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INTRODUCTION 

Following the decision of Map Committee of the 
Geological Branch, the Vice Principal of Melbourne School of 
Printing and Graphic Arts (Mr. W.R. Brown) was invited to discuss 
the problems of coloured geological map printing with officers at 
Geological Branch. In his recommendations Mr. Brown suggested 
a visit of a Geological Branch staff member to one of the most 
advanced Australian printing establishments - Mason, Firth and 
McCutcheon, 1144 Nepean Highway, Highett, Victoria. 

The visits to Mason Firth and McCutcheon, Melbourne 
School of Printing and GraphiC Arts and Mr. F. McCarthy, Colour 
Consultant form. the subject of this mport. 

OBJECTIVES 

A standard colour scheme for geological maps was set 
up by agreement between various State and -'-Commonwealth 
authorities in June, 1951, and is still in operation. A colour 
is assigned for each major division of the geological time scale. 
Colours range from light tones for young rocks to dark tones 
for the older rocks. - Darker tones (mainly reds, greens and 
purples) are assigned for igneous rocks. 

The object of the 1:250,000 geological map is to 
present the maximum geological detail possible. At the same 
time it must be borne in mind thnt the size of a dot at 1/25" 
in diameter at 1:250,000 scale represents an actual distance 
of 833 ft. therefore small geological features cannot be 
accurately presented. 

The presentation of geological detail on a map can 
be carried out by selection of an appropriate colour and/or 
desired pattern for a particular formation. The number of 
colours are restricted to thirty-one. There are no limits to 
the use of patterns such as dot, line or miscellaneous screens. 
Some patterns, however, are associated with certain geological 
features (fig. 1) through lo~g usage therefore it is preferable 
to retain appropriate patterns for certain rock types. 

During the early stages of coloured geological 
map production the following difficulties were encountered: 



.. 

2. 

1. few printers had experience in producing a coloured 
geological map; 

2. screens were few and of poor quality; 
3. non-uniform quality of printers inks and papers; 
4. shortage of skilled cartographic personnel. 

Although considerable progress has been achieved, the 
following features still,require attention: 

1. Colour matching of information from map to map; 
2. the definition of detail on printing plates should 

not differ substantially from the fair drawings 
(e.g. plate-making by printers). 

3. Improved quality control by printers. This is 
applicable at various stages of geological map 
production such as colour separation, dye proofing, 
plate making and machine proofing. Checking work 
on dye proofs as well ~s machine proofs shows that the 
work of some contractors requires too many ~~endments. 

All those objectives may be, achieved by tighter 
specifications and more rigid control. 

OPERATIONS IN A MODERN PRINTING ESTABLISHMENT 

1. General 

Tho Mason Firth and McCutcheon printing establishment 
is situated in recently completed premises at 1144 Nepean 
Highway, Highett, Victoria. 

Air-conditioning and humidity control is provided in 
'essential work areas. The machinery is mostly up-to-date. 
Lighting ~nd accessibility is effectively plnnned. The deSign 
of plant allows for considerable expansion. These factors 
plus excellont traini~j facilities nnd the maintenance of 
high standard of quality control IIL.'lko this plnnt one of the 
foremost in tho Australian printing industry. 

2. Production 

Industrial printing is the main activity in the plant 
(labels for various industrial products, pamphlets, cards etc.). 
High quality four-colour art prints were prepared for various 
large commercial undertakings and one p~rticular publication 
represented a map of the world. 

3. Quality Control 

Hilger and Watts J/401/61211 colourmeter is used 
for colour control. 

This instrument is designed to determine and specify 
solid colours by reference to white magnesium oxide. Colour
meters differ from vnrious types of spectrometers which measure 
and specify the radiant energy distribution actually evoking the 
colour. The instrument costs apprOXimately £1000. 

Printed sheets from current production are checked on 
the colourmeter for 1he ~tabili ty of the colour. The tolerance 
of colour deviation is - 5 instrument units. This tolerance is 
generally not perceptible to the naked eye of an observer with 
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a good colour training and vision under standard lighting 
conditions. The printer, however, is notified and required to 
make appropriate adjustments, to maintain this standard. These 
tests are carried out at intervals prescribed by the 
physicist in charge of testing. For the purposes of 
soientific evaluation of colourmeter data, separate recording 
is made from the tests carried out at regular intervals, 
generally ranging from 15 to 30 minutes. 

