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ABSTRACT: 

The geology which underlies cities and towns is a much 

neglected part of field geology. Now recognized by the title 

Urban Geology, it is of great importance to all geotechnical 

engineers since all urban geotechnical site studies should start 

with consideration of the general underlying geology, Few cities 

had available any information on their geology prior to the 

second world war. Since those years, some progress has been 

made, as examples demonstrate, selected from cases around the 

world, following a review of what has been done in the Boston 

area. There are associated problems; some are described. The 

challenge for a great advance in this part of geotechnical work 

seems clear. The example of what has been done in the Twin City 

area of Minnesota shows what can be done. 

(1) URBAN GEOLOGY 

Urban Geology is a convenient term, now in general use, to 

describe the geology beneath the streets and buildings of 

cities. It is probably one of the most neglected of all the 

subdivisions of field geology. Correspondingly, it has yet to 

win for itself the recognition in urban geotechnical studies that 

its importance warrants. It is therefore good to have the 

subject recognized in this series of lectures. 

Geology is of importance in every branch of civil 

engineering. The connection is a reciprocal one, the excavations 
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necessary for engineering works always revealing new geological 

exposures, often of scientific significance. Every geotechnical 

investigation should involve the study of all the geological 

information that is available for the area, time and money may be 

wasted in the actual prosecution of individual site studies. In 

turn, each geotechnical investigation can make a significant 

contribution to the steadily growing overall picture of the 

relevant areal geology, if the records from it are correlated 

with what is already known about a city's subsurface, 

The 

expressed. 

message of this lecture, therefore, is easily 

It is that the startin9 point of every geotechnical 

investigation should be a study of all geological information 

available for the area around the site being studied; that in 

urban areas, this involves a study of the local urban geology, 

limited though information on this may be in many cases 

(Unfortunately); that the results of each urban site 

investigation, when completed for its quota to the steadily 

growing bank of information on the local urban geology; and, of 

equal importance, study of local urban geology should be 

recognized by local geologists not only as a challenge but also 

as an opportunity, so that close liaison between geologists and 

civil and geotechnical engineers should always be a feature of 

professional liaison in every major municipality. 

All very obvious, it may be said, but; so seldom is it yet 

achieved in practice! What follows is merely supporting evidence 

for this basic proposition. A tribute is first paid to what has 

been done in this field in the Boston area. This constitutes so 

striking, and an almost unique, example of what should be done in 

every city that even the idea of speaking about Urban Geology in 

Boston is akin to the old British tag of "carrying coals to 

Newcastle." A brief glance will be taken at what some other 

cities have done in years now long past preceding a review of 

what a few cities other than Boston are now doing about this 
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vital matter, 

Finally, some 

so essential for orderly 

general observations will 

civic development. 

be presented to 

some of the problems illustrate some of the opportunities and 

which the study of Urban Geology presents. 

It may be a matter of surprise to find that no illustrations 

accompany this written presentation. This is of set purpose 

since there is no such thing as a "typical" example of Urban 

Geology. Every case is unique in some respect. In addition, and 

as all readers will know, reproduction of geological maps to the 

small scale necessary in such a volume as this results in 

illustrations that are not very meaningful. When the lecture is 

given, however, a varied collection of examples of urban 

geological maps will be exhibited, together with other 

documentary material. Some of these exhibits, especially the 

geological maps of the underground of Paris, are amongst the most 

interesting (and artistically attractive:) geological maps known 

to the writer. 

(2) A TRIBUTE TO BOSTON 

In the first published copy of the Journal of the Boston 

Society of Civil Engineers (1914) there appeared a paper by J.R. 

Worcester, entitled "Boston Foundations" in which an assembly of 

boring records was featured. As a subsequent development of the 

interest aroused by this paper, the society set up a Committee on 

Boston Subsoils, the purposes of which were stated as follows: 

"The purpose of this Committee is to gather data regarding the 

character of the subsoils in Boston and adjacent areas, and to 

present it to the Society in such form as to add to the general 

knowledge and to make it available for reference by any who may 

wish to get a clear idea of the geological construction under 

this City" (1). 

This Committee made an extensive report in 1931 and a second 

one in 1934. With the cooperation of those making borings in the 
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city area, the Committee assembled over 9,000 records, locations 

of which were shown on 16 sectional maps. The borings are so 

well located that it was possible to prepare six geological 

sections through the city at many points, to make maps of the 

rock and boulder-clay contours, and to locate old shore lines of 

Boston and Cambridge. The Committee gave special consideration 

to the complex groundwater situation under the city area; it made 

tests of local soils and compiled a classification of these. The 

rock and boulder-clay maps were made by the geologist member of 

the committee who had started a study of the area as early as 1923. 

This important work continued through the years, still under 

the aegis of the Boston Society of Civil Engineers, at one time 

in association with the Emergency Planning and Research Bureau, 

Inc. Starting in 1949, the Society's Foundations Committee 

published a series of papers giving in concise form and 

accompanied by key maps, full details of the boring logs they had 

available for various parts of the Boston area. These reports 

were issued in 1949, 1950 and 1951. The Committee resumed its 

work in 1967 and published another set of records in 1969. It 

has been well said that "Boston has probably been more completely 

probed, drilled, cored and investigated than any other American 

city." 

Geologists have been similarly active in the Boston area. 

The structure of the Boston basin, for example, has been 

intensively studied not only by members of the staff of .the U.S. 

Geological Survey (one of whom, Dr. L. LaForge, wrote a masterly 

report upon it) but also by Professor Marland P. Billings of the 

Department of Geology at Harvard University. Dr. Billings has 

himself studied in detail the geology of tunnels recently 

excavated and has encouraged his students to do the same. The 

result has been a notable series of papers presented also to the 

Boston Society of Civil Engineers and published in their journal 

(3). Although the geology of these tunnels was studied as 
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excavation progressed, the most detailed mapping that Dr. 

