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I daylie see many that delight to looke on Mappes but yet
Jor want of skill in Geography, they knowe not with what
manner of lines they are traced, nor what those lines do
signify nor yet the true use of Mappes.

Thomas Blundeville
A Brief Description of Universal Mappes and Cardes and Their Use
(London, 1589)
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Preface

Maps and Civilization is a revision of the book Maps and Man, which was
originally written at the behest of students in my courses on cartography,
remote sensing of the environment, and geographical discoveries. It was
conceived as a supplementary textbook for courses in the sciences, social
sciences, and humanities and was warmly received by the academic com-
munity. It was also embraced by the large number of professionals and
nonprofessionals interested in the topics it covered. Because of the spec-
ifications of the series of which it was then a part, it was less than two
hundred pages long.

Since Maps and Man appeared in 1972, revolutions as profound as
any in the past have occurred in the field of cartography. One of these
is the application of the computer to cartographic problems, including
the production of animated maps. Similarly, imagery produced through
continuous surveillance of the earth by instruments carried onboard sat-
ellites has emphasized the continuum between image and map. The po-
tentials of these developments were discussed in the earlier text, but they
have progressed so far in the past two decades that this new edition sur-
veying the development of cartography is demanded. Likewise, recent
research on the maps of indigenous peoples—a topic considered in the
previous edition—as well as on earlier Western cartography has ad-
vanced to the point that more attention to these topics is merited.

Fortunately the University of Chicago Press, which commissioned
this revision, has allowed a greater number of pages and illustrations
than were included in the original. However, to keep the book af-
fordable to students, color is again used only on the cover. Of course,
within the compass of a still modestsized volume, a large subject cannot
be treated exhaustively. But references to the rich literature of cartogra-
phy and related topics—as before, contained in the notes—can lead
the reader into many profitable and pleasurable avenues. Generally only
articles from the voluminous periodical literature considered crucial are

xi



xii Preface

cited, since others are to be found in bibliographies in the specialized
books that are referenced. The new title reflects the broader view of the
subject that has resulted from a radical revision, expansion, and updat-
ing of the original work.

This is a book about maps rather than about mapping. Although
there are necessary references to mapmaking, these are included only
so that the reader may be informed about the maps that result from the
use of particular methods. It is not in any sense a “how-to” work, of which
a number of good examples already exist. Those who wish to make maps
must, of course, learn by actually creating them. However, one can dis-
cover a great deal about maps by studying them; hence the illustrations
in this work are most important. For a majority of people, even geogra-
phers, a knowledge of maps rather than the principles of mapmaking is
needed. It is to provide information on the nature and development of
maps and the lure and lore of cartography that this book has been pre-
pared. As Edmond Halley, the English natural philosopher and astrono-
mer who was himself a distinguished cartographer, observed in 1683, by
the use of the map certain phenomena “ .. may be better understood,
than by any verbal description whatsoever.”

In presenting this study, the author would like to take the opportu-
nity to thank his professional colleagues, located in many different cen-
ters, for their help. Specific contributions are indicated in the text or in
the end notes, but others—whether acknowledged or not—are greatly
appreciated. Those acknowledged include my former doctoral students,
especially Partricia Caldwell, Anne Canright, John Estes, John Jensen,
Leslie Senger, Judith Tyner, and Ronald Wasowski, and master’s stu-
dents, Gerald Greenberg and Roderick McKenzie (both later Ph.D.’s),
Tony Cimolino, Matthew McGrath, and Robert Mullens. A larger num-
ber of my other graduate and undergraduate students, though unac-
knowledged, also contributed. The University of California, and particu-
larly its Los Angeles campus, has provided an academic climate that
made the book possible. Several of the diagrams in this edition were
created by Chase Langford, Staff Cartographer, Department of Geogra-
phy, UCLA. Resources of many institutions were utilized, especially those
of the UCLA libraries: Research, William Andrews Clark, Powell, Map,
and Special Collections. At the UCLA Map Library, Carlos Hagen, Direc-
tor, and Jon Hargis, Portia Chambliss, and Eric Scott were particularly
helpful. Betsy Hedberg, Research Assistant for the project, deserves spe-
cial praise. Particular thanks are also due to Penelope Kaiserlian, Associ-
ate Director of the University of Chicago Press, who proposed this revi-
sion. My wife Betty provided the encouragement needed to sustain me
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as I wrote these thoughts on the subject that has occupied most of my
professional life,

The earlier book, Maps and Man, was characterized as the first gen-
eral social and cultural survey of the development of cartography. It is
hoped that this expanded volume, Maps and Civilization, will enhance
that reputation.

Notes on a Second Edition

A second edition of Maps and Civilization permits some updating, and an
opportunity to acknowledge two people who made especially valuable
contributions to the book. First John P. Snyder, who wrote enthusi-
astically about the work and suggested some changes especially in the
sections on map projections, of which he was an outstanding prac-
titioner and authority. His recent death has deprived the world of one
of the truly great cartographers of the twentieth century. Second, Maria
R. Schroeter who, with the author, proofread the manuscript of Maps
and Civilization before it was submitted to the University of Chicago
Press. After the book was published she read the text again, indepen-
dently, and suggested useful amendments in form, now incorporated in
the text. Also incorporated are some ideas from published reviews, and
from comments of colleagues. Those errors that remain are, of course,
the responsibility of the author alone.

I would also like to pay tribute to my teachers both in the Survey of
India and in the [British] Directorate of Overseas Surveys. It was in those
organizations that I first learned the fundamentals of scientific mapping,
enriched by my previous training in art. I am greatly indebted, especially
in the area of publications, to Raleigh A. Skelton, H. Derek Howse,
Helen M. Wallis, and Elia M. J. Campbell in England. My principal men-
tors in the United States have been Erwin J. Raisz and Arthur H. Rob-
inson, two leading academic cartographers. Courses in the History of
Art from John Canaday and a Ph.D. minor in the History of Science
from Marshall Clagett were very helpful to this work. The anonymous
press reviewer added to the substance of the book, while the editorial
staff of the University of Chicago Press made stylistic improvements.

Notes on a Third Edition

Changes and additions reflecting twenty-first century thinking and re-
search have been made for this edition. An alphabetized bibliography re-
quested by reviewers and readers is a new feature of this work which is
now in Spanish and Japanese editions.






Introduction: Maps of Preliterate Peoples

As a branch of human endeavor, cartography has a long and interesting
history that well reflects the state of cultural activity, as well as the percep-
tion of the world, in different periods. Early maps from great civilizations
were attempts to depict earth distributions graphically in order to better
visualize them; like those of so-called “primitive” peoples, these maps
served specific needs. Viewed in its development through time, the map
details the changing thought of the human race, and few works seem to
be such an excellent indicator of culture and civilization. In the modern
world the map performs a number of significant functions: as a necessary
tool in the comprehension of spatial phenomena; a most efficient device
for the storage of information, including three-dimensional data; and a
fundamental research aid permitting an understanding of distributions
and relationships not otherwise known or imperfectly understood. A
knowledge of maps and their contents is not automatic; it must ‘be
learned, and it is important for educated people to know about maps
even though they may not be called upon to make them. The map is one
of a select group of communications media without which, McLuhan
has suggested, “the world of modern science and technologies would
hardly exist.”!

Though technological in nature, cartography, like architecture, has
attributes of both a scientific and an artistic pursuit, a dichotomy not
satisfactorily reconciled in all presentations. Some maps are successful
in their display of material but scientifically barren, while in others an
important message may be obscured because of the poverty of the repre-
sentation. An amazing variety of maps exist to serve many different pur-
poses, and it is one of the goals of this book to acquaint the reader with
some of these forms. Of course, within the compass of a small work it is
possible to give only selected examples of various types of maps, but this
selection includes a number of landmark maps in the story of cartogra-
phy. It seemed better to deal with a limited number of maps in detail
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2 Chapter One

than to offer encyclopedic coverage of a larger number without much
in-depth discussion. Specific map characteristics will be brought out in
reference to particular examples, which are drawn from both earlier and
contemporary sources. This work is not a treatise on mapmaking but
rather one on map appreciation and map intelligence .2

The volume may also be thought of as a sourcebook of cartographic
forms or as an anthology of maps, charts, and plans that, like all antholo-
gies, reflects the taste and predilections of the collector. It may also be
likened to a book of reproductions of works of art, in the sense that the
illustrations—even with the accompanying verbal commentary—cannot
really do justice to the originals. In this case, the illustrations are in black
and white, many are reduced in scale, and some are merely fragments,
reinterpretations, or details. But they will have served their purpose well
if people are encouraged by reading this book to look at maps critically,
to comprehend their strengths and Jimitations, to use them more intelli-
gently, and perhaps even to collect them. While no substitute for the
map library, this book will ideally lead to the better use of such facilives.®
Neither is this work a substitute for the rich professional literature of
cartography upon which it draws, but it may lead the serious reader to
consult additional resources."

Cartography cuts across disciplinary lines to a greater extent than
most subjects. No one person or area of study is capable of embracing
the whole field, and, like workers in other activities, cartographers are
becoming more and more specialized, with the advantages and disadvan-
tages this process inevitably brings. “Nevertheless,” Hartshorne has as-
serted, “workers in other fields commonly concede without question
that the geographer is an expert on maps. . . . This is the one technique
on which they most often come to him for assistance.” Accordingly it is
incumbent upon all geographers to understand something about cartog-
raphy as well as the particular branch of geography in which they special-
ize. In spite of the notable contributions of a few to cartography, many
geographers do not possess enough knowledge of maps to serve as advi-
sors to those in other fields who may consult them. This book is intended
to help fill this need as well as to promote the use and enjoyment of
maps.® It is written especially for the nonspecialist who wishes or needs
to know something of maps.

One of the main themes of this book is that the modern map can
be well designed, even a thing of beauty and elegance, and that earlier
workers in the field had no monopoly on this aspect of cartography.
Moreover, the view of this author is that, contrary to the opinion of
some, the study of cartography has become increasingly exciting in the
last century and a half through the application of modern technology.
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In recent years the map as a medium of communication has been en-
riched by new data and has become capable of conveying its messages
in increasingly interesting ways. At the same time, the visual qualities
have been vastly improved through the development of new techniques,
materials, and processes. However, in the present work, some aspects of
contemporary cartography are treated more briefly than their impor-
tance suggests because individual books in the field cover such topics
as map transformations, computer mapping, and gravity models. The
emphasis here will be on landmarks of geocartography.

Of course mapping is not confined to the representation of the
earth; other phenomena such as the human brain have been mapped.
The principles and methods of cartography have a universality that
makes them applicable to the mapping of extraterrestrial, as well as ter-
restrial, bodies. In particular, lunar mapping, which is not a new activity,
will receive some attention here. But the main emphasis will be on what
is called geocartography. This term should come into greater use as we
receive and process more detailed information about bodies other than
the earth. As space technology develops, it may be desirable to distin-
guish between extraterrestrial and terrestrial mapping as we now distin-
guish between astronomy and geography.

Previously there was general agreement on the meaning of the geo-
graphical term map, but because of a wider acceptance of images under
this rubric, the borderland between picture and map has recently be-
come blurred. This will be pointed put subsequently in relation to mod-
ern imagery. According to the definition used by earlier peoples—and
still used by purists—a map is a representation of all or a part of the
earth, drawn to scale, usually on a plane surface.” A wide variety of mate-
rials has been used in cartography, including stone, wood, metal, parch-
ment, cloth, paper, and film. The words map and chart appear to derive
from materials: the Latin word carta denotes a formal document on
parchment or paper, and mappa indicates cloth. In geography today, the
term chart is most often applied to maps of the sea and coasts, or at least
to maps used by sailors and aviators. Map is a broader term in modern
usage, referring more particularly to a representation of land, while plan
is a representation of a small area from above.

To illustrate some of the foregoing ideas, let us examine the carto-
graphic works of peoples in prehistoric times and of preliterate—so-
called “primitive,” “native,” and indigenous (non-Western)—societies of
a much more recent date.” That such groups engage in mapping attests
to the basic importance of cartography to humankind. What has been
called the oldest known plan of an inhabited site is the Bedolina map
from northern Italy, ca, 2000-1500 B.c. (fig. 1.1).” Analysis of this rock



4 Chapter One

Figure 1.1. The Bedolina petroglyph, an example of prehistoric mapping.

carving suggests that it was “engraved” in different stages with pictorial
features—human figures, animals, and houses in side view—added
later, possibly in the Iron Age, to a Bronze Age plan. Still under debate
are the meanings of its more abstract symbols: rectangles filled with reg-
ularly spaced points (fields bounded by stone walls?); irregular, single
connecting lines (streams and irrigation channels?); and small circles
(wells?) with single central points. Whatever the interpretation, the orig-
inal petroglyph appears to be a detailed plan of an actual area and to
represent a “progression” from symbolic to pictorial form. Many other
terrestrial and celestial “map” designs in rock art from different parts of
the world, whether known or yet to be discovered, would repay careful
study by archaeologists, anthropologists, and ethnographers as well as by
historians and geographers.

Coming closer to our time, the Pacific Islanders, plotting their
courses from island to island, spread over a very large arca before Euro-
peans reached the largest of oceans. Again, disciplines beyond history
and geography are needed to unravel this story. Among the various hom-
ing or way-finding devices used by these interisland navigators are the
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stars, signs in the seas, land-indicating birds, and “charts.” Stick charts
from the Marshall Islands illustrate what might be called, for want of a
better term, “native” cartography. These charts are generally made of
narrow strips of the center ribs of palm fronds lashed together with cord
made from locally grown fiber plants. The arrangement of the sticks
indicates the pattern of swells or wave masses caused by winds, rather
than of currents, as was formerly thought to be the case. The positions
of islands are marked approximately by shells (often cowries) or coral.
The charts vary considerably in size but are usually between eighteen
and wenty-four inches square.'°

The method for using these charts was elicited from natives of the
islands with considerable difficulty because their navigational methods
were closely guarded secrets. Distances between the various islands of
the Marshall group are not great, but because they are low atolls, the
islands can only be seen from a few miles away from an outrigger canoe.
To locate an island that is not visible, the native navigator observes the
relationship between the main waves, driven by the trade winds, and the
secondary waves (reflecting or converging) resulting from the presence
of an island. If a certain angle exists between the two sets of waves, a
choppy interference pattern is established. When such a zone is
reached, the canoe is placed parallel to this pattern with the prow in
the direction of the waves of greater amplitude, which give a landward
indication. These often complex wave patterns can be illustrated on the
stick charts, which may be carried on the canoe. In addition, the naviga-
tors lie down in their craft to feel the effect of the waves.

