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1. IntroductIon
In this article, we report on 

several observations made by 
the Geologic Lunar Research 
group (GLR) concerning a 
structure that Wilkins and 
Moore called the “wash-
bowl”[1]. On April 3, 1952 
Wilkins and Moore, observing 
the Moon with the 83 cm refrac-
tor of Meudon Observatory, 
described a feature inside the 
crater Cassini A. They stated 
that they “discovered … a 
white, very shallow crater within which is a minute 
central pit, like a pluy-hole, the whole strongly 
resembling a washbowl.” This “minute pit” was 
probably a craterlet (we avoid the terminology of 
‘pit,’ since this is more often associated 
with a volcanic ‘pit crater’). Later in the 
Journal of the Association of Lunar and 
Planetary Observers, Walter Haas reported 
on two American observations by Gordon 
and HcHugh of this feature, and described 
it as a shallow depression [2]. Gordon and 
HcHugh observed this feature on June 8, 
1976 between 01:00 and 02:15 UT using, 
respectively, a Questar telescope with 9 
cm of diameter and a reflector with 15 cm 
of diameter. The Sun’s colongitude was 
35.5°-36.4°. 

The pattern of light and shadow seen 
along the moon’s terminator repeats 
with some regularity. By knowing the 
solar colongitude, the timing of future 
conditions nearly identical in regard to the 
terminator and an observed feature can be 
determined. The colongitude describes the 
terminator’s position on the lunar surface 
and is measured on a scale of 0-360 

degrees. When the colongitude 
is the same, on different 
cycles, the lighting conditions 
are similar. For the match to 
be exact, however, a second 
parameter is needed: the latitude 
of the subsolar point (solar 
latitude) on the moon. If the 
colongitude and solar latitude 
are identical on different cycles, 
then the pattern of light and 
shadow all along the terminator 
should be identical. 

Unfortunately, Wilkins didn’t 
include the exact time of his observation, therefore 
it is difficult to repeat his observation for verifica-
tion. However, after applying the software tools 
developed by H.D. Jamieson to Wilkins’ descrip-
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Cassini A and the Washbowl: As Described by Wilkins and Moore
By Raffaello Lena, Maria Teresa Bregante, Eric Douglass and Giorgio Mengoli

GLR group

Figure 1: Cassini A by G. Mengoli, May 7, 2006 at 18:40 UT.

Figure 2: Negative of Figure 1.



tions, we were able to infer a lunar phase of 
approximately 60%, with the moon exceeding the 
First Quarter, a colongitude between 16°-17° corre-
sponding to a solar altitude over Cassini A between 
16.95° and 17.80°.

2. observatIons and dIgItal Images
The images of Fig. 1 through 3 were made by G. 

Mengoli, during an observation carried out on May, 
7, 2006 at 18:40 UT. Figure 1 displays the crater 
Cassini A, taken at a lunar phase of 73%, with a 
solar colongitude of 27.9° and a solar altitude of 
25.08°. Figure 2 is the negative of the previous 
image. Figure 3 displays a comparison with the 
corresponding Lunar Aeronautical Chart LAC 
[3]. Figure 4 is Lunar Orbiter frame IV-110-H2, 
which further delineates the internal structure of 
Cassini A. These images reveal that Cassini A is 
a double crater, with a straight wall separating its 
two constituents (especially see Figure 5). This is 
different from the round rim reported in the LAC 
chart (fig. 3). Such structures are the result of an 
impact by a double meteorite (gravitationally bound 
fragments), so that they strike at the same time. 
The interaction of the ejecta causes the straight 
wall between the two. A similar crater form is 
seen in crater Bessarion B (figure 7; Digital Lunar 
Orbiter Photographic Atlas of the Moon, ed. J. 
Gillis, IV-144-H2). Artificial craters produced by 

simultaneous projectile impacts 
display the same form [5]. 