Billings directed (with the cooperation of the staff of the 

Metropolitan District Commission) was done after the tunnel walls 

had been washed down just prior to the placing of the concr:ete 

lining. This involved intensive work during a short period, but 

methods of mapping were developed that made possible the 

recording of the complete tunnel sections to a scale of 1 to 

240. Copies of the resulting folios were placed in the custody 

of the Construction Division of the Commission and with the 

Department of Geological Sciences of Harvard University. Their 

permanent value can well be imagined and they can indeed be 

studied by all, since, with the aid of ingenious graphical 

symbols, small-scale sections through the tunnels were included 

in the BSCE papers in which they were described. 

More than description was involved, however, for the study 

of the geology has revealed answers to long-standing questions 

about the geology of the Boston basin. In the case of the City 

Tunnel Extension, the tunnel revealed "for the first time that 

the Roxburgh and Cambridge Formations are actually facies of one 

another ... (diagrams showing) that the Cambridge type of lithology 

inter-fingers with the Roxburgh type of lithology .•. " The 

explanation is that Boston Bay group of sediments that became the 

present bedrock was deposited in a basin, the movements of water 

across which, in combination with a large deltaic formation, 

resulted in the variety of rock types in the two formations. 

More remarkable was the geology as revealed in the Malden Tunnel, 

for here the major faulty, long suspected, between the Cambridge 

formation and the Lynn volcanic rocks to the north was clearly to 

be seen. It was naturally examined with unusual care and 

recorded in detail, confirming the deductions made from study of 

the geological structure of the basin. These Boston Tunnel 

papers can be commended without reservation as splendid examples 

of the sort of record that should be prepared and published for 
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all major tunnels and for all those exhibiting unusual geological 

features (4). 

The U.S. Geological survey has continued its interest in the 

Boston area, for many years having had a resident geologist in 

Boston, Dr. Clifford Kaye. Typical of his work has been an 

accumulation of observations of a number of excavations for 

building foundations on Beacon Hill, Boston. 'l.'his enabled Kaye 

to develop a new explanation for the existence of this notable 

feature of the city, long described as a drumlin. He suggests 

that it is really an end moraine formed by a glacial re-advance. 

Excavations revealed a complex of sand, gravel and clay instead 

of the anticipated till, with thrusting and other deformations 

clearly formed within the ice in the terminal zone. Slumping had 

occurred on deglaciation forming complex secondary structures on 

the lower flanks of the ridge. This is a particularly revealing 

case since it illustrates how patient and meticulous observations 

of relatively small excavations in the centre of a great city can 

lead to a complete revision of a geological explanation that had 

long been accepted without question (5). 

For many years, Dr. Kaye has been correlating all the 

geological information revealed in these several ways into 

complete maps of the geology underlying this important 

metropolitan area. His first maps of the rock contours beneath 

the city have been issued in preliminary form but, with him, we 

can look forward with confident anticipation to the finished maps 

to be published to the high standards of the U.S. Geological 

Survey. They will be at once a tribute to his devoted work and a 

further and unusually good example of what every city should 

have. Almost as an aside, Dr. Kaye did not allow the bicentenary 

of this country to pass by without also correlating the geology 

of the Boston area with its fascinating history. The result is 

to be found in Bulletin 1476 of the u.s.G.s., naturally issued in 

1976, with the quite simple title: The Geology and Early History 
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of the Boston Area of Massachusetts; A Bicentennial Approach. 

All interested in history and in geology will find in it entirely 

delightful, and informative, reading. 

(3) SOME EARLY CONTRIBUTIONS 

This extended attention to what has been done about Urban 

Geology in the Boston area might appear to be out of proportion 

but when the rather limited activity in this field elsewhere is 

reviewed, in association with the fact that this lecture is being 

presented in Boston, balance will be seen to be in keeping with 

the facts of the case. In earlier years there were interested 

individuals, in this and other countries, who had a vision of 

what the geology of their city should mean to its citizens. One 

of the earliest such cases (introduced to me by a friend then 

resident in Cambridge:) was a volume published in New York in the 

year 1843 by W, E. Dean, publisher and printer in Ann Street, 

The author was Issachar Cozzens Jr. (about whom I have not yet 

found any particulars). His title, in true Victorian style, was 

Geological History of Manhattan or New York Island, together with 

a Map of the Island and a Suite of Sections, Tables and Columns, 

for the Study of Geology particularly adapted for the American 

Student. This, in 1843! 

Another very early volume was that which, in 1862, Professor 

Eduard Suess published in Vienna, a 300-page treatment of the 

geology as it was then known under lying his lovely city ( 6 J. In 

1885 there was published another fine volume, of 138 pages, 

describing the Rocks of Philadelphid, the author being Angelo 

Heilprin of the Academy of Natural Sciences of that city which 

published the book. In its pages, he takes his readers on walks 

along roads and trails around the city, describing the geology to 

be seen in an interesting way. In England, the Reverend Charles 

Kingsley (the well known author of Westward Ho! and other books) 

gave a series of lectures in 1872 to young men, under the 
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auspices of the Chester Natural History Society. These were 

later published (in 1877) in a small volume with the title Town 

Geology (7). Although non-technical, the lectures present a 

vivid appreciation of the importance of geology in urban 

planning. Typical is this brief extract: "It does seem to me 

strange, to use the mildest word, that people wh9se destiny it is 

to live, even for a few short years, on this planet we call the 

earth, and who do not at all intend to live on it as 

hermits ... should in ~eneral be so careless about the constitution 

of this same planet, and of the laws and facts on which depend, 

not merely their comfort and their wealth, but their health and 

their very lives, and the health and the lives of their children 

and descendants." Make due allowance for the rolling Victorian 

prose of Charles Kingsley, and these words set the scene for this 

lecture. 

