
CHIMBORAZO-CARIHUAIRAZO 
The Mountain, the Map and .... Global Warming? 

Michael Wood and Chalmers M. Clapperton 

The map which features in this paper is the outcome of the latest in a series of occasional collaborations 
between the authors. Previous products were of South Georgia, in the South Atlantic. These geomorpho
logical maps, which offer a compromise between topographic 'realism' and stylised symbolism, can 
present a real challenge to the designer. This paper provides some background to the geomorphological 
field mapping and records the design and production story, identifying many of the problems encountered 
along the way. Finally the significance of the resulting image is assessed. 

Introduction 
This was probably the last medium-format coloured 

map to be produced in the drawing office of our Department 
using non-computer-assisted methods! With the acquisition 
of Apple Mac Ilcis and software such as Aldus Freehand 
(largely replacing a small PC-compatible system), ex
perimental facilities have now become available. These 
should help eliminate many uncertainties which accom
pany traditional procedures. This account is 'historical' in 
that it presents the story of a map produced in the 'old' way. 
It tracks the route of an original idea from geomorpholog
ist-author to map designer, and from the initial design and 
production scheme to the printed product. This path was not 
smooth. As designers (and researchers) know, many prob
lems can occur along the way, and normally do. They did. 

Previous maps 
The research activities of academic staff in the Depart

ment of Geography, and especially of the energetic, 
travelling geomorphologists, keep the drawing office and 
reprographics section busy. One group of glaciologists/vol
canologists, working in the South Atlantic and South 
America, have provided various map design challenges in 
the past, two in particular which are relevant to this account. 
These maps document geomorphological fieldwork and 
interpretation carried out in the central part of South Geor
gia, The Geomorphology of the Stromness Bay -
Cumber/and Bay Area, 68 cm x 61 cm (Clapperton, 1971; 
Wood, 1971) and The Geomorphology of the St. Andrews 
Bay -Royal Bay Area, 60 cm x 49 cm (Clapperton and 
Sugden, 1980). The former, incidentally, provided the stage 
for some of the earliest action of the Falklands War of 1982. 
They are of similar design, area colour maps with line/point 
symbols and text. and are printed in cyan, magenta, yellow 
and black with a fifth colour, light brown, for non-ice 
contours and hill-shading. The symbol design is hybrid in 
nature, combining pseudo-realism of the topographical sur
face (using contours and hill-shading) with stylised point 
and line symbols for the interpreted features on that surface. 
This is a case where the designer's desire for a comprehens
ive design style is thwarted. Contributing factors include 
the lack of instrumentally surveyed data for accurate port
rayal of landforms and the geomorphologists' need to 
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communicate scientific interpretations in their own carto
graphic dialect. 

The context of the new map 
As with its predecessors, the need for this map arose 

from substantial and pioneering geomorphological research 
in the Southern Hemisphere. Some background information 
will help improve an understanding of the design and pro
duction problems and of the purpose of the map itself. 

A literature review on Quaternary glaciation in the 
Andes of South America (Clapperton, 1983) revealed a 
serious absence of data in the Ecuadorian parts of the range. 
Subsequently, a broad overview of the glacial sequence in 
Ecuador was published (Clapperton, 1986) following field
work at reconnaissance level across several transects. This 
work suggested that an ideal site for obtaining a detailed 
chronology of Quaternary glacier fluctuations in the tropi
cal Andes might be in the highest massif of all - the 
compound volcanic complex comprising the mountains 
called Chimborazo and Carihuairazo (Fig. 1). The higher of 
the two summits (Chimborazo) culminates at 6310m alti
tude while the other reaches 5120m. Carihuairazo is 
obviously the older volcano and has been deeply dissected 
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Fig. 1 Location of the Chimborazo-Carihuairazo 
massif 
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Fig. 2 Chimborazo viewed from the south-east 

by a near-radial system of valleys; Chimborazo is more 
intact, but also bears a radial pattern of moderately incised 
gullies (Fig. 2). As the modern snow line in these latitudes 
lies at about 4900-SIOOm altitude, both mountains support 
icefields and glaciers. The massif actually consists of two 
volcanic complexes which may have originated from a 
common or separate supply of magma (the molten source 
rock) at depth (Ciapperton, 1990). The mountains were 
certainly linked during the last 'ice age' as their ice caps 
became confluent for several thousands of years, sometime 
in the interval around 30,000-14,000 years B.P. (before 
present). 

