


































































1. Stable-base copy of original drafting in ink. The base must be translucent; 

it is normally a plastic such as cronaflex or mylar, preferably about .004" 

thick (thicker sheets produce poor copies, thinner ones are insufficiently 

scale-stable). The relief base (imprinted photomechanically on the plastic) 

must not be in black, or it will interfere with the black geology lines when 

the two together are copied photomechanically onto the scribecoat to be 

scribed; we have always used brown. The best strategy is to imprint the 

base en the back of a double-frosted sheet ("left reading U
) and draft on the 

front, so that erasures do not affect the base. 

2. A separate sheet for overlays such as ray pattern and dark mantling material. 

(Note: some authors, if they anticipate numerous changes, compile letter 

symbols and lines on separate sheets; but this makes ozaliding difficult, 

so combine symbols and lines before submission.) 

3. A completely accurate colored ozalid of the map. This is called the umill 

copy" and, after approval by the Director, is used by the Branch of Tech­

nical Illustrations (BTl) as their drafting guide; it even supersedes the 

author's original stable-base inked copy. 

4. Text: double-spaced typed copy, preferably on 25-line manuscript paper 

obtainable from the Survey (ultimately the General Services Administration). 

5. Explanation: two possible formats: 

a. Double-spaced typed copy like the text. 

b. Single-spaced copy on a single large sheet of paper, layed out in correct 

format. (I prefer this style because format and inconsistencies among unit 

desc.riptions are clarified; but it is more difficult to construct this 

large sheet than the page-sized package.) 

6. Colored explanation layout, if not in the form of Sb. 

7. Marginal notes, index maps, etc. (see section on format). 

8. Cross section (optional)--stable base. 

9. Cross section (optional)--colored ozalid mill copy.ll 

10. Duplicate uncolored copies of map, cross section, text, and explanation. 

11. And of course, save a copy of everything yourself. You will need these for 

reference in telephone discussions with reviewers; and the mails do lose 

things. 

Note: On all material the author submits, he must label every patch of every unit. 

In drafting, BTl will label only as many patches as it believes necessary, because 

the color of a published map carries most of the story. This point is commonly 

not understood by authors when they check color proofs; they waste a lot of time 

pOinting out missing labels. 

Do's and Don't's 

Following is a list of guidelines that will help you prepare better maps. 

You should consider this list and the ones that follow in all stages of your 

II Although not always included with the final map package, cross sections (Survey 
editors call them Itgeologic sections tl

) should always be drawn, as in terres­
trial geology, to test the map relations. 
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mapping--before, during, and after. The listed items are not supposed to be 

cliches, but are derived from observations made repeatedly in the course of re­

vie,.,ing and editing lunar maps. 

1. Make a reconnaissance of the ''lhole area before starting, and decide tenta­

tively on units; I do this by making a nearly complete map in pencil on 

a paper copy of the base, before committing ink to a stable-scale copy 

of the base. This reconnaissance is necessary for internal consistency. 

2. Layout and ~.,rite the explanation \l7hile mapping--not after. 

3. Watch embayment relations; at a triple point, the contact of the youngest 

unit is the continuous one; that is, the contact between the two older units 

must terminate abruptly at the young one. 

4. Remember that you are mapping materials, not topographic forms. This means, 

for example, that the contact bounding materials of a crater must be drawn 

not at the rim crest, but at the outer limit'of deposits thought to be 

associated with the crater; these will commonly be expressed only as ~ 

slope having no distinctive topographic texture. (if in doubt what to 

map in an old crater, look at a young crater.) 

5. In drafting, remember that you are communicating both to other geologists 

and to draftsmen who know no geology. 

6. You must color out your own map after you think you are finished; 

you will catch dozens or hundreds of errors. 

7. Compare and discuss the geology on your map with authors of adjoining maps; 

resolve all major conflicts. This will both clarify your mapping and 

bring the compromise that is essential for consistent portrayal. 