In Canada there was presented to, and published by the Royal 

Society of Canada, in 1900, a 50 page paper having the title "On 

the Geology of the Principal Cities in Eastern Canada" (8). The 

author was a distinguished member of the staff of the Geological 

Survey of Canada, H.M. Ami, who had seen from his own geological 

work that: "What the drill has to penetrate in any one of our 

larger centres of activity in Canada, before reaching the old 

Archaen or original crust of the earth in this portion of the 

North American continent covered by the ar~as under discussion, 

is a question not only of interest but also of economic value." 

These are but a sampling of the evidence of a healthy but 

limited interest in urban geology in the latter part of the last 

century. Little has been found indicative of comparable interest 

in the first third of the present century. One of the first 

indications of renewed interest in the subject was the 

publication in 1936 of a set of four sheets which, together, 

showed the engineering geology under lying Warsaw, the capital 

city of Poland. These sheets were the work of Professors 
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Sujkowski and Rozycki. The geology they showed, including the 

depths through the overburden to bedrock, was based upon a 

detailed study of the records of several thousand test borings 

and test pits. 

In North America, there were one or two cities where the 

underlying geology was given the attention it deserves. As early 

as 1902, the United States Geological Survey published the New 

York City Folio as No. 83 of its Atlas; this was followed in 1905 

by the publication of Bulletin No. 270, The Configuration of the 

Rock Floor of Greater New York, based on a study of over 1,400 

borings. The Municipal Engineers of the City of New York were 

active in this field from 1915 on and published several notable 

papers in their journal. Planning the West Side Highway in 1933 

provided a spur to further collection of 

were assembled in the office of the 

boring records i these 

borough president of 

Manhattan as the start of what has proved to be one of the most 

extensive collections of _subsurface information available for any 

city. In the nineteen thirties a WPA project led to the 

preparation of "The Rock Map of Manhattan," enlarging still 

further the scope of earlier work. More than 17,000 borings were 

plotted on this map when it was first prepared; the number of 

records available has greatly increased in the years since then. 

A similar project was started at the same time for that part of 

New York outside the borough of Manhattan; for this "Maping of 

Earth and Rock Borings" project, 27,000 boring records were 

used. Through the years, these fine record maps and compilations 

of surface information have been extended and improved. All 

records today are available for public consultation at the 

various borough offices. 

Another of the few early approaches to doing something about 

recording Urban Geology was taken in New Orleans. Action was 

initiated in 1934 at the request of the Louisiana Engineering 

Society and a survey of foundation records was made as a project 
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of the WPA of Louisiana. The results of the survey were 

published in 1937 in a notable volume (Some Data in Regard to 

Foundations in New Or leans and Vicinity). Through the 

cooperation of local engineers, architects, and officials, over 

200 boring records and details of over 100 examples of foundation 

design in the New Orleans area were assembled. As the city is 

located near the mouth of the Mississippi River, the local 

geological formation is typically deltaic, consisting of sand and 

clay strata extending to depths greater than 350 ft. Several 

interesting features of these beds were noted: A layer of 

cypress tree stumps, whose trunks had been cut off, lies a few 

feet below the surface and a second similar layer lies about 25 

ft. below mean Gulf level; a human skull was found in undisturbed 

clay at a depth of 37 ft. below ground surface; and layers of 

oyster shells occur about 50 ft. down. 

Yet another early approach was that in Winnipeg, Manitoba. 

At the instigation of the Winnipeg branch of the Engineering 

Institute of Canada, a Cammi ttee on Foundations in Winnipeg was 

set up in May, 1937. The function of the Committee was to 

investigate and report on (1) why difficulties are experienced 

with foundations, ( 2) how best to repair faulty construction, ( 3) 

proper design for new foundations. In August, 1937, the 

Committee submitted an interim report, discussing the formation 

of Winnipeg soils and subsoils, the foundation of new buildings, 

and the cause of settlement of existing buildings. Although 

described as an interim report, this document was unusually 

complete and has proved useful down the years ( 9 l. ( It is a 

pleasure to report that at the present time. Professor Baracos 

of the University of Manitoba is completing the preparation of a 

series of engineering geology maps for the Winnipeg area, along 

lines that must have been envisaged by the members of this 

farsighted prewar Committee.) In general, limestone lies between 

18 and 21 m (60 and 70 ft.) below ground level, and the 
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of 

till, 

the 

clay and silt beds 

a common type of 

glaciated areas of 

central and eastern Canada and the northeastern United States. 

