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MAP REPRODUCTION
by

Colonel C. H. Birdseye, U. S. Geological Survey
(Paper Presented at American Association for Advancement of Science Meeting)

The Report of the Board of Surveys and Maps of the Federal Government, in its
National Uapping Plan, included an item of map reproduction at an estimated cost of
about $9,000,000 over a period of 10 years. About $2,500,000 of this item related
to the publication of planilIletri~ maps (maps without contours) prepared from verti
cal aerial photographs based on adequate ground control surveys. The item also in
cluded provision for the final publication of contour maps, so i shall discuss
briefly modern methods of map reproduction but will confine most of my remarks 1;0
photolithography, with only a brief description of 'copper plate engravi~~ - and a
brief comparison of time and cost of copper plate and glass e~raving. I shall no~

attempt to give the history of map reproduction nor touch at all on such processes
as stone engraving, wax engraving, blue printing or any other older processes.

Photolithography. Reproduction by photollthography:ls the method employed
most Widely for reproduction of maps drawn on dre,wing paper or for maps drawn on
tracing linen for reproduction to a different scale. The process involves photo
graphing the draWing to the proper scale; preparing the negatives by painting ou~,

retouching or hand engraVing; processing the negatives direct to printing plates;
and printing the maps in a power press. These operations all tie together and each
step may be performed +n at least two \'iays. It is important to realize that each
operation reverses the material and they all depend on how the map is to be printed!
that is on an old style reciprocating flat bed press or on a modern offset press.

Cameras. The first step is of course to photogra.ph the drawing. The Geologi
cal Survey has a battery of five large precision map copying cameras specially de
signed by the Survey, as follows; (a' A 50 x 50 inch straight copying camera, with a
? x 8 foot copy boaru. Glass plates sensitized at the time of use, film or paper
negatives can be used in this camera, but the Survey generally uses plates or film
not larger than 30 x 40 inches, (b) A 32 x 32 inch straight copying camera, employ
ing wet plates, dry plates, film negatives or paper negatives and so equipped that
the copy holder can be tipped down in a horizontal position and different sections
of the map can be placed conveniently in proper position. The size of ne~atives

generally used are 24 x 30 inch or smaller. (c) A 36 x 36 inch prism camera, the
sensiti·zed plate being at right angles to the copy board, and the images on the
emulsion side of the p1..ate read right. 30 x 36 1nch negatives are general).Y used in
this camera. (d) A 24 x 24 inch prism camera used largely in oonnection with copper
plate engraving of ste.ndard atlas sheet.s. (e) A 24 x 24 straight copying camera. of
fixed focus used entirely for one to one ratio of small maps, such as lanu plats,
which are reproduced to the same scale. Plates 20 x 24 inch in size are generally
used in this camera.

I shall not discuss at all the use of film or paper negatives because these are
never used in reprouuction of opaque drawing to maps of precision.

Wet Plates. All the precision map reproduction work of the Geological Survey,
as well as of all the other Federal map reproduction agencies, involves the use of
wet plates. These are made by usins selected plate glass of thickness varying With
the size of the plate. The first operation is to flow evenly over the plate'a solu
tion of albumen used to hold the other solutions on the plate; when dried, the Plate
is coated With collodion; an organic base oomposed of ether, alcohol, gun-cotton ana
iodide; the plat~ 1s then lowered on a rack into a stone or enamel bath oontaining a
silver solution (about 40 grains of silver nitrate to one ounce of distilled water).
The plate is fully sensitized after it has remaineu in the Bilver bath about 5
minutes, and it is placed in the negative holder of the C8~era Which, on all exoept
the small prism camera, extcllus into its dark room.

The drawing 1s placed on the copy board under plate glass and the photographer
focusses the camera for snarp definition at the proper scale, testing the scale by
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means of measurements on the ground glass focuss1ng pla.te or a ground glass template
1n the focal plane of the camera. All of the three larger cameras are operated
e1ther from the dark room or fl'om the outer labors.tory.

The copy is illUQinated by two arc lights placed in front, but sli~~tly to eaoh
side of the copy board. The proper exposure is timed/accurately, usually from two
to four minutes. Then the photographer, still working under a safe light 1n the
dark room, develops the plate, using a solution made up of sulphate of iron and acet
ic acid, and washes it with clear water.