Or to put it negatively, following is a partial list of errors that keep 

cropping up on lunar maps. 

1. Inconsistency between map and explanation in the following respects: 

a. Units shown on one but not the other. 

b. Different unit and structure symbols (commonly caused by a 

change of mind during mapping that is not completely incorporated). 

c. Age relations as shown in explanation differing from those shown 

on map by the overlap and embayment relations. 

2. Units not fully or accurately described in explanation (usually because 

of being copied from other maps or written after completion of the mapping), 

3. Conclusion drawn in interpretation paragraph from relations not mentioned 

in characteristics; or significance of a characteristic not stated in 

interpretation paragraph. 

4. Reason for age assignment not stated. 

5. Inconsistency between map and cross section. 

6. Uneven portrayal in different parts of the map (commonly caused by trying 

to map too much detail early in a projecS then giving up), 

7. Too much attention to circular craters and their subdivisions, and too 

little to irregular craters and non-crater units, 
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8. Incompleteness (ltleave it to the reviewer to fix"). 

9. Ambiguous layout of units in the explanation (very common). 

10. Confusion between contacts and structural symbols, especially between 

dashed contacts and lineaments, and where fault and scarp symbols are 

at contacts. 

11. Lines not closed off. 

12. Joins between lines made in the space between dashes rather than on a dash 

(how can the draftsman tell where to close the. line?). 

13. Units without symbols. 

14. Overprints of symbols and lines. 

15. Indistinct leaders (short lines from letter symbol to unit), including 

confusion with contacts and structures. 

16. Ambiguous dash length. 

17. Queried units on the map that are not explained in the explanation (always 

must say tlqueried where could be younger" or some other specific reason 

for querying--not just, "queried where doubtful"--though you may say this 

for structures and contacts). 

And as another way of describing errors, I list below two, equally wrong, 

extremes--because we seek happy mediums. 

ONE EXTREME 

Excessive splitting of units that ob­
scures the big picture. 

Excessively contorted line drawing 
that (while accurate) crowds the map 
and obscures the overall relations. 

Too-careful, t.ime-consuming line draw­
ing. 

THE OTHER 

Excessive lumping that ignores signifi­
cant differences. 

Excessive tlcartooning" that ignores signif­
icant detail. 

Sloppy line drawing. 

Excessive expression of doubt and quali- Insufficient expression of doubt and quali-
fication; for example, ignoring the fication; for example, assuming that all 
great likelihood that craters like craters are of impact origin. 
Tycho are of impact origin. 

Too detailed or too far-out new ideas-­
more a portrayal of the mind than the 
Moon. 

Over interpretation that causes contacts 
to cross objective boundaries or to be 
drawn where no differences occur. 

Leroy or other time-consuming template 
lettering. 

Recalculating positions and ignoring 
the base. 

Copying other maps. 

Too few new ideas--just another map sheet 
like all others. 

Underinterpretation that results in an 
trobjective lf terrain map. 

Unreadable symbols (too faint, too non­
standard, or too sloppy). 

Attempts to match base where the base is 
very inaccurate. 

Complete re-invention of the wheel (re­
sulting from poor scholarship). 
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ONE EXTREME 

Not thinking of implications of the 
symbols and conventions for units and 
s truc tures. 

Repeating all material between text and 
explanation (the text should summarize 
and hit the highlights; the explanation 
is a dictionary). 

Going back to first principles (needed 
once, but no longer). 

Extensive list of characteristics that 
conveys no mental picture (especially, 
a list contrived to fit a tortuous in­
terpretive maze). 

THE OTHER 

Developing own set of completely new con­
ventions. 

No tie, or inconsistencies 
and explanation 

between text 

Addressing work only to other lunar 
geo log is is. 

Brief list of unit characteristics that 
conveys no mental picture. 