Anticipating the potential of this area in which to 
establish a detailed sequence of glacier fluctuations for the 
last glaciation, and for developing an evolutionary model 
for this type of volcanic complex, a research project was 
designed to tackle the problem. The project had two main 
aims. One was to test the hypothesis that glacial deposits 
surrounding the massif were emplaced during several read
vances of the icefields during the last glaciation (ea. 20 -
18,000 years ago). A second was more inductive, making a 
detailed spatial and chemical analysis of the volcanic fea
tures with a view to developing an evolutionary model for 
the entire complex. The starting point to achieve these aims 
involved the compilation of a detailed map of the glacial 
and volcanic landforms and deposits. 

Survey and compilation 
Vertical aerial photographs arc available for the area at 

scales of around 1:40 000 and 1 :60 000. These were pur
chased from the Instituto Gcografico Militar, Quito, prior 
to the first field season and were studied stereoscopically in 
Aberdeen. This identified the main landforms of both gla-

2 

cial and volcanic origin and permitted compilation of a 
preliminary map which could be checked in the field. 

Fieldwork involved walking over the ground to amend 
the gcomorphological map, to make a descriptive logging 
of sections exposing the glacial and volcanic scdimcnts and 
to sample material for laboratory analyses and radiocarbon 
dating. In areas of complexity, parts of air photographs were 
enlarged and covered with a transparent overlay to permit 
detailed mapping of all of the landform features. As the 
massif is reasonably accessible from motor tracks and foot
paths, and is covered by open grassland (parmo ), there was 
little logistical difficulty in visiting all the key sites identi
fied from the preliminary mapping. Fieldwork was 
undertaken during two 'summer' seasons- i.e. in the drier 
months of July and August- in 1985 and 1986. The first 
completed the main task of confirming landform identifica
tion, spatial and stmtigmphical relationships and sampling; 
it took four weeks full-time. This led to the first draft of a 
monograph describing and interpreting the main features in 
relation to the hypotheses outlined above. 

As results from laboratory analyses became available, 
together with radiocarbon dates giving a measure of chro
nological control on the various sedimentary sequences, 
some uncertainties with initial observations and interpreta
tions arose. This justified a second (two-week) field visit 
for testing hypotheses arising from the earlier work, and 
completed the project satisfactorily. 

The map design: requirements and initial specifi
cation 

The compilation for the final coloured map was in two 
parts: the main landforms and sedimentary formations rele
vant to the discussion and a contour base derived from the 
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1:50 000 Map Series of Ecuador, -the Qucro, Guaranda and 
Chimborazo sheets in particular. A maximum printed for
mat of 395mm x 50S mm served to contain the survey area, 
and the irregular shape of the mountain massif offered space 
for marginal items such a<; location map and legend boxes. 
At the publisher's recommendation (The Royal Society of 
Edinburgh) the map would not appear as a single isolated 
sheet but folded and tipped in as the major illustration of a 
research monograph. A print run of about 1000 was envis
aged. 

Analysis of the research project and discussions with 
its author highlighted the need for a map offering a clear 
and instant 'overview' of the primary evidence on which 
interpretations arc based. This was translated into the fol
lowing design specification based on the idea of visual 
hierarchy (Wood, 1968, Dent, 1972). Three such hierarchi
cal levels were identified whose relative priorities had to be 
represented, graphically, by visual layers, of information of 
differing emphasis. The terms 'foreground', 'middle
ground' and 'background' arc used to express this familiar 
map design procedure. 