(4) SOME POST-WAR EXAMPLES 

There must have been others who made similar studies of 

urban geology but it will be seen that they were isolated cases, 

dependent upon the enthusiasm of some local group of 

individuals. It was not until after the second world war that 

anything more than a few such isolated examples of recording the 

geology beneath city streets are known to have been started. One 

of the most significant of the early post-war efforts in this 

direction was the work of the U.S. Geological Survey in producing 

two fine maps for the San Francisco Bay area. In 1957, there was 

published a map showing the Engineering Geology of the Oakland 

West Quadrangle, California, followed in 1958 by a companion map 

of the Geology of the San Francisco North Quadrangle, 

California. The ground surface is shown by contours at 25-ft. 

intervals above an altitude of 25 ft., and at 5-ft. intervals 

below that; bedrock contours are at 100- and 25-ft. intervals, 

respectively. 

valuable such 

character of 

All who know San Francisco will appreciate how 

a map can be, not only because of the rugged 

the rock surface, which can be observed at the 

surface, but also because of the concentration of large buildings 

where the geology might be expected to be erratic. The published 

map confirms this inference; it shows, for example, that near the 

Ferry Building, at the foot of Market and Mission Streets, 

bedrock lies nearly 90 m (300 ft.) below the present surface, 

whereas it is exposed at the surface just a few blocks away to 

the northwest and southeast. The bedrock contours show clearly 

that this strange variation is due to an old buried river valley, 

a geological feature not uncommon but one that can play havoc 
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with foundation designs if unsuspected and undetected. The local 

section of the American Society of Civil Engineers has also been 

active in assembling engineering information on subsoils, some of 

which has been summarized in a useful general paper (10). 

The city of Saskatoon, in the centre of the Canadian 

prairies, may usefully be mentioned as illustrating another 

approach since here one of the inter-disciplinary geotechnical 

groups of Canada (associated with the Canadian Geotechnical 

Society) heard a talk about urban geology at one of their regular 

meetings and decided to do something about it. A committee was 

established under Dr. Earl Christiansen and, in a remarkable 

cooperative voluntary effort, material was assembled for an area 

with a radius of 32 km from the centre of Saskatoon on all 

aspects of bedrock and surficial geology, pedology, climate, and 

geotechnology - with subsections on groundwater, slope stability, 

engineering properties of local soils and land use potential. 

With financial assistance from the National Research Council and 

the Saskatchewan Research Council, the assembled material was 

published in 1970 in a 68 page folio which includes 54 maps and 

diagrams, most of them colour-printed, the maps to a scale of 4 

miles to the inch which necessitated a page size of 31 by 37. 5 

cm. The Saskatoon Folio (as it has become known) is well known 

across Canada, the Canadian Geologial Foundation having 

distributed copies to the offices of most of the City Engineers 

of Canada; it is hoped that it will be copied in other cities and 

improved upon, where the information is not already available in 

some other form. 

One Canadian city has produced much useful information about 

its sub-surface directly, with supplementary material from both 

the provincial government of Quebec and the Government of 

Canada. In 1966, the Montreal City Planning Department ( Service 

d'Urbanisme) published as their Bulletin No. 

brochure of convenient size (by the use 

4, a colour-printed 

of folding. plates) 
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illustrating very clearly the general bedrock and soil geology of 

the Island of Montreal and the immediately adjacent areas. 

Relief and drainage characteristics are also shown, as are land 

slopes and local forest coverage - all the basic material for the 

initial phases of planning. The City's Public Works Department 

jointly with the Geological Survey of Canada has produced a 

useful brochure on the local soils and their engineering 

properties. Finally, an emeritus professor of McGill University 

(T. H. Clark) assembled all available information on the bedrock 

of the Montreal area, showing his synthesis on a fine geological 

map which accompanies his 244 page report (11). 

Some reference must be made to corresponding work on urban 

geology outside North America. The capital city of 

Czechoslovakia provides a fine example since it is located in an 

area of complex geological conditions which have influenced the 

development of the city ever since the Middle Ages. The bedrock 

of the urban area consists of folded shales and quartzites of the 

Ordovician. The Paleozoic rocks are overlain by Cretaceous 

sandstones and marls, the nearby horizontal beds of which form 

the flat-topped hills at the outskirts of the city. The greatest 

part of the area is covered by Quartenary surface deposits, 

terrace gravels and loess sheets. Apart from this intricate 

geological structure, the activity of man has contributed to the 

complexity of local foundation conditions. 

inhabited continuously for at least 1,000 

Prague, having been 

years, has had its 

surface conditions changed by excavations and man-made fills to 

such an extent that, in many cases, the original relief is 

difficult to ascertain. 

Former experience and records have been published in a 

series of papers dealing with the geological conditions of the 

Prague district. The inner city area was described in detail in 

a paper on the "Geological Features and Foundation Conditions of 

the City of Prague" (in Czech with an English summary) by Q. 
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Zaruba, A 1:12,500 map accompanies the paper. The work includes 

the results of researches and borings carried out for the design 

of the Prague subway, hydrogeological conditions of the area, and 

a critical evaluation of earlier literature. 

The geological and foundation conditions of building sites 

have been investigated by various bodies; at present this work is 

mainly done by the Czechoslovakian Institute of Engineering 

Geology. The results of this research work are recorded in 

boring records and geological 

so-called Geofond kept by the 

reports, maintained in 

Central Geological Institute 

the 

in 

Prague. It is compulsory to deliver to the Geofond profiles of 

boreholes and duplicates of reports on all geological 

explorations carried out in the city area. The locations of 

borings are plotted on a 1:5,000 map and indicated by the numbers 

under which they are registered. These archives are available 

for the use of interested inquirers. Since World War II, a new 

map of foundation soils of the urban area (to the scale 1:5,000) 

has been developed under the sponsorship of the Board of Town 

Planning. It serves as the basis for new regulation plans and 

for the design of new districts. For each of the seventy-five 

quadrangles into which the plan of the city and its environs has 

been divided, there are now four maps sheets - the first showing 

bedrock geology, the second soils above bedrock, the third the 

hydrogeology (with indications of the direction of groundwater 

flow), and the fourth ( the "Documentation Map") a record of all 

boreholes, excavations etc., from which information has been 

obtained. They constitute some of the best maps of Urban Geology 

known to me. 