Reviewing and Editing 

The Survey has a long tradition of thorough reviewing, editing, and rework­

ing of manuscripts. 11 This process necessarily delays the publication of manu­

scripts, but usually improves them. Lunar maps, in particular, have gone through 

an agonizingly long period of examination and reworking--particularly the bad 

ones, but also the good ones, for we have tried hard to maintain consistency and 

achieve clarity in the face of continuing scepticism about the validity of our 

product. Although the job has not been pleasant for reviewers or mapping coordin­

ators, I believe it had to be done. When you have finished a job, all the time 

you have spent on it is largely forgotten; but the map remains there forever 't<lith 

your name on it, and the name of your organization. 

For lunar maps, the Survey review and edit process is as follows: (1) Branch 

Chief's approval of authorship, title, and scope; (2) coordinator's check of units 

and format; (3) at least two technical reviews, preferably sequential with author's 

alterations in between, but sometimes necessarily simultaneous; (4) coordinator's 

and Lunar Geologic Names (Standards) Committee final check; (5) Branch Chief's 

review; (6) Technical Reports Unit (TRU) edit of map and (usually) edit of 

text; (7) Survey Geologic Names Committee's check; (8) Director's approval (seldom 

any changes; sometimes deletion of excess material); (9) transmittal to Branch 

of Technical Illustrations (BTl), at which time all changes must cease or be 

charged monetarily against the author's project. For book reports (professional 

papers, bulletins, and outside pUblications), an additional exasperating step 

comes after approval: Branch of Texts edit and preparation for the printer. 

Book reports thus go through two independent mil1s--TRU (Geologic Division) and 

Branch of Texts (Publications DiviSion). The Survey (Branch of Map Reproduction-­

BMR) prints maps; the Government Printing Office (GPO) prints bpok reports.~1 
II Reviewing means technical reviewing for content and organization by a colleague; 

editing means checking for mechanical defects, spelling, grammar, format, and 
departure from standards. 

~/ Additional information on Survey practice and standards is contained in the manual 
"Suggestions to Authors of the Reports of the United States Geological Survey" 
(U.S. Geol. Survey, 1958). 
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Technical reviewing is probably the most important step in this mill. Not 

even the best author can communicate perfectly to a reader, because he can never 

put himself completely in the reader's place; there is always something the author 

knows that he subconsciously assumes the reader knows, but doesn't. Also, authors 

are seldom consistent throughout the whole map, text, and explanation. For bad 

mappers or writers, of course, the review process will illuminate even worse short­

comings. So I cannot emphasize strongly enough the importance of thorough reviews. 

A review of a map is a major job; it should take several days. A review will not 

be complete unless the reviewer colors out the map himself while examining the 

photographs upon which the map was based. He must constantly go back and forth 

between photos, map, and explanation. So if you are going to undertake a planetary 

(or any) map, you must be prepared to review heavily and be reviewed heavily. 

Dividends are improvement of your own map by colleagues' reviews, and improvement 

of your own mapping by your review of other maps; you learn both the geology of 

other areas and the techniques of other workers. 

Review comments should be helpful, not consist of query marks or sarcastic 

comments. If the author thought he was wrong or was not communicating, presumably 

he would have expressed himself differently; so tell him your objection specifically. 

Comments on maps, including color proofs, are to be written in the margins, 

with leaders into the body of the map pointing clearly to the place in question. 

All comments by reviewers must be responded to, either by accepting them or 

rejecting them in writing, usually in notes next to the original comment. 

