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Foreword

The geographer and geologist William Morris Davis once discussed ““The Value
of Outrageous Geological Hypothesis.”* His point was that such hypotheses
arouse interest, invite attack, and thus serve useful fermentative purposes in the
advancement of geology. Mr. Hapgood will agree, [ am sure, that this book records
a mighty proliferation of outrageous cartographical and historical hypotheses, as
luxuriant as an equatorial vine. His hypotheses will “outrage” the conservative
instincts of historically minded cartographers and cartographically minded his-
torians. But while those in whom conservatism predominates will react to this
book like bulls to red rags, those of radical, iconoclastic bent will react like bees to
honeysuckle, and the liberals in between will experience a feeling of stimulating
bafflement.

A map dating from 1513, and by the Turkish Admiral, Piri Re'is, is the seed from
which the vine has grown. Only the western half of the map has been preserved. It
shows the Atlantic coasts from France and the Caribbean on the north to what
Hapgood (following Captain A. H. Mallery) holds to be Antarctica on the south;
and, of course, the proposition that any part of Antarctica could have been mapped
before 1513 is startling. But yet more startling are the further propositions that have
arisen from the intensive studies that Mr. Hapgood and his students have made of
this and other late medieval and early modern maps. These studies, which took
seven years, have convinced him that the maps were derived from prototypes
drawn in pre-Hellenic times (perhaps even as early as the last Ice Age!), that these
older maps were based upon a sophisticated understanding of the spherical
trigonometry of map projections, and—what seems even more incredible—upon a
detailed and accurate knowledge of the latitudes and longitudes of coastal features
throughout a large part of the world.

In my opinion, Mr. Hapgood’s ingenuity in developing his basic concept regard-
ing the accuracy of the maps is fascinating and accounts for the book’s most
valuable contribution. Whether or not one accepts his “identifications”” and his
“solutions,” he has posed hypotheses that cry aloud for further testing. Besides
this, his suggestions as to what might explain the disappearance of civilizations
sufficiently advanced in science and navigation to have produced the hypothetical
lost prototypes of the maps that he has studied raise interesting philosophical and
ethical questions. Had “Sportin” Life” in Porgy and Bess read this book, he would
have been inspired to sing: “it ain’t nessa ... itain’t nessa ... it ain’t necessarily
not so.”

John K. Wright (ex-President, American Geographical Society)
“ Science, vol. 63, 1926, pp. 463-468.



Preface

This book is the story of the discovery of the first evidence that advanced peoples
preceded all the peoples now known to history. In one field, ancient sea charts, it
appears that accurate information has been passed down from people to people. It
appears that the charts must have originated with a people unknown; that they
were passed on, perhaps by the Minoans (the Sea Kings of ancient Crete) and the
Phoenicians, who were for a thousand years and more the greatest sailors of the
ancient world. We have evidence that they were collected and studied in the great
library of Alexandria and that compilations of them were made by the oeographers
who worked there.

Before the destruction of the great library many of the maps must have been
transferred to other centers, chiefly, perhaps, to Constantinople, which remained a
center of learning through the Middle Ages. We can only speculate that the maps
may have been preserved there until the Fourth Crusade (1204 A.p.) when the
Venetians captured the c1tv Some of the maps appear in the west in the century
following this “wrong way’ crusade (for the Venetian fleet was supposed to sail
for the Holy Land!). Others do not appear until the early 16th century.

Most of these maps were of the Mediterranean and the Black Sea. But maps of
other areas survived. These included maps of the Americas and maps of the Arctic
and Antarctic seas. It becomes clear that the ancient voyagers traveled from pole to
pole. Unbelievable as it may appear, the evidence nevertheless indicates that some
ancient people explored Antarctica when its coasts were free of ice. It is clear, too,
that they had an instrument of navigation for accurately determining longitudes
that was far superior to anything possessed by the peoples of ancient, medieval, or
modern times until the second half of the 18th century.

This evidence of a lost technology will support and give credence to many other
evidences that have been brought forward in the last century or more to support
the hypothesis of a lost civilization in remote times. Scholars have been able to
dismiss most of that evidence as mere myth, but here we have evidence that
cannot be dismissed. This evidence requires that all the other evidence that has
been brought forward in the past should be reexamined with an open mind.

To the inevitable question, are these remarkable maps genuine, I can only reply
that they have all been known for a long time, with one exception. The Piri Re'is
Map of 1513 was only rediscovered in 1929, but its authenticity, as will be seen, is
sufficiently established. To the further question, why didn’t somebody else dis-
cover all this before, I can only reply that new discoveries usually seem self-
evident, by hindsight.

C.H H.






I The Treasure Hunt Begins

caused great excitement. It was painted on parchment, and dated in the month

of Muharrem in the Moslem year 919, which is 1513 in the Christian calendar. It

was signed with the name of Piri Ibn Haji Memmed, an admiral (’Re’is”’) of the
Turkish navy known to us as Piri Re'is.

The map aroused attention because, from the date, it appeared to be one of the
earliest maps of America. In 1929 the Turks were passing through a phase of
intense nationalism under the leadership of Kemal, and they were delighted to
find an early map of America drawn by a Turkish geographer. Furthermore,
examination showed that this map differed significantly from all the other maps of
America drawn in the 16th century because it showed South America and Africa in
correct relative longitudes. This was most remarkable, for the navigators of the
16th century had no means of finding longitude except by guesswork.

Another detail of the map excited special attention. In one of the legends
inscribed on the map by Piri Re’is, he stated that he had based the western part of it
on a map that had been drawn by Columbus. This was indeed an exciting state-
ment because for several centuries geographers had been trying without success to
find a “lost map of Columbus” supposed to have been drawn by him in the West
Indies. Turkish and German scholars made studies of the map. Articles were
written in the learned journals, and even in the popular press.*

One of the popular articles, published in the Illustrated London News (1),t caught
the eye of the American Secretary of State Henry Stimson. Stimson thought it
would be worthwhile to try to discover the actual source Piri Re’is had used, a map
which had supposedly been drawn by Columbus and which might still be lying
about somewhere in Turkey. Accordingly, he ordered the American Ambassador
in Turkey to request that an investigation be made. The Turkish Government
complied, but no source maps were found.

I.\‘ 1929, in the old Imperial Palace in Constantinople, a map was found that

* See the Bibliography, Nos. 1, 2, 5, 6, 23, 27, 28, 36, 40, 61, 78, 83, 104, 105, 106, 109, 115, 117, 154,
181, 187, 208, 215.

t Figures referring to specific sources listed in the Bibliography are inserted in parentheses
throughout the text. The first number indicates the correspondingly numbered work in the Bibliogra-
phy, and a number following a colon indicates the page in the work.



2 MAPS OF THE ANCIENT SEA KINGS

Pirt Re’is made other interesting statements about his source maps. He used
about twenty, he said, and he stated that some of them had been drawn in the time
of Alexander the Great, and some of them had been based on mathematics. The
scholars who studied the map in the 1930’s could credit neither statement. It
appears now, however, that both statements were essentially correct.

After a time, the map lost its public interest, and it was not accepted by scholars
as a map by Columbus. No more was heard of it until by a series of curious
chances, it aroused attention in Washington, D.C., in 1956. A Turkish naval officer
had brought a copy of the map to the U.S. Navy Hydrographic Office as a gift
(although, unknown to him, facsimiles already existed in the Library of Congress
and other leading libraries in the United States). The map had been referred to a
cartographer on the staff, M. I. Walters.

Walters happened to refer the map to a friend of his, a student of old maps, and
a breaker of new ground in borderland regions of archaeology, Captain Arlington
H. Mallery. Mallery, after a distinguished career as an engineer, navigator,
archaeologist, and author (130), had devoted some vears to the study of old maps,
especially old Viking maps of North America and Greenland. He took the map
home, and returned it with some very surprising comments. He made the state-
ment that, in his opinion, the southernmost part of the map represented bays and
islands of the Antarctic coast of Queen Maud Land now concealed under the
Antarctic ice cap. That would imply, he thought, that somebody had mapped this
coast before the ice had appeared.

This statement was too radical to be taken seriously by most professional geog-
raphers, though Walters himself felt that Mallery might be right. Mallery called in
others to examine his findings. These included the Rev. Daniel L. Linehan, S.J.,
director of the Weston Observatory of Boston College, who had been to Antarctica,
and the Rev. Francis Heyden, S.]., director of the Georgetown Universtiy Obser-
vatory. These trained scientists felt confidence in Mallery. Father Linehan and
Walters took part with Mallery in a radio panel discussion, sponsored by
Georgetown University, on August 26, 1956. Verbatim copies of this broadcast
were distributed and brought to my attention. I was impressed by the confidence
placed in Mallery by men like Walters, Linehan, and Heyden, and, when I met
Mallery himself, I was convinced of his sincerity and honesty. I had a strong hunch
that, despite the improbabilities of his general theories, and the lack, then, of
positive proof, Mallery could well be right. I decided to investigate the map as
thoroughly as I could. I therefore initiated an investigation at Keene State College.

This investigation was undertaken in connection with my classes at the college,
and the students from the beginning took a very important part in it. It has been
my habit to try to interest them in problems on the frontiers of knowledge, for I
believe that unsolved problems provide a better stimulation for the intelligence and
imagination than do already-solved problems taken from textbooks. I have also
long felt that the amateur has a much more important role in science than is usually
recognized. I taught the history of science, and have become aware of the extent to
which most radical discoveries (sometimes called “breakthroughs”) have been



08}
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opposed by the experts in the affected fields. It is a fact, obviously, that every
scientist is an amateur to start with. Copernicus, Newton, Darwin were all
amateurs when they made their principal discoveries. Through the course of long
vears of work they became specialists in the fields which they created. However, the
specialist who starts out by learning what everybody else has done before him is
not likely to initiate anything very new. An expert is a man who knows evervthing,
or nearly everything, and usually thinks he knows evervthing important, in his
field. If he doesn’t think he knows everything, at least he knows that other people
know less, and thinks that amateurs know nothing. And so he has an unwise
contempt for amateurs, despite the fact that it is to amateurs that innumerable
important discoveries in all fields of science have been due.* For these reasons I did
not hesitate to present the problem of the Piri Re’is Map to my students.

* The late James H. Campbell, who worked in his youth with Thomas A. Edison, said that once,
when a difficult problem was being discussed, Edison said 1t was too diificult for any specialist. It
would be necessary, he said, to wait for some amateur to solve it.

Figure 1. The Andreas Walsperger World Map of 1448. N



II Construction of the Piri Re’is Map

HEN OUR investigation started my students and I were amateurs together.

WMy only advantage over them was that I had had more experience in
scientific investigations; their advantage over me was that they knew
even less and therefore had no biases to overcome.

At the very beginning [ had an idea—a bias, if you like—that might have
doomed our voyage of discovery before it began. If this map was a copy of some
very ancient map that had somehow survived in Constantinople to fall into the
hands of the Turks, as I believed, then there ought to be very little in common
between this map and the maps that circulated in Europe in the Middle Ages. I
could not see how this map could be bot/ an ancient map (recopied) and a medieval
one. Therefore, when one of my students said this map resembled the navigation
charts of the Middle Ages, at first I was not much interested. Fortunately for me, I
kept my opinions to myself, and encouraged the students to begin the investiga-
tion along that line.

We soon accumulated considerable information about medieval maps. We were
not concerned with the land maps, which were exceedingly crude. (Figs. 1 and 2.)
We were interested only in the sea charts used by medieval sailors from about the
14th century on. These “portolan” maps (“from port to port”) were of the Mediter-
ranean and Black Seas, and they were good. An example is the Dulcert Portolano
of 1339. (Fig. 3.) If the reader will compare the pattern of lines on this chart with
that on the Piri Re’is Map he will see that they are similar. The only difference is
that, while the Dulcert Portolano covers only the Mediterranean and the Black
Seas, the Piri Re’is Map deals with the shores of the entire Atlantic Ocean. The
lines differ from those on modern maps. They do not resemble the modern map’s
lines of latitude and longitude that are spaced at equal intervals and cross to form
“grids” of different kinds. Instead, some of the lines, at least, on these old maps
seem to radiate from centers on the map, like spokes from a wheel. These centers
seem to reproduce the pattern of the mariner’s compass, and some of them are
decorated like compasses. The radiating “spokes” are spaced exactly like the
points of the compass, there being sixteen lines in some cases, and thirty-two in
others.

Since the mariner’s compass first came into use in Europe about the time that
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CONSTRUCTION OF THE PIRI RE'IS MAP 7

these charts were introduced, most scholars have concluded that the charts” design
must have been intended to help medieval sailors sail by the compass. There is no
doubt that medieval navigators did use the charts to help them find compass
courses, for the method is described in a treatise written at the time (89, 179, 200).
However, as we continued to study these medieval charts, a number of mysteries
turned up.

We found, for example, that one of the leading scholars in the field did not
believe that the charts originated in the Middle Ages. A. E. Nordenskiold, who
compiled a great Atlas of these charts* (146) and also wrote an essay on their
history (147), presented several reasons for concluding that they must have come
from ancient times. In the first place, he pointed out that the Dulcert Portolano and
all the others like it were a great deal too accurate to have been drawn by medieval
sailors. Then there was the curious fact that the successive charts showed no signs
of development. Those from the beginning of the 14th century are as good as those
from the 16th. It seemed as though somebody early in the 14th century had found
an amazingly good chart which nobody was to be able to improve upon for two
hundred years. Furthermore, Nordenskiéld saw evidence that only one such model
chart had been found and that all the portolanos drawn in the following centuries
were only copies—at one or more removes—from the original. He called this
unknown original the “normal portolano” and showed that the portalanos, as a
body, had rather slavishly been copied from this original. He said:

The measurements at all events show: 1. that, as regards the outline of the
Mediterranean and the Black Sea, all the portolanos are almost unaltered copies
of the same original; 2. that the same scale of distance was used on all the
portolanos (147:24). (See Note 22.)

After discussing this uniform scale that appears on all the portolanos, and the fact
that it appears to be unrelated to the units of measurement used in the Mediterra-
nean, except the Catalan (which he had reason to believe was based on the units
used by the Carthaginians), Nordenskiold further remarks:

. It is therefore possible that the measure used in the portolanos had its
ultlmate origin in the time when the Phoenicians or Carthaginians ruled over the
navigation of the western Mediterranean, or at least from the time of Marinus of
Tyre . . . (147:24).1

Nordenskiold inclined, then, to assign an ancient origin to the portolanos. But
this is not all. He was quite familiar with the maps of Claudius Ptolemy which had
survived from antiquity and had been reintroduced in Europe in the 15th Century.

* From which most of the maps in this book are taken.
tMarinus of Tyre lived in the 2nd Century 1 b and was the predecessor of the geographer Claudius
Ptolemy.



Figure 4. Nordenskitld’s comparison of Ptolemy’s Map of the Mediterranean (top) with
the Dulcert Portolano.

After comparing the two, he found that the portolanos were much better than
Ptolemy’s maps. He compared Ptolemy’s map of the Mediterranean and the Black
Seas with the Dulcert Portolano (Fig. 3) and found that the superiority of the
portolano was evident.

Let us stop to consider, for a moment, what this means. Ptolemy is the most
famous geographer of the ancient world. He worked in Alexandria in the 2nd
century A.D., in the greatest library of the ancient world. He had at his command all
the accumulated geographical information of that world. He was acquainted with
mathematics. He shows, in his great work, the Geographia (168), a modern scientific
mentality. Can we lightly assume that medieval sailors of the fourteenth century,
without any of this knowledge, and without modern instruments except a
rudimentary compass—and without mathematics—could produce a more scientific
product?
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Nordenskiold felt that there had been in antiquity a creographig tradition
superlor to the one represented by Ptolemy. He thought that the “normal por-
tolano” must have been in use then by sailors and navigators, and he answered the
objection that there was no mention ‘of such maps by the various classical writers
by pointing out that in the Middle Ages, when the portolan charts were in use,
they were never referred to by the Schoolmen, the academic scholars of that age.
Both in ancient and in medieval times the academic mapmaker and the practical
navigator were apparently poles apart. (See Figs. 5, 6, 7, 8.) Nordenskiold was
forced to leave the problem unsolved. Neither the medieval navigators nor the
known Greek geographers could have drawn them. The Arabs, famous for their
scientific achievements in the Early Middle Ages, apparently could not have drawn
them either. Their maps are less accurate than those of Ptolemy. (See Fig. 5.) The
evidence pointed to the origin of the portolanos in a culture with a higher level of
technology than was attained in medieval or ancient times.

All the explanations of the origins of the portolan charts were opposed by Prince
Youssouf Kamal, a modern Arab geographer, in rather violent language:

Our incurable ignorance . . . as to the origin of the portolans or navigation
charts known by this name, will lead us only from twilight into darkness. Every-
thing that has been written on the history or the origin of these charts, and
everything that will be said or written hereafter can be nothing but suppositions,
arguments, hallucinations. . . . (107:2)

Prince Kamal also argued against the view that the lines on the charts were
intended to facilitate navigation by the compass:

As for the lines that we see intersecting each other, to form lozenges, or
triangles, or squares: these same lines, I wish to say, dating from ancient Greek
times, and going back to Timosthenes, or even earlier, were probably never
drawn . . . to give . . . distances to the navigator. . . .

The makers of portolans preserved this method, that they borrowed from the
ancient Greeks or others, more probably and rather to facilitate the task of
drawing a map, rather than to guide the navigator with such divisions. . . .
(107:15-16)

In other words, the portolan design was an excellent design to guide a map-
maker either in constructing an original map or in copying one, because of the
design’s geometrical character.

Early in our investigation, three of my students, Leo Estes, Robert Woitkowski,
and Loren Livengood, decided to take this question—the purpose of the lines on
the portolan charts—as their special project. They journeved to Hanover, New
Hampshire, to inspect the medieval charts in the Dartmouth College Library. On
their return, Loren Livengood, said he thought he knew how the charts had been
constructed.
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Figure 9. The Eight-Wind System of the Portolan Charts. Rectangular grids could be con-
structed with the circular or polar type of projection used in the Piri Re'is and other portolan charts.
In this diagram we see how Livengood, Estes, and Woitkowski solved the problem of the construc-
tion of the main grid of the Piri Re'ts Map (see Fig. 12).

Prince’s view of the purpose of the lines. The probable procedure of the map-
maker, Livengood speculated, was first to pick a convenient center for his map and
then determine a radius long enough to cover the area to be mapped. With this
center and radius the mapmaker would draw a circle.

Then he would bisect his circle, again and again, until he had sixteen lines from
the center to the periphery at equal angles of 22%2°. (These could be further
bisected, resulting in thirty-two points on the periphery, at angles of 11%°.)

The third step would be to connect points on the perimeter to make a square,
with four different squares possible.

The fourth step would be to choose one of the squares, and draw lines connect-
ing the opposite points, thus making a map grid of lines at right angles to each
other. (Fig. 9.)

Now, although the scholars agreed that the portolan charts had no lines of
latitude and longitude, it stood to reason that if one of the vertical lines (such as the
line through the center) was drawn on True North, then it would be a meridan of
longitude, and any line at right angles to it would be a parallel of latitude. Assum-
ing that a projection similar to the famous Mercator projection, in which all meri-
dians and parallels are straight lines crossing at right angles, underlay these maps
(see Fig. 10), then all parallel vertical lines would be meridians of longitude, and all
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horizontal lines would be parallels of latitude. (Notes 3 and 4.)

Applying this idea to the Piri Re’is Map, we could see that the mapmaker had
selected a center, which he had placed somewhere far to the east of the torn edge
of our fragment of the world map,* and had then drawn a circle around it. He had
bisected the circle four times, drawing sixteen lines from the center to the perime-
ter, at angles of 2212°, and he had also drawn in all the four possible squares,
perhaps with the intention of using different squares for drawing grids for differ-
ent parts of the map, where it might be necessary to have different Norths.t It was
Estes who originally pointed out to us that the portolan design had the potentiality
of having several different Norths on the same map.

Now the next question was: Which was the right square for us? That is, which (if
any) of the squares that could be made out of the design of the Piri Re’is Map was
correctly oriented to North, South, East, and West?

Estes found the solution. Comparing the Piri Re’is Map with a modern map
(Figs. 10, 11, 12) he found a meridian on the modern map that seemed to coincide
very nearly with a line on the Piri Re’is Map—a line running north and south close
to the African coast, in about 20° W longitude, leaving the Cape Verde Islands to
the west, the Canaries to the east, and the Azores to the west.

Estes suggested that this line might be our prime meridian, a line drawn on True
North. All lines parallel to this (assuming, of course, that the underlying projection
resembled in some degree the Mercator projection) would also be meridians of
longitude; all lines at right angles would be parallels of latitude. The meridians and
parallels thus identified, provisionally, on the Piri Re’is Map, formed a rectangular
grid, as shown in Fig. 12.

The only difference between this large rectangular grid actually found on the Piri
Re’is Map and the grids of modern maps was that the latter all carry registers of
degrees of latitude and longitude, with parallels and meridians at equal intervals,
usually five or ten degrees apart. We could convert the Piri Re’is grid into a modern
grid if we could find the precise latitudes and longitudes of its parallels and meri-
dians. This, we found, meant finding the exact latitude and longitude of each of
the five projection centers in the Atlantic Ocean, through which the lines of Piri
Re’is” grid ran.

At the beginning of our inquiry I had noticed that these five projection centers
had been placed at equal intervals on the perimeter of a circle, though the circle
itself had been erased (Fig. 11). I had also noticed that converging lines were
extended from these points to the center, beyond the eastern edge of the map.
This, it seemed to me at the time, was a geometrical construction that should be

*The complete map included Africa and Asia. It was, according to Piri Re'is, a map “‘of the seven
seas’ (see Note 2). In addition to the eastern part, there was also originally a northern section.

1Since the earth is round, and the portolan design was apparently based on a flat projection (that
is, apparently on plane geometry) which could not take account of the spherical surface, the parallel
meridians would deviate further and further from True North the farther they were removed from the
center of the map. The portolan design could compensate for this, however, as we shall see in the
next chapter, by using different Norths.



Figure 10. The Eastern Shores of
the Atlantic on the Mercator Projec-
tion. Compare the meridian of 20° W.
with the “'Prime Meridian” of the Piri
Re’is Map (Fig. 18).
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soluble by trigonometry. I did not then know that, in the opinion of all the experts,
there was no trigonometrical foundation to the protolan charts.

Not knowing that there was not supposed to be any mathematical basis for the
potolanos, we now made the search for it our main business. | realized from the
start that to accomplish this we would have to discover first the precise location of
the center of the map, and then the precise length of the radius of the circle drawn
by the mapmaker. I was fortunate in having a mathematician friend, Richard W.
Strachan, at the Massachusetts Institute of Technology. He told me that, if we
could obtain this information for him, he might be able, by trigonometry, to find
the precise positions of the five projection points in the Atlantic Ocean on the Piri
Re’is Map, in terms of modern latitude and longitude. This would enable us to
draw a modern grid on the map, and thus check every detail of it accurately. Only
in this way, of course, could we verify the claim of Mallery regarding the Antarctic
sector of the map.

The search for the center of the map lasted about three years. We thought from
the beginning that the lines extending from the five projection points probably met
in Egypt. We used various methods to project the lines to the point where they
would meet. Our first guess for the center of the map was the city of Alexandria.
This appealed to me because Alexandria was long the center of the science and
learning of the ancient world. It seemed likely that, if they were drawing a world
map, the Alexandrian geographers might naturallv make their own city its center.

However, this guess proved to be wrong. A contradiction appeared The big
wind rose in the North Atlantic looked as if it were meant to lie on the Tropic of
Cancer. One of the lines from this center evidently was directed toward the center
of the map. But we noticed that this line was at right angles to our prime meridian.
This meant, of course, that it was a parallel of latitude. Now, the Tropic of Cancer
is at 2372°N latitude, and therefore the parallel from the wind rose would reach a
center in Egypt at 232°N. But Alexandria is not at that latitude at all. It lies in 31°N.
Therefore Alexandria could not be the center of our circle.

We looked at the map of ancient Egypt to find, if we could, a suitable city on the
Tropic of Cancer that might serve as a center for the map. (We were still attached to
the idea that the center of our map should be some important place, such as a city.
Later, we were emancipated from this erroneous notion.)

Looking along the Tropic of Cancer, we found the ancient city of Syene, lying
just north of the Tropic, near the present city of Assuan, where the great dam was
built. Now we recalled the scientific feat of Eratosthenes, the Greek astronomer
and geographer of the 3rd century B.C., who measured the circumference of the
earth by taking account of the angle of the sun at noon as simultaneously observed
at Alexandria and at Syene.