Map Face: FOREGROUND 

This contained most of the map's line and point sym
bols (twenty-eight in all), representing the details of the 
landforms, glacial and volcanic. As with previous geomor
phological maps these symbols were stylised for more rapid 
recognition and interpretation by geologists and geomor
phologists. Even if a topographic map with 'photographic' 
realism had been available there might still have been 
extensive ambiguity about features such as roche mou
tonne, hummocky moraine and moraine ridges. Minor 
characteristics such as glacial striations and glacially 
roughened rock would certainly have been invisible all :50 
000 scale. So, despite a secret desire on the designer's part 
to create a more realistic representation, the logic of stand
ardised symbols was self-evident. The emphasis for this 
layer was achieved using black ink on drafting film with 
some text-symbols and adhesive patterns applied on strip
ping film. The temptation to employ magenta, the only other 
'line' colour available, was resisted. It would have been 
subdued in combination with the coloured area tints and no 
other major thematic symbol category would have 
benefited from such separate treatment. Furthermore it 
preserved the symbol-style which had been established on 
previous maps. All text and numerals (apart from contour 
numbers) were also applied to this sheet, but to improve 
clarity the glaciers on Mt Chimborazo were identified nu
merically on the map face and the names listed within the 
margin. 

Map Face: MIDDLEGROUND 

Apart from the cyan line work for rivers and ponds, this 
'level' carried all the area colours. The zones representing 
area covered by glacier ice at three stages in the geological 
past were to be represented by shades of purple and the 
volcanic deposits surrounding the massif in two shades of 
green. A magenta tint might have been added to the recent 
tephra (volcanic ash) cones, but their relative infrequency 
of occurrence and the clarity of the accepted black line 
symbol made this unnecessary. The drainage linework was 
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scribed and standard procedures using tint combinations 
were initially proposed for production of the area colours. 
This topic is developed below. Important roads and a track 
had to be inserted at this level. A line drawing, for conver
sion to a half-tone tint of black, was adopted. The drainage 
image would also be reversed out of the tint combinations 
to preserve the colour and crispness of the linework. 

Map Face: BACKGROUND 

Although of primary importance to the framework of 
the map, the contours would be subdued by printing them 
in magenta but as very fine Iincs. Scribing was essential to 
achieve a satisfactory quality of fine line. Contour numbers, 
in the same colour, were mounted on a separate sheet of 
clear film. As with drainage it was also desirable to reverse 
out the contour lines/names from colour tint combinations 
to preserve line quality. 

Marginal Information: 

Apart from the title, scale and credits, the marginal 
information was contained in panels arranged along the 
lower part of the map within the neat line. From left to right 
they are as follows: 

Location Map: a simple outline map of South America 
in a sea tint of cyan. 

Topography: Having chosen area tint combinations to 
represent ground cover it was decided that the 'background 
contours' would not provide sufficient information about 
the shape of the massif. A small but dramatic hillshaded 
drawing was thus created to be printed in black half-tone 
with only the names of the mountains added. 

Young Volcanic Features and Glacial Features: The 
style of these two main legends also maintained the tradition 
of the South Georgia maps, with map-like images repre
senting summary landscapes. Legibility was preserved by 
grouping the symbol descriptions in separate panels ad
jacent to the small maps. Only symbols for ice and the three 
purple zones were repeated as a sequence of key boxes. 

The design of the title for a map such as this is seldom 
a trivial task. It could have been simpler but in this case the 
names of the massif seemed to demand something more 
than just a sequence of bold, black, sanserif letters. The 
lettering catalogues were quarried until Letraset 'Stack' 
emerged as a possible solution. Apart from its dramatic 
appearance, this face seemed to embody the somewhat 
exotic Andean character of the country and region. 

The complexity of this map, especially the radial pat
tern of glaciers 'spreading' outwards from the summits and 
ice caps, favoured a conventional chorochromatic design 
without the enhancement of hill-shading (which, in such 
graphic environments, can create as much visual noise as 
new information). It is fair to record that, at this early stage, 
the idea of using hill-shading had not been considered. This 
decided, it seemed appropriate to arrange the colours, rep
resenting previous periods of ice coverage, according to the 
rule, 'the higher the lighter'. This effect, focussing on the 
summit zones, would help compensate for the absence of a 
hillshading plate. The colour areas could be produced by 
selecting combinations from a colour chart and creating 
appropriate peel-coat masks. 
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A pilot production sequence for the summit area of Mt 
Chimborazo was completed and colours were carefully 
selected to create the desired effects. The nature and size of 
the whole production task was then assessed. Achieving the 
most desirable colours for all area symbols with the tint
combination technique would require at least 9 peel-coat 
masks. This would bring the total number of drawing-office 
generated separations to fifteen. Naturally, operations of 
this magnitude were familiar to the cartographers, there 
having been twenty such components in the first of the 
South Georgia maps. However an alternative scheme to 
reduce the construction and drawing tasks was considered. 
Instead of using the tint combination approach the designer 
would create a single coloured original for the total area of 
the map, to be colour-separated at the reprographic stage. It 
would be registered exactly to other artwork separations. 
Further adjustments to the flow-diagram reduced the draw
ing office task to only six map components (Fig.3). 
Incidentally, this flow-diagram, prepared primarily to help 
manage the work plan and before any printers or publishers 
had been confliDled, was designed for the production of 
negative-working plates. The firm which finally printed the 
map used positive-working plates. Positives are also nor
mally preferred for the production of Cromalin colour 
proofs which were to feature in the next stage in the saga! 