And finally, the faster you turn to the review job when it is given you, 

the faster the map will be published. Slow reviews are the biggest reason for the 

Survey's reputation for delayed publication. Because of this, it is now a general 

Survey rule that when one receives a review job, he drops all other work. 
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PART III 

HISTORY OF THE U. S. GEOLOGICAL SURVEY LUNAR GEOLOGIC MAPPING PROGRAM 

Before the space age began in 1957, most investigators concentrated on topi­

cal studies of selected lunar features (craters, lineament patterns, etc.) for 

the purpose of deducing their origin, or confirming a prejudice for either ex­

clusive impact or exclusive volcanic origin of lunar features. Some whole-Moon 

studies were performed) including extensive ones by people with a bias for in­

ternal origin (Shaler, Spurr, von Bulow, Khabakov)', and less elaborate ones by 

those favoring impact or mixed origins (Gilbert, Baldwin, Kuiper)~1 Few lunar 

students looked systematically for stratigraphic sequences in lunar rocks, and 

almost all thought in terms of physiographic forms (craters) not materials 

(crater rim materials) . Wha t "'vas lacking was a sys tematic, stratigraphically­

based geologic mapping effort that incorporated.as strict a separation of inter­

pretation and observation as possible; this combination has been the charter of 

the Survey's program. 

Two principal Survey products stimulated by the dawning space age preceded 

the main mapping program. In the first, for the Army Corps of Engineers, photo­

geologist Robert J. Hackman drew a map at a scale of 1:3,800,000 showing three 

stratigraphic units--pre-mare, mare, and post-mare (Hackman and Mason, 1961). 

This map was accompanied by maps showing rayed craters and physiographic provinces 

(chiefly Hackman) and by rather bold terrain evaluations and geologic interpreta­

tions (chiefly Mason). In the course of this work Hackman suspected the time lag 

between the formation of the Imbrium basin and its filling by mare material, be­

cause of the excess of fairly fresh (so presumably post-basin) craters on the 

terra (Hackman, oral communication, 1971). In a concurrent and independent effort, 

Shoemaker was systematically mapping the Copernicus region in greater stratigraphic 

detail, at the scale of 1:1,000,000. Except in its use of interpretive unit names, 

this map was to become the prototype for the 44 lunar quadrangles of the main 

Survey systematic effort. A small experimental edition was printed in color, but 

not released to the public, by the U.S. Air Force Aeronautical Chart and Informa­

tion Center (ACIC). The bas'e was a prototype shaded relief chart made by ACIC.!i 

11 In all European lunar geological publications I have seen, an internal origin 
is favored for all or nearly all lunar features, and the same was true in America 
before the space age; exceptions were the works of Gilbert, Barrell, and Dietz. 
It was the astronomers who favored the impact hypothesis, and they were scorned 
as IIcatastrophists" by the geologists, probably still defending themselves against 
bible-based pre-geology. The current acceptance among American geologists of 
impact as a major--but, emphatically not sole--lunar process is probably due to 
Shoemaker, who saw the validity of the arguments of Gilbert and Baldwin, and who 
helped discover new terrestrial impact craters. The Soviet and other European 
geologists apparently still prefer to explain nearly all lunar phenomena by 
analogy with terrestrial phenomena familiar to them. 

II See next page. 
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(The map also appeared in color in the November 1963 edition of tlFortune. fI) 

While mapping, Shoemaker recognized the fundamental stratigraphic succession: 

Imbrium basin - mare material - Eratosthenes - Copernicus. This map demonstra­

ted) against considerable skepticism and opposition, the validity of the geologic 

mapping approach to lunar studies. As a result of this demonstration and the 

active support of John O'Keefe (NASA Headquarters), Manfred Eimer (JPL) , Robert Carder 

(ACrC), and Lorin Stieff (USGS), the systematic mapping program began under NASA 

sponsorship. 

The stratigraphy that Shoemaker had worked out, a statement of stratigraphic 

principles that underlie lunar geologic mapping, and a black-and-white version 

of the Copernicus prototype map were published in a joint paper by the two pioneers 

(Shoemaker and Hackman, 1962) and in a paper on interpretation of craters by 

Shoemaker (1962). 

