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[Some of the paragraphs have been shortened to emphasise certain statements.   

The bold italic emphasis is mine. 

The ellipsis marks (. . .) are in the original.  

My omissions from the original are marked by ************* lines.  

My comments are in square brackets.  Of course, I don’t agree with their time periods or 

with some of their scientific conclusions, but you’ll get the idea.] 

 

PROJECT APOLLO: THE CONCLUSION 
 [This article was created Jan 2, 1997 and placed on the Web] 

 

 The New Moon 

 

 In 1974, following the fifth lunar science conference, Robert Jastrow*
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attempted a brief synthesis of what science had learned from the Apollo 

studies for the New York Times. After outlining the gross features of the 

moon's evolution, he acknowledged that "Apollo has left at least one great 

cosmological question unanswered: Where did the moon come from?" For 

years before Apollo 11 landed, Jastrow said, scientists argued the merits of 

various theories with great intensity, but the battle ended in a stalemate. Each 

theory suffered from at least one major defect.  

 

Everyone expected that the lunar landings would promptly settle the debate. 

It seemed obvious that as soon as we found out what the moon was made of, 

we would be able to tell where it came from: it would have either the same or 

different chemistry from that of the earth.  

 

These hopes were not realized. Analysis of the moon rocks has shown that . . 

. the moon did not come from the earth. But it didn't suggest any alternatives. 

The origin of the moon remains as much a mystery as it was before  

Apollo. . . .
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********************** 

Before Apollo 11, considerable information about the moon had been 

available - principally its physical characteristics, but including some basic 

chemical facts as well.
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1
 * Jastrow, the first director of the Theoretical Division in the Office of Space Sciences [see Chapter 2], 

later headed NASA's Goddard Institute of Space Studies in New York City.  
 
2
 [13 in original]. Robert Jastrow, "Moon Still Is A Generally Silent Witness," New York Times, Mar. 24, 

1974.  
 
3  [15 in original].  [This footnote is continued on bottom of next page]  Material in this and the 
next paragraph is a synthesis of information from several sources: "Planetology," L. S. Walter, B. 
M. French, and P. D. Lowman, eds., in Significant Achievements in Space Science, 1967, NASA SP-
167 (Washington, 1968), pp. 326-52;  Harold Urey, "The Contending Moons," Astronautics and 
Aeronautics 7(1) (Jan. 1969):37-41; A. L. Turkevich, W. A. Anderson, T. E. Economou, E. J. 
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For many years it had been known that the moon was only 60 percent as 

dense as the earth (3.3 grams per cubic centimeter as against 5.5 for the earth) 

and that its rotational properties were almost identical with those of a 

homogeneous sphere. In the 1960s, space probes yielded more information. 

Surveyors V, VI, and VII carried instruments that measured the proportions 

of key chemical elements in the lunar surface. They showed that the maria 

[the “seas” or flat areas] were different from the highlands and that the moon was 

chemically different from both the earth and the (presumed) primordial 

[original] material of the solar system.  

 

The terrestrial material most closely resembling the maria was basalt, an 

igneous [burnable] rock, indicating the maria had been flooded with molten 

rock that had later solidified. Geochemists deduced from its density that the 

lunar basalt could not represent the average composition of the entire moon, 

which allowed the inference that the moon was not homogeneous [the same all 

over].  

 

Later, the Lunar Orbiters returned photographs that showed the moon's 

hidden side to be topographically quite different from the visible side. 

 

Besides providing information essential to the selection of Apollo landing 

sites, Orbiter photographs contained a wealth of geological clues. They 

convinced geologists that at least some of the moon's surface features had 

been produced by volcanic activity.  

 

Analysis of the spacecrafts' orbits provided evidence for anomalous [strange] 

concentrations of mass ("mascons") under some of the maria, suggesting that 

the lunar crust was thicker and more rigid than was previously supposed. Had 

the crust been more plastic, the mascons would have settled deeper into it 

over geologic time, eliminating the gravitational anomalies that affected 

Lunar Orbiter V.  

 

 

Thus the outer layer of the moon had been cold and rigid for a very long 

period, yet lava flows large enough to fill the basins had occurred as well.  

This too implied a nonuniform structure for the moon and probably a 

complex evolutionary history.   

 

******************  

The oldest rocks found on the moon appear to have been chemically 

                                                                                                                               
Franzgrote, H. E. Griffin, S. L. Grotch, J. H. Patterson, and K. P. Sowinski,  "The Alpha-Scattering 
Chemical Analysis Experiment on the Surveyor Lunar Missions," in Surveyor Program Results, 
NASA SP-184 (Washington, 1969), pp. 271-350; Wasserburg, "The Moon and Sixpence of Science." 
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assembled around 4.5 billion years ago, in the late stages of formation of the 

solar system. How the materials of the moon came together is still an 

unanswered question; the evidence indicates that the moon aggregated [came 

together] out of the debris left over from the formation of the sun.  

 

According to a widely held view, it was never completely molten; only its 

outer layer, perhaps to a depth of 320 kilometers (200 miles, roughly one-

fifth of its radius) was melted.  

 

This sea of molten rock, agitated by a continuing rain of fragments, lost its 

heat to space and began to solidify. As it did so, different minerals 

crystallized at different temperatures. Convection currents set up by cooling 

at the surface brought deeper, hotter material to the surface and at least 

partially remelted the surface crust. As cooling continued, crystals of 

different composition separated, giving rise to the chemical segregation 

observed in the lunar crust.  

 

Eventually, probably after some 200 million years, a rigid crust of 

considerable thickness formed, composed mostly of light-colored minerals 

rich in calcium and aluminum (plagioclase). Beneath the crust a mantle of 

iron-and magnesium-rich material settled, consisting predominantly of the 

minerals pyroxene and olivine.  

 

At the center of the moon a core of dense, partially melted material may have 

formed, rich in iron and sulfur. The presence of a semiliquid core is indicated 

by the behavior of seismic waves passing through the moon and by the 

presence of residual magnetism in lunar rocks: at some time in the past, it 

appears, the moon had a magnetic field (thought to be produced by a liquid 

metallic core) which has since almost entirely vanished.  

******************************  

 

The whole article may be found on 

 

http://www.hq.nasa.gov/office/pao/History/SP-4214/ch14-4.html 
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