Rigid specifications of colour control, are maintained 
and recorded to conform with scientific standards approved by 
other organizations employed in colour research. This is 
undoubtedly an advantage for the geological map printing. 

Colour meter tests were carried out on the adjoining 
Mt. Drummond and Calvert Hills 1:250,000 geological maps. 
The results indicated that some adjacent areas of the same 
formation exceeded 5 pOints, but generally the colours were 
reasonably well mato.hed on both maps. 

As mentioned before, the machine is designed to test 
solid colours only. However, tests were carried out on areas 
of line screen - Collies Speedglo Light Green 26262 ink and 
K 119 screen (appear on both Mt. Drummond and Calvert Hills 
Sheets). Apparent colour value was determined for three 
area.s but the Significance of the tests would differ from th8.t 
of solid colour because of different reflecting properties. 
Solid colour reflects the light uniformly, but the light 
reflected from alternate coloured and white areas as produced 
by line screen, is a component of two different reflecting 
surfaces. This explanation is oversimplified but sufficient 
to illustrate the difference. 

Variations of colourmeter tests of the areas printed 
in halftones (e.g. line dot or mixed screens) may be due to : 

1. change of colour (either density or tone or both) 
2. change of colour denSity from area to area on the 

screen 
3. Colour haloes along the edges of the lines on the 

screen. 

4. variation of the intensity of dots On the screen 
5. clogging or irregular oxidation of ink. 

The reaSon for different colour appearance can be 
evaluated by printer and therefore the solid colour samples 
printed along the edge of the map are essential. If the s~e 
colour sample on two maps would appear identical t (e,g. the 
same dominant wave length of the colour prevails) but the 
colours printed on the screen differ then the printer must 
establish the cause of irregularity. 

Briefly the prooedure on the colourmeter is as 
follows 

1. Tristimulus values for tool filter (X1X2YZ) are 
measured. 

2. ~~gnesium oxide surface with tool filter measured. 
3. Specimen surface measured without tool filter. 
4. Chromaticity co-ordinntes are then computed from 

which the lUDinance factor and the dominant 
wavelength are dete~ned. 
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4. Plnte Mnking 

Plnte-making plant is provided with step-and-repeat 
photographic unit, arclight equipment, vacuum frames, emulsion 
and coating unit and conventional and 3M plate developing 
facilities. Conventional aluminium ~lntes and tri-metal . 
(stainless steel, chromium and copp8r) plates are used for large 
runs (5000 and over, trimetal over 100,000). ~1 (Minnesotta 
Mining and Manufacturing Co. U.S.A.) positive and negative plates 
arc used for shorter runs (average 5000). To ensure successful 
results, air conditioning, temperature and humidity control is 
provided in the plant. Chemicals evaporated from coating and 
developing solutions are sucked into ventilation system. 

As 3M positive plates are of potential interest for 
geological map production, their processing and utilization 
was followed in detail. Positive plates are prepared directly 
from the fair-drawing or transparent positive copy. Contrary 
to the manufacturers' claim that the exposure times for 3M 
positive plntes are not critical, the plant ~qnager emph~sised 
thnt it is not quite so. Few seconds of extra exposure may not 
influence the result but in order to obtain maximum detail with· 
maximum clarity and sharpness, the exposure times established 
experimentally in the plant, were observed carefully. The 
correction, touch-up, fixing and cleaning of 3M plates were 
cnrried out in a subdued yellow fluorescent light. At all 
times 3M plates were handled carefully beoause of their thinnness. 
The exposure and development of 3M plates involve siopler 
procedures than those of conventional plates. The examination 
of completed plates under 6 times enlargement revealed excellent 
results. The sharpness and quality of image on the plates 
matched the originals with every respect. These plates may be 
particularly suitable for coloured geological mnp printing 
requiring approximately 2000 copies. 

5. Reproduction and Art Department 
air conditioned 

A spaCious/studiO is allotted for colour separation, 
experimentation and design, The studio is equipped with 
light tables provided with horizontal and vertical scales, proof 
reading unit for transparent materials and studio desks. 
Attached to studio are photographiC laboratories. 

