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Jan Zalasiewicz

Is geological mapping still needed in the UK? After all, Britain is a small island, and (North Sea ex-
cepted) not spectacularly rich in mineral resources. It is, pretty well, the birthplace of this science, and
the geology on it has probably been mapped more often, and in more detail, than anywhere else on the
world. Surely - it can be argued - what is needed in today’s electronic age is to take the existing maps, and
all the vast mass of associated data stored in the archives - borehole logs, rock and mineral specimens,
geochemical analyses and geophysical readings - and combine them all into one huge interactive data-
base, in which individually customized maps - and much more besides - can be produced at the touch of a
button. Field geologists can be put out to grass, or retrained as computer operators. Any primary geolog-
ical data that is still needed can be obtained much more efficiently from, say, multi-spectral satellite
images, capable, now, of sensing the elemental compositions of soil or rock at the surface across the
whole globe. So let’s ring in the new, and ring out the old.

Introduction

I’m going to argue that it’s not so simple, and that the

need for geological mapping remains, and that, in most

cases, new and emergent technologies can (mostly) help,

but they can’t change the essential nature of the process. So

let’s look at the nature of the beast, first of all. Just what is

geological mapping, and what is it attempting to do?

In a map, the number of dimensions is only two, the

planar surface of the map itself. Thus, firstly, the 3-D to-

pography of the ground itself must be accommodated to the

surface of the paper, without losing the topographic infor-

mation. We now mostly do this by means of topographic

contours. It’s an effective and quantitative means, and,

given practice (a fair bit of practice, mind), relatively easy

to read. Older, say Victorian, maps often employed a less

rigorous but more immediately obvious means of depicting

topography, that of carefully shading the slopes of a piece

of ground, as though lit obliquely by sunlight. More re-

cently, I’ve seen geology displayed on orthophotographs,

that is, carefully scaled aerial photographs. This is pretty

good, though reading topography from air photos isn’t al-

ways as easy as one might imagine. I remember, in my

youth, looking at a splendid vertical air photo of glaciated

mountains, and trying to work out, unsuccessfully, whether

those sheets of ice lay in the valleys or on the moun-

tain-tops. And these days, of course, topography can be

digitized and represented on a computer screen as 3D im-

ages, which can be zoomed into, rotated, sliced apart and so

on. But that’s just the topography – there’s now the ques-

tion of how the geology can be fitted in.

The problem of geometries

The key is how rock strata intersect with topography.

Let’s take the simplest possible example, perhaps the most

widely-recognised image of regional geology in the world:

Arizona’s Grand Canyon: flat-lying, layer-cake rock strata,

exposed to view by the erosive effect of the Colorado river.

The geological structure is as simple as you can get, but the

lines that represent those rock outcrops on the map are intri-

cate and complex, reflecting the snaking outlines of the

Canyon and its tributaries. If, on the other hand, the rock

strata have been steeply tilted or tightly folded by earth

movements, then their surface outcrop may appear much

more simple: a vertical stratum will appear like a straight

line line on the map, rather like looking at the top of a wall.

Then again, rock strata can thicken and thin - often dramati-

cally - on moving cross-country, or take the form of

irregular ribbons rather than simple sheets of sedimentary

rock. Igneous and metamorphic rock bodies can be yet more

complex and can take on almost any kind of

three-dimensional shape. So, with rock bodies, there is a

solid 3D geometry that underlies and intersects with the 3D

sheet of the ground surface.

The mapping of time

There’s another dimension still,peculiar to geology: the

fourth dimension of deep time. Field geologists see the re-

construction of rock 3D, however simple or complex, as

merely the prelude to reconstructing the history represented

by those rocks: the succession of landscapes and seascapes

over which sediment was eroded and deposited; the histo-

ries of volcanoes which erupted and cooled; the earth

movements which buried, crumpled, tore apart and ex-

humed the rocks; the mineralogical and chemical changes

that took place deep underground (such as the generation of

oil and gas), and the much more recent events that have af-

fected the rocks after exhumation, such as glaciation, soil

formation, landslip generation and (increasingly impor-

tantly) the effects of human activities. The Urban Stratum of

rubble and waste, tunnels and pilings under London and

other cities, for example, is perfectly well mappable as a

geological unit, and interpretable in terms of human history.