Three major types of charts are found in the Marshall Islands,
namely rebbelib, meddo, and mattang. The rebbelib (fig. 1.2) is a chart of a
large part of the Marshall group, which consists of about thirty atolls and
single islands over a distance of approximately six hundred sea miles
northwest-southeast and about half that distance northeast-southwest.
Although the spatial relationships between the islands are only approxi-
mated on the stick charts, these locations can be recognized by referring
to modern navigational charts of the area. The meddo is a sectional chart
of part of the island group; it may be one of a series of charts, and its
scale allows more detail to be shown than is possible on the rebbelib. Un-
like the others, the third type of Marshallese stick chart, the mattang, is
not carried on canoes but is used for instructional purposes. A matlang
is a highly conventionalized, often symmetrical, chart that does not nec-
essarily show an actual geographical location. It provides a summary of
information about wave patterns that might have wide application, al-
though a full understanding of its characteristics may be possessed only
by its maker.
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In the Marshallese stick charts we can see ingenious, independent,
and spontaneous solutions to various cartographic problems. The mate-
rials from which they are made (palm fronds, shells, and so on) are avail-
able within the limited material resource base of the Islanders, re-
minding us that not all maps are documents printed on paper. The stick
charts illustrate spatial phenomena of infinite importance to the native
interisland navigator but of little significance to most other people. Reb-
belib and meddo charts indicate the need for maps of different scales: the
rebbelib shows a broad area and uses a small scale, while the meddo illus-
trates a more restricted locality on a larger scale. In the use of the mat-
tang, we recognize the necessity of learning to read charts or maps to
understand the relationship between cartographic conventions and real-
ity. Furthermore, the desire to conceal a body of geographical informa-
tion and its cartographic expression, as exemplified by the reluctance
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Figure 1.2. Rebbelib, or general chart, from the Marshall Tslands.
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of the Marshall Islanders to share their techniques, is a recurring and
continuing theme in the history of mapmaking.

The Marshall Islanders were by no means unique, and when the
Europeans came to other areas new to them they usually encountered
populations with a superb knowledge of their local regions. Thus when
Christopher Columbus arrived at Guanahani (which he renamed San
Salvador) in the Bahamas in October 1492, he learned by signs from the
inhabitants that there was a larger island to the south: Cuba. Later, when
the Spanish reached the Aztec civilization of Central America, they
found a well-developed cartography of the area. Herndn Cortés re-
ported that in 1520 he received a chart from Montezuma that showed a
large part of the Mexican coast on which were delineated estuaries, riv-
ers, and bays. Such maps were sometimes taken to Europe and informa-
tion from them used in the compilation of published maps. For ex-
ample, a map of Mexico City with an inset of the coast of Mexico that
was printed in Germany in 1524 apparently owes a good deal to indige-
nous maps of the area." Such maps were different from anything the
Europeans had seen before, but most of these manuscripts have per-
ished and their contribution was seldom acknowledged.

However, a map from Mexico that shows little European influence
is the frontispiece of the Codex Mendoza, now at the Bodleian Library at
Oxford. This work was commissioned by Viceroy Antonio de Mendoza,
ca. 1547, although the employment of this name dates only from the
late eighteenth century. Mendoza was interested in collecting indige-
nous cultural information on New Spain for transmission to Europe,
where the Codex was acquired by Richard Hakluyt from André Thevet,
whose name appears on the manuscript, along with other later annota-
tions. Details of the work were published from the seventeenth century
on. An edition using modern methods of color reproduction appeared
in 1938 and a new edition in 1992 (fig. 1.3)."

The map depicts the founding of Mexico City (Tenochtitlin) with
an eagle, the Aztec symbol for the sun, perched on a cactus in the center
and the seal of the city below. The rectangle with diagonals is a stylized
plan of the settlement and its waterways, the home of some 150,000
people at the time of the conquest. Attempts have been made to inter-
pret the plan and the pictorial symbols in its four divisions, but much of
this is speculation. The figures within the quadrants are believed to be
the ten founders of the city and the structure at the top center the one-
hundred-foot-high temple that greatly impressed the conquistadores. To
the right center is a rack for the skulls of sacrificial victims. Below the
rectangle are idealized scenes from the Aztec conquests, and the border
is a continuous calendric count of fifty-one years, each compartment
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Figure 1.3. Frontispiece of the Codex Mendoza, a manuscript map of Mexico City
as conceived by the Aztecs, with later textual annotations added.
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representing one year in groups of thirteen with repeating symbols. The
Aztecs devised a very sophisticated calendar, and the map is not a snap-
shot in time but a representation of events that occurred over a number
of years in "what was to become one of the greatest pre-Columbian cities
ever to flourish in the Western Hemisphere.”'® To the Aztecs, the capital
was the center of the cosmos, with the surrounding canals representing
the four cardinal directions. Other Aztec maps of more rural areas—
such as that of the Tepetlaoztoc district—depict hills, roads, streams,
forests, and pyramids with place-names in hieroglyphics and are thus
transitional between the cartography of preliterate and literate peoples.

Some study has been devoted to indigenous Mexican maps and
those of the Inuit (Eskimo) peoples of the north. But until quite recently
maps of the Indians of what is now the United States (Amerindians)
had received much less attention. This situation is changing with the
establishment of research programs devoted to Amerindian mapping,
a distinguished lecture series on the topic, and an exhibition with a
number of examples.!* The analysis of spatial information provided
by non-Europeans is problematic because of the use of caricature and
exaggeration as well as uncertainty about what the local population
might consider important to map.

However, a manuscript map on paper presented by the Iowa Chief
Non chi ning ga at a council held in Washington, D.C., in 1837 is recog-
nizably representational (fig. 1.4)." It was drawn in ink, possibly with a
stick or a finger, and it depicts a large area of the Upper Mississippi and
Missouri river drainage systems. Comparison of this delineation with the
same hydrography on modern maps shows it to be remarkably compre-
hensible, although generalized. The present city of St. Louis would be
ncar the confluence of the two largest rivers near the bottom of the
map, and major tributaries such as the Platte and the Wisconsin Rivers
are identifiable.

Understandably, rivers are a common feature of maps by Amerindi-
ans, but tracks and habitations are also represented. So, too, are cosmo-
logical ideas and celestial bodies, as in the maps of other indigenous
peoples. Rock, tree bark, and animal skins are among the materials used
for such native maps, which are painted with natural dyes or scratched
on the surface. Many of these works, such as those by the Aborigines of
Australia, have considerable artistic merit and are of cultural and reli-
gious significance to their makers. An example of the latter is provided
by figure 1.5 from the Yolngu community of northeastern Arnhem
Land. This bark painting can bc intcrpreted as a map, and it relates to a
specific coastal area, Biranybirany. The saltwater crocodile, an ancestral
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Figure 1.4. An Amerindian manuscript map of part of the
Mississippi-Missouri drainage system.

figure, has its fect on ground on which there are no particular terrestrial
boundaries. The Yolngu people move from place to place and are at
home in the landscape; the mouth of the river is where the tail joins the
body. In order to read the map it is necessary to know songs and dances
of the creation of the Ancestral Being and its relatives. The various parts
of the crocodile are named, and children learn the shape of the land
from the bark map.

Thus various groups of preliterate peoples whose very existence de-
pends on knowledge of particular areas make maps,'® but, as we have
seen, they are not restricted to mundane themes.'” That map making
arose independently in isolated societies attests to its universality.



Figure 1.5. A bark painting from the Yolngu community of

northeastern Arnhem Land, Australia, showing the Biranybirany area.
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Maps of Classical Antiquity

We have noted that early preliterate peoples—as well as those of our
own time, or close to our time—have used widely different means to
express themselves cartographically and that their maps are marked by
variety in objective, symbolism, scale, and materials. Similarly, the cartog-
raphy of literate peoples in antiquity shows remarkable variety in form
and function. Only a small fraction of the maps produced in earlier ages
has survived, but in some instances we know of lost works through writ-
ten records. The loss of many early maps, charts, plans, and globes can
be attributed to the materials used for their construction, which often
militated against their preservation. Thus, valuable metal was melted
down and parchment scraped to be used for some other purpose. Alter-
natively, less durable materials quickly deteriorated, especially when
taken to a different climate, or were destroyed by war, fire, or other
means. The destruction of maps is a continuing problem, especially be-
cause the information they contain may go out of date so quickly that
they are treated as ephemera (especially in the computer age) or be-
cause they include data of strategic value and therefore cannot be dis-
seminated.

Maps, charts, and plans—both celestial and terrestrial—as well as
cosmological schema are part of the record of early civilizations. For
example, from Egypt we have a detailed plan of a garden on wood sur-
faced with plaster, ca. 1500 B.c.; a cosmological map of Egypt carved in
stone, ca. 350 B.C.; a zodiacal map also carved in stone, ca. 100 B.c.; and
a map of a gold mine in Nubia from the Ramesside Period—part of the
so-called Turin papyrus—among other “cartofacts.”’

In addition to the above are architectural plans of tombs in a variety
of media and maps on coffin bases. Several such maps, which predate
the map of the gold mine by centuries, were collected from Dar el Ber-
sha in Middle Egypt. They are “passports” to the world beyond, as indi-
cated by a text, The Book of the Two Ways, that accompanies the example

13



14 Chapter Two

illustrated as figure 2.1.2 The “two ways” are represented by light color-
ing for the day journey and dark for the night journey. The painter used
a bluish gray color to represent water (the Nile and a surrounding
ocean), with a background of yellow indicating the sands of the desert
and, indeed, what can be taken as a continental land mass. This highly
stylized rendering may be considered a very early example of a theoretical
map or model, a cartographic form that persists in spite of the admoni-
tions of some that geographers should address themselves only to the
real world. The Egyptians also used realistic pictorial devices, rather than
the diagrammatic symbols shown in figure 2.1, in their cartography. It
should be mentioned that they are credited with inventing geometry in
response to the need for recurrent property surveys as the flooding of
the Nile erased boundary markers.®> While it is believed that cadastral or
property maps were made by these people, the only known survivors of
this type of map are plans of various buildings and the map of the Nub-
ian gold mines. The production of cadastral maps of more than local
areas—of great value to administrators for taxation and other pur-
poses—would be a logical development. But in the absence of survivors
from Egypt, we may look to other civilizations for examples of this carto-
graphic genre.

Some of the earliest maps from a civilization that we know about
come from Mesopotamia. To illustrate the diversity of scale and purpose
in the cartography of this area, we reproduce three examples. Although
these maps are different in several particulars, they are alike in that all
of them were drawn with cuneiform characrers and stylized symbols im-
pressed or scratched on clay tablets, a method that placed great restric-
tions on the cartographer because it frequently involved using a series
of straight lines o approximate curves. This makes some of these early
maps strangely reminiscent of some early computer cartography, in
which the constraints of a machine often forced the approximation of
curving lines with straight line segments (see fig. 9.12 in chap. 9). We
will consider the three Mesopotamian maps in terms of scale, dealing
first with that of the largest scale, which depicts a small area in the Nip-
pur district.* This fragment (fig. 2.2) shows canals of varying widths, a
city wall with gates and a moat, houses and their openings, a park, and
so on. Features are identified by name on this plan, which dates from
ca. 1500 B.c., and the claim is made that it is correct in scale.

A Mesopotamian map of intermediate scale—though of such small
dimensions that it can be held in the palm of the hand—is the well-
known Akkadian map found at Nuzi and dated ca. 2300 B.c. (fig. 2.3).
Sometimes described as the oldest map in the world, this map is oriented
with east at the top, and certain features can be clearly identified. These
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include water courses, settlements, and mountains. The latter are shown
by scalelike symbols at the top and bottom of the map, an atypical form
of representation compared to the plan format, which is used for other
features and characterizes Mesopotamian cartography in general.

The third item in this series (fig. 2.4) is a world map with an Assyro-
centric view and, naturally, is of smaller scale than the other examples.
It shows a round—though presumably flat—earth with Babylon in the

Figure 2.2. Early Mesopotamian city plan on a clay tablet,
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Figure 2.3. Early map of Mesopotamia on a clay tablet.

center. The Euphrates flows from its source in the Armenian mountains
(in the north) to the Persian Gulf, where it joins an encircling sea. In-
deed, the purpose of the map seems to be to show the relationship be-
tween the “Earthly Ocean,” represented by a circle, and the “Seven Is-
lands” (distant places), illustrated by triangles, only one of which is
entirely intact on the tablet. In addition to Babylon, several other cities
are shown by circles and some are named, as is the swamp at the lower
left of the diagram. The astrological and religious significance of the
map is indicated in the text of the tablet. Concerning this we need only
say that other civilizations, understandably, have taken an egocentric
view of the world; the long-held geocentric theory may be the ultimate
expression of such an idea applied to the universe. Looking forward, we
may note here that the separation between the terrestrial and the celes-
tial spheres was an important theme in the Middle Ages in Europe, as
was the concept of a circumfluent ocean. This last idea was also current



Figure 2.4, Early

Mesopotamian world map on a clay tabler.
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among certain Greek philosophers. In considering the circle in cartogra-
phy, it should be recalled that the sexagesimal system of dividing this
figure, which is the usual method employed in mapping to this day, came
to us from Babylon by way of Greece.

Maps that are known to us only through descriptions or references
in the literature (having either perished or disappeared) are a problem
to historians of cartography. In some instances, general works include
later reconstructions in the correct chronological order of the original
maps, and this practice can be amply justified when a particular area or
civilization forms the main basis of discussion.® In the present volume,
however, the principal emphasis is upon map representation, so it is dif-
ficult to take this approach. All reconstructions are, to a greater or lesser
degree, the product of the compiler and the technology of the times.
Therefore, map reconstructions, in contrast to explanatory diagrams,
will be used here only 1o illustrate the cartography of the period in which
the particular map was made. Nevertheless, reconstructions of maps that
are known to have existed, and that were made a long time after the
missing originals, can be of great interest and utility to scholars. The
possibilities include those for which specific information is available to
the compiler and even those that are described or merely referred to in
the literature. Of a different order, but also of interest, are those maps
made in comparatively recent times that are designed to illustrate the
geographical ideas of a particular person or group in the past but are
suggested by no known maps.® Modern scholars have often used recon-
structions of maps to illustrate the cartography of antiquity. Although
not used as illustrations in this section of the work, reconstructions of—
or at least maps that owe their inspiration to—those of the Greeks and
Romans will be used in chapters 4 and 5, which treat the periods in
which these maps were actually made.

