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younger than the mare — because the mare had to be present before a meteoroid could hit
it, producing a crater that cut through it. If we see a crater sitting atop the rim of another,
partially obliterating it, the superimposed crater must be younger.

Example 3.1

In the image at the right (Figure 3.2), smaller crater Thebit A appears in the
upper left-hand corner, on top of and interrupting the rim of larger crater
Thebit. Common sense tells us that Thelil, must have formed before the
rock that created Thebit A could crash into and destroy part of its rim.

Figure  3.2:

Relative ages for fedtures over an entire planetary surface can be obtained ¥
Crater Thebit

by comparing the number of impact craters in different areas. The longer a
surface has been exposed to meteoric bombardment, the more impact craters it should have
acquired. Older surfaces thus have accumulated more impact craters than younger ones.

Figure 3.3: A series of time step images, starting in the upper left-hand corner and proceeding

in turn, models the changes in appearance for a smooth surface

across each of four rows
exposed to a steady rain of small pazticles of varied sizes.

Example 3.2

The preceding image (Figure 3.3) shows the results of cratering experiments conducted in 2
laboratory here on Earth. The first frame (upper left-hand corner) shows an init ially smooth
surface, one which is then exposed to a steady bombardment of small particles of various
sizes. The time-lapse sequence of images, with time increasing from left to right and then
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gets “older” it presents a steadily increasing number of craters. The “age” associated witl
each image could be estimated by counting the number of superimposed craters atop the
surface.

Crater counts can be used to establish relative ages for surfaces. If an average cratering
rate (the number of new craters created per unit area per year) is known, counts can be
used to estimate ages for surface features. The basic Hea is that older surfaces are more
heavily cratered, so age is proportional to the surface density of craters. Complicating
factors include an inability to correct for numerous secondary craters produced by secondary
projectiles thrown up by a primary projectile, and lava (or water) flows that can obliterate
craters. Given the Moon’s minimal surface activity of late, it is safe to assume that once
widespread lunar lava flows ended, few or no craters were erased from the record.

3.2.1 Activity: The Lunar Surface, Craters, and Relative Dating

Our introduction to the lunar surface continues with an examination of the regions visited
by the crews of the Apollo 12 and Apollo 16 manned missions. We will examine two Lunar
Orbiter survey photos, shown at low-resolution in Figure 3.4.

Figure 3.4: Low-resolution Lunar Observer images of the landings sites for the Apollo 12
(left) and the Apollo 16 (right) missions, taken from a space craft orbiting the Moon.

1. Tt is important that you view higher-resolution versions of the two images from the GEAS
project lab exercise web page (see the URL on page 3 in §3.1.2). Click on the labelec
and unlabeled versions of the images on the website to bring up higher-resolution images.
zoomine in to studv detailed features. Do not use the lower-resolution images shown in the
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Complete the following nine questions by circling the appropriate answer. (9 points total)
(a) Which landing site better represents the lunar mare region? (Apollo 12 / Apollo 16)

v
(b) Which landing site better represents tlglunar highlands region? (Apollo 12 / Apollc
16)

(c) Which of the following craters lacks a central peak? (Lansberg / Eppinger / Taylor)
(d) Which of the following names on the Apollo 12 site image denotes a mountain chain?
(Mare Insularum / Montes Riphaeus / Luna 5)

(e) Which of the following craters on the Apollo 16 site image no longer has an intact
well-defined circular rim?

(Alfragenus / Theon Senior / Theon Junior / Zollner) -

(f) Which lunar mission landed in an area crossed by a prominent lunar ray?

(Apollo 12 / Apollo 16)

(g) Which landing site appears to have a greater density of craters? (Apollo 12 / Apollo 16)

(h) If Crater Eppinger (at the bottom of the Apollo 12 landing site image) has a diameter
of six kilometers, what is the diameter of the smallest crater shown in this image?

(0.1 kilometers / 1 kilometer / 2 kilometers / 3 kilometers)
(i) The largest crater identified by name on the Apollo 16 image has a diameter of:
(30 kilometers / 40 kilometers / 50 kilometers / 100 kilometers)

2. Next consider a region at the lunar highland-mare interface, shown in Figure 3.5. Note
that parts of the rims of craters Fracastorius and Beaumont appear to have been destroyec
by lava flows associated with the Sea of Nectar (Mare Nectaris). There is a bright streak (2
lunar ray) to the lower-left of crater gosse, illuminated when observed at full moon with the
Sun overhead (as shown in the lower-left corner of Figure 3.5).

