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aps tell us much more than merely how to get

from here to there. As one of the oldest forms

of human communication, they ultimately ex-
press the many ways we attempt to understand the world.
The first comprehensive history of maps and mapping
worldwide from prehistory to the present, The History
of Cartography is both an essential reference work and
a philosophical statement of maps’ value to society. ]. B.
Harley and David Woodward have assembled an inter-
national team of specialists to compile a much needed
up-to-date survey of the development of cartography as
a science and an art.

Going beyond the more familiar discussions of maps
as records of actual places, the editors have adopted a
broader definition of a map as an illustration of the
spatial relations, actual or symbolic, of a place, an
event, or a concept. This scope allows discussion of an
unprecedented range of maps, including those depicting
the entire cosmos, the soul’s spiritual journeys, and
imagined worlds. The result is not only a comprehensive
synthesis of cartographic knowledge, but also a narra-
tive of our changing perception of the world and our
place in it. What emerges is a fascinating picture of
maps as practical tools and also as symbolic images
used for magical, political, and religious purposes.

Volume 2 of The History of Cartography focuses on
mapping in non-Western cultures, an area of study his-
torically overlooked by Western scholars. Extensive
original research makes this the foremost source for
defining, describing, and analyzing this vast and unex-
plored theater of cartographic history. Book 1 offers a
critical synthesis of maps, mapping, and mapmakers in

(Continued on back flap)
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To Brian
>N

‘WEe shall not cease

from exploration
And theend of all our exploring
Will beto arrive where we Started
And know the place

forthe firsttime.
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PLATE 1. THE HEAVENS AS THEY WERE ON 3 RABI‘ I
786,/25 APRIL 1384, THE BIRTHDATE OF ISKANDAR SUL-
TAN. In opaque watercolor, ink, and gold on paper in a nativity
book compiled in 813/1410-11 by Mahmid ibn Yahya ibn al-
Hasan al-Kashi.

Size of the original: 26 x 33.5 cm. By permission of the Well-
come Institute Library, London (Wellcome MS. Persian 474,
fols. 18b-19a).



gashankara Pathaka, an astronomer of Benares.
CONSTELLATIONS. This reflects early modern European Size of the original: 21.5 X 17.5 cm. By permission of British
maps, from the Sarvasiddhantatattvaéadamani (Jewel of the  Library, London (MS. Or. 5259, fol. 59r).
essence of all sciences), written in Sanskrit before 1839 by Dur-




pLATE 3. THE RELIGIOUS COSMOS FROM THE
MA‘RIFETNAME. The cosmos is enveloped by the worlds of
absolute divine transcendence (lahat), of divine omnipotence
(jabariit), and of divine sovereignty (malakit). On top is par-
adise: it has eight gates and eight layers and is permeated by
the heavenly tree Tiba and flanked by the preserved tablet, the
pen, and the banner of praise. In the middle is the earth, sur-

rounded by the seven heavenly spheres and the legendary encir-
cling mountain Qaf. At the bottom is hell: it has seven gates
and seven layers and is surmounted by the Straight Path and
dominated by the hellish tree Zaqqgim.

Size of the original: 19.2 X 9.3 cm. By permission of the British
Library, London (MS. Or. 12964, fol. 23b).



PLATE 4. AL-KHWARAZMI'S MAP OF THE RIVER NILE.
The map shows the south to the right, with the Nile rising as
two groups of streams in the Mountains of the Moon; at the
left are the Delta and the Mediterranean. The lines across the
map are climate divisions, the farthest right representing the

equator. The map would be read in Arabic with south (right)
at the top.

Size of the double folio: 33.5 x 41 cm. By permission of the
Bibliothéque Nationale et Universitaire, Strasbourg (MS. 4247,
fols. 30b-31a).
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PLATE 5. THE SEA OF AZOV (BATA’IH MAYUTIS) BY AL-  Size of the folio: 33.5 x 20.5 cm. By permission of the Bib-
KHWARAZMI. The Black Sea (al-Bahr) is in the top left corner.  liothéque Nationale et Universitaire, Strasbourg (MS. 4247, fol.
47a).



PLATE 6. NORTH AFRICA AND SPAIN ACCORDING TO
AN ISTAKHRI I MANUSCRIPT. Dated 569/1173, this map
is oriented with west at the top. North Africa is on the left,
Spain on the right, with a large mountain near the Strait of
Gibraltar.

Size of the original: 41.5 x 29.8 cm. By permission of the Bib-
liotheek der Rijksuniversiteit, Leiden (MS. Or. 3101, p. 20).




pLATE 7. THE WORLD ACCORDING TO AL-ISTAKHRI. Size of the original: 41.5 x 59.3 cm. By permission of the Bib-
The world map from the Leiden manuscript dated 589/1173. liotheek der Rijksuniversiteit, Leiden (MS. Or. 3101, pp. 4-5).
This version of the map is the one designated Istakhri L. (South

is at the top.)
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PLATE 8. THE WORLD MAP OF IBN AL-WARDI. Dated Diameter of the original: ca. 16.5 cm. By permission of the
1001,/1593. British Library, London (MS. Or. 1525, fols. 8v-9r).



PLATE 9. AL-QAZWIND'S WORLD MAP. Manuscript copied  Size of the original: not known. By permission of Forschungs-
1032/1622. bibliothek, Gotha (MS. Orient A. 1507, fols. 95b-96a).
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PLATE 10. WORLD MAP DATED 977/1570. From the manu-  Bodleian Library, Oxford (MS. Laud. Or. 317, fols. 10v-11r
script entitled Kitab al-bad’ wa-al-ta’rikh. East is at the top.  [formerly fols. 9v-10r; the manuscript was rearranged and refol-
Diameter of the original: ca. 28.5 cm. By permission of the iated in 1984)).



pLATE 11, AL-IDRIS’S WORLD MAP FROM THE OX-
FORD POCOCKE MANUSCRIPT. Copied by ‘Ali ibn Hasan
al-Hifi al-Qasimi, this world map comes from a well-pre-
served and complete manuscript.

Diameter of the original: ca. 23 cm. By permission of the Bod-
leian Library, Oxford (MS. Pococke 375, fols. 3v-4r).
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PLATE 12. NORTHWEST AFRICA FROM THE OXFORD
GREAVES MANUSCRIPT OF AL-IDRISI. Section 1 of climate
3 covers the northwestern part of Africa. The Mediterranean
is shown in the lower left portion of the map, and the Atlantic
Ocean is along the right border. Many of the color conventions
for this manuscript are evident in this example: seas in blue or

green with white wavy lines; rivers in green; mountains in many
colored segments outlined in black with a white horizontal S
shape; and towns in gold rosettes with red centers.
Size of the original: 32 x 48 cm. By permission of the Bodleian
Library, Oxford (MS. Greaves 42, fols. 119v-120r).
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PLATE 13. QIBLA DIAGRAM FROM A SEA ATLAS. Made Size of the original: ca. 19 x 24 cm. By permission of the
by ‘Ali ibn Ahmad ibn Muhammad al-Sharafi al-Sifaqsi in 958/  Bibliothéque Nationale, Paris (MS. Arabe 2278, fol. 2v).
1551. Forty mibrabs are shown around the Ka‘ba, superimposed

upon a thirty-two-division wind rose.
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PLATE 14. SIEGE PLAN OF BELGRADE, EARLY SIX- Size of the entire original: 122 x 282 cm. By permission of the
TEENTH CENTURY. (Detail.) Topkap: Sarayr Miizesi Arsivi, Istanbul (E. 9440).



PLATE 15. PLAN OF THE BATTLE OF THE PRUT, 1711.  bliothek Preussischer Kulturbesitz, Orientabteilung, Berlin (MS.
Size of the image: 30 x 40 cm. By permission of the Staatsbi-  Or. quart 1209, fols. 305b-306a).



PLATE 16. DETAIL OF THE KIRKCESME AND HALKALI  Size of the detail: not known. By permission of the Topkapi
WATER-SUPPLY SYSTEM. Dared 1016,/1607, this detail is  Sarayr Mizesi Kataphanesi, Istanbul (H. 1816).
from the scroll map illustrated in figure 11.13.
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PLATE 17. THE PROCLAMATION OF THE CONQUEST OF

EGER. A workshop scene in the making of the Sahname-i

Sultan Mebmed, a panegyric history of Mehmed III. Subhi
Celebi (Ta‘likizade), the chronicler, dictates from his notebook
to the unknown calligrapher. Seated to the right, the artist

Hasan illustrates a scene in the surrender of the fortress of Eger
in Sultan Mehmed III’s victorious Hungarian campaign of 1003-
5/1594-96.

Size of the original: unknown. By permission of Topkapi Sarayi
Miizesi Kataphanesi, Istanbul (H. 1609, fol. 74a).



PLATE 18. VIEW OF SULTANIYE. The former Ilkhan capital
southeast of Tabriz had suffered neglect and the calamity of
earthquake long before Sultan Sileyman’s visit in 941/1534.
The view shows the remnants of city walls and three large
monuments among many small, flat-roofed buildings. The mau-
soleum of the Ilkhanid ruler Oljeytu, just right of center on the
image with eight minarets rising from the base of its blue dome,

still stands today in ruins. Beautifully rendered wildlife and flora
fill the urban space and the surrounding region, and numerous
unidentified shrines dot the foreground. From Matrik¢ Nasih,
Mecmiz‘a-i menazil.

Size of the original: 31.6 x 46.6 cm. By permission of Istanbul
Universitesi Kitiaphanesi (TY. 5964, fols. 31b-32a).
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PLATE 19. THE SIEGE OF THE FORTRESS OF ESZTER-
GOM. The taking of this strategic fortress along the Danube
River was a crucial episode in Sileyman’s 950-51/1543-44
campaign against Ferdinand of Austria, the Habsburg claimant

to the Hungarian throne. From Matrak¢i Nasuh, Tarib-i feth-i
Saklavan.

Size of the original: 26.1 X 17.5 cm. By permission of Topkap:
Saray1 Muzesi Kiriphanesi, Istanbul (H. 1608, fol. 90b).




PLATE 20. VIEW OF NICE. The port city was attacked by  Sileyman’s Hungarian campaign in Matrak¢i Nasah, Tarih-i
Hayreddin Barbarossa and captured on 22 August 1543. The feth-i Saklavan.

account of this joint Ottoman-Valois naval campaign against  Size of the original: 26.1 X 35 cm. By permission of Topkapi
the Italian states and Habsburg Spain precedes the chronicle of ~ Sarayr Muzesi Katiphanesi, Istanbul (H. 1608, fols. 27b-28a).