In 2003 a map dating from ca. 500 B.c. was unearthed in southern
Italy. Designated the “Soleto Map,” it depicts the coast of part of Apulia
on a fragment of a vase of black-glazed terracotta. Thirteen towns are
marked, and named in Messapian (a local dialect); Taras—the Gulf of
Taranto—is named in Greek. All of the place names are in Greek text.
Previously the earliest known Greek map was an image on a coin, an
Ionian tetradrachm, 330 B.c., of landforms of an area near Ephesus as
viewed from above.” This was an advance over landform representations
in profile—e.g. fig. 2.3, p. 16. The early Greeks were philosophers
more than experimenters, and there is continuing debate among con-
temporary scholars about their hypotheses; we will deal briefly with
some of these as they relate to cartography and geography. There was
rarely a clear distinction between these two disciplines in antiquity, and
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a number of workers who were designated geographers were, in fact,
cartographers. However, there was a sharp dichotomy in ancient Greece
between land measurers (geometers), who were employed to delineate
small areas, and philosophers, who speculated on the nature and form
of the entire earth. The idea of the earth as a slab eventually gave way to
that of a drum- or pillar-shaped world and later to that of a circular form,
As early as ca. 550 B.c., the Ionian Anaximander of Miletus drew a world
map that was improved upon fifty years later by Hecataeus, also from
Miletus. He divided the world into two parts: Europe, and Asia with Af-
rica (Libya). The Mediterranean was in the center of a world island com-
posed of the lands bordering this sea, the whole being surrounded by
a circumnfluent ocean (ocean-stream). It is assumed that the gnomonic
projection (see appendix A) was developed by the early Ionian philoso-
phers, possibly Thales, but that it was used only for astronomical pur-
poses at this time. There was much discussion among the Ancients con-
cerning the major divisions of land area, from which arose the concept
of the three continents of the Old World. Through his travel writings
Herodotus (active 460—425 B.c.), though not considered a geographer,
did much to enlarge contemporary knowledge of Asia. The travels to-
ward northern India of Alexander the Great (d. 323 B.c.), who used
bematists, or pacers, to produce estimates of distances traveled, further
enlarged the world known (o the Greeks. Democritus (d. ca. 370 B.c.)
considered the inhabited world (oikoumene) to be one and a half times
as long (east-west) as broad (north-south), a proportion accepted by
Dicaearchus (d. 296 B.C.).

Meanwhile, an idea fundamental to later progress in cartography,
the spherical form of the earth (which apparently had its beginnings
among the Pythagoreans), was gaining currency through the work of
Plato (d. ca. 347 B.c.) and his followers, including Aristotle (d. 322 B.c.).
Although espousing a geocentric universe, Aristotle proposed a division
of the globe into five climatic zones, with the inhabited earth bounded
by a protoarctic circle in the north and a tropic circle in the south. These
lines were later to be formalized as 664 and 23 degrees north latitude,
respectively. It was further postulated that there would be a similar habit-
able (if not inhabited) zone in the Southern Hemisphere, bounded by
a tropic line and an antarctic circle (23% and 66 degrees south). Even-
tually these solstistial lines were expressed cartographically as small cir-
cles of latitude and along with the great circle of the equator (thought
by the Greeks to be the center of an uninhabitable zone by reason of
heat) have become a feature of globes and world maps up to the present
time. Of course some of these relationships were understood by earlier
civilized peoples—as well as today by contemporary groups such as the



20 Chapter Two

Eskimos, to whom they are of infinite importance—but as in so many
instances it was the Greeks who systematized this body of knowledge.
The Aristotelians also enlarged the theoretical inhabited world consider-
ably, to a length twice as great as its breadth.

A scholar with vision large enough to put this information into a
logical framework was needed, and such appeared in the person of Era-
tosthenes (276-196 B.c.). Head of the library at Alexandria from 240
B.C. until his death, Eratosthenes was known as beta to his contemporar-
ies because they considered him second to other Greek savants in all his
varied academic pursuits. More critical of these accomplishments was
Strabo (ca. 63 B.c—A.D. 24), to whom we are indebted for much of our
knowledge of geography in antiquity, including the work of Eratos-
thenes. Later workers have a higher opinion of Eratosthenes, regarding
him as “the parent of scientific geography™® and at least “worthy of alpha”
in that subject, particularly for his remarkable measurement of the cir-
cumference of the earth.” Once the idea of a spherical earth was ac-
cepted, the measurement of this body was a logical step. Eratosthenes
was not the first to compute a figure for the circumference of the earth;
this distinction may belong to Eudoxus of Cnidus (d. ca. 355 B.c.), who
estimated its measurement at 400,000 stades and who also made a celes-
tial globe, no longer extant.'® A figure of 300,000 stades is credited to
Dicaearchus, a student of Aristotle. A similar figure was proposed by Aris-
tarchus of Samos (d. 230 B.c.), who has been called the “Copernicus of
Antiquity” because of his early espousal of a heliocentric rather than a
geocentric view of the universe. Perhaps more properly, Copernicus
should be called the “Aristarchus of the Renaissance.”

Both the method and the accuracy of Eratosthenes’ well-known
measurement of the earth have evoked the admiration of later workers,
and this calculation is regarded as one of the great achievements of
Greek science. Eratosthenes observed that at midday during the summer
solstice, the rays of the sun fell directly over Syene (Aswan) and that the
vertical rod of the sundial (gnomon, or style) would not cast a shadow.
At the same time of the day and year, the shadow cast by a gnomon at
Alexandria, to the north of Syene, was measured by Eratosthenes as 1/
50 of a proper circle (fig. 2.5). He assumed that Syene (S) and Alexan-
dria (A) lie under the same meridian circle; that rays (R' and R?) sent
down from the sun are parallel; thatstraight lines falling on parallel lines
make alternating angles equal; and that arcs subtended by equal angles
are similar (angle ACB is cqual to angle SZA). He accepted a figure of
5,000 stades for the distance from Syene to Alexandria, which, according
to his previous reasoning, was 1/50 of the circumference of the earth.
Thus 5,000 stades times 50 equaled 250,000 stades for the whole circum-
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Figure 2.5 Diagram of Eratosthenes’ measurement
of the circumference of the earth.

ference of an earth assumed to be perfectly spherical. There has been
much debate about the length of the stade, and we know that Syene is
approximately 3 degrees east of Alexandria and some thirty-seven miles
north of the tropic. Nevertheless, it is now thought that Eratosthenes’
measurement may have been within two hundred miles of the correct
figure of the circumference of the earth. To make the measure of the
great circle divisible within the sexagesimal system, Eratosthenes later
extended the value from 250,000 to 252,000 stades.

Like his Greek predecessors, Eratosthenes also attempted to divide
the earth in a meaningful way. In this, too, he followed Dicaearchus, who
had separated the known inhabited world into northern and southern
and eastern and western parts, with one line passing through the Pillars
of Hercules (Strait of Gibraltar) eastward to what is now Iran (the dia-
phragma) and another perpendicular to it passing through Rhodes. Era-
tosthenes accepted this proto parallel-and-meridional schema but went
further and divided the inhabitable world into unequal, straight-sided,
geometrical figures compatible with the shapes of different countries.
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Although this was not successful, some have seen it as the forerunner of
the development of true map projections. Other accomplishments of
Eratosthenes affecting cartography were his measurement of various dis-
tances on the earth’s surface, including the length of the Mediterranean
(the best for the following thirteen centuries), and his considerable ad-
ditions to the world map, especially in southern Asia and northern Eu-
rope, made possible through information provided by travelers. Eratos-
thenes also argued for a predominantly water-covered earth in contrast
to others, such as Crates, who proposed a largely terrestrial sphere (fig.
2.6).

Crates of Mellos (active during the second century B.C.) constructed
a large globe on which were delineated four approximately symmetrical
continents: two in the northern hemisphere and two in the southern,
separated from one another by relatively narrow, circumfluent bodies of
water (later Oceanus). According to this design, then, there were four
large landmasses, three in addition to the known inhabited world. As we
shall see, this idea persisted for centuries. A contemporary of Crates, the
famous astronomer Hipparchus of Nicaea, is considered to be the true
originator of map projections. He devised a systematic, imaginary grid
of equally spaced parallels (climata) and meridians crossing one another
at right angles. Although a few points were astronomically fixed, posi-
tions of places on the earth were estimated, largely because of the diffi-

Figure 2.6. Crates' globe.
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culty of measuring longitude. Hipparchus, who used 360 degrees of 700
stades each for the earth’s circumference, also insisted on the accurate
location of places according to latitude and longitude, as determined by
astronomical observation. Once a systematic grid was adopted for the
earth, the serious study of map projections was possible. In fact, the ste-
reographic and orthographic projections, which later became popular
for earth maps but in his ime may have been used only in astronomy,
are attributed to Hipparchus. He is also credited with the invention of
the astrolabe (star measurer). In the first century A.p., Marinos (Mari-
nus) of Tyre, like Eratosthenes and Hipparchus before him, attempted
to enrich the world map by incorporating information from new
sources. Marinos also devised a simple rectangular (plane) chart based
on the latitude of Rhodes. These contributions influenced Ptolemy, a
later critic of Marinos, to greater accomplishments in cartography.
Claudius Prolemy (Klaudios Ptolemaios), who flourished in the sec-
ond century A.n., was librarian at Alexandria, the position held some
four centuries carlier by Eratosthenes. Like his predecessor, Ptolemy
made giant strides in various phases of cartography that were not materi-
ally improved upon for many centuries after his death. Ptolemy did not
use Eratosthenes’ measurement of the earth but rather employed the
smaller measure of the Greek astronomer Poseidonius (186-135 B.C.).
This “corrected” figure of the crcumference of the earth—some
180,000 stades, or roughly three-quarters of the actual distance—had
also been used by Marinos and others. Because of its adoption by Ptol-
emy, whose authority as both astronomer and cartographer was not seri-
ously challenged for fourteen centuries following, the error was perpetu-
ated. Nevertheless, Prolemy’s specific contributions to cartography were
of the greatest importance. They are contained, along with material
from other scholars, in his guide to making maps, a work now known as
the Geographia, or simply the Geography.'' Ptolemy’s Geographia included
instructions for making map projections of the world (conic-like, with
straight, radiating meridians and concentric parallels; and one with
curved meridians and curved parallels); suggestions for breaking down
the world map into larger-scale sectional maps (in some editions there
are twelve of these for Asia, ten for Europe, and four for Africa—twenty-
six in all—while others propose a much larger number of regional
maps); and a list of coordinates for some eight thousand places. For the
last of these, two different systems were employed: latitude and longi-
tude in degrees; and latitude according to the length of the longest day
with longitude in time (one hour equals 15 degrees) from a prime me-
ridian, Ultimately Ptolemy’s prime meridian (0 degrees longitude)
passed through the Fortunate (Canary) Islands, and his map extended
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180 degrees eastward to China (see figs. 5.2 and 5.3 in chap. 5). Al-
though, like Hipparchus, Ptolemy argued for the astronomical determi-
nation of earth locations, in fact most of those contained in the Geo-
graphia were supplied by travelers and were based on dead reckoning
(position from courses sailed and distances made on each course). Also,
like Hipparchus, who is often regarded as the greatest astronomer of
antiquity, Ptolemy espoused the geocentric theory of the universe. The
influence of these two scholars perpetuated the error until the (near)
posthumous publications of Copernicus (d. 1543).

We are not sure that Ptolemy acrually made maps, and in any case
he was greatly indebted to others, including Eratosthenes and Marinos,
for both concepts and data. Ptolemy’s work has come down to us
through later copies preserved in the Byzantine Empire. From these
manuscripts, some of which contain maps, it has been possible for schol-
ars to reconstruct knowledge of the world in the centuries immediately
following the birth of Christ. As we shall see later, Ptolemy was the ulti-
mate authority on cartography (and astronomy) at the beginning of the
great European overseas geographical discoveries of the Renaissance.
Perhaps it is incorrect to attribute all these developments specifically
to Ptolemy and better to think of a Ptolemaic corpus—similar to the
Hippocratic tradition in medicine—to which a number of workers con-
tributed.

Caesar controlled the Alexandria of Ptolemy, who, like Strabo be-
fore him and later Greek scholars, labored for Roman masters. Through
such means, the Romans became the heirs of the geographical knowl-
edge of the Greeks, which, as we have seen, included the idea of a spheri-
cal earth; measurements of the circumference of the earth; irregular
and regular division of the sphere (coordinate systems); map projec-
tions; maps of different scales; and a world map that embraced large
parts of Europe, Africa, and Asia and that, understandably, was progres-
sively less accurate as distance from the Mediterranean increased. From
the available evidence, the Romans appear to have been eminently prac-
tical in their own cartographic work, being concerned with maps to assist
in the military, administrative, and other concerns of the empire. It is
possible that this pragmatic approach has been overstressed by scholars,
but the evidence seems to bear it out. Our knowledge of Roman cartog-
raphy comes from a few surviving examples and through references in
literature that indicate that, in addition to archival copies on fabric,
stone, or metal, duplicates were publicly displayed. One such world map
inspired by Augustus Caesar (27 B.c.—A.n. 14) was made by his son-in-
law Marcus Vipsanius Agrippa and completed by others. There is much
dispute about this map, but it is credited with being the first to actually
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Figure 2.7. Part of the Orange Cadaster carved in marble.

show the inhabited world divided into three continents, Europe, Asia,
and Africa (Libya). It was clearly didactic in purpose and thus is a fore-
runner of the familiar classroom wall map.

We know of Agrippa’s map only through references, but we are on
much safer ground when we consider Roman cadastral (property) sur-
veys, of which more tangible evidence exists. Anticipating the United
States Public Land Survey by nearly two thousand years, rectilinear sur-
veys with numbering systems were laid out in vast areas of the Roman
Empire, from North Africa to Britain. The method used is called centuri-
ation from the internal division of hundreds, the right-angled corners of
which were laid out with an instrument known as a groma.'? An image of
such a Roman surveying instrument is found on a tombstone from the
first century B.c. We also have fragments of maps formae carved in mar-
ble showing an area surveyed into hundreds near Orange (Arausio) in
the south of France (fig. 2.7)."* This fragment shows the grid pattern of
property boundaries, with land ownership information inscribed, Such
mapping began on the reclaimed lands of the Campagnia outside Rome,
where an archive was established ca. 170 B.c. Not all Roman centuriation
displays consistent orientation, as illustrated by drawings in the Corpus
Agrimensorum, a later (ca. A.D. 500) compilation of Roman surveyors’
manuals, and by evidence in the European and North African land-
scape today.
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Agrippa’s small-scale world map stands in contrast to the large scale
of cadastral surveys. Other examples of Roman (or Roman-inspired) car-
tography exist, including town plans, a mosaic of hydrological features
at intermediate scale, and itineraries. One of the last of these is a design
drawn on a parchment covering a Roman soldier’s shield (ca. A.p. 260)
showing a road along the shore of the Black Sea (Pontus Euxinus) with
place-names and mileages. However, the best-known example of this
type of map is the Tabula Peutingeriana, which derives from the fourth
century but exists only as a twelfth- or early-thirteenth-century copy (see
fig. 4.1 in chap. 4). Accordingly, this map will be discussed in connection
with the cartography of the Middle Ages, as will the Madaba mosaic, an
early Christian map of the sixth century.

