calculated
for several locations. Our results are
reported in Table 3. The height of the fault
amounts to 490 m near the centre and
decreases towards the nor th .
Correspondingly, the slope angle is about
21° for the highest and steepest part of the
fault and decreases towards the north and
the south, where a slope of about 19° and
18°, respectively, was computed (Table
3). These measurements are drawn as a
profile in Figure 5.

Images independently acquired under
strongly oblique illumination conditions
(cf. Section 2.1) provide highly
consistent results for the height of the

fault. In contrast, the height value given
by Ashbrook (1960) are systematically
lower than our measurements. Similarly,
his slope estimates are systematically
higher than ours. The high slope value
reported by Ashbrook (1960), measured
based on the moment in time when the
shadow cast by the fault vanishes, is
possibly due to the fact that the shadow
does not disappear suudenly, but a true
shadow on the fault can be easily
confused with a dark penumbral tone still
present after the shadow has disappeared
and sunlight reaches the surface of the
fault under an oblique angle. Similarly,
from the literature (Rükl, 2004) the fault
width appears to have been
overestimated by a factor of about two.
As shown by Wöhler et al. (2007c) the
measured width of the fault is affected by
the PSF, such that the slope derived may
be clearly too low. The width of the fault
we estimated using the Lunar Orbiter
image shown in Fig. 4, which is largely
unaffected by a PSF on scales of 1 km,
amounts to 1.28 ± 0.07 km. Hence, the
slope is fairly high, compared to the
measurements reported in the literature
(North, 2000; Legault and Brunier, 2004;
Rükl, 2004). Our slope value of 21° in
accordance with the measurements
obtained by Wood (2003).
The height and slope of Rupes Recta are
comparable to the corresponding values
of Rupes Bürg described in the study by
Wöhler et al (2007c). Rupes Bürg has a
height of 400 m and a slope of 19° in its
highest and steepest part. On the
contrary, Rupes Cauchy in Mare
Tranquillitatis is lower than Rupes Recta
and Rupes Bürg. Wöhler et al. (2006)
determine the height of Rupes Cauchy as
340 m in the centre, slightly decreasing
towards the south. The slope angle is
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about 12° for the highest part of the fault
and decreases towards its northern and
southern end.

3. An unnamed linear rille on the
northeastern side of Rupes Recta
A narrow unnamed linear rille is situated
on the northeastern side of the Rupes
Recta. The rille starts with a shallow
crater-like depression that resembles a
collapse pit and then narrows as it
approaches the fault. This rille is
apparent in the image shown in Fig. 2.
There is no evidence that it continues
beyond Rupes Recta. This rille is not
mapped in the lunar charts USGS I-822
and LAC 95.
Fig. 6 displays the rille under strongly
oblique illumination. The image was
taken on February 14, 2007, at 20:10 UT
by R. Lena using a f/15 Maksutov
Cassegrain of 180 mm diameter. The
possible collapse pit is located at
selenographic coordinates 6.73°W and
19.75°S. It is of elongated shape has a
major axis of about 16 km. We estimated
its depth by measuring the length of the
shadow cast by its rim, which yields a
depth of 80 ± 20 m. Note that the depth-
to-diameter ratio is significantly different
from the value 1/5 which is typical for
small fresh impact craters of similar
diameter (Pike, 1974; Wood and
Andersson, 1978).
The narrow linear rille also appears in
Clementine UVVIS imagery taken at
high solar elevation angles. It is marked
by green arrows in the Clementine
images shown in Figs. 7 and 8. Likely
this linear rille was formed by the stress
field built up by a pressurised dike that
did not reach the surface but ascended
along a crustal fracture to a shallow
depth below the lunar surface, a

mechanism suggested by Petrycki and
Wilson (1999) for similar narrow linear
rilles like Rima Sirsalis or Rima Parry V.