PLATE 21. NORTHWEST FRAGMENT OF THE 935/1528-
29 WORLD MAP BY PIRI RE’IS. This fragment, said to be
on camel hide, is the only extant piece of what may have been
a multisheet map of the world, and its rich arabesque decoration
would have made an impressive border. Piri Re’is states in a
legend that the two landmasses south of Greenland were dis-
covered by the Portuguese. The representation of Florida and

the Yucatan Peninsula are notable in the Caribbean region, lands
made known to Europeans in 1509 and 1513, respectively. A
note on the Central American landmass, partially illegible, may
refer to Balboa’s crossing the Isthmus of Panama.

Size of the original: 69 x 70 cm. By permission of the Topkap
Sarayr Muzesi Kurtiphanesi, Istanbul (H. 1824).
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PLATE 22. VERSION 2 OF THE KITAB-1 BAHRIYE:
ISLAND OF EUBOEA. Though no copies can be attributed to
Piri Re’is’s own hand, the style of the second version of the
Kitab-i babriye, originally made for presentation to Silleyman

the Magnificent, was much more polished and elaborate than
that of the first.

Size of the original: 34 x 23.5 cm. By permission of the Walters
Art Gallery, Baltimore (MS. W. 658, fol. 56).



PLATE 23. WALTERS DENIZ ATLASI: ITALY AND THE
CENTRAL MEDITERRANEAN. This portolan atlas contain-
ing eight double-page charts bears many stylistic characteristics
of the small Italian atlases of the sixteenth century, but no
specific workshop has been positively identified. The map has
about 170 place-names, all on the coast, except for those along

an unusually stylized representation of the Danube River. The
North African coast extends from Béne, Algeria, to Benghazi,
Libya.

Size of the image: 30.1 X 45 cm. By permission of the Walters
Art Gallery, Baltimore (MS. W. 660, fols. 6v-7r).

N
5



PLATE 24. AL-SHARAFI AL-SIFAQSI CHART, 1579. Size of the original: 59 X 135 cm. By permission of Istituto Italo-Africano, Rome.



PLATE 25. VISHVARUPA, THE UNIVERSAL FORM OF
KRISHNA. This painting, gouache on paper (?), from Jaipur,
Rajasthan, is dated eighteenth century by Philip Rawson, Tan-
tra: The Indian Cult of Ecstasy (London: Thames and Hudson,
1973), pl. 48. It relates to an account in which Lord Krishna
demonstrates his power to Arjuna by manifesting “the whole
Universe—both animate and inanimate—within his body. ...
Here, in the centre of his cosmic form, Krishna multiplies him-
self by the silvery banks of the river Jamuna to dance . . . with

the gopis [milkmaids]. The armies of the Pandavas and Kauravas
[supposedly recruited from throughout the earth] are poised on
opposite sides. Below the feet [of Krishna] is the hood of Shes-
hanaga, the cosmic serpent on whom the Universe is said to
rest” (Aman Nath and Francis Wacziarg, Arts and Crafts of
Rajasthan [London: Thames and Hudson; New York: Mapin
International, 1987], 167-68).

Size of the original: 53 x 36 cm. From Nath and Wacziarg,
Arts and Crafts of Rajasthan, 168.



PLATE 26. CONTAINER IN THE FORM OF A COSMO-
GRAPHIC GLOBE. This beautifully engraved hinged globe,
dated Saka 1493 (A.p. 1571) and possibly from the Saurashtra
region of Guijarat, is inscribed brass. It served not only as a
cosmography bur also as a container, perhaps for condiments.
The northern hemisphere conforms generally to the Puranic
conception of Jambuadvipa portrayed in figure 16.3, whereas the
southern hemisphere shows essentially the same succession of

ring oceans and continents as those shown on figures 16.2,
16.15b, and 16.17. In the left portion of the northern hemi-
sphere one sees a set of rhomboids representing the major
khandas (regions) of Bharata (India).

Diameter of the original: 25.8 cm; height: 22.1 cm. Museum of
the History of Science, Oxford (acc. no. 27-10/2191, Lewis
Evans Collection). By permission of the Bettman Archive, New
York.



PLATE 27. TABLE OF ASTERISMS (NAKSATRAS). The aster-
isms depicted here are groups of stars seen near the plane of
the ecliptic that are used to separate the twenty-eight mansions
of the lunar zodiac. They are shown here in a customary order
beginning with Krittika (Pleiades) at the top of the chest of the

figure in whose body they are frequently portrayed. The artifact
is gouache on cloth, from Rajasthan, and dates from the eight-
eenth cenrtury.

Size of the original: not known. By permission of Ravi Kumar,
Basel, Switzerland.



PLATE 28. ANTHROPOMORPHIC REPRESENTATION OF
THE JAIN UNIVERSE. Suggested in this and in many similar
views (compare fig. 16.6) is the relation berween microcosm and
macrocosm. Jambidvipa, the middle world, is here shown
rotated ninety degrees from its horizontal plane. Below are var-
ious levels of individually identified hells (normally seven). The
squares within both the heavens and the hells indicate (on more
carefully drawn diagrams) their dimensions in khandakas, a Jain
unit of measurement of stupendous length. The artifact is
gouache on paper, Gujarati, sixteenth century.

Size of the original: not known. By permission of Ravi Kumar,
Basel, Switzerland.



PLATE 29. DETAIL OF AN ECLECTIC WORLD MAP. This
detail from figure 17.4 shows India and adjacent regions. Despite
an abundance of detail for India, the knowledge of Indian geo-
graphy this map displays is not very impressive. Proportionally,
India occupies less map space here than in figures 17.2 and 17.3.
Sri Lanka appears twice, as in many older European maps. The
large lake roward the right is the Caspian Sea. The vignette

along the bottom edge shows Alexander directing construction
of a wall to protect a population against the giants Gog and
Magog. The large vertical island, within which one sees dog-
faced people, is Japan.

By permission of the Museum fiir Islamische Kunst, Staatliche
Museen Preussischer Kulturbesitz, Berlin (inv. no. 1. 39/68).




PLATE 30. GEOGRAPHIC PORTION OF HINDU COSMO-
GRAPHIC GLOBE. The essentially geographic portion of the
globe represented in figure 16.15 falls in the northern hemi-
sphere, mainly within a semicircular arc drawn 45° distant from
Lanka (0°, 0°). The attempt on this map to make India fit into
the arc between the equator and the Himachal Mountains inev-
itably distorts the country’s shape; nevertheless, the lack of a
peninsular shape is surprising. Of the places shown, those in
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the east are in better topological relation to one another than
those in the west, over much of which the paint has flaked
away. Beyond the Himachal only a few known geographic
place-names appear before the globe gives way entirely to a
mythical presentation.

Diameter of the globe: ca. 45 cm. By permission of Bharar Kala
Bhavan, Varanasi. Photograph by Joseph E. Schwartzberg.



PLATE 31. BRAJ YATRA PICHHVAI. This pichhvai, from the
Nathdwara school, Rajasthan, early nineteenth century, is
painted on cloth. Though it is completely different in style from
figures 17.20 and 17.21, its purpose is similar: to guide Krishna

devotees on their eighty-four-kos pilgrimage to all the many
sacred sites of the region of Braj where Krishna spent his youth.
Size of the original: 275 x 259 cm. By permission of the Doris
Wiener Gallery, New York.
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PLATE 32. SECTIONS FROM A MUGHAL SCROLL ROUTE
MAP FROM DELHI TO KANDAHAR. Probably from the
period 1770-80, the scroll is cloth with text in Persian. The
panel on the right shows the city and fort of Lahore, within
which prominent features are identified. Below the city one sees
a number of other settlements, a baolf (large stepped well) near
the lower right corner, the Ravi River, and along the eastern
edge, the hills marking the edge of the Indus Plain bearing
carefully rendered characteristic vegetation. The hills are made
to appear much closer to the road than they really are. Along
the road one sees kos minar (stone pillars set at roughly two-
mile intervals that marked much of the road’s length). In the
left-hand panel Kabul fort appears to the left of the upper of
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the hilly areas through which the road passes. Nearby (below)
a bridge is shown across the Kabul River, which is shown again
with another crossing before the ascent to Zafar fort, below
(east of) which some possible alternative bypass routes are
depicted. Of note are the various types of vegetation in relation
to the changing terrain and the tree-lined Barik River at the
bottom of the panel. (Notes taken from description in Susan
Gole, Indian Maps and Plans: From Earliest Times to the
Advent of European Surveys [New Delhi: Manohar Publica-
tions, 1989], 94-103.)

Size of the original: ca. 2,000 X 25 cm. By permission of the
India Office Library and Records (British Library), London (Pers.
MS. L.O. 4725).
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PLATE 33. SRINAGAR. From Kashmir and dating from the
third quarter of the nineteenth century, this map is embroidered
in fine wool on cloth. It has exceedingly detailed (though not
necessarily accurate) representations of canals, bridges, lakes,
gardens, and other features for which the city is famous. Also

depicted are humans engaged in various activities, animals, and
vegetation.

Size of the original: 230 x 195 cm. Courtesy of the Board of
Trustees of the Victoria and Albert Museum, London (LS.
31.1970).




PLATE 34. JODHPUR. This map of Jodhpur is from Rajasthan,
nineteenth century (?), painted on paper backed with cloth. Of
particular note on this map is the treatment of the city wall so
as to maintain a frontal perspective from the exterior in the
foreground and from within the city in the rear. The map is
fairly detailed but may have served no particular utilitarian end.

The orientation to the north and the consistent alignment sug-
gest a relatively recent date.

Size of the original: ca. 126 X 109 cm. Courtesy of the Maharaja
Sawai Man Singh II Museum Trust, Jaipur (cat. no. 121). Pho-
tograph courtesy of Susan Gole, London.



PLATE 35. SHRINATH]I TEMPLE COMPLEX. This twen-
tieth-century map is painted on paper. It depicts the temple
complex (haveli) of the Vallabhacharya sect of Krishna devotees
whose center is at Nathdwara, Rajasthan. Hereditary painters
of the sect, attached to the temple complex, are entrusted with
embellishing the complex throughout the year. Painted maps,
mainly rendered on large cloth hangings (pichhvais), are but

one form of embellishment. The paintings exhibit an excep-
tionally high degree of fidelity—in content, if not in scale—in
depicting the buildings, rooms, courtyards, gardens, gates, lanes,
and other features within the haveli.