In addition to the double 
structure, we examined our 
images for the “minute pit” 
noted by Wilkins. The Lunar 
Orbiter image has a shadow 
on the crater floor, cast by 
the eastern rim, making it 
impossible to detect this 
feature (the Orbiter image 
was taken on 18 may 1967 at 
18:20 UT with a colongitude 
of 24.90° and a solar altitude 
of 22.50°). Other images, not 
reported in this article, have 
the same shadow problem 
(observations carried out fifty 

five years ago at Meudon Observatory only show 
a more extended shadow cast by the eastern crater 
wall). Again, this result is due to a different lunar 
phase. To account for this, we chose to analyze 
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Figure 3: Comparison between Figure 1 
and its corresponding LAC chart.

Figure 4: Lunar Orbiter photo of Cassini A.



images taken in a 
lunar phase when this 
shadow isn’t present. 
Figure 5 displays a 
high resolution image 
of Cassini taken 
by Wes Higgins on 
August, 25 2005 
at 10:45 UT with a 
45 cm Newtonian 
telescope. This image 
clearly shows a 
shallow bright crater 
and the presence of 
three bright spots, 
but no small crater. 
Similar features 
are visible in the 
Clementine imagery 
(Fig. 6).  

3.  result and 
dIscussIon
Inspection of fig. 4-7 reveals several details in 

Cassini A. The smaller crater appears shallow with 
the presence of three bright positive relief fea-
tures. The USGS map I-666 describes this material 
as fragmental debris and masses of rim material 
that, likely, have moved down slope [4]. Wilkins’ 
description of a “very shallow crater within which 
is a minute central pit, like a pluy-hole, the whole 
strongly resembling a washbowl” seems to us like 
something more on the order of the detail shown in 
Fig. 5. Here we see no clear evidence of a “minute 
central pit.” Moreover the three bright spots are 
hilly material, likely fragmental debris.

our conclusIons are as follows: 
a) Cassini A is a double crater. The smaller east-

ern crater accounts for the structure named 
washbowl by Wilkins and Moore. 

b) The wall separating the two is straight. This 
is different from the round rim drawn in the 
LAC map. We will examine the geology of 
this double crater and the nature of the impac-
tor in a future article.

c) We cannot be sure what Wilkins and Moore 

saw and drew for the minute central pit. Fig. 8 dis-
plays the crater Cassini A under a solar angle and 
colongitude similar to, though slightly later than, 
the inferred time for the observation carried out at 
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Figure 5: Straight wall segment in Cassini A.

Figure 6: Clementine image of Cassini A.
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the Meudon 
Observatory. 
This image was 
taken by C. 
Fattinnanzi on 
March 19, 2005 
at 18:23 UT 
(solar colongi-
tude of 20.5° 
and solar alti-
tude of 18.56°). 
The most likely 

explanation for Wilkins’ observation is that the 
small hills and their shadows, integrated by the eye 
and mind of an earth-based observer, combine to 
give the appearance of a “minute pit”.

acknowledgements: 
We wish to thank W. Higgins and C. Fattinnanzi 

for their contribution to this paper.
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Figure 7: Lunar Orbiter  
photo of Bessarion B.

Figure 8: Cassini A under a solar angle and colongitude similar to that of the Meudon Obervatory’s image.
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On Closer Examination
By Howard Eskildsen

rImae sIrsalIs
The main portion of Rimae Sirsalis 

appears on the southwestern margin 
of Oceanus Procellarum, stretches 
about 330 km through the rugged 
rubble of ejecta from Orientale’s 
basin, and terminates in a ruined cra-
ter east of Darwin. It is the longest 
linear rille on the moon and is nearly 
straight except for gentle curves on 
its southern end where it intersects 
Rimae Darwin, barely visible on this 
photo. A shallower, possibly older, 
rille seems to branch from the main 
rille at the level of Cruger A and runs 
45-50 km north where it disappears, 
obliterated by ejecta from Sirsalis A. 