We were happy to change our working theory and adopt Svene as the center of
the map. With the help of hindsight, we could now see how reasonable it was to
place the center of the map on the Tropic, an astronomically determined line on the
surface of the earth. The poles, the tropics, and the equator can be exactly deter-
mined by celestial observations, and they have been the bases of mapmaking in all
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Figure 11. The Piri Re’is Map: the lines of the Portolan design traced from the Facsimile.
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Figure 12. The Piri Re’is Map: the main grid of the Portolan design traced from the Facsimile.
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Figure 13. The Papal Demarcation Lines of 1493 and 1494.

times. Syene, too, was an important city, suitable for a center. A good ““proof” of
this center for the map was constructed by two students, Lee Spencer and Ruth
Baraw. Only at the end of our inquiry did we find that Syene was not, after all,
exactly the center.

The matter of the radius caused us much more trouble. At first, there appeared
to be absolutely no way of discovering its precise length. However, some of my
students started talking about the Papal Demarcation Line—the line drawn by
Pope Alexander VI in 1493, and revised the next year, to divide the Portuguese
from the Spanish possessions in the newly discovered regions (Fig. 13). On the Piri
Re’is Map there was a line running north and south, passing through the northern
wind rose and then through Brazil at a certain distance west of the Atlantic coast.
This line appeared to be identical, or nearly identical, with the Second Demarca-
tion Line (of 1494), which also passed through Brazil. Piri Re’is had mentioned the
Demarcation Line on his map, and we reached the conclusion that this line, if it
was the Demarcation Line, could give us the longitude of the northern wind rose
and thus the length of the radius of the circle with its center at Svene.

The Papal Demarcation Line of 1494 is supposed to have been drawn north and
south at a distance of 370 leagues west of the Cape Verde Islands. Modern scholars
have calculated that it was at 46° 30" W (140:369). We therefore assigned this
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Figure 14. An Argument over the Piri Re’is Map: left to right, Leo Estes, Frank Ryan, Charles
Hapgood, Clayton Dow, John Malsbenden, George Batchelder.

longitude to the northern wind rose, and thus obtained our first approximate guess
as to the length of the radius of the circle. According to this finding the radius was
79° in length (3272 plus 46Y2). This result was wrong by 9%2°, as we later discov-
ered, but it was close enough for a starter.

At this stage, our findings were too uncertain to justify an attempt to apply
trigonometry to the problem. Instead, we tested our results directly on an accurate
globe provided by Estes. We made our test by actually drawing a circle, with Syene
as the center, and the indicated radius, and then laying out the lines from the
center to the perimeter, 2212° apart, beginning with one to the equator. The result
seemed pretty good, and we were sure we were on the right track.

It was lucky that we got so far before we discovered that our interpretation of the
Demarcation Line on the map was wrong. This fact was finally brought home to us
by two other students, John F. Malsbenden and George Batchelder (Fig. 14). They
had been bending over the map during one of our long night sessions when
suddenly Malsbenden straightened up and exclaimed indignantly that all our work
had been wasted, that the line we had picked out was not the right one. In an
inscription on his map which we had overlooked Piri Re’is had himself indicated
an entirely different line. It was the first line, the line of 1493, and it did not go
through the wind rose at all. The mistake, however, had served its purpose. It was
true enough that the line we had picked out on the Piri Re’is Map represented
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neither line; nevertheless it was close enough to the position of the Demarcation
Line of 1494 to give us a first clue to the longitude.

Another error that turned out to be very profitable was the assumption we
made, during a certain period of time, that perhaps our map was oriented not to
true North, but to magnetic North. Later, we were to find that many, if not most,
of the portolanos were indeed oriented, very roughly, to magnetic North. Some
writers on the subject had argued, as already mentioned, that the lines on the
portolan charts were intended only for help in finding compass directions, and
were therefore necessarily drawn on Magnetic North. (89, 116, 143, 179, 199, 200,
223)

In the interest of maximum precision, I wanted to find out how the question of
Magnetic North might affect the longitude of the Second Demarcation Line, which
now determined our radius. If the Demarcation Line lay at 46° 30" W at the Cape
Verde Islands, it would, with a magnetic orientation, lie somewhat farther west at
the latitude of the northern wind rose, and this would affect the radius. We spent
time trying to calculate how much farther west the line would be. This in turn
involved research to discover the amount of the compass declination (the differ-
ence between true and magnetic North) today in those parts of the Atlantic, and
speculation as to what might have been the amount of the variation in the days of
Piri Re’is or in ancient times. We found ourselves in a veritable Sargasso Sea of
uncertainties and frustrations.

Fortunately, we were rescued from this dead end by still another wrong idea. |
noticed that the circle drawn with Syene as a center, and with a radius to the
intersection of the supposed Second Demarcation Line with the northern wind
rose, appeared to pass through the present location of the Magnetic Pole. We then
allowed ourselves to suppose (nothing being impossible) that somebody in ancient
times had known the location of the Magnetic Pole and had deliberately selected a
radius that would pass through it. Shaky as this assumption might have been, it
was at least better than the Demarcation Line, since in ancient times nobody could
have had an idea of a line that was only drawn in 1494 A.p. The Magnetic Pole is,
however, very unsatisfactory as a working assumption because it does not stay in
one place. It is always moving, and where it may have been in past times is
anybody’s guess.

In the middle of this I read Nordenskitld’s statement that the portolan charts
were drawn on true North, and not on magnetic North (146:17). In this Nordens-
kiold was really mistaken, unless he meant that the charts had originally been
drawn on true North and then had been reoriented in a magnetic direction. But his
statement impressed us, and then I observed, looking again at the globe with our
circle drawn on it, that the circle that passed through the magnetic Pole also passed
very close indeed to the true Pole. Now, you may be sure, we abandoned our
magnetic theory in a hurry, and adopted the working assumption that perhaps
someone in ancient times knew the true position of the Pole, and drew his radius
from Syene on the Tropic of Cancer to the Pole. Again, hindsight came to our
support. As in the case of the Tropic of Cancer, the Pole was astronomically
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determined: It was a precisely located point on the earth’s surface.

It appeared to us that we had swum through a murky sea to a safe shore. We had
now reached a point where it would be feasible to attempt a confirmation of the
whole theory by trigonometry. We were proceeding now on the following assump-
tions: 1 The center of the projection was at Syene, on the Tropic of Cancer and at
longitude 32%2° East; 2 the radius of the circle was from the Tropic to the Pole, or
66Y2° in length, and 3 the horizontal line through the middle projection point on
the map (Point 11I) was the true equator. By comparison with the African coast of
the Gulf of Guinea, this line, indeed, appears to be very close to the position of the
equator. Nevertheless, this was merely an assumption. We could not know that the
ancient mapmaker had precise information as to the size of the earth, which would
be necessary for correctly determining the positions of the poles and the equator.
Such assumptions could be only working assumptions, to be used for purposes of
experiment and discarded if they proved wrong. They were, however, the best
assumptions we had been able to come up with so far, and assumptions we had to
have to work with.

We could now give our mathematician, Strachan, the data he required for a
mathematical analysis. He calculated the positions of all the five projection centers
on the Piri Re’is Map to find their precise locations in latitude and longitude. (See
Fig. 18 and Appendix.) He used our assumed equator as his base line of latitude. 1
have tried to explain this in Fig. 15. Here I have drawn the first radius from the
center of the projection to the point of intersection of the assumed equator with the
perimeter of the circle. I then have laid out the other radii at angles of 221/5°
northward and southward. In this way, our assumption that this equator is pre-
cisely correct controls the latitudes to be found for the other four projection points.
The assumed equator is the base line for latitude, just as Syene is the reference
point for longitude.

Strachan initially computed the positions of the five projection points both by
spherical and by plane trigonometry. At each successive step, with varying
assumptions as to the radius of the projection and the position of its center, he did
the same thing, but in every case the calculations by plane trigonometry made
sense—that is, plane trigonometry made it possible to construct grids that fitted
the geography reasonably well, while the calculations by spherical trigonometry
led to impossible contradictions. It became quite clear that our projection had been
constructed by plane trigonometry. (See Note 5.)

Once we had precise latitudes and longitudes for the five centers on the Piri Re’is
map, we could construct a modern type of grid. The total difference of latitude
between Point | and Point V, divided by the millimeters that lay between them on
our copy of the map (we used a tracing of our photograph of the map), gave us the
length of the degree of latitude in millimeters. To check on any possible
irregularities we measured the length of the degree of latitude separately between
each two of the five points. We followed the same procedure with the longitude, as
illustrated in Fig. 16. The lengths of the degrees of latitude and longitude turned
out to be practically the same; we thus appeared to have a square grid. In doing
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this we disregarded the scales actually drawn on the map, since there was no way
of knowing when or by whom they had been drawn, or what units of distance they
had represented.

The next step was to learn how to draw a grid, not at all an easy task. It was nota
particularly complicated task, but it demanded a very high level of accuracy and an
extreme degree of patience. Fortunately, one of my students, Frank Ryan, was
qualified for the job. He had served in the Air Force, had been stationed at West-
over Air Force Base in Massachusetts, and had been assigned to the Cartographic
Section of the 8th Reconnaissance Technical Squadron, under a remarkable officer,
Captain Lorenzo W. Burroughs. The function of the unit at that time was to
prepare maps for the use of the United States Air Force’s Strategic Air Command,
known as SAC. Later, it was attached to the 8th Air Force. Needless to say, the
personnel of that unit were competent to serve the demanding requirements of the
Air Force, as far as mapmaking was concerned, and Frank Ryan had been inten-
sively trained in the necessary techniques. He had had the experience of being
drafted into the Air Force: now he had the experience of being drafted again, to
draw our grid.

Later Ryan introduced me to Captain Burroughs, and I visited Westover Air
Force Base. The captain offered us his fullest cooperation in preparing a draft map
with the solution of the projection, and virtually put his staff at our disposal. The
co-operation between us lasted more than two years, and a number of officers and
men gave us very valuable assistance. Later both Captain Burroughs and his com-




CONSTRUCTION OF THE PIRI RE’IS MAP 25

manding officer, Colonel Harold Z. Ohlmeyer reviewed and endorsed our work
(Note 19).

The procedure for drawing the grid was as follows: All the meridians were
drawn parallel with the prime meridian, at intervals of five degrees, and all paral-
lels were drawn parallel with the assumed equator, at intervals of five degrees.
These lines did not turn out in all cases to be precisely parallel with the other lines
of the big grid traced from the Piri Re’is Map, but this was understandable. The
effect might have resulted from warping of the map, or from carelessness in copy-
ing the lines from the ancient source map Piri Re’is used. We had to allow for a
margin of error here, for we could not be sure that no small errors had crept in
when the equator or the prime meridian was recopied. Here, as in other respects,
we simply had to do the best we could with what we had.

When the grid was drawn, we were ready to test it. We identified all the places
we could on the map and made a table comparing their latitudes and longitudes on
the Piri Re’is Map with their positions on the modern map. The errors in individual
positions were noted and averages of them made (Table 1). The Table is, of course,
the test of our solution of the Piri Re’is projection.

But I must not get ahead of my story. We found that some of the positions on the
Piri Re’is Map were very accurate, and some were far off. Gradually we became
aware of the reasons for some of the inaccuracies in the map. We discovered that
the map was a composite, made up by piecing together many maps of local areas
(perhaps drawn at different times by different people), and that errors had been
made in combining the original maps. There was nothing extraordinary about this.
It would have been an enormous task, requiring large amounts of money, to
survey and map all at once the vast area covered by the Piri Re’is Map. Undoubt-
edly local maps had been made first, and these were gradually combined, at
different times, into larger and larger maps, until finally a world map was attemp-
ted. This long process of combining the local maps, so far as the surviving section
of the Piri Re’is Map is concerned, had been finished in ancient times. This theory
will, I believe, be established by what follows. What Piri Re’is apparently did was
to combine this compilation with still other maps—which were probably them-
selves combinations—to make his world map.

The students were responsible for discovering many of the errors. Lee Spencer
and Ruth Baraw examined the east coast of South America with great care and
found that the compiler had actually omitted about 900 miles of that coastline. It
was discovered that the Amazon River had been drawn twice on the map. We
concluded that the compiler must have had two different source maps of the
Amazon, drawn by different people at different times, and that he made the
mistake of thinking they were two different rivers. We also found that besides the
equator upon which we had based our projection (so far as latitude was concerned)
there was evidence that somebody had calculated the position of the equator
differently, so that there were really two equators. Ultimately we were able to
explain this conflict. Other important errors included the omission of part of the
northern coast of South America, and the duplication of a part of that coast, and of
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part of the coasts of the Caribbean Sea. A number of geographical localities thus
appear twice on the map, but they do not appear on the same projection. For most
of the Caribbean area the direction of North is nearly at right angles to the North of
the main part of the map. |

As we identified more and more places on our grid, and averaged their errors in
position, we found all over the map some common errors that indicated something
was wrong with the projection. We concluded that there must still be errors either
in the location of the center of the map, in the length of the radius, or both. There
was no way to discover these probable errors except by trying out all reasonable
alternatives by a process of trial and error. This was time consuming and a tax on |
the patience of all of us. With every change in the assumed center of the map, or in
the assumed radius, Strachan had to repeat the calculations, and once more
determine the positions of the five projection points. Then the grid had to be
redrawn and all the tables done over. As each grid in turn revealed some further
unidentified error, new assumptions had to be adopted, to an accompaniment of
sighs and groans. We had the satisfaction, however, of noting a gradual diminu-
tion of the errors that suggested that we were approaching our goal.

Among the various alternatives to Syene as the center of the map we tried out, at
one stage, the ancient city of Berenice on the Red Sea. This was the great shipping
port for Egypt in the Alexandrian Age, and it, too, lay on the Tropic of Cancer.
Berenice seemed to be a very logical center for the map because of its maritime
importance. We studied the history of Berenice, and everything seemed to point to
this place as our final solution. But then, as in an Agatha Christie murder mystery,
the favorite suspect was proved innocent. The tables showed the assumption to be
wrong, for in this case the errors were even increased. We had to give up Berenice,
with special regrets on my part because of the beauty of the name.

Now we went back to Syene, but with a difference. The tables showed that the
remaining error in the location of the center of the map was small. Therefore we
tried out centers near Syene, north, east, south and west, gradually diminishing
the distances, until at last we used the point at the intersection of the meridian of
Alexandria, at 30° E, with the Tropic. This finally turned out to be correct.

Immediately hindsight began to make disagreeable noises. Why hadn’t we
thought of this before? Why hadn’t we tumbled to this truth in the beginning? It
combined all the most reasonable elements: the use of the Tropic, based on
astronomy, and the use of the meridian of Alexandria, the capital of ancient
science. Later we were to find that all the Greek geographers based their maps on
the meridian of Alexandria.

Remaining errors in the tables suggested something wrong with the radius. We
knew, of course, that our assumption that the mapmaker had precise knowledge of
the size of the earth was doubtful. It was much more likely that he had made some
sort of mistake. We therefore tried various lengths. We shortened the radius a few
degrees, on the assumption that the mapmaker might have underestimated the
size of the earth, as Ptolemy had. This only increased the errors. Then we tried
lengthening the radius. The entire process of trial and error was repeated with radii




CONSTRUCTION OF THE PIRI RE'IS MAP 27

7°, 5° 2°, and 1° too long. Finally we got our best results with a radius extended
three degrees. This meant that our radius was not 66.5°, the correct number of
degrees from the Tropic to the Pole, but 69.5°. This error amounted to an error of
4%2% in overestimating the size of the earth.

A matter of great importance, which we did not realize at all at the time, was that
we were, in fact, finding the length of the radius (and therefore the length of the
degree) with reference mainly to longitude. I paid much more attention to the
average errors of longitude than I did to the errors of latitude. I was especially
interested in the longitudes along the African and South American coasts. Our
radius was selected to reduce longitude errors to a minimum while not unduly
increasing latitude errors. As it turned out, this emphasis on longitude was very
fortunate, for it was to lead us to a later discovery of considerable importance.

With regard to the overestimating of the circumference of the earth, there was
one geographer in ancient times who made an overestimate of about this amount.
This was Eratosthenes. Does this mean that Eratosthenes himself may have been
our mapmaker? Probably not. We have seen that the Piri Re’is Map was based on a
source map originally drawn with plane trigonometry. Trigonometry may not have
been known in Greece in the time of Eratosthenes. It has been supposed that it was
invented by Hipparchus, who lived about a century later. Hipparchus discovered
the precession of the equinoxes, invented or at least described mathematical map
projections, and is generally supposed to have developed both plane and spherical
trigonometry (58:49; 175:86).* He accepted Eratosthenes’ estimate of the size of the
earth (184:415) though he criticized Eratosthenes for not using mathematics in
drawing his maps.

We must interfere in this dispute between Hipparchus and Eratosthenes to raise
an interesting point. Did Hipparchus criticize his predecessor for not using
mathematically constructed projections on which to place his geographical data? If
so, his criticism looks unreasonable. The construction of such projections requires
trigonometry. If Hipparchus himself developed trigonometry, how could he have
blamed Eratosthenes for not using it a century before? Hipparchus” own books
have been lost, and we really have no way of knowing whether the later writers
who attributed trigonometry to Hipparchus were correct. Perhaps all they meant,
or all he meant or said in his works, was that he had discovered trigonometry. He
might have discovered it in the ancient Chaldean books whose star data made it
possible for him to discover the precession of the equinoxes.

But this is speculation, and I have a feeling that it is very much beside the point.
If Hipparchus did in fact develop both plane and spherical trigonometry, the Piri
Re’is Map, and the other maps to be considered in this book, are evidence suggest-
ing that he only rediscovered what had been very well known thousands of years
earlier. Many of these maps must have been composed long before Hipparchus.
But it is not possible to see how they could have been drawn as accurately as they
were unless trigonometry was used.

*However, a knowledge of plane trigonometry has been attributed to Appolonius, an earlier Greek
scientist, by Van der Waerden (216). The date of its origin appears, then, unknown.
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We have additional confirmation that the Piri Re’is projection was based on
Eratosthenes’ estimate of the size of the earth. The Greeks had a measure of
length, which they called the stadium. Greek writers, therefore, give distances in
stadia. Our problem has been that they never defined this measure of length. We
have no definite idea, therefore, of what the stadium was in terms of feet or
meters. Estimates have varied from about 350 feet to over 600. Further, we have no
reason to suppose that the stadium had a standard length. It may have differed in
different Greek states and also from century to century.

A great authority on the history of science, the late Dr. George Sarton of Har-
vard, devoted much attention to trying to estimate the length of the stadium used
by Eratosthenes himself at Alexandria in the 3rd century 8.c. He concluded that the
“Eratosthenian stadium’” amounted to 559 feet (184:105)t

The solution of the Piri Re’is projection has enabled us to check this. Presum-
ably, it proves the amount of the overestimate of the earth’s circumference to be
4%:2% (or very nearly that). Eratosthenes gave the circumference of the earth as
252,000 stadia. We checked the length of his stadium by taking the true mean
circumference of the earth (24,800 miles), increasing this by 4%2%, turning the
product into feet, and dividing the result by 252,000. We got a stadium 547 feet
long.

Now, if we compare our result with that of Sarton, we see that there is a
difference of only 12 feet, or about 2%. It would seem—again by hindsight—that
we could have saved all our trouble by merely adopting Eratosthenes’ circumfer-
ence and Sarton’s stadium. We could then have drawn a grid so nearly like the one
we have that the naked eye could not have detected the difference.

The next stage, which came very late, was our realization that if Eratosthenes’
estimate of the circumference of the earth was used for drawing Piri Re’is” source
map, and if it was 472% off, then the positions we had found by trigonometry for
the five projection points on the map were somewhat in error both in latitude and
longitude. It was now necessary to redraw the whole grid to correct it for the error
of Eratosthenes. We found that this resulted in reducing all the longitude errors
until they nearly vanished.

This was a startling development. It could only mean that the Greek geog-
raphers of Alexandria, when they prepared their world map using the circumfer-
ence of Eratosthenes, had in front of them source maps that had been drawn
without the Eratosthenian error, that is, apparently without any discernible error at
all. We shall see further evidence of this, evidence suggesting that the people who
originated the maps possessed a more advanced science than that of the Greeks.

But now another perplexing problem appeared. The reduction of the longitude
errors left latitude errors that averaged considerably larger. Since accurate lon-
gitude is much more difficult to find than accurate latitude, this was not reason-
able. There had to be some further undetected error in our projection.

We started looking for this error, and we found one. That is, we found an error.

tThat is, there were about 9.45 Eratosthenian stadia to a mile of 5,280 feet, which figures out to
558.88 feet per stadium.

—
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Figure 17. Diagram of the hypothet-
ical Piri Re’is Projection, based on
the North Pole. (see the calculations, (21Y%,8) @
p. 234)

It was not quite the right one; it did not solve our problem, but it helped us on the
way. As already mentioned, we had found the positions of the five projection
points by laying out a line first from the center of the projection to the intersection
of the circle with the line on the Piri Re’is map running horizontally through the
middle projection point, Point III, assuming this to be the equator. We had used
this assumed equator as our base line for latitude. (See Fig. 15.)

When we laid out the projection in this way, we had not yet realized that the
mapmaker was much more likely to have drawn his first radius from the center of
the map directly to the pole and not to the equator. (See Fig. 17.) If he did this,
since his length for the degree was wrong, then his equator must be off a number
of degrees. This required new calculations, and still another grid. The new calcula-
tions showed that the line we had taken for the equator actually lay in 3.15°S. (See
page 235.)

At first, this new grid seemed to make matters worse, especially on the coast of
Africa. The equator seemed to pass too near the Guinea coast. My heart sank when
this result became apparent, but I am thankful that I persisted in redrawing the
grid despite the apparent increase in the errors, for the result was a discovery of
the very greatest importance.

At first I thought that the African coast (and that of Europe) had simply been
wrongly placed too far south on the projection. But I soon saw that if the African
coast appeared too far south on the corrected projection, the French coast was in
more correct latitude than before. There was simply, I first concluded, an error in
scale. Piri Re’is, or the ancient mapmaker, had used too large a scale for Europe
and Africa. But why, in that case, though latitudes were thrown out, did longi-
tudes remain correct?

I finally decided to construct an empirical scale for the whole coast from the Gulf



30 MAPS OF THE ANCIENT SEA KINGS

of Guinea to Brest to see how accurate the latitudes were relative to one another.
The result showed that the latitude errors along the coasts were minor. It was
obvious that the original mapmakers had observed their latitudes extremely well.
From this it became apparent that those who had originally drawn this map of
these coasts had used a different length for the degree of latitude than for the
degree of longitude. In other words, the geographers who designed the square
portolan grid for which we had discovered the trigonometric solution, had appar-
ently applied their projection to maps that had originally been drawn with another
projection.

What kind of projection was it? Obviously it was one that took account of the fact
that, northward and southward from the equator, the degree of longitude in fact
diminished in length as the meridians drew closer toward the poles. It is possible
to represent this by curving the meridians, and we see this done on many modern
maps. It is also possible to represent this by keeping the meridians straight and
spacing the parallels of latitude farther and farther apart as the distance from the
equator increases. The essential point is to maintain the ratio between the lengths
of the degrees of latitude and longitude at every point on the earth’s surface.

Geographers will, of course, instantly recognize the projection I have described
here. It is the Mercator projection, supposedly invented by Gerard Mercator and
used by him in his Atlas of 1569 (Note 4). For a time we considered the possibility
that this projection might have been invented in ancient times, forgotten, and then
rediscovered in the 16th century by Mercator (Note 13). Further investigation
showed that the device of spreading the parallels was found on other maps, which
will be discussed below.

I was very reluctant to accept without further proof the suggestion that the
Mercator projection (in the full meaning of that term) had been known in ancient
times. I considered the possibility that the difference in the length of the degree of
latitude on the Piri Re’is Map might be arbitrary. That is, I thought it possible that
the mapmaker, aware of the curvature of the earth, but unable to take account of it
as is done in the Mercator projection by spherical trigonometry, had simply
adopted a mean length for the degree of latitude, and applied this length over the
whole map without changing the length progressively with each degree from the
equator.

Strangely enough, shortly after this, I found that, according to Nordenskidld,
this is precisely what Ptolemy had done on his maps (see Note 7). In Nordens-
kiold’s comparison of the maps of the Mediterranean and Black Sea regions as
drawn by Ptolemy and as shown on the Dulcert Portolano (Fig. 3), we see that he
has drawn the lines of Ptolemy’s projection in this way. This is, of course, another
indication of the ancient origin of Piri Re’is” source map.

This is not quite the end of the story. We shall see, in subsequent consideration
of the De Canerio Map of 1502, that the oblong grid, used by Ptolemy and found on
the Piri Re’s Map, has its origin in an ancient use of spherical trigonometry.