Size of the original: 49 X 67 cm. By permission of Amit Ambalal,
“Sumeru,” Near Saint Xavier’s College, Navrangpura, Ahmad-
abad 380009, India.



PLATE 36. JAGANNATH TEMPLE AND CITY OF PURI,
ORISSA. This map in Puri style, painted on cloth and lacquered,
dates from the nineteenth century. Jagannath, one of India’s
most sacred temples, is shown within a large square enclosure,
and it and other temples are portrayed within the form of a

conch, by which the city of Puri is conventionally shown. The
map has brilliant colors and profuse detail.

Size of the original: 150 x 270 cm. By permission of the Bib-
liothéque Nationale, Paris (Département des Manuscrits, Divi-
sion Orientale, Suppl. Ind. 1041).



PLATE 37. TIRTHAS IN KASHMIR. The four tirthas depicted
here are from Kashmir and dated mid-nineteenth century. They
are painted on paper and rendered in a variety of charming,
primitive styles. Each map shows a very limited area, with details
of temples, springs, streams, hills, and vegetation. For additional
details, see appendix 17.6, item o.

Size of the originals: ca. 36.5 X 32 cm. Sri Pratap Singh Museum,
Srinagar (2063). Photographs courtesy of Joseph E. Schwartz-
berg.



PLATE 38. A SIEGE AT BHIWAI FORT, SIKAR DISTRICT,
RAJASTHAN. This lively depiction of a siege of a fort is Rajas-
thani, dating from the early nineteenth century, painted on
paper backed with cloth, with text in Dhundari. Troops of
various units are pictured in distinctive garb, trenches, ramparts,

siege tunnel, artillery, and flags are shown, and commanders are
named.

Size of the original: 123 x 168 cm. Courtesy of the Maharaja
Sawai Man Singh [l Museum Trust, Jaipur (cat. no. 48). Pho-
tograph courtesy of Susan Gole, London.
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PLATE 39. DIWALI CELEBRATIONS AT THE ROYAL
PALACE AT KOTAH, RAJASTHAN. The seemingly chaotic
arrangement of several major elements within this painting
underscores the levity associated with festivities it depicts, but
it does so without masking the architectural details of the Kotah

palace and gardens. Painted on paper, from Udaipur, Rajasthan,
the painting is dated ca. 1690.

Size of the original: 48.5 x 43.4 cm. By permission of the
National Gallery of Victoria, Melbourne (cat. no. 52), Felton
Bequest 1980.



PLATE 40. DETAIL OF THE RED SEA AND ADEN FROM  Size of original: 24.5 x 47 cm. By permission of the Royal
A NAUTICAL CHART. The area shown is that adjacent to  Geographical Society, London (Asia S.4).
Bab el Mandeb.



Preface

One objective of The History of Cartography is to rede-
fine and expand the canon of early maps. The corpus of
maps (or map types) described in the previous literature
on the history of cartography appears to us today unduly
restricted and unnecessarily exclusive. It was based on
assumptions that narrowed its scope and rendered it unre-
presentative of the richness of mapping across the his-
torical civilizations of the world as a whole. “Maps”
meant, in that literature, primarily terrestrial maps, so that
star maps, cosmographical maps, and imagined maps, for
example, were generally excluded as ways of seeing the
world. With the notable exception of the inclusion of
China, cartographic history was pictured as largely a
Greco-Roman invention or was narrated, for the later
periods (the sixteenth century onward), as an accompan-
iment to the “miracle” of expanding European technol-
ogy. Even within the core of accredited cartography,
pride of place was given to the history of mathematically
constructed—“‘scientific”’—maps, so that the history of
maps could culminate in the “scale” maps of the modern
age and fit the notion of “progress™ from a primitive past
to a state of modern enlightenment.

In volume 1 we adopted a new working definition of
“map” to help in recasting this history. Maps, we sug-
gested in the Preface, “are graphic representations that
facilitate a spatial understanding of things, concepts, con-
ditions, processes, or events in the human world.”! Our
strategy was to bring into the history of cartography maps
that had previously been ignored or relegated to the mar-
gins of the subject. Volume 1, relating to the early carto-
graphy of Europe and the Mediterranean to A.D. 1500,
vindicated the expansion of the canon in this way. We
were soon to discover that such an open definition was
even more desirable for volume 2 if we were to com-
pletely redescribe the history of cartography in non-West-
ern cultures, as was our aim. The present book brings
together the full range of maps produced in traditional
Islamic and South Asian societies from late prehistory
onward. It is salutary to compare its length with the num-
ber of pages Leo Bagrow devoted to the same areas: six
to Islamic cartography, half a page each to India and
Persia, and three to Ottoman cartography.? The image
Bagrow gives is of the Western collector adding a few

exotic specimens to a cabinet of curiosities. But even in
narrative discussions of the history of cartography, such
as those of Lloyd Brown and Gerald Crone, and not-
withstanding the universal ring of their titles, the non-
European mapping traditions were largely ignored.3 Such
an approach in the standard texts taught several gener-
ations of students that the history of cartography was
largely a Western achievement and part of the history of
European science. Quoting an Islamic historian of sci-
ence, it was as if the descent of maps had passed “directly
from the Greco-Roman period to the European Renais-
sance as if nothing took place in the history of science
and technology from the fall of Rome in the late fifth
century to the fall of Constantinople in the fifteenth.”*

That these silences were ill founded was revealed as
we came to plan the History in detail. In the original
general outline sketched in the 1970s, our intention was
to include the “foundations” of world cartography, down
to A.D. 1500 in both Western and non-Western societies,
in a single “archaic” first volume. This was to describe
not only the maps of prehistoric, ancient, and medieval
Europe and the Mediterranean and the premodern carto-
graphies of the Islamic, Indic, and East Asian realms, but
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1. ]. B. Harley and David Woodward, eds., The History of Carto-
graphy (Chicago: University of Chicago Press, 1987-), lixvi.

2. Leo Bagrow, History of Cartography, rev. and enl. R. A. Skelton,
trans. D. L. Paisey (Cambridge: Harvard University Press; London: C.
A. Watts, 1964; reprinted and enlarged, Chicago: Precedent, 1985), 53-
56, 207-8, 209-11.

3. Lloyd A. Brown, The Story of Maps (Boston: Little, Brown, 1949;
reprinted New York: Dover, 1979); Gerald R. Crone, Maps and Their
Makers: An Introduction to the History of Cartography, Sth ed. (Folke-
stone, Kent: Dawson; Hamden, Conn.: Archon Books, 1978). As if to
symbolize this neglect, in Brown’s book there is the curious inclusion
as the frontispiece of a redrawn map from the Kitab-i babriye from
the Ottoman period, but neither the map nor its cultural origin in the
Islamic world is discussed in the text.

4, Sami K. Hamarneh, “An Editorial: Arabic-Islamic Science and
Technology,” Journal for the History of Arabic Science 1 (1977): 3-7,
esp. 7. See also Roshdi Rashed, “Science as a Western Phenomenon,”
Fundamenta Scientiae 1 (1980): 7-21. For cartography, the more spe-
cific comments of Fuat Sezgin, The Contribution of the Arabic-Islamic
Geographers to the Formation of the World Map (Frankfurt: Institut
fiir Geschichte der Arabisch-Islamischen Wissenschaften, 1987), are rel-
evant.
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also those of “primitive” peoples in different parts of the
world in the phase of their encounter with European
colonization. Logistic and intellectual reasons, however,
led us to abandon that embryonic plan.

The first problem arose from the size and complexity
of the non-Western mapping traditions. The more we
looked, the more substantial we found them, not only
in the societies of Islam and Asia but also within other
major regions such as the Americas and the Pacific before
European colonization. As our preliminary explorations
continued—and as we recruited specialist authors and
they reported on their work—it became abundantly clear
that a credible cartography of the premodern world could
not be accommodated within a single volume. Hence in
1982 we decided to defer the treatment of non-European
mapping outside the Middle East and Asia to later vol-
umes of the History’ and to devote a whole volume
(volume 2) specifically to the maps created by the Islamic
and Asian societies. We continued to believe naively that
a single “Asian” volume would accommodate a synthesis
of secondary literature from which observations could
be made about the gaps in available information and
directions for future research. Indeed, work on the sev-
eral regional sections of this volume started simultane-
ously. Once again, however, as our experts reviewed the
non-Western literature for an Asian history of maps and
searched out and examined the maps themselves, it at
last became clear how seriously we had underestimated
the sheer volume of the relevant corpora of material. In
1989, with almost all the chapters already in hand, we
made the decision to split volume 2 into two books. The
present book thus deals with the traditional Islamic and
South Asian societies; volume 2, book 2 will be devoted
to traditional East and Southeast Asian cartography. The
diversity of material in both books spans a wide spectrum
of historical and linguistic contexts and has demanded
an extended editorial effort. It has also further
encroached on the forbearance of our potential readers
and sponsors in the process of preparing the text for
publication.

There was also an intellectual reason for splitting vol-
ume 2 into two books and allocating a separate tome to
Islamic and South Asian cartography. Our early recon-
naissance of the literature revealed not only the degree
to which Islamic and Asian cartography had been
neglected but also the way an epistemological veil had
inhibited our understanding of mapping within these cul-
tures on their own terms. The traditional approach in
histories of cartography had been to evaluate “Arabic”
or “Indian” mapping against a Western yardstick of tech-
nical innovation. This perception of the relative impor-
tance of our history and their history® put Asian maps
on the periphery of European cartography. They emerged
as abortive or deviant stems in the “mainstream” history
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of maps. Thus it could be admitted that the Arabs and
the Chinese had mapping traditions of their own, “but
it was the European tradition which lay behind the geo-
graphical discoveries and the ... maps of the sixteenth
century, and thus came to form the basis of modern
geography.”” A similar view permeates the cartographic
historiography of the Islamic realm and South Asia.® As
A. I Sabra put it, there was a tendency to see Islamic
science (and, we can add, cartography) as “‘merely a reflec-
tion, sometimes faded, sometimes bright or more or less
altered, of earlier (mostly Greek) examples.”® The focus
was on those early centers of the Islamic world most
closely linked to Europe and the Mediterranean. Islamic
cartography was thus interpreted either as an extension
of Greek classical learning (especially of Ptolemy) or as
a pathway along which the cartographic inheritance of
Greece was transmitted before its eventual restoration in
Renaissance Europe. The role of Islam in world carto-
graphy was seen as passive, preserving—along with Byzan-
tium—an essentially Western legacy for the later carto-
graphic dominance of Europe. No hint was given that
this knowledge was “a phenomenon of Islamic civiliza-
tion—a phenomenon which must be understood and
explained in terms peculiar to that civilization.”10

The maps of South Asia lacked even the transmissional
“utility” of Islamic scholarship for Western progress.
Moreover, they were described from an external and
uncomprehending viewpoint and accorded an even lower
status in the hierarchy of cartographic development. As
Susan Gole tells us, “The commonly held view [was] that
there were no indigenous maps made in India except the
cosmographies.”!! Judging South Asian maps in this way,
by Western preconceptions, encouraged the idea that any
styles of mapmaking that did not conform to recognized
patterns were to be “dismissed as being of no value.”
Maps from South Asia were “stored in libraries and
museums as quaint curiosities.”12

5. To volume 3, on cartography in the Renaissance, and volume 4,
on cartography in the Enlightenment, where they will be treated both
as cartographic cultures in their own right and in terms of the encounter
with European colonial societies in different world regions and historical
periods.