During this development the images On the negative appear and when it 1s fin
ished the plate is taken into the outer laboratory and subjected to several opera
tions. It is first cleared up by en application of cyanide of potassium flowed over
the plate, which removes all silver not affected by l1ght. The plate is washed
thoroughly end placed in a rocker bath containing a copper sulphate solution (mix
ture of about 40 grains of copper sulpl~te to one ounce of water and 20 grains of
potassium bromide to one ounce of ,vater). After washing again the plate is plaoed
in another rocker bath containing a nitrate of silver solution, whioh tends to bring
out the desired black and white background. These two rocker bath operations are
usually repeated with thorough washing of the plate between each operation, so as to
give the proper density to the plate.

All of the above operations after the plate is broUght from the dark room re
sult in a properly fixed anQ intensified negative. If a stained plate 1s desired,
on which every line appears but none will print but must be outyby hand on the nega
tive, none of the three preViously mentioned operations outside of the dark room are
performed, but the plate is again washed thorougluy (but is not cleared up with
cyanide or placed in either rocker bath) and is flowed with a dye solution, which
stains the plate so that it is opaque so far as light is concerned.

After all of these oper'ations, either on an intensified or a stained negat1ve,
the plate is coated With a gum-arabic solution to protect the surface.

Ne~ative Cuttin~ ~ Glass E~~raving. If the drawing contains several colors,
such as black, blue and brown, and is to reproduced in these colors, three or more
negatives are made at the same setting of the Camera and copy board. The negatives
are then sent to the negative cutting section, the plates are retouched to remove
any spots, etc., and, for ex&~ple, in multi-color work, the negative cutter paints
out by means of a brush and asphaltum on one plate everything except the blaCk, on
another everything except the blue and on the third. everything except the brown, re
storing With a fine engraving tool any line tha.t has been removed but which should
be retained. If the drawing is poor, tIle photographer makes a stained negative, no
line on which will print, and the glass engraver will then cut by hand each line on
its proper plate, cutting through the film but not into the glass. This operation
has been called glass engraving and an exceedingly expert negative cutter can pre
pare a negative Which w1ll print the different map features inclUding lettering,
nearly a8 fine as a map engraved on copper plates.

Photo-Processing. The plate is then sent to the Photo-Process Section where a
metal printing plate is made. If the negative fully covers the map or if several
negatives can be Joined pertectly on the final printing plate it is processed direct
to a sensitized aluminum plate by placing it over the sensitized metal plate in a
vacuum printing frame and exposing 1t to light from one or more strong arc lights.
If the' negatives are slightly distorted in scale, if they cover irregularly sbaped
parts of the final map or it the map is to be printed from lithographic stone, the
process man makes a zinc plate and sends it to the Transfer Section where the final
printing plate or stone is made, as is explained later.

The wetal plate, either alumin~~ or zinc, is sensitized in somewhat the same
way as the photographer used with the glass plate, but by different operations and
by the use of different chemicals. A freshly grained plate is cleaned by using a
solution of hydrofluoric, nitric and acetic aci,ds, after which it is washed and
chemically treated with a solution of phosphoric acid and gum. The plate is then
rinsed and while wet is placed in a whirler and flowed with a sensitive solution
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composed of albumen and dicromate of ammonia. The whirling motion distributes the
solution evenly and the electric heater inside the whirler dries the plate.

After the plate is evenly sensitized and dried, it is placed face up in a
vacuum printing frame, the negative is placed on the plate in its proper position
with the film side down with such parts as are not to be exposed covered with black
opaque paper, and the air is exhausted 80 that the negative and plate are brought
into close contact. The assembly is illuminated by strong arc lights, the proper
time of exposure being recorded by an alarm clock eet to conform to the strength of
the lighting and the clearness of the negative.

The first negative is then removed from the frame, and any other negative that
is required to complete the map is inserted in its proper place with the exposed
part of the plate and the undesired parts of the negative covered by black paper.
The exposures are repeated until the .subject 1s fully covered.

The process man develops and washes the plate 1n much the same way as the
glass plate WaS developed and washed except that he first coats the plate With a
solution of asphaltum, or ink developer, washes the plate thoroughly and if the ink
has a tendency to stick, he flows the plate With a solution of bicarbonate of soda
and washes it again With clear water. The plate is then rolled up with greasy
lithographic ink, powdered with Idragons blood', etched With phosphoric gum and
washed again thoroughly. The plate is now ready to print unless the lithographic
artist has to make corrections or additions or to repair minor defects.