These successive discoveries finally enabled us to draw a modern grid for most
of the Piri Re’is map as shown in Figure 18.




III  The Pir1 Re’is Map in Detail

down the map into sections representing originally separate source maps of
smaller areas, which appear to have been combined in a general map by the
Greek geographers of Alexandria.

For each of the source maps, which I shall refer to as “component maps,”” since
they are the parts of the whole, I will identify such geographical points as are
evident in themselves, or are rendered plausible by their position on the
trigonometric grid, and will find their errors of location.

Since in some cases the component maps were not correctly placed on the
general map, we have two sorts of errors: those due to mistakes in compilation of
the local maps into the general map and those due to mistakes in the original
component maps. These can be distinguished because if a component map is
misplaced, all the features of that map will be misplaced in the same direction and
by the same amount. If the general error is discovered and corrected, then the
remaining errors will be errors of the original local maps. We have discovered that
in most cases the errors on the Piri Re’is Map are due to mistakes in the compilation
of the world map, presumably in Alexandrian times, since it appears, as we shall
see, that Piri Re’is could not have put them together at all. The component maps,
coming from a far greater antiquity, were more accurate. The Piri Re’is Map
appears, therefore, to be evidence of a decline of science from remote antiquity to
classical times.

IN UNDERTAKING a detailed examination of the Piri Re’is Map of 1513, I shall break

1. The western coasts of Africa and Europe, from Cape Palmas
to Brest, including the North Atlantic islands and some islands of
the South Atlantic.

Longitudes, as well as latitudes, along the coasts are seen to be remarkably
accurate (see Table 1). The accuracy extends also to the North Atlantic island
groups as a whole, with an exception in the case of Madeira.

The accuracy of longitude along the coast of Africa, where it is greatest, might be
attributed simply to our assumptions as to the center and radius of the projection,
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but for two considerations. First, the assumption regarding the length of the radius
(that is, the length of the degree) was not reached with reference to the coast of
Africa, but with reference to the width of the Atlantic and the longitude of the coast
of South America. It will be seen from our map (Fig. 18) and from Table 1 that both
these coasts, separated by the width of the Atlantic, are in approximately correct
relative longitude with reference to the center of the projection on the meridian of
Alexandria. This seems to mean that the original mapmaker must have found
correct relative longitude across Africa and across the Atlantic from the meridian of
Alexandria to Brazil.

[t is also important that most of the islands are in equally correct longitude. The
picture that seems to emerge, therefore, is one of a scientific achievement far
beyond the capacities of the navigators and mapmakers of the Renaissance, of any
period of the Middle Ages, of the Arab geographers, or of the known geographers
of ancient times. It appears to demonstrate the survival of a cartographic tradition
that could hardly have come to us except through some such people as the Phoeni-
cians or the Minoans, the great sea peoples who long preceded the Greeks but
passed down to them their maritime lore.

The accuracy of placement of the islands suggests that they may have been
found on the ancient source map used by Piri Re’is. The “’discoveries”” and map-
ping of these islands by the Arabs and Portuguese in the 15th century may not,
then, have been genuine discoveries. It is possible that the 15th century sailors
really found these islands as the result of accidental circumstances (being blown off
course, etc.). On the other hand, nothing excludes the possibility that source maps
used by Piri Re’is, dating from ancient times, were known in some form to people
in Europe. Possibly some of the early voyages to some of these islands, particularly
the Azores, were undertaken to confirm the accuracy of the old maps. It is hardly,
if at all, possible that these 15th century navigators could have found correct
longitude for the islands. All they had to go by were rough guesses of courses run,
based on the direction and force of the wind, and the estimated speed of their
ships. Such estimates were apt to be thrown off by the action of ocean currents and
by lateral drift when the ship was trying to make to windward.

A good description of the problem of finding position at sea is given by a 16th
century writer quoted by Admiral Morison in his Admiral of the Ocean Sea:

0O how God in His omnipotence can have placed this subtle and so important
art of navigation in wits so dull and hands so clumsy as those of these pilots!
And to see them inquire, one of the other, how many degrees hath your honor
found?’” One says ’sixteen,” another ‘a scant twenty’ and another ‘thirteen and a
half.” Presently they ask, "How doth your honor find himself with respect to the
land?” One says, 'l find myself forty leagues from land,’ another ‘I say 150,
another says 1 find myself this morning 92 leagues away.” And be 1t three or
three hundred nobody agrees with anybody else, or with the truth.” (140:321-
322)
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In the days of Piri Re’is no instruments existed by which the navigator at sea
could find his longitude. Such an instrument did not appear for another 250 years,
when the chronometer was developed in the reign of George III. It does not seem
possible to explain the accuracy of longitude on the Piri Re’is Map in terms of
navigational science in the time of Piri Re’is.*

The case for latitude is somewhat different. Latitude could be determined in the
15th and 16th centuries by astronomical observations. However, observations
taken by trained people with proper equipment were one thing, and observations
taken by explorers were quite another. Morison says that Columbus made serious
mistakes in finding latitude. Speaking of the First Vovage he says: . . . We have
only three latitudes (all wrong) and no longitude for the entire voyage” (140:157).
He describes one of Columbus’ attempts to find his latitude as follows:

On the night of Nov. 2 (1492) two days before the full moon, he endeavored to
establish his position by taking the altitude of the North Star with his wooden
quadrant. After applving the slight correction he decided that Puerto Gibara,
actually in Lat. 21°06'N, was in 42° N, the Latitude of Cape Cod (140:258).

For a long time after the four vovages of Columbus we find the latitudes of Cuba
and Haiti wrong on the maps of the time. Almost all mapmakers put the islands
above rather than below the Tropic of Cancer. (See Figs. 19, 20, 21, 23.)

To return to the problem of longitude, Morison remarks that the only method of
finding longitude known in the 16th century was by the timing of eclipses, but that
nobody was successful in applying it. He says:

The only known method of ascertaining longitude in Columbus’ day was by
timing an eclipse. Regiomontanus’s Ephemerides and Zacuto’s Almanach Per-
petuum gave the predicted hours of total eclipse at Nuremberg and Salamanca
respectively, and if you compared those with the observed hour of the eclipse,
wherever you were, and multiplied by 15 to convert time into arc (1 hour of time
= 15° of Longitude) there was your longitude west of the Almanach maker’s
meridian. Sounds simple enough, but Columbus, with two opportunities (1494
and 1503) muffed both, as did almost everyone else for a century. (140:185-186)

Morison describes in an interesting manner the failure of an attempt to find the
longitude of Mexico City in 1541 (twenty-eight years after Piri Re’is drew his map):

At Mexico City in 1541 a mighty effort was made by the intelligentsia to

*However, longitude could be determined when the time of a predicted eclipse was calculated.
Adrian Vance in a recent work (210a) shows how the ancients may have used a system of lunar-solar
observatories to track the sun-moon interval variations at different locations during an eclipse, for an
accurate determination of longitude. Capt. James Cook used such a method (“lunar distances”) to fix
the longitude of Pacific islands (53a, p. 3).
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determine the longitude of the place by timing two eclipses of the moon. The
imposing result was 8h 2m 32s (= 120° 38’ west of Toledo) but the correct
difference of longitude between the two places is 95° 12, so the Mexican savants
made an error of 25%2°, or 1450 miles! Even in the 18th Century Pere Labat, the
earliest writer (to my knowledge) who gives the position of Hispaniola correctly,
adds this caveat: “I only report the longitude to warn the reader that nothing is
more uncertain, and that no method used up to the present to find longitude has
produced anything fixed and certain’’ (140:186).

With this backwardness of the 16th century science of navigation, I cannot see
how the accuracy of the Piri Re’is Map can be explained, either as to latitude or
longitude.* Figures 19-24 illustrate the poor qualities of the maps that were drawn
at this time.

In this part of the Piri Re’is Map the average latitude error of 22 places was only
0.7°, and the average longitude error 1.8°. Madeira was not included in averaging
the latitude errors because it was apparently left in alignment with the
trigonometric equator when the rest of the map was shifted. The longitude errors
were bunched, places on the Gulf of Guinea averaging about 4° too far east, and
places on the coasts of France and Spain about 2° too far west. The Cape Verde,
Madeira and the Azores Islands were in correct longitude, which is remarkable.

With regard to latitude there are several inconsistencies in the different parts of
the map. It is evident that it went through many stages of compilation, when
ancient maps derived from different periods were combined. Most of the map is in
agreement with the equator as found in Fig. 15, and we have therefore used this for
the main grid of the map. However, several parts of it (such as Madeira) appear to
have latitude based on the trigor.ometric projection (Figs. 17, 18.) There were other
errors made in combining different source maps, some omissions and some dupli-
cations. We shall point out these as we go along.

To sum up, this part of the Map suggests that Piri Re’is had a source map of
Africa, Europe, and the Atlantic islands, based on maps probably drawn originally
on some sort of trigonometric projection adjusted to the curvature of the earth. By
default of any alternative, we seem forced to ascribe the origin of this part of the
map to a pre-Hellenic people—not to Renaissance or Medieval cartographers, and
not to the Arabs, who were just as badly off as everybody else with respect to
longitude, and not to the Greeks either. The trigonometry of the projection (or
rather its information on the size of the earth) suggests the work of Alexandrian
geographers, but the evident knowledge of longitude implies a people unknown to
us, a nation of seafarers, with instruments for finding longitude undreamed of by
the Greeks, and, so far as we know, not possessed by the Phoenicians, either.

*W. H. Lewis, in his The Splendid Century (Doubleday, 1957, pp. 227-228), quotes an extract from
the memoirs of the Abbé de Choisy (1644-1724) on the difficulty of finding longitude a century and a
half after Piri Re’is: “Father Fontenay lectures on navigation, and shows that not only is longitude
undiscovered, but why it is undiscoverable. . . .”
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Figure 22. Ptolemacus Basilac Map of 1540, F
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Figure 23. The Johannes Ruysch Map of America, 1508. V

Note, Figs. 19-24: This sclection of maps drawn in the Age of Discovery illustrates the weaknesses of Hie
cartographic science of the period. So far as relative distances, land shapes, and particularly longitude are
concerned these maps are much infertor to the Piri Re'is Map. None of these maps suggests the use of
trigonometry.
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2. A special projection in the Caribbean, including part of the
coast of South America.

The Caribbean part of the Piri Re’is Map offered the greatest difficulties. It
seemed entirely out of line. The coast appeared to trend entirely the wrong way. It
looked at first like some of the very worst mapmaking imaginable. From our
studies of the portolan projection, however, I was prepared to accept the possi-
bility of there being more than one North on this map. Estes had pointed out that
the portolan design permitted a change of North from one part of a map to
another, if and when it became desirable to move from one square, or grid, to one
of the others that the design made possible.

[ was looking at the map one day when I suddenly found that by twisting my
head far to one side, I could make some sense of the Caribbean section. I saw that
there was indeed another North in this area. I assumed to start with that it might
be integrated with the mathematics of the world projection. It had already become
evident to us that it was theoretically possible to take any one of the map’s projec-
tion points, whose positions were now known, and repeat the portolan design by
drawing a circle with this point as a center, and then constructing a grid within it
exactly as with the world projection. This would be a satellite grid, and any North
line could be chosen to suit the mapmaker’s convenience.

To solve this problem it was necessary to locate a North line, that is, a prime
meridian. By identifying on the map a number of geographical localities which lay
at the same latitude on the modern map of the Caribbean, I drew a rough parallel. I
then looked for—and found—a line on the Piri Re’is projection at right angles to
this. The line I found came down from Projection Point I at the top of the map and
bisected what looked like the Peninsula of Yucatan. The angle of this line to the
meridians of the main part of the map was 78%° this meant that it lacked one
compass point (11%4°) of being at a right angle to the north of the rest of the map.

Gradually it became possible to extend the mathematical system of the whole
projection to this part of the map. The common point was Projection Point I, which
we had located at 51.4° N and 36.9° W. We assumed this point to be at the same
latitude in both parts of the map. Since the length of the degree was (by assump-
tion) the same, we could lay out parallels of latitude at five-degree intervals down
to zero, which was, then, the equator of this special projection. Latitude was thus
integrated mathematically with the world projection.

We found, after a number of tests, that the Ptolemaic spacing of parallels had
also been applied in this component map.

The longitude problem presented much greater difficulty. Our first solutions
were largely guesswork. Finally, the problem was solved by dropping a line, from
the intersection of the prime meridian of our Caribbean section with the equator of
that section, to the bottom of the map, where it intersected the register of longitude
of the main grid extended westward. The longitude of the point of intersection at
the bottom of the map became the longitude of our local prime meridian, and thus
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both the latitudes and longitudes of the Caribbean section were determined (See
Fig. 18).

Now, if the reader will visualize the entire Caribbean grid as suspended from
Point I, hanging down with no place to put its feet, and then swung through an arc
of 78%:°, he should get the idea. Since the swing of the projection is so exact, and
since, as the tables show (Table 1), the latitudes and longitudes of the identifiable
places around the Caribbean are remarkable accurate, we are sure that the accuracy
of this special projection is not a coincidence.

Perhaps the reader may wonder at the mapmaker’s reason for resorting to this
device. The only answer I am able to suggest is that he may have had ancient maps
(maps ancient then) of the Caribbean area, with ample notations of latitude and
longitude, but drawn, like a modern map, on some sort of spherical projection.
Perhaps because he was unfamiliar with spherical trigonometry, he may have been
forced to treat the round surface of the earth as a series of flat planes. He therefore
had to have different norths in areas that were too far removed from each other in
longitude. He was clever enough to work out a scheme by which he could preserve
the accuracy of latitude and longtiude in the Caribbean. He had to find just the
right angle for North that would achieve this purpose, and he did so. But it is
probable that he did not achieve the full accuracy of his ancient sources.

Strong support for this hypothesis is provided by a comparison of the Piri Re’is
Map with a modern map of the world drawn on a polar equidistant projection (see
Figs. 25, 26, 27). This map was drawn for the use of the Air Force during World
War II. It was centered at Cairo, Egypt, because an important U.S. air base was
located there. Since Cairo is not far from the center of the Piri Re’is world projec-
tion, this modern map gives us a good idea of what the world would look like on a
projection of this kind centered on Egypt. If we look at Cuba on this equidistant
map, we notice that it appears to run at right angles to a latitude line drawn
through Cairo. In other words, if we regard the map as representing a flat surface,
then Cuba runs north and south, just as it seems to run with reference to the main
projection of the Piri Re’is Map. Furthermore, in both cases we see Cuba much too
far north.

How is this to be explained? What else can we conclude but that the mapmaker,
confronted by a spherical projection he did not understand, had to translate his
geographical data (latitudes and longitudes of places in the Caribbean) into terms
of a flat surface? This contains the implication, of course, that spherical
trigonometry must have been known ages before its supposed invention by Hip-
parchus in the second century B.C. It also raises another question: How did it
happen that a world map, apparently drawn ages before Hipparchus, was cen-
tered on Egypt? Can we ascribe such advanced knowledge to the early Egyptians?
It seems that perhaps we can. Evidence bearing on this will be presented in Chap-
ter IX.

To sum up, then, our mapmaker was faced with the problem of indicating True
North both for the Atlantic and for the Caribbean area, which extends much farther
west. Since the portolan projection is a rectangular projection and the earth is
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Bonne Projection Centred at Cairo (u.s. Air

Figure 25. Modern Map of the Waorld on the
Force)




A
N\ ‘Leopeid e

Figure 26. Part of the Bonne Projection for comparison with the Piri Re’is Map.

Figure 27. The Piri Re’is Projection, including the Special North of the Caribbean Grid.
imposed on the Bonne projection. (B on Fig. 18)
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Figure 28. The Piri Re’is Map of Corsica. (from the Bahriye)

Figure 29. Modern Outline of Corsica.

round, it is evident that you cannot extend it through many degrees of longitude
without getting to a place where the meridians will not point north at all. The
geometrical scheme of the portolan projection, with several possible Norths, was
the only way to solve this problem. But there had to be mathematical calculations.
It seems that only by trigonometry could the correct angle for the Caribbean prime
meridian have been found.

The peculiar projection for the Caribbean area permits some conclusions as to
the probable history of the map as a whole. In the first place it is clear that Piri Re’is
could not have constructed this part of his world map. Such a thing as two Norths
on the same map was unheard of in the Renaissance. To Piri Re’is, the idea of
changing the direction of north in the middle of the ocean would be lunacy, and all




Figure 31. Modern Outline of Crete.

the mapmakers of the age would have looked at the matter the same way. Buteven
if he had the idea, even if he knew some trigonometry (of which there is no
evidence) he still could not have drawn the map, because neither he nor, as far as is
known, anyone else at that time had any information as to the longitudes of places
in the Caribbean.*

* Fortunately we possess, in Piri Re’is’ extensive treatise on the geography of the Mediterranean,
the ““Kitabe Bahriye” (145a), a large number of maps personally drawn by him. Their characteristics
are most interesting. Like Arab maps generally, they are good pictures. But they lack any sort of
projection. They do not even carry scales of distance. They do not show the compass directions of the
portolan charts. (See Figs. 28-31.)
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What applies to Piri Re’is applies also to Columbus. Columbus could not have
drawn any part of the map included in the special grid because for him, as for Piri
Re’is, there could be only one North on a map. It is possible, however, that this
special grid may provide a solution to one of the problems of Columbus’ first
voyage.

Let us suppose that Columbus had a copy of this map of the Caribbean, as it
appears on the Piri Re’is Map. (Piri Re’is himself believed this was the case.)
Perhaps the map showed the Azores, or even some part of the European coast, so
that by simple measurement Columbus was able to get an idea of the scale of the

map and the distance across the ocean to the Caribbean islands.

We know he had some sort of map and that he had an idea of how soon he
would find land. But we also know that he did not find land where he expected to
find it. Instead, he had to sail about one thousand miles farther and was faced with
a threatened mutiny of his crew. Finally he made a landfall at the island of San
Salvador (Watling Island) or some other island nearby.

Now, if you look at San Salvador on our map (Flg 18) and note its longitude on
the main grid of the map, you will see that it lies about 63° W on that grid instead of
at 74%2° W, where it actually should be. But if you swing the map around and find
the longitude of the island on the special Caribbean grid, it turns out to be at 84.5°
W. The trouble that Columbus ran into may now be undeérstood. His error in not
understanding the map he had may have led to a mistake of about 22° or about
1290 miles in his estimate of the distance across the Atlantic, and thus nearly
caused the failure of his expedition.

Let us consider the probabilities of Columbus’ having carried with him from
Spain a copy of this component map of the Caribbean. He need not have had with
him the entire source map used by Piri Re’is, including South America. The evi-
dence is that he did not suspect that a continent lay to the south of the Caribbean
until he ran into the fresh water of the Orinoco out at sea.

We have seen that Piri Re’is, in all probability, had ancient maps at his disposal
in Constantinople. [t is quite possible that copies of some of these had reached the
West long before his day. Greek scholars fleeing from the Turks brought
thousands of Greek manuscripts to Italy before the fall of Constantinople in 1453.
Much earlier still, in the vear 1204, a Venetian fleet, supposedly intended to carry a
crusade to the Holy Land, attacked and captured Constantinople. For about sixty
years afterward Italian merchants had access to map collections in Constantinople.

We have reason to believe that good maps of the St. Lawrence River were
available in Europe before Columbus sailed in 1492. In Fig. 32 we see a map of the
river and the islands near its mouth that the mapmaker Martin Behaim placed on a
globe he made and completed before Columbus returned from his first voyage.
Columbus was not an ignorant mariner, as some people seem to imagine. He was
quite at home in Latin, which indicated some education, and he was a cartographer
by trade. It is known that he travelled widely in Europe, always on the lookout for
maps. His voyage was not a sudden inspiration; it was a deeplv settled objective,
one followed with perseverance for many years, and it required, above all, maps.




THE PIRI RE‘IS MAP IN DETAIL 49

a.

Figure 32. Martin Behaim’s Map of the mouth of the St. Lawrence, drawn in 1492 before
the return of Columbus from his first voyage, as compared with later maps, (a) modern
map, (b) Sebastian Cabot, 1544, (¢) Behaim Globe, 1492, (d) Lescarbot map of 1606. After
Hjalmar R. Holand, in “'Explorations in America Before Columbus,” New York, Twayne, 1956.

The historian Las Casas said that Columbus had a world map, which he showed to
King Ferdinand and Queen Isabella, and which, apparently, convinced them that
they should back Columbus.

Many have thought that this map may have been the map said to have been sent
to Columbus by the Italian scholar Toscanelli (see Fig. 33). Buta Soviet scientist has
presented a strong argument against this, including evidence that the Toscanelli
letter to Columbus, accompanying the map, was a forgery (209). In any case, the
Toscanelli Map, whether Columbus had it or not, is a very poor map.

Cuba on the Piri Re’is Map presents some very interesting problems.

In the first place, Cuba was wrongly labeled Espaniola (Hispaniola, the island
now comprising Haiti and the Domincan Republic) by Piri Re’is. This error was
accepted by Philip Kahle who studied the map in the 1930’s (106). Nothing could
better illustrate how ignorant Piri Re’is was of his own map. The mislabelling of
Cuba also clearly shows that all he did was to get some information verbally from a
sailor captured by his uncle, or from some other source, and then try to fit the
information to a map already in his possession, a map he may have found in the
Turkish Naval Archives, which possibly inherited it from the Byzantine Empire. In
Figures 34, 35 I have compared the island I have identified on the Piri Re’is Map as
Cuba with a modern map of that island.
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Figure 33. The Toscanelli Map of 1484.

This comparison shows that what we have in this island on the Piri Re’is Map is a
map of Cuba, but a map only of its eastern half. We can identify a number of points
around the coasts and in the interior. The western half is missing, but, as if to
compensate for this, the island is shown at twice the scale of the rest of the map, so
that it subtends about the correct amount of longitude for the whole island. Oddly
enough, there is a complete western shoreline where the island is cut off, as if
when the map was drawn, all of western Cuba was still beneath sea level. We
observe that some islands are shown in the west in the area now occupied by
western Cuba. (Fig. 18).

There is good evidence that a map of a thus truncated Cuba was well known in
Europe before the first voyage of Columbus. In Figure 36 I have compared the
Cuba of the Piri Re’is Map with the island labeled ““Cipango”” on the Behaim Globe
(completed before Columbus’ return from his first voyage), and on the Bordone
Map of 1528. (See also Fig. 33).

It seems quite clear that Bordone’s island, which of the three most closely resem-
bles the Piri Re’is island, was not inspired by the current information on Cuba.
Cuba on the maps made by the 16th century explorers in no way resembles the
island on the Piri Re’is Map. (See, for example, Fig. 37, the Piri Re’is Map of 1528.
Here Piri Re’is represents Cuba in a form typical of the other maps of the day. He
had evidently abandoned his ancient maps.)

In view of the possibility that an ancient map of the eastern half of Cuba may
have been circulating in Europe before Columbus’ first voyage, it becomes increas-
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Figure 36. “’Cipango’ on the Behaim Globe (a) and on the Bordone
Map of 1528 (b), and Cuba on the Piri Re’is Map ().

ingly easy to accept the idea that Columbus may have found a good map, at least
the Caribbean section of the Piri Re’is Map, and that this may actually have led him
to America. In view of these facts one of my students, Lee Spencer, revised the old
verse:

In Fourteen Hundred Ninety Two
Columbus sailed the ocean blue.

With maps in hand drawn long before
He headed straight for Cuba’s shore.
Much fame he gained, so I am told,
For he proved true the maps of old.

The Piri Re’is representation of Cuba suggests that the Caribbean section of his
map was itself a compilation of originally separate local maps. One of these may be
identified in the map of Hispaniola.

Here we have still another North. The arrow on our map (Fig. 18) indicates the
direction of north for Hispaniola and some adjacent islands. It does not agree with
the Norths either of the main grid or of the Caribbean grid; it is not, so far as we can
see, integrated with the trigonometric projection. Columbus could not have placed
it on the map (assuming he had it) because, if there was one thing Columbus could
determine, it was north, and he would therefore have aligned Hispaniola with the
rest of the Caribbean islands on the main grid of the map.

A point of considerable interest in this Caribbean map is the shape of the Atrato
River (Fig. 18, No. 64). According to our grid the river is shown for a distance of 300
miles from the sea, and its eastward bend at 5° North Latitude corresponds to the
geographical facts. This implies that somebody explored the river to its headwaters
in the western cordillera of the Andes sometime before 1513. I have found no
record of such an early exploration.




Figure 37. Fragment of the Piri Re’is Map of 1528.