4. Rima Birt and bisected domes
Rima Birt is a slightly curved rille of more
than 50 km length. At its northern end the
rille merges into an elongated vent
bisecting a dome, which is termed Birt 1
(B1) in this study (cf. Figs. 2, 3, and 10).
Interestingly, a second rille cuts the
western edge of the dome Birt 1, which is
connected with the vent of another dome
to the north, termed Birt 2 (B2). The
domes Birt 1 and Birt 2 are located at
(9.66° W, 20.73° S) and (9.98° W, 20.39°
S), respectively. A Lunar Orbiter image of
the two rilles is shown in Fig. 9 (mosaic of
images IV-113-H1 and IV-113-H2). The
association of two rilles with the domes is
strongly indicative of volcanic origin.
Moreover, Rima Birt has an offset in its
central section, as visible in Figs. 7 and 8
(marked by a red arrow). These offsets are
unlikely to appear in a lava channel or tube
produced by flowing lava.
Our interpretation is that lava melt tracked
up a fault in this region, bowed up the
surface, and fractured it, resulting in at
least two rilles. Parts of the intruded
magma reached the surface, thus forming
the domes at the northern end of Rima
Birt. Possibly the two rille segments
formed as a surface expression of two
separate dikes. Presumably, the dome-
forming effusive volcanism was connected
with pyroclastic activity as the Birt domes
are located in a patch of dark soil likely
representing pyroclastic material (Holt,
1974).

4.1 Spectral properties of the bisected
domes

  We determined a UVVIS five-band
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spectrum of the domes based on
Clementine imagery at the wavelengths of
415, 750, 900, 950, and 1000 nm. The
reflectance values were derived relying on
the calibrated and normalised Clementine
UVVIS reflectance data as provided by
Eliason et al. (1999). The extracted
Clementine UVVIS data were examined in
terms of 750 nm reflectance (albedo) and
the R415/R750 and R950/R750 colour ratios.
Albedo at 750 nm is an indicator of
variations in soil composition, maturity,
particle size, and viewing geometry. The
R415/R750 colour ratio essentially is a
measure for the TiO2 content of mature
basaltic soils, where high R415/R750 ratios
correspond to high TiO2 content and vice
versa (Charette et al., 1974). However, for
many lunar regions the relation between
R415/R750 ratio and TiO2 content displays a
significant scatter (Gillis and Lucey,
2005). The R950/R750 colour ratio is related
to the strength of the mafic absorption
band, representing a measure for the FeO
content of the soil, and is also sensitive to
the optical maturity of mare and highland
materials (Lucey et al. 1998). The sample
area amounts to 2 x 2 km2

. Both domes are
spectrally red with their low R415/R750 ratio
of about 0.59, indicating a low TiO2

content of less than 2 wt% according to
Gillis and Lucey (2005). The Clementine
UVVIS spectral data of the dome Birt 1
reveal a 750 nm reflectance of R750 =
0.0985, a low value for the UV/VIS colour
ratio of R415/R750 = 0.5935, and a weak
mafic absorption with R950/R750 = 1.02164.
The spectral data for the northern dome
Birt 2 indicate a 750 nm reflectance of R750

= 0.0978, a low UV/VIS colour ratio of
R415/R750 = 0.5961, and a weak mafic
absorption with R950/R750 = 1.03977
suggesting a high soil maturity.

4.2 Morphometric properties and
classification of the bisected domes
The image shown in Fig. 10 displays the
two bisected domes Birt 1 and Birt 2
located at the northern end of Rima Birt.
The image was taken by C. Wöhler on
April 25, 2007, at 19:48 UT using a 200
mm Newtonian reflector and a Lumenera
LU75M CCD camera.
The dome diameters of Birt 1 and Birt 2
amount to 16.0 ± 0.5 km and 7.8 ± 0.5 km,
respectively. The height values for the two
domes as reported in Table 4 were derived
by a combined photoclinometry and shape
from shading analysis (Horn, 1989;
Wöhler et al, 2006; Lena et al., 2006, and
references therein). Based on the image
shown in Fig. 10, the height of the dome
Birt 1 was determined to 170 ± 20 m,
resulting in an average slope of 1.22° ±
0.14°. The height of the dome Birt 2 was
determined to 70 ± 10 m, yielding a slope
of 1.03° ± 0.15°. The dome volume V was
computed by integrating the reconstructed
3D profile over an area corresponding to a
circular region of diameter D around the
dome summit. A rough quantitative
measure for the shape of the dome is given
by the form factor f = V/[πh(D/2)²], where
we have f = 1/3 for domes of conical
shape, f = 1/2 for parabolic shape, f = 1 for
cylindrical shape, and intermediate values
for hemispherical shape. For the domes
examined in this study, we thus obtain
edifice volumes of 17.3 km³ (f = 0.51) and
1.3 km³ (f = 0.39) for Birt 1 and 2,
respectively. A digital elevation map
(DEM) of the region around Birt 1 and 2 is
shown in Fig. 11.
Wöhler et al. (2006) introduce an
extension of the definitions of classes 1-3
of the scheme by Head and Gifford
(1980). They base the distinction
between these shield-like volcanoes on
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their associated spectral and
morphometric quantities. Four classes
termed A, B, C, and E describing
monogenetic mare domes are established
essentially according to the diameter,
flank slope, volume of the dome edifice
and the TiO2 content of its soil. Lena
(2007) formulates this scheme as a flow
chart, additionally taking into account the
rheologic properties of the dome-forming
lava (cf. also Wilson and Head, 2003). In
this classification scheme, domes of class
C have diameters between 8 and 20 km,
with relatively low flank slopes typically
below 2°. Domes formed from spectrally
red lavas of low to moderate R415/R750