The rille system is obviously 
younger than the Orientale Basin 
(Lower Imbrian). Lunar Orbiter and 
Clementine photos reveal that the 
main rille was modified by impacts of 
Sirsalis and Sirsalis F which appear 
to be Eratosthenian, so the rille is 
likely Upper Imbrian in age. Lunar 
Prospector data (Modern Moon 183) 
shows the strongest magnetic anoma-
ly on the moon (LPOD July 6, 2006) 
associated with the rille, implying 
that it could be the result a volcanic 
dike that failed to reach the surface. 

A likely sequence of events creat-
ing this scene starts with the emplace-
ment of Pre-Nectarian craters such 
as Darwin which were battered and 
modified by the Orientale-basin-
forming impact at the end of the 
Upper Imbrian. Cruger formed from 
impact and then filled with mare-type 
basalt during the Lower Imbrian. 

Rimae Sirsalis, September 25, 2007 00:32 UD, Seeing 6/10, 
Clarity, 4/6, Meade 6” Refractor, 2X Barlow, Orion StarShoot II, 

Howard Eskildsen, Ocala, Florida
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The magma responsible for the magnetic anomaly 
was likely emplaced during this time as well. The 
rille system also probably formed during the Upper 
Imbrian. Sirsalis J modified the rille system fol-
lowed in order by the Eratosthenian impacts of 
Sirsalis A, Sirsalis and finally Sirsalis F.

references:
Virtual Moon Atlas, Expert Version 2.1,  

2004-11-07
Wikipedia.org, “Rimae Sirsalis”
Lunar Orbiter Photo IV-161-H2
PDS Map-A-Planet, Clementine 750 nm 

Basemap
LPOD July 6, 2006
Wilhelms, Don E. The Geologic History  

of the Moon
Wikipedia.org, “Lunar Geologic Timescale
Wood, C., The Modern Moon, pages 182-183
Wikipedia.org, “Lunar geologic timescale.”

fallout from mare orIentale
Approximately 3.85 billion years ago a massive 

object careened into the moon with a cataclysmic 

explosion that created a multi-ring basin and scat-
tered ejecta over nearly an entire hemisphere. One 
of the middle rings, the outer Montes Rook, is 
silhouetted along the central skyline in this photo 
(rotated 90° to the right for clarity). This rugged, 
tortured, 480 km ring encircles the Orientale basin 
with a rim of anorthosite likely from the upper 
lunar crust. Lacus Veris lies beyond the horizon of 
this photo in the lowlands between the outer and 
inner Rook ranges. 

Orientale’s 630 km outer ring, Montes Cordillera, 
crosses from the area of Krasnov to the right photo 
margin where the eastern rim of Schluter is just vis-
ible. Spectroscopic studies show it to be composed 
of anorthositic norites, which have lower aluminum 
content than pure anorthosite and are thought to be 
from the lower portion of the lunar crust. The valley 
between the Cordillera and the Rook ranges contains 
Lacus Autumni which lies hidden in the shadows 
between the two ranges on the right of the photo. 

Outside the two mountain ranges, rough, irregu-
lar topography is dominated by the Hevelius 
Formation estimated to be 3-4 kilometers deep near 
the Montes Cordillera. It thins on approaching the 
margin of Oceanus Procellarum, where discontinu-

September 26, 2007, (two photos combined) 01:03 UDT Colongitude 83.7, Seeing 6/10, Clarity 3/6, 
Meade 6” f/8 Refractor, 2X Barlow, Orion Starshoot II, Howard Eskildsen, Ocala, Florida
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ous remnants are probably buried under younger 
basalt. The Hevelius Formation is divided into the 
inner and outer members relating to the depth and 
continuity of the Orientale ejecta deposits. On this 
photo, its approximate boundary snakes from the 
eastern edge of Cruger around to the western edge 
of Grimaldi. Craters Darwin and Rocca are heavily 
blanketed by the inner member while the Sirsalis 
rille traverses the whole of the outer member. 