And all this information has to be crammed on to a col-

oured sheet of paper. Small wonder that at least one former

director of the BGS suggested to me, with perfect serious-

ness, that the main business of a geological degree was

simply to train the students how to read and interpret geolog-

ical maps (let alone produce them). Even professional
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geologists struggle with geological maps. I’m a mapping

geologist by trade, yet show me an unfamiliar map and I

need at least an hour of undisturbed concentration before I

can make any sensible interpretation of it. For

non-geologists (say, a planner trying to balance the compet-

ing demands of housing pressure and mineral extraction)

the task is infinitely harder.

Practical map-making

It follows that to construct a geological map, it’s not

enough to simply gather data, or to delineate outcrops of

particular types of rock. The task is to develop, and to por-

tray, 4D understanding of the geology of an area, including

the prediction of the nature and trend of the rock units up to

some hundreds (or thousands) of metres below ground. It’s

not easy. Geology undergraduates, at most universities, still

have to do up to a couple of months individual mapping as

part of their degree, and in almost all cases it’s the most

challenging part of their studies. Firstly, they find that most

of the geology of any area is simply not exposed, being cov-

ered by grass, soil, built-up areas and so on. Thus any

geological map is not a collection of factual observations,

but a hypothesis, a sensible mental construct of what the ge-

ology might be, based upon those observations. Secondly,

geology in the field is infinitely messier and more complex

than the neat simplified diagrams shown in textbooks. Even

the initial compartmentalization of a rock succession into

mappable units is often an uncertain and arbitrary process.

Expertise is only slowly acquired, partly because ‘map-

ping’ is a holistic process, involving virtually all the other

geological disciplines, in various combinations depending

on the nature of the ground.

Traditional geological mapping depends upon taking

information from rock (and drift) exposures and integrating

this with a geological interpretation of the topography: thus

each field mapper needs to be a psychologist of the land-

scape as well as a geologist. Topographic interpretation can

be taken to extremes. New geologists working for the Brit-

ish Geological Survey have long been trained in field

mapping on ground where there is virtually no rock expo-

sure, but where the sandstones and shales of a Coal

Measures succession form subtle scarps and hollows -

sometimes only centimetres high - snaking across the

ground surface. With (a good deal of) practice at this, it’s

possible to estimate dips and thicknesses of rock strata, the

location and throw of faults, the position of coal seams and

the location and approximate thickness of drift deposits,

without seeing any rock at all.

New and emerging technologies include such things as

various geophysical devices, measuring, say, the electrical

conductivity or seismic velocity of the ground, various

forms of airborne remote sensing, accurate positioning

through GPS or laser interferometry, or new and better ways

of drilling into rock or drift deposits. Characteristically,

they work wonderfully in some types of terrain and not at all

in others. Working out which do work and which don’t is, in

my experience, rather more trial and error than scientific

prediction. It’s unlikely that they can ever replace tradi-

tional mapping, but they can help, sometimes greatly.

A sea of slate

Let’s take some examples of recent bits of geological

mapping I’ve been involved in. In the late 1980’s, the BGS

started a programme of ‘rapid mapping’ of large areas of

central Wales. The ground needed to be mapped because

the only previous systematic map, made over a century ago,

essentially gave up on these superficially monotonous

rocks. Whole maps were simply coloured purple, to depict a

sea of grey, tightly folded, slates. The ‘rapid’ nature of the

mapping was initially envisaged as reconstructing the geol-

ogy from traverses across the structural grain of the ground,

and joining up the gaps with data from air photos. In prac-

tice, though, mapping varied from traverse-based to slow

and detailed, depending on the complexity of the problems

encountered, so it was variable-speed rather than rapid. The

key to unlocking the geology, to subdivide these ‘slates’

into a number of rock formations (which basically reflect

the growth and migration of large, submarine turbidite fans

constructed of kilometre-thicknesses of mud laid down in a

deep Silurian sea, before being tectonically sliced and

crumpled) wasn’t high technology. It was, instead, the old-

est of the geological black arts, biostratigraphical

palaeontology, the collection of fossils from literally thou-

sands of localities and putting them into evolutionary order,

so that time-lines could be traced through the strata so that

those strata could be sensibly pieced together. Other ap-

proaches were tried: geophysical and geochemical

mapping, the interpretation of satellite images, lithofacies

analysis. All helped, but, in providing understanding, the

fossils won hands down. The job simply couldn’t be done

without them.

