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Introduction
Floor fractures are found in relatively few craters on the moon and the cause of their formation is a mystery. There are two proposed ideas for the cause of these fractures. The mechanism causing floor fractured craters has been hypothesized to be
either magmatic intrusions or viscous relaxation. Due to the lack of gravity data in early studies, a definite answer was not determined. Recently, gravity data from the Gravity Recovery and Interior Laboratory (GRAIL) has provided new insight into
how floor fractured craters form. For example, Thorey et al. (2015) used GRAIL data to suggest the magmatic intrusion hypothesis is more likely. In this research, we expand on the previous work to further ascertain which of these proposed
hypotheses is best supported by the data. Because magmatic intrusions would lead to a difference in gravity anomalies between floor fractured craters and normal craters that viscous relaxation would not produce, the results of our comparisons has
allowed us to conclude the probable cause of floor-fractured craters. Floor-fractured craters were measured to have a higher gravity anomaly difference between the crater and its immediate surroundings compared to non-floor-fractured craters with
similar properties. This leads to the conclusion that magmatic intrusion is the cause of floor-fractured craters. This experiment is important because it allows for a better understanding of lunar surface activity.

Hypothesis
Background
● Floor fractures are a series of cracks on the floor of a crater.
● Magmatic intrusion and viscous relaxation are two proposed
causes of floor fracturing in craters.
● Magmatic Intrusion: Magma approaches the surface by filling

The cause of floor-fractured craters is magmatic intrusion, as models
of viscous relaxation do not match altimetric measurements of FFC’s.
Additionally, FFC’s occur near mare filled basins, which are known
Figure 1: The crater class scheme for the floor-fractured crater
(Jozwiak, 2012).

locations of magmatic activity (Jozwiak, 2012).

Data

existing cracks under the surface and forms dikes. When the
magma reaches a level where it can no longer expand upwards,

Table 1: All of the data that was utilized throughout this research.

Figure 2: Colorized gravity anomaly map of the moon.

the overlying crust expands laterally and forms cracks on the
surface (Jozwiak, 2012).
● Viscous Relaxation: This is when heat below the surface causes
the rock below a crater to rise unevenly with a dome-like shape.
This expanding rock behaves in a viscous way. The rock on the
surface can not expand this way so it cracks, forming the floorfractures (Solomon, 1982).
● Information gathered by the Gravity Recovery and Interior
Laboratory (GRAIL) satellites and the Lunar Orbiter Laser
Altimeter (LOLA) data set were used in this study.

Figure 3: There is a significant difference between the local
gravity anomaly (difference from surrounding gravity) of FFCs
and non-FFcs, P<.05.

Conclusion

● GRAIL provided precise measurements of the moon’s

● The data obtained and analyzed in this study through GRAIL and
gravitational anomalies. LOLA provided accurate elevation
LOLA supports the hypothesis that magmatic intrusions are the
readings.
cause of FFCs.
● This data was accessed through ASU’s Java Mission-planning
● When comparing the local gravity anomaly (difference from
and Analysis for Remote Sensing (JMARS) program.
surrounding) between the FFCs and non-FFCs, the conclusion
was made that there is a significant difference between the

Methods

gravity of FFCs and non-FFCs, P<.05.
● Data analysis showed that magmatic intrusions cause floor-

● Floor-fractured craters (FFC’s) with significant gravity anomalies
were selected for our study.
● Pertinent “Comparison Craters” without floor fractures, but
otherwise similar to the FFC’s were selected as a control.
● GRAIL data was accessed in JMARS to measure the gravitational
anomalies of both FFC’s and non FFC’s.

fractures in craters. Since local gravity anomaly of FFCs was
higher than non-FFCs, magmatic intrusion is supported and
viscous relaxation is not.
● This is because magmatic intrusion involves spreading dense
basalt and viscous relaxation involves expansion of existing rock.
Magmatic intrusions’ dense rock would cause a trend of higher

● Floor-fractured craters were found in the LOLA Data archive.

gravity in FFC’s, which was confirmed in our study. Gravity

● By applying the GRAIL layer (measured in mGals) on the Moon

anomaly of FFCs being lower than gravity anomaly of non-FFCs

using JMARS, we analyzed every pixel on/surrounding the FFCs

would indicate viscous relaxation.

and non FFCs and averaged all the gravity readings.
● The percent difference between the crater and the surrounding
lunar surface was calculated.
● Comparing the gravity difference between the FFCs and their
corresponding non FFCs using a Student’s t-Test will help to
determine which hypothesis is supported by the data.

Future Research
● The additional analysis of craters as well as the compositional
data of these crates can be analyzed to further augment our
research.
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