Younger lava flows were emplaced on top of the 
basin ejecta rubble in the interiors of Cruger and 
Grimaldi as well as Lacus Aestatis. With strange 
irony, the Orientale ejecta which hid layers of the 
ancient cryptomare basalts was in turn covered by 
later mare-type lava of Upper Imbrian age. 

The massive moon-modifying events then ended, 
leaving diminished volcanic activity, occasional 
lesser impacts, and endless meteoroid gardening to 
slowly shape and soften the contours of the moon’s 
petulant past. 

references:
VMA Expert Version 2.1 2004-11-07)
LPOD 11/11/2006) 
Chuck Wood. Impact Basin Database.
Chuck Wood. The Modern Moon: A Personal 

View. Sky Publishing Corporation, Cambridge 
2003. p. 183,184

B.A. Campbell and B.R. Hawke. Lunar 
and Planetary Science, XXXVI (2005) 
“Cryptomare Deposits Revealed by 70-CM 
Radar”

Antonín Rükl. Atlas of the Moon, Dr. T.W. 
Rackham, ed. Kalmbach Publishing Company, 
1992

Wilhelms, Don E. The Geologic History of the 
Moon

McCauley, John F. “Orientale Exterior,” 
Geologic History of the Moon 

grImaldI and assocIated features
Along the southwest margin of Oceanus 

Procellarum the 222 km inner ring of the Grimaldi 
impact basin sits below a distinctive chain of cra-
ters. This is the smallest basin to have an associated 
mascon. Mare-type deposits filling the inner ring 

may contribute to the mascon or there may have 
been isostatic uplift of the mantle after the basin 
formation. Remnants of the 430 km outer ring are 
marked by dark arrows. Damoiseau, a floor-frac-
tured crater, rests in the outer ring near the upper 
arrow. 

A moat-like layer of older lava fills between the 
outer and inner rims. On this photo it hardly looks 
mare-like, but 70-cm radar images capable of pen-
etrating to tens of meters below the surface reveal 
this to be part of an extensive cryptomare deposit. 
The ancient basalts lie “hidden” under Mare 
Orientale ejecta known as the Hevelius formation. 
These older formations are embayed by younger 
Procellarum basalts, along a line running from east 
of Damoiseau towards the junction of Lohrmann 
and Hevelius. 

The diminutive 32 km crater Lohrmann shows 
modification by the Hevelius formation as does 
the namesake crater, which is consistent with their 
Nectarian age. Of the two, Lohrmann appears older, 
but it is difficult to tell due to extensive modifica-
tion of both craters. The floor of Hevelius is slight-
ly domed with an off-center protruding peak. The 
Procellarum basalts have covered part of its eastern 
slopes. Rilles crossing the crater to form an “X” 
are just visible in this photo. One rille crosses the 
southeastern rim of the crater and continues nearly 
another crater diameter along the basalt boundaries. 

Cavalerius is Eratosthenian in age and the 
youngest crater in the chain. Lunar Orbiter photos 
show distinct terraces and a rubble-strewn floor 
punctuated with a small cluster of central peaks. A 
pool of impact melt appears to soften the features 
in the lower portions of the floor. 

Northeast of Cavalerius, an almost forgettable 
area near low hills inherited the name Planitia 
Descensus when the Soviet Union achieved the first 
soft landing on the moon. Luna 9 touched down on 

Continued on page 10

Opposite page:
Grimaldi, 2007-09-25, 00:34 UDT, 

Colongitude 71.3, Seeing 6/10, Clarity 4/6, 
Meade 6” f/8 Refractor, 2X 
Barlow, Orion StarShoot II

Howard Eskildsen, Ocala, Florida
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February 3, 1966 and sent back photographic proof 
that the lunar surface could support the weight of 
landing craft. It functioned for nearly three days 
and paved the way for future lunar exploration. 
May further surface exploration be not too far in 
the future. 