The mapping of drift

A few years earlier, I had been involved in another geo-

logical morasse, the endless plains of East Anglia. These

are covered, essentially, by drift deposits: sands, gravels

and clays of various sorts - some glacial, some marine,

some fluvial, and there’s little that’s more than a couple of

million years old. These were poorly exposed, mostly

unfossiliferous, and, in terms of sediment body geometry,

hugely complex, reflecting sedimentation and erosion dur-

ing the fluctuating environmental conditions of the Ice

Ages. Here, ‘traditional’ mapping (which in that terrain

was augmented by the systematic, and backbreaking, use of

a hand-auger, a 1.3 metre-long corkscrew-like device de-

signed in Hell for the inefficient collection of

uninterpretable subsoil samples) simply didn’t work to any

level of practical, economic or intellectual satisfaction. Per-

haps the most depressing part of my professional life was

when I first encountered drift deposits and the traditional

hand-auger simultaneously. The breakthrough here was

achieved within the framework of multi-disciplinary re-

gional projects set up (in the teeth of much resistance) by a

newly arrived and inspirationally rash BGS director,

Malcolm Brown. “Just get together and go and sort the ge-

ology out” was his message “don’t worry about the maps for

the time being”. It was heresy, but it worked. Out of a truck-

load of geophysical devices we (as non-technical field

geologists) tried, one was a stunning success. A simple,
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portable conductivity meter that could distinguish clay

(high conductivity) from sand, gravel and limestone (low

conductivity). Combining this with a better-designed

hand-auger (which went deeper than the Hadean cork-

screw, but somehow didn’t threaten hernias) we could trace

out the most delicate of palaeoenvironmental features, in-

cluding deep boulder clay-filled glacial channels

sometimes no wider than the average front lawn, and invisi-

ble at the surface. We went, almost overnight, from a

virtually complete incomprehension as to the nature of the

ground beneath our feet to a huge confidence that we could

work it out in hitherto undreamed-of detail.

Such young and soft deposits as the East Anglian drift

used to be pointedly disdained by respectable geologists,

who deigned only to deal with the serious business of the

hard, ancient rocks beneath. Gardeners was the epithet ap-

plied to those odd souls who took an interest in the drift

deposits that mantle the land surface almost everywhere.

No longer. It’s now much more widely recognised that drift

deposits are not just a source of sand and gravel to build

with, and groundwater, but also constitute the foundations

for most buildings and roads, while locked within them are

clues to the fickle climate of the Ice Ages, from which we

have to divine the climate of our immediate future. Drift de-

posits, acre for acre, are more complex than hard rock, and

harder to deal with. But, the importance of knowing them in

detail suddenly takes on urgency when, for instance, one is

asked (as the BGS was) to find, within hours, sites in which

millions of dead cattle, sheep and pigs, culled during the last

foot and mouth disease outbreak, could be safely buried:

sites that can contain horribly noxious fluids for decades to

come, without fear that they leak out to pollute soil and

groundwater. Or in the aftermath of dozens of new homes

being irreparably damaged, one rainy night, by a landslide

founded in soft glacial lake clays. Where do those clays ex-

tend to? Which other homes might be in danger? These are

multi-million pound questions. Better have good maps to

hand.

Mapping volcanic histories

Let’s take another example. An idyllic ocean island,

laid waste every so often by a cataclysmic volcanic erup-

tion. Beneath the rapidly spreading high-rise hotels of

Tenerife there are layers of ash which are the remains of

eruptions mightier than we have seen, anywhere in the

world, recorded in written human history. How often did

these occur? Did they occur randomly or according to some

pattern determined by the particular settings of the mag-

matic plumbing of the island? When might the next such

eruption occur? The answer lies in tracing out - mapping

out - the layers of ash and putting them in their correct order

in time and space. It’s not easy. These deposits, plastered

on to the irregular topography of this volcanic island, come

and go from place to place with bewildering rapidity, and

the deposits of different eruptions have an infuriating ten-

dency to mimic one another. There are no technological

quick fixes. One has to characterize the layers of ash care-

fully, in detail, and then attempt to follow them, slowly,

from one steep valley to another. It’s the geological equiva-

lent of hand-to-hand fighting. Expertise is built up slowly,

and hopes of maintaining a reliable working hypothesis are

dashed frequently.