(5) SOME NATIONAL CONTRIBUTIONS 

It will be said, and with some justification, that maps such 

as those for the urban geology of Prague are possible because of 

the system of government in Czechoslovakia. The same can be said 
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of the equally interesting maps for the urban geology of Moscow, 

u.s.S.R., but some other countries have demonstrated similar 

interest on the part of their national governments with excellent 

results, produced in a variety of ways. Japan provides a 

singularly interested example. 

In the early 1950s a staff member of the Building Research 

Institute of Japan started to collect such subsurface records as 

he could locate for sites in the city of Tokyo, now one of the 

largest cities of the world. When over 3,000 such records had 

been assembled, with the full support of the Director of the 

Institute, a "Subsoil Map of Tokyo" was prepared. A beautifully 

printed volume containing all the boring logs, and the map 

divided up into small double-page sections, was also published. 

This work attracted much attention and was drawn to the notice of 

the Japanese Research Council which, in turn, recommended to the 

Government of Japan the extension of this sort of service to all 

the leading cities of Japan. The idea found favour, with the 

result that a Special Committee was established to further the 

project. Financing on a 50-50 basis was arranged with major 

cities. Instructions were prepared and published so that the 

work would be in reasonable agreement as between different 

cities. Today, therefore, all major cities of Japan have an 

accurate knowledge of the geology beneath their streets, the 

detailed pictures being refined with the submission of each 

additional record. 

Yet another pattern is to be found in France. Here the 

national geological service (BRGM le Bureau de Recherches 

Geologiques et Mint~res, with headquarters at Orleans, 112 km 

south of Paris) has as one of its prime responsibilities the 

collection and publication of information on the geology 

underlying all the urban areas of France. The headquarters staff 

at Orleans (about 350) is supplemented by about 250 workers in 

eleven regional offices, one of the chief functions of which is 
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to develop this urban geological service in close association 

with authorities of the municipalities in each region. Here, 

therefore, is a national system of urban subsurface information 

available for general use, A similar system is now in force, but 

on a voluntary basis, in Switzer land, 

developed country having begun with 

the work in this highly 

post-war studies of the 

geology underlying Zurich, started by an engineering geologist, 

the records now maintained at the Swiss Federal Institute of 

Technology (ETH of Zurich). 

In Great Britain, the national Geological Survey has long 

had a lively interest in Urban Geology. Its "six-inch maps" of 

London, on which are given details of every borehole from which 

records have been obtained, have long been known as fine 

pioneering efforts in this field. Of great significance is the 

legislation which, for many years, has required that notice be 

given to the Survey before any borehole can be put down in a 

search for minerals or for water and that complete records of all 

such boreholes must be filed with the Survey upon their 

completion. Supplementing this was an important circular from 

the Ministry of Housing and Local Government (first issued in 

1962, but still current) in which the Minister "aoks" all local 

authorities to assist the Geological Survey in its important work 

by providing information about strata encountered in all 

boreholes sunk within their jurisdiction. Such support from 

"senior government" - a Ministerial "wish" being tantamount to a 

requirement - would go far to achieve the result that is so 

eminently desirable in this field. 

What of North America? Here, the vast extent of both the 

United States and Canada, coupled with the three levels of 

government in both countries, makes it more difficult to achieve 

similar results on a national scale. There are, however, some 

encouraging signs at both the national and state (or provincial) 

levels. 
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The early post-war work of the U.S. Geological Survey in 

producing two fine engineering-geological maps of the Oakland and 

San Francisco areas has already been mentioned appreciatively, 

This early work was supplemented on a much larger scale by a 

major joint project of the Geological Survey and the U.S. 

Department of Housing and Urban Development. Although all the 

initial objectives of this mast.er study may not have been 

achieved due to a change in priorities for funding, the Program 

Design for the operation, published in 1971, can still be rightly 

described as a classic document in its field (12). This 120 page 

document is a complete outline of the many factors involved in 

studying the geology of this great area from the point of view of 

assisting urban planning. 

The area of the Bay region is 19,920 sq. 

miles), almost the same as the total area of 

km (7,416 sq. 

the State of 

Israel. Population of the nine counties covered by the project 

is over 5 million. Indicative of what man has done in his 

development of the region is a reduction in the water area of San 

Francisco Bay from 1,750 to 1,030 sq, km (680 to 400 sq. miles), 

725 sq. km (280 sq, miles) having been filled or dyked. There is 

today, therefore, a wealth of information on the geology of this 

important region available to assist all local planning work, in 

the more than 70 maps and reports already published. The 1971 

volume will long serve as a guide to others faced with planning 

similar large scale areal geological studies. 

Denver, Colorado, is a rapidly growing urban conurbation 

located in a magnificent natural setting close to the foothills 

of the Rocky Mountains, the significant geology of the region of 

which it is the urban center being obvious to even the most 

casual observer, With the city of Boulder about 32 km (20 miles) 

to the northwest, and satellite communities such as Littleton 

around Denver itself, there are many common problems to be faced 

in the,steady development of this important area. Early in 1967, 
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a controversy developed over the proposed subdivision of a small 

hillside tract near Boulder. City officials, in the face of 

strong objections on the grounds of the hazards attached to soil 

and geological conditions along this eastern margin of the 

adjacent Front Range, sought for specific terrain information. 

They turned to the U.S. Geological Survey, as a result of which a 

manuscript copy of a geological map of the Boulder quadrangle was 

promptly placed in open, or public, files so that it could be 

officially consulted. This was a geological map, however, and so 

questions inevitably arose about the interpretation of the 

geology that it showed in relation to problems of local land 

development. 

Almost coincidentally with this specific request, the Denver 

Regional Council of Government (DRCOG) formerly the 

Inter-County Regional Planning Commission - requested the U.S. 