references:
VMA Expert Version 2.1 2004-11-07)
LPOD 11/11/2006)
Patrick Moore. New Guide to the Moon. W.W. 
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View. Sky Publishing Corporation, Cambridge 
2003. p. 183,184
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“Cryptomare Deposits Revealed by 70-CM 
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The-Moon Wiki, http://the-moonwikispaces.com/
introduction

Lunar Orbiter photo IV 162-H1

InghIramI to baIlly
This photo of the southwestern corner of the 

moon is marked with two impact basins and with 
craters of varying ages, histories, and forms that tell 

2007 September 25, 00:37 UDT, Colongitude 71.3, Meade 6” f/8 Refractor, 2X Barlow, 
Orion StarShoot II, Howard Eskildsen, Ocala, Florida
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partly deciphered stories of events that shaped and 
reshaped the Moon. 

The 94 km crater Inghirami bears scars from 
Orientale ejecta that testify to its Nectarian age. 
Battered terraces are still visible on the southwest-
ern wall and two groups of crater chains arc from 
its lower right edge. One chain extends clear to the 
rim of Phocylides while the other, lower chain ends 
abruptly in a group of secondary impact craters. 

Secondary craters from Orientale also pock-
mark the southern margin of the multicolored Pre-
Nectarian crater, Schickard. It’s relatively shallow 
depth of 1.5 km attests to massive fill that has 
buried the original depths. Lighter-colored mate-
rial appears to be of highland origin while spectro-
scopic studies reveal that the dark margins are mare 
basalts. Dark halo craters in the lighter material, 
not visible in this photo, verify that the deeper fill 
is basalt. Most likely, mare basalts form the bulk 
of the crater fill and were later covered with a thin 
dusting of ejected highlands anorthosite. Finally, 
more basalt erupted to produce the dark areas at 
both ends of the crater. 

Wonderful Wargentin forms a plateau with fill 
that just reached the rim of the crater and perhaps 
overflowed slightly to the west. A wrinkle ridge 
angles across the crater and suggests that the fill is 
volcanic in origin. However, the surface is much 
lighter than expected for mare basalts. Once again 
a dark halo crater, which is well seen on Lunar 
Orbiter photo IV-166-H3, provides the answer. Like 
Schickard, mare basalts are overlain by a thin coat-
ing of lighter highland material. 

Strange Schiller, 179 km x 71 km in size, leaves a 
mark as contorted as attempts to understand its ori-
gin. Currently the most favorable interpretation sug-
gests a very low-angle impact (perhaps 2-3 degrees) 
of one or possibly multiple objects simultaneously. 
One intriguing hypothesis is of an object in orbit 
around the Moon that slowly spiraled into the sur-
face—Schiller reveals the demise of a lunar moon. 

Schiller also marks the margin of the often 
overlooked Schiller-Zucchius Basin, with 325 km 
outer and 165 km inner rings that are barely vis-
ible on this photo. Scattered secondary craters from 
Orientale skip across the southern central basin. 

On the south margin of the basin, Zucchius is 

the first of a trio of craters that nicely show pro-
gressive crater weathering. It has a fresh appear-
ance with distinct rim and terraces, central peaks, 
and little basin fill (probably from impact melts). 
VMA lists it as Copernican in age, but I have never 
seen associated rays so it seems more likely to 
be of Eratosthenian age to me. Bettinus, listed as 
Nectarian in age, still has visible though battered 
and softened terraces and a single peak emerging 
from a moderate amount of fill in the bottom of 
the crater. Finally the older crater Kircher has an 
eroded rim with only a hint of terraces. Smooth fill 
completely covers whatever central peaks it may 
have once had. 

Below the crater trio, the smallest impact basin 
on the moon, Bailly, lies near the terminator. The 
obvious ring is 311 km in diameter. Towards the 
central portion, a series of jumbled hills likely rep-
resents peak-ring morphology approximately 150 
km in diameter. This may be a transition between 
the traditional central peaks of smaller craters and 
the fully developed inner ring of larger basins. 
Several smaller craters mark the floor of Bailly—
the largest, 65-km diameter Bailly B, is visible on 
the right margin. 