6. Bernard Lewis, “Other People’s History,” American Scholar 59,
no. 3 (1990): 397-405, esp. 397.

7. P. D. A. Harvey, The History of Topographical Maps: Symbols,
Pictures and Surveys (London: Thames and Hudson, 1980), 12.

8. See below, pp. 8-10 and 296-302.

9. A. 1. Sabra, “The Appropriation and Subsequent Naturalization of
Greek Science in Medieval Islam: A Preliminary Statement,” History
of Science 25 (1987): 223-43, esp. 223.

10. Sabra, “Appropriation and Subsequent Naturalization,” 224 (note
9).
11. Susan Gole, Indian Maps and Plans: From Earliest Times to the
Advent of European Surveys (New Delht: Manohar, 1989), 11.

12. Gole, Indian Maps and Plans, 13 (note 11).
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It was to redress some of the consequences of such
attitudes that we decided to treat Islamic and South Asian
mapping as distinct areas of cartographic knowledge. The
decision was liberating. Once the Western yardstick was
thrown out, a new potential to broaden the cartographic
canon took shape. For this to happen, though, the tran-
sition from Eurocentric to more culturally sensitive inter-
pretations had to be made and new assumptions
espoused. Value judgments based on European paradigms
had to be modified. For instance, it was no longer sat-
isfactory to see the classical school of Islamic geography
of the ninth and tenth centuries as a simple period of
spectacular flowering before a long era of decline.!3
Terms such as “decline,” “stagnation,” and “decadence”
convey judgments based on the notion of a “scientific
revolution” in early modern Europe.'* As Marshall
Hodgson remarked, “Western scholars discuss cultural
decline in Islam... without really proving that such
decadence really existed, and without evaluating the great
works of later periods.”? Such implicit judgments may
explain the earlier neglect of cartography in the Ottoman
period. By changing our cultural stance we have been
able to add to this volume what we believe is the first
systematic account of cartography in the premodern
Ottoman Empire.!®

The treatment of cosmographical maps in this book
has also benefited from the shedding of Eurocentric atti-
tudes. Our redefinition of cartography in volume 1 was
specifically worded to include graphic representations of
the human cosmos in the widest sense. Given the treat-
ment of cosmography in that volume,!” it would have
been unthinkable to exclude from the present volume
either the Islamic cosmographical diagrams or the cos-
mographical maps made by Buddhists, Hindus, and Jains
in South Asia. Indeed, instead of omitting South Asian
cosmographical maps on the grounds that they have
already been treated extensively in works on Indian art
and religion, or because they are in some way less than
cartographic, we have emphasized them as the quintes-
sential expression of the mapping impulse in these soci-
eties. Recognizing them as maps in their own right, the
author of the South Asian section has found no need to
justify them by gratuitous measurement or to include
them only because they “compensate” for the sparser
record of terrestrial mapping in South Asia. Rather, they
remind us that the study of early maps in non-Western
societies cannot be confined to examples mirroring the
familiar characteristics of European cartography. The
treatment of cosmography in this book is central to our
mission to move the history of cartography to accept
maps of territories previously regarded as marginal to the
accepted core of “scientific” cartography.

The satisfaction of seeing our authors enlarge the scope
of the book is considerable, but our editorial attempts
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to resolve other problems may have met with less success.
Since the inception of the History, we have struggled to
devise compatible geographical regions and historical
periods so as to create a coherent framework for a study
of cartographic change and its social interactions.!® So
vast is the canvas of the present book, however, that it
has generated a series of special problems.

The basic framework for volume 2, book 1, is geo-
graphical. The Islamic heartland is treated separately
from South Asia. The cultural distinctiveness of the two
areas is also underpinned by long-established historical
usage. The continent of “Asia”? is a European invention,
and already in classical and medieval times it designated
the lands to the east of Mesopotamia and Persia, though
India was recognized as a separate cultural unit.20 But this
neat geographical-historical arrangement leaves a number
of gaps in our treatment. One chronological problem is
that the two sections, the Islamic world and South Asia,
have different starting dates, partly because the maps of
the earliest Mesopotamian and Egyptian civilizations, in
view of their affinities with classical Europe and the soci-
eties of the Mediterranean, were dealt with in volume
1.21 In this book the narrative is picked up with the expan-
sion, from the seventh century onward, of the Islamic
religion. For South Asia, however, we must go back to
the late prehistoric period. Another untidiness is the way
geographical regions do not match the changing map of
cultural history. The modern term “Middle East”?2 does

13. See, for example, the remarks of George Sarton, “Arabic Science
and Learning in the Fifteenth Century: Their Decadence and Fall,” in
Homenaje a Millas-Vallicrosa, 2 vols. (Barcelona: Consejo Superior de
Investigaciones Cientificas, 1954-56), 2:303-24.

14. Sabra, “Appropriation and Subsequent Naturalization,” 238-42
(note 9).

15. Marshall G. S. Hodgson, “The Role of Islam in World History,”
Intemational Journal of Middle East Studies 1 (1970): 99-123, esp.
103.

16. See chaps. 10-12 and parts of chap. 14.

17. Harley and Woodward, History of Cartography, 1:85-92, 203-
4, 261-63, 340 (note 1).

18. For a discussion of the overall framework of the History, see
Harley and Woodward, History of Cartography, 1:xviii-xix (note 1).

19. Its geographical bounds as imposed by atlas or dictionary defi-
nition comprise the lands east of Hellespont and the Urals and south
of the Caucasus Mountains. On the arbitrariness of the modern map
for cultural history, see Marshall G. S. Hodgson, “The Interrelations
of Societies in History,” Comparative Studies in Society and History
5 {1963): 227-50.

20. Donald F. Lach, Asia in the Making of Europe, 2 vols. in §
{Chicago: University of Chicago Press, 1965-77), 1:335.

21. Harley and Woodward, History of Cartography, vol. 1, chaps.
6 and 7 (note 1).

22. The term Middle East was first used in 1902 by the American
naval historian Alfred Thayer Mahan. See Bernard Lewis and P. M.
Holt, eds., Historians of the Middle East (London: Oxford University
Press, 1962), 1-3, for a discussion of the historical geography of regional
nomenclature. See also the helpful discussion in Bernard Lewis, “The
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not coincide with the areas—extending from a long-lived
center of chartmaking in North Africa to the mapping
of the Mughal Empire in northern India—where Islamic
cartography flourished in various historical periods. A
similar problem applies to the “cartographic region” of
South Asia. Though this area formed the heartland for
the development of the Buddhist world maps dealt with
in this book, they later spread, in modified forms, to other
regions of Southeast and East Asia and could have legit-
imately formed part of the subject matter of volume 2,
book 2.

Coupled with the structural difficulties of trying to
organize a balanced overview of Islamic cartography,
there is the problem of unevenness of knowledge about
mapmaking under the different Islamic empires—the
Abbasid, the Safavid, the Mamluk, the Mughal, and the
Ottoman—and the way these empires coincided (or failed
to coincide) with the area’s linguistic geography. Not all
[slamic texts including maps were written, or written
about, in Arabic.23 There is much relevant material in
languages such as Syriac, Persian, and Turkish. Even so,
the extent to which our authors have been able to recon-
struct cartographic traditions across the Islamic world has
varied, and though we offer relatively full descriptions of
mapmaking under the Abbasid, Mughal, and Ottoman
empires, evidence for Persian cartography and for some
aspects of Muslim mapping in Spain before the recon-
quista remains much more elusive.

There are also differences in our academic starting
points. For the history of Chinese cartography in book
2 of this volume, we can build on the synthesis by Joseph
Needham and his associates.?* In contrast, the single gen-
eral reference work for Islamic cartography, Mappae
arabicae by Konrad Miller,2® is three-quarters of a cen-
tury old. Hitherto the fullest up-to-date summary of
Islamic cartography has been an article in an encyclo-
pedia.26 Many of the original texts of manuscript sources
containing maps lack critical modern editions. Specialists
in Islamic and South Asian studies point to large numbers
of manuscripts that remain unpublished and even unca-
taloged. Our authors have drawn on some of these, but
the discovery of new manuscript sources not only would
add new detail but could revise some of the key issues
raised in this book concerning cartographic transmission.
For example, increasing attention is being paid to the
astronomical and mathematical sciences of the Islamic
world, and much of this work will bear on the mathe-
matical aspects of map projections. Although we have
attempted to inform readers of current research direc-
tions, even work in progress, there is no way we can be
sure of incorporating it all.

In technical matters, we adopt what seems to be the
consensus among specialists. For South Asia we have
mainly used the Christian calendar. For the maps of the
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Islamic world, however, we have provided both Islamic
and Christian dates. In this way the Islamic sense of time
is preserved. At the same time, comparisons can be made
with Europe, particularly in the periods of most active
interaction between Europe and regions of Islamic cul-
ture. A major problem—and, to us, new—has been the
need to deal with phonetic languages, such as Arabic, and
to pay particular attention to the transcription of all Asian
languages. We have not attempted to reproduce Arabic
characters but have adopted the Library of Congress
transliteration system for Arabic and Persian. In a mul-
tiauthor work, there is never full agreement on such a
personal and idiosyncratic topic as transliteration, and
this book has been no exception. The decision to use
the Library of Congress system was based on two con-
siderations. First, it was recommended by The Chicago
Manual of Style as the most widely used system. Second,
we felt that—while Arabists could work back to the orig-
inal Arabic characters from any rational system (including
that of the Library of Congress)—nonspecialists would
find it easier to look up authors and titles of Arabic works
in libraries using the Library of Congress system, which
is commonly used for this purpose. We are well aware,
however, that in our efforts to be consistent throughout
the volume we have not succeeded in pleasing everyone.
As a compromise, in the very few cases where the Library
of Congress form is obviously counter to modern prac-
tice, we have provided the commonly known form. For
decisions on when to use a transliteration of Ottoman as
opposed to modern Turkish, we have relied on the judg-
ment and experience of our individual authors, whose
practices may differ. For all languages, lengthy “book”
titles and personal names are usually given in full only
on the first use, and subsequently we use an abbreviated
form. Wherever possible, we have added a translation of
the title.?’