The first three maps published in the systematic program--Kepler, Letronne, 

and Riphaeus Mountains--showed essentially three types of units--crater materials, 

mare materials, and terra materials; only the crater materials were extensively 

subdivided by age and facies. On one of the maps in an early violation of the 

principle of separation of interpretation and observation, smooth plains and hununocky 

materials were both assigned to a unit which was believed to be the ejecta blanket 

of the Imbrium basin.11 Such distinct units should always be distinguished in 

mapping even if they ultimately prove to have similar origins. The maps, like the 

early stratigraphic system of Shoemaker and Hackman (1962), ,also failed to separate 

clearly rock-stratigraphic and time-stratigraphic units, such as the rock unit 

"mare material" and the time-stratigraphic unit "procellarian System." An impor­

tant advance was recognition of the presence of Imbrian-age craters, those that 

are younger than the Imbrium basin but older than the mare material. 

In late 1962 and early 1963 a group of new mappers was recruited by Shoemaker 

to augment and partly replace the quartet of himself, Hackman, Marshall, and 

Eggleton; a year later the newcomers were ready to pressure the establishment to 

make certain changes. (These young Turks are now, of course, the establishment.) 

Good agreement was reached at a stratigraphic conference of all mappers in November 

1963. Rock-stratigraphic and time-stratigraphic units were firmly separated 

°1/ Fo·r a discussion of this unit I s nomenclature history, see Wilhelms, 1970, P6 F23-F27). 
II (From preceding page). The Copernicus base chart by ACIC was the prototype 

of their highly us:e:eul and well executed series of 44 Lunar Astronautical Charts 
(LAC) which are the bases for all the Survey 1:1)000,000 geologic maps and which 
give their names to the maps. The airbrush technique proposed by ACIC, like our 
geologic mapping technique, was at first regarded as unscientific, old-fashioned, 
and impossible to do systematically. However, the technique was successfully 
demonstrated on the prototype, and ACIC began its systematic production of the 
maps under Robert Carder in St. Louis and William Cannell at Lowell Observatory 
in Flagstaff. This very productive and at times brilliantly effective effort 
was concluded in early 1969. The cooperation between ACrC has continued, and all 
Survey lunar maps have been printed on ACIC bases except a few large-scale maps 
of potential Apollo landing sites, printed on Army Map Service (Topocom) photo­
mosaics. 
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(McCauley, 1967, p. 437; Wilhelms, 1970, p. Fl1, F23, F30-F32); formational names 

were introduced, and the splitting of units was accelerated. The basic time­

stratigraphic units and the general mapping philosophy agreed on at this meeting 

have proved adequate for completion of the rest of the 1:1,000,000-sca1e program 

and the recent compilation of the w·ho1e area of 44 quadrangles at a scale of 

1:5,000,000 (Wilhelms and McCauley, 1971). Subsequent changes in conventions 

became increasingly minor as the mapping progressed. Two additional meetings 

of all mappers were necessary to adjust some of th~ mapping conventions. Now, 

changes are handled by filtering them through the mapping coordinator, who 

listens to ideas and then passes them around to the other mappers for approval 

or rejection. 

The conventions adopted at the 1963 meeting have proved flexible enough to 

permit a slight apparent retrogression; formational names have been down-played 

on recent maps and informal designations substituted. For example, the Cayley 

Formation and Apennine Bench Formation are now usually called fllight plains 

material," and the Gassendi Group of crater materials, younger than the Humorum 

basin but older than the mare material, is now called Hcrater materials. It This 

is done because it is each individual occurrence of a type of material, not the 

aggregate, that is equivalent to a terrestrial formation, but each cannot be 

given a name. So all plains patches or craters in a given time-stratigraphic 

system are grouped together and deSignated informally. 

The downplaying of formational names became particularly necessary '\Then 

the mapping moved from the mare and circumbasin regions, with their laterally 

extensive marker units useful in regional correlations, to the southern cratered 

highlands, which seemed to offer no such clearcut stratigraphy. Early examination, 

based on telescopic photography and visual observations, revealed essentially 

three types of topography: craters, plains, and hilly intervening terrain (Hmoonite"). 