Production 
Once the procedure and flow-diagram had been 

worked out production could begin. All films were pre-pun
ched with the Kodak punch register system and drawing and 
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scribing proceeded. The black-line drawing proved to be 
the most complex, with text and other special symbols 
added directly using stripping film. Apart from the title, 
which was set manually from the Letraset sheet and photo
graphed, extensive use was made of the Helvetica typeface. 
The cartographic work could have been completed in a 
relatively short time, but the urgency sharpened by publi
cation deadlines had not yet surfaced. As a result the project 
was integrated into the normal work routine of the office. 
This slower pace had its advantages, however. Frequent 
scrutiny of the drawings in progress revealed small errors 
in both compilation and construction, which could be cor
rected. 

With linework, etc., complete, a precise colour guide 
was compiled to fit both frame and landform symbols. This 
outline was carefully copied onto thin tracing paper car
rying register marks. Fine quality graphite paper was then 
used like traditional carbon paper, to transfer the outline to 
the surface of a sheet of CS 10 watercolour board. This board 
had also been pre punch-registered and provided with a set 
of register marks. 

The coloured artwork could have been produced in 
various ways, such as by cutting out and applying Pantone 
self-adhesive coloured papers and films. The useofPantone 
colour markers was dismissed due to the difficulty of ob
taining completely flat area colours. The technique chosen 
involved airbrush, designers gouache and adhesive mask
ing film, supplemented by removable masking fluid. 
Masking film was fixed over the complete image area and 
the colour-guide outline traced lightly with a fine, sharp 
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Fig. 3 Simplified flow-diagram representing the original production plan (See FigS for symbol key) 
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swivel-headed cutting tool. Care was taken not to damage 
the surface of the board. Masking fluid was added to fill in 
fine detail. The appropriate 'colour' areas were then 
removed in sequence prior to the application of the paint 
and the process was repeated until the artwork was com
plete. An intensive period of experimentation was required 
before painting, not only to obtain the most appropriate 
colours but also the correct paint consistency for airbrush 
and surface. Each test patch must be left to dry properly as 
there is a significant difference in appearance between wet 
and completely dry gouache. The lightweight Kodak Aztek 
3000-S airbrush was used, with its relatively worry-free 
needle/nozzle system. The propellant was compressed air 
from a Simair Airbox automatic compressor. This technique 
offers a softer margin between colours than normally ob
tained from the photomechanical masking method. Final 
touch-up of small detail was completed with a fine sable 
brush. Gouache artwork is prone to damage and so was 
immediately protected by a sheet of clear film. 

Design review 
Although no proofs were made at this stage it was 

possible to fix the black transluscent film artwork over the 
colour base to obtain a general impression of the map. This 
is when the desire for some hillshading was expressed. The 
project coordinator was, not unreasonably, disappointed 
that the cartographic representation of the massif did not 
express its vertical and volumetric dimensions. This was an 
added challenge for the designer. The main colour scheme 
could not be changed at this late stage and the important 
contrasts between adjacent coloured areas had to be 
preserved. 