Geological Survey to conduct a regional planning study of 

geological conditions as they affect the use of land along the 

eastern margin of the mountains near Denver. A cooperative 

engineering-geological research project was therefore started in 

August 1967, this being the first such project between the USGS 

and a regional planning organization. 

This cooperative study covers an area of 116,000 hectares 

(287,000 acres). The resulting engineering-geological maps were 

first released in preliminary form by 1971, together with 

accompanying reports. Each map covers an area of 14,200 hectares 

(35,000 acres). The two objectives of the program are "to supply 

DRCOG with engineering geology information for planning use in a 

part of the Denver metropolitan area that is rapidly becoming 

urbanized, mainly by augmenting existing geological information 

with engineering geology information .•• [and] ••• to explore how 

geologic information, text arrangements, and verbal expression.• 

The second objective can be seen to be a research project into 

the preparation of engineering-geological maps so that the whole 
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program has a significance that extends far beyond the immediate 

needs of the Denver area, important as they are. 

A helpful summary of the Front Range Urban Corridor Pro.ject 

has been published by Hansen in a GSA symposium volume on Urban 

Geomorphology (13). As with almost every such regional project, 

although the results obtained are of prime and immediate benefit 

to those responsible for the planning of the region in question, 

the published results are of far wider significance while what 

may be called "by-products" were sometimes unexpected. Possibly 

associated with this project was the inclusion in the State (of 

Colorado) Land Subdivision regulations authority to permit the 

inclusion of land subdivision criteria dealing with "earth 

testing" and other geotechnical matters. And the city of 

Lakewood, one of Denver's suburban communities, has now included 

in its planning ordinance a rpquirement for a site report by an 

engineering geologist. 

Different again were the problems faced in relating geology 

with planning for Alleghany County, Pennsylvania. With an area 
2 

of 1,886 km (727 sq. miles) the county is centered around the 

city of Pittsburgh and so has no less than 60 perc~nt of its area 

urbanized. The summary report of the extensive geological 

investigations carried out by the u.s. Geological Survey in the 

1970s for the Appalachian, Regional Commission (with other 

agencies also involved), contains this eloquent summary of how 

the county in the space of two hundred years become: 

"one of the most important industrial centers in the 
United States, largely because of an original abundance 
of environmental resources: rivers and streams for 
transportation and water supply, timber for construction 
material, fuel and charcoal for the early iron furnaces, 
iron ore and limestone for the iron and steel industry, 
coal for fuel and cooking, oil and gas, and others. These 
resources strongly counter-balanced the unfavourable 
configuration of the land surface which is characterized 
by streams flowing in narrow steep-sided valleys at levels 
common 300 feet and locally more than 600 feet below 
intervening ridges .•••• " 

and the legacies of two centures of development are similarly 

well summarized: 
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"On the positive side is a varied, vital society, 
relatively stable in population, having established 
institutions and a broad economic base. Negative 
aspects include environmental problems (the principal, 
in addition to air and water pollution being) flooding, 
landsliding, and mine subsidence." 

Landsliding is so serious a local problem that special 

attention was given to landslides in the geological studies. 

More than 2,000 recent and prehistoric landslide areas were 

mapped in this one county. Slopes that may be susceptible to 

significant landsliding underlie about 15 percent of the county. 

The final results of the geological-planning studies were 

published in the form of a series of specially prepared maps, of 

which no less than three relate to landsliding (14). 

The Geological Survey of Canada has, likewise, taken 

interest in urban geology, many of its publications being of use 

to geotechnical engineers in their preliminary studies of 

regional geology. Its work in association with the City of 

Montreal has alrea.dy been mentioned; similar joint efforts with 

other cities have been made. For the capital city of Ottawa it 

has produced a succession of maps, each one benefiting by 

information accumulated since the issue of its predecessor, as 

well as one of t.he best "popular• guides known to me of the 

geology of the National Capital region. 

surveys have also a lively interest. 

(6) SOME PROBLEMS 

Provincial geological 

Lest it be thought that the subject has no built-in 

problems, this record of what has been achieved, limited though 

it is as yet, should give place to a brief review of some of the 

problems met with in developing an awareness of urban geology. 

There is at least one case - a "classic" example - of urban 

geology maps being developed because of a problem. Unique though 

it is, it is worthy of brief mention. 

The city of Paris is known around the world for its interest 

and beauty. Not so well known is its long history, going back to 
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Roman times. Good builders as they were, the Romans discovered 

good limestone beneath the city; later underlying beds of gypsum 

were also found. From Roman times, therefore, until the year 

1813, practically all buildings in Paris were constructed of 

limestone (and finished inside with gypsum plaster) obtained from 

quarries deep beneath the city, all hauled up specially 

constructed shafts in the absence of convenient ground 

transportation. No controls were exercised over such underground 

quarrying with the result that roof cover was often inadequate 

and the city was plagued with sudden, and sometimes catastrophic, 

subsidences. In 1777 a special Commission was established to 

study this problem. In 1812 L' Inspectorate Generale des 

Carrillres de la Seine was established as an official body to 

supervise all future underground work. It continues in existence 

to this day. 

Napoleon is generally thought of as a fine military leader; 

he was also a good administrator. In the year 1813 he issued an 

Imperial Decree prohibiting all further use of the underground of 

Paris for the procurement of limestone and gypsum. But the 

caverns remained! L'Inspectorate Gen~rale therefore set about 

mapping the entire underground of that part of the great city 

which had thus been "undermined." The resulting geological maps, 

some showing excavations at three different levels, are things of 

much interest and real beauty, their artistry being the more 

appealing because of their utility. And no subsurface work in 

this part of Paris can today be undertaken without permission of 

l'Inspectorate G~nerale, following a check upon the relevant 

records. 

