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Introduction: The lunar surface is often assumed

to be entirely static, except for tidal deformations and

meteorite impact; a recent study using Lunar Laser

Ranging (LLR) constrains the relative motion of the

Apollo 11 and 14 retroreflector arrays to be no more

than 4 mm/yr over a 14-year period [1]. However,

the seimometers left on the Moon by the Apollo astro-

nauts as part of the Apollo Lunar Surface Experiments

Package (ALSEP) arrays revealed that there were rela-

tively strong surface or near-surface lunar moonquakes

[2], which must be associated with ground motions.

Twenty-eight such Earthquakes were detected in eight

years of observation, the largest being sufficiently en-

ergetic to present a possible risk to Astronauts on the

surface in the seismic zone [3].

Active Tectonics on the Moon: Recent work has

shown a connection between at least some of the surface

moonquakes and geologically young thrust faults on the

Moon, with 7 of the 28 ALSEP events being within 60

km of an apparently young lobate scarp. Conventional

crater-size / frequency dating indicates that these lobate

scarps are <50 Myr old [4]. Another study [5] shows

that geologically young lobate scarps and wrinke ridges

are assocated with fresh boulder fields (Figure 3), with

large numbers of 1 to 10 meter boulders on top of or

beside ridges in the fault area. The rapid destruction

of such boulder fields by meteorite impacts indicates

that these areas must be very young (< 10 million years

in some cases). The seismic moment (MW 4.1) of the

largest observed shallow moonquake, together with an

estimate of the fault size in that location [6] indicates

that there could have been meter level ground motions

for that event, large enough to be both easily detected

with geodetic measurements and also to present a dan-

ger for any astronauts working in the vicinity.

The combination of fresh faults with the apparent cre-

ation of boulder fields strong suggests that at least some

surface moonquakes are associated with meter level sur-

face motions (as multiple small motions would not un-

earth or create large numbers of meter sized boulders on

top of ridges). A vertical or horizontal displacement of

such a size on the near side of the Moon could be easily

observed by either LLR of retroreflectors, or Very Long

Baseline Interferometry (VLBI) of suitable radio bea-

cons [7], respectively, assuming that a suitable geodetic

network was placed in the seismically active area.

Activity in the Gruithuisen Dome Region: The

Gruithuisen domes are on highland terrain between the

Oceanus Procellarum mare immediately to the South

and West and Mare Imbrium to the North and East.

Figure 1 shows an oblique view of the the Gruithuisen

Gamma Dome region; the Gamma Dome rising to

∼1500 m above the mare surface [8]. In an extensive

search of the entire Dome region we found one location

with evidence of recent tectonism, the depression to the

South of the Gamma Dome we call the Gamma Pit.

Figure 1 shows that there a peninsula, ∼ 9 km long,

attached to the South part of the Gamma Dome. This

area is not silicic, but appears to be highland material

[8], and is called the Highland Peninsula here. Also no-

ticeable in this Figure is the relatively small Gamma pit

at the Southern end of the Peninsula, called the ”nega-

tive topographic feature” (NTF) in [8]. This pit, shown

in vertical incidence in Figure 2, is about 4 × 2 km EW

versus NS, and appears to have a fault at its bottom. The

deepest feature in the Gamma Pit is the “East Bend” at

∼ 36.039◦ N and -40.316◦ E, which lies ∼250 meters

below the mare surface, while the Highland Peninsula

peaks at ∼750 meters above the mare surface [8], lead-

ing to an ∼1 km fairly shear vertical relief between the

Peninsula and the fault at the bottom of the Gamma Pit.

The Gamma Pit has many exposed boulders inside it, al-

though there are none on top of the Highland Peninsula

or in the adjacent mare region, a clear indication of re-

cent activity. Almost all of the exposed boulders are on

the mare side of the pit, and are presumably exposed by

tectonic activity. We also found 5 boulder tracks within

the pit (see Figure 4), another clear indication of recent

activity. Finally, there are the “concentric rings,” (Fig-

ure 3), which may be an indication of extensional forces

in the mare near the pit. One hypothesis is that the pit

results from the collapse of a lava tube or chamber [9],

but if so this collapse is presumably still ongoing, and

the chamber must have been very large and ∼1 km high.
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Figure 1: An oblique view showing the Gamma Pit in the Gruithuisen Domes region from LROC NAC image

M1106087898LR. This image was taken facing ∼West, North is to the right.

Figure 2: A portion of LROC NAC frame

M135452859LC ∼4 km wide, showing a high in-

cidence angle view of the Gamma Pit region including

the “East Bend,” an approximately right-angled feature

that is the lowest visible part of the Highland Peninsula,

∼250 meters lower than the mare surface and ∼1 km

below the peak of the Highland Peninsula to the North.

The Gamma Pit region seems geologically young, while

from the Rille (visible at bottom) has approximately the

same crater density as the surrounding mare, and is thus

presumably roughly the same age.

Figure 3: The Concentric Rings South of the Gamma

Pit area, from LROC NAC image M135452859LC. The

rings are ∼130 meters wide and extend from the rille

across the mare and into the pit itself. Boulders in the

Gamma Pit region can be easily seen in this image.

Figure 4: An enlargement of part of the “Boulder

3” track from LROC NAC image M135452859LC as

shown in Figure 3. The dark spots in the boulder track

are presumably depressions caused by a projection on

the boulder; they are separated by ∼ 15 m, indicating a

boulder diameter of about 5 meters. This boulder has

rolled down to almost the Mare-Highland fault itself

(visible here as a line of small pits, ∼10 m in diame-

ter, trending almost perpindicular to the boulder track).
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