In the period from 2500 B.c. to the end of the Roman Empire ca.
A.D. 400 we can discern various cartographic genres, some common to
societies in the Mediterranean and Middle East. The emphasis in Egypt
on the afterlife and enduring evidence of this in the pyramids is exempli-
fied by maps on the bottoms of sarcophagi. Other contributions of this
ancient culture to mapping, such as plans of buildings, are also evident
in the large scale mapping of early Mesopotamia. This civilization also
made advances through smaller scale mapping of the rivers, terrain, and
settlements of their culture hearth, and of the greater world. They may
have received the idea of the sexagesimal system of dividing a circle, as
they did of the concept of zero, from India. Greek exploration to that
country from their homeland by way of the Middle East, and contact
with Egypt brought a measure of understanding that led to the Greek
“miracle.” We know of the cartography of the Greeks through their writ-
ings which include discourses on the shape and measurement of the
earth, the division of this body, and map projections. With Roman ascen-
dancy, certain Greek ideas were propagated while the Romans made
their own practical contributions. These include cadastral mapping, pos-
sibly a legacy of Egypt (where geometry arose as the result of surveying
activities) and itinerary maps. Later Greeks, in part dependent on the
Phoenicians who traveled widely within and beyond the Mediterranean,
laid the foundations of cartography for generations to come.

Even though there are few surviving examples and the documenta-
tion is uneven, we can see that cartography in antiquity was well devel-
oped and diverse in terms of utilization, subject, scale, and materials
used. Many of these advances were lost or forgotten in the West only later
to be rediscovered or reintroduced. We can now turn to the East, where
important developments affecting cartography were taking place.



Early Maps of East and South Asia

The record of early cartography in much of the East is as fragmentary
as that in the West, and for most areas even more so. There was contact
between India and Mesopotamia at an early date, and influences, includ-
ing mathematical and cosmological ideas, traveled in both directions. In
326 B.c. Alexander the Great crossed the Indus and found great civiliza-
tions at Taxila and elsewhere.! Earlicr, following the rise of Buddhism in
India in the sixth century B.c., there were religious, scientific, and other
cultural exchanges between that country and China. Later there were
exchanges in the opposite direction, especially after Buddhist pilgrims
from China sought texts (including, perhaps, maps) in the Ganges Valley
from at least the fourth century A.p. We will return to discuss the cartog-
raphy of south Asia subsequently.

But it is appropriate here to review briefly the early geographical
and cartographical contributions of the Chinese, both because they are
important in their own right and because they exerted an influence on
other parts of the Orient.? In the literature of China, we have evidence
of geographic and cartographic activity of a much earlier date than that
of the oldest surviving maps of this civilization. The earliest survey of
China (Yi Kung) is approximately contemporaneous with the earliest
reported mapmaking activity of the Greeks, that of Anaximander (sixth
century B.C.). In the centuries following, there are remarkable parallels
between the geographical literature of China and that of Greece and the
Latin West (especially later Roman writers), indicating more than casual
contacts between these cultures. In China, as in the West, we can identify
anthropogeography; descriptions of the home area and of foreign coun-
tries; coastal and hydrographic books; urban as well as local topographic
studies; and geographical encyclopedias.

It is assumed that maps, charts, and plans accompanied even very
early examples of these geographical works. A specific reference in Chi-
nese literature alludes to a map painted on silk in the third century B.C;
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Figure 3.1. Early map of China, with rectangular grid, carved on stone.

the weft and woof of the material may, in fact, have suggested a map
grid. We also learn that various rulers, generals, and scholars during the
Han Dynasty (207 B.c.~A.pn. 220) had a high regard for maps and used
them for military and administrative purposes. Recently two maps were
found during excavations of Han Dynasty tombs (ca. 168 B.c.) that are
the oldest surviving maps of parts of China. They are drawn on silk and
were preserved in a lacquer box. One is a regional map of a large area
of Honan province with relief features, rivers, and settlements deline-
ated and named; the other is a map of a garrison and its surrounding
area on which even the loyalties of the neighboring villages are indi-
cated.®

Apparently the rectangular grid (a coordinate system of equal
squares), which is basic to much scientific cartography in China, was
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Figure 3.2. Outline map of China from amodern chart, for comparison with fig. 3.1.

formally introduced by the astronomer Chang Heng, a contemporary of
Ptolemy. The grid subdivides a plane or flat surface; although this figure
was assumed for purposes of mapmaking, it must not be supposed that
all scholars in China believed this was the shape of the earth. Indeed, we
know that the Chinese used the gnomon and were aware of the contin-
ual variation in the length of its shadow in the long north-south extent
of their own country—knowledge that presumably suggestcd to thecm a
curving surface, if not a terrestrial globe. Their catalogs of eclipses and
comets (including Halley’s) are amongst the oldest and for some peri-
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ods the only records we have of these phenomena.! Early Chinese contri-
butions to the cartography of the heavens include a star map (A.p. 310);
the first celestial globe (A.D. 440); the earliest surviving manuscript star
map (A.D. 940); and a planisphere (A.p. 1193). It is even claimed that
they employed a “Mercator” projection for astronomical charts, but it
was more likely a simple cylindrical projection.

In the third century A.p., we learn of a prime minister’s younger
sister embroidering a map to make the record more permanent.® In the
same century, Phei Hsiu, a minister of works during the Chin Dynasty
(A.D. 265-420), outlined the principles of official mapmaking, which in-
cluded the before-mentioned rectangular grid for scale and locational
reference; orientation; triangulation; and altitude measurement. Unfor-
tunately, none of the maps of Phei Hsiu has survived, but as in the case
of lost Greek maps, modern scholars have attempted reconstructions of
these cartographic works from written descriptions.

As the imperial territories of China increased through the centuries,
maps of various scales were made of the enlarged realm. These works
set the stage for further cartographic accomplishments, which may be
exemplified by a map of China dated A.p. 1137 or even earlier. The map
in question (fig. 3.1) has a regular rectangular grid with a scale of one
hundred li (about thirty-six miles) to each square. It locates settlements
and delineates the coastline and the major rivers of China—the Yangtze
and Hwang Ho and their tributaries—in clearly recognizable form. (An
outline map of this large area with details taken from a modern chart is
provided for comparison in figure 3.2.) The map, which is about three
feet square, was carved in stone by an unknown cartographer of the
Sung Dynasty; its purpose was to illustrate a much earlier geography
based on the before-mentioned survey, Yi Kung. Necdham and Ling
Jjustly assert that this map is “the most remarkable cartographic work of
its age in any culture.”® Its portrayal of the coastline and drainage of
China bears a remarkable resemblance to current delineations of the
area and in this sense is better than any map, European or Oriental,
until the period of modern systematic surveys. As with the publicly dis-
played Roman world map of Marcus Vipsanius Agrippa discussed in
chapter 2 and many others in the modern world, this map of China was
instructional in purposc.

Another Chinese cartographic milestone of about the same period
is the earliest known printed map. It is assumed to have been made
around A.p. 1155 so it predates the first printed European map by over
three centuries. It is likely that earlier examples have not survived, since
printing was invented in China in the eighth century A.p. and was used
for scientific treatises in the following century. This early map (fig. 3.3),
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Figure 3.3. The earliest printed map, surviving from China, depicting a
portion of the western part of the country and showing part of the Great Wall,
rivers, mountains, and settiements.

which served as an illustration in an encyclopedia, is printed in black
ink on paper (which had been invented in China in the second century
A.D.), and it shows part of western China. In addition to settlements and
rivers, a portion of the Great Wall is indicated at the north. Both this
map and the one illustrated earlier (fig. 3.1) have north orientation—
that is, north is at the top of the map—which of course is now conven-
tional in the West. The Chinese sometimes used orientations other than
this, as did different peoples with whom they had contact. (For example,
the Arabs, who settled on the coast of China before A.p. 750, characteris-
tically made south-oriented maps.) A terrestrial globe is listed as part of
the inventory of a Chinese observatory in the thirteenth century, but
this was probably because of the influence of the Persian Jamal al-Din
ibn Muhammad al-Najjari (Cha-Ma-Lu-Ting).
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The culmination of indigenous Chinese cartography is found in the
contributions of Chu Ssu-Pen (A.p. 1273-1337) and his successors, who
established a mapping tradition that lasted until the nineteenth century.
Chu, who built upon a scientific cartographic heritage extending back
to Chang Heng and Phei Hsiu, like his predecessors made a manuscript
of China with a rectangular grid. The reliability of the information on
which his map was based was of the greatest concern to Chu, whose att-
tude is quite modern in this respect. The map was constantly revised
and eventually enlarged, dissected, and printed in atlas form some two
centuries after Chu’s death (fig. 3.4). The treatment of the ocean with
angry lines, common in Oriental cartography, perhaps suggest percep-
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Figure 3.4. Atlas map of eastern China, showing part of the
Gobi (solid black area), the Great Wall, and the China Sea.

tion of the seas as a hostile environment. However, not all Chinese re-
garded the oceans in this way, as evidenced by the early Ming Dynasty
voyager Cheng Ho. With great fleets of junks he visited many countries
from Vietnam to East Africa between 1405 and 1435 using nautical
charts, a copy of one of which is preserved. The Chinese might have
made even more spectacular maritime discoveries had not these expedi-
tions been officially discouraged after Cheng Ho's death.

Although this book is more concerned with maps than with the
methods used to produce them, it should be mentioned that, at least by
the time of Chu Ssu-Pen, Chinese cartographers knew the principles of
geometry and possessed instruments that would greatly facilitate their
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mapping activities. The instruments included the gnomon, as men-
tioned previously, and a device similar to the groma of the Romans, with
plumb lines attached. The Chinese also used sighting tubes and some-
thing akin to the European cross-staff for estimating height, as well as
poles for leveling and chains and ropes for ground measurement. The
odometer, or carriage-measuring instrument, by which distance is ascer-
tained by the revolutions of wheels, is referred to in China at least as
early as in Europe. Compass bearings, implying the use of the magnetic
needle, seem to have been made by the eleventh century A.p; it is as-
sumed that the magnetic needle was transmitted westward to Europe
shortly after this period.” Actually, a reference to a south-pointing char-
iot and a mounted magnetized needle goes back to the Wei Dynasty
(third century A.D.), but we are not sure when this instrument was first
used for mapmaking.

The Chinese also made maps of large areas beyond their own bor-
ders, but because these regions were of less importance to them and
because of their (understandable) Sinocentric point of view, foreign
countries tend to be minimized as a function of their distance from the
culture hearth of the empire.* We have mentioned that Chinese cartog-
raphy influenced that of other areas in eastern Asia. This was especially
true for Manchuria and Korea, although the cartography of these areas
is not without innovation. In the latter country, several documents point
to the existence of maps prior to the Lee Dynasty, which had its origins
in the late fourteenth century. Manuscript copies of “world” maps from
this period indicate that Oriental knowledge of the West was greater at
this time than the reverse, which is attributed to Arab, Persian, and Turk-
ish contacts. As far as their own territory was concerned, the Koreans
made increasingly detailed maps showing the direction of mountain
ranges, the distance of towns from the capital, and the boundaries of
political units, mainly for administrative purposes.® It appears that the
transmission of printing from China came rather late, but a printed map
from Korea antedates any European example.

Although China influenced Korean cartography directly, it was
through Gyogi-Bosatsu (ca. A.p. 688-749), a Buddhist priest of Korean
origin, that Japanese mapmaking was more immediately advanced.'” He
was a builder of roads, bridges, and canals and advised the rulers of Ja-
pan on mapmaking. We know of so-called Gyogi-type maps only through
later manuscript and printed copies, which display the whole country
divided into sixty-eight provinces with main roads from those provinces
to the ancient capital of Kyoto indicated. In contrast to these small-scale
maps are urban representations that exhibit great detail, such as that of
Kyoto from ca. 1199-1288 A.p. compiled in the eighteenth century
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Figure 3.5. Map of Kyolo, Japan, in isometric projection showing temples, shrines, palaces, and drainage features (1199).
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(fig. 3.5) The gridded layout of the city is drawn in isometric projection
with temples, shrines, and palaces clearly marked. This tradition of ur-
ban mapping continued in Japan until comparatively recent times.

We began our discussion of early maps in East and South Asia with
a reference to the Indus Valley civilization and noted the unfortunate
lack of evidence of cartography in that area. There is a growing interest
in the precolonial cartography of southern Asia: Pakistan, India, Sri
Lanka, and the region from the Himalayan states to peninsular and insu-
lar Southeast Asia. However, in spite of the commendable work of Regi-
nald H. Phillimore, Susan Gole, R. T. Fell, Joseph E. Schwartzberg, and
others, the early cartography of this ancient, populated area is still in an
embryonic stage.'' No studies such as those of Needham and Ling for
China or of Youssouf (Yustf) Kamal for Egypt and Africa exist for this
large region. A major problem for Western scholars has been the diffi-
culty in understanding the complex cultures of these Asian peninsulas
and islands, and more pressing problems are being addressed by indige-
nous savants. Archives exist that scholars have not even visited—much
less worked in—but that may contain original materials. A body of schol-
arship as large and detailed as that for Western mapping, involving many
disciplines, is needed to uncover the riches of the cartography of this
area.

In the absence of such primary studies, we can only speculate on the
nature of the early cartography of South Asia from tenuous evidence. As
in other areas, some drawings in caves—of which many examples exist—
have been interpreted as maps. It also appears that cosmological dia-
grams of transcendent value to the inhabitants and analogous to those
of other cultures (especially the Babylonian and Mayan) have been
made in “greater” India since early times, especially by the Jains. Simi-
larly, plans of temples, altars, and other structures were created by the
deeply religious peoples of the subcontinent and the areas they influ-
enced. A few of these exist on nondurable materials, such as palm
fronds, suggesting that a larger number may not have survived. Most of
this cartography, as well as city plans, is known to us through very late
examples or reconstructions.

A copy of a map from the late Moghul (Mughul) Empire is repro-
duced as figure 3.6. It shows a large area of northwestern India, Pakistan,
and Afghanistan; the top of the map is to the northeast. A square portion
near the center is blank, having been destroyed by insects or climate.
Extending from this missing area is the Indus, with its distributaries at
the left margin of the map, The great cities of northern India are shown
and named within pictorial rectangles (Delhi-Shahjahanabad, Agra-
Akbarabad, and so on) on the bottom margin. The hills around Ajmer
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are drawn in profile as viewed from different prospects in the city. Routes
are marked and distances between important places noted. Three of the
principal tributaries of the Indus in the Punjab, the land of the five riv-
ers, are shown—the Beas, Ravi, and Jhelum—but the Sutlej and Chenab
are missing, probably because of the blank area. The Ganges is at the
bottom of the map. The more mountainous country of Baluchistan, Af-
ghanistan, and Kashmir is toward the top, indicated by uplands (dark
profiles) surrounding such cities as Quetta, Kabul, and Srinager in Kash-
mir (Kushmeere). It was to the latter area that the Moghul emperors
journeyed in the summertime o enjoy the cooler climate and the great
gardens that they created there. Maps such as these would have been of
immense value to the Moghuls in their travels for pleasure and in their
military campaigns. They were also of interest to the British when they
began their monumental topographic surveys of India in the eighteenth
century, as indicated by the English transcriptions of place-names beside
the Persian originals on the map as well as by the retention of this map
in the archives of the Survey of India.