Consider four events:
(a) the lava flow associated with the impact that created the Mare Nectaris
(b) the impact event that created crater Rosse, sitting in the Mare Nectaris

(c) lunar highland crater production (of which Fracastorius and Beaumont are examples)
r= o ST
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and rest on Rosse.

Order these four events in time, from earliest to latest:

Explain why you ordered them as you did. (4 points)

> -

Figure 3.5: The region surrounding the large craters Fracastorius and Beaumont (right)
identified by name (upper-left), and a second image with the Sun directly overhead, (lower-
left) centered around crater Rosse in the heart of the Mare Nectaris (marked at right).

3. Now build two plots, showing the density of new craters found superimposed atop large
craters which formed at various times in the distant past. Access the first plotting tool listec
for this lab exercise from the GEAS project lab exercise web page (see the URL on page &
in §3.1.2).

(a) In vour first plot, track the large crater age versus the surface density of later, superim-




[image: image5.jpg]posed craters for the nirst four of the large craters listed i lable 5.2 (those less than 1ol
million years old). Be sure to give your plot a title — something like “Crater Properties” is
fine. Label the x-axis “Surface Density (craters per 10°6 km~2)”, and label the y-axis “Age
(Myr)” to indicate units of millions of years. Select “yes” for both “show linear fit to data”
and “force fit through origin,” to add a line predicting the age of a crater covered by new
craters to a certain density, and to force the line to go through the origin. (This is equivalent
to saying that a brand-new crater should haye no craters superimposed on top of it when it
first forms, just like a freshly-washed count&*top shotild show no fingerprints.)

Table 3.2: Crater Properties

Entry,| Crater Name Density Age
(#/10° kn?) | (Myr)

1 Cone (Apollo 14) 20 26

2 North Ray (Apollo 16) 50 50

3 Necho 67 80

4 Tycho 90 109

5 Aristarchus 270 450

6 Copernicus 1,200 850

(b) Use the best-fit line on the plot to estimate the age of the crater Giordano Bruno, a
young, virtually unblemished crater which lies slightly on the far side of the Moon. Recent
studies have reported a surface density of 3.2 craters per million square kilometers on the
continuous ejecta surrounding the rim of the Bruno crater. Use the relation between age
and density derived for the four objects in your plot to estimate how long ago this crater
formed, given the observed surface density of additional craters.

To do this, use the relation
Age = m x Surface Density

where the slope m of the relation is taken from the fit to the data in your plot. (For example,
if the slope of your plot was 2, then the derived age would be 2 x 3.2 = 6.4 million years.)

Derived age: (Myr). (1 point)

To check your answer, add a new data point to the input data for your plot, with the crater
density and the age for the Bruno crater. When you recreate the plot, the slope should not
change appreciably, and the new point (the one closest to the origin., with an x-coordinate
of 3.2) should appear right on top of the fitted line.

(c) In the 1970s, astronomer Jack Hartung proposed that the Bruno crater formed quite
recently, on June 18, 1178. He hypothesized that five monks from Canterbury observed the
impact, based on a written account of their testimony.

“Now there was a bright new [thin crescent] moon, and as usual in that phase its horns were
tilted toward the east and suddenlu the unver horn solit in two From the midvoint of this




[image: image6.jpg]division a flaming torch sprang up, spewing out, over a considerable distance, fire, hot coals,
and sparks. Meanwhile the body of the moon, which was below, writhed ... like a woundea

snake.”

Does your age estimate support or counter Hartung’s hypothesis? (Support / Counter)

Explain your answer. (2 points)
@ v

(d) In your second plot, add in the two oldest craters (Aristarchus and Copernicus) listed
in Table 3.2 to the data to be plotted. Once again, fit a line through the data points and
through the origin. Compare the slope of the line in the first plot to that of the second plot.

Based on the distribution of all six data points, and the best-fit lines, has the lunar cratering
rate changed significantly over the last 850 million years? Explain your answer. (3 points)

Be sure to include both plots in your lab report.

Congratulations, you have completed the first of this lab’s three activities. You may u)@nt te
amcanor Post-Lab auestions 1 throuah 8 on vage 20 at this time.