ratio with large diameters between 13
and 20 km and large edifice volumes of
several tens of km3 are assigned to
subclass C1, while domes with smaller
diameters between 8 and 13 km and
lower edifice volumes are assigned to
subclass C2 (cf. Wöhler et al, 2006;
Wöhler et al, 2007a; Lena et al, 2008).
Hence, the dome Birt 1 belongs to class
C1 while Birt 2 belongs to class C1 with a
tendency towards class C2 due to its
smaller diameter and lower edifice
volume (Table 4 and 5).
4.3 Rheologic properties of the domes
Birt 1 and 2
The rheologic model by Wilson and
Head (2003) estimates the yield strength
τ, i. e. the pressure or stress that must be
exceeded for the lava to flow, the plastic
viscosity η, yielding a measure for the
fluidity of the erupted lava, the effusion
rate E, i. e. the lava volume erupted per
second, and the duration of the effusion
process T. The computed values for τ, η, 
E and T are valid for domes that were
formed from a single flow unit
(monogenetic volcanoes). Otherwise, the
computed rheologic values are upper

limits to the respective true values. The
rheologic model by Wilson and Head
(2003) yields effusion rates of 623 and
228 m3 s-1 for the domes Birt 1 and 2.
They were formed from lava of moderate
viscosities of 5.7 x 105 and 4.5 x 104 Pa s
over a period of time of 0.88 and 0.18
years, respectively. For these calculations
we assumed a magma density of ρ = 
2900 kg m -3 (Wieczorek et al., 2001).
With their high effusion rates, moderate
to large erupted lava volumes, and low to
moderate lava viscosities, the domes Birt
1 and 2 belong to rheologic group R1

introduced by Wöhler et al. (2007a).
Hence, they are similar to many of the
domes in the region around Milichius and
Tobias Mayer (Wöhler et al., 2006,
2007a). Furthermore, Rima Birt, the
major axes of the vents of the domes, the
outflow channel of Birt 1, and the linear
rille associated with Birt 2 are oriented in
parallel, approximately in the same
direction as Rupes recta and thus radial
to the Imbrium basin. Similar alignments
have been observed in the dome field
around Milichius and Tobias Mayer and
for the chain of domes situated in
northern Mare Tranquillitatis. Another
alignment has been observed for domes
in Mare Undarum, radial to Crisium
basin (Lena et al., 2008). These
alignments indicate that the domes were
formed by dikes whose ascent was
guided by the crustal fractures and the
stress field of the Imbrium impact basin
and Crisium impact basin respectively
(Wöhler et al., 2007a; Lena et al., 2008).

4.4 Modelling the feeder dike geometry
for the dome Birt 2
As shown by Wilson and Head (2003),
the inferred rheologic properties can be
used to model the magma rise speed U
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and the geometry of the dike through
which the magma ascended, given by the
dike width W and the length L. The three
parameters U, W, and L are related to the
effusion rate E by

E = U W L (2)
The magma rise speed U is found by
balancing the vertical pressure gradient
dp/dz driving the magma upwards (see
below) against the friction at the dike wall,
where the yield strength τ has to be
overcome before ascending motion can
occur:

U = [W²/(12 η)] [dp/dz-2τ/W] (3)