Photo-laboratory equipment includes contact 
printing and enlarging units and standard developing facilities. 
A colourmeter is provided for colour film evaluation. Separate 
laboratory is equipped with Kodak autom8tic colour developing 
unit for nitrogen processing of coiliour photography. 20" x 24" 
Littlejohn process crumera is installed for preciSion work; it is 
mounted on a block soparated from the building to restrict 
vibration effects •. The laboratories areoair and humidity 
conditioned at constant temperature of 68 F. Among the 
activities of the photolnboratories and the studio are the 
continuous experimenting of 35 mm colour film development, 
enlargement and colour reproduction. 

The department is equipped for colour separation, 
stripmasking and dye proofing as specified for printing of 
coloured geological maps. 
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6. Printing 

Offset printing is the main activity of the establish
ment~ although letterpress printing work is carried out in quite 
significant volume (air-tickets, travel guides, travel 
advertising etc.). The modern machinery (offset and letterpres~ 
is supplied mainly by Heidelberg and Roland printing-press 
manufacturers. 

A Heidelberg 4-colour offset printing press will be 
installed in 1964, 

7. Training Facilities 

Systematic training in all aspects of printing is 
organised along the lines established at Melbourne School 
of Printing and Graphic Arts. A separate room is provided 
for lectures and practical work and a small offset machine is 
at the disposal of apprentices. The progress records of 
apprentices are systematically tabulated and analysed. 

8. C onc lusi ons 

Mason Firth and McCutcheon printing establishment may 
assist gre~tly in the production of high quality coloured 
geological maps and particularly in the field of colour 
reproduction. Executive officers and staff members examined 
the coloured geological maps produced by and on behalf of 
Geological Branch. They expressed the view that such maps 
would be regarded as prestige publications by most printing 
establishments, and raised a lot of valuable pOints regarding 
photography, plate making and quality control. 

The more important suggestions as how to improve 
the colour reproduction of geological maps are : 

1. Colour control through regular colourmeter tests. 
2. Printing of colour samples used on the edge of 

each map. 
3. Test run of at least 300 copies before settling 

the colour (these copies may not necessarily be 
rejects). 

4. Preparation of standard colour and pattern charts for 
printers. 

5. Employing highly skilled printer for the geological 
map printing. 

6. Production of printing plates of clarity and 
sharpness equal to fair drawing~~ 

7. Colour control in production of dye proof. 
8. Co-operation and exchange of ideas of printers 

employed in geological map printing. 
9. Introduction·of stricter contract conditions which 

may ensure high-quality work and discourage inferior 
firms to tender. 
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The problem of colour and paper durability to the 
light effects has been deliberately omitted. Colour 
durability tests have not been carried out to the maps produced 
by the Geological Branch. Differential fading effects have 
been observed on some maps accidentally exposed either to 
direct sunlight or through prolonged exposure in the light 
generally. It can be stated with a reasonable degree of 
accuracy that the exposure of a geological map in continuous 
direct sunlight for two or three days would not produce any 
fading effects at all. The study and assessment ,of paper 
and/or colour fading effects on geological maps may therefore 
be recommended. 

VISIT TO MELBOURNE SCHOOL OF PRINTING AND GRAPHIC ARTS 

Mr. W.R. Brown, Vice Principal of Melbourne School 
of Printing and GraphiC Arts arranged an inspection of. the 
school and demonstrated its modern teaching facilities, At 
the same time an opportunity was taken to express the 
appreciation and gratitude to Mr. Brown for his assistance and 
recommendations concerning the improvement of coloured 
geological map production. 

VISIT TO MR. F. McCARTHY. COLOUR CONSULTANT, 38 MARSHALL 
AVENUE, KEW, VICTORIA 

Mr. McCarthy who is also lecturer in Applied Colour 
at the Royal Melbourne Institute of Technology explained 
Munsell System of Colour. This system has been adopted in 
numerous countries. Its main advantages are that the full 
range of colours in a spectrum (hues) are indexed for their 
lightness (value) and their degree of saturation (chroma) 
(fig.2) 3nd can be described accurately without supplying 
that particular colour. The condition is that the parties 
concerned have adopted Munsell colour system which describes 
each colour accurately printed in non-fading shades. Munsell 
Colour Book (opposite hues edition) may be of great value to 
the Geological Branch, . particularly for description and 
evaluation of standard colour scheme and Where the demonst
ration of coloured gcephysical overlays on the geological 
data are in question. 