Some remarkable “cartographical curiosities” from Asia are extant,
such as Chinese incense burners from the Han Dynasty, the earliest
three-dimensional terrain models, and—of a much later date—Japa-
nese plates, mirrors, and fans decorated with maps. We shall now return
to the West, including the Islamic world, which was enormously influen-
tial in South and East Asia, but not before mentioning that when Jesuit
fathers established residence in China in the sixteenth century, the car-
tographic record of this area was made available to the Europeans and
incorporated into their regional and world maps. Although after this
time mapmaking in Asia was to be greatly influenced by European meth-
ods and geographical ideas, indigenous cartography flourished side-by-
side with the new concepts. This is particularly true of local and regional
maps. Even world maps remained surprisingly Sinocentric as areas such
as Africa and America were grafted onto the existing delineations as ap-
pendages. In this way the traditional geography was reconciled with the
new information as it filtered in from overseas during the seventeenth
and eighteenth centuries. During the nineteenth century the Chinese
and others accepted Western ideas of latitude and longitude and map
projections, and that Asia was a smaller part of the earth than previously
thought. In spite of their resistance to European ideas and techniques,
we do well to recall the extraordinary cartographic accomplishments in
the Orient, particularly as exemplified by the works of early Chinese
mapmakers.



Cartography in Europe and Islam
in the Middle Ages

For the sake of convenience, the term Middle Ages is used in this chapter,
but obviously this has more relevance to Europe than to Islam. The ear-
lier part of the medieval period—the so-called Dark Ages, from ca. A.D.
450 to 1000—is not now considered to be so dark as was formerly
thought to be the case, but little Western cartography survives from this
half-millennium. One extant map, however, is the Madaba mosaic, ca.
A.D. 590, which takes its name from the Jordanian town where it was
found in 1889.! Sometimes described as the first Christian map, it served
as part of the floor of a church before being restored. Though it is in-
complete, remaining fragments suggest that it focused on western Asia
but included, at its extremities, the Nile Delta and the Black Sea. It was
made by Byzantine mosaicists and shows the city of Jerusalem in remark-
able detail.

Another map that has its origins in this period, or even earlier, is the
Tabula Peutingeriana (Peutinger map), alluded to in respect to Roman
cartography in chapter 2, which takes its name from a sixteenth-century
owner of the map, the humanist Konrad Peutinger of Augsburg.? This
map is a large manuscript on parchment, roughly one foot high with an
overall length of more than twenty feet. It was originally a roll but has
been dissected into twelve sections, the first of which, now lost, is
thought to have shown most of Britain (a small part of which still exists
on section 2), the Iberian peninsula, and adjacent parts of North Africa.
The surviving eleven sections illustrate, in a highly diagrammatic fash-
ion, the area from extreme eastern England through the Mediterranean
to India. It is presumed that the information is from Roman itinerary
maps of the first century A.D. As it has come down to us, the map appears
to be mainly fourth-century work with some additions made as late as
the sixteenth century, when it was first published.

Figure 4.1 shows a small portion of the Peutinger map, where sec-
tions 6 and 7 adjoin, focusing on Sicily and the “boot” of Italy. As can be
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Figure 4.1. Simplified rendering of a small section of the Peutinger map, focusing on the boot of Italy and Sicily, redrawn by Noel Diaz.
Because of the greatly reduced scale of the map, lettering (which forms an important feature of the original) is omitted.
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Figures 4.2 and 4.3. Diagrams of the T-O concept (left)
and the zonal concept (right) of the earth.

seen from this sample, areas on the map are very elongated in the east-
west direction. It is not developed on a systematic projection, but ap-
proximate distances between settlements are written on the map. The
roads are delineated predominantly by straight lines, often with curious
jogs; routes are in red, while the sea is indicated in greenish blue. The
map is enriched by the rendering of mountain chains (in profile), build-
ings, and, in some cases, persona at important centers such as Rome,
where a figure holding an orb, a shield, and a spear sits enthroned. The
major roads of the empire emanate from the “Eternal City.”

For a compilation such as the Peutinger map, as with early Chinese
maps, a spherical earth need not be assumed. This is especially true of
maps of small areas, such as city plans of Rome and Constantinople,
which were part of the library of Charlemagne (A.n. 742-814). These
maps, and also a world map belonging to Charlemagne, were engraved
on silver tablets, but we know of them only through references in litera-
ture. There is no proof that, in general, medieval people believed in a
flat earth. In fact, we know specifically that a number of influential sa-
vants of this period accepted a globular world. Nevertheless, there were
those who argued against this concept, as well as the related idea of in-
habitants in the Antipodes.® In the Middle Ages, the world was repre-
sented on maps by various shapes: irregular, ovoid, rectangular, cloak-
shaped, and circular. The most common shape was the circular, disc, or
wheel form, a descendant of Greco-Roman cartography, of which two
distinct types can be recognized: the T-O and the climatic zonal forms
(figs. 4.2 and 4.3) They relate to the geographical ideas of Macrobius
(ca. a.n. 400), Orosius (early fifth century A.n.), and Isidore of Seville
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(ca. A.p. 600), who provide links between antiquity and the later Middle
Ages. A simple circular map by Isidore later became the first printed
European map in 1472 (see fig. 5.1 in chap. 5).

The T-O (orbis terrarum) type usually has east, or the Orient, at the
top (hence the term orientation) with Asia occupying the upper half. Asia
is separated from Africa by the Nile and from Europe by the Don (Ta-
nais). Together, these two rivers form the top of the T, while the Mediter-
ranean, which separates Europe from Africa, forms the upright segment.
The whole is surrounded by a circumfluent ocean—the O. This carto-
graphic form embodies geographical concepts from antiquity that we
have encountered earlier. These include the notions of three conti-
nents—a widely accepted idea—and of land covering most of the earth
with separating seas and a circumfluent ocean, exemplified by the ideas
of Crates. T-O maps also satisfy Christian theology by giving Jerusalem a
central position on the earth.* The names and sometimes the portraits
of the sons of Noah, the assumed ancestors of the peoples of the three
then-known continents—Japhet (Europe), Shem (Asia), and Ham (Af-
rica, particularly Libya)—appear in their correct locations on many of
these maps.

In the zonal type of map, the debt to Greek science is more explicit,
and the examples frequently have orientations other than to the east. As
the Ancients were concerned with the extent of the inhabited earth or
ecumene (oikoumene), which they attempted to delimit with latitude (-
mata), so medieval scholars were interested in the area of human occu-
pancy, but for theological reasons. Both the T-O and the zonal types of
circular world maps, which often accompany medieval manuscripts, are
also found in the cartography of Islam; in some instances, both concepts
(and others) arc combined on a single map in Christian and in Muslim
examples.

The ultimate expression of the circular world map of the Middle
Ages is found in the Ebstorf and the Hereford maps. Both of these maps
are examples from the late thirteenth century, and they are similar in
conception, though quite different in detail. These ma wundi seem
to have served as altarpieces (or perhaps were hung behind the altar),
in the German monastery church of Ebstorf in the one case and at Here-
ford Cathedral, England, in the other. Unfortunately, the Ebstorf map
was destroyed during World War II, but good color copies of this large
manuscript map, which was about eleven and half feet in diameter, sur-
vive.® The Hereford map (fig. 4.4), which is drawn on vellum—possibly
a bullock’s skin—is also large, measuring five feet three inches high and
four feet six inches wide. It remains one of the treasures of the Hereford
Cathedral since it was miraculously saved recently from the auctioneer’s
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Figure 4.4. Photograph of the original manuscript Hereford world map.

gavel. It is a type of map probably found in a number of the great reli-
gious houses of Europe during the Middle Ages.

The Hereford world map was formerly thought to be something of
an oddity and of little geographical value, but as a result of later research
this opinion is being revised.® According to an inscription on the map,
which requests the prayers of the viewers for the author, it was made by
Richard of Haldingham and Lafford (a.k.a. Richard de Bello). He may
have brought the map with him when he came from Lincoln to Here-
ford toward the end of the thirteenth century, though some believe that
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Figure 4.5. Detail of the upper nart of the Hereford world map.

it was made in Hereford by Gervais of Tilbury, the author of the Ebstorf
map. Both represent a modified form of the T-O map and have an affin-
ity with earlier examples, including thase of Macrobius, Orosius, Isidore,
and Henry of Mainz (a.p. 1100). The Hereford map is based on classical
itineraries and later sources and can be regarded as a summary of the
geographical lore, secular and sacred, of the Middle Ages. It depicts
mythical creatures and abnormal people from the fabulists, but it also
contains new information derived from medieval commercial journeys,
pilgrimages, or Crusades, especially in the European section. In its color-
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ing and calligraphy, as well as its view of the earth, the Hereford mappa-
mundi beautifully expresses the feeling of the later Middle Ages, which
reached its highest architectural development in the Gothic cathedral.
In fact, there are close relationships between the symbolization used in
these two forms. For example, the representation of Christ in judgment
above the circumfluent ocean on the Hereford world map (fig. 4.5) is
reminiscent of the tympana in contemporary ecclesiastical architecture,
which originally were often colored. The perfect celestial world is set
apart from and above the imperfect terrestrial world. Although some
savants in the Middle Ages, such as the Venerable Bede and Roger
Bacon, investigated physical phenomena, there were at times proscrip-
tions against geographical explorations, including the measuring of the
depths of the sea.

It has been debated whether such works as the Hereford mappa-
mundi were intended to aid travelers or were inspirational pictures like
the stained glass windows of the cathedrals. No doubt they served both
functions, and some pilgrims who looked at them probably suggested
changes based on their own travels.” However, there were also medieval
maps more specifically designed for the assistance of travelers. Thus, at
the scriptorium of St. Albans, the thirteenth-century monk Matthew
Paris made not only a mappamundi and a map of Great Britain but also
a strip map showing pilgrimage routes within England and another
showing routes from London to southern Italy. Such strip maps resem-
ble the Peutinger map and anticipate modern road strip maps in that
routes are indicated by straight lines from place to place, with no special
attention paid to orientation. The representation of Britain by Paris can
also be thought of as an itinerary map, although the routes are not spe-
cifically delineated. Said to be the oldest map of a European country,
Paris’s map of Britain (fig. 4.6) shows a compressed Wales and Scotland
(beyond the Roman Wall), rivers, and fortified cities (named). A similar
but more spatially recognizable map of Britain from a century later, and
on which major routes are depicted, is the Gough map, so named after
a later owner, the eighteenth-century antiquary Richard Gough, The
Gough map might have been made for administrative purposes.

While these developments were taking place in the religious houses
and courts of medieval Europe, mapmaking was progressing elsewhere.
We have already discussed contemporaneous mapping activities in the
Far East, but scholars from the Middle East also contributed notably to
cartography in this period.? After the fall of Babylon, science in the arid
lands of southwestern Asia appears to have been strongly influenced by
India. This is particularly true before the reformation of the Arabic al-
phabet and the translation of Ptolemy’s works, the Almagest (astronomy)
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Figure 4.6. Manuscript map of Britain by Matthew Paris (thirteenth century).

and Geographia (cartography), into Arabic in the ninth century A.p. In
the next century, Ptolemy’s maps, possibly constructed from instructions
in the Geographia rather than from originals, became available to the
Arabs. Following this, two distinct developments ultimately affecting car-
tography unfolded in Islam: (1) the determination of the latitude and
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longitude of places on the earth as part of an increasing emphasis on
astronomy; and (2) geographical descriptions arising from the extensive
land and sea journeys undertaken for conquest, administration, or
trade. The first of these developments, however, did not always have an
immediate effect on the second.

Although at first Arab scholars seem to have accepted Ptolemy’s as-
tronomical works, in time they criticized and improved upon them. The
length of the Mediterranean Sea, given by Ptolemy as 62 degrees, was
reduced to 52 degrees by Al Khwarizimi (ninth century A.n.) and further
reduced to its correct figure of 42 degrees through the observations of
Al-Zarqali (twelfth century A.p.). We have noted the impact of Islamic,
including Persian, science on China and India (whence came the idea
of zero). The debt was not unidirectional, as the Middle East was the
beneficiary of, among other things, both papermaking and printing
from China. In respect to the latter invention, hand lettering (calligra-
phy) seems to have been preferred o printing in both areas for a long
time. Following the lead of China, and of Greece and Rome, civilizations
1o which it was especially indebted, Islam can claim production of celes-
tial charts from the first century after the establishment of this faith (sev-
enth century A.p.). Planisphere or celestial charts based on systematic
or formal projections are a strong tradition in Islam, as is a related in-
strument, the astrolabe or star measurer, some of which were designed
to find the direction of Mecca. The astrolabe, usually made of metal, is
a stereographic projection of the celestial sphere showing great circles
accurately; manipulating its moving parts allows the elevations of the
sun and stars to be measured.” Although invented earlier by the Greeks,
astrolabes of Arab provenance from the ninth to the nineteenth centu-
ries are extant. Similarly, cosmological diagrams (always with a geocen-
tric focus), zodiacal signs, and spheres of the four elements and of cli-
mata are part of the Islamic tradition inherited from, but modified after,
Greek and Roman models. The oldest surviving globe, a celestial sphere,
is also Islamic, made by the Persian Muhammed Ibn Mu’aiyad al-'Urdhi
and dated from internal evidence at 1279.

It has been said, perhaps unfairly, that the Arabs were better astrono-
mers and geographers than cartographers. There are a number of geo-
graphical map types from early Islam, as evidenced by surviving ex-
amples of the rich cartography of this culture: religious topographies,
analogous to those of other areas, such as medieval Europe; world maps,
typically disc-shaped, often stylized and with a circumfluent ocean; re-
gional maps, as of part of the Nile Valley and smaller areas; military
maps, including siege plans; urban views, either in plan or bird’s-eye
aspect; and itineraries.
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Islamic cartographers whose names and compilations are well
known to us include Al-Istakhri and Ibn Hawqal (both of the tenth cen-
tury Balkhi, Irani School), Ibn al-Wardi, Al Khwarizimi, and Al-Idrisi.
Many of their maps are south-oriented and the symbols highly conven-
tionalized; there was often great reliance by later cartographers on ear-
lier ones. Some of these cartographers were travelers, some were theore-
ticians, and some combined both roles. The latter was the case with Abu
‘Abd-Allah Muhammad al-Sharif al-Idrisi (ca. 1100-1165 or 1166), who,
after undertaking extensive travels from his native Morocco to Asia Mi-
nor, was invited to Sicily by its enlightened Norman king, Roger I In
Sicily, Idrisi engaged in geographical writing and in the compilation of
maps. He made a circular world map (fig. 4.7) with curved parallels that
is superior to contemporaneous European maps of the same genre in a
number of respects. His most important work, however, is a large rectan-
gular world map in seventy sheets, known as the Tabula Rogeriana. Figure
4.8 is a reproduction of a page of Idrisi’s atlas showing the Acgean Is-
lands, while figure 4.9 is a redrawing of a large section of Idrisi’s world
chart of 1154, the ecarlier and generally better of two such maps that
have come down to us through the work of copyists. It is instructive to
compare Idrisi’s south-oriented map with the Hereford map (fig. 4.4)
of approximately the same time, Obviously, the Tabula Rogeriana is less
stylized, and it incorporates new information supplied from the travels
of Idrisi himself and many others. Some of the cartographic work exe-
cuted at the Norman court in Sicily, including a map engraved on a
silver tablet, has perished, but the surviving record demonstrates the
originality of ldrisi’s contributions, which continued to be important in
the Arab world for centuries after his death. The extent of Ptolemy's
indirect influence on Idrisi (who also had access to Balkhi school maps)
has been speculated upon but takes nothing away from latter’s accom-
plishments.