Rubin (1993) has shown by modelling a
pressurised dike propagating in a linear
viscoelastic medium that the values of W
and L are not independent of each other
but that their ratio L/W depends on the
lava viscosity η. The ratio p0/G between
the magma pressure p0 and the elastic
stiffness (Young modulus) G of the host
rock is an important parameter, which
lies in the range between 10-4 and 10-3

and typically amounts to 10-3.5. In the
elastic domain, where the viscosity
contrast between the host rock and the
magma (a broadly accepted value for the
“viscosity” of the host rock is 1018 Pa s)
is larger than about 12-14 orders of
magnitude, the ratio L/W is independent
of the magma viscosity and increases
approximately linearly with decreasing
value of p0/G (Lena et al., 2008). For
higher magma viscosities the magma and
the host rock are treated as two viscous
media. In this domain the value of L/W
decreases strongly with increasing
magma viscosity. Combining the results
of the viscoelastic model by Rubin
(1993) with Eqs. (2) and (3) yields a
relation for the dike width W which

cannot be solved analytically but needs to
be computed numerically (Wöhler et al.,
2007a).
Another important parameter for
modelling the geometry of lunar feeder
dikes is the vertical pressure gradient
dp/dz. Most petrologic models of lunar
basaltic magmas suggest an origin by
partial melting at 200-400 km depth
(Ringwood and Kesson, 1976). The
classical model of magma ascent through
the lunar crust (Head and Wilson, 1992;
Wilson and Head, 1996) predicts that
basaltic melts are less dense than the
lunar mantle but denser than the
overlying crust. Hence, without assuming
an excess pressureof the magma, basaltic
diapirs would rise buoyantly through the
lunar mantle but stall near the base of the
crust at the so-called neutral buoyancy
horizon. According to Wilson and Head
(1996), the minimum excess pressure
required to drive magma to the surface
through a dike and to erupt it onto the
surface amounts to 21 Mpa for a typical,
64 km thick nearside crust,
corresponding to a pressure gradient of
dp/dz = 328 Pa m-1. More recently,
Wieczorek et al. (2001) introduced a
different model of basaltic magma ascent
which assumes a dual-layered structure
of the lunar crust. They show that
basaltic magma should be less dense than
the material of the lower crust. In places
where the upper anorthositic crust was
removed by an impact event, basaltic
magma could have been driven to the
surface by its positive buoyancy alone.
These findings are supported by
estimates of the thickness of the lower
and the upper crust based on the analysis
of gravity anomalies (Wieczorek et al.,
2006), indicating that mare basalts are
present where the upper crust is found to
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be absent. In this model, the driving
pressure gradient is given by
dp/dz = g Δρ, where g = 1.63 m s-1

denotes the acceleration due to gravity
and Δρ the density difference between
the ascending magma and the crustal
material. For basaltic magmas of low
TiO2 content (as found in the Mare
Nubium region), Wieczorek et al. (2001)
derive a density difference of Δρ = 200
kg m-3 at liquidus temperature, implying
a vertical pressure gradient of dp/dz =
320 Pa m-1. This value is nearly identical
with the minimum excess pressure
gradient of 328 Pa m-1 resulting from the
classical model (Head and Wilson, 1992;
Wilson and Head, 1996). In previous
works by Wöhler et al. (2007a) and Lena
et al. (2008) which apply the dike model
by Rubin (1993) to lunar effusive domes,
none of the two described models of
magma ascent could be confirmed based
on observations since the regarded
effusive domes are not associated with
linear rilles indicating the longitudinal
extension of the dome-forming dikes.
Instead, to compute the dike width W and
length L, a default value of dp/dz = 328
Pa m-1 is used.
In contrast, we use in this study the
visible expression of the dike of the
dome Birt 2, i. e. the linear rille of 18.2
km length that bisects the dome surface,
in order to estimate the pressure gradient
dp/dz that occurred during dome
formation. Stratigraphic relations indicate
that the dome Birt 2 and its associated
linear rille were formed after Birt 1 and
that the domes were not formed
simultaneously, since the surface of Birt
1 is cut by the linear rille. Based on the
dike model mentioned above with p0/G =
10-3.5, a pressure gradient of dp/dz = 1043
Pa m-1 is required for a dike length of L =