Each feature adds to the growing story of the 
impacts, ancient lava flows, and scattered debris 
that shaped this fascinating area of our moon. 

references:
Antonín Rükl. Atlas of the Moon, Dr. T.W. 

Rackham, ed. Kalmbach Publishing Company, 
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The-Moon Wiki, http://the-moonwikispaces.com/
introduction

VMA Expert Version 2.1 2004-11-07
Wikipedia, “Schickard
Lunar Orbiter Photo IV-166-H3
Wood, C., The Modern Moon
Wood, C., LPOD April 1, 2006, October3, 2006, 
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Wood, C. (2004) Impact Basin Database

elusIve eInsteIn
Lost in the libration zone, Einstein most often 

lies hidden just beyond the western lunar horizon. 
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During rare appearances 
it presents a distinctive 
structure that is hard to 
forget. The first time I 
specifically went looking 
for it I was startled by 
feelings of déjà vu. 
Sometime in the past, 
when I had little inkling 
of its significance, I had 
noticed a strange ring-
within-a- ring structure 
on the limb of the nearly-
full moon. Unfortunately, 
I wasted my previous 
chance to photograph 
it and had to wait three 
years before libration, 
illumination, and weather 
again allowed the 
opportunity. 

It has been a difficult 
object for distinguished 
cartographers as well. 
The earliest generally-
recognized discovery 
of the crater now 
named Einstein was by 
Sir Patrick Moore in 
1952. At that time it 
was named Caramuel, 
but it was charted 
approximately 150 km 
north of its actual location. The challenge presented 
by this obscure area is well expressed in the classic 
book, The Moon by Wilkins and Moore. On page 
258 they write, “Caramuel is excessively difficult 
to examine, and further observations of it are 
needed before it can be drawn with real accuracy.” 

Not only has the charted location changed 
with time, so has the name. The name “Einstein” 
was originally given to the crater now known as 
Simpelius D, which lies east of Moretus. Later 
the IAU changed nomenclature and the crater and 
the name are now solidly located on the western 
margin of the Moon—for the time being. 

The weary, battle-worn rim of Einstein 

measures 175 km and appears Pre-Nectarian in 
age. Rubble from the outer Hevelius Formation 
and secondary craters from Mare Orientale coat 
and cobble its ancient rim and floor. Near the 
center, where a central peak may have once been, 
Einstein A presents a fresh, distinctive structure. 
This 51 km crater is much younger and appears 
Eratosthenian in age. Lunar Orbiter photos show 
it to have multiple central peaks and it is one of 
several of Einstein’s interior craters to show floor 
fracturing. Darkened areas hint of pyroclastic 
activity in the northwest and southeast portions of 
Einstein. 

Difficult, frustrating, but richly rewarding for the 

June 30, 2007, 02:24 UDT, Colongitude 89.3, 
Seeing 5/10, Clarity 4/6,Meade 6” f/8 Refractor, 2X Barlow, 

Orion StarShoot II, Howard Eskildsen, Ocala, Florida
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patient observer, Einstein is 
a fine object when you can 
find it and is definitely on the 
list of must-see craters. 

references:
H. Percy Wilkins and 

Patrick Moore. The 
Moon. The MacMillan 
Company, New York 
1955

Patrick Moore. New Guide 
to the Moon. W.W. 
Norton & Company Inc. 
New York 1976

Lunar Orbiter Photo IV-
188-H2

PDS Map-A-Planet Moon 
Easy Version

The-Moon Wiki
VMA Expert Version 2.1 

2004-11-07
Antonín Rükl. Atlas of 

the Moon, Dr. T.W. 
Rackham, ed. Kalmbach 
Publishing Company, 
1992

struve and 
surroundIng area

In the neglected 
northwest corner of Oceanus 
Procellarum three distinctive 
ruined craters remain as 
sentinels of change thrust 
upon them early in the 