A hillshading original was created at production scale, 
based on the topographic contours. The image was pro
duced on a sheet of mau drafting film using pencil and a 
paper stub to soften the tones. This strong image, with 
enhanced contrast range, was designed to provide for a full 
representation of slope forms after photographic half-ton
ing. However its overall effect would still place it in the 
'background' layer of the map design scheme. It might have 
been possible to print this image in black, combined with 
the contours, but fears of confusion between dark tones and 
contours and the geomorphological symbols, led to the 
introduction of a fifth colour. Hillshading, contours and 
contours values would appear in blue-grey, the blue element 
to imitate natural shading on the snow covered summit. It 
was also hoped that the greyish tones would enhance the 
remaining slope features. 

Reprographic stage 
The artwork (positive, negative and coloured) was then 

passed on to the commercial reprographic company in
volved in the next stage. They arranged for the coloured 
image to be separation- scanned and a set of combined 
positives was produced. On first viewing of the returned 
material, some weeks later, (always an anxious moment!) 
new problems emerged. The company, only having imme
diate access to a four-colour Cromalin system, had quite 
reasonably generated an image containing everything but 
the hill-shading! The contours had been transferred from 
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the planned fifth colour to the magenta image and a film 
positive of the screened hill-shading was provided for use 
as an 'overlay' .The average density of this positive seemed 
to be on the high side (50% or more) but it was hoped that 
suitably subdued fifth colour would compensate. Although 
well-intentioned this did not solve the design problem. It 
was still impossible to judge the effect the blue-grey half
tone would have on the colour boundary contrasts. 

The proof revealed other errors the greatest being mis
register of the coloured areas with the neat line and legend 
boxes. The white strips were narrow but noticeable. Also 
some small patches of colour had disappeared from one 
purple area near the centre of the map. Both these flaws may 
have occurred at the scanning stage. CSIO is a working 
surface favoured by scanning specialists. The image layer 
can be peeled from the base board to simplify its attachment 
to the drum of the scanner. This procedure has always 
troubled the cartographic author of this paper, especially 
with respect to large-format artwork in gouache. This paint 
contains pigment which is less finely ground than in normal 
water colour. Although the binding agent is gum arabic (or 
sometimes plastic) the painted surface is liable to damage, 
especially if the paint layer is thick. The last significant 
issue concerned the road/track symbols. The screened black 
lines were too weak, becoming lost in busy parts of the map. 
The solution was to render them in 'white' by reversing 
them out of the tint areas for black, cyan and magenta. The 
main ti tie would also be emphasised with a similar drop-out 
mask. These and other smaller corrections were carried out, 
where possible, on the original film separations, listed 
separately and highlighted on overlays for return to the 
printer. Arrangements were also made for the production of 
a five-colour Cromalin. 

The next Cromalin, which incorporated all of these 
changes, should have been the last, but one difficulty re
mained. As anticipated, the maximum average density of 
the hill-shading, in critical parts of the map, was too great. 
Although the contrasts across colour boundaries were 
visible, they were unclear, and dark hill-shading tones 
around the summit of Chimborazo reduced the impressive 
starkness of the white dome, such a dominating feature of 
the landscape (Fig.2). The blue component also interfered 
with the carefully balanced purple areas of the central 
massif. 

The designer's anxiety over the addition of the hill
shading plate at such a late stage had been justified but, with 
a rapidly approaching publication date, a solution had to be 
found. Alternatives were considered but the simplest cen
tred on the hill-shading image itself and careful selection of 
the fifth printing colour. The contrast range of the whole 
hillshading artwork was reduced and the tones, lying within 
the ice-covered areas, reduced dramatically. A new hill
shading half-tone was produced with a much lower average 
percentage tint (28%). Guidance from a professional 
graphic designer and analysis of the Pan tone Tint Selector 
led to the choice of a neutral grey (Pantone 425C) for the 
fifth colour, with no blue bias. This had enough tone to give 
the hill-shading definition against all backgrounds and in 
solid tone it would still be paler than the printed blacks. 
Also, being neutral, there would be no disturbance of the 
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area colour balance. 

These final corrections coincided wilh a major decision 
- confirmation of a change of printer. The company con
tracted to print lhe research paper, to contain a folded 
version of lhe map, was requested, for logistical reasons, to 
complete the job. The organisation, which had fielded and 
solved all the earlier problems, produced the final combined 
films and passed them on to lhe new printers. They in turn 
had then to be brought up to date with lhe specification of 
the fifth colour. The final specification was a success. 
Discussions between lhe printer and the designer who had 
joined the map production team, ensured a satisfactory 
compromise between the hill-shading and thematic images. 