3. A map of the Atlantic coast of South America, from Cape
Frio northward to the Amazon, with an error in scale.

On the Piri Re’is Map, South America consists of a compilation of various local
maps differing in scale and in orientation. This particular component map is on too
small a scale, as shown by the inset grid, Fig. 18, but is in correct longitude. It is
possible that we can partially reconstruct the story of this map.

It was, in the first place, an accurate map of the coast. But it seems that the
mapmaker may have been operating under the impression that Point IV of the
world projection pattern lay on the Tropic of Capricorn, and he placed this compo-
nent map so that its southern end lay on this assumed tropic. This left its northern
end too far south, because of an error in the scale. The mapmaker, however, may



85 80 75 70 65 60

25 ——— : 25

20 &}—m ~ 20

o m AU K<
U\r i
Figure 38. The Coasts Columbus visited. (solid lines).

have been unaware of this because of a failure to identify the river shown there as
the Para River, one of the mouths of the Amazon. According to my interpretation,
the map does show the course of the Amazon coming down to its Para River
mouth, but it does not show the Island of Marajo. The map would suggest that it
may come from a time when the Para River was the main or only mouth of the
Amazon, and when the Island of Marajo may have been part of the mainland on
the northern side of the river. If the mapmaker knew of the Island of Marajo as
existing in his time he might not identify the river on his source map with the
Amazon. We shall see evidence shortly that he did know of the existence of the
Island.

The evidence for my interpretation of this part of the map is in the agreement of
the inset grid in Fig. 18 with the topography, as shown in Table 1.

4. A map of the Amazon and the Island of Marajo, correctly
placed on the equator of the trigonometric projection.

One part of the Piri Re’is Map that seems to date without modification from that
remote time when a trigonometric projection was used to compile a world map is a
map of the Amazon with a very good representation of the Island of Marajo. Here
both mouths of the Amazon are shown. The upper one, the mouth of the Amazon
proper, is shown about 10° north of the river suggested as the Amazon, on the
inset grid of Fig. 18. It lies just below the equator of the trigonometric projection.
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Interestingly, both the duplications of the Amazon suggest the actual course of the
- river, while all the representations of it in the later maps of the 16th century bear no
- resemblance to its real course. Moreover, the excellent representation of the Island
of Marajo is quite unique. Nothing like it can be found on any map of the 16th
- century until after the official discovery of the island in 1543. Where could Piri Re’is
have gotten his accurate conception of this island? If he had somehow obtained the
information as to its shape, how could he have placed it correctly both in latitude
and longitude, using a mathematical projection of which he was almost certainly
ignorant? This part of the map is certainly ancient.

This Island of Marajo did quite a bit of drifting after Piri Re’is day. It turned up
on Mercator’s 1569 Map of South America, but here we find it placed at the mouth
of the Orinoco! (See Fig. 39).

5. The Atlantic Island

A great island, No. 93 in Fig. 18, is one of the major mysteries of the Piri Re'is
Map. It does not look like an invention. It does not have the artificial look of the
nearby island, No. 94, which Piri Re’is labelled ““Antillia.”” No. 94 indeed has the
look of the legendary islands of the Atlantic (21) but there are good reasons for a
different conclusion about No. 93.

In the first place, the details of the island are convincing. Some reproductions of
the colored facsimile (but unfortunately not all of them) suggest by a deeper shade
around the coasts that there were coastal highlands or mountains surrounding a
great central plain. The harbours and the islands off the coast are inviting. They are
carefully drawn. There seems to have been an effort to achieve accurancy. This
island, if it really existed, would have been ideally suited by climate and location
for agricultural and commercial development. An ideal home for a sea people! A
secure base for a maritime empire: whose ships would have had easy access to
commercial ports in the Caribbean, in South America, in Europe, in Africa, and
even, perhaps, in Antarctica! Here, in this island, there might have developed the
people who made these maps!

A second consideration is the location of this island directly on the equator of the
mathematical projection of the map and right over the sunken Mid-Atlantic Ridge
where some tiny islands, the Rocks of Sts. Peter and Paul, now exist. These islands
are the top of a mountain rising from a plain now submerged to a depth of a mile
and a half. The plain is a plateau on the top of the Mid-Atlantic Ridge. The
mountain is not a volcanic, but a folded mountain, which suggests that it is struc-
turally part of the Ridge.

There are two other maps which independently testify to the real existence of
this island. One of these is attributed to the French geographer, Philippe Buache,
who presented it to the French Academy of Sciences in 1737 (Fig. 40.) The map
shows South America, Africa and various islands in the Atlantic. It is a traverse of
the Equatorial Atlantic, taken at an angle of 25° to the equator, and it shows not
only the islands but the ocean bottom.
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Figure 40. Buache Maps ot the Equatorial Atlantic and the North Pacific, 1737.

In the center of the Atlantic, at the very side of the tiny islands of Sts. Peter and
Paul, Buache has a very large island, but it is not shaped at all like the Piri Re’is
island. The island is only outlined, it is not drawn in detail. Inside the outline a
number of small islets are indicated, suggesting clearly that a large island had
submerged leaving the islets as remnants which later disappeared.

Half way between this large island and the African coast another island is indi-
cated in the same general way, also including within some islets, and this feature is
placed directly over the Sierra Leone Rise, a mountain range on the floor of the
Atlantic Ocean. Farther north another large island is outlined enclosing five or six
more islets, while the Cape Verde Islands are shown connected with the African
mainland. Still another now non-existent island is suggested due south of the

central island.

So far the detail of this map, while interesting, is not by itself proof of anything
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Figure 41. Bathvmetric Map of the Atlantic. The rocks of Sts Peter and Paul are located on the
Equator over the Mid-Atlantic Ridge.

except that it is evidence in support of the real existence of the island on the Piri
Re’is Map. What is truly amazing, however, is the bathvmetric traverse of the
bottom of the ocean. The traverse is not accurate in detail, but it does show both
the Mid-Atlantic Ridge and the Sierra Leone Rise. Who in the year 1737 knew
anything about the bottom of the Atlantic? The Buache Map is now in the Bib-
liothek Nationale. Perhaps Buache left other documents that might throw light on
this matter.

Some readers may suppose that Buache was just another Atlantis enthusiast.
But before 1737 Atlantis was not a very hot subject. And Atlantis is supposed to
have been located in the Azores, not on the equator. And if he was describing
Atlantis why doesn’t he say so? It is true that later in the century an Atlantis
enthusiast, Count Carlo Carli (44) did make use of the map, but he did not invent
it.

In an inset map Buache shows the North Pacific with a land mass extending from
Alaska nearly to Kamchatka, and including the Aleutian Islands. This might be
evidence of land subsidence. The map shows some signs of antiquity. It is hardly
what one would have expected from the cartographers of 1737. On the one hand
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the coasts of China and Japan are very badly drawn, which one would expect, but
on the other the Aleutians are very well drawn, and here the mapping is far too
scientific, considering that navigators at this time still had no means of ascertaining
their longitude.

The third map that bears on the question of Piri Re’is” great equatorial island is
the Reinel Chart of 1510 (Fig. 74) which, however, we will examine later on. It
shows a large island in precisely the same location as the islands on the Piri Re’is
and Buache maps. It seems that the maps are independent of each other. There is
no indication that they stem from a common source. One would suppose, on the
contrary, that the original prototype maps must have been drawn at very different
times: one when the island fully existed, one when it was half submerged, and the
third when it had submerged but the islets were still above sea-level. But they all
agree precisely as to its location.

The most significant fact is that the island on all three maps is located right over
the Mid-Atlantic Ridge. Some yvears ago Dr. René Malaise, a Belgian scientist,
reached the conclusion that the Mid-Atlantic Ridge, or at least parts of it, was still
above sea-level at the end of the ice age. He examined sediments taken from the
top of the Ridge, and found specimens of diatoms of fresh water species that must
have lived in a fresh water lake when the Ridge was above sea-level. The species
were all recent species, indicating that the fresh-water lake was in existence within
the last 10,000 or 15,000 years.

6. The Andes on the Piri Re’is Map

Another component map, which may be briefly dealt with here, shows the
mountainous area on the western side of Piri Re’is” South America. This compo-
nent map was added to the general map, but it was not integrated with the
trigonometry of the projection. There are errors both in scale and in orientation, as
shown in Figure 18.

It seems that the mountains shown here must have been intended for the Andes.
However, Kahle, one of the earlier students of the map, rejected this on the ground
that the Andes were not yet discovered when Piri Re’is drew his map. On this
controversial point the following considerations may be pertinent:

First, what is the probability that a cartographer, by pure invention, would place
an enormous range of mountains on the western side of South America, where one
actually exists?

Second, the various rivers, including both Amazons on Piri Re’is” map of South
America, are shown flowing from these mountains, which is correct.

Third, the drawing of the mountains indicates that they were observed from the
sea—from coastwise shipping—and not imagined.

Fourth, the general shape of the coast on the map agrees well with the South
American coast from about 4° S down to about 40° S. It is between these latitudes
that the Pacific cordillera of the Andes closely parallel the coast. There is even a
suggestion on this coast of the Peninsula of Paracas.
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7. The Caribbean Islands: The Leeward and Windward
Groups, the Virgin Islands, Puerto Rico on the main grid of the
map; more questions about Columbus.

These islands are more accurately placed on this map, in reference to latitude
and longitude, than they are on any other map of the period.

Piri Re’is wrote, in his long inscription about Columbus, that this part of the map
was based on a map Columbus drew. Here the two different grids overlap to some
extent: some islands are on the special grid already discussed, and some are on the
main grid. [ have pointed out that one of Columbus’ errors may have been due to
not understanding the special grid. The Leeward and Windward Islands, which
Columbus discovered, are on the main grid on this component map. Nevertheless,
it is hardly possible that he could have added them to the map, as Piri Re’is
supposed. For we see them in remarkably correct latitude and longitude on the
trigonometric grid. Not understanding the grid, not even dreaming of its existence,
and not being able to find either correct latitude or correct longitude, how could
Columbus have correctly located the islands? Piri Re’is gives names to these
islands, and says that they are the names given by Columbus, yet the names are
wrong! (140:408-409) It looks as if Piri Re’is here depended upon hearsay informa-
tion and did not really see a map drawn by Columbus.

One group of islands on the Caribbean part of the map, the Virgin Islands, are so
far out of position, so badly drawn, and so far out of scale that they might well
have been added to the map by Columbus or interpolated by Piri Re’is on the basis
of some contemporary report.

One of the most unusual features of this part of the map is that some features can
be interpreted as two different localities, according to the grid one uses.

8. The lower east coast of South America from Bahia Blanca to
Cape Horn (or Cape San Diego) and certain Atlantic islands on
the main grid of the map.

Two of my students, Lee Spencer and Ruth Baraw, discovered that about 900
miles of the east coast of South America were simply missing from the Piri Re’is
Map, two different source maps having apparently been erroneously put together
on the general compilation. Earlier students of the map—Kahle, Goodwin,
Mallery—had all assumed that the map was continuous and complete as far as it
went. .

Kahle’s assumption of an unbroken coast required a rather forced interpretation
of the map. On this assumption it was necessary to conclude that the mapmaking
here was very bad. However, it seems that someone before Kahle had had the
same idea. Fig. 42 shows how that interpretation actually fits the oblong grid of the
map. The equator is different from both that of the trigonometric projection and
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Figure 42. Alternative Grid for the Coast of South America on the Piri Re’is Map. (see table 15).

that of the main grid, but the length of the degree of latitude has been increased in
the same way. The new detail serves to support our impression of the long and
complex history of this map. There is no way of knowing how many peoples of
how many epochs had their fingers in the pie.

The method used by Spencer and Baraw to verify their observation of the omis-
sion of the coastline was to try identifying localities by comparison with the mod-
ern map, first from one end of the coast, and then from the other. They started first
with Recife and went all the way down the coast from point to point. Everything
went well as far as Cape Frio, but south of Cape Frio they thought the Piri Re’is
Map ceased to correspond with the modern map at all. Then they started from the
bottom, from what we assumed to be Cape Horn, or Cape San Diego (No. 74, Fig.
18), and went northward identifying localities. Here again everything seemed to
agree very well with the modern map until they came to a point just below Cape
Frio. Farther than this they could not go. The missing coast lay in between. Our
grid assisted us very much in the final verification of the break, for it gave us its
value in degrees.

The omission of the coast between Cape Frio and Bahia Blanca apparently
resulted in a loss of about 16° of S latitude and about 20° of W longitude. Therefore,
in Table 1, I have added these amounts of latitude and longitude to the ones found
by our grid. When this is done, the positions of the identified localities are correct
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to an average error of less than a degree. More important is the fact that they are
correct relative to each other.

It appears significant that Piri Re’is, who stuck names taken from explorers’
accounts on much of his map (making numerous errors), did not attempt to place
any names on the southern part of this coast of South America. The reason offers
itself: There were no explorers” accounts. That coast had not been explored by 1513.

The Falkland Islands appear in this section of the map at the correct latitude
relative to this lower east coast, but there is an error of about 5° in longitude. The
Falklands are supposed to have been discovered by John Davis in 1592, nearly
eighty years after Piri Re’is made his map (68:869). (Though some have given the
credit to Amerigo Vespucci.)

South of Cape Horn, or Cape San Diego, the coast on the Piri Re’is Map appears
to continue unbroken, but here we have been able to identify another break, or
rather omission.

9. The Antarctic.

Proceeding as in the case of the break in the east coast of South America, we first
identified localities down to the vicinity of Cape Horn (including specifically Cape
San Diego), then jumped to the next cape to the eastward, assuming as a working
hypothesis that it was the Palmer or Antarctic Peninsula as claimed by Mallery.
This assumption would require that the sea between the Horn and the Antarctic
Peninsula had been omitted by the mapmaker. This assumption appeared to be
supported by our identification of the Shetland Islands. These islands are not far
off the Antarctic coast. The omission of the sea between (Drake Passage) auto-
matically would put the South Shetlands too far north by the width of the strait,
which happens to be about 9°. If the reader will compare the positions of the
Falklands and the South Shetlands on a globe with their positions on the Piri Re’is
Map, as we have identified them, (Fig. 18) he will see how the Antarctic coast
seems to have been simply pushed northward, and Drake Passage omitted.

Interestingly enough, we find that the same mistake was made on all maps of the
Renaissance showing the Antarcticc. When we come, in the next chapter, to the
examination of the map of Oronteus Finaeus, we shall discover the probable
reason for this error.

The extraordinary implications of Captain Mallery’s claim that part of the Antarc-
tic Continent is shown on the Piri Re’is Map demand unusually thorough veri-
fication, considering that the continent was supposedly discovered only in 1818.
This is no slight matter. Important questions, for geology as well as for history,
depend upon it. We may begin with a brief survey of the historical background.

A good many world maps of the 16th century show an antarctic continent (206).
As we shall see, Gerard Mercator believed in its existence. A comparison of all the
versions suggests that there may have been one or two original prototype maps,
drawn according to different projections, which were copied and recopied with




THE PIRI RE'IS MAP (N DETAIL

P IR e S ,. s  ' * n
| \ " ?

l\ | AFRICA',r
| j
; {
| A
[ .
/ / = \’

15 Io
Queen Mayg,

nd

Figure 43. Relative Longitudes of the Guinea Coast of Africa and the Queen Maud Land
Coast of Antarctica, for comparison with the Piri Re’is Map.

63



64 MAPS OF THE ANCIENT SEA KINGS

emendations according to the ideas of different cartographers.

The belief in the existence of the continent lasted until the time of Captain Cook,
whose voyages into the South Seas demonstrated the non-existence of a southern
continent at least in the latitudes where one appears on these maps (112). The idea
of an antarctic continent was then given up, and geographers began to explain the
maps as the work of geographers who had felt the need to have a land mass at the
South Pole to balance off the concentration of land in the northern hemisphere.
This seemed to be the only reasonable explanation, for in the first place there
apparently was no such continent, and in the second place there was no reason to
suppose that anyone in earlier times (Romans, Greeks, Phoenicians) could have
explored those distant regions.

When we began our study of the southern sector of the Piri Re’is Map our first
step was to compare it carefullv not with a flat map of the Antarctic, but with a
globe. Fig. 43, traced from a photograph of a globe, shows a striking similarity
between the Queen Maud Land coast and the coastline on the Piri Re’is Map. (We
took this step because flat maps distort geography in one way or another, and
unless we found a map on precisely the right projection we could not be sure of a
good comparison.) It should be especially noted that on the modern globe the
Queen Maud Land coast lies due south of the Guinea coast of Africa, just as the
coastline referred to by Mallery does on the Piri Re’is Map.

This was an encouraging beginning. We went on to make a thorough examina-
tion. We asked ourselves, first, how does the coast in question on the Piri Re’is
Map compare in its extent, character, and position, with the coasts of Queen Maud
Land? (These coasts are named the Princess Martha and Princess Astrid Coasts.)
With the gradual development of the mathematical grid we could answer two of
these questions.

In the first place, we found that the Piri Re’is coast, according to our grid,
extends through 27° of longitude as compared with 24° on the modern map, a very
remarkable degree of agreement. At the latitude of the coasts (about 70° S) a degree
of longitude is only about 20 miles, so that the error was not great. The grid also
showed the coast in good position; only about 10°, or 200 miles, too far west.

With regard to latitude, we must take account of the omissions we have noted
above—part of the South American coast and Drake Passage. Together these omis-
sions account for about 25° of S latitude. When these degrees are added to those
found by the grid for the Queen Maud Land coast, the coast appears in correct
latitude (see Fig. 18 and Table 1.)

We have noted that the omission of the South American coastline resulted in a
loss of about 16° of West Longitude. The omission of Drake Passage resulted, we
found, in adding about 4° to this, making 20° to be accounted for. This, with the 10°
westward error of the Queen Maud Land coast, creates a deficit of some 30°
between that coast and the Antarctic Peninsula. This appears to be made up for by
the fact that the Weddell Sea, as we have identified it on the map, extends through
only 10° of longitude, instead of 40°, as would be correct.

Now it might be argued that this result is artificial, and that we have deliberately
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Maud Land, 1949, (see Note 8. The Geographical Jour. June 1954)

VERTICAL SCALE EXAGGERATED 20 TIMES

[ Jice

WATER .
METERS (] WATE INLAND I(Ii/IEOUNTAlN NEUMAYER e
3000 - [ ROCK ADVANCED "RECION VEGGEN ~_—-3000
2000 = SHELFICE  _  BASE -~ - 2000
1000 — MAUDHEIM P po=———gees —1000
SEA et == ~ SEA

LEVEL LEVEL
1000 |lll |thlllll II""\ VH‘l‘Yllllwl-lllllll1lll Il:IIJ e IIIFIIVlllI|III|III LAl i‘IIII|3‘ I . L ' \ 1 “ 1

0 50 100 150 200 250 300 350 400 450 500 550 600

KILOMETERS

Figure 45. Profile of the Queen Maud Land ice cap, showing the sub-glacial topography:
Note the extensions of the ice cap below sea level, A, B, C, D. Compare with the islands
and bays of the Antarctic sector of the Piri Re'is Map (Figure 18). (After Schytt)



66 MAPS OF THE ANCIENT SEA KINGS

twisted the evidence to support the conclusion, but this is not the case. My stu-
dents, Lee Spencer and Ruth Baraw, had already established the omission of 900
miles of the South American coast without any thought of Antarctica. They were
not interested in the bearing of their discovery on the question of the Queen Maud
Land coast. We did not even see the connection until long afterwards, when the
grid was-worked out, and the same is true of the omission of Drake Passage. The
omission is obvious from the map itself: the strait simply isn’t there. In the case of
both omissions we were able to measure approximately the amounts of latitude
and longitude involved.

There is in addition the comparison of the character of the Queen Maud Land
coast, as shown on the ancient and on the modern map. It is plain, from the
modern map, that this coast is a rugged one. Numerous mountain ranges and
individual peaks show up above the present levels of the ice. The Piri Re’is Map
shows the same type of coast, though without any ice. The numerous mountains
are clearly indicated. By a convention of 16th century mapmaking heavy shading of
some of the islands indicates a mountainous terrain.

Coming to greater detail, Mallery’s chief argument was the striking agreement of
the map with a profile across Queen Maud Land (see Figs. 44, 45 and Note 8) made
by the Norwegian—British—Swedish expedition of 1949. The reader will note that
the profile shows a rugged terrain, a coastline with mountains behind the coast
and high islands in front. The points of the profile below sea level coincide very
well with the bays between the islands on the Piri Re’is Map. This amounts to
additional confirmation. The identification of specific features of the coast, as
shown in Table 1, appears further to strengthen the argument.

If the Piri Re’is Map stood alone, it would perhaps be insufficient to carry convic-
tion. But it does not stand alone. We shall shortly see that the testimony of this
map regarding the Antarctic can be supported by that of several others.

10. Evidence of the Subsidence of the Azores.

The Azores are an archipelago that, like the great equatorial island of the Piri
Re’is, Buache and Reinel Maps, is located right over the Mid-Atlantic Ridge. One
of my students at Keene State College, Ronald Bailey, made a careful comparison
of these islands on the Piri Re’is Map and on the modern map and concluded that
there had been considerable subsidence since the original source map was drawn.
In April, 1959, Bailey wrote:

An interesting map appeared in Time magazine for September 11, 1958 which
shows a profile of the Atlantic depths (Fig. 46.) The Mid-Atlantic Ridge, which
runs from the Arctic to the Indian Oceans, passes through the Azores. Along
this ridge is a rift valley which is an earthquake epicenter line. Rift mountains
enclose the valley on each side. The Azores are bisected by this epicenter line.
Flores and Corvo are west of the valley. These islands have subsided greatly
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according to a comparison of the Piri Re’is Map with the modern hydrographic
chart. The island of Faial rises from the bottom of this rift valley. Faial also has
subsided according to this comparison. The island is located on the epicenter
line. All other islands lie to the east of the epicenter line. These islands have
shown less change in size. Position with regard to the epicenter line seems to
determine the amount of subsidence and can perhaps explain the difference
between the Piri Re’is and the modern charts, adding support to the validity of
the ancient map.

It appears from Table 18 and from Fig. 47 that the whole archipelago has sub-
sided greatly, with Corvo and Flores showing the greatest subsidence. The fact
that the amount of longitude occupied by the islands on the Piri Re’is Map is not
grossly exaggerated makes it very difficult to explain why the individual islands are
so much larger. It is clearlv not a matter of any mistake in scale. It is of course
possible that a cartographer like Piri Re’is, not possessing instruments capable of
drawing such small features to scale on a map of the world, might have had to
increase their size. But their shapes are very different, and the islands are different
in number. There are no such differences in Piri Re’is” maps of the Canary and
Cape Verde Islands.
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Figure 46. Bathymetric Map of the Azores and the Mid-Atlantic Ridge.
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IV The Antarctic Maps of Oronteus
Finaeus and Mercator

1. Oronteus Finaeus.

portolan charts of the Middle Ages and the Renaissance that might show

Antarctica. Quite a number of these turned up, for, as we have mentioned,

many cartographers of the 15th and 16th centuries believed in the existence
of a southern continent.

In the course of this investigation [ arranged to spend some time in the Library of
Congress during the Thanksgiving recess of 1959. 1 wrote ahead to the Chief of the
Map Division asking if all the old maps of the periods in question could be brought
out and made ready for my inspection, especially those that might show the
Antarctic. Dr. Arch C. Gerlach, and his assistant, Richard W. Stephenson, and
other members of the staff of the Map Division were most co-operative, and I
found, somewhat to my consternation, that they had laid out several hundred
maps on the tables of the Reference Room.

By arriving at the Library the moment it opened in the morning and staying
there until it closed in the evening, I slowly made a dent in the enormous mass of
material. I found many fascinating things I had not expected to find, and a number
of portolan charts showing the southern continent. Then, one day, I turned a page,
and sat transfixed. As my eyes fell upon the southern hemisphere of a world map
drawn by Oronteus Finaeus in 1531, [ had the instant conviction that I had found
here a truly authentic map of the real Antarctica. (Notes 9, 10).

The general shape of the continent was startlingly like the outline of the conti-
nent on our modern map (see Figs. 48, 49). The position of the South Pole, nearly
in the center of the continent, seemed about right. The mountain ranges that
skirted the coasts suggested the numerous ranges that have been discovered in
Antarctica in recent years. It was obvious, too, that this was no slapdash creation of

ﬁ PART of our Piri Re’is investigation, quite naturally, was a search for other
|
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somebody’s imagination. The mountain ranges were individualized, some
definitely coastal and some not. From most of them rivers were shown flowing into
the sea, following in every case what looked like very natural and very convincing
drainage patterns. This suggested, of course, that the coasts may have been ice-
free when the original map was drawn.