18.2 km that equals the length of the
linear rille associated with Birt 2.
The corresponding dike width amounts to
W = 4.1 m and the magma rise speed to
U = 3.1 x 10-3 m s-1. For the “default
value” of dp/dz = 328 Pa m-1, the dike
model would yield U = 3.7 x 10-4 m s-1,
W = 11.7 m, and L = 52.5 km – the value
of U is thus approximately proportional
to (dp/dz)² while W and L are inversely
proportional to dp/dz (cf. also Wöhler et
al., 2007a). For the larger dome Birt 1,
assuming the same pressure gradient of
dp/dz = 1043 Pa m-1 implies U = 1.1 x
10-3 m s-1, W = 11.2 m, and L = 50 km
(cf. also Table 5). For p0/G = 10-3, a
pressure gradient of dp/dz = 279 Pa m -1

yields a dike length of L = 18.2 km,
while for p0/G = 10-4, this is the case for
dp/dz = 2185 Pa m-1. We now model the
relation between the logarithms
lg(dp/dz)L (where the index L indicates
that the value of dp/dz yields the dike
length L = 18.2 km) and lg(p0/G) by a
second-degree polynomial Q2, such that

lg(dp/dz)L = Q2(lg(p0/G)) (4)

At the dike entrance, the magma pressure
p amounts to p = p0 + pc, where pc is the
least compresive stress of the host rock
(Rubin, 1993). At the surface, the value
of p must still be larger than pc since
otherwise the fracture would not remain
open, and lava effusion would cease.
According to Jackson et al. (1997), the
vertical extension of the dike
approximately corresponds to its length
L. Hence, we may assume for the
pressure difference Δp between the dike
entrance and the surface the approximate
relation
Δp = pentrance – psurface = L (dp/dz)L ≈p0.
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Figure 10

Figure 11
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This expression is equivalent to

G = [L/(p0/G)] · (dp/dz)L = [L/(p0/G)] ·
10^Q2(lg(p0/G)). (6)

Eq. (6) yields the elastic stiffness G of
the host rock as a function of p0/G for a
given fixed dike length L. For basalt, the
value of G may range from 16 to 100
GPa with an average of 63 GPa (Pollard
and Fletcher, 2005); for the terrestrial
crust, values around 10 GPa are adopted
in the literature (Carlino et al., 2006), but
the terrestrial rocks listed by Pollard and
Fletcher (2005) have typical elastic
stiffnesses higher than 20 – 30 GPa; for
the lunar crust, Head et al. (1980) assume
G = 1012 dyn cm-2 = 100 GPa. We found
based on Eq. (6) that G obtains values in
the range 10 – 100 GPa for p0/G between
2.4 x 10-4 and 7.5 x 10-4. This interval
contains the value 10-3.5 ≈ 3.2 x 10-4

regarded by Wöhler et al. (2007a) as the
most likely value for p0/G. The
corresponding pressure gradient (dp/dz)L

ranges from 441 Pa m-1 for G = 10 GPa
to 1320 Pa m-1 for G = 100 GPa, while
the magma pressure p minus the least
compressive stress pc, denoted by
p0 = p – pc, obtains values between 7.5
and 24 MPa (cf. Table 6). For
comparison, a typical value for the
compressive stress in the lunar crust is 15
MPa (Wilson and Head, 2008), hence pc

and p0 are of comparable magnitude. We
observed that the values of (dp/dz)L and
p0 are approximately proportional to G1/2.
The inferred high value of the pressure
gradient is difficult to explain according
to Wieczorek et al. (2001) by the density
difference between the material of the
crust and the ascending magma, since the
required density difference Δρ would

then be between 271 and 815 kg m-3. For
all types of basaltic magma regarded by
Wieczorek et al. (2001), these values of
Δρ cannot be obtained at liquidus
temperature except when a very low
elastic stiffness G of the host rock of G ≈
10 GPa and superheated magma is
assumed. For the magma compositions
listed by Wieczorek et al. (2001), the
density difference between magma and
lower crust (the latter being more than
200 kg m-3 denser than the upper crust) at
the liquidus point hardly exceeds 250 kg
m-3. For magmas of low Titanium
content like those encountered in the
Rupes Recta region, the density
difference is typically 180 – 200 kg m-3

or lower. Furthermore, the magma
viscosities around 105 Pa s inferred for
the domes Birt 1 and 2 are not consistent
with superheated basaltic magma, which
should have a viscosity lower than 1 Pa s,
where the latter value corresponds to the
viscosity found by Murase and McBirney
(1970) for the magma that formed the
mare plains. On the contrary, during
dome formation the magma temperature
likely was even below the liquidus point
and crystallisation began to occur
(Wöhler et al., 2007a). Hence, if values
of the crustal elastic stiffness G larger
than 20 – 30 GPa are assumed, and
especially when G = 100 GPa according
to Head et al. (1980) is adopted, the
assumption of an excess pressure in the
magma reservoir as proposed by Wilson
and Head (1996) appears to be inevitable.