A schematic representation of lhe final flow-diagram 
appears in Fig. 4. While not depicting every detail, it does 
indicate the addition of duplicating film to maintain contact 
in the production of the final positive films. Another point 
emerging here is that the black element was omitted from 
the colour separation as the colours were quite light. This 
had a major production advantage. The screen angle, nor
mally reserved for the black tint, could be adopted for the 
grey plate, thus removing potential problems of multiple 
screen angles in the final image. 

In the final print run, the grey ink had darkened slightly 
wilhout detriment to the map. This confirmed the earlier 
thought that if dark grey had been chosen at an earlier stage, 

instead of one with a blue bias, it might have been possible 
to make a last-minute decision to print the map in four 
colours after all. But the blue element had been chosen 
specifically to enhance the snow-covered summit of Chim
borazo, a subtle but important design feature. Also the 
eventual and severe reduction of average tint screen density 
in lhe second hill-shading positive (to 28%) had never been 
contemplated. A darker screen would certainly have inter
fered with rather than complemented the geomorphological 
symbols. 

Conclusion 
The story of this map has some of the characteristics of 

a saga although it would not surprise the cartographic author 
if similar tales could be told of other mapping experiences! 
The relative difficulty of experimenting with colour 
schemes in complex graphic environments has always been 
a drawback in the traditional methods of map design. The 
ideal circumstances would have design, production, repro
graphics and printing activities in close proximity and 
plenty of time and money for design 'research'! Such 
luxuries are seldom available, especially when large-format 
maps are involved. Plans must be made, decisions reached 
and an element ofluck is involved. An experienced designer 
working in a familiar production environment and with 
colleagues, whose capabilities are known, might achieve 
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success sooner. When these facilities are widely separated, 
the participants unfamiliar with each other's knowledge and 
experience and the production extended over a considerable 
period of time, luck must play its part! New technology is 
coming to the aid of the designer but the ideal system has 
not arrived. 

One important value of a coloured geomorphological 
map such as this is in providing a detailed interpretive 
inventory of selected landscape features. In this case it has 
been the deposits and landforms produced by the glacial and 
volcanic activity of a tropical Andean volcano during the 
last40,000 years or so. The colours give an instant appreci
ation of the former extent of glaciers, and from these, past 
climates producing such conditions can be reconstructed. 
This is because montane glaciers are extremely sensitive 
indicators of climatic change - hence their relevance to the 
global warming debate. 

Montane glaciers are relatively simple physical sys
tems. They have an input (accumulation) dependent on 
precipitation and an output (ablation) controlled by summer 
tempemture. Thus any fluctuation in either of these parame
ters evokes a response of a glacier so that it either advances 
or recedes. 

While remotely-sensed data now provide instant moni
toring of the status of the world's glaciers, their past 
positions in pre-historical times can only be discerned from 
detailed fieldwork. The former extent of montane glaciers, 
such as those of the Chimborazo-Carihuairazo massif, pro
vide a record of past climates. If a chronology can be 
obtained through the mdiocarbon dating of organic deposits 
interbedded with the glacial sediments, then we can say 
when global climate was colder or warmer. This kind of 
information is essential to give a more secure data base on 
which realistic models of global climate can be produced. 
While the results from Chimborazo are only a small seg
ment of the global 'jigsaw puzzle', they are of critical 
importance in giving data from equatorial latitudes. 

The global warming scenario commonly depicted by 
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the media is that human interference with the Earth's natural 
systems has caused an 'unnnatural' rise in tempemture; and 
it is predicted that this will continue at an accelerating mte 
if atmospheric pollution and large-scale deforestation con
tinue. An alternative view, however, is that the small 
increase in global temperature during this century has been 
a 'natural' rise, following the colder-than-normal condi
tions of the 19th century (i.e. the end of the Little lee Age). 
Thus it is very important to have an accurate record of past 
climatic/glacier fluctuations as a background for assessing 
the nature and cause of present trends. It is hoped that 
geomorphological maps, such as the one described here for 
Chimborazo-Carihuairazo, may contribute significantly to 
an understanding of the Earth's past climatic changes. 
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