At the beginning of our study we made a comparison of the proportions of
Antarctica as this map shows them with those shown on modern maps. I meas-
ured two traverses across the continent on modern maps and compared their ratio
with the ratio of the same traverses on the map of Oronteus Finaeus. We measured
from the beginning of the broad part of the Peninsula because study seemed to
show that the upper, narrow part of the Peninsula was omitted from the Oronteus
Finaeus Map, as it apparently also had been from the Piri Re’is Map. These
traverses were (a) from the Antarctic (Palmer) Peninsula at 69° S and 60° W to the
Sabrina Coast of Wilkes Land at 66° S and 120° E; and (b) from the Ross Sea (Queen
Maud Range) at 85-88° S and 180° E/W, to the Muhlig-Hofmann Mountains, in
Queen Maud Land, at 72° S and 0° E/W, measuring in centimeters. On the Oron-
teus Finaeus Map (a small one) I measured in millimeters (since the ratios alone
counted) with the following results:

The Modern Map

Palmer Peninsula to the Sabrina Coast ....... . .. 78.5 cm.
Ross Sea to Queen Maud Coast = ... ............ 38.0 cm.

The Oronteus Finaeus Map

Palmer Peninsula to the Sabrina Coast . . . ... 129.0 mm.
Ross Sea to the Queen Maud Land Coast .. ... .. 73.0 mm.
38:78.5 2.06

Thus we have: , or a ratio of 8:7.

73:129 176

It is improbable that this close agreement is accidental.

Examining this map of Antarctica on the grid of latitude lines drawn by Oronteus
Finaeus, we observed that he had extended the Antarctic Peninsula too far north
by about 15°. At first I thought he might simply have placed the whole continent
too far north in the direction of South America. Further examination, however,
showed that the shores of his Antarctic Continent extended too far in all directions,
even reaching the tropics! The trouble, it would seem, therefore, was with the
scale. By using an oversized map the compiler was forced to crowd the Antarctic
Peninsula up against Cape Horn, squeezing out Drake Passage almost entirely.
Furthermore, the mistake must have been made far back, for we find the identical
error in all the Antarctic maps of the period, including that of Piri Re’is. It is
possible, indeed, that this mistake may account for the omission at some ancient
period, on the source map used by Piri Re’is, of a large part of the coastline of
South America: There was simply no room for it!

As our study continued, it gradually began to appear tha Oronteus Finaeus’
network of parallels and meridians did not fit the Antarctic as shown on his world
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Figure 49. Four Maps of Antarctica: (a) the modern map, (b) the Oronteus Finaeus Map,
(c) the Oronteus Finaeus Map redrawn on the modern equidistant projection, (d) Antarc-
tica from the Schéner Globe of 1523-24, also on a polar type of projection. The Schiner
Globe suggests that more than one version of the ancient map of Antarctica may have survived.
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map. Apparently a projection had been imposed by him on a source map originally
drawn with a very different kind of map grid. How were we to discover the nature
of this original network of parallels and meridians?

The first step seemed obvious. It was simply to remove the network of lines
applied to the map by Oronteus Finaeus. We made a tracing of the map, leaving off
these lines but retaining, for the moment, his position for the South Pole, and his
Antarctic Circle. Since he could have had no way of knowing the position of the
pole in the interior of the continent, we considered that his source map must have
shown the pole.

The position of the pole looked quite correct at first glance, as [ have mentioned,
but, as our study and comparison of the old map with modern maps continued, we
could see that the mapmaker had apparently made a mistake of a few degrees in
locating the pole. We found what seemed a truer position by measuring across the
continent in several directions and finding the position that would divide all the
diameters of the continent in approximately the same ratio as shown on modern
maps. This was, of course, an extension of our first measurement. It was only an
empirical experiment, but it seemed to give a more satisfactory result in terms of
the latitudes of identifiable places.

With our adjusted pole as a center, I now constructed a grid on the supposition
that the original projection might have been the equidistant polar projection, one
that is said to have been known in ancient times (see Fig. 25). In this system the
meridians are straight lines radiating from a pole. The parallels of latitude are
circles. In order to fix the latitudes I had to find one circle at a known distance from
the pole. The obvious thing to do was to locate the Antarctic Circle, which is
approximately 23%2° from the pole, by comparing the old map with the new. It so
happens that Antarctica is circular and lies almost within the Antarctic Circle. It
was comparatively easy to draw about the continent on the old map a circle that
would pass at about the right distances from the various coasts, as compared with
a modern map. This was, in fact, one method we used to relocate our pole.

Since the Antarctic Circle is 2372° from the pole, it was now possible to measure
out one degree by dividing the distance to the pole on our draft map by 23%2. With
the length of the degree thus determined, we could then lay out circles 10° apart:
the 80th and 70th parallels of latitude. Now we had the parallels necessary for our

rid.

¢ When it came to the meridians, we had to deal with another problem. It did not
seem to us at first that the continent was properly oriented in relation to the other
continents. To get correct longitude readings for our Antarctic coasts on the old
map we naturally had to line it up with the meridians on the modern map. It was
possible, of course, that, if we were dealing with an authentic map of Antarctica
that had survived for several millennia, somebody could have placed it askew on a
world map. We thought it looked as if the continent ought to be rotated about 20°
to the east to bring it into correct relationship to the other continents. We selected
empirically what looked like a reasonable “prime meridian” and then laid out the
other meridians at five-degree intervals, thus constructing our grid.
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At this point we made a vital discovery. I noticed that the circle we had drawn
for the 80th parallel was almost exactly the size of the circle Oronteus Finaeus had
drawn on his map and labelled Circulus Antarcticus—Antarctic Circle. The true
Antarctic Circle follows a path in the sea off the Antarctic coasts; this Antarctic
Circle of Oronteus Finaeus, on the other hand, was in the center of the continent.
This suggested that Oronteus Finaeus, or a predecessor, in interpreting some old
source map may have mistaken for the Antarctic Circle a circle upon the map
intended to represent the 80th parallel. This mistake would have exaggerated the
size of Antarctica about four times. Since every Renaissance map of the Antarctic
seems to reflect this mistake, it is highly likely that the error goes back to Alexand-
ria, or to some earlier period.

A very extraordinary aspect of this matter is that, with the correction of scale, the
size of the Antarctic Continent on the map of Oronteus Finaeus is correct, by
modern findings. The reader may check this matter by comparing the distribution
of the land masses inside and outside the Antarctic Circle as it is shown on the
ancient and modern maps (see Fig 49.)

The reader may well ask how it could happen that an ancient map, a map ancient
even in classical times, could have had parallels of latitude indicated at ten-degree
intervals, when this method of counting by tens and using a circle divided into 360
degrees was supposedly only applied to maps in the Renaissance. This question
will be answered in connection with another matter. Meanwhile, the presumption
that the ancients had a correct idea of the size of the Antarctic Continent suggests
that they may also have had a correct idea of the size of the earth, knowledge that
appears, indeed, to be reflected in the Piri Re’is Map.

Once we had a grid constructed, as I have described above, we tried to identify,
by comparison with modern maps, as many places on this map of Antarctica as
possible. The result was electrifving. All the errors of the location of places that we
had identified on Oronteus Finaeus” own grid were greatly reduced. Some of the
tentative identifications we had made on the basis of his grid had to be given up,
but many new places were identified, so that our list of identified geographical
features in Antarctica was increased from sixteen to thirty-two. For this grid we
abandoned our empirically derived 80th parallel and simply used Oronteus
Finaeus’ own so-called Circulus Antarcticus as our 80th parallel. We found that by
doing this we improved the accuracy of the grid. In other words, it seemed more
clear than ever that the circle, misnamed by some early geographer, had originally
been intended to be the 80th parallel and nothing else.

However, notwithstanding the amazing accuracy in the positions of many
places, there were still numerous errors. We continued to experiment with rotating
the continent a few degrees one way or the other, and changing by ever so little the
position of the pole, but there were still plenty of discrepancies.

Then it appeared that this ancient map of Antarctica was put together, like the
Piri Re’is Map, from a number of local maps of different coasts, and perhaps not
put together correctly. An analysis of the errors in our tables showed that, so far as
longitudes were concerned, the errors differed in direction in different parts of the



Antarctica with numbered geo-
graphical features corresponding to
those numbered on Fig. 51. (see
Table 2)

map. The average of longitude errors in Wilkes Land, for example, was easterly,
while in the Ross Sea area and Victoria Land it was westerly. | had a transparent
overlay made of the Oronteus Finaeus Map, so that we could place it over a
modern map, and shift it around as we pleased. We found that the Oronteus
Finaeus Map could be aligned remarkably well with a modern map, but we had to
shift it around to different positions to make the individual segments of the coasts
fit. It seemed impossible to make all the coasts fit at once. It seemed clear that we
had in hand a compilation of local maps made by people who were not as well
acquainted with the area as those who had originally mapped the separate coasts.

As I have mentioned, we worked for a long time on the assumption that the
original projection, on which the compilation had been made, was of a sort that
had meridians that were straight lines. But, on this basis, we were never able to get
a satisfactory alignment of Antarctica with other continents. I was therefore finally
forced to consider the possibility that the meridians might have been curved like
those that actually appear on the Oronteus Finaeus Map. And so it turned out.
With a grid redrawn on this basis (see Fig. 51) the identified places on the map
were increased in number from thirty-two to fifty, and the averages of errors again
were reduced, as shown in Table 2.*

* This finding, of course, affects very much our visual comparison of the ancient and modern maps.
Since they appear to have been drawn on different projections they would naturally look different,
even if they were identical. Therefore, the agreement of the two may actually be greater than it
appears. Table 2 indicates this. Fig. 49 shows the Oronteus Finaeus Map on a projection using
straight meridians. This makes a better comparison with the modern map.
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At this point we should pause to consider in somewhat greater detail the obvi-
ously serious question of the ice cap which now covers the whole continent. We
are not here concerned with the geological problem of accounting for a warm
period in Antarctica within the lifetime of the human race. Rather, we are con-
cerned with just what the map shows. It would appear that the map shows non-
glacial conditions extending for a considerable distance inland on some of the
coasts. These coasts include, it seems, the coasts of Queen Maud Land, Enderby
Land, Wilkes Land, Victoria Land (the east coast of the Ross Sea), and Marie Byrd
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Ay Y Figure 52. The Oronteus Finaeus
§ 1 g Wk Map of Antarctica redrawn on the
[_ Sclng o iee P modern  equidistant  azimuthal
‘Or‘;ilnmx N polar projection, compared with

the modern map of Antarctica on
the same projection (Christian
Science Monitor)

Land. Notably lacking in definite identifiable points are the west coast of the Ross
Sea, Ellsworth Land, and Edith Ronne Land.

A comparison of the Oronteus Finaeus Map with the map of the subglacial land
surfaces of Antarctica produced by survey teams of various nations during the
International Geophysical Year (1958) seems to explain some of the apparent short-
comings of the Oronteus Finaeus Map, and at the same time throws some light on
the question of the probable extent of glacial conditions when the original maps
were drawn.

Figure 52 shows that the IGY teams discovered the actual land forms under the
present Antarctic ice cap to be. It is noticeable that, contrary to surface appear-
ances, there is no western shore to the Ross Sea; rather, the rock surface of the
continent is below sea level straight across from the Ross Sea to the Weddell Sea,
and most of Ellsworth Land is also below sea level. If the ice cap melted, all these
areas would be shallow sea—not land.

It is plain, of course, that if the western coast of the Ross Sea and the coast of
Ellsworth Land are, in fact, non-existent, the absence of definite physical features
in these sections of the Oronteus Finaeus Map is well explained. But, it seems that
the ice cap may already have been in existence at least in West Antarctica when the
original maps were drawn, for the interior waterways connecting the Ross, Wed-
dell, and Amundsen Seas are not shown.

The Antarctic (Palmer) Peninsula presents a point of special interest. As already
noted, only the base of the Peninsula can be identified on the Oronteus Finaeus
Map. The upper part of the Peninsula is missing. We find, now, from the results of
the IGY investigations, that there is, in fact, no such peninsula. There is, in fact,
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what would be an island if the ice cap melted. It would seem, then, that even if a
great deal of ice was already in existence when the original map of this portion of
the Antarctic was drawn, the ice cap had not vet covered the area of shallow sea
between the continental shore and this island.

It must, of course, be remembered that thousands of years may have elapsed
between the drafting of the earliest and latest of the original maps of different parts
of Antarctica. We cannot therefore draw the conclusion that there was a time when
there was a great deal of ice in East Antarctica and none in West Antarctica. The
maps of East Antarctica may have been drawn thousands of years later than the
others.

Another very extraordinary map may serve to throw some light on this. Buache,
the 18th century French geographer already referred to, left a map of Antarctica
that may show the continent at a time when there was no ice at all (see Fig. 53).
Compare this with the IGY map of the land masses (Fig. 52). If an apparent error in
Buache’s orientation of the continent to other land masses is disregarded, it is quite
easy to imagine that this map shows the waterways connecting the Ross, Weddell,
and Bellingshausen Seas.

When we discovered that the meridians of the original map were curved as
Oronteus Finaeus had constructed them, it was no longer necessary to rotate his
map of the Antarctic eastward in order to bring it into agreement with the other
land masses. Instead, it became apparent that this source map of South America
and his source map of Antarctica probably came to him in one piece. Their relative
longitudes were correct.

The eastern hemisphere on the Oronteus Finaeus Map of 1531 in no way com-
pares with the Antarctic and South American parts. Here Finaeus seems to have
based his Mediterranean, for example, on the inaccurate Ptolemy maps rather than
on the portolanos. (Notes 9, 10, 19).

Among the most remarkable features of the Oronteus Finaeus Map is the part we
identify as the Ross Sea. The modern map indicates the places where great
glaciers, like the Beardmore and Scott Glaciers, pour down their millions of tons of
ice annually to the sea. On the Oronteus Finaeus Map (Fig. 48), fiord-like estuaries
are seen, along with broad inlets and indications of rivers of a magnitude that is
consistent with the sizes of the present glaciers. And some of these fiords are
located remarkably close to the correct positions of the glaciers (see Table 2).

The open estuaries and rivers are evidence that, when this source map was
made, there was no ice on the Ross Sea or on its coasts. There had also to be a
considerable hinterland free of ice to feed the rivers. At the present time all these
coasts and their hinterlands are deeply buried in the mile-thick ice cap, while on
the Ross Sea itself there is a ﬂoating ice shelf hundreds of feet thick.

The idea of a temperate period in the Ross Sea in time so recent as is indicated by
this map will, at first acquamtance be incredible to geologists. It has been their
view that the Antarctic ice cap is very ancient, perhaps several million years old,
although, curiously enough, it seems that previously in the long hlstor\ of the
globe the climate of Antarctica was often warm and sometimes even tropical
(85:58-61). (See Chap. IX).
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In answer to this possible ob]ectlon [ can cite, in addition to.the map itself, only
one further piece of evidence, but it is a very impressive piece of evidence indeed.
In 1949, on one of the Byrd Antarctic Expedltlons some sediments were taken
from the bottom of the Ross Sea, by coring tubes lowered into the sea. Dr. Jack
Hough, of the University of Illinois, took three cores to learn something of the
climatic history of the Antarctic. The cores were taken to the Carnegie Institution in
Washington, D.C., where thev were subjected to a new method of dating
developed by the nuclear physicist Dr. W. D. Urry.

This method of dating is called, for short, the ionium method. It makes use of
three different radioactive elements found in sea water. These elements are
uranium, ionium, and radium, and they occur in a definite ratio to each other in
the water. They decay at different rates, however; this means that when the sea
water containing them is locked up in sediments at the bottom of the ocean and all
circulation of the water is stopped, the quantities of these radioactive elements
diminish, but not at the same rate. Thus, it is possible, when these sediments are
brought up and examined in the laboratory, to determine the age of the sediments
by the amount of change that has taken place in the ratios of the elements still
found in the sediments.

The character of sea-bottom sediments varies considerably according to the
climatic conditions existing when they were formed. If sediment has been carried
down by rivers and deposited out to sea it will be very fine grained, more fine
grained the farther it is from the river mouth. If it has been detached from the
earth’s surface by ice and carried by glaciers and dropped out to sea by icebergs, it
will be very coarse. If the river flow is only seasonal, that is if it flows only in
summer, presumably from melting glaciers inland, and freezes up each winter, the
sediment will be deposited somewhat like the annual rings in a tree in layers or
“varves.”

All these kinds of sediments were found in the cbres taken from the Ross Sea
bottom. As you will see from the illustration (Fig. 54) there were many different
layers of sediment in the coring tubes. The most surprising discovery was that a
number of the layers were formed of fine-grained, well-assorted sediments such as
is brought down to the sea by rivers flowing from temperate (that is, ice-free)
lands. As you can see, the cores indicate that during the last million vears or so
there have been at least three periods of temperate climate in Antarctica when the
shores of the Ross Sea must have been free of ice. (Note 12).

This discovery would indicate that the glacial history of Antarctica may have
been roughly similar to that of North America, where we have had three or more
ice ages in the last million years. Let us remember that, if most geologists cannot
imagine how Antarctica could have had warm climates at short and relatively
recent geological intervals, neither can they explain how North America could
have had arctic conditions at equally short intervals and just as equally recently. Ice
ages remain for geologists an unsolved mystery (85:35).

The date found by Dr. Urry for the end of the last warm period in the Ross Sea is
of tremendous interest to us. All three cores agree that the warm period ended

[
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Figure 54. The Ross Sea Cores, after Hough (96).

about 6,000 vears ago, or about 4000 B.C. It was then that the glacial kind of sedi-
ment began to be deposited on the Ross Sea bottom in the most recent of Antarctic
ice ages. The cores indicate that warm conditions had prevailed for a long time
before that.

An important fact about the Oronteus Finaeus Map is that all the rivers on it are
shown flowing from mountain ranges near the coasts, except those near the south-
ern tip of South America. No rivers are shown in the deep interior. This suggests
that, very possibly, when the source maps were made, the interior was already
covered by the ice cap. In that case, the ice cap was an advancing continental
glacier that had not yet brimmed the encircling mountain ranges to reach the sea,
nor had it yet stopped the flow of rivers on the seaward 51de of the mountains.

Let us connect this situation for a moment in regards to the Princess Martha
Coast as we have identified it on the Piri Re’is Map. It would seem that the ice cap
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had not yet crossed the mountains that stretch along behind that coast. Supposing
the ice cap to have advanced from the direction of the South Pole, which area
would it have reached first—the Princess Martha Coast or the Ross Sea? It would
have reached the Ross Sea first, and the shores of that sea would no doubt have
been glaciated quite a good deal earlier than the Princess Martha Coast, in fact,
possibly some thousands of years before. If this was the case the ancient voyages to
the Princess Martha Coast that may be reflected in the Piri Re’is Map may have
been made as recently as about 1000 B.c. While this may go a little way to relieve the
historian of the problem of accounting for the mapping of that partlcular coast, it
does nothing to help him in the Ross Sea area, for there it seems that the mapping
would have to have been done at least 6,000 years ago.

So far, then, we find that this map of Oronteus Finaeus is based on an authentic
ancient source map of Antarctica compiled from local maps of the coasts drawn
before the Antarctic ice cap had reached them. The individual maps of the different
coasts are fairly accurate, taking account of the differences that may be attributed to
the presence of the ice cap now over the coasts. In addition, the general compila-
tion, which successfully placed the coasts in correct latitudes and relative lon-
gitudes and found a remarkably correct area for the continent, reflects an amazing
geographical knowledge of Antarctica such as was not achieved in modern times
until the twentieth century. The minor error in the location of the pole was perhaps
subsequent to the date of compilation of the general map, or it might reflect a
change in the position of the pole. A theoretical explanation of the climatic change
in Antarctica is presented in Chapter IX.

This map appears to confirm our impression as to the presence of a part of the
Antarctic coast on the Piri Re’is Map. We have been successful, it would seem, in
the quest for supporting evidence.

2. The remarkable map of Hadji Ahmed.”

In some respects this Turkish map of 1559 is one of the most remarkable I have
seen (see Fig. 55). There is a striking difference between the drawing of the eastern
and western hemispheres. The eastern hemisphere seems to have been based on
the sources available to geographers of the time, mostly Ptolemy, and to be some-
what ordinary. The map of the Mediterranean is still evidently based on Ptolemy
instead of on the much better portolan maps. The African coasts do not compare in
accuracy with the same coasts on the Piri Re’is Map of 1513 or on other maps to be
discussed shortly.

But if this is true of the eastern hemisphere, it is an entirely different story in the
west, and here it is evident that the cartographer had at his disposal some most
extraordinary source maps. The shapes of North and South America have a sur-
prisingly modern look; the western coasts are especially interesting. They seem to
be about two centuries ahead of the cartography of the time. Furthermore, they

* For a discussion of this map see bibliographic source 19.
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Figure 55. Hadji Ahmed World Map of 1550.

appear to have been drawn on a highly sophisticated spherical projection. The
shape of what is now the United States is about perfect.

This remarkable accuracy of the Pacific coasts of the Americas, and the difficulty
of imagining how they could have been drawn in the middle of the 16th century,t

t More than two centuries before the solution of the problem of longitude.
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adds significance to another detail of the map: the suggestion of a land bridge
connecting Alaska and Siberia.** This land bridge actually existed in the so-called
Ice Age. The map suggests that the land bridge was a broad one, perhaps a
thousand miles across.

In case the reader is drawing back at this moment, in a state of amazement
mingled with horror, I am forced to remind him that this bit of evidence is only a
link in a chain. We have completed a study of the Piri Re’is Map of 1513, and have
concluded that it may contain a representation of part of the Antarctic coast drawn
before the present ice cap covered it. We have examined the 1531 Oronteus Finaeus
Map of Antarctica and have come to much more far-reaching conclusions. We
cannot estimate, of course, the lapse of time implied by these remarkable maps of
Antarctica. But we have presented evidence that the deglacial or unglaciated
period in the Antarctic cannot have come to an end later than 6,000 vears ago and
must have existed for a very long time before that. The warm period in the Antarc-
tic may, then, have coincided with the last glacial period in North America. If this
is true it follows that this map need be based on maps no older than the maps
already discussed.

A more detailed examination reveals further interesting facts. The grid drawn on
the map enables us to check accuracy. This partlcular projection has all the eridians

curved except one, which we refer to as the prime meridian. The reader can see the
prime meridian on this map, running from the North to the South Poles, and
passing near the coast of Africa. The other meridians are all spaced ten degrees
apart, as are the parallels of latitude from pole to pole. The prime meridian on this
map appears to coincide closely with the 20th meridian of West longitude on
modern maps. Thus, to find the longitude of any place, we will start with this line
as 20° West and count by tens, adding longitude westward and subtracting it
eastward. In Table 3 I have listed a number of places and compared their positions
on this map and on modern maps. Table 3 is in two parts; the first part deals with
places that are fairly close to, and the second part with places that are far from, the
prime meridian. Note that both latitude and longitude are surprisingly accurate for
places near the meridian, the accuracy of longitude being especially noteworthy.
But that accuracy declines rapidly with distance from the meridian.

This increased inaccuracy with distance from the prime meridian indicates an
error in the projection, but not necessarily in error in the drawing of the coasts that
seem too far off. It may merely be another case of imposing a projection on a map
that was originally drawn on an entirely different projection.

Some of the apparent exaggerations of the size of Antarctica on the map of Hadji
Ahmed can, of course, be attributed to the same error we found on the Oronteus
Finaeus Map, namely the confusion of the 80th parallel of latitude with the Antarc-

** Mr. Derek S. Allan, a British scientist from Oxford, further comments on this map: “It would
seem, perhaps, that either the sea-level was lower, or that the land has sunk since the original map
was drawn. The Laptu sea area—including the New Siberian Islands?>—appears as dry land (this
may well be correct since the sea bottom today is the extraordinary mammoth gravey ard), and it
seems that Novya Semlya was joined to the Siberian Coast . One might note with astonishment
that there appears to be no indication of ice cover in the area.’
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tic Circle. But even considering this, the continent on this map seems too large,
and its shape is hardly recognizable.

To understand the cause of the extreme distortion of the map, let us consider the
polar regions on any Mercator map. It is difficult to find a modern Mercator world
map showing Antarctica, but anyone who has seen a Mercator world map cannot
have failed to notice how the projection exaggerates the northern polar regions. On
such maps Greenland, for example, appears to be about the size of South America.
This results from the fact that on this projection the meridians are parallel straight
lines that never meet. The whole line across the top or bottom of such a map
represents the pole, and the geography is distorted accordingly.