Some Muslims were great travelers by land and sea, the Sindbad tra-
dition having arisen from their epic navigational feats in dhows of sewn-
plank construction fitted with triangular (lateen) sails. In such vessels
and also by land, they extended from their North African and Middle
Eastern homelands to India, Southeast Asia, and China to trade, prosely-
tize, and settle; the Chinese, by contrast, were content to return to their
own country following their voyages in the same period. Not surpris-
ingly, Muslims developed sophisticated navigational techniques that
later proved to be of value to Europeans, as will be indicated below. The
greatest of the later Islamic travelers was Abu ‘Abd-Allah Muahammad
Ibn-Battiita, a younger contemporary of Marco Polo (1254-1324), the
most celebrated European traveler of this time. Both journeyed over



Figure 4.8. Peloponnisos, Kikladhes, and Kriti (Crete): a small section
of Idrisi’s world map, with south orientation, in atlas form.
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Figure 4.9. Detail of Idrisi’s world map of Iberia and parts of France and the coast of

North Africa, with south orientation.
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some of the same areas from Europe to China, both supplied data for
maps, and both were originally from the Mediterranean, where Muslim,
Jewish, and Christian learning, including cartography, mingled.

We mentioned the magnetized needle in the discussion of Chinese
cartography and speculated on its use in mapping in that area and on
the transmission of this useful instrument to Europe either by sea via the
Arabs or by way of the Silk Road across central Asia. In the later Middle
Ages, there was great interest in Europe in the properties of the lode-
stone, and experiments involving magnetism were performed by Roger
Bacon (1219-92), who also devised a globular map projection. Various
attempts were made to satisfactorily mount the needle, and apparently
this was accomplished in Amalfi, Italy, at the end of the thirteenth cen-
tury. In the Mediterranean, the compass—consisting of a box con-
taining a pivoted, magnetic needle mounted over a card on which six-
teen, and later thirty-two, directions were painted—came into use
among sailors. Because the directions were named for winds, following
the practice of antiquity, such geometrical constructions are known as
wind (compass) roses.'® With the help of the magnetic compass, great prog-
ress in mapping and in navigation was possible, and a new cartographic
form presumably related to this development appeared in the later thir-
teenth century: the portolan chart. We know that before this date the
magnetic needle was in general use in the Mediterranean.

The origin of the portolan chart is obscure, but it seems to be an
obvious extension of the descriptions found in pilot books (poertolani).
That the earliest surviving examples are well developed suggested that
even earlier portolan charts may be lost. They are typically drawn on a
single sheepskin and oriented according to magnetic north, although
other orientations are possible. Since their purpose was to aid naviga-
tors, shorelines are emphasized and in early examples little geographical
information appears on the land. Characteristically, portolan charts
show the Mediterranean and Black Sea coasts with remarkable accuracy,
though with curiously stylized symbols, emphasizing headlands. Place-
names are lettered perpendicular to the shore, the more important in
red and others in black. Striking features of these maps include the rep-
resentations of compass or wind roses with rhumb lines emanating from
them, crisscrossing the charts. To use such a chart, a pilot would first lay
out a course from a port of departure to a port of arrival with a ruler;
then the line most nearly parallel to the ruler would be traced back to
the “parent” compass rose to identify the required bearing (rhumb) on
which to sail. We know of the method for constructing portolan charts
from a diagram in the 1318 Atlas of Pietro Vesconti (who worked in both
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Figure 4.11. The shore of southern Italy and Sicily (represented
by the solid line), redrawn from the Carte Pisane; the dotted line is the
same shore as it appears on a modern map.

Venice and Genoa), which showed a circle with sixteen equally spaced
compass roses. There is an almost conventional color scheme for the
lines extending from these: black for the eight principal winds; green
for the eight half winds; and red for the sixteen quarter winds.!

To illustrate this cartographic form, we have selected one of the
many surviving portolan charts, the famous Carte Pisane, or Pisan chart
(figs. 4.10 and 4.11). This oldest portolan chart (ca. 1290) is, as its name
suggests, of Italian (Pisan or Genoese) origin; like most others from Italy,
it shows only the Mediterranean and Black Sea region. It is the first map
to have a graphical scale (to the east in a circle on the “neck” of the
parchment) subdivided into fifties, tens, and fives. The oldest dated por-
tolan chart is that of Giovanni da Carignano, made in Genoa in 1310.
However, the maritime cities of Italy were not the only centers of chart-
making at this time. Portolan charts embracing the Mediterranean,
northern Europe, and other parts of the world were made by Catalan
(including Jewish) cartographers of Majorca and Barcelona in the ser-
vice of the kings of Aragon.' Some scholars affirm the Catalan origin of
the portolan chart, but, at all events, in that area coastlines were ex-
tended and information from Arab and other sources was added so that
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Figure 4.12. Four panels of the portolan-style Catalan map by Abraham Cresques
(1375) showing Atlantic islands, Ireland and Britain, Western Europe, and North

Africa (with Prester John, seated). to the Red Sea and Central Asia.
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portolan-type world maps eventually developed. The famous and very
rich Catalan map (1375) of Abraham Cresques is one example of this
process (fig. 4.12). Among the iconography on this map is the figure of
Prester John, the Christian priest-king beyond the pale of Islam whom
the Europeans believed would help them overcome their enemies if con-
tact could be made. Over the centuries Prester John'’s realm was said to
be located first in central Asia and later in Ethiopia.

The gradual reconquest (reconquista) of Spain and nearby offshore
islands during seven hundred years of Muslim occupation in Iberia left
many Jewish scholars and artisans in Christian communities. Some of
these were mathematicians, astronomers, instrument makers, and chart-
makers. Among the latter were Abraham Cresques (1325-87) and his
son Jefuda, residents of Majorca. To the senior Cresques is credited the
portolan-style mappamundi showing the Old World from the Atlantic to
China, including information derived from the reports of travelers such
as Marco Polo. The map was presented by King Pedro IV of Aragon to
Charles VI of France in 1381 and is now one of the treasures of the
Bibliothéque Nationale in Paris.

As we shall see later, there are other connections between the navi-
gational expertise of Europe and of Islam, but specifically the portolan
tradition was transmitted to the Islamic world by a medical doctor,
Ibrahim Al Mursi, through his manuscript chart of 1461 (865 of the Is-
lamic calendar). Although the map is very similar to Genoese and Vene-
tian portolan charts of the period, Dr. Al Mursi made considerable addi-
tions in Islamic territories, especially North Africa and the Levant
Fortresses along the Danube that the Muslims were attacking at the time,
including Esztergom, are prominently featured. Al Mursi was originally
from Murcia in southern Spain, but it was in Tripoli, where he practiced
medicine, that he made his chart. It is on a gazelle hide, on the neck
portion of which he drew the Islamic calendar. He decorated the map
with arabesques and signed and dated it."®

Several circular and other world maps made in the fifteenth century
were influenced by portolan charts: the Leardo mappamundi (1448); the
Genoese world map (1457); and the culmination of such cartographic
compilations, the Fra Mauro map (1459). Because of the circumfluent
ocean on some late medieval maps, a navigable route from Europe to
the Indian Ocean by way of southern Africa—denied on early represen-
tations by Ptolemy—appears to be feasible. It is possible that such a voy-
age had been made in antiquity as reported by Herodotus (ca. 430 B.c.),
but this presupposes an Africa much smaller than in reality and a voyage
of several years, allowing time for planting and harvesting along the way.
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In addition to world maps, there survive from the late Middle Ages
bird’s-eye views of various cities, such as Constantinople by Cristoforo
Buondelmonte (ca. 1420) and Jerusalem by Bernard von Breydenbach
(ca. 1480), a genre that was to be greatly expanded later and that contin-
ues to the present time. Plans of local areas, cities, and churches exist,
including the plan of the monastery of Saint Gall (ca. 830), which is
remarkable for its consistency in scale, orthographic point of view, and
very early date."

In summary it can be said that ideas from classical antiquity survived
both in Christendom and Islam during the European Middle Ages. As
indicated, the concept of a spherical earth was never entirely lost and
the division of this figure into climatic zones persisted in both cultures.

However, in the Latin West other ways were devised to divide the
earth which had biblical and ethnographic roots. A tripartite division of
a largely terrestrial, and sometimes flat, earth was made, inhabited by
the Sons of Noah and their descendants, along with a variety of curious
human and animal forms. The dominance of the Christian church was
evident with Jerusalem at the center of the world map, and more local
delineations reflecting pilgrimage and crusade.

Muslims, also dependent on classical ideas, were making their own
contributions to mapping. A rich source of data was provided by Islamic
and Christian travelers who went from the Mediterranean to China uti-
lizing land and sea routes, an activity promoting the production of maps
and charts. At certain points Christian, Muslim, and Jewish savants
worked together, leading to a valuable interchange of ideas. An out-
standing contribution in which the three cultures were involved was the
portolan or haven-finding chart. This was made possible by the inven-
- tion of the magnetic compass, an instrument which proved to be of spe-
cial value in the charting of the Mediterranean and Black Seas. At this
time, little cartographic knowledge filtered down to the proletariat ex-
cept where they might see a map image in a church. In times of war and
peace, maps made in Europe, solely in manuscript in the Middle Ages,
were generally accessible only to the learned, powerful, or those who
had specific need to use them, such as navigators.

We can now move into territory perhaps more familiar to most
people: the maps of Renaissance Europe.



The Rediscovery of Ptolemy
and Cartography in Renaissance Europe

The age of European cartographic ascendancy began in the later Middle
Ages with the development of the portolan chart and the rise of Muslim,
Jewish, and other influences in the Mediterranean and the Atlantic
fringes of the continent. Continued advances in these areas during the
Renaissance spread inland and north of the Alps to produce a great
flowering of map expertise that has been the main focus of the history
of cartography until quite recently.! It is true that there was considerable
interest in maps in Europe in the medieval period, as shown in chapter
4, but this was overshadowed by events that took place in the period
immediately following, including the transmission and translation of
Ptolemy’s Geographia; the invention of printing in Europe; and the voy-
ages of Europeans overseas.

The cartographic work of Claudius Ptolemy was discussed in chapter
2 in connection with contributions from antiquity, and his influence on
Islamic science was considered in chapter 4. When the Turks expanded
westward and reached Byzantium (Constantinople; now Istanbul) in the
fourteenth century, refugees fled from that city, taking with them various
treasures, including the Greek texts of Ptolemy’s Geographia. These
manuscripts reached Italy and by 1410 were translated into Latin in Flor-
ence (Firenze), where geography and mathematics, as well as art, were
important fields of study.* Thus manuscript copies of the Latin transla-
tion of the Geographia—first without maps. then with regional maps, and
eventually with world maps—became available. The influence of Ptole-
my's work on Western cartography would be ditficult to exaggerate. It
is only necessary to compare the best medieval mappaemundi with the
Prolemaic maps to appreciate the general superiority of the latter, at
least in terms of the delineation of geographical features. This did not
prevent European scholar-cartographers from modifying the representa-
tion of certain areas and features of Ptolemy’s maps. For example, the
map of Scandinavia by the Dane Claudius Clavus (1427) was used to
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update the world map of Prolemy printed in Ulm in 1486 (discussed
below). In fact, Ptolemaic maps were both the starting point and the
model against which progress in geographical discovery came to be mea-
sured.

The importance of printing to cartography lay not only in the reduc-
tion of the cost of maps (actually, in some circumstances, prints might
be more expensive than hand-drawn examples) but more especially in
the ability to produce essentially identical copies, “the exactly repeatable
pictorial [graphic] statement.”® We have already considered the prior
invention of printing in the Orient and its application to cartography as
early as A.n. 1155, but apparently a different method of printing was
invented independently in Europe and owed nothing to Oriental prac-
tices. The first European printed maps date from the last three decades
of the fifteenth century. These incunabula include simple woodcut re-
productions of various T-O and zonal world maps, engraved copies of
Ptolemy’s world, and sectional maps from both Italy and Germany.*
Landmarks in the history of European map printing include the earliest
map printed in Europe, a simple woodcut of St. Isidore’s T-O map,
printed in Augsburg in 1472 (fig. 5.1); and the earliest printed Ptolemaic
atlas, twenty-six maps printed from engraved copper plates, published
in Bologna in 1477. Actually, maps from woodcuts were on the whole
more numerous than those from engraved metal plates in the first years

Figure 5.1. T-O world map from Isidore of Seville's Etymologiarum,
the first European printed map (1472).
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of European map printing, but gradually copper engraving overtook the
woodcut and remained the prevailing method of map reproduction un-
til the nineteenth century. Other landmarks include the first two-color
printing, using red and black for different classes of geographical names
in the Venice edition of Ptolemy of 1511; and a woodcut, three-color,
printed map of Lotharingia in the 1513 edition of Ptolemy, published
in Strasbourg and edited by Mathias Ringmann. The abandonment of
woodblock printing in favor of copper-plate engraving, which does not
lend itself so readily to color printing, led to the virtual demise of the
colored, printed map for some three centuries.” During this period,
hand coloring of black-and-white copper-plate prints became an im-
portant activity in European cartographic establishments, with women
apparently playing an important role.

With this background, let us look at the Ulm edition of Ptolemy’s
world map of 1486, a woodcut print (figs. 5.2, and 5.6b). Itis plotted on
a conic-like cloak-shaped (chlamys) projection—an ingenious solution
to the problem of representing the all-side-curving figure of the globe
(or, at least, a large part of the earth) on a flat surface. This is the most
complicated of the three projections devised by Ptolemy, who also used
a simple conic-like form for world and sectional maps. The map has
a regular grid of numbered meridians and parallels, a new feature, and,
on the western edge latitudes are expressed in hours of the longest day
of the year (climata). Beyond the margin (neat line) of the Ulm map,
twelve wind blowers indicate direction. This is an elaboration of the con-
cept of four wind directions of antiquity, a number that was increased to
eight (as used on early magnetic compasses to divide the circle of the
horizon), to sixteen, and eventually to thirty-two. Other features of the
Ulm map include rivers, lakes, and mountain ranges.