Map of the Middle East: A Guide for the Perplexed,” American Scholar
58 (1989): 19-38.

23. It is wrong, therefore, to equate Islamic cartography exclusively
with the Arabic-language areas as some authors have implied: Bagrow,
History of Cartography, 53 {(note 2), is misleading when he states of
Islamic cartography that “all its cartographers wrote in Arabic.”

24. Joseph Needham, Science and Civilisation in China (Cambridge:
Cambridge University Press, 1954-), esp. vol. 3, Mathematics and the
Sciences of the Heavens and the Earth (1959); vol. 4, Physics and
Physical Technology (pt. one: Physics, 1962; pt. three: Civil Engineering
and Nautics, 1971).

25. Konrad Miller, Mappae arabicae: Arabische Welt- und Léinder-
karten des 9.-13. Jahrhunderts, 6 vols. (Stuttgart, 1926-31). Miller’s
work also typifies the emphasis of many European Orientalists on the
historical geography of the regions or in the reconstruction of their
place-name nomenclature.

26. S. Magbul Ahmad, “Kharita,” in The Encyclopaedia of Islam,
new ed. (Leiden: E. ]. Brill, 1960-), 4:1077-83.

27. On the grounds that they may contain substantive or allusive
information relevant to our interpretation of the role of maps in these
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That we were able to grapple at all with the problems
involved in this work and later felt able to comment on
some important interpretative issues in Islamic and South
Asian cartography in our “Concluding Remarks” is
largely owing to the scholarship of the specialist authors
who have agreed to write on these subjects. In the fullest
sense, this is their volume. We wish to acknowledge their
patience during the decade it has taken for the text to
come to fruition, and for the good grace with which they
have accepted editorial intervention at various stages in
the work. We are most deeply indebted to our two asso-
ciate editors—Gerald Tibbetts and Joseph Schwartz-
berg—who became indispensable advisors as well as
major authors. We know they have sacrificed other aca-
demic projects and personal opportunities to work with
us for so long on the challenge of creating a new history.
Equal thanks must be extended to Ahmet Karamustafa,
our assistant editor, whose contribution to the book as
a whole has been far greater than that title implies. Dr.
Karamustafa began work on the Islamic section as a post-
doctoral fellow at the University of Exeter and, since his
appointment to the Department of Asian and Near East-
ern Languages and Literature of Washington University
in Saint Louis, has played a key role in introducing us to
new authors and to developments in Islamic scholarship.

At various stages in the work we have also benefited
enormously from the advice of a circle of specialist schol-
ars to whom we were initially outsiders and who may
have wondered whether there would ever be any product
from our persistent inquiries. These individuals have gen-
erously found time to recommend new authors and, in
the later stages of the work, to give critical readings of
several chapters. In the initial planning of the book we
received useful help on the Islamic section from William
C. Brice. More recently Susan Gole has shared her exten-
sive knowledge of Indian mapping and has made available
illustrations that otherwise would have remained unob-
tainable. In addition to the advice of the four anonymous
readers of the University of Chicago Press (two for the
Islamic section and two for the South Asian), comments
on particular sections by Owen Gingerich, Thomas
Goodrich, Abbas Hamdani, Paul Kunitzsch, David Pin-
gree, and Jamil Ragep have been particularly valuable.
For occasional, but nonetheless essential, advice we are
also in the debt of C. F. Beckingham, Simon Digby,
Edward S. Kennedy, Roshdi Rashed, and Fuat Sezgin.

As the History of Cartography project has continued
to grow in size and complexity—with a further three vol-
umes already in various advanced stages of commission-
ing and preparation—we have become even more depen-
dent upon the organizations, foundations, and individuals
who have provided the financial support necessary for a
work on this scale. We coeditors particularly wish to
thank our own academic departments and the graduate
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schools of the University of Wisconsin at Madison and
Milwaukee for their long-term institutional support of
the project in both a material and a personal sense. We
are also grateful for the generous grants received for this
book from foundations, institutions, and individuals who
are fully acknowledged on page vi. In addition, we would
like to thank Jack Monckton and Kenneth Nebenzahl
for their advice on fund-raising and Richard Arkway,
Martayan Lan, Inc., George Ritzlin, Thomas Suarez, and
Martin Torodash—map dealers who helped by publishing
our call for financial support in their catalogs.

It is only this overall level of support that has enabled
us to have the privilege of working with a highly qualified
staff for the essential yet time-consuming editorial tasks
of bringing such a book to press. All volumes of the
History are intended to provide a basic work of reference
for scholars and other readers across the spectrum of the
relevant disciplines. As in volume 1, we have paid par-
ticular attention to creating a bibliographical apparatus
that is full and accurate. In controlling the day-to-day
operations of this work—and in liaison with the Univer-
sity of Chicago Press and with authors, advisors, and
editors—our managing editor Jude Leimer has been the
secure anchor of the whole editorial process. It is largely
through her determination, organizational ability, and
bibliographical flair in tracking down arcane references
that we have been able to move forward. In his capacity
as research associate, Kevin Kaufman has also shown
great initiative and scholarship and has dealt imaginatively
with a wide range of research problems and with drafting
new material where gaps in the text needed to be plugged.
Paula Rebert has most capably checked many of the ref-
erences in this book, and for additional research help we
are grateful to Matthew Edney and David Tilton. Deniz
Balgamis, Judith Benade, Kathryn Kueny, and Michael
Solot took time during their trips abroad to bring us
crucial materials from Turkey, India, and Egypt. Ms. Bal-
gamis and Hichem Sellami have also helped with trans-
lations of Turkish and Arabic texts. Cartography is noth-
ing if not a visual language; a major feature of the book
is its attempt to include a representative set of illustra-
tions. In this vital editorial task Christina Dando and Gun-
tram Herb have tenaciously pursued pictures and cleared
permissions from a large number of distant libraries. The
line drawings were skillfully prepared by the University
of Wisconsin Cartographic Laboratory in the Department
of Geography at Madison.

Anyone who has experienced the problems of man-
aging a small office within a large organization will also

non-Western societies. G. M. Wickens, “Notional Significance in Con-
ventional Arabic ‘Book’ Titles: Some Unregarded Potentialities,” in The
Islamic World: From Classical to Modern Times: Essays in Honor of
Bernard Lewis, ed. Clifford Edmund Bosworth et al. (Princeton, N.J.:
Darwin Press, 1989), 369-88.
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appreciate how essential Susan MacKerer has become as
administrator for the Project as a whole. She always
works with efficiency and good humor on vital tasks that
run from the diplomatic to the technical. In the Mil-
waukee office of the Project the editorial effort would
similarly have soon come to a halt without the absolutely
crucial support of Ellen Hanlon. Mark Warhus, coor-
dinator of the Office for Map History of the American
Geographical Society Collection, has also given much
logistic help to our endeavor, and in the Madison office,
we received essential secretarial and library help from
Ellen Bassett, Karen Beidel, and Judith Gunn.

We are delighted to have the opportunity to thank
several people at the University of Chicago Press. Pene-
lope Kaiserlian, associate director, has promptly and sym-
pathetically smoothed out any administrative problems;
Alice Bennett, copy editor par excellence, has improved
the consistency and efficiency of the text; and the apt
design and versatile layout created by Robert Williams
have proved a match for the complexities of the text,
tables, and illustrations.

As our momentum increases and at this stage in the
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life of the Project as a whole, the professional and per-
sonal debts of the two coeditors are mounting too rapidly
to enumerate here. Some of the authors with whom we
worked on volume 1—notably Tony Campbell, Oswald
Dilke, and Catherine Delano Smith—have continued to
offer us sound advice, while our former editorial col-
league Anne Godlewska continues to keep a watchful
eye on our progress from Canada. At a personal level,
we owe a debt to our families in England and Wisconsin
that cannot be measured. Their support, tolerance, and
love has been unsurpassed, and we fear that at times we
must have sorely tested their patience as the History has
taken up more and more of our energies. Rosalind Wood-
ward has played a key role in the internal social life of
the Project and in frequently bringing the external per-
spective of common sense to organizational problems.

With so much given to us from all quarters, readers
might begin to wonder how there could be any blemishes
at all in the book. For the fact that there are many, we
both take full responsibility. We are conscious that in
the end this is only a small first step in writing the non-
Western history of cartography.
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1 - Introduction to Islamic Maps

AHMET T. KARAMUSTAFA

The cartographic heritage of premodern Islamic civili-
zation is extremely varied. Different traditions of theo-
retical and empirical cartography coexisted for over a
millennium, from about A.D. 700 to 1850, with varying
degrees of interaction in a cultural sphere that extended
from the Atlantic shores of Africa to the Pacific, from
the steppes of Siberia to the islands of South Asia. The
heterogeneity of premodern Islamic mapping was not due
solely to the unusual geographical extent and temporal
span of this cultural sphere. Rather, it was primarily a
natural outcome of the fact that Islamic civilization devel-
oped on the multifaceted and discontinuous cultural
foundations of the Middle East. The very core of this
foundation, the Semitic-Iranian tradition, was itself
marked by radical ruptures that separated the age of
cuneiform from that of Aramaic and Middle Persian.
Muslims further complicated the picture, not only by
deliberately rejecting their own classical Semitic-Iranian
heritage but, more dramatically, by appropriating and
naturalizing in an enormously creative act the “foreign”
classical tradition of Greek science and philosophy. The
following chapters attempt to trace the major outlines
of the conceptual as well as the practical mapping tra-
ditions of the multirooted cultural complex that resulted
from this merger of cultures.t

This group of essays is organized into five major sec-
tions. The first three deal, in order, with celestial map-
ping, cosmography, and geographical mapping. A sepa-
rate section is devoted to a survey of cartography in the
premodern Ottoman Empire. The final section deals with
the role of nautical charts in Islamic navigation in the
Indian Ocean and with maritime cartography in the Medi-
terranean. This particular arrangement is not dictated
solely by the relative significance of each type of carto-
graphy. The chapter on celestial mapping comes at the
beginning largely because of the importance of these
maps in Islamic culture. Cosmographical mapping fol-
lows, since it was closely associated with celestial carto-
graphy. A series of essays on early geographical carto-
graphy then forms a large subsection. The separate
treatment accorded to Ottoman cartography is justified
equally by the particular cultural conjuncture of the Otto-
man Empire between Christian Europe and the Islamic
Middle East and by the comparative wealth of its carto-

graphic heritage. Two essays on maritime mapping com-
plete the Islamic section.