Lithographic Drafting. The lithographic artist can draw or letter on a metal
plate or lithographic stone, by means of a fine brush or pen, just as well as a
draftsman Can draw on paper or an engraver can cut in copper or on glass. When
certain features are to be shown in tints or patterns, the transferrer prepares an
impression from the base plate, dusts it with ohalk and the chalk impression is
·offsetted· to another plate which enables the lithographic artist to II gum out- the
areaS not to be covered by tint or pattern and to draw the tints and lines by fine
brush or pen. The plate is then returned to the transferrer Who adds the proper
patterns printed on transfer paper, and cleans and Irolls up' the plate With litho
graphic ink ready for printing.

Transferring. The transferrer follows a process similar to What 1s known as
the decalcomania process. In other words he coats a sheet of soft fibre paper With
a sticky starch and glycerine solution, rubs up the zinc plate with lithographic
transfer ink, places the transfer paper with sticky side down on the zinc plate and
runs the combination thrOUgh a transfer presS operated under pressure by hand or
electric power. The transfer paper then is pulled from the zinc plate carrying
with it all of the lines inked on the plate. If no adjustment to a Istick up pro
jection ll is reqUired, the tra.nsfer paper is then placed face down on a metal print
ing plate or lithographic stone, run through the transfer press again and all the
i~ed lines are transferreQ just as one used to transfer pictures from paper to his
band in the old decalcomania process. The plate or stone is then rolled up With
lithographic ink and is ready for printing unless the lithographic artist has some
additions to make.

If the zinc plates are somewhat distorted in scale or cover irregUlar portions
of the map, a draftsman draws what is called a ·stick up projection h on a metal
mounted plate. The transferrer then cuts up the transfer papers and fits them in
proper places on the projection, tapping the paper with a sharp pointed stylus so
that it will remain in proper position. He Can shrink or stretch the transfer
paper by heating it in an oven or moistening it with a sponge. The ·stick up"
transfer plate is then placed in contact with the printing plate or stone and run
through the transfer press so as to transfer all of the lines to the final printing
medium.

Typesetting. So far the writer has not rnen~ioned the use of printed names,
titles and scales. The Geological Survey has a well eqUipped type cornpository 
setting type by hand and not by linotype machines. In most cases all type matter
is printed with printers ink on opaque white paper, but sometimes on transparent
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tissue paper, an& is pasted on the drawing before the drawing is photographed. The
type matter can be, and often is, printed on transfer paper with lithographic ink
and transferred in place on the final printing plate. The only exceptions to the
use of printed matter are when a fine dra.ftsman has lettered all of the draw1ng by
hand, or when the map i8 to be engraved on copper plates, the copper plate engraver
need1ng only rough copy. The only real advantage in having the lettering engraved
by hand is to have it all complete on the proper copper plate, thus avoiding making
one or more extr.a printing plates.

Copper~ Engraving. This is the method used by the Geological Survey in
final publication of ~ost of its standard topographic atlas sheets and geologic maps
and folios. It is probably, for the first edition, the most expensive of all of the
map publication methods, but it gives the best results and has several adv~ntages

over other methods in cases where frequent reprint editions with extensive additions
or corrections are reqUired. Copper is the easiest of all the metals to engrave be
caUse of its relative softness and for the same reason it is the easiest metal on
which to make corrections. Corrections are made by scraping out the line or lines
to be replaced, turning the plate upside down and punching the copper up from the
bottom by means of a punching machine, so that a smooth and even surface is restored.
This surface is tl1en burnished and reengraved. One of the principal advantages of
this method is that clear copy only is reqUired and much of the expense of fine
drafting and lettering of the original draWing is eliminated. The principal disad
vantage is due to the extreme artistic skill required and the accompany1nglong
period required to train an expert copper plate engraver. The Survey has a large
staff of such experts, some of them being spec1alists on contours, some on culture,
some on lettering and others on water lining. Of course a few are expert 1n all
these lines, but it has been the accepted practice to have each phase of the engrav
ing done by experts in that phase.