5. Summary and conclusion
In this study we have presented
measurements of the height and slope of
Rupes Recta, considerations about the
origin of a narrow linear rille running
perpendicular to Rupes Recta, and
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computations of the morphometric and
rheologic properties of the two bisected
domes Birt 1 and 2 situated at the northern
end of Rima Birt.
According to shadow length measurements
performed in telescopic CCD images
acquired at low illumination angles, the
height of the fault amounts to 490 m in its
central part and decreases towards the
north and south. Based on Lunar Orbiter
images, we have determined a width of the
fault of 1280 ± 70 m. This value is lower
than the width of about 2500 m usually
reported in the literature. Accordingly, the
slope angle amounts to 21° for the highest
and steepest part of the fault and decreases
towards the north and south, where we
measured slopes of about 19° and 18°,
respectively. We have thus confirmed the
steep slope angle reported by Wood
(2003). We found that the diameters of the
domes Birt 1 and 2 correspond to 16.0 ±
0.5 km and 7.8 ± 0.5 km, respectively. The
dome heights were determined to 170 ± 20
m and 70 ± 10 m, resulting in flank slopes
of 1.22° ± 0.14° and 1.03° ± 0.15°. The
edifice volumes correspond to 17.3 and 1.3
km³, respectively. The dome Birt 1
belongs to class C1 in the GLR
classification scheme (Wöhler et al., 2006;
Lena, 2007) while Birt 2 belongs to class
C1 with a tendency towards class C2 due to
its smaller diameter and lower edifice
volume. According to the rheologic model
by Wilson and Head (2003) we obtained
effusion rates of 623 and 228 m3 s-1 for the
domes Birt 1 and 2, magma viscosities of
5.7 x 105 and 4.5 x 104 Pa s, and durations
of the effusion process of 0.88 and 0.18
years, respectively.

We have derived an approximative method
for estimating the pressure gradient dp/dz
that occurred during dome formation based
on the observed length of the linear rille
that bisects the dome surface. Presumably,
this rille is the surface manifestation of the
feeder dike through which the dome-
forming magma ascended. Thus, assuming
that the dike length corresponds to the
observed length of the linear rille of 18.2
km, we obtained for Birt 2 a pressure
gradient of 1043 Pa m-1 , a dike width of
4.1 m, and a magma rise speed of 3.1 x
10-3 m s-1. For the dome Birt 1, the same
pressure gradient yields a dike which is 50
km long and 11.2 m wide through which
the magma ascended at a speed of 1.1 x
10-3 m s-1. Under the realistic assumption
that the elastic stiffness of the lunar crust
amounts to between 20 – 30 and 100 GPa,
the pressure gradient is larger than 600 –
700 Pa m-1 and may reach values of up to
1320 Pa m-1. We have shown that these
pressure gradients are difficult to explain
solely by a positive magma buoyancy due
to the density difference between the
material of the crust and the ascending
magma, and that an excess pressure in the
magma reservoir appears to be inevitable
to allow the ascent of magma to the
surface.
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Table 1: Shadow length measurements obtained using the images shown in Figs. 1 and 2. The measurements were com-
puted with the LTVT software package. (*) In Fig. 2, the shadow tip is undefined at the northern end of the fault.

Table 2: Width of Rupes Recta obtained using the image shown in Fig. 3. The results are in agreement with the
Lunar Orbiter image. We thus adopt the width of 1.28 ± 0.07 km measured in the Lunar Orbiter image.