Most authors saw no good laterally continuous units in the hilly terrain, which 

showed a more patchwork texture than the circumbasin units, although some (Cummings, 

Offield) believed it to be mantled by extensive beds of volcanic material. Plains 

units were segregated accord~ng to crater density, but only three distinct classes 

of completely flat plains were recognized. An early attempt was made to set up 

discrete, alternating rock-stratigraphic groups of crater materials and plains 

materials (Cozad and Titley, unpublished), but the stratigraphy proved too com­

plicated for this. Highland geologic studies did not progress much until Lunar 

Orbiter photographs became available (1967). Textures of the hilly units could 

then be better evaluated, and as a result, several units of possible terra vol-

canics and one additional distinct basin ejecta blanket (Nectaris) were distin­

guished; but some hilly terrain has not been separated into consistently recog­

nizable units, and may never be (still Tlmoonitetf). One of the previously recog-

nized plains units was found to be pre-Imbrian in age, and most other plains 

were seen to form a fairly uniform Imbrian assemblage. Craters came to be ranked 
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stratigraphically according to their morphology and to serve as "guide fossils" 

(Pohn and Offield, 1970; Wilhelms and "t-1cCauley, 1971). A fairly good understand­

ing of the highlands is now in hand; although indeed without many laterally 

continuous units, their geology is explainable in terms of basins or absence of 

basins, accumulations of plains materials wherever there are depressions, and 

possibly, local superposition of positive volcanic landforms. 

A word in retrospect about the utility of visual telescopic observations. 

ACrC used them to great advantage, overcoming the initial scepticism mentioned 

earlier, and improved greatly on the photographic data. Some geologic mappers 

also used them successfully to Itfield check" relations that appeared ambiguous 

on photographs, for example, the age of a crater relative to the adjacent mare 

material (determined from the presence or absence of secondary impact craters, 

which are commonly very small). And all mappers saw much more detail at the 

telescope than on the early primitive telescopic'photographs--though not always 

more than on the excellent series taken by G. H. Herbig at the Lick Observatory 

120-inch ref1ector--and got a good impression of the important effect on feature 

detectabi1ity of changing illumination. But as work progressed we began to realize 

that we were spending too much time to gain too little information. Only a few 

critical relations were ever tested at the telescope, and most geological insights 

were gained from protracted studies of large regions on photographs. And later 

when we compared our telescopic notes with Orbiter photographs, most of us realized 

that we had not seen things accurately enough for good geologic interpretation; 

lines of Itvolcanic craters" became miscellaneous semi-alined depressions or spaces 

between hills; "faults" became ragged scarps. Much of this was due to the rarity 

of good seeing. But in any case, visual observations are seldom testable; even 

valid observations are not scientifically acceptable unless others can confirm 

them. 

Mapping at scales larger than 1:1,000,000 began in 1964 on the basis of 

Ranger photographs (Trask, in press). Four black-and-white maps were incorporated 

in another report, seven black-and-white ozalid preliminary maps were made, and 

six maps were published in color, the last in late 1971. The long time lag 

between the flights of the Ranger spacecraft and the publication of the last 

Ranger maps is due to the low priority given these maps when better data from 
. d 1/ Lunar Orbiter were acqu1re .-

Maps based on photographs from Lunar Orbiters I, II, III, and V in support 

of Apollo landings were produced starting in 1966. A great many (27) were pro­

duced quickly for screening reports printed by the Langley Research Center, 

where the (highly competent) Lunar Orbiter Project Office was located. Seven of 

the areas were remapped for the Manned Spacecraft Center at two scales, 1:25,000 

and 1:100,000, and in several versions each, for use in planning Apollo missions 

to the maria; five of these maps at 1:25,000 and seven at 1:100,000 have been 

~f Hansen (1970) and McGill and Chizook (1971) have prepared user's guides to 
Orbiter photographs, and Bowker and Hughes (1971) have compiled a complete 
atlas that includes a user's guide. 
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printed in color. (T'tvo of the areas became landing sites.) The 1: 100 ,OOO-scale 

maps have the greater scientific interest, largely because they show more 

stratigraphic variety and place the geology of the sites in a broader context. 

