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Abstract

Mare ridges, lobate scarps, and straight rilles are representative tectonic struc-

tures on the Moon. Mare ridges are interpreted as the surface expressions of thrusts

and folds. Lobate scarps and straight rilles are interpreted as tectonic structures

formed by thrust faults and normal faults, respectively. Their formations are thought

to have resulted from the subsidence of massive mare basalt fills, which has been

the most popular hypothesis of the origin of lunar tectonics since the 1970’s. The

subsidence should have occurred syndepositionally. Since major volcanic activities

on the Moon are thought to have ceased around 3.0 Ga, tectonic activities should

have ceased simultaneously. However, some recently found structures are inconsistent

with the hypothesis. Their formation ages would be clues to the origins of tectonic

structures on the Moon

In this study, in order to date tectonic activities, a newly-developed method

and two classical methods were applied to tectonic structures in the northwestern

Imbrium region on the Moon. Data obtained by the Selenological and Engineering

Explorer spacecraft and Lunar Reconnaissance Orbiter were used.

A classical method was applied to the tectonic structures to constrain the

initiation and termination ages of their formations in Section 2: That is the depo-

sitional ages of the stratigraphic units of mare basalts they deformed. Conventional

two-dimensional crater chronology was used to estimate the depositional ages.

The ages of craters were roughly determined by using the degradation levels of

the craters in Section 3. This is another classical method to constrain the termination

ages. There are craters along faults which cut some of the craters, meaning that the

faults are younger than the craters. Therefore, the youngest crater unaffected by a

fault indicate the termination age of the fault activity.
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The author developed a new technique, which was named “one-dimensional

crater chronology” in Section 4. To constrain the termination ages of a fault quan-

titatively, the technique requires the linear number density of the unaffected craters

along a fault. The craters that are located on a fault but unaffected by the fault are

younger than the fault activity, whereas the craters ruptured by a fault are older than

the fault. In this study, numerical simulations were performed to make cratered lunar

surfaces, and the linear number density of craters as a function of time were derived.

The newly technique is applicable to not only estimating the termination ages of fault

activities, but also estimating the depositional ages of narrow mare basalts.

These three methods were applied to the northwestern Imbrium region. The

results are summarized as follows:

1. The initiation ages of mare ridge formations:

About half of the mare ridges in the study area began their formation after

∼2.1 Ga as evidenced by the age of the youngest basaltic unit on which they

deformed. The ages of the rest of the mare ridges were constrained to be

younger than ∼3.0 to 3.5 Ga.

2. The termination ages of mare ridge formations:

Ruptured Copernican craters along faults are widely distributed in the study

area, indicating the tectonic activities continued in the Copernican Period. By

means of the one-dimensional crater chronology, a mare ridge was determined

to be younger than ∼0.2 Ga.

3. The termination ages of lobate scarp formations:

Lobate scarp formations lasted until the Copernican Period as evidenced by

ruptured Copernican craters.

4. The termination age of a graben formation:

A graben formation lasted until the latest stage of the Eratosthenian to the



Copernican Period as evidenced by the degradation level of a ruptured crater.

These young tectonic structures are inconsistent with the conventional hy-

pothesis that the deformations attributed to the subsidence of massive mare basalt

fills. Considering the wide distribution of the young tectonic structures over the study

area, the global cooling or the cooling of the PKT region are possible origins for the

young tectonic structures. In addition, the tectonic activity of the graben lasted

until the latest stage of the Eratosthenian Period or until the Copernican Period,

suggesting that the global or regional cooling had a stress level low enough to allow

compressional and extensional tectonics at the same time.

The details of the lunar tectonic history will place constraints on the thermal

history of the Moon. Furthermore, the details will place constraints on the Giant

impact theory. The theory requires initially totally molten Moon so that it would

have a maximum radius change of no more than 10 km in the past 3.5 G.y., but the

geological evidence indicates the radius change of less than 1 km for the period. This

discrepancy might be solved by regarding those young mare ridges as the results of

contraction of the lunar crust.