Longitude [°] Latitude [°] Solar altitude [°] Width [km]

-8.17 -20.42 6.09 1.34 ± 0.30

-7.97 -20.82 5.92 1.34 ± 0.30

-7.81 -21.37 5.75 1.34 ± 0.30

-7.68 -21.66 5.60 1.34 ± 0.30

-7.60 -21.97 5.57 1.34 ± 0.30

-7.39 -22.55 5.24 1.34 ± 0.30

-7.21 -23.03 5.06 1.34 ± 0.30

Figure 1 Figure 2

Longitude [°] Latitude [°] Solar altitude [°] Height [m] Solar altitude [°] Height [m]

-8.32 -20.12 2.50 294±30 1.64 -- -- (*)

-8.17 -20.42 2.63 429±30 1.73 436±20

-7.97 -20.82 2.81 464±30 1.91 475±20

-7.81 -21.31 2.95 483±30 2.09 495±20

-7.68 -21.66 3.08 480±30 2.19 488±20

-7.60 -21.97 3.15 454±30 2.26 467±20

-7.39 -22.55 3.33 425±30 2.43 429±20

-7.21 -23.03 3.47 402±30 2.52 415±20
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Table 3: Height and slope values obtained for different locations along Rupes Recta.

Longitude
[°]

Latitude
[°]

Width measured in Lunar Or-
biter image [km]

Height
[m]

Slope
[°]

-8.17 -20.42 1.28±0.07 436 ± 30 18.81

-7.97 -20.82 1.28±0.07 469 ± 30 20.12

-7.81 -21.37 1.28±0.07 489 ± 30 20.91

-7.68 -21.66 1.28±0.07 484 ± 30 20.71

-7.60 -21.97 1.28±0.07 460 ± 30 19.77

-7.39 -22.55 1.28±0.07 427 ± 30 18.45

-7.21 -23.03 1.28±0.07 408 ± 30 17.68

Table 4: Morphometric and rheologic properties of the two domes examined in this study.

Dome h [m] Slope [°] D [km] V [km3] η [Pa s] E [m3 s-1] T [years] class

Birt 1 (B1) 170 1.22 16.0 17.3 5.7 x 105 623 0.88 C1

Birt 2 (B2) 70 1.03 7.8 1.3 4.5 x 104 228 0.18 C1-C2
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Table 5: Feeder dike geometries of the domes Birt 1 and 2, assuming p0/G = 10-3.5 ≈3.2 x 10 -4 and dp/dz =
1043 Pa m-1, thus assuming a dike length equal to the observed length of the linear rille associated with
Birt 2.

Dome U [m s-1] W [m] L [km]

Birt 1 (B1) 1.1 x 10-3 11.2 50

Birt 2 (B2) 3.1 x 10-3 4.1 18.2

Table 6: Quantities characterising the magma pressure as a function of the crustal elastic stiffness, assuming a
dike length for Birt 2 equal to the observed length of the associated linear rille.
Birt 2.

Model parameter G = 10 GPa G = 20 GPa G = 30 GPa G = 100 GPa

dp/dz [Pa m-1] 441 601 742 1320

p0/G 7.5 x 10-4 5.5 x 10-4 4.5 x 10-4 2.4 x 10-4

p0 [MPa] 7.5 10.9 13.5 24.0
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The Steinheim Basin

By Alexander Wöhler and Sebastian Wöhler

Geologic Lunar Research (GLR) group

While the Moon's surface is mainly characterised by impact craters, not many impact structures are
immediately apparent on the surface of the Earth. This article gives a short overview of a small impact
crater in southern Germany showing a very distinct topographic profile along with characteristic rock
modifications (Reiff and Heizmann, 2007).

About 15 million years ago a double asteroid impacted into the region east of the mountains of the
Swabian Alb in southern Germany. The large asteroid had a diameter of about 1 km and generated a crater
of more than 20 km diameter. The smaller asteroid was 100 m large and formed a crater of 4 km diameter
in a distance of about 35 km from the first impact site. Today, in the middle of the larger crater the city of
Nördlingen is situated, while the smaller crater is partially occupied by the village of Steinheim. Therefore,
the large crater has been termed “Nördlinger Ries” (also known as Ries crater) and the smaller one
“Steinheimer Becken” (Steinheim basin).

During the impact, the asteroid evaporated completely. For this reason, no meteoritic material is found any
more in and around the crater. The pressure wave caused by the impact energy caused an explosion which
formed a 4 km large and very deep hole. The hot and partially fluidized terrestrial crust bounced back such
that the crater became shallower and a central peak formed. At the same time, huge masses of dust and
impact melt were ejected.
The rock layers into which the asteroid impacted consist of limestone, i. e. primarily  calcium carbonate 

(CaCO3), formed during the Jurassic age when the Swabian Alb was the bottom of a tropical sea.
Inside the crater, the limestone layers were squeezed radially outwards, shattered, tilted, and lifted, leading
to the formation of the crater wall.