Copper is fairly light and cheap and does not corrode as much as zinc or alumi
num. Steel is too hard to cut, almost impossible to correct, and would be apt to
suffer from rust. The Survey does not print direot from the copper, but transfers
the data from the copper plates to aluminum or zinc printing plates or to stone, so
that after the plate is cut the only wear ~d tear on it 1s 1n pulling transfers un
der pressure and in making corrections. Therefore, a properly engraved plate should
last a lifetime.

It is true that maps without contours and ,simple contour maps can be engraved
on glass a little. quicker and nearly as well as on oopper,. However, closely spaced
contours, for example five to a 16th of an inch, cannot be cut on glass nearly as
well as on copper. TIle Geological Survey is using glass engraving on all of its
planimetric maps and on most of its simple contour maps. Whenever possible it
photographs a pencil drawing on which all the lettering has been printeu 1n type and
pasted on the map. This procedure however delays the issue of advance sheets until
the 11nes can be cut on glass, because the pencil lines will not print clear enough
unless drawn in very uniform black pencil lines. It takes an expert draftsman about
as much time to repencil a sheet as it does to ink 1t.

Careful records have been kept of comparative costs of similar sheets engraved
by both methods, which show that diff1cult contour maps Can be engraved better,
qUicker and cheaper on copper than on glass. However, the Geological Survey is now
cutting all maps on glass that 1ndicate a saving in time and money.

~le procedure 1n copper plate engraving is as follows; the copy is usually on
draWing paper, With the culture features inked in black, the water features 1n bl~e

and the contours in brown. The lettering and wooded areaS are usually on two sepa
rate sheets of tracing cloth or celluloid. The scale of the copy is usually larger
than the publication scale. The .copy is photographed by the pr1sm camera 1n the
same way as described for photolithography, by making one wet plate to publication
scale. A reversed z1nc plate is then made by the process described above except
this is done Without any retouching of the negative. If the map 1s to be pr1nted
in four colors, - blaCk, blue, brown and green - the engraver construots one
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projection for the black plate by using projection tables, scale and beam compasB
just asa draftsman would do, except that he cuts the meridians and parall~ls on
copper rather than drawing them on paper. He then copies the intersections of the
projection lines on two other copper plates but does not draw them solid. No copper
plate is made for the woodland which is printed in green and is prepared by photo
lithography. The engraver rubs the zinc plate with wax, places a thin piece of cel
luloid over the zinc and burnishes the celluloid so that it retains in wax on the
bottom of the celluloid all the lines on the zinc plate. He then lays the negative
impression face down on the three copper plates, fitting the registration ~~rks to
the engraved projection and burnis~~ng it on the copper in the correct position.
The plates are then subjected to 8.cid fumes which stain the lines on the plate. In
the meantime, the editor has checked carefully each detail of the map, working on a
p~otographic copy of the field sheet. On this he has placed the lettering in accep
table positions and given all instructions for the engraving.

The engra.vers then take the copper plates and cut them in reversed form by hand
each line in its proper position. Several different kinds of tools are used but
only a few mechanical deVices can replace actual handwork. As soon as a plate is
finished, a proof is pulled by rolling the plate With ink, cleaning off the surface
so that the ink remains only in the cut lines, placing a sheet of dampened paper
over the plate and running it through a transfer press. The plate proof sheets are
then sent to the editor who examines every line and letter.

The transfer section then prepares the printing plates by pulling tra.nsfers di
rect from copper, and transferring the impressions direct to aluminum or stone as
the Case may be, just as was described for color photolithography. The procedure,
of course, differs in preparing plates for direct printing on a contact press or for
printing on an offset press. In case of the former a reversed printing plate is re
qUired, which is made by pulling a:n impression d.irect from the copper and laying it
down on a grained printing plate or printing stone. In the case of the latter a <;I.i
rect printing plate is required and the Survey used to have to print velox paper
prints direct from the copper, photograph these in reversed form and lay them down
in direct form on the printing medium, but it now uses a special transfer rubber
blanket and transfers the data from the copper to the blanket and then to the print
ing plate in d~rect fOrrI••

One of the photographers of the Survey has recently perfected a process of
photographing the actual copper plate Without coating the plate With anything to
fill the engraved lines. He uses a special emulsion and developer on the wet plate
which can be photo-processed direct to printing metal, with sharper and clearer
lines' than can be secu"r'ed by the transfer process. In this operation he can reduce
or enlarge the scale and Iliake direct or reversed negatives.