What [ am suggesting is that some of the ancient source maps of Antarctica may
have been drawn on a projection resembling the Mercator at least in this respect of
having straight meridians parallel to each other. Such a projection existed in Greek
times and was, according to Ptolemy, the projection used by Marinus of Tyre
(39:69). If ancient source maps surv ived on two different projections—some on a
circular projection such as we have apparently found on the Oronteus Finaeus
Map and some on a straight-meridian projection like that of Marinus of Tyre or
Mercator—the appearance of this map would be readily explained.*

3. Mercator’s maps of the Antarctic.

Gerhard Kremer, known as Mercator, is the most famous cartographer of the
16th century. (Note 13). There is even a tendency to date the beginning of scientific
cartography from him. Nonetheless, there never was a cartographer more
interested in the ancients, more indefatigable in searching out ancient maps, or
more respectful of the learning of the long ago.

[ think it is safe to say that Mercator would not have included the Oronteus
Finaeus Map of Antarctica in his Atlas if he disbelieved in the existence of that
continent. He was not publishing a book of science fiction. But we have further
reason to know he believed in its existence: He shows Antarctica on maps he drew
himself. One of his maps of the Antarctic appears on Sheet 9 of the 1569 Atlas. (See
Fig. 56.) At first glance I could see little relationship between this Mercator Map
and that of Oronteus Finaeus, and I had little reason to suspect that it could be a
good map of the Antarctic coast. But careful study showed that a number of points
could be clearly identified (see Fig. 57). Among these were Cape Dart and Cape
Herlacher in Marie Byrd Land, the Amundsen Sea. Thurston Island in Ellsworth
Land, the Fletcher Islands in the Bellingshausen Sea, Alexander I Island, the
Antarctic Peninsula, the Weddell Sea, Cape Norvegia, the Regula Range in Queen
Maud Land (as islands), the Muhlig-Hofmann Mountains (as islands), the Prince
Harald Coast, the Shirase Glacier (as an estuary) on Prince Harald Coast, Padda
Island in Lutzow-Holm Bay, and the Prince Olaf Coast in Enderby Land. In some
cases these features are more distinctly recognizable than on the Oronteus Finaeus
Map, and it seems clear, in general, that Mercator had at his disposal source maps

* Note similarity between Hadji Ahmed’s South America and Mercator’s (Fig. 39).
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other than those used by Oronteus Finaeus.

The projection on Mercator’'s map of Antarctica is the one that is named after
him. It has straight meridians that run parallel from pole to pole, and these, of
course, enlarge the polar regions very much, as already explained.

I thought at first that Mercator might have drawn his map of Antarctica to fit his
projection; in which case its large size might be thus explained without recourse to
any other considerations. To test this, I traced the map and drew parallel meridians
on it at ten-degree intervals, converting his longitude figures into East and West
Greenwich longitude (Fig. 57). Mercator, accepting the cartographical convention
of his time, counted 360° from a meridian off the west coast of Africa, approxi-
mately in what we now call 23° W longitude. This is indicated on his world map of
1538, which also shows the Antarctic (Figs. 59, 60).*

In order to correlate his system with ours, it is necessary to find a point common
to both. I picked the meridian of Alexandria as this common point because I saw
that Mercator’s 60th meridian (1528 World Map) passed through Alexandria,
which, in our system, is the 30th meridian of E longitude. Thus his 30th meridian,
we might suppose, should be equivalent to our zero meridian (the meridian of
Greenwich). To convert his longitude to our system, accordingly, it seemed that
we should merely have to subtract 30° going eastward. His zero meridian and his
360th meridian coincided, and should be, according to this, equivalent to our
meridian of 30° W. But, as we have seen, this is not the case. His zero360th
meridian actually coincides fairly closely with our meridian of 23° W. The discre-
pancy amounts to about 7°.

I should perhaps explain at this point that the exact location of Mercator’s zero
360th meridian depends on the accuracy of his placing of the Cape Verde Islands,
the Canary Islands, and the Azores in longitude. He has his zero meridian running
through the easternmost of the Cape Verde Islands, missing the westernmost
Canaries by a degree and a half, and passing through the easternmost Azores, so
that he has the easternmost islands of the Cape Verdes and of the Azores on the
same meridian. But they are actually not on the same meridian. For this reason [
thought it best to take a definite point, like Alexandria, as a common point for
converting his system into ours. However, we have just seen that this will not
precisely do, either. There is a descrepancy.

What is the matter? This brings up a most important point. Mercator is rightly
regarded as a great cartographer. We forget that he had to work within the limita-
tions of his age. Since he did not know the true circumference of the earth, he had
to take the best guess going. We have seen that when we start counting degrees
from Alexandria by his system and by our own we do not end up in the same
place. We find ourselves 7° too far west. On the other hand, if we start counting
from our 23rd meridian, converting that to Mercator’s zero meridian, we are going
to find Alexandria at 37° E longitude, 7° too far east. The actual longitude difference
between the meridian of 23° W and Alexandria is 53°. A simple calculation shows
that 7° is 13% too short.

* Mallery maintained that this map of Mercator must have been based on an authentic ancient
source map (131).
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With regard to Mercator’s 1569 map, my first step was to pick a reference point
for longitude. It seemed to me that our zero meridian, which intersects the Queen
Maud Land Coast between the Regula Range and the Muhlig-Hofmann Mount-
ains, might be a good point to start with, experimentally. I took no account of the
difference in the length of the degree, but drew my meridians the same distance
apart as Mercator did, numbering them after our modern system. The errors in the
longitudes thus found for the various points convinced me that Mercator had not
redrawn his source map; apparently he had simply taken a map constructed on
quite a different projection and transferred it bodily to his own map.

I conjectured that the original projection may have been a polar type of projec-
tion with straight meridians. In this case the parallels of latitude would be circles.
To test the matter, I listed the identifiable points on the map with their latitudes.
As the reader can see (Fig. 58), the localities are distributed in a semicircle. They
are, nevertheless, closely in the same latitudes, averaging about 70° S, as this list
shows:

Cape Dart ..... ... ..... ..........735S Cape Norvegia . ... ... ... ... ... 710 S
Cape Herlacher .. . ... . .. .. .. 740 S Regula Range . . . . ... ... . . . 720 S
Amundsen Sea ... ... . ... .. .. .... 720 S Muhlig-Hofmann Mts. . ... ... .. .. ... 71-73 S
Thurston Island ... .. . ....... ... . 720 S Prince Harald Coast ... ..... ... .. .. 69-70 §
Fletcher 1stand . . .. . .......... 730 S Shirase Glacier .. ... ... .. .. ... 70.0 S
Alexander | Island ... . . . ......... 69-73 S Padda Island .. .. ... ... . ... .. .. 69.0 S
Bellingshausen Sea ... ... . ... .... ZAIONS] Casey Bay ... ....... ... .. ... . ... 67.5 S
Antarctic Peninsula (truncated) . ... .... 70.0 S Edward VIl Bay ................... 67.0 S
Weddell Sea .. .......... ... ..... . 77400 G

The indication is that the parallels of latitude on this map were originally circles.
I found it possible with a pair of compasses to draw a circle that would pass close to
all of them. A series of experiments finally located a point for the South Pole that
gave me a satisfactory parallel of 70° S latitude, with respect to most of the
localities. Having the pole and the 70th parallel, it was a simple matter to find the
length of the degree of latitude and then measure out the 80th, 75th. 70th, and 65th
parallels. We could then check the latitudes and longitudes of the various points as
shown in Table 4; we found our grid fairly well confirmed (Fig. 58).

These findings indicate that Mercator had a real map of the Antarctic, though he
was unable to transfer the points on it to his own projection. The errors of lon-
gitude are less than they seem, since, as we have already mentioned, the degree of
longitude is very short at the high latitudes of Antarctica.

Earlier, in 1538, Mercator drew a world map that also showed Antarctica, as we
have seen. Its similarity to the map of Oronteus Finaeus is obvious, but there are
important differences. Mercator has the Antarctic Circle inside the continent, as
Oronteus Finaeus does, but not at the same distance from the pole. In other words,
Mercator seems to have changed the scale. On the Oronteus Finaeus Map, as we
have seen, the so-called Circulus Antarcticus seemed to be a mistaken interpretation
of the 80th parallel of the source map, as confirmed by the agreement of the
geography with the grid drawn on that assumption. By shifting this, Mercator
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destroved the original scale. Therefore, it is impossible for us to reconstruct a grid
of latitudes on this map, as we did for the other map. Longitudes, however, are
remarkably accurate (Table 5).

It seems that Mercator made constant use of ancient source maps available to
him. What eventually happened to these maps we do not know, but we are able to
distinguish, in a number of cases at least, where he depended on them and where
he was influenced by contemporary explorations.

For the Antarctic, of course, he had to depend on the ancient sources. (Since the
continent was not “discovered’” until 250 vears later.) The source maps here may
have come to him through Oronteus Finaeus, who may have found them in the
library of the Paris Academy of Sciences, now part of the Bibliotheque Nationale;
or he may have had others of his own. For Greenland he used the Zeno Map of the
North, (Fig. 79) with the mountain ranges conventionalized. So far as his 1569 map
of South America is concerned (Fig. 39), a number of interesting points emerge.

First, with regard to the northern coast, it is clear that he depended on ancient
maps as well as modern explorations. He has the Amazon misplaced with regard
to the equator, just as it appears on the Piri Re’is Map, but the course of the
Amazon is conventionalized with a number of snakelike meanders. The Island of
Marajo, correctly delineated on the equator of the mathematical projection of the
Piri Re’is Map, is here confused with the Island of Trinidad, off the mouth of the
Orinoco. Trinidad is therefore shown as much too large. The southeast coast of
South America, from the Tropic of Capricorn to the Horn, is very badly drawn,
evidently from the accounts of the explorers, while the west coast is completely out
of shape. .

Oddly enough, in his map of 1538, thirty years earlier, Mercator had represented
the west coast of South America much more correctly (Fig. 539). How is this
explained? I suggest that in his first map he depended on the ancient sources,
while on his map of 1569 he depended on the modern explorers, who, since they
could find no accurate longitude, could merely guess at the trends of coasts.
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V Ancient Maps of the East and West

stated that they were too accurate to have originated in the Middle Ages.

He found evidence that they probably existed in classical times, along-

side the inferior maps of Eratosthenes, Pomponius Mela, and Ptolemy.
He even hinted that he thought they were of Carthaginian origin. It is our purpose
now to examine a number of these charts, to see how accurate they really are, and
how far they may be related to a possible worldwide system of sophisticated maps
deriving from pre-Greek times.

W EHAVE already noted that Nordenskiold in his essay on the portolan charts

1. The Dulcert Portolano of 1339.

The Dulcert Portolano of 1339 is an early version of the “‘normal portolano’—the
highly accurate map that appeared suddenly in Europe in the early 14th century,
seemingly from nowhere. This kind of map did not evolve further but was simply
copied and recopied during the rest of the Middle Ages and during the Renais-
sance (see Fig. 3).

In Fig. 61 I have worked out the grid of this map. I began with the assumption
that the grid would be a square grid. I identified a number of geographical points
around the map and from these discovered how much latitide and longitude was
covered by the map. Dividing the number of degrees into the millimeters of the
draft map, I found the length of the degree. It did appear that there was a square

rid.
¢ [t was necessary to lay out this grid from some definite point. For a first experi-
ment | selected Cape Bon, in Tunisia, close to the ancient site of Carthage. I was
influenced here by the idea that perhaps this map had been drawn in ancient times
by the Carthaginians, using Carthage as a center. I drew my first grid on the
assumption that the vertical line (or prime meridian) through the center of the
portolan projection was drawn on true North (see Fig. 3). The resulting table
revealed errors that indicated that the map was not oriented to true North, but
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about 6° to the east. It appeared that 6° was probably just about the amount of the
compass declination in the Mediterranean at that time. A grid drawn on this basis,
however, revealed yet further errors, which seemed to indicate that Alexandria,
not Cape Bon, might be a better reference center for the map. A new grid, based on
Alexandria, proved to be very satisfactory with respect to latitude, but about 2° off
with respect to longitude. A final grid was drawn with latitude based on the
parallel of Alexandria, and longitude based on the meridian of Gibraltar, and this
proved extremely satisfactory (see Table 6).

The grid applied to this portolano reveals some very interesting facts. First, it
appears that the geographical information contained in the chart is much greater
than can reasonably be expected from medieval sailors and cartographers. The
map falls into three parts: a very accurate map of the Mediterranean and Black Sea
regions and of the coasts of Europe as far north as the Hebrides; a very inaccurate
map of the Baltic region; and a very inaccurate map of the eastern regions, embrac-
ing the Persian Gulf and the Indian Ocean. It seemed that the inaccurate parts of
the map were simply tacked onto the portolano proper. They would seem to reflect
the true state of medieval geographical knowledge. The portolano proper, on the
other hand, is a truly scientific work.

Exclusive of the Black Sea area the latitudes of forty places are correct to within
an average error of 0.9°, and the longitudes to within an average error of 0.8°. In
the Black Sea latitude errors average 4.5° too far north but (except for the Danube
which is anomalous) the longitudes are correct to within 2.0°. This suggests that
the Black Sea on this map was aligned with the upper equator of which we have
found evidences on the Piri Re’is Map and of which we shall find further evidences
in maps to be considered in Chapter VII.

We find that the longitudes of the map are more correct on the average than the
latitudes. It appears that the ancient cartographer had very accurate information on
the latitudes and longitudes of places scattered all the way from Galway in Ireland
to the eastern bend of the Don in Russia. Nordenskidld would seem to have been
quite right when he said no medieval mapmaker could have drawn this map; not
even Mercator could have done it.

Another point calls for mention. How could it have been possible to draw so
accurate a map of the vast region covered by the Dulcert Portolano (one thousand
miles north and south, almost three thousand miles east and west) without the aid
of trigonometry? Let us remember that the mapmaker’s problem was to transfer
points on the spherical surface of the earth to a flat plane in such a way as to
preserve correct distances and land shapes. For this, the curvature had to be
calculated and transferred to a plane by trigonometry. That this probably was done
for the Dulcert Portolano will be shown a little later.

In conclusion, we may remark that, since the Dulcert Portolano represents
essentially Nordenskidld’s “normal portolano,” we have evidence here that all the
portolanos stemmed from a common origin in remote times.

g i
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2. The De Canerio Map of 1502.

Before it was torn in two, the Piri Re’is Map had included the whole continent of
Africa as well as Asia. In view of this, and in view of the probability that other
copies or versions of the source map Piri Re’is used for Africa (or that were used by
the Alexandrian compilers) might have survived, we continued a search for a map
of Africa drawn on the same projection. We finally found what we thought was
such a map.

My first glance at the De Canerio Map of 1502 (see Fig. 62), gave me a feeling that
our search had been successful. The South African part (from the equator south-
ward) looked astonishingly modern. I felt fairly confident that this was an authen-
tic ancient map in Renaissance dress.

The abundance of easily identifiable points on the coasts made it easy to work
out the scale and construct an empirical grid, and their positions with reference to
the grid indicated that the mapmaker had achieved considerable accuracy in both
latitude and longitude. The errors of latitude averaged only 1.6° and those of
longitude only 1.4°. We thought it remarkable that longitudes seemed more accu-
rate than latitudes.

For some time it was not possible to connect the map directly with the Piri Re’is
Projection, nor to solve the mathematical structure that, I still confidently felt,
underlay it. Finally, the discovery of the magnetic orientation of the Dulcert Por-
tolano furnished the key.

In the center of Africa, there appears a very large wind rose, obviously the center
of the portolan design. It had not appeared to me to lie on any significant parallel
or meridian, and [ had therefore been unable to link it up with the projection of the
Piri Re’is Map until it occurred to me to find out whether this map was oriented to
magnetic North. Experiment indicated that the map was, in fact, oriented about
11Y%° east of north. It was a simple matter to rotate the map, on its center, west-
ward to true North. Fig. 63 shows how this was done and how, with this shift, the
center of the map turned out to lie on the equator—and on the meridian of Alexan-
dria!

This was an extraordinary discovery. It constituted as good proof as might be
necessary to establish the Alexandrian derivation of the map. It demonstrated, too,
that the original map had been drawn on true North, and that the magnetic orien-
tation was probably introduced by De Canerio or some other geographer of the
relatively modern period. Why that geographer gave the map an orientation more
than twice too far to the east is difficult to imagine. It would, of course, have
rendered all compass courses hopelessly wrong. The same error appears in
numerous other portolanos.

Now that the exact center of the map had apparently been established, it occur-
red to me that it might be possible to solve its mathematical structure and to
construct a grid based on trigonometry.

This proved easier than I had expected. A number of minor projection points
appeared at equal intervals on the map, obviously arranged on the perimeter of the



Figure 62. Africa and Europe on the Nicolo de Canerio World Map of 1502. B
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Figure 63. Part of the Canerio Map with an oblong grid constructed by spherical trigonometry.
(see Table 7, and the calculations p. 236).

circle of the portolan projection. The trigonometric solution would depend on
finding the exact length of the radius of the circle. For this all that was needed was
the exact position of one of these minor projection points in latitude and longitude.
Fortunately, one of these points lay just off Land’s End, England, as near as we
could estimate in latitude 50° N and longitude 5.5° W. We now had the two
co-ordinates necessary for a trigonometric calculation.

From our experience with the Piri Re’is Map, we assumed at first that plane
trigonometry would be involved, and found the length of the radius to be about
61.3°. This gave us the latitudes of the two projection points located on the perim-
eter, where the latter was intersected by the prime meridian, and we thus obtained
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the length of the degree of latitude. Since we had not then discovered the oblong
grid of the Piri Re’is Map, we assumed that the lengths of the degrees of latitude
and longitude would be the same, and drew a square grid for the map. Some
remarkable facts now emerged.

The most sensational development was what the grid revealed in the
Mediterranean and Black Seas. It was obvious, by comparison with the Dulcert
chart, that the De Canerio Map was based on the ““normal portolano,” though it
did not show such fine detail. This was natural enough, considering the much
vaster area covered. This part of the De Canerio Map, however, was evidently an
integral part of the map of Africa; it had not been just tacked on. It would seem that
it had been drawn originally on the same trigonometric projection. This is shown
by what follows.

A table of thirty-seven geographical points, as found by our square grid,
revealed the extraordinary accuracy of the map as to latitude and longitude. We
found, for example, that the average error in the latitudes of eleven places (Gibral-
tar, the northern coasts of Sardinia, Sicily, Cyprus, and Crete; Cape Bon, Bengazi,
Lesbos, the Bosphorus, Sevastopol, and Batum) was only one half of one degree.
The longitudinal distance between Gibraltar and Batum was correct, proportionate
to the latitude, suggesting that there may have been no considerable error in the
original source map, as to the size of the earth. It seemed that the trigonometric
solution of the De Canerio Map carried with it the implication that trigonometry
underlay the normal portolano and, in fact, the whole group of portolan charts.*

The other parts of the De Canerio Map were not as accurate as the Mediterra-
nean and Black Sea areas. The eastern section (including the upper part of the
African coast of the Indian Ocean and Arabia) was evidently plastered onto the
accurate source map by De Canerio or somebody else. It did not fit the grid, and it
seemed to have been derived from Ptolemy. Another section in the far north,
covering the Baltic, also appeared to have been originally a separate source map
which at some time had been incorrectly compiled with the principal part of the
map.

Other errors appeared within the limits of the trigonometric chart itself. Points
on the west coast of Africa from the Cape of Good Hope to the delta of the Niger
averaged about 4° too far south. Points from Freetown to Gibraltar averaged about
3.6° too far north. The total latitude error from the Cape of Good Hope to Gibraltar
was 5.5°, implying an error in the length of the degree of latitude of about 8%.
Latitude errors continued to increase northward on the coasts of Europe as far as
northern Ireland.

At first I supposed this might imply an error in the scale of the source map, but

* An exception must be made for the earliest of the maps called portolanos, the Carta Pisana. This
apparently dates from the 13th century. In this case the typical portolan design was applied to an
extremely inferior map, such as might have been drawn in the Middle Ages or very sloppily copied
from an accurate portolano. The latter supposition is supported by the fact that the mapmaker made a
botch of the portolan design. This consisted of two circles, but the mapmaker made them of different
diameters, and hardly a line in the design is straight.
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corresponding longltude errors were not found. An error in scale would carry with
it proportlonal errors in both latitude and longitude. There were larger longitude
errors, it is true, along the African and European coasts than in the Mediterranean,
but they did not suggest an error in the length of the degree of longitude. From the
Cape of Good Hope to Walvis Bay, on the west coast, the average error was 3.5° W.
From the Congo to Cape Three Points it was 3.5° E. From Cape Palmas to Gibraltar
longitude errors were negligible. On the European coasts, from Cape St. Vincent to
Londonderry, they averaged 3.5° E. There was no indication here of any error in
scale, and, in view of the distribution of latitude errors in the Mediterranean, very
little suggestion of any error in the orientation of the continent. We did, however,
change the orientation later, making the shift from the magnetic érientation 12°
instead of 11Y4°.

The apparent increase of latitude errors with distance from the equator g gained
added 51gn1f1cance with our discovery of the oblong grid on the Piri Re’is Map If
no error in scale was responsible, perhaps it was a questlon of an original projec-
tion that might have taken account of the curvature of the earth by spreading the
parallels with distance from the equator, as in the modern Mercator Projection.
Hints were found, although not confirmed, of a possible knowledge of the prin-
ciple of the Mercator Projection in medieval Europe and in ancient China. Accord-
ingly, we decided to find out whether there could be any truth in this. Charles
Halgren, of the Caru Studios, was kind enough to construct a Mercator grid for the
map, and this was then examined by William Briesemeister. Unfortunately, it
turned out that there was very little basis for supposing that the original source
map had been drawn on anything resembling Mercator’s projection.

We now came back to the point from which we had started: the question of the
alternatives of plane versus spherical trigonometry. I decided to draw a grid based
on spherical trigonometry to see whether that would solve our problem Three
different persons—Richard Strachan, Professor E. A Wixson, of the Department of
Mathematics of Keene State College; and Dr. J. M. Frankland, of the Bureau of
Standards—independently used spherical trigonometry to calculate the length of
the degree, and agreed on essentially the same result: 58.5° for the radius of the
projection. The diagramme in Fig. 63 shows that, by this calculation, the degrees of
latitude and longitude differ and that, as a result, we have an oblong grid, as we
found empirically to be the case with the Piri Re’is Map. This grid, based on
spherical tngonometr\ solved our problem of latitude errors, as can be seen by an
examination of Table 7. The following paragraphs summarize the general results:

1. Longitude in the Mediterranean and Black Seas: The average of the errors of
longitude of twelve places from Gibraltar (5.5° W) to Batum (—12° E) is about one-
fifth of a degree or about 12 miles. Over a total longitudinal distance of 4772° (about
3,000 miles) between Gibraltar and Batum, we find an error of only 1°, equal to
about 2 per cent of the distance.

2. Latitude on the Atlantic Coasts: From the Cape of Good Hope (35.5° S) to
Londonderry, Ireland (55° N), over a total latitude distance of 90Y2°, the error is 1°,
about 1% of the distance. There are larger latitude errors at many points in be-
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tween, but these may represent distortions of local geography introduced by care-
less copyists. The accuracy of longitude east and west in the Mediterranean, and of
latitude north and south in the Atlantic, suggests the basic accuracy of the grid
based on spherical trigonometry.

3. Latitudes in the Mediterranean and Black Seas: There seems to be a southward
error of about 3° applying to this whole area. The relative latitudes of places
however, are accurate. Deviations from the standard, error of 3° average less than
1°. It would seem probable that the general error was introduced by the compilers
who originally combined maps of the Mediterranean and of the Atlantic coasts
with the map of Africa on the trigonometric projection.

These findings with regard to the De Canerio Map affect rather deeply our views
with regard to the Piri Re’is Map and other maps to be considered later. It would
now seem that the source maps used by Piri Re’is for Africa and Europe, and
perhaps also for the American coasts, as well as all the portolanos, may originally
have been based on spherical trigonometry.

The De Canerio Map of 1502, showing, as it does, both the Atlantic and the
Indian Ocean coasts of Africa, raises another problem, especially for those who are
anxious to attribute its origins to the Portuguese and other explorers of the 15th
century. An investigation of the history of the discovery of the African coast in the
century before the drawing of this map reveals no solid basis for believing that the
explorers could have drawn the map or even supplied cartographers at home with
the data necessary for drawing it.

To begin with, it appears that by 1471, only thirty-one years before the map was
drawn by De Canerio, the Portuguese had not even reached the mouth of the
Niger, four degrees north of the equator on the west coast. The Portuguese scholar
Cortesao (54) says:

.. . The whole of the Gulf of Guinea was discovered by the Portuguese during
the third quarter of the 15th Century, and Rio de Lago, where the present Lagos,
the capital of Nigeria, lies, not far from Ife, was reached for the first time in 1471.