In Australia Munsell colour references are used by 
C.S.I.R.O., various universities and some. government 
instrumentalities. 

RECOMMENDATIONS 

To improve the colour design and colour printing of' 
standard geological maps without substantial increase of 
expenditure, following recommendations are made : 

1. Introduction of quality control based on scientific 
prinCiples (spectrometry, colourmetry) into the 
specifications for printing contracts. 

2. Employment of Munsell Colour System as a standard 
reference between Geological Branch, State 
Geological Surveys and map printers, and specific
ation of the standard Geological colours in 
accordance with this system. 
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3. Additions to the existing screen patterns and 
subdivision of the present screen index as follows 
a. Line screens - L series 
b. dot screens - D series 
c. miscellaneous screens -M series 

This system will permit the addition of screens to the 
series without disrupting the systen. 

4. Purchase of Munsell Book of Colour (opposite hues 
edition) for the colour design purposes. 

5. Purchase of following colour reference;books for 
the general use : 

Colour in Business, Science and Industry -
by Deane B. Judd (John Wiley & Sons Ltd. 
Chapman & Hall, London). 

The SCience of Colour - Cornnittee of 
Colormetry, optical SOCiety U.S.A. Thomas 
Crowell Co. ,N.Y. 

Colour in Theory and Practice by H.D. 
Murray Chapman & Hall Ltd. 37 Essex St., London 
WC2. 

6. Special arrangement for a sanple colour printing, 
which preferably should be a geological map at 
1:250,000 scale by Messrs. Mason Firth and McCutcheon. 
A research grant to the Royal Melbourne Institute 
of Technology for this purpose may be conSidered. 
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APPENDIX 

THREE COLOUR PRINTING 

Various geological mapping agencies in the world, 
particularly in U.-S.A. use a three -colour process for printing 
their maps (yellow - blue - red). This is not strictly true 
as hydrological detail is usually printed in different blue, 
planimetric base is grey, the roads often are shown in red, 
geological boundaries are blaok and hypsometric data is brown, 
thus increasing the total number of colour plates to eight. 

This particular method was discussed with 
Mr. McCutcheon and the members of his staff. Mr. McCutcheon 
emphasised the difficulties of controlling dot screens to 
obtain the desired colour. Slight changes of t he position of, 
say, yellow dots, overprinted by blue dots, may produce different 
greens. Even the slightest change of exposure time during the' 
plate making stage may "undercut" the dot and produce 60% 
screen instead of desired 70% which will exceed the tolerance 
not perceptible by eye. 

The comparison of numerous geological maps produced in 
various countries in three-colour process substantiates the 
conclusion that the colour control in this process is rather 
difficult. The desired colour or, more accurately, apparent 
colour is the result of the combination of two or three 
oomponents of yellow, red and blue. UndeSirable effects in 
colour control can,therefore, be introduced as follows :-

1. processing of colour separation shoets (screenmasters) 
2. plate-making 

3. printing 

Present capabilities of printers thorefore put some 
restrictions on three-colour printing applicable to geological 
maps. 

It would, however, be advisable to continue the 
experiments and carry out further inv~stigations in two and three 
colour combinations to supplement the present system which 
requires some expansion. 

A speCial condition presently limiting the application 
of three colour system for Australian 1:250,000 geological 
mapping is tho numbers of formations present. There are 
approximately 5000 formations according to the Australian 
Stratigraphic Nomenclature. To obtain appropriete number of 
colours and/or patterns for these formations would present 
a complicated problem in three colour system. 

The lower cost of three-colour printing is partly 
offset by the additional complexity of masking; however with 
strictor control of photomochanical operations, plate making 
and printing, ~t may prove to be a more efficient method of map 
reproduction. 

Systematic use of colour combinations must await the 
production of experimental sheets with combinations of both 
screens and colours. 

The ultimate development of the three-colour process 
shall supply all the variations of pattern as well as colour 
that are required in a complex geological map. 
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