Currently, maps at large scale have been or are being prepared for landings 

starting with Apollo 14, the (predominantly) non-mare missions. These maps are 

more interesting to make and read than those of the mare sites because they cover 

geologically more diverse terrain, and, significantly, because most of them include 

relatively fresh features. At large scales, most of the Moon is quite uniform and 

subdued-appearing and becomes diverse only in young features, whose distinctive 

textures have not yet become degraded. 

Another way of seeing a diverse Moon is to look at it from a distance. The 

mapping based on Lunar Orbiter IV photographs (s tarting May 1967) has probably 

been the most interesting and productive of all. These photographs have been 

used to modify 20 of the 36 l:l,OOO,OOO-scale quadrangles partly mapped at the 

telescope and to map 8 more quadrangles in their entirety. The 1:5,000,OOO-scale 

near-side map (Wilhelms and McCauley, 1971) was satisfying to make and is a good 

medium of communication for the important things, though it is a little crowded. 

The time, money, and base maps that are available coincide with this preference, 

and mapping of the two-thirds of the Moon not covered by the near-side map is being 

done at the 1:5,000,000-scale.11 

A short account of the effectiveness of the early quick-look work versus the 

later, drawn-out, inductive mapping will be of interest to mappers attacking a new 

planet. Some of the basic facts about the Moon's structure and evolution were 

thought out early in the game by Gilbert (1893), Hackman and Mason (1961), Shoemaker 

(1962), Baldwin (1949, 1963), and Kuiper (1959). They saw that most craters and the 

basins were of impact origin, but that the basins were filled in a relatively brief 

time by volcanic mare material. Also, quite early, Baldwin (1949), Shoemaker,and 

Hackman (see above) perceived the important fact that a time gap intervened be­

tween basin formation and filling. Important contributions of the later mapping 

were the recognition of the light terra plains as a major unit that apparently be­

longed neither to the basins pr the maria, and the tentative recognition, on Lunar 

Orbiter photographs, of terra volcanics (bright, positive relief). The impact 

origin of the basins was clinched by studies of the Orientale basin and the dis­

covery, through systematic mapping, of the Orientale, Imbrium, and Nectaris secon­

dary craters. Moreover, the fundamental role played by the basins in nearly every 

way became clearer, including their influence on volcanism and the major contribu­

tions by buried and degraded basin ejecta to the total volume of lunar surface 

materials. Apollo radiometric dates have shown that the "relatively brief time lf 

of mare formation is brief if the total number of lunar feature-forming events is 

taken as the scale, but that substantial mare formation actually occupies a con-

11 Given the best possible photography, I believe that a scale of 1:2,500,000 would 
be optimum for mapping the Moon. Smaller scales are crowded and do lose some 
data of interest, such as small fresh features, whereas the information that can 
be shown at larger scales is not very significant in most regions, because of the 
smooth appearance of most terrain. 
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siderable portion (half a billion years) of the total most active part of lunar 

history (the first 11/2 billion years). The impact-volcanic controversy for 

crater origin has shifted in favor of impact, but some craters are certainly of 

volcanic origin. 

In summary, the early work deduced some origins, and the later work documented 

these origins, charted the extent of the various units, deduced the three-dimen­

sional structure over much of the crust, and discovered new fundamental units. 

This has resulted in a good model of the structure. and evolution of the Moon that 

puts each crustal component in perspective of the whole. The problem with em­

phasizing origins is that nearly everyone plays with only certain ones. Several 

people that did this may have been right, but many others were wrong for one 

reason or another--including selection of analogs that contain only those elements 

that nourish special prejudices. So insight can establish working hypotheses, 

but these must be tested, modified, and amplified by systematic study, which forces 

examination of the geometric relations, areal distribution, and sequence of forma­

tion of all crustal elements. 
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