Lagos is in 6° N latitude and 3.5° E longitude, and there is 100 miles or more of
coast between Lagos and the mouth of the Niger. Boies Penrose, in his scholarly
account of the Age of Discovery, gives a chronology of the discovery of the African
coast and states that by 1474 the Portuguese had just reached Cape St. Catharine,
two degrees below the equator (162:43). It is plain from this that only a quarter of a
century before the De Canerio Map was compiled the Portuguese had not even
begun the exploration of the west coast between the equator and the Cape of Good
Hope, to say nothing of exploring the eastern coast.

To understand how impossible it would have been for Portuguese or other
western explorers to have accurately mapped these coasts, even if they had
explored them, we have only to understand that sea charts with graduated scales
of degrees, subdividing the multiples of them into equal smaller units, were not in
use by navigators until after 1496. Until then, therefore, even if the navigator could
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have found longitude—which was impossible—he could not have entered any
notations of longitude on the charts, and the same is true for latitude. Penrose
describes the state of nautical science just before 1502 in the following passage:

King John [of Portugal] was very interested ... in cosmography and
astronomy, and he had a committee of experts—the Junta—headed by the bril-
liant Jews, Joseph Vizinho and Abraham Zacuto, to work on the problem of
finding position at sea. Zacuto had written in Hebrew in the previous decade his
Almanach Perpetuum, the most advanced work yet to appear on the subject,
and one containing full tables of the sun’s declination. But its technical nature,
coupled with the fact that it was written in a language but little understood by
the average skipper, rendered it quite impractical. Vizinho, therefore, translated
it into Latin (printed at Leiria, 1496) and later made an abridged version. . . .
One result of this technical research was the expedition of Vizinho in 1485 along
the Guinea Coast as far as Fernando Po, for the purpose of determining the
declination of the sun [the Latitude] throughout Guinea. . . . The observations
made by the Vizinho expedition led to the introduction of graduated sailing
charts into Portugal. . . . (162:44-45)

The story of the exploration of the coast from 1496 when graduated sailing charts
were introduced to 1502 gives no basis for supposing that the De Canerio Map of
1502 resulted from it. An important explorer, Diogo Cao, discovered the Congo,
reaching a latitude of 13° S, and returned to Portugal in 1484 (162:45-47). On his
next voyage he explored the coast for nine degrees farther south and returned to
Portugal in 1487. This was fifteen years before the drawing of the De Canerio Map,
and there were still about 800 miles of unexplored coast lying between the point
reached by Diogo Cao and the Cape of Good Hope.

It is true, of course, that Bartholomew Diaz rounded the Cape of Good Hope in
1488, but his was not a mapping expedition. He did not follow the coast down to
the Cape. Instead, just south of Caboda Volta (Liideritz) in 27° S latitude, he was
blown off course and around the Cape, making his landfall 250 miles to the East!
He returned to Portugal in 1489 (162:47).

After Diaz, the next expedition was that of da Gama, who left Portugal in 1497
and returned in 1499. This expedition may have carried graduated sailing charts,
for it was very carefully planned. Penrose says:

Four ships were constructed under the supervision of Bartholomew Diaz. . . .
Bishop Diogo Ortiz supplied the fleet with maps and books, and Abraham
Zacuto provided astronomical instruments, and made tables of declination, and
trained the ships’ officers in the art of making observations. . . . (162:50)

This fleet might have produced some accurate observations of latitude along the
coast, but this was not its purpose. Its destination was India. Therefore, da Gama
plotted his course to avoid the coast. He followed it a short way, and then made for
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the Cape Verde Islands. From there he steered a “circular course far out into
mid-ocean to the southwest, to escape the doldrums and the currents of the Gulf of
Guinea” (162:51). He reached St. Helena, on November 8, 1497, a few days later
set to sea again, and rounded the Cape of Good Hope without touching at any
other port. His first landfall after rounding the Cape was at Mossel Bay, 300 miles
to the east of the Cape. He touched at a few other points before heading out across
the Indian Ocean to India, but the African coast was out of sight most of the time
and therefore could not have been mapped. He might have found the latitudes of
his ports of call, but he could not, at any point, have determined longitudes.

We can conclude that neither da Gama, nor Diaz, nor any of their predecessors,
could have done the accurate mapping of the west and east coasts of Africa that we
find on the De Canerio Map.

It is an interesting point that on this map there is no suggestion of a second
equator such as we have found on the Piri Re’is and Dulcert maps.

3. The Venetian Chart of 1484,

Among the most noteworthy of the portolan charts is one drawn, or at least
found, in Venice in 1484 (see Fig. 64). This chart is remarkable for its accuracy and
because it is based both on trigonometry and the so-called “twelve-wind system”
known to the ancients. In the last particular it appears to be unique among the
known portolan charts. We will consider these points in reverse order.

The usual portolan design, with which the readers of this book have now
become familiar, is one in which the circle is bisected a number of times to make
angles at the center of 180°, 90°, 45°, 2212°, and 11%° (and occasionally with still
another bisection into angles of half of 114°). This has already been explained (see
Fig. 9). There also was in antiquity the so-called “twelve-wind system.” My stu-
dent, Alfred Isroe, who illustrated the eight-wind system, has also illustrated the
more sophisticated twelve-wind system (Fig. 65). Instead of requiring only the
bisecting of angles this calls for the trisecting of the hemisphere, which, in turn,
requires a knowledge of the ratio of the circumference of the circle to its diameter.
This system produces angles of 60°, 30°, 15°, and 5° and appears related to the 360°
circle, known from ancient times but not used, at least for navigation, in the
Renaissance.

Various writers refer to the use of the twelve-wind system among the ancients.
According to one (199:54), it was employed by the Greek geographer Timosthenes,
an immediate predecessor of Eratosthenes. The latter is said to have abandoned it
in favor of the eight-wind system, because it was too difficult- for mariners
(39:124-125). (Note 14). The system continued to be the one preferred by the
Romans, who were not much interested in the sea. It was known in the Middle
Ages and is said to have been used in the earliest editions of Ptolemy’s maps when
they were recovered in the 15th century.*

* Professor Carl Weis noticed that there are twelve faces representing winds on Ptolemy’s Map (Fig.
6) and pointed out that they might have some connection with the twelve wind system.
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Figure 65. Diagram of the Twelve-Wind system of the Venetian Map (by Alfred Isroc)

When | first examined the Venetian chart, what struck me most was that, more
distinctly than any other chart I had seen, it showed a square grid, dominating the
portolan design, which appeared to be drawn on‘true North. Only after long
examination did I discover that it was, in fact, oriented about 6° to the east. Obvi-
ously this map has a grid of lines of latitude and longitude. The diagonal lines were
less emphasized than on most other portolanos. Examination now suggested the
possibility of finding a solution of this map by trigonometry.

The first step was to make a careful comparison of this map with a good map of
the African coast. This revealed that previous scholars, who seem to have assumed
that the map showed the coast from the Strait of Gibraltar to the Cape of Good
Hope, or to a point near the Cape, were apparently in error. It appeared that the
map extended on the north only to about 26° or 27° N latitude, while on the south it
extended only a few degrees below the equator.

The intervals of the twelve-wind system made it simple to draw an equilateral
triangle with its apex on the 27th parallel and its base on the equator, anc solve for
the length of the degree with trigonometric tables. A square grid, based on the
length of the degree found in this way, seemed to give very good results, at least so
far as latitude was concerned. It seemed that the latitudes of all idenfified points on
the coast were accurate to within one-third of one degree, or about 20 miles.

Longitude findings, however, were not as accurate. Errors averaged about one
degree. This was not very bad, excepting that they were distributed in such a way







110 MAPS OF THE ANCIENT SEA KINGS

as to imply an error of some kind in the projection. The easternmost points were
too far east, the western points too far west, so that it was a question of the length
of the degree of longitude. Were the degrees of latitude and longitude really equal,
as we had assumed?

In this situation it seemed best to set aside the trigonometry and try to work outa
grid empirically to see whether the degrees of latitude and longitude were equal.
The reorientation of the map to true North revealed that the top of the map was not
at 26° or 27° N, but at 24° N. On this basis, measurements showed that the degrees
were not quite equal. The degree of latitude was, it appeared, slightly shorter than
the degree of longitude. Surprisingly, however, the length of the degree of lon-
gitude found empirically now turned out to be precisely the same as the length of
the degree found by trigonometry (see Fig. 67 and Table 8). It is one thing to work
out the grid of a map that has already been drawn, but quite another to draw the
map in the first place. Our work indicated that the map must have been originally
drawn on a plane trigonometric projection. The fact that the apex of the triangle
was found to be at 24° N also was interesting, in view of the fact that the Greek
geographers (Eratosthenes, Hipparchus, and their successors) accepted that as the
Tropic, for the sake of simplicity even though they knew better. It seems then, that
the map was intended to be fixed astronomically between the Tropic of Cancer and
the equator.

There is evidence that at the southern end of the map some 15th century
navigator added some coastline. The errors of latitude increase sharply from Cape
Lopez southward to the Congo and Benguela; they are of the sort to be expected
from 15th century navigators. Disregarding the added coast, latitude errors for the
map average only 0.7°, and longitude errors only 0.2°.

Another detail should attract our attention in passing. An extra island appears
near Sao Tomé on the equator. The fact that the second island (No. 19, in Fig 66)
has the same relationship to the equator of the projection oriented to Magnetic
North that the other island we have identified as Sao Tomé has to the true equator
suggests that No. 19 is an addition by somebody exploring Africa’s equatorial coast
with the map already oriented to 6° E. This would mean, of course, that the original
explorers were using true North, not magnetic North. The 15th century navigator,
sailing by the compass, may have had with him this map already showing the
island, but at its correct place on the sidereal grid. And so he added the second
island.

But why weren’t these explorers honest enough to admit they were exploring
these coasts with the help of maps many times better than they could draw for
themselves? Or if the Portuguese were using trigonometry and the twelve-wind
system, and had a means of finding longitude, why didn’t the facts leak out? King
John II of Portugal must have had a very efficient security system!

4. The De Canestris Map of 1335-37.

Our discovery of the twelve-wind system in the Venetian Map of 1484 led us into
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Figure 68. Opicinus di Canestris Map of 1335-38.
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Figure 69. Section of the Canestris Map, with original square grid. This grid suggests one of
the projections attributed by Nordenskidld to Ptolemy or Marinus of Tyre. One of the meridians and
one of the parallels intersect at the site of Alexandria (see Fig. 73). Assuming the interval to be
about 5°, the map shows surprising accuracies in the latitudes and longitudes of many geographical
localities.

a search for other such maps. Various persons collaborated in this search. Richard
W. Stephenson, of the Map Division of the Library of Congress, went through the
map collections in that library; Dr. Alexander Vietor, Curator of Maps at the Yale
University Library, also made a search for us, without success. Finally, Alfred Isroe
detected the twelve-wind system, in a very dilapidated form, in the De Canestris

Map of 1335-37 (see Fig. 68).

At first glance this looks like many medieval maps, presumably originating in
the peculiar ideas and limited knowledge of the time. Most ingenious work was
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Figure 70. The Opicinus di Canestris Map, section redrawn. An example of the medieval
unagination. How many figures can the reader find?

done in adapting the geography to animal and human forms—including those of a
man and a woman (who are seen in lively dispute). This anthropomorphism
appears to have been accomplished without distorting the geography to any
noticeable extent.

Among the various irregular lines on this map (many of them introduced to
complete the human forms), Isroe noticed a few straight lines that suggested the
survival of parts of an original pattern resembling that of the portolanos.
Measurements with a protractor showed that, while the angles between them were
not precisely those of the twelve-wind system, they were much closer to those
than to the angles characteristic of the eight-wind pattern.

Taking this suggestion of Isroe’s, I thought I would try to reconstruct the poss-
ible original pattern. I straightened the two lines emanating from the projection
center at the left of the map, on the assumption that they might have been
intended originally to represent one straight line. This involved only a slight
change. With this change all the other angles of the intersections of the lines traced
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Figure 73. Canestris Map, reoriented from Magnetic to True North.

by Isroe from the photograph of the original map fell into agreement with the
twelve-wind system (see Figs. 71 and 72).

In addition to these indications of an original twelve-wind system on this map, I
discovered a straight line in the Mediterranean that suggested a parallel of latitude
of the original source map. Comparing this line with the present geography of the
Mediterranean, I observed that it indicated an orientation of the whole map about
11%2° or 12° east of true North, as on so many of the maps recognized as por-
tolanos. It would seem, then, that this map, and a whole family of other maps from
this period of the Middle Ages, are, in fact, not so much original productions of the
Middle Ages as degenerated versions of ancient maps, very possibly drawn origi-
nally by the geographers of the School of Alexandria, or coming from even more
remote times.
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5. The Reinel Chart of the Indian Ocean

[ felt it important to see whether, having found a map of Africa that seemed to be
based on ancient mathematical cartography, it might not be possible to extend the
system to Asia. Thus [ might be able to determine whether the ancient carto-
graphers of a vanished race had extended their system farther east. With this in
mind [ examined what is considered to be the earliest Portuguese chart of the
Indian Ocean (Fig. 74). Fortunately, this map shows both the tropics. Since the
distance between them is just 47° it was a simple matter to find a value for the
degree of latitude. I assumed an equal value for the degree of longitude and drew a
grid as shown in Fig. 75, which proved accurate as shown by Table 8. I discovered
that the map, besides displaying remarkable knowledge of the archipelagoes of the
Indian Ocean, shows a number of islands in the Atlantic, including a large one on
the very site of the equatorial island of the Piri Re’is and Buache maps, the Caroline
Islands of the Pacific and a part of the coast of Australia. The longitude of the grid
was based on the meridian of Alexandria, as found from the east coast of Africa.

As I continued to examine this map, [ saw that the trend of the Australian coast
was wrong, as was its latitude. This reminded me of the Caribbean area of the Piri
Re’is Map. Was it possible that we had here another example of a satellite grid,
with a different north, integrated with the Piri Re’is world projection? A compari-
son of the map with the world map drawn by the Air Force centered on Cairo (see
Fig. 25) was extremely thought-provoking. A glance at a tracing of this map with
the Piri Re’is projection superimposed on it (Fig. 27) showed that the design of the
Piri Re’is projection was capable of being used to cover this area just as well as it
was used to cover the Caribbean.

Table 8 shows that latitudes for the map as a whole exclusive of Australia and the
Carolines are remarkably accurate, the average of the errors of twenty places com-
ing to 1.1°. Longitudes for the Atlantic and Africa are also very good, the errors
averaging 2.5°. Longitudes for the Indian Ocean, however, have been badly
thrown out by the interpolation of the Ptolemaic sector. Here the average of longi-
tude errors is 12° eastwardly. We shall find the same magnitude of eastward errors
on the Hamy-King Ptolemaic chart of 1502—4 (Chapter VII.) It seems evident that
the Reinel chart shows much more geographical knowledge than was available to
the Portuguese in the first decade of the 16th century, and a much better know-
ledge of latitudes and longitudes than could be expected of them.

6. The Yi Chi Fu Map

In the effort to see whether the system of ancient maps extended farther east
than the Indian Ocean, I examined the available Chinese and Japanese maps.
Despite the splendid co-operation of the staff of Japan’s great Diet Library (the
equivalent of our Library of Congress), which sent me many old Japanese charts, 1
was not able to discover any maps that bore apparent relationships to the western




Figure 76. A Twelfth Century Map of China: The Y Chi Fu. (145)

portolanos, except maps of a comparatively late date which might have been
influenced by western cartobraphv

I had much better luck in China. This was ow ing entirely to the availability of

Needham’s great work on Science and Ciovtlization m China (l-lw) In Volume 111 of
that work he reproduced a very remarkable map that had been carved in stone in
China in the vear 1137 A.D. It is referred to as the Yii Chi Fu, or Map of the Tracks of Yii
the Great (see Fig. 76). Although it was carved in 1137, it is known to have been in
existence for an indefinite period before that. Its real date of origin is unknown.
Therefore it is wrapped in the same mystery as are the portolanos of the West. A
comparison of the river system shown on this map with that on a modern map of
China shows a remarkable accuracy (see Figs. 77 and 78). This map was evidently
drawn with excellent information as to lonvltudes such as we find on the por-
tolanos, but do not find on the classical maps of Greece and Rome, and which was
certainly not typical of the cartography of medieval China or Japan.
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Needham, and presumably the Chinese scholars who have studied this map,
apparently assumed that its square grid was the original grid on which it had been
drawn; this was a perfectly natural conclusion for them. On the other hand, I had
just recently discovered that the square grid inherent in the plane trigonometry of
the portolan projection was evidently not the original grid on which some of the
source maps used by Piri Re’is and other mapmakers had been drawn. I had just
come to believe, on the contrary, that'Piri Re’is” source map had originally been
drawn with an oblong grid of some kind. Therefore I decided to test the grid of this
Chinese map.

[ began by trying to find the length of the degree of latitude on a tracing of the
map. As before, the procedure was to pick a number of geographical features that
were easily and clearly identifiable and find their latitudes on a modern map.
These were distributed from the northernmost to the southernmost parts of China.
I extended lines from these points to the margins of the tracing and found the
length of a degree of latitude by dividing the number of millimeters on the tracing
from north to south by the number of degrees of latitude between the identified
points.

Then I repeated the process to find the length of the degree of longitude I
supposed it would probably come out the same, but nevertheless a sense of
excitement gripped me as I noted the longitudes of identifiable places across the
map and drew lines from these to the bottom of the tracing. I used a number of
geographical points in each case, for finding the lengths of the degrees of latitude
and longitude, to ensure against the risk that any one of the chosen points might
be out of place because of a local error in the map. Thus, if I depended only upon
two positions, at either extreme of north and south or east and west, an error might
be made in the length of the degree.

When I finished the measurement of the degree of longitude on the map I was
truly electrified, for I found that it was unmistakably shorter than the degree of
latitude. In other words, what revealed itself here was the oblong grid found on
the Piri Re’is Map, found on the Ptolemy maps, and found, through spherical
trigonometry, on the De Canerio Map. The square grid found on the map was,
then, clearly something superimposed on the map in ignorance of its true projec-
tion. This, together with the fact that the square grid was similar to the square
portolan grid, created an altogether astonishing parallel, a parallel that suggested
an historical connection between this map and the maps of the West. If I may be
allowed to speculate here, I may suggest that perhaps we have here evidence that
our lost civilization of five or ten thousand years ago extended its mapmaking here,
as well as to the Americas and Antarctica.

The square grid imposed on the map is evidence of the same decline of science
we have observed in the West, when an advanced cartography, based on spherical
trigonometry and on effective instruments for determining latitudes and longi-
tudes, gave way to the vastly inferior cartography of Greece—and when, later in
the Middle Ages, even the geographical science known to the classical world was
entirely lost. In China, the square grid was apparently imposed on the map by
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people who had entirely forgotten the science by which it was drawn.

There are other indications that the map was drawn in its present form in an age
of the decline of science in China. Despite the extraordinary accuracy of the geo-
graphic detail of the Chinese interior, the coasts are hardly drawn in at all; they are
only schematically indicated. This suggests to me that the map was carved in stone
in an age when China had no interest in the outside world, but an enormous
interest in the great river system that carried the internal commerce of the fabul-
ously rich empire. The original map may have shown the coasts in detail; but in the
12th’ century they were apparently of interest to nobody.

The map ‘shows some of the rivers flowing in directions different from those of
the modern map. This does not necessarily mean that there were inaccuracies in
the ancient map. The rivers of China—particularly the Hwang Ho, or Yellow
River—have the habit of changing their courses with the most disastrous conse-
quences. The Yellow River is, in fact, called ““China’s Sorrow.”’” It has changed its
course three times in the last century and a half. The ancient map shows it follow-
ing a course to the north of its present course, but that course, in one of the
northern valleys, is perfectly reasonable.

I subjected the grid I had constructed for this map to the most rigorous testing.
Using the grid, I identified a large number of additional geographical localities,
mostly the intersections of major rivers, rejecting any that appeared in the least
dubious. I have listed these localities, with the discrepancies in their positions, in
Table 10, a, b, c. I grouped the localities in the northwest, northeast, southwest,
and southeast quadrants of China. In each quadrant in turn I averaged the dis-
crepancies, or errors, in the latitudes and longitudes of places, with the following

results.
Table 10a (summarized)

Number of
Quadrant Locolities Average Errors
1. Northwest 8 0.4° Lat.
0.0° Long.
2. Northeast 10 0.0° Lat.
0.0° Long.
3. Southwest 9 1.3° Lat.
1.2° Long.
4. Southeast 7 0.8° Lat.
1.2° long.

Here we have evidence that when this ancient map of China was first drawn,
mapmakers had means of finding longitude as accurately as they found latitude,
exactly as was the case with the portolan charts in the West. The accuracy of the
map suggests the use of spherical trigonometry, and the form of the grid, so like
that of the De Canerio Map, suggests that the original projection might have been
based on spherical trigonometry.
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Figure 77. The Yii Chi Fu with oblong grid constructed empirically from the geography.
For numbered geographical features see Table 10.
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As a further test of the grid I had drawn for the map, I listed separately all the
northernmost and southernmost places identified on the map and averaged their
errors in latitude. I also listed all the easternmost and westernmost places and
averaged their errors in longitude (Tables 10b and 10c). The average error of
latitude on the north was less than one-half of one degree (or 30 miles!), and the
average error on the south balanced out to zero (with four localities 1° too far south
and four 1.2° too far north). So far as longitude was concerned, the errors both on
the east and on the west balanced out to zero. There was no indication, therefore,
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Figure 78. A modern map of China, with numbers corresponding to those in No. 77.

that the grid constructed for the map was seriously in error.

It seems to me that the evidence of this map points to the existence in very
ancient times of a worldwide civilization, the mapmakers of which mapped virtually
the entire globe with a uniform general level of technology, with similar methods,
equal knowledge of mathematics, and probably the same sorts of instruments.
I regard this Chinese map as the capstone of the structure I have erected in this
book. For me it settles the question as to whether the ancient culture that pene-
trated Antarctica, and originated all the the ancient western maps, was indeed
worldwide (see also 135a).



VI The Ancient Maps of the North

F HAVE seen that the analysis of a number of maps has led to surprising

conclusions and implications. They appear to call in question not only the
W accepted ideas of ancient history, and especially the history of cartogra-

phy, but also fundamental conceptions of geology. We have seen, in the
maps already considered, suggestions of voyages to America and Antarctica that
must have occurred in times preceding the oldest of our historical records—
voyages accomplished by a people or peoples whose memory has not survived.
The Oronteus Finaeus Map appears to document the surprising proposition that
Antarctica was visited and perhaps settled by men when it was largely, if not
entirely, non-glacial. It goes without saying that this implies a very great antiquity.
In this chapter we shall consider additional reasons for supposing that the evi-
dence of the Oronteus Finaeus Map takes the civilization of the original mapmak-
ers back to a time contemporaneous with the end of the ice age in the northern
hemisphere.

Facts do not stand alone. A given statement may mean more or less depending
upon the context. The maps we are now to consider cannot be considered in vacuo.
They should be evaluated with some reference to what we have already learned. If
they suggest an enormous antiquity for the cartographic tradition their evidence
cannot be so easily dismissed as it might be if it stood alone.

1. The Zeno Map of 1380.

The Zeno Map of 1380 was supposedly drawn by two Venetians, Niccolo and
Antonio Zeno, who made a famous voyage to Greenland and perhaps Nova Scotia
in the 14th century (Fig. 79). Two hundred years later a descendant of these Zenos
found the map among his family papers and copied it. Whether he made any
changes in it we do not know.

A study of the map itself shows that it could not have been drawn by the earlier
Zenos. In the first place, though they are supposed to have visited only Iceland
and Greenland the map also shows the coasts of Scandinavia and Scotland.

In the second place, a polar projection applied empirically to the map (Fig. 80)
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shows surprisingly correct latitudes and longitudes for many places scattered all
over it, though there are a good number of major errors. It was remarkable that,
when I made the initial assumption that the original cartographer had accurate
knowledge of longitude across the Atlantic and used this as the basis of my polar
grid, then I found many accurate latitudes. (See Table 11a.)*

In the third place, further analysis of the map showed that it was a compilation
of four originally separate maps drawn with different scales and oriented to differ-
ent norths (Fig. 81 and Table 11b.)