Without going into great detail concerning land and water relation-
ships on Ptolemy's world map, we should note that the world then -
known to the Europeans to be inhabited (Old World) extends about 180
degrees, halfway across the sphere in the northern midlatitudes, whereas
in reality it covers only about three-eighths of this distance. Other fea-
tures include an enclosed Indian Ocean with no apparent sea route
around southern Africa to India, a comparatively good representation
of the Malay Peninsula, a truncated India with an exaggerated Ceylon
(Taprobane), and no east Asian coast. The delineation of the Mediterra-
nean is only fair in comparison with existing portolan charts. This region
and that of northern Europe, which is poorly represented in Ptolemy’s
maps, were soon to be improved. As the Europeans extended their
sphere of influence overseas, the conception of the Ptolemaic world was
shortly to be radically altered. Features similar to those noted above can
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Figure 5.2. World map (woodcut) from the Latin edition of Prolemy's Geographia, printed in Ulm (1486).
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be seen on another world map plotted on Ptolemy’s first and simpler
projection. This one is based on copper engravings from late-fifteenth-
century [talian examples of Ptolemy (figs. 5.3 and 5.6a), but a thirteenth-
century Byzantine manuscript map of the inhabited world on this pro-
jection also exists. A version of this map was printed in the Nuremberg
Chronicle by Hartmann Schedel (1493), the most elaborately illustrated
book of the fifteenth century. This woodcut map has portraits of the
three sons of Noah and, on the margins, bizarre figures with diseases
and deformities from Pliny, Solinus, and others. Thus, anthropomor-
phically, this work is a throwback to the Middle Ages, but technically it
heralds the age of the printed atlas.

The rediscovery of Ptolemy’s works in the West coincided with the
beginning of the age of the great European overseas “encounters”; the
two events are, in fact, related. This exploring activity was formally initi-
ated by Prince Henry of Portugal (b. 1394), later called the Navigator.®
After 1419, when he settled in the Algarve, the most southwesterly prov-
ince of Europe, Henry enlisted the aid of all who could assist him in
his work—sailors, shipbuilders, instrument makers, and cartographers.
These last included a “master of sea charts,” presumably Jefuda
Cresques, son of Abraham Cresques from Majorca, who brought the
Catalonian-Jewish portolan tradition to Portugal. In addition, one of
Henry's older brothers, Prince Pedro, visited Italy—including, in 1428,
Florence—for the purpose of collecting maps and new geographical in-
formation.” Specific borrowings from Islam during this period include
the Arabic number system and the lateen (triangular) sail, which al-
lowed vessels to sail closer to the wind than the square sail used in Eu-
rope since classical times. Lateen sails were fitted to caravels of the Portu-
guese for their early explorations.

Meanwhile, under Henry's auspices, various expeditions rediscov-
ered the Azores, which appeared on maps he had received, and probed
southward along the west coast of Africa. The Cape Verde Islands were
reached and Islam outflanked before Prince Henry's death in 1460. By
the end of the fifteenth century, America had been discovered by Euro-
peans, and the sea route to India was found. During the next three hun-
dred years, most of the coasts of the world were visited and at least
roughly mapped by the explorers of Portugal, Spain, Italy, Holland,
France, and England (Britain). Through exploitation of overseas areas,
Europe grew from a poor peninsula of Eurasia in the Middle Ages to the
most influential area of the world in the seventeenth, eighteenth, and
nineteenth centuries.® Exploring activities produced a great body of in-
formation that, sooner or later, was added to compiled maps. Much of
the history of cartography has been concerned with the “unrolling” of



64 Chapter Five

the world map, and there is a vast literature dealing with European geo-
graphical exploration and its cartographic representation.® In fact, the
two subjects are so closely interrelated that it can be said that a place is
not really discovered until it has been mapped so that it can be reached
again. Although there are other ways of recording geographical data,
the map is the most efficient and visual method.

A cartographic work that has aroused much controversy in recent
years is the Vinland map, claimed to have been drawn “in the 1440s.”
Supposedly for the first time, it charted Helluland, Markland, and Vin-
land (part of the cast coast of North America), discovered by Bjarni Her-
jolfsson (ca. A.D. 985) and Leif Eriksson (ca. A.n. 1000), as an inscription
on the map testifies.'” Based on chemical analysis of the ink used, most
now affirm the Vinland map to be an elaborate forgery and, in fact, a
twentieth-century compilation of voyages described in early sagas, but
there are still those who aver that it is genuine. Others are of the opinion
that the Eskimos (Inuit) had much greater cartographic skill than the
Norse of this period and that some of their data might be recorded on
European maps.'' However, our concern here with the geographical ex-
ploration of the Europeans is only to help us better appreciate the car-
tography of the Renaissance, the last quarter of the fifteenth century
and the first three-quarters of the sixteenth century—one hundred
years during which the European perception of world land and water
relationships changed more than it did in any comparable period. The
few maps that have survived by explorers from this period are, character-
istically, sketches of small areas, and it is more instructive for our pur-
poses to illustrate growing knowledge of the world with maps by well-
known cartographers who incorporated the findings of the discoverers
in their work." Typically, these more general maps also better illustrate
developing cartographic methodology than do those of the explorers
themselves.

For example, the then-new discoveries of the Portuguese, notably
those of Bartolomeu Dias at the southern cape of Africa, were shown on
a Ptolemaic-type manuscript map made in Florence in 1489 by the Ger-
man cartographer Henricus Martellus Germanus, which had to be ex-
tended to the south to accommodate the new data. Dias’s discovery led
the Portuguese explorer Vasco da Gama to find the sea route to India
in 1497 with the help of a Muslim pilot, Ahmed ibn-Majid, whom he
encountered at Malindi on the east African coast. Majid showed da
Gama his charts, which helped him navigate the Europeans to the Mala-
bar coast, whence da Gama returned to Lisbon in 1499. Before this date
-Christopher Columbus had sailed to the New World twice and was on
his third voyage. But if one had inquired of “informed"” Europeans at
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this time whether the Spanish or the Portuguese voyages were the more
important, they would probably have opted for the latter, which prom-
ised more immediate gain.

However, the four voyages of Columbus have captured the human
imagination to a remarkable degree. The state of European knowledge
of the world on the eve of the Iberian discovery of America is suggested
by figure 5.4, a reproduction of the gores of the manuscript erdapfel
(world globe) by Martin Behaim of Nirnberg (Nuremberg), who spent
some time in Portugal and who apparently had been engaged in explor-
ations along the African coast.”® This oldest surviving European terres-
trial globe was made in 1492 in Niirnberg and shows the world just prior
to the return of Columbus from his first trans-Atlantic voyage. The debt
to Ptolemy is obvious and acknowledged, but Behaim includes new infor-
mation on parts of eastern Asia, resulting particularly from the descrip-
tions of those areas by Marco Polo. The peninsular character of south-
ern Africa is the most striking difference between the work of Behaim
and that of Ptolemy. India and Ceylon were remarkably unchanged in
comparison with the earlier Ptolemaic delineations of these areas, but
they were shortly to assume a more “modern” appearance as the Portu-
guese went to and from India and points farther east on a regular basis
and charted what they found.

Cartographically, Behaim’s globe, which was constructed and
painted by skilled artisans, is of considerable interest. A globe is, of
course, the most accurate means of representing the earth, but it is not
the most useful device for all purposes because of the difficulty of mea-
surement and of ascertaining geographical relationships on a sphere.
Even when spread out as a series of gores so that the whole world can
be seen at one glance, the interruptions (caused in this case by the cuts
along poleward-converging meridians) create map-reading problems.
Behaim’s globe has a diameter of twenty inches and is divided into twelve
gores of 30 degrees each; all 360 short degrees are marked where the
gores are hinged at the equator. The tropics and the Arctic and Antarctic
Circles are shown, but only the 80-degree meridian is drawn from pole
to pole. Eurasia, in the Northern Hemisphere’s midlatitudes, covers ap-
proximately three-quarters of the globe. As a result, the distance be-
tween Europe and Asia across the Atlantic is comparatively narrow. A
prototype of Behaim's globe—although not this work itself, which he
could not have seen—may perhaps have been one of the pieces of evi-
dence that encouraged Columbus, who was a chartmaker as well as a
sailor, to venture westward in the hope of finding the coast of Asia. Be-
haim'’s erdapfel is richly colored: water bodies are blue, except for the
Red Sea, which is vermillion on this and many other maps of the period;



66 Chapter Five

land is generally buff or ochre, with stylized, side-viewed mountains in
gray and forests in green. Ships, sea creatures, zodiacal signs, and flags
(portolan-style) are also rendered in color. The work was left behind,
according to the author, “for the honor and enjoyment of the common-
alty of Nurnberg,” a rather democratic notion in an autocratic age.

Although printed maps (and globe gores) eventually supplanted
hand-drawn examples, there was a long period of overlap, and some of
the first important maps of the sea route to India and of the New World
are manuscripts. Thus, as early as 1424, the Venetian mapmaker Zuane
Pizzigano drew a portolan chart that shows Portuguese discoveries along
the coast of West Africa and some mythical Atlantic islands (such as Anti-
llia) that, from later sources, Columbus believed would be “stepping
stones” on the way to Asia. Columbus was immediately influenced by a
now-lost manuscript world map on an equirectangular projection by
Paolo dal Pozzo Toscanelli. This Florentine mathematician and physi-
cian sent two copies of the map he had made to Portugal, the later one di-
rectly to Columbus, ca. 1480.'*
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Figure 5.4. Martin Behaim’s erdapfel: gores of the globe and polar caps. Manuscript
from Niremberg (1492).

There is much debate about maps that may have been drawn by
Columbus himself, such as a portolan sea chart of the early 1490s, now
at Bibliothéque Nationale in Paris, which features a geocentric cosmo-
logical diagram. Another manuscript showing a small part of the coast
of Hispaniola, formerly attributed to Columbus and alleged to have
been made on his first trans-Atlantic voyage, is also of questionable au-
thenticity. However, on his return in 1493, Columbus wrote a letter to his
patrons that was translated and printed in several languages at different
places, including Barcelona and Rome. A Latin edition published in
Basle in 1493 contains maps/illustrations. One of these shows Columbus
sailing solo through the islands of the Bahamas, which he renamed. This
is an early example of European “acquisition” of territory through carto-
graphic nomenclature, which became a common practice. However, the
earliest true general European map of the New World is the portolan-
style chart of Juan de la Cosa of 1500, the greatest cartographic treasure
of the Museo Naval in Madrid (fig. 5.5). De la Cosa is believed to have
been the owner, master, and mate of the Santa Maria. It is also thought



Figure 5.5. Juan de la Cosa’s map showing New World discoveries of Christopher
Columbus and others (ca. 1500): a detail from the manuscript with west orientation
and a diagram showing the coverage of the whole map.
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that he accompanied Columbus on his first and second New World voy-
ages, but there is some question about this since there may have been
two (or more) persons called de la Cosa associated with Columbus.
There is also a question about the date of the map: some think that
1500 is too early by about four years, since the map shows areas in South
America not discovered by Europeans until that time. The New World is
on a different and bigger scale than the Old World (shown on the east
side of the de la Cosa map), pointing up the need for a regular map
projection to represent such large areas rather than the projectionless
portolan chart system. Renaissance projections will be discussed in rela-
tion to several maps that were made during the sixteenth century.'> How-
ever, in addition to the discoveries of Columbus, the Juan de la Cosa
map shows those of John Cabot for the English (1497) along the North
Cape of Asia (as he thought of it), or Newfoundland. Between the repre-
sentations of the geographical discoveries of Columbus and Cabot on
the map there is a vignette of St. Christopher as Christ-bearer. Some
have speculated that Columbus was the model for this figure; if so, it is
the only life portrait of Columbus now extant.

The conflict between Portugal and Spain for newly discovered lands
overseas precipitated a series of papal bulls that after Columbus’s first
voyage to the New World culminated in the Treaty of Tordesillas in 1494,
The treaty’s line of demarcation between Spanish claims to the west and
Portuguese claims to the east is shown on the portolan-style Cantino
map (1502) as 960 nautical miles west of the Cape Verde Islands. Brazil,
“discovered” by Pedro Alvars Cabral in 1500, and the “North Cape of
Asia,” explored by the Cérte Real brothers Gaspar and Miguel from 1500
to 1502, were east of the line and thus claimed by Portugal. The north-
ern coast of South America and the Caribbean islands—explored by Co-
lumbus on his first three voyages and by others, including Amerigo Ves-
pucci, before 1500—were claimed by Spain. The line of demarcation
was later moved farther west, giving Portugal a larger share of Brazil.
The provenance of the Cantino map is interesting: it was drawn by an
unknown cartographer in Portugal and smuggled out by Alberto Can-
tino, who presented it to the Duke of Ferrara (Ercole d’Este) to inform
him of the new discoveries. It is now in the Biblioteca Estense at Mo-
dena, Italy.

The Juan de la Cosa and the Cantino maps are manuscript,
portolan-style charts; the first general printed map to show the New
World discoveries was made by Giovanni Contarini and his engraver,
Francesco Rosselli, in Florence in 1506. Unlike the de la Cosa and Can-
tino maps, the Contarini map has a regular projection—an orderly sys-
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tem of meridians and parallels, or lines of longitude and latitude. As
indicated earlier, Ptolemy is credited with developing projections for
geographical purposes, but Renaissance cartographers invented many
ingenious solutions to the problem of representing a world rapidly ex-
panding through the discoveries of contemporary explorers (fig. 5.6).
Thus on a fan-shaped projection (fig. 5.6¢) Contarini showed most
of the Old World, as well as the “North Cape of Asia” discovered by
Cabot and the Corte Reals, immediately to the west of northern Europe,

a. Plolemy T b. Ptolemy II

T

Figure 5.6. Projections for world maps used or devised in Europe before 1510.
In some cases a selection of the grid has been made for simpliciry,
and halftoned lines and areas indicate construction.
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as mentioned earlier. On this map the discoveries of Columbus and Ves-
pucci in Central and South America are well delineated, but Cipango
(Japan) is just west of Cuba, reflecting geographical ideas of the time.
The Contarini map, of which only one copy exists, was discovered in
1922 and is now in the British Library.