Undersea, the story is different. Off Tenerife, and off

the neighbouring Canary islands, the geology is dominated

by effects of major collapses of the volcanic edifices, pro-

ducing gigantic debris flow deposits which contain

skyscaper-sized blocks and which, individually, may be

bigger in area than the island itself. Mapping these, and

putting them into some sort of time framework, is only pos-

sible because of the miraculous images newly produced by

sidescan sonar. A lead-booted, hammer-wielding geologist

in a diving suit would be of little use in working out this kind

of geology.

The future

So, three different areas and three different sets of geo-

logical mapping problems. Some can be suddenly

illuminated by the advent of new mapping technologies,

while others remain stubbornly resistant to anything but

old-fashioned footslogging, hammer and notebook in hand.

Evolution of technique will happen and is happening, but

the revolution will likely come piecemeal, if it comes at all.

So field geological mapping is set to stay? Well, my

suspicion is that there will always be a need for it. Trouble

is, it’s a trade that needs a longish apprenticeship, and a few

weeks of undergraduate experience simply isn’t enough.

And each different region needs a different approach, so lo-

cal expertise is crucial. Decades ago, geological mapping

was a respectable pursuit for academic geologists, and the

mainstay of the BGS. These days, though, academics are

pressured towards quick and snappy pieces of work which

can be published in high-profile journals; the production of

local geological maps isn’t usually seen as something that

can produce global-impact, blue-skies science. And even

national geological surveys see basic fieldwork cut back

sharply to support the ravenous demands of the

all-encompassing electronic revolution. So where will the

new field mapping geologists come from?
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'Maps and Society' Lectures

Lectures in the history of cartography convened by Tony Campbell (formerly Map Library, British Li-
brary) and Catherine Delano Smith (Institute of Historical Research, University of London). Meetings
are held at the Warburg Institute, University of London, Woburn Square, London WC1H OAB, at 5.00 pm
on a Thursday. Admission is free and each meeting is followed by refreshments. All are most welcome.
Enquiries: +44 (0)20 8346 5112 (Catherine Delano Smith) or Tony Campbell

TWELFTH SERIES
Programme for 2002-2003

2002

October 24

Dr. Michael Charlesworth (Department of Art and Art

History, University of Texas at Austin). The panoramic

idea and mapping in Britain, 1740-1820. Sponsored by The

Hakluyt Society

November 21

Peter Riviere (Linacre College, University of Oxford).

The Schomburgk Line and the creation of 19th century Brit-

ish Guiana.

December 5

Dr Brian Dunnigan (Clements Library, Michigan Uni-

versity). Frontier iconographies: Mapping and imaging

developing urban space in colonial North America.

2003

January 23

Professor Mike Heffernan (Department of Geography,

University of Nottingham). From Russia with love? A Tsar-

ist map of France and the Paris Exposition Universelle of

1900.

February 13

Dr Jeremy Johns and Dr Emilie Savage-Smith (Orien-

tal Institute, University of Oxford). The Book of

Curiosities: A newly-discovered series of medieval Islamic

maps.

March 20

Dr Edwina Proudfoot (Department of Archaeology,

University of St Andrews). John Geddy's map of St An-

drews (1580): A past and future framework.

May 1

Réné Tebel (German Mari t ime Museum,

Bremerhaven,Germany). The signficance of the ship image

on early modern maps.

May 29

Dr Daniel Connolly (Department of Art History, West-

ern Michigan State University). The performance of history

in the itinerary map of Matthew Paris.

This programme has been made possible through the

generous sponsorship of The International Map Collectors'

Society, Jonathan Potter of Jonathan Potter Ltd., and

Laurence Worms of Ash Rare Books. It is supported by

Imago Mundi: the International Journal for the History of

Cartography.

Displays for each lecture, at the Royal Geographical

Society, are usually arranged by Francis Herbert, Hon.

F.R.G.S., but please note that the Map Room and Library at

the R.G.S. are closed until late 2003.
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