The distinctive characteristics of Islamic cartography
are owed in part to the interaction of Islamic culture with
the European societies that lay to the west. In this sense
the section as a whole builds on specific cartographic
traditions that were studied in volume 1 of the History.
On one hand, a major concern that runs through the
sections on celestial mapping, cosmography, and geo-
graphical cartography is the delineation and analysis of
the Greek heritage in Islamic cartography, and as such
these chapters should be read in conjunction with chap-
ters 8 through 11 of volume 1. On the other hand, the
section on cartography in the premodern Ottoman
Empire assumes familiarity with cartography in medieval
Europe and the Mediterranean, which is the subject of
part 3 of volume 1.

Firmly grounded in volume 1 of the History, the
Islamic section also requires a careful reading of volume
2 as a whole. The question of Chinese influences on
Islamic cartography, however minor, is brought into per-
spective by matters dealt with in the East Asian section.
More substantially, Islamic materials deriving from the
Indian cultural sphere are studied in the South Asian sec-
tion. Finally, much of volume 3 of the History will also
need to be consulted for proper appreciation of the chap-
ters on Ottoman cartography, since Ottoman mapping
practices bear clear traces of contemporary developments
in European cartography. Owing to these multifaceted
cultural connections, therefore, the Islamic section acts
as a pivot between volume 1, the remainder of volume
2, and volume 3 of the History.

1. The standard general survey of Islamic history is Marshall G. S.
Hodgson, The Venture of Islam: Conscience and History in a World
Civilization, 3 vols. (Chicago: University of Chicago Press, 1974). The
recent survey by Ira M. Lapidus, A History of Islamic Societies (Cam-
bridge: Cambridge University Press, 1988), concentrates on institutional
history. The Cambridge History of Islam, 2 vols., ed. P. M. Holr, Ann
K. S. Lambton, and Bernard Lewis {Cambridge: Cambridge University
Press, 1970), and Bernard Lewis, ed., The World of Islam: Faith, People,
Culture (London: Thames and Hudson, 1976), are useful collections.
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Roughly a century and a half after the establishment of
Islamic rule over the central lands of the Middle East in
the mid-seventh century, there began a massive transla-
tion movement. By the time the translation activities
dwindled away at the beginning of the tenth century,
much of the surviving corpus of Greek philosophical sci-
ences was available in Arabic. Most of the translations
were carried out in Baghdad, the newly founded capital
of the Abbasid Empire, under the patronage of the ruling
caliphs, in particular al-Mansar (r. 136-58/754-74),
Hariin al-Rashid (r. 170-93/786-809), and al-Ma’miin (r.
198-218/813-33). The active adaptation and appropri-
ation of Greek science and philosophy exercised a deci-
sive formative influence on the nascent Islamic civiliza-
tion. It also had far-reaching consequences for the history
of the classical legacy and its revitalization in medieval
and Renaissance Europe.?

Historians of cartography are concerned equally with
many facets of this major event in world history. They
are eager to trace both continuities and discontinuities
between Islamic and European traditions of cartography.
In many ways it is tempting to see the towering figure of
Ptolemy as the protagonist of this narrative. His works
in Arabic translation (appendix 1.1) formed the backbone
of Islamic astronomy and astrology, areas of learning in
which the mathematical bases of cartographic thought
were developed and cultivated. It is therefore only natural
to pay much attention, as the following chapters do, to
the delineation of Ptolemy’s legacy within Islamic carto-
graphy.

In searching for continuity and discontinuity, however,
it is crucial to shape our judgments around historically
viable questions. More specifically, the temptation to
adopt a teleological view of historical processes of trans-
mission is better avoided. That Greek cartographic tra-
ditions, as a part of the Greek philosophical curriculum,
should have been absorbed into Islamic civilization was
not a historical necessity. It is the translation movement
itself that requires explanation, rather than those appar-
ent “defects” in the resulting maps that may emerge when
it is viewed with a mechanistic understanding of cultural
processes of transmitting scientific learning. Thus, when
research indicates that not all of Ptolemy’s writings on
cartography were put into practice by Muslims, it will
not do to attribute this to a mysterious failure of com-
prehension by Muslims simply because these same writ-
ings led to quite different results a few centuries later in
Europe in substantially different circumstances. Conti-
nuity in premodern science across very real cultural bar-
riers is as much in need of historical explanation as is
discontinuity, if not more; it should not be taken for
granted.

Islamic Cartography

The attempt to study the history of Greek cartographic
learning* from ancient times through Islam to the Re-
naissance, however valuable in its own terms, tends to
promote an externalist view of Islamic cartography. The
historian of this latter subject is essentially concerned
with delineating the various cartographic traditions with-
in Islamic civilization and analyzing their place and role
within this broad cultural sphere. From this perspective,
the question of Greek heritage assumes a different dimen-
sion. Unlike the student of Greek cartographic traditions
across cultural boundaries, the historian of Islamic carto-
graphy must assess the place of Greek learning within
Islamic mapping practices as a whole, with an eye toward
the interplay among the different formative influences.
The scope of the inquiries needs expanding. It needs not
only to identify all possible cartographic precedents that
were available to Muslim cartographers throughout the
duration of premodern Islamic civilization, but also to
establish how different cartographic practices within this
cultural sphere interacted with each other to create dis-
tinctly [slamic mapping styles.

The question of the influence of pre-Islamic Arabian,
Persian, and Indian—as well as, much later, Chinese and
European—cartographic and geographic lore on Islamic
cartography is complex. Different aspects of this intricate
array of issues are studied with varying emphases in the
essays that follow. The relevant historical record is
severely discontinuous here, and many questions cannot
be clearly conceived, let alone satisfactorily answered.
Nonetheless, an awareness of formative influences other
than those of Greek cartography serves at the very least
to place the classical heritage in Islamic cartography into
a broader perspective.

MaAp AND TEXT

Independent map artifacts, excluding astronomical
instruments, are the exceptions in the cartographic record
of premodern Islamic civilization. Almost all the extant
Islamic maps are integral parts of larger manuscript con-
texts. This prominence of the textual environment gen-
erates problems of interpretation for the student of
Islamic cartographic representation.

On a technical level, the submergence of maps in texts
means that their study is subject to all the difficulties
associated with studying the latter. A substantial portion

2. An exhaustive review of the scholarship on the classical heritage
of Islamic civilization is Felix Klein-Franke’s Die klassische Antike in
der Tradition des Islam (Darmstadt: Wissenschaftliche Buchgesell-
schaft, 1980).

3. For a general and incisive statement of the problems associated
with the study of the Greek scientific tradition within premodern Islamic
civilization, see A. l. Sabra, “The Appropriation and Subsequent Nat-
uralization of Greek Science in Medieval Islam: A Preliminary State-
ment,” History of Science 25 (1987): 223-43.
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of the textual legacy of premodern Islamic civilization is
still preserved only in manuscript form in a great many
public and private collections scattered throughout the
world. Many of these collections are only partially and
inadequately cataloged. The number of individual works
that are transcribed or, much less often, critically edited
and published, is disappointingly low. The researcher
who compares these manuscript codices faces serious
problems such as difficulty of access as well as intractable
questions of authorship and copying. The student of
maps faces additional problems. Often it is difficult to
surmise where to search for maps, since they are found
in many kinds of texts. Once located, maps present their
own problems of dating, provenance, and draftsmanship,
though never divorced from similar difficulties associated
with the texts in which they are found.

The key question when exploring the map/text rela-
tionship, however, concerns the independence of the map
artifact. In a cultural-historical account of maps in pre-
modern Islamic civilization, it is crucial to determine how
far the idea of the map was accepted as a basic form of
human communication with identifiable social functions.
Although the multiplicity of the Islamic maps studied in
the following chapters clears all doubts abourt the com-
municative valence these maps carried within the Islamic
sphere, the question whether culturally distinct carto-
graphic traditions existed in premodern Islamic societies
is more complex and elicits different responses from the
contributors.

For those map artifacts that are found in texts, it seems
safe to assume that they served a didactic or illustrative
function subservient to the main textual narrative. Even
in this context, however, graphic representation holds its
own and cannot be explained away through textual com-
prehension. On a more general level, the Islamic carto-
graphic heritage also harbors more independent strains,
such as astronomical instruments (especially globes and
astrolabes), maritime atlases, and freestanding world
maps, demonstrating the existence of autonomous carto-
graphic traditions within this cultural sphere. It is there-
fore helpful to view the relationship between text and
image as a spectrum that extends from subservience of
the image to the text at one end to its independence from
textual control at the other.

The relationship of map and text is also intimately
related to the question of map audience. The dominance
of the textual environment suggests that most Islamic
maps were directed toward the literate, cosmopolitan
elites of premodern Islamic societies, who alone pro-
duced and used books. By and large maps were not avail-
able, nor were they meant, for the use of the illiterate
majority. The existence of text-free map artifacts does
not lead us to modify this conclusion, since these maps
too were produced by elite groups such as astronomers

and astrologers, sea captains, and political rulers for their
own use. Nonetheless, we very rarely find hard historical
evidence for the reception of maps in Islamic societies,
and such relevant information is documented wherever
possible in the following chapters.

The issue of the relative “cultural weight” of map arti-
facts in and outside textual settings is intrinsically related
to that of the place images held within premodern Islamic
cultures as a whole. Some scholarly attention has been
paid to this latter subject, especially in the study of
Islamic art history, where debate focuses on the permis-
sibility of artistic representation of living beings under
Islam.? There is indeed little doubt that early generations
of Muslims developed an attitude toward the arts that
excluded animate beings from the ambit of allowable
images and that exercised the central formative influence
on practically all the later Islamic artistic traditions. In
itself, representational art is generally not relevant to
maps in the Islamic context, but its status in the Islamic
sphere should be kept in mind in undertaking a com-
parative perspective, since the general absence of deco-
rative emblems in Islamic maps may appear anomalous
when such maps are juxtaposed to European maps of the
Middle Ages, the Renaissance, and later.