A map similar to the Contarini map, which is believed to have in-
spired it, is the engraved map of Johannes Ruysch, a Dutchman living in
Germany (fig. 5.6d). Before the discovery of the Contarini map, Ru-
ysch’s map was thought to be the earliest printed map of the New World.
Ruysch's map accompanied the Rome edition of Plolemy (1507) and
was widely distributed. Both in projection and in map data there are
differences between the Contarini and Ruysch maps; one of the most
notable is the representation of the North Pole by a curving line on the
former and by a point on the latter with selected meridians north of 70°N
converging on the pole. Cipango is omitted on Ruysch’s map.’¢

There was a gradual realization that a New World—rather than the
Indies or Cathay—had been discovered. This is dramatically illustrated
on the printed Ptolemaic-type map of Martin Waldseemiiller (1507),
who worked at Saint-Dié in the Rhineland, showing two separated parts
of the New World, north and south (figs. 5.7 and 5.6e). This map, one
of the most important in the history of cartography, is very large (fifty-
three by ninety-four inches in twelve sheets) and difficult to reproduce.'
A sole copy of this woodcut map survived, at Schloss Wolfegg, Wiittem-
berg, Germany. It is the first dated map on which the name America
appears—in honor of Amerigo Vespucci—in South America. Waldsee-
miiller was influenced by Vespucci's accounts (including the so-called
Soderini letter) of his 1499 voyage to the north coast of South America,
Novus Orbis. Vespucci deserves credit for appreciating in a way that Co-
lumbus never did that a fourth continent had been added to those of
Europe, Africa, and Asia. Later, Waldseemiiller realized that he had
given too much credit for the discovery of the New World to Vespucci.
He tried to correct this on a plane chart of 1513, but it was too late—
the name America had stuck. The inscription in South America on the
1513 map can be translated as “This land and adjacent islands were dis-
covered by Columbus of Genoa for the monarchs of Castile.” On Wald-
seemiller’s world map the Americas are represented as of very limited
longitudinal extent because they are fitted into a modified Ptolemaic
framework and because the west coasts had not yet been explored. On
the top of the map are two globular hemispheric projections with repre-
scntations of Ptolemy as the cartographer of the Old World and Vespucci
as the cartographer of the New.
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Figure 5.7. Martin Waldseemiiller’s world map (1507), showing the Americas to be
aseparate landmass of a very limited longitudinal extent, and the name America
(in South America) for the first time on a printed map. Designated as the “Birth
Certificate of America,” it was acquired by the U.S. Library of Congress in 2003,
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a. Maggioli Azimuthal, 1511 b. Cordiform, Werner, 1514

d. Agnese, 1542

Figure 5.8. Projections for world maps devised in Europe, 1511-1569,
In some cases a selection of the grid has been made for simplicity,
and halftoned lines and areas indicate construction.

In Waldseemdiller’s 1507 map we can see the beginning of the evolu-
tion of the cordiform (heart-shaped) projection (fig. 5.8b), which was
further developed by Bernard Sylvanus (1511), Johannes Werner
(1514), and Oronce Fine later (Finé) (1521).'® Another ingenious way of
representing the expanding world of the Europeans was by means
of a printed map on an oval projection by Francesco Rosselli (1508),
now at the National Maritime Museum, Greenwich, England (fig. 5.6f),
showing the whole globe with the Antarctic Circle and South Pole.
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A manuscript map of 1511 by Vesconte de Maggioli, a Genoese working
in Naples, is on a new, polar azimuthal projection (fig. 5.8a), with the
Old and New Worlds (Siberia and the “North Cape of Asia”) connected
across the North Pole. Other civilizations soon learned of the European
discoveries, and America was shortly delineated on Islamic maps (such
as the Piri Reis map, by a Turkish corsair and admiral of this name, from
1513) and, somewhat later, on Chinese maps." Meanwhile the process
of globalization proceeded apace, with new discoveries being made and
new projections devised.

The making of celestial and terrestrial globes, some of the latter
used even for high-latitude navigation, became an important activity in
the workshops of European instrument makers in the Renaissance, as it
had been earlier in Asia. The first “professional” globe maker in Europe
was Johann Schoner, whose terrestrial globe of 1520 shows South
America and Africa with surprising accuracy, although southern Asia is
not as well represented.

In 1508, Vespucci became the first pilot-major, or supervisor of maps
and charts, of the Casa de la Contratacion de las Indias in Seville. The
responsibilities of the institution included the entering of new informa-
tion on a master map (the Padrin General, or official record of discover-
ies); the supervision of charts and instruments carried by seamen; and
the examination of pilots. Although the Padron is lost, it is believed to
be approximated by the world chart of Diego Ribero (1529). On Rib-
ero’s map, the east coasts of the Americas are well delincated, based
on the explorations of Columbus, Cabot, Giovanni da Verrazzano, and
others.” The west coasts of both continents are not drawn because they
were not yet explored, except by Vasco Nanez de Balboa (1513) and
his successors in Central America. Ribero was a Portuguese working for
Charles V (Carlos I of Spain), the Holy Roman Emperor.

The circumnavigation of the globe by Ferdinand Magellan and Juan
Sebastiin de Elcano between 1519 and 1522 precipitated much original
cartography. A good deal of this has to do with the Far East and the
extension of the line of demarcation between Spanish and Portuguese
claims in the East Indies. One such map, an claboration of the polar
azimuthal projection of Maggioli, is Juan Vespucci's double hemispheric
projection. Juan Vespucci was the nephew and heir of Amerigo and, like
his uncle, was a cartographer and examiner of pilots in the Spanish ser-
vice. The map was drawn in 1524 in an attempt to settle the dispute
between Spanish and Portuguese claims in the Moluccas (the Southeast
Asian Spice Islands). The projection is novel (fig. 5.8¢), showing the
Northern and Southern Hemispheres, interrupted, with the equator
and tropical and Arctic and Antarctic circles indicated and named.
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Charles V commissioned a map for his son, later Philip II of Spain,
showing the track of the circumnavigators Magellan and de Elcano. It
was developed on an ovoid projection, on which the poles are repre-
sented as half the length of the equator (fig. 5.8d), suggestive of the
modern Eckert III projection. Of special interest on this map, made in
1542, is the delineation of the Americas with the Strait of Magellan, the
Colorado River, and Baja California. The map is the work of the Vene-
tian cartographer Battista Agnese, who received information on the ex-
plorations of Hernan Cortés and his lieutenants on the west coast of
Mexico after 1530. However, as indicated, the delineation of the track of
Magellan across the Pacific (1519-21) to the Philippines, where he was
killed, and the return of the Victoria (Vittoria) via the Cape of Good Hope
under de Elcano (1521-22) was the main purpose of the map.

The hallmark of the Renaissance was the universal genius, and we
find that a number of workers who are thought of primarily in other
connections were engaged in cartography, including Leonardo da Vinci,
who drew urban and engineering plans.*’ Among cartographers consid-
ered more particularly as artists were Albrecht Direr, the inventor of
etching (not much used in cartographic reproduction), and Hans Holb-
ein the Younger, who drew a world map on an oval projection that was
printed in Basle in 1532.** Those more specifically associated with map-
ping include Giovanni Contarini, whose world map was discussed ear-
lier; Peter Bienewitz (Peter Apian); and Gemma Frisius. Frisius, an as-
tronomer and mathematician (credited with the development of
surveying by triangulation) as well as a cartographer, was the teacher of
Gerardus Mercator (Gerhard Kremer). Mercator was born in Flanders
in 1512, and while at the University of Louvain he became a student of
Frisius, for whom he engraved a globe (ca. 1536). In 1538 he went on to
publish a double cordiform projection, an idea he obtained from Fine,
on which he applied the name Americae to the continent north of the
Caribbean, as the landmass south of this sea had already been known
for over thirty years (fig. 5.8¢). Following Frisius, Mercator also engaged
in land surveying, producing highly accurate maps of Europe in 1541
and 1554, the latter being on a conical projection with two standard
parallels. Mercator was an expert engraver and introduced italic let-
tering to northern Europe.* Apparently unaware of the much earlier
work of Muslim astronomers on this subject (referred to in the preced-
ing chapter), but utilizing the best available itineraries and charts as
source materials, Mercator reduced the map length of the Mediterra-
nean from Ptolemy’s figure of 62 degrees to 52 degrees, which, though
still too long by 10 degrees, nevertheless represented a great carto-
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graphic improvement. Since antiquity, latitude had been measured with
considerable accuracy, but longitude, especially on shipboard, was diffi-
cult to determine before the invention of reliable, portable timepieces
(chronometers) in the second half of the eighteenth century.®!

All of the previous accomplishments of Mercator, who was by this
time established in Duisburg in the Rhineland, were eclipsed by the pub-
lication in 1569 of a great world map on the projection that bears his
name (figs. 5.8f and 5.9). It should be mentioned here that there are
indications that, before Mercator, portolan and Iberian plane chartmak-
ers were struggling toward a solution for representing loxodromes
(rhumb lines) on maps. In fact, Mercator was anticipated in this projec-
tion by Erhard Etzlaub, a Nurnberg instrument maker who, among
other contributions, engraved two maps on compass lids in 1511 and
1513. On these, gradations of parallels from the equator (0 degrees) to
64 degrees north latitude are in “increasing degrees,” and the maps
cover about 65 degrees longitude, which is not expressed. Coastlines in-
clude North Africa to northern Europe, and the maps, like all surviving
examples by this cartographer, are south-oriented. Eztlaub’s projection
extends over about only one-tenth of the surface of the globe, and it
remained for Mercator to construct a world map using this principle.

Mercator’s projection is a superb example of the positive value of a
map over a globe for a specific purpose. Like several other projections,
the Mercator is conformal (shapes around a point are correct), but it
also has a unique property: straight lines are rhumb lines or loxodromes
(lines of constant compass bearing). This quality, which makes the pro-
jection of great value to the navigator, is accomplished by increasing the
spacing of the parallels by specified amounts from equator to poles. Al-
though Mercator was the first cartographer to produce a true world navi-
gational chart with graticules on which a compass line intersects each
meridian at a constant, given angle, he left no instructions for its con-
struction and utilization. Apparently Mercator derived his projection
empirically, and it was the English mathematician Edward Wright who
provided an analysis of its properties, which he published in Certaine
Errors in Navigation (1599). An English world map of this same date on
the Mercator projection by Wright and Emery Molyneux was bound with
Richard Hakluyt’'s Voyages. It shows the results of the circumnavigation
of Francis Drake (1578-80) and is referred to by Shakespeare in Twelfth
Night (Act 111, Scene 2): “He does smile his face into more lynes than are
in the new Mappe with the augmentation of the Indies."* Unfortu-
nately, over the years the Mercator projection has been used to show
earth distributions for which it is totally unsuited because of extreme






Figure 5.9. World map (engraving) by Gerardus Mercator on the projection that
bears his name (1569).
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deformation (distortion) in the mid- and higher latitudes. Furthermore,
the highest latitudes cannot be shown at all on the equatorial case of the
Mercator projection.

We have been concerned with the projection used by Mercator in his
map of 1569; we should now briefly consider the geographical content of
that chart. Between the publication of Waldsecemiiller's map of 1507 and
Mercator’s map of some sixty years later, great progress had been made
in the European exploration of the world’s coastlands. As indicated
above, in 1513 Balboa sighted the Great South Sea from a peak in Dar-
ien. Seven years later, Magellan sailed into the Pacific, o be followed by
a dozen major Iberian expeditions before the appearance of Mercator’s
map in 1569. This chart reflects much of that progress in the delineation
of the west coasts of South and Central America. Although a decorative
cartouche blocks much of North America, the great longitudinal extent
of this continent is suggested. Baja California is firmly attached to the
continent, though it was later represented as an island.*® South and
Southeast Asia are more convincingly represented on Mercator’s map
than on Waldseemiiller’s, as a resuit of more than fifty years of Portu-
guese exploration in that area. There is also an outline of a great conti-
nent in the South Seas, Terra Australis, recalling Crates’ concept. This
was to be a fata morgana that persisted until finally disproved by the
discoveries of Captain James Cook in the second half of the eighteenth
century.

For a quarter of a century after the publication of his world chart in
1569, Mercator's cartographic activities continued; he was working on a
great atlas at the time of his death in 1594. In the following year, the first
edition of the work was published under the direction of his son Rumold
as Atlas sive cosmographicae meditationes de fabrica mundi et fabricati figura.®
The Mercator family continued to publish the Atlas until the plates were
bought by Jodocus Hondius in 1604. Prior to this time Hondius was in
England, where he made the gores for the Molyneux globe, the first to
be printed in that country. When he returned to Amsterdam, Hondius
“scooped” Wright by publishing the latter’s explication of the Mercator
projection in a text printed in 1597. After acquiring the plates of Merca-
tor’s Atlas, Hondius published an edition with additional maps in 1606
and translated editions in French (1607), German (1609), and Dutch
(1621). Following Hondius’s death in 1612, the Atlas was published by
his widow and their sons. When Johannes Jansson, a publisher, married
Hondius’s daughter Elizabeth, he was brought into the family business,
so that by the time of the English cdition of 1636, the Atlas bore three
names: Mercator-Hondius-Janssonius. Hondius and his successors also
published sheet maps, including the broadside map (1593) showing the
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track of the circumnavigation of the world by Drake on a double hemi-
spheric, stereographic projection, with inset views.*

The appearance of the first edition of Mercator’s Atlas was antici-
pated by some twenty-five years by the Theatrum orbis terrarum of Abra-
ham Ortelius (Oertel) of Antwerp. Ortelius, the friend and rival of Mer-
cator, is credited with producing the first modern uniformly bound
collection of printed maps designed especially for this type of publica-
tion. Previously sheet maps had been assembled in atlas form, as in the
various editions of Ptolemy’s Geographia, and in bound collections of mis-
cellaneous maps by Antonio Lafreri and others in Italy. Lafreri (Antoine
du Pérac Lafréry) was a French engraver who in the middle of the six-
teenth century settled in Rome, where he assembled and sold bound
collections of maps (atlas factice) from various sources. The title page of
his collections featured the mythological figure of Atlas carrying the
world on his shoulders, but it is undoubtedly because Mercator later
employed the term atlas for a book of maps that it is in use today. The
first edition of Ortelius’s Theatrum, containing seventy maps, appeared
in May 1570; it was immediately successful and was followed by two more
editions in the same year. Ortelius employed the compilations of many
cartographers (usually one per country with acknowledgment) but had
the maps engraved on a uniform format.

To illustrate this cartographic form, we have reproduced the map of
England and Wales from Ortelius’s Theatrum (fig. 5.10). The original
map occupies two leaves with an image size of fifteen by eighteen and a
quarter inches and is of intermediate or medium scale. In this respect,
it stands in contrast to maps of small or geographical scale (such as fig.
5.9) and those of large, or topographical, scale, which will be considered
later. In its several elements, figure 5.10 is representative of much Re-
naissance cartography. The title of the map and the name of the author,
Humphrey Lhuyd, a Welsh physician who practiced in London, are con-
tained in an ornate cartouche or inset box. This feature, with its escutch-
eon, supporters, and so forth, is very typical of the cartography of the
time. A bar or graphical scale is in another small cartouche, and in the
sea are various ships of the period and two sea creatures. The lettering—
particularly the italic lettering, with sweeps and swash lines in the water
bodies—is decorative and suitable to the style of the map. On the land
areas are s