Fortunately, Paris is unique in this respect although there 

are a number of other cities with minor problems of the same 

type. What are the problems of today, however? Probably the 

most serious is related to the use of records of Urban Geology 

when they are fortunately available. Many references have 
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already been made to urban planning. It is almost superfluous to 

note that no urban planning should be started without a thorough 

study of all available information of the local geology. This is 

so obvious a requirement that one would not think that it could 

possibly be neglected. There are too many modern examples to 

demonstrate the contrary. Let one tragic happening suffice to 

illustrate this critical problem. 

Memories of the "Good Friday Earthquake" in Alaska, on 27 

March 1964 will still be vivid. Damage in the city of Anchorage 

was estimated at $200 million including the destruction of 215 

residences with severe damage to 157 commercial properties in 

this leading Alaskan city. Nine people lost their lives. Most 

of the casualties and the most serious damage resulted from some 

serious landslides triggered by the earthquake, at Turnagain 

Heights, L Street, and 14th Avenue. Each of these areas is 

under lain by a gray silty clay, with some lenses of sand, well 

known locally as the "Bootlegger Cove clay.• 

Geologi'sts on the staff of the U.S. Geological Survey had 

studied the geology of the Anchorage area in 1949. A preliminary 

report was published in 1959 as "Geological Survey Bulletin No. 

1.09 3" (15). This valuable report was therefore publicly 

available for use four years before the earthquake took place. 

The Bootlegger Cove clay is described in the report and 

delineated in its extent. Its physical properties were 

described, and conditions under which landslides could be 

activated in the clay were described under a section dealing with 

slumps and flows. Local engineers used this report in their soil 

and site investigations in the Anchorage area. The Alaska Road 

Commission and the Alaskan Department of Highways both used the 

report, but for a variety of reasons it was not used as a 

background for planning in Anchorage: "The planning department 

was relatively new and its early problems concerned more pressing 

matters, The report is a general treatment and did not zone or 
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classify the ground except by geological map units. The map is 

not a document the planners can use directly without 

interpretation by a geologist. There were no geologists on the 

planning staff" (16), 

The fact remains that the report was publicly available but 

apparently was not used in the planning of this rapidly 

developing city. It is idle to speculate what its use in 

planning might have done, since the damage by the earthquake has 

taken place and cannot be undone. USGS Report No. 1093 has 

already taken its special place in the literature of engineering 

geology not only as a record of fine work on the geology of an 

important urban area but also as a report that should have been 

better known beyond purely geological circles. All civil 

engineers would do well to remember always the lesson it shows, 

doing what they can to "bridge the gap" between engineers and 

geologists and those who may be associated with planning without 

the benefit of such technical and scientific backgrounds. 

Communication - of the results of studies of Urban Geology 

to those who should use them - is probably the most serious 

problem in this field, as it is in so many others. Communication 

shows itself in yet another problem, one that will be baffling to 

those who have not encountered it. There are some owners who, 

for reasons best known to themselves, regard any information 

revealed by site studies as their own private property, not to be 

released to anyone or for any purpose, even the public good. It 

is perfectly natural that such information should be regarded as 

private until a building project has been completed and all 

contractural questions settled satisfactorily. 

the idea of locking up valuable information 

But after that, 

about geology in 

sealed files is difficult to understand. It sometimes requires 

great powers of persuasion to obtain permission from reluctant 

owners to use such information. Communication is again the 

secret. If an owner can be shown that he will lose nothing by 
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such sharing of information but that the public welfare will 

benefit, then it may be possible to secure release of reports 

that can contribute significantly to local Urban Geology. In 

France, it is possible to provide such "private" information to 

B.R,G,M. on a confidential basis with the understanding that it 

will be held as confidential for a period of up to ten years. 

Such a provision should not be necessary but it does provide 

another solution to this minor, but difficult, problem. 

Yet another problem of real significance is the fact that so 

few cities have themselves taken any direct interest in 

assembling for public use all the information available about 

their own underground. No question is raised when cities - as so 

many do - provide facilities for exactly the same sort of 

compilation of information on buried utility services. This is 

generally welcomed as an "essential municipal service." Just as 

essential is a corresponding compilation, under civic auspices, 

of all information about the local geology. The reasons for this 

general neglect are complex and sociological, perhaps, rather 

than technical or scientific. That they have impeded a really 

vital addition to civic services cannot, however, be denied; 

solution to this problem is_a pressing need indeed, 

One of the very few cities that have done what "every city 

should do" (in my opinion, and that of many others) is 

Johannesburg in South Africa. Starting about 1960, the City 

Engineer of this modern city of the Rand started to assemble 

subsurface information, following an appeal to consul ting 

engineers from the City Council. This and other material was 

used by a graduate student at the University of Witwatersr~nd in 

the preparation of a Master's thesis, presentation being in the 

form of a coloured geological map of the main city area. This 

was printed by order of the City Council and widely used. 

Interest so aroused led to the setting up of a special committee 

by the Johannesburg branch of the South African Institution of 
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Civil Engineers jointly with the City (the Deputy City engineer 

being Chairman) which has developed a complete subsurface 

information retrieval system into which all new site records are 

fed. This information bank is available for consultation by all 

interested in the city's underground, clearly to public advantage. 

Reference to use of a computer system of retrieval will 

raise in some minds the spectre of excessive costs. Cost can, 

indeed, be magnified by those who wish to set obstacles in the 

way of the development of proper studies of Urban Geology but 

many of the examples already cites of what had been done will 

show, even from what little has been said here about them, that 

they involved small costs indeed, some in fact having been 

carried out on the proverbial "shoe-string." The Saskatoon 

folio, for example, was prepared. at no cost other than the 

volunteer efforts of the enthusiastic group who conceived the 

idea; monetary costs were involved only in the production of the 

printed folio. 