On a different level, one could ask whether “the rejec-
tion of a certain kind of imagery . .. carried with it con-
siderable uncertainty about the value of visual symbols
altogether.”’ This is an extremely complicated issue that
is not directly addressed in the present volume. The his-
torian of Islamic cartography is not on firm ground here,
and at this preliminary stage of scholarly inquiry it is
essential to resist preconceptions about premodern Mus-
lims’ universal iconophobia or profound ambivalence
toward the use of graphic languages. However, it is clear
that this broader issue of Islamic attitudes toward visual
images should be considered in studying the history of
Islamic cartography.

CONDITIONS OF MAP PRODUCTION

Throughout the length and breadth of the Islamic world,
we are concerned with a manuscript culture.® Printing
was not highly regarded, in spite of the arrival of block-
printing techniques derived from China and even a short-
lived attempt to print paper money at Tabriz in 693/
1294.7 Such techniques were not adopted for traditional

4. Oleg Grabar, The Formation of Islamic Art, rev. and enl. ed. (New
Haven: Yale University Press, 1987), 72-98, with bibliography on p.
221. Also Rudi Paret, Schriften zum Islam: Volksroman, Frauenfrage,
Bilderverbot, ed. Josef van Ess (Stuttgart: Kohlhammer, 1981).

5. Grabar, Formation of Islamic Art, 95 (note 4). For a thought-
provoking essay on this topic, see Marshall G. S. Hodgson, “Islam and
Image,” History of Religions 3 (1964): 220-60.

6. 1 thank David Woodward for his help in writing this section.

7. Thomas Francis Carter, The Invention of Printing in China and



Islamic cartography until the eighteenth century. The
printing press, which so revolutionized the production
and dissemination of knowledge in Europe, had a delayed
and muted impact within Islamic culture.

There are accounts of large maps made especially for
the delight and gratification of various Muslim rulers.?
They were constructed of various materials and displayed
at court to enhance the glory of the reign. The survival
rate of such maps would have been low, but it is curious
that not a single fragment has survived. Instead, much of
the corpus of [slamic maps, especially for the pre-Otto-
man period, comes down to us as illustrations to geo-
graphical works and historical annals. The maps we
examine today—despite some evidence for independent
artisans working outside court circles—-were incorporated
into imperially commissioned texts or intended for other
individuals holding high office. As a result, map produc-
tion in traditional Islamic cultures, as we are able to
reconstruct it from the available evidence, is closely
linked to the highly formalized art of illustrated manu-
script texts. Even so, the physical aspects of Islamic maps
have not been examined systematically or in depth as
have the other products of illumination and painting.

Masters of the Islamic book arts included calligraphers,
painters, illuminators, gilders, marginators, binders, and
preparers of ink and paint, all of whom played an integral
role in the stages of manuscript production. Maps, too,
often resulted from such a division of labor among arti-
sans, who were typically paid servants of the state work-
ing in ateliers within the palace precincts. Just like any
other textual illustration, maps were drawn in spaces left
in the text by the scribe. Paint was then applied, place-
names were written in, and occasionally gilding and a
decorative border were added. It is probable that maps
constituted only a small part of the artisans’ work. The
relation between mapmaking and the art of the minia-
turist is paralleled by the case of the instrument makers
working in brass and other metals, whose astrolabes, one
of the high art forms of Islamic culture, dissolved the
barrier between artisan and scholar in a blend of math-
ematical ingenuity and stylistic harmony.

Cartographic style obviously reflects the aesthetic val-
ues of Islamic society. Calligraphy, considered directly
linked to the Word of God, was its most highly valued
art. The geometric structure and laws of proportion that
determined the repertoire of Arabic scripts also guided
graphic representation. In fact, the art of illuminating title
pages, verse divisions, borders, and colophons had its
origin in the ornamentation of script, and the work of
Islamic miniature painters has sometimes been described
as a “calligraphic art” because it suggests the smooth,
rhythmic lines of Arabic characters.® It would be a mis-
take to judge the calligraphic qualities of Islamic maps
by the principles of modern cartographic design. The
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maps of the Balkhi school, for example, could be criti-
cized for oversimplified and stylized linework and detail
and for their failure to indicate precise geographical posi-
tions. As with the medieval mappaemundi in the West,
however, these maps must be judged in their aesthetic
context and in relation to their historical purpose. The
geometric simplicity of the Balkhi school style is strik-
ingly original and no doubt fulfilled its intended mne-
monic function.

Formal calligraphy annotating the maps (often in sev-
eral languages) afforded greater opportunities for blend-
ing with the flowing style of the pen- or brushwork of
the map detail itself, a harmony often continued in ara-
besque borders. Words in Arabic calligraphy could be
stretched or contracted at will to fill the areas they
referred to. Such a harmony between line and letter was
not possible with the roman alphabet. These issues, and
examination of other unusual stylistic aspects of Islamic
maps, must await the attention of scholars who combine
an interest in cartography with the necessary technical
and linguistic skills.

Both paper and parchment were used for drawing
maps. Papermaking was probably introduced to western
Asia from China in the mid-eighth century A.D. From
that time onward, at centers of the industry like Samar-
kand, Baghdad, and Damascus, Arabs monopolized pap-
ermaking in the West for several centuries.’® The fine-
quality paper used for illuminated manuscripts was highly
prized and its distribution tightly controlled, though Ital-
ian sources later provided a cheaper and more accessible
supply. The size of the maps was dictated by the size of
the written page in the manuscript. A double-page spread
on the normal-sized quarto manuscript would permit a
map of approximately 80 X 40 c¢m. Parchment was not
as highly valued a medium as paper, and the particular
animal skins used for parchment are seldom specified.
There are also references to a large map made of silver
and another ninth-century “description of the world on
Dubayqi cloth, unbleached but with dyes,” neither of
which has survived.

Paints and inks on maps also followed the tradition of
manuscript illumination. [llustrations were sketched with
a reed pen (qalam) in ink made from lampblack. The
characteristically jewel-like, opaque colors were made
from mineral pigments, with deep ultramarine (lapis

Its Spread Westward, 2d ed., rev. L. Carrington Goodrich (1925; New
York: Ronald Press, 1955), 170-71.

8. See, for example, p. 95.

9. Norah M. Titley, Persian Miniature Painting and Its Influence
on the Art of Turkey and India: The British Library Collections (Lon-
don: British Library, 1983), 216-50, and Thomas W. Arnold, Painting
in Islam: A Study of the Place of Pictorial Art in Muslim Culture (1928;
reprinted New York: Dover, 1965), 3.

10. Damascus became a main source of supply to Europe; see Carter,
Invention of Printing in China, 134-35 (note 7).



Introduction to Islamic Maps

lazuli), vermilion (cinnabar), green (verdigris), silver, and
gold predominating. There is no explicit reference to the
adoption of color conventions for maps beyond those
that had already been established in classical times, and
frequently the selection of map colors follows that for
other illustrations in the manuscript. Nevertheless, in the
tenth century, al-Muqaddasi prescribed red for routes,
yellow for sand, green for sea, blue for rivers, and brown
for mountains. Existing copies of al-Idrisi’s Nuzhat al-
mushtaq (dated from the fourteenth century onward)
reflect a general compliance with these standards but at
the same time show some originality in color selection.
A similar mix of convention and independence charac-
terized the design of cartographic signs on Islamic maps.
In later periods the influence of European conventions is
felt, and the maritime charts of the Ottoman navigators,
for instance, clearly show the appropriation of standard
signs from Italian charts.

THEORY AND PRACTICE

A continuous reading of the chapters in this section will
reveal striking gaps between theory and practice in the
history of premodern Islamic cartography. Most notice-
ably, while great sophistication was reached in developing
the mathematical and astronomical bases of celestial and
geographical cartography, little or no attempt was made
to translate the existing theoretical knowledge into carto-
graphic practice. Though much effort was devoted to
such issues as determining celestial and terrestrial coor-
dinates, delineating alternative schemes of map projec-
tion, and accurately measuring the length of a degree of
the earth’s circumference, many mapmakers seem to have
ignored the implications of such scholarly developments.
In a similar vein, the geographical knowledge of Muslims
as attested by the rich geographical literature preserved,
especially in Arabic and Persian, was certainly impressive,
but it was only rarely presented in graphic form. Again,
cosmological thought is definitely not an underdeveloped
part of premodern Islamic intellectual activity, though it
did not find visual expression except in isolated cases.
To explain this puzzling array of circumstances, it is
essential to delineate the true dimensions of the problem.
On a general level, one might observe that the expec-
tation that cartographic practice should accurately and
fully reflect cartographic speculation is not well grounded
in history. There is no reason theory and practice should
go hand in hand. More specifically, it is crucial to note
that theoretical sophistication, even where we retrospec-
tively find it very relevant to cartographic practice, was
not necessarily, or even primarily, directed toward pro-
ducing maps. Thus, much of what can now be identified
as the theoretical basis of cartographic practice was never
seen in this light by Muslim astronomers, geographers,

and cosmographers. They dealt with cartographic issues
as natural parts of a wider intellectual curriculum valid
for their time, not as parts of a unified cartographic dis-
course motivated by the aim of producing maps. From
this perspective it is not so surprising that cartographic
practice should have been largely incidental to rigorous
investigation of the earth and the skies that went on in
intellectual circles. In spite of such general explanations,
the gap between theory and practice in Islamic carto-
graphy remains a puzzle, and specific information con-
tained in the chapters that follow provides a solid basis
for speculating on this subject.