A suggestion of a vast antiquity for the map is conveyed by a feature to which
Captain Mallery first drew attention. He pointed out that the Zeno Map (Fig. 7a)
shows Greenland with no ice cap (130). It correctly shows the extremely mount-
ainous character of northern and southern Greenland, together with a flat central
region. In our discussion of the Oronteus Finaeus Map we have presented evi-
dence of a temperate period in Antarctica contemporaneous with the ice age in
North America. In Chapter VIII we will discuss the geological questions in more
detail, but here I will state that the theory I have used to explain the temperate
period in Antarctica also explains why Greenland had a temperate or semi-glacial
climate at the time this map was drawn. Fig. 82, a sub-glacial map of the present
Greenland, drawn by seismic surveying through the ice, fully explains the flat area
shown in central Greenland, if we simply assume that the inland sea on the Zeno
Map was already frozen over because of the fall in temperature that has led to the
present very thick ice cap. Mallery was in possession of earlier seismic data
gathered by the French Paul-Emile Victor Polar Expeditions of 1947-49. Their
findings indicated a sub-glacial strait clear across Greenland at the latitude in
which the National Geographic map shows the inland sea.

Each of the maps presented new and special problems, but the Zeno Map was
especially difficult. Since my solution was achieved by a step-by-step process, and
can only be clearly understood if followed chronologically, I will try to reconstruct
each step in the process in turn, as it actually occurred. I must emphasize that
when I started on the analysis of this map, I had not the slightest idea what it
would reveal. I was not optimistic that it would reveal anything. I had been dis-
couraged by the fact that the portolan type of design, which I supposed must have
originally been on the map, had apparently been replaced by the 16th century
Zeno with a more modern sort of grid, ending the possibility of a solution along the
lines of the Piri Re’is Map. My students had failed to solve the problem, and so had
the cartographers of the Air Force. Therefore, we just put the map away, and I
intended to ignore it.

* It is worth recalling that the astrolabe, reputedly invented by Hipparchus or Apollonius in ancient
times, was reintroduced into Europe only in the beginning of the 15th century, after the Zeno
brothers had made their trip. The sextant, like the chronometer, was not available until 300 years
later. We have seen that Columbus, in 1492, was unable to find accurate latitude with his quadrant.
The cross-staff was available to the Zenos, with inaccurate tables of the sun’s altitude, but they could
have recorded no latitudes owing to the absence of graduated sailing charts for a hundred years after
their voyage.
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Figure 80. The Zeno Map with Reconstructed Polar Projection. (see Table 11a)

The map had been studied by Mallery in his book, Lost America, but we were not
in agreement with his conclusions. He had noted the accuracy of the ancient map,
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Figure 81. The Zeno Map with oblong grids constructed from the geography. (a) The West coast ot
Greenland misplaced 2° West; (b) The East coast of Greenland misplaced 1° South, latitude sc_ale only;
(c) Iceland with the same latitude as (b), but unrelated longitude; (d) Europe. Note ratio of degrees
appropriate to high latitudes.

with respect to many points in Greenland, by drawing a grid ot his own, based on
the geographical points themselves, but not extending to the whole map. He
assumed further that the large island to the east of Greenland on the Zeno Map
was not meant to be Iceland. In his opinion this island represents Gunnbiorn’s
Skerries, islands that reportedly existed in medieval times along the Greenland
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coast, but now are partly subsided beneath the sea and partly covered by the
Greenland ice cap. We could not agree with this.

In March, 1964, during the preparation of the first edition of this book, I decided
to take one last look at the map and to review carefully just what Mallery had done,
in order to see whether it was really as accurate as he claimed. I had run across an
article by the geologist William H. Hobbs (93), who knew his Greenland and who
said that the map was remarkably accurate. Therefore, I got out the map, looked at
it, and collected and laid out a number of modern maps of the same general
area—maps of the North Atlantic and of the Arctic.

First I noticed that the grid actually on the map was a sort of circular, polar one.
By comparison with modern maps, I could see the sense of this. After all, this was
a polar area. It seemed that the square or oblong grids of most of the other ancient
maps would never do here. Meridians in Greenland pointing north could not be
parallel to meridians in Norway pointing north. The meridians had to converge at
the poles.

Was it possible that this was, after all, the original projection, as the 14th century
Zenos had found it?

I analyzed the projection farther. Assuming that each space between the mer-
dians and the parallels represented one degree, I counted the degrees to see how
much longitude there was across the Atlantic. I picked two recognizable places,
Cape Farewell at the tip of Greenland and Cape Lindesnés at the tip of Norway.
These places were nearly at the same latitude. Since Cape Farewell is at longitude
44° W, and Lindesnés is at longitude 5° 30" E, the total longitude difference equaled
49%2°. On the Zeno Map, however, counting each meridian as one degree, the
longitude difference was only 30°, obviously very far off.

I played with the idea that perhaps the 16th century Zeno had made a mistake.
He might have misinterpreted the grid. Perhaps each interval equaled two degrees
of longitude, instead of one. This idea was not really satisfactory either, because it
would give 60° across the Atlantic, instead of the correct 54%2°. Furthermore, the
curvature of the parallels of latitude across the Atlantic did not seem to me to be
sufficient for the high latitude of Greenland. A comparison with modern maps of
the polar region showed the difference in curvature. It seemed to me that the
degree of curvature on the Zeno Map would be appropriate to a much lower
latitude.

Finally, it was evident from the geography itself that the grid did not accurately
represent north for either Greenland or Norway; there should be a much sharper
convergence of the meridians. If the meridians as shown on the map are projected
to the point of meeting, the pole so found is much too far north of Greenland (the
northernmost point of which is actually only about six degrees from the pole) and
the island thus is pushed much too far south.

I concluded that somebody had made a mistake, at some time or other, in
applying this sort of projection to the map. It might well have been the sixteenth
century Zenos, but hardly the earlier Zeno brothers, for no one in the 14th century
drew grids of latitude and longitude on circular projections.




Figure 82. Map of Sub-glacial Greenland.

There was nothing to do but start afresh and draw a projection to fit the map—
not just to fit Greenland, but to fit the map as a whole. The first problem was to
find the right location for the North Pole. My first step was to find two localities on
opposite sides of the Atlantic in about the same latitude. Finally, I found Cape
Farewell in Greenland at 60° N, and Oslo in Norway at the same latitude. These are
both very clearly shown on the Zeno Map. I now sought to draw a curved line, to
represent the 60th parallel of north latitude, from Cape Farewell to Oslo. To do this I
began by finding what seemed the direction of north in Greenland and also in
Norway on the Zeno Map and drawing lines running due north until they met ata
point representing the pole. The first experiment did not work because, when I
described a circle with this point as a center and with a radius to Cape Farewell, it
did not pass through Oslo. I then experimented in raising and lowering the polar
point, and moving it slightly this way and that, until I found a point from which I
could describe a circle that would intersect Greenland and Norway at the latitudes
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of Cape Farewell and Oslo. Then it was a simple matter to divide the radius by
thirty (the number of the degrees between the 60th parallel and the pole) to find
the length of the degree and draw a grid. This grid, it is true, did resemble very
much the grid of the original map, though it was differently oriented and the
parallels curved more sharply. Meridians could now be easily drawn at five-degree
intervals from this pole, starting with Cape Farewell in 44° W longitude.

The first grid drawn in this way, when tested, did not prove sufficiently accu-
rate. It indicated that my pole was too low, because of some mistake in finding the
direction of north in Greenland and Norway. There were too many degrees of
longitude between Cape Farewell and Oslo. Nevertheless I thought it worthwhile
to assume that the ancient cartographer had known the relative longitudes of
Greenland and Norway, and I therefore raised the pole enough so that the meri-
dians from Cape Farewell and Oslo would meet at the pole at the angle of 5412°,
the correct longitude difference. This meant a very considerable change in the
length of the degree of latitude as well as in that of longitude. It was therefore with
real anxiety that I drew a new grid on the map, as shown in Fig. 80, and tabulated
the positions of the localities. To my astonishment I found that with the revision of
the degree of longitude the accuracy of the map in latitude was notably increased!

However, there was still a good deal of i inaccuracy in the map and 1 eventually
discovered that it had been compiled from four originally separate maps, each with
its own grid and a different north (see Fig. 81 and Table 11b.) The western and
eastern coasts of Greenland were drawn with differences in scale and in orienta-
tion.

The map of the western coast of Greenland is perhaps the oldest part of the map.
If the reader will compare it with Fig. 82, the subglacial map of Greenland, he will
note the map extends northward only to the point where the sub-glacial strait
existed when there was no icecap in Greenland. This supports Mallery’s observa-
tion that the map shows evidence of having been drawn in a temperate age.

Iceland on the Zeno Map also offers food for thought. It is shown much larger
than itis today. The geologlcal hlstory of the island supports the possibility that the
island once had the extent it is given on this map. Mallery had presented a good
deal of evidence to support this.

Mallery quotes a number of sources of Icelandic history, including G. W. Dacent,
Iceland (1861), R. A. Daly, The Changing World of the Ice Age (1934), Cornelius
Worford, Floods and Inundations (1875-1879) (published by the Statistical Society of
London) and an account of the volcanic history of Iceland by T. Thoroldsen, pub-
lished in the Icelandic language in 1882. It would appear that between 1340 and
1380 A.D. several provinces of Iceland were submerged following a series of terrific
volcanic explosions. Subsidences continued to occur during the 15th century.

It would seem to be highly probable that the Iceland we see on the Zeno Map is
the greater Iceland that existed before the Zeno brothers visited Iceland. A com-
parison with the modern map of Iceland, however, suggests that the land changes
included both subsidence and uplift. The peninsulas on the southern and western
coasts suggest uplift.
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It is remarkable that the cartographer who tied these component maps together,
though he made mistakes in combining them, nevertheless did place their connect-
g point, Cape Farewell in Greenland, in nearly correct latitude and longitude
compared to southern Norway. It is interesting further to note that oblong g C’rldS of
the component maps in Greenland, Iceland and Europe all show a high ratio of the
latitude to the longitude degrees appropriate to the high latitudes involved in the
map. We shall examine another grid of this sort in the next chapter.

2. The Ptolemaic Map of the North.

One of the great events of the 15th century was the recovery of the works of
Claudius Ptolemy, the last great geographer and cartographer of classical anti-
quity, who lived in the 2nd century A.0. The works included a treatise on geogra-
phy, still of great interest, tables of latitudes and longitudes of known geographical
localities, and a large body of maps.

The maps pubhshed in the 15th century, although attributed to Ptolemy, are not
considered to have been actually drawn b\ him. Some authorities have considered
that they were reconstructed from the tables sometime during the Middle Ages, or
even in the 15th century. Others, on the other hand, feel that no one in the \Ilddle
Ages (or 15th century) was capable of reconstructing the maps in such detail from
the tables left by Ptolemy. Among the latter is the Danish scholar Gudmund
Schiitt, author of a treatise on Ptolemy. Schiitt writes:

It is well known that the study of geography decaved lamentably after the
close of the Roman period, or even earlier. How, then, could ignorant copyists in
medieval times have undertaken the enormous task of constructing a detailed
atlas on the base of the Ptolemaic text, and have carried it out so remarkably
well? Such an idea cannot be entertained. The manuscript atlases, as we have
them, at the first glance are proved to be copies of a classical original, executed
by an expert who . . . represented the highest standard of geographical science
of the classical era. (186)

Schiitt adds more evidence to support his conclusion, showing in some detail
that the manuscript atlases of Ptolemy recovered in the 15th century are closer in
style to other surviving works of the 4th century a.p. than they are to those of the
5th and 6th centuries. This would suggest that the maps we have were the work of
someone who lived within two centuries of the lifetime of Ptolemy even if they
were not drawn by him. It is entirely possible that they were good copies of maps
he drew.

Ptolemy himself worked at the Library of Alexandria, and had at his disposal not
only the contemporary information on the geographical features of the known
world (see his World Map, Fig. 6) but also the works of preceding geographers,
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Figure 85. Physiographic Map of Southern Sweden.

such as Marinus of Tyre, and the maps that had been accumulated during the
library’s five centuries of existence. It can be considered likely that he saw the
prototvpes of some of the maps we have been studying in this book, though he
may not have realized the aspects in which they were superior to the cartography
of his own time.

The map we are now to consider is similar in style to those published in all the
Ptolemy atlases in the 15th century. It reflects, as they do, considerable information
on the latitudes of places but exceedingly poor conceptions of longitude. Ptolemy
had to depend on travelers’ itineraries and similar information for his estimates of
distances in the Roman Empire, for there was little geographical information
derived from stellar observations. What there was dealt with latitudes only, since
there was no scientific way of determining the longitudes of places. As a result, the
shapes of countries and seas were sadly distorted on the Ptolemy maps, as we saw
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in the comparison Nordenskiold made of his Mediterranean map with the Dulcert
Portolano (Fig. 4).

In Ptolemy’s Map of the North (Figs. 83, 84) we see these characteristics. Qur
version of the map seems to be the work of two different copyists. The part
including Britain and Ireland is Ptolemaic in outline, but it is decorated with an
artistic scroll device of geometrical character and has no internal details. The rest of
the map is more typical of Ptolemaic maps in general, and shows a number of
authentic geographical details, such as the lakes of southern Sweden.

The most remarkable detail of the map is the evidence it appears to contain of
glaciation. It shows Greenland largely, but not entirely, covered by ice. The shape
of the island suggests that of the Zeno Map and may come from the same ancient
source. The ice is artistically suggested—there even seeming to be a sheen such as
might be produced by the reflection of sunlight from the ice surface. There is a
suggestion that when the map was drawn the ice cap was much smaller than it is
now.

If we turn our attention to southern Sweden we see further evidence of what
seems to be glaciation. Although there are still glaciers in Scandinavia, there is
none in this part of Sweden. But the map shows features drawn in the same style
as the Greenland ice cap. Unbelievable as it may appear, theyv actually do suggest
the remnant glaciers that covered this country at the end of the last ice age, about
10,000 vears ago. Some fine details strenothen the impression. Lakes are shown
suggesting the shapes of present-day 1akes and streams very much suggesting
01ac1al streams are shown flowing from the “glaciers” into the lakes. To me, there
is a strong suggestion here of the rapid meltmg of the glaciers during the period of
the w 1thdran al of the ice. It goes without sayving, of course, that no one in the 15th
century, no one in earlier medieval times, and no one in Roman times ever had any
suspicion of the former existence of an ice age in northern Europe. They could not
have imagined glaciers stretching across southern Sweden—and they would not
have invented them.

Additional details deserve notice. Features of the same type—some of them
following the ridges of mountain chains, but some not—can be observed on this
map behind the German and Baltic coasts. Thev begin in the Erz Gebirge, or Hartz
Mountains, in Germany, in correct longitude relative to southern Sweden, and
stretch eastward across the Riesen Gebirge (the Sudeten Mountains) to the main
range of the Carpathians, where they turn sharply southward, in the direction of
the axis of the mountain range. Then the map shows the glacier turning north-
ward, where it seems to follow quite accurately the highlands of Western White
Russia (bordering Poland on the east) and ending in the Livonian Highlands in
about 57° N, in correct latitude compared to southern Sweden.

I do not think that these features should be dismissed as merely representing
mountains, even although the 15th century copyist can only have assumed they
were mountains. It is natural enough that the glaciers of the end of the ice age
should have lingered longest in the mountainous areas, but there are no mount-
ains in southern Sweden, and there are no mountains in Poland or Livonia. Figure
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85 shows the present topography in southern Sweden.

Comparing the Ptolemy Map of the North with the Zeno Map, we can see that
they are related, but that they must have derived from sources dating from differ-
ent times. If the original source of the Ptolemy Map came from the end of the ice
age, that of the Zeno Map may have originated much earlier.

3. The Andrea Benincasa Map of 1508.

This is one of the best of the portolan charts (see Fig. 86). Examination revealed
that it was oriented to magnetic North, about 6° E.

To draw a grid for this map we first found the length of the degree of longitude
by measuring the distance on the map in millimeters between known points at
either end of the map—in this case Gibraltar and Batum—and dividing the mil-
limeters by the number of degrees of longitude between them. The length of the
degree of latitude was found in the same way separately by using points on the
Atlantic coast from Cape Yubi to Ireland, and points on the east from Cairo to
Yalta. On our draft map, we found the longitude degree to be 7 mm, the latitude
degree on the Atlantic to be 9 mm, and the latitude degree on the east to be 5 mm.
As the longitude degree was intermediate, we took this as the basis for our grid.
There were not enough points (and not enough total latitude) on the east to give us
a reliable measure for the degree (Fig. 87). The grid had to be tied to some geo-
graphical reference point for longitude, and for this we first chose Cape Ben, near
the former site of Carthage, for it was central and well delineated on the map.
Subsequently we discovered an error of about 1° affecting the whole map and
moved our meridians one degree to the east. We based latitude on the latitude of
Alexandria. The resulting grid revealed a remarkable accuracy for the map as a
whole. The average of longitude errors for 35 places scattered from Gibraltar to
Batum in the Caucasus (a distance of 3,000 miles) was about half a degree. Latitude
errors for Africa and Spain averaged 0.8°, for France and Britain 1.8° for the
Mediterranean 1.0°, and for the Black Sea about 4°, the sea being placed that much
too far north. In this it resembled the Dulcert Map, and suggested an effort on the
part of some cartographer to align the map with the higher equator indicated in the
Piri Re’is Map. (See Table 12.)

In order to evaluate this map’s most remarkable feature it is necessary to
emphasise the fact that it is one of the most accurate of all the portolanos in the
details of the coasts. At the same time it shows in its accuracy of latitude and
longitude that, like some of the other maps, it can only have been drawn originally
with the aid of spherical trigonometry. It is therefore a scientific product in the true
sense of that term.

The feature in question is at the north, and looks at first glance like a very bad
representation of the Baltic. A comparison with a modern map shows that the
Baltic runs nearly north and south, while on this otherwise so accurate map it runs
east and west. There is no evidence of the existence of the upper Baltic or of the
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Figure 88. Glacial Map of the Baltic.

Gulfs of Bothnia and Riga. What could be the reason for this? This map is dated
1508, when the Baltic was, in fact, very well known. For nearly three centuries
before this date it had been a highway of commerce, dominated by the merchant
ships and navy of the Hanseatic League. Furthermore, its shape was better known
to Ptolemy, as is shown by the map we have just discussed.

As we look at this feature on the Benincasa Map we note details that differ
considerably from other representations of bodies of water on maps of the 15th and
16th centuries. Is this large feature really the Baltic—or 1s it a mass of ice? Are those
blobs along the southern edge supposed to be harbors along the Baltic coast of
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Germany, or are they run-off lakes from the melting glacier? Are those apparent
islands really islands, or are they deglaciated tracts in the middle of the retreating
ice cap? I was greatly intrigued by these possibilities, and considered the evidence
very strong indeed when I observed that the general contour of the southern side
of this “Baltic”” followed very precisely the shape of the southern side of the
Scandinavian ice cap as it stood about 8,000 B.C. (Fig. 88). Furthermore, the map
shows the southern edge of the ice in the correct latitude of 57° or 58° N.

In all the maps that show this erroneous shape of the Baltic there appears a break
in the Baltic coast. It seems that the accurate portolano in each case extends to
Britain, and to the coast of the Netherlands. Then an entirely different source map
has been used, and this map has been misinterpreted so that the coast of the
Netherlands is mistaken for the coast of Denmark, which is thus placed about 250
miles too far west, much coastline being omitted. This apparently distorted map of
the Baltic may have been circulating in southern countries—Portugal or Italy—
where the true shape of the Baltic was less known. It is my suggestion that cartog-
raphers in those countries happened upon this old map, along with the others that
had reached Europe from Constantinople or elsewhere, and combined it with the
normal portolano.

Another possibility is provided by the consideration that there was a time in the
post-glacial period when the Baltic may very well have had the shape shown on
these maps. The northward extensions of the sea—the Gulfs of Bothnia and
Riga—probably were covered by the ice long after the lower Baltic had become
ice-free. Since they are both very shallow, they may even have been above sea
level when the sea level was 50 or 100 meters lower.

4. The Portolano of lehudi Ibn ben Zara of Alexandria.

We have mentioned that Nordenskiold considered all the portolan charts to be
copies of one original. It seems to me that the portolano of Iehudi Ibn ben Zara of
Alexandria (Fig. 89) may stand very close to this original.

I had been attracted to the study of this portolano because it seemed definitely
superior to all the other portolan charts | had seen in the fineness of its delineation
of the details of the coasts. As [ examined these details in comparison with the
modern maps, | was amazed that no islet, no matter how small, seemed too small
to be noted. For example, on the French coast, along with the principal features, I
found the mapmaker had drawn in the tiny islets, the Ile de Ré and the Ile d’Olé-
ron, north of the mouth of the Gironde River. North of the mouth of the Loire he
included Belle lle and two other small islets. Off Brest, he drew in the Ile d"Oues-
sant. Similar fine details can be found all around the coasts.

The grid worked out for the map (Fig. 90) revealed, indeed, a most amazing
accuracy so far as relative latitudes and longitudes were concerned. Total longitude
between Gibraltar and the Sea of Azov was accurate to half a degree, total latitude
from Cape Yubi to Cape Clear, Ireland, was accurate to a degree and a half.
Average errors of latitude for the whole map were less than one degree; average
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Figure 91. The faces of the Ibn ben Zara Map.

errors of longitude amounted to little more (see Table 13). As far as the map as a
whole was concerned, there was no evidence of an oblong grid. Like the Benincasa
Map, it seemed to have been drawn for a square grid. Yet a complication was to
appear, as we shall see below.

Alfred Isroe, my student, drew my attention to one of the most remarkable
features of the map. These were five tiny faces in medallions in its corners, where
mapmakers of the Renaissance followed the custom of placing faces symbolizing
the winds. Usually such faces are not found on the portolan charts. In Renaissance
maps they are usually shown with their cheeks puffed out, obviously blowing
vigorously in the appropriate direction.

The faces on the ben Zara Map are not typical of the cartography of the Renais-
sance. Their cheeks are not puffed out. The faces are calm and aristocratic in mien,
and the clothing indicated does not seem characteristic of the contemporary styles.

Isroe suggested at first that the faces resembled faces found on icons of the
Greek Orthodox Church, such as were, he said, produced by the famous iconog-
raphic school of Parnassus in the 7th and 8th centuries A.D. This was exciting
indeed. Could it be that we had here an accurate copy of an ancient portolano that
had come through a Greek monastery of the 8th century: Ibn ben Zara had, of
course, added modern names to his chart, but perhaps he had made no other
changes in his ancient source map. This matter required intensive examination.

[ took the matter up with my aunt, Mrs. Norman Hapgood, who is a scholar and
a translator with a knowledge of Russian and other eastern tongues. She said that,
to her, the faces looked Coptic. I investigated Coptic art in Harvard’s Fogg
Museum and was well rewarded. A number of treatises gave me some light on the
subject. Among these, two in particular were useful (80, 4).

Gruneisen, one of these scholars, describes the Coptic art born in Alexandria
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Figure 92. Spanish section of the Ibn ben Zara Map, with oblong grid constructed empirically from
the topography. (see Table 14).

before the rise of Christianity as “frivole, spirituel, profondement raffiné et aristocratique
par excellence.””* The reader may judge for himself how far the little faces agree with
this description (Fig. 91). As I have already pointed out in connection with the Piri
Re’is and other maps there is reason to believe that the portolan charts did in fact
come through Alexandria and were copied and arranged by the geographers there,
who may, indeed, have originated the flat portolan projection itself. In view of
this, the Hellenistic-like faces may be quite significant.

[ have mentioned that the grid ‘worked out for this map indicated that a square
grid, not an oblong one, was probably the sort of grid used in drawing the map, or
at least in compiling it from local maps. Table 13 strongly suggests this.

[ was profoundly surprised, therefore, when one of my students, Warren Lee,
discovered that, in regards to Spain, the grid indicated by the topography was
oblong, and not square (see Fig. 92 and Table 14). This is, indeed, astonishing.
How can it be explained? Are we to suppose that the mapmaker who compiled the
whole map, and did it so very well, made use of separate maps of different coun-
tries, and among these used a map of Spain that had been drawn earlier, perhaps
on the same projection as the De Canerio Map?

* “Frivolous, intellectual, deeply refined, above all aristocratic.”
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Warren Lee is responsible for another interesting observation. In his study of the
Spanish sector of the map he observed that it >hm\ ed a large bay at the mouth of
the Guadalquivir River. At this point the modern map shows a larae delta, com-
posed of swamps, about thirty miles wide and fitty miles long. The ba\ on the ben
Zara Map might seem thus to represent the coastline before the growth of the delta
of the Guadalqm\ ir. Since the Guadalquivir is not an enormous river, and does not
carry huge loads of sediment, it would have taken a considerable time indeed to
build tht delta. Several other maps we have examined carry indications of delta-
building since they were originally drawn, but in n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>