At right:
2007-09-26, 00:57, Seeing 

8/10, Clarity 3/6, 
 Colongitude 83.7

Meade 6” f/8 Refractor, 2X 
Barlow, Orion StarShoot II

Howard Eskildsen, 
Ocala, Florida
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moon’s history. High 
Pre-Nectarian ridges 
on Struve, Russell 
and Eddington stand 
over lava flows 
that breached their 
southern margins and 
obliterated portions of 
the rings during the 
Upper Imbrian period. 
Struve, the largest at 
175 km diameter, also 
bears a mantling of 
material from Mare 
Orientale with a curious 
downrange flow pattern 
extending north from 
Struve L towards C 
and M. Lunar Orbiter 
photos reveal that the 
light material was in 
turn partly covered with 
later mare basalt flows 
similar to the last lava 
flows that darkened the 
margins of Schickard. 

East of Eddington, 
the Eratosthenian 
crater Seleucus abuts a 
strange ray. Mare lavas 
cover most of its ejecta field and the floor is partly 
filled with basalt as well. The top of its central 
peak protrudes from this fill. 

Krafft and Cardanus show more extensive 
erosion consistent with their Upper Imbrian age. 
Catena Krafft extends from the north of Cardanus 
to Krafft and crosses most of the interior crater, 
except where it is disrupted by the younger, small 
interior crater. On this photo, only the portion 
outside of Krafft is visible. Curiously, some of the 
Procellarum basalts end abruptly along the eastern 
side of this crater chain. Krafft has a generally flat, 
possibly basalt, floor while Cardanus has a floor-
fractured pattern. West of Cardanus, the eastern rim 
of Vasco da Gama and can serve as a stepping stone 
for finding the elusive Einstein, lost in the shadows 
just to the north.

Crater Glushko, 
previously known 
as Olbers A, is the 
youngest and most 
recently named crater 
in the photograph. 
This 43 km crater is of 
Copernican age and has 
extensive rays radiating 
in all directions. Most 
remarkable are the 
twisted-appearing 
rays that brush past 
Cardanus, Krafft and 
Seleucus. What a 
strange combination 
of forces must have 
created this complex 
pattern. 

Other curious rays 
lead cross the photo 
as well. Just south of 
Eddington a subtle 
horizontal ray streaks 
part way across the 
area without an obvious 
source. Another 
mysterious ray angles 
from the upper right of 
the photo towards the 

terminator north of Russell. The subject of much 
debate in the past, the origin of these rays was 
finally confirmed when orbiter photos revealed 
a fresh crater on the far side in the general area 
predicted early in the 20th century by the Julius 
Franz. Certainly many more mysteries await 
discovery in this fascinating, but seldom observed, 
area of the moon. 
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Wrinkle ridges connect Kirch crater (39.2°N, 
5.6°W) with Montes Spitzbergen (35°N, 5°W). 
Located on the eastern edge of Mare Imbrium 
to the west of a gap separating the Caucasus and 
Apennine mountains, this region is of interest 
because the ridges, which probably formed as Mare 
Imbrium settled, are very close to concentric with 
the inner ring of the Imbrium basin. The Montes 
Spitzbergen are certainly a part of this inner ring. 
Consequently, the area has been considered a 
candidate for volcanic activity.

In spectrographic studies, the Montes 
Spitzbergen are distinctively red with strong UV 
absorption. In the Imbrium area, this often is 
associated with KREEP or evolved basalts like 
High-K Frau Mauro, dacite, or rhyolite, suggesting 

that the mountains may have been involved in 
pre-mare extrusive volcanic activity. However, a 
recent study has shown that, with non-anomalous 
thorium concentrations and titanium (IV) oxide 
concentrations in the 1-3% range, they resemble 
other Imbrium highlands strongly enough to make 
volcanism unlikely. The higher ranges of iron (II) 
oxide, at 7-13%, appear to be due to contamination 
by lateral transport from the surrounding mare 
material1. This probably occurred through normal 
gardening of the Regolith possibly aided by the 
dust “atmosphere” that accompanies the terminator 
in its circumnavigation of the moon.