Figs. 1-4 provide an impression of the rock modifications and the topographic profile that can be observed
today.
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Fig. 1: Outcrop at the outer southeastern crater wall. In this image the shattered
limestone layers are clearly apparent.
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Fig. 2: Shattered limestone block at the outer southeastern crater wall. The rock
displays a finer texture than in Fig. 1; it was presumably compressed more strongly.
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Fig. 3: The authors examining in the snowstorm a large block of shattered
limestone.
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Fig. 4 Left:
Panorama of the Steinheim basin (view angle 180°), taken from the top of the
southern crater wall. The crater wall and the central peak are indicated. The
panorama was generated with the open source software Hugin (download
from http://hugin.sourceforge.net). Link to full image 

Upper right:
View over a gap in the southern crater wall, which was crossed by a river mil-
lions of years ago.

Lower right:
Panoramic view along the southeastern crater wall.
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Virtual Moon Atlas

By Christian Legrand

The Virtual Moon Atlas exists now since
6 years. During this period, it has been
downloaded more than 500 000 times by
amateur astronomers worldwide. It is also
used by professional observatories (Kitt
Peak, Japan National Astronomical
Observatory.), TV channels (BBC.),
research institutions (University College
of London, University of India.) and
astronomical magazines (Ciel et Espace,
Espace Magazine.) and numerous Web
sites. Finally, it has been recommended
by European Space Agency and is
registered as an educational software by
french Ministry of Education. For the 6th
anniversary of its creation, I'm pleased,
with Patrick Chevalley to announce you
the new version "Pro" 4.0, important
evolution of the Virtual Moon Atlas.
It presents :

THE NEW MODULE "POCKETLUN" ©
It's the translation of VMA "Light"
version on Pocket PC! It allows you a
more easier field use of VMA and
becomes a real interactive partner with the
audio comments it can handle. This
module is an exclusive complement to the
CD PRO 4.0 version.

THE NEW PICTURES MANAGER
M O D U L E " P H O T L U N " ©
We release "PHOTLUN", a pictures
manager that allows you to select
formations pictures, to view, rotate and
process them about luminosity and
contrast, and to magnify them.
And you can record the selected setup to
find them later !

THE NEW « LUNAR ORBITER » HIGH
RESOLUTION TEXTURE
USGS has recently released new Moon
surface map built on Lunar Orbiter
pictures. We have improved these data to
provide to VMA users a new
exclusive texture shows the highest lunar
surface resolution available in
computerized lunar atlases.

THE NEW CLEMENTINE RATIO and
ALBEDO SCIENTIFIC OVERLAYS
These new high resolution overlays and
based on exclusives data from
Clementine probe show very clearly soils
composition and albedo differences.

THE NEW PYROCLASTIC DEPOSITS
S C I E N T I F I C D A T A B A S E
Beyond traditional databases compiling
public IAU officially named formations,
it exists peculiar formations with a huge
scientific interest that have to be included
in VMA databases. After the "Historical
sites" database, here is now the
"Pyroclastic deposits" database
presenting volcanic ashes deposits on
lunar surface compiled by Lisa Gaddis
and her team.
Sure, these deposits are localized on the
map and can be sorted with
DATLUN © VMA database manager.

THE NEW PICTURES LIBRARIES
The new "Best of Lazzarotti" library :
Paolo Lazzarotti is presently the most
prolific lunar imager releasing his
high resolution pictures to others
amateurs. In this new library, more than
450 pictures formations have been
extracted from Paolo production.
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THE NEW BEST OF HIGGIN LIBRARY :
Wes Higgins is back to lunar imaging with his 18" Dobson since some months. In this
new dedicated library, more than 250 pictures formations have been extracted from
Wes production.

THE NEW "LOPAM DESTRIPPED" LIBRARY :
A routine provided by Niels Noordhoek blows away those stripes on original LOPAM
pictures. It was possible to produce the new "LOPAM Destripped" pictures library that
shows now the extracted pictures in all their beauty and resolution.

These new pictures libraries grow the collection to near 4000 pictures available to
VMA users.

We hope that all these news will improve a lot the VMA functionaries and them more
useful for lunar observers and for scientists working on our satellite.

Find all detailed information about this new release on our new Web site :

http://ap-i.net/avl/en/start