An even better response to this particular problem is 

illustrated by a remarkable system that has been developed for 

the convenient filing of geotechnical information by the 

geotechnical staff of the Ontario Ministry (Department) of 

Transportation and Communications, (earlier known as the Ontario 

Department of Highways). Appreciating the value of the many 

geotechnical reports available to them, from all over the large 

area of the province, the staff devised a simple system to which 

has been given the acronym GEOCRES. (It has not yet been 

described in print but it is hoped that a full description will 

be available before too long). A standard microfiche filing card 

is prepared on which is summarized the essential information from 

each borehold, test pit, or excavation. Adjacent to the card 

file is a microfisch viewer and a stand holding swinging mounts, 

each one supporting two of the standard National Topographic map 

sheets ( to a scale of 1: 25,000) for the whole province. These, 
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too, are conveniently indexed and marked, and on each is marked 

(with an appropriate code number) every boring for which there is 

a record in the file. As compared with many modern office 

facilities, the cost of the equipment for the GEOCRES system is 

almost negligible. And yet it provides a singularly simple and 

yet useful means of correlating geotechnical information obtained 

over an area of more than one tenth the size of Europe. Such an 

assembly of records is, naturally, but the first step in 

developing a picture of Urban Geology, when relatea to an urban 

area, but it is the most difficult one, GEOCRES shows that it 

need not involve any great expenditure of money. 

( 7) CONCLUSION 

This lecture has presented a broad review of the 

significance and importance of the geology beneath cities and, by 

means of examples from around the world (starting with Boston, an 

exceptional case) has shown what has been done for some cities in 

preparing the necessary maps of their geological base. A few of 

these have done by cities, or by groups within cities, some with 

assistance from state (or provincial) and national geological 

surveys, generally showing a diverse pattern of preparation. 

Some of the maps described will be exhibited during the lecture. 

Every geotechnical site investigation, if well done, must 

start with a study of the local geology. In urban areas this 

means a study of the Urban Geology. The subject is, therefore, 

one of importance to al 1 geotechnical, and indeed to all c i vi 1 

engineers. The ways in which geology should be applied in 

geotechnical work has been reviewed in another place (17). 

Reference should be made to this publication by one of the 

societies sponsoring these lectures for a more complete 

appreciation of the utility of this geological information, the 

development of which has been the subject of this lecture. This 

point must be mentioned ( even with diffidence) since the 
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preparation of urban geological maps of itself is only half the 

story, so-to-speak, from the point of view of engineering, even 

though they will be "finished products" in geological studies. 

Some may think that the writer's personal enthusiasm for 

what he has come to regard as such an important subject may 

possibly have led to a slightly distorted view. Let this review 

conclude, therefore, with reference to an outstanding North 

American project in this field which has been initiated and 

carried to a splendid conclusion in quite recent years, years 

following that in which this personal interest was first 

expressed in print. It is the study of the subsurface of the 

great area in the mid-West occupied by the Twin Cities of St. 

Paul and Minneapolis, under the leadership of the State Geologist 

of Minnesota, Dr. Matt Walton. 

With the ready assistance of agencies and individuals in the 

Twin City area, records of about 4,000 test borings and 90 

water-well records were assembled, plotted and studied in 
I 

association with what was already known of the geology of this 

important area. 

information, the 

After due 

original 

assessment 

records 

of 

were 

this mass 

converted 

of 

to 

machine-readable data on standard coding forms, keypunched and 

placed on magnetic tape for permanent storage. Copies were 

transferred to on-line desk units and in this manner transferred 

to map form, automated contouring being possible. 

The result of this work has been presented in a set of maps, 

the full title being: Geologic and Hydrologic Aspects of 

Tunneling in the Twin Cities Area, Minnesota, the editors being 

Ralph F. Norvitch and Matt s. Walton. Issued in 1979 as Map 

I-1157 of the United States Geological Survey, the set is the 

result of a cooperative effort of the national Survey with the 

Minnesota Geological Survey, both in cooperation with the U.S. 

Department of Transportation. The maps cover the central city 

areas of Saint Paul and Minneapolis to a scale of 1:24,000. The 
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attempt was made to use records from 25 test borings for each ten 

square miles, their location being shown on Plate 1 (Introduction 

and Data Base) • Plates 2 and 3 show, respectively, the surface 

geology and the under lying bedrock geology, Plate 4 giving the 

corresponding depth of drift over the entire area, i.e., the depth 

to bedrock. Plate 5 presents useful geological sections which 

make vividly clear the geological "structure" underlying the Twin 

Cities, accompanied by usefu 1 information on engineering 

properties of the main soils. Plate 6 presents in graphic form 

the Hydrogeologic setting of the area, Plate 7 elaborating on 

this and suggesting constraints on tunneling. This was the main 

purpose of the maps but, as will be seen, they will prove useful 

for all civil engineering purposes in the Twin Cities. 

So it can be done! This splendid set of maps provides a 

convincing answer to all who yet need to be convinced of the 

importance and utility of urban geology. They can be studied 

with profit by those interested resident in any urban area, as an 

example of what every city in North America should have. As the 

maps are studied, an ominous note will be found in the 

accompanying explanation: 

" ... large amounts of data are lost because public 
agencies periodically decrease their files due to 
storage limitations." 

It is so greatly to be hoped that the example given by those 

responsible for the maps of the Urban Geology of the Twin Cities 

will be widely followed - before it is too late. 
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