The printing plates then ~o to the printing section and a co~bined proof is
printed with all the color pl~tes in Draper register. The combined proof is sent to
the editor for final eX2J!1inD.tion and, on approval, an edition of from three to ten
thousand copies is printed.

Lithographic Printing. The GeolOGical Survey uses different types of litho
graphic printing presses. It has one large multicolor rotary press taking printing
plates 44 x 64 inches in size and printing from four plates in four colors at the
same time. This press is semi-automatic feed and is the largest map printing prese
in Washington.

~he Survey has one offset rotary press taking printing plates 41 x 54 inchesin
Size, and one taking printing plates 28 x 34 inches in size. Both of these are
automatic feed.

. . The Survey has two Hoe flatbed presses taking metal plates or stones 36 x 62
inches in Size. One of these 1s automatic feed and the other fs hand feed. The
Survey also has three Hoe flatbed presses, two of which are converted by the Hal~

attachment into offset presses so as to print either direct or offset from flat sur
faces. The plate size of one is 30 x 42 inches and of the other two is 26 x 36
inches. All print from either stone or metal and are hand feed. The capacity of
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all of the presses moving at full speed is 12,000 impressions per hour. During the
fiscal year of 1935 the Survey printed about 4,600,000 copies ot 3,000 different
maps and diagr~~s.

The basic principle of lithographic printing is the use of lithographio stone
or metal plates so prepared that the lines on the plates to be reproduced attraot
ink and. repel water and the rest of the surfaoe on the plates attraots water and re
pels ink, these two substanoes being non-affinitive. Therefore, in any lithographic
printing press, the plate first passes under a water roller, then under ink rollers
coated with the proper color of ink, and then under the map paper; except in an off
set press a rubber blanket fastened to a oylinder takes the impressions from the
plate and transfers them to the p~per.

Lithographio stone is a special limestone With a very fine grained surfaoe
whioh holds ink or water acoording to the prinoiple cited above. Old stones are re
grained by running them through a plainer and shaving off the top surface. Most
lithographic stone comes from quarries in Bavaria. and repeated efforts have failed
to find suitable stone in America. The Survey has purc~~sed no new lithographic
stone in several years and is rapidly changing to plates because of much less weight
and bulk ti.nd because they can be used in cylindrical high speed presses.

Lithographic plates are usually aluminum or zinc sheets and can be used in
either flat-bed or rotary presses. New sheets are smooth and shiny and would not
hold ink. New as well HS old plates are grained so as to give them a frosted sur
face, something like frosted glass, by placing them in a graining machine comprised
of a large tray in which the ~late is placed face up covered with water, quartz sand
and marbles made of wo~d, marble or steel depending on the texture of the grain de
sired. An electric :notor Vibrates this tr8.y in a rotary fa.shion and the sand acts
as an abrasive ~nd gives the plate a "sanded" surface. The only function of the
marbles is to keep the abrasvie moving uniformly over the plate.

The greatest difficulty in printing that the Survey used to have is in the mat
ter of paper. The maps are of course 'printed on sheets 8.nd not on paper from rolls
and much trouble used to be encountered in the changing size of paper due to differ
ent conditions of humidity and temperature, so that frequently during hot, humid
summer months the Survey could not print la.rge Inulticolor maps in perfect register.

In 1934, through an allotJlent fron the Public Works Administration, the Survey
installed a modern air conditioning system in the stock and press rooms, witll auto
matic control of temperature and humidity. This new system enables it to print at
any time large maps in perfect register. This c~r conditioning system is qUite dif
ferent from the comfort air conditioning system installed at a later date tlu'oughout
the rest of the Interior Department Building
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NEWS NOTE

NeVI' Textbook on Mathematical COlTputations .in Aer i al Photogranunetrv by Earl Church
Professor Earl Church has published a new book containing all of the material

original~y included in the bulletins published by Syracuse University completely
revised and rewritten, and also much additional material. This text of 145 pages
deals With fundamental principles of surveying and mapping fro:n aerial photographs
and the analytical method of computing survey data from precise photographic meaS
urements. The book contains several groups of problems With methods illustrated
and With answers, suitable for practice or for classroom use, based on actual photo
graphic measurements. This reference work in aerial photogr~netry can be obtained
from Richard Scott, East Syracuse, New York, at a price of $2.00.