The USGS geologic map of this area2 places the 
Montes Spitzbergen in a younger (less cratered), 

— continued on page 17

Vertical Displacement of Features in the Montes Spitzbergensis Area
By Steve Boint

Table 1: Relative vertical displacements calculated in the Montes Spitzbergensis area. The photo used was 
taken on 7-16-2005 at 2:03 UT using the SBIG-237a CCD camera. The telescope used was a Newtonian with 
a 10" primary mirror and f/4.5. A 2x or 5x Barlow was used, giving focal lengths of 2100 mm and 6120 mm, 
respectively. The last column is the average of the heights measured using the two different focal lengths. The 
observation was made from longitude 96.73133, latitude 43.52933, at a height above sea level of 434.64 m.
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Figure 1: Heights calculated for this study are placed in a larger font over the relevant LAC map.
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bluer mare fill than Kirch. The intersection of the 
lavas occurs slightly north of Montes Spitzbergen 
Mu. The older fill may be from the Imbrium 
era, but the rest, and possibly the whole, is 
Eratosthenian. The surface fill is 1.5-3km deep 
(thickest at the 
wrinkles) with 
another mare 
of equal depth 
beneath. These 
layers are probably 
a mix of lava, 
ash flow, and 
debris. Ejecta from 
Aristillus blankets 
the area, but is 
interrupted by 
Kirch, making the 
crater the youngest 
feature in the area.

Rukl states that 
Kirch has a depth 
of 1830m, while 
the USGS map 
states 1700m. My 
measurement of 
1700m coincides with that of the USGS, but as a 
single measurement, provides no guarantee that the 
total depth of the crater was determined. Rukl places 
the height of the mountains at 1500m, maximum, 
which agrees well with data from this study3.

Montes Spitzbergen Beta rises 1200m above 
the wrinkle ridge to its west. Given that the other 
peaks which could be measured on their western 
sides with a reasonable certainty that the mare was 
flat were from 1400-1500m, it seems likely that the 
wrinkle rises 200-300m above the surface of Mare 
Imbrium. Measurements were also taken of the 
wrinkle ridge west of Kirch. The value of 1100m 
strikes me as too large, but it is what the data 
suggest and this section of the wrinkle seems to rise 
above the rest. 

Other measurements of vertical displacement 
were made, a few of features whose heights had 
been determined by the USGS in order to provide 
calibration for the other measurements. There was 
strong agreement between my measurements and 

those of the USGS. Measurements were made on 
the opposite side of the mountain from those of 
the USGS for MS Gamma (1100m), MS Epsilon 
(1400m), and the central area of the Montes 
Spitzbergen (1500m), all close to the USGS values, 

suggesting that 
Mare Imbrium 
shows no 
substantial rise 
on either side of 
the mountains. 
Montes Spitzbergen 
Mu, previously 
unmeasured, 
was measured 
at 1300m which 
agrees well with 
the general trend 
of mountain height 
increasing toward 
the center of the 
range. The height 
of the western 
rim of Kirch 
crater (previously 
undetermined) 

was measured at 1500m above the surrounding 
mare. The height of Mons Piton Gamma above the 
mare to its west, also previously unmeasured, was 
determined to be 600m.
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Although the seasons of life sometimes close doors, 
they can also bring about new energy and opportunities. 
Have you considered actively participating in the 
American Lunar Society? Do you have three or four hours 
per month you could invest to keep our society strong?

we currently have need for:
 • someone to manage the web site
 • someone to be treasurer
 • people who could handle various small tasks.

To become an active part of the American Lunar Society, 
contact Eric Douglass: edouglas10326@comcast.net. 
Articles and images for Selenology are always welcome.  
Send them to Steve Boint at sboint0362@msn.com.

The American Lunar Society needs you!