TERMS

Major premodern Islamic languages—Arabic, Persian,
and Turkish—did not possess single words that uniquely
and unequivocally denoted “map.” Instead a number of
words were used, sometimes simultaneously or in jux-
taposition to each other, to refer to map artifacts. Most
common among these were terms that derived from well-
known Arabic roots: sirah (“form, figure” from the root
SWR, “to form, to shape”), rasm/tarsim (“drawing,
graph” from the root RSM, “to draw, to sketch™), and
naqsh /naqshab (“painting” from the root NQSH, “to
paint”). None of these terms solely denoted maps, and
all were used broadly to signify any kind of visual repre-
sentation. The absence of a specific map terminology in
premodern Islamic languages, while suggesting a low level
of map consciousness, should not be interpreted as a sign
of the cognitive insignificance of maps in Islamic civili-
zation. In the [slamic lands, as in the rest of the medieval
world, the borders between what now appear to us to
be different modes of visual representation were not rig-
idly drawn. It should not be surprising, therefore, that
all modes of visual representation shared a common ter-
minological stock. Standardization and specialization
begin only with the modern period. Thus, recent and
unequivocal is the term kharitab used in Turkish and
Arabic, which is a loan word deriving from the Catalan
carta through the Greek khartill

An important word in Islamic geographical texts is
“climate.” The Arabic word iglim (pl. agalim) came from
the Greek xhwa (literally, “inclination”) in Ptolemy’s
work and bears the same meaning in Arabic texts as it
does in Prolemy.!2 However, at an early stage it assumed
the meaning of a large division of the earth’s surface, and
from this there developed several other meanings. The

11. Henry Kahane, Renée Kahane, and Andreas Tietze, The Lingua
Franca in the Levant: Turkish Nautical Terms of Italian and Greek
Origin (Urbana: University of Hlinois Press, 1958), 158-59 (term no.
177, “carta”), and 594-97 (term no. 875, yepti “‘kharti”).

12. I thank Gerald Tibbetts for the information in this and the suc-
ceeding paragraph regarding terminology related to maps.
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Persians had considered the world to be divided into
seven regions, each containing a large empire. These
regions, known as kishvars, were adopted by Muslim
geographers, who renamed them aqalim, presumably in
a belief that the latter term was more Arabic. They may
have noticed that the Greek xAypa and the Persian kishvar
were both seven in number. Yet a third meaning was
given to the word by the Balkhi school authors, who
equated it with the regions into which they divided the
world for the purpose of convenient description. Thus
al-Istakhrt and Ibn Hawgal both produce twenty agalim
as opposed to other authors’ seven. The word has since
become a general word for region or province.

Islamic geographical texts also include words for mea-
surement. Distance measurements are dhira (cubit), mil
(mile), farsakh (a parasang or league [three miles]), and
marhalah (a day’s journey). Another word is manzil for
a stage of a journey, that is, one day’s travel. This also
means a stage of the moon’s journey, a lunar mansion.
Al-Idrisi used majra for one day’s sailing distance, but
to Ahmad ibn Majid majra was not a measurement. Dis-
tances at sea, according to him, were measured in zams
(“a watch,” or three hours’ sailing). André Miquel men-
tions several different dhira‘s, but he gives three thousand
dhird's to the mil, three mils to the farsakh.13 S. Maqbul
Ahmad states that there are twenty-five to thirty mils to
the marbalah and that one majra is approximately one
hundred mils (see table 7.1, p. 160). Longitude and lat-
itude are measured in degrees and minutes, darajahs and
dagiqabs.

HISTORIOGRAPHY

Islamic geographical literature has been a generally
neglected subject of study and cartography even more
so, even though an abridged edition of al-1drisi’s Nuzhat
al-mushtaq in Arabic was printed in Italy as early as
1592.1 The tables of longitude and latitude of Ulugh Beg
and Nasir al-Din al-Tast (or the greater part of them)
were published in 1652, and an edition of Aba al-Fida’
was issued in 171215

A translation of al-Idrist’s text by Jaubert in 1840 first
focused scholarly attention on the study of Islamic geo-
graphy.1¢ [ts publication also marks the initial stage in
the investigation of Islamic cartography, an interest that
continued to develop with the editing and translation as
well as the review, in survey studies, of other major geo-
graphical texts in Arabic by Wiistenfeld, Reinaud,
Lelewel, and Seédillot.’? More studies of Islamic geo-
graphical texts followed in the late nineteenth and early
twentieth centuries by de Goeje and von Mzik,!8 while
Nallino and von Mzik also contributed a number of more
specialized analyses.!® The attention given to cartography
in these works was restricted to the study of mathematical
geography, in the main a comparative scrutiny of tables
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13. These words represented various lengths, depending on their use.
André Miquel touches on their values in his La géographie humaine
du monde musulman jusqu’au milieu du 11¢ siécle, vol. 2, Géographie
arabe et représentation du monde: La terre et I'étranger (Paris: Mouton,
1975), 10-20, and they are given in some detail by Walther Hinz in the
article “Dhira™ in The Encyclopaedia of Islam, new ed. (Leiden: E. J.
Brill, 1960-), 2:231-32. See also Walther Hinz, Islamische Masse und
Gewichte: Umgerechnet ins metrische System, Handbuch der Orien-
talistik, ed. B. Spuler, suppl. vol. 1, no. 1 (Leiden: E. J. Brill, 1955).

14. For the early edition of al-Idrisi, see Kitab nuzhat al-mushtaq fi
dhikr al-amsar wa-al-agtar wa-al-buldan wa-al-juzur wa-al-mada’in
wa-al-afag, cataloged under the title De geographia universali (Rome:
Typographia Medicea, 1592), later translated into Latin in Geographia
nubiensis, ed. Gabriel Sionita and Joannes Hesronita (Paris: Typogra-
phia Hieronymi Blageart, 1619).

15. Binae tabulae geographicae una Nassir Eddini Persae, altera
Ulug Beigi Tatari, ed. John Greaves (London: Typis Jacobi Flesher,
1652). This work was also published along with Aba al-Fida™s descrip-
tion of the Arabian Peninsula in volume 3 of Geographiae veteris scrip-
tores graeci minores, ed. John Hudson, 4 vols. (Oxford: Theatro Shel-
doniano, 1698-1712).

16. Géographie d’Edrisi, 2 vols., trans. Pierre Amédée Emilien Probe
Jaubert (Paris: Imprimerie Royale, 1836-40).

17. Jacut’s geographisches Worterbuch, 6 vols., ed. Ferdinand Wis-
tenfeld (Leipzig: F. A. Brockhaus, 1866-73); Géographie d’Aboulféda:
Texte arabe, ed. and trans. Joseph Toussaint Reinaud and William
MacGuckin de Slane (Paris: Imprimerie Royale, 1840), and Géographie
&’ Aboulféda: Traduite de Parabe en frangais, 2 vols. in 3 pts. (vol. 1,
Introduction générale a la géographie des Orientaux, by Joseph Tous-
saint Reinaud; vol. 2, pt. 1, trans. Reinaud; vol. 2, pt. 2, trans. S. Stanislas
Guyard) (Paris: Imprimerie Nationale, 1848-83); Joachim Lelewel, Géo-
graphie du Moyen Age, 4 vols. and epilogue (Brussels: J. Pilliet, 1852~
57; reprinted Amsterdam: Meridian, 1966); Louis Amélie Sédillot, Mém-
ofre sur les systémes géographiques des Grecs et Arabes (Paris: Firmin
Didot, 1842). A long introductory section to the first volume of Rei-
naud’s Géographie d’Aboulféda provides a general chronological
account of Islamic geographical writings that is still worth reading. The
mathematics of geography are discussed, although little is said about
actual examples of cartography. See also the work by Aloys Sprenger
on post routes that contains an interesting introduction: Die Post- und
Reiserouten des Orients, Abhandlungen der Deutschen Morgenlan-
dischen Gesellschaft, vol. 3, no. 3 (Leipzig: F. A. Brockhaus, 1864;
reprinted Amsterdam: Meridian, 1962, 1971).

18. See Michael Jan de Goeje’s series Bibliotheca Geographorum
Arabicorum, 8 vols. (Leiden: E. J. Brill, 1870-94; reprinted 1967); Das
Kitab sarat al-ard des Aba Ga‘far Mubammad ibn Misa al-Huwar-
izmi, ed. Hans von Mzik, Bibliothek Arabischer Historiker und Geo-
graphen, vol. 3 (Leipzig: Otto Harrassowitz, 1926); and Das Kitab
‘agd’ib al-akalim as-sab‘a des Subrab, ed. Hans von Miik, Bibliothek
Arabischer Historiker und Geographen, vol. 5 (Leipzig: Otto Harras-
sowitz, 1930).

19. Carlo Alfonso Nallino, “Al-Huwarizmi e il suo rifacimento della
Geografia di Tolomeo,” Atti della R. Accademia dei Lincei: Classe di
Scienze Morali, Storiche e Filologiche, 5th ser., 2 (1894), pt. 1 (Mem-
orie), 3-53; idem, “Il valore metrico del grado di meridiano secondo i
geografi arabi,” Cosmos 11 (1892-93): 20-27, 50-63, 105-21 (both
republished in Raccolta di scritti editi e inediti, 6 vols., ed. Maria
Nallino [Rome: Istituto per POriente, 1939-48], 5:458-532 and 5:408-
57)% Hans von Mizik, “Afrika nach der arabischen Bearbeitung der
Teoypagixy vpfiynolg des Claudius Prolemaeus von Muhammad ibn
Maiisa al-Hwarizmi,” Denkschriften der Kaiserlichen Akademie der Wis-
senschaften in Wien: Philosophisch-Historische Klasse 59 (1917),
Abhandlung 4, i-xii, 1-67; idem, “Prolemaeus und die Karten der ara-
bischen Geographen,” Mitteflungen der Kaiserlich-Kéniglichen Geo-
graphischen Gesellschaft in Wien 58 (1915): 152-76; and idem, “Osteu-
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of geographical coordinates and, in the case of Lelewel
and von Miik in particular, reconstructing maps on the
basis of these tables.20

The actual Islamic maps—except for the map of al-
Ma’min, known only through references in other
works—were neglected. Orientalists could find little sci-
entific basis for them and so failed to take them seriously.
Lelewel preferred to reconstruct maps from tables of
coordinates, and his work typifies the resulting neglect
of actual examples of Islamic cartography. Maps were
considered at best to be useful sources for locating place-
names or reconstructing the geography of earlier histor-
ical periods. Historians of European cartography, with
no knowledge of the literary background of the maps,
could make little sense of them, and they were moreover
ill equipped to deal with the special problems related to
Islamic manuscripts and script. Because of the scattered
nature of the manuscripts, no real comparative research
was carried out. The sources and date of the content of
maps were often misleadingly related to the date and
provenance of the manuscripts that contained them.

The publication in the 1920s of a major collection of
Islamic maps and the beginning of another, larger com-
pilation that included many examples from Islamic carto-
graphy marked the onset of a new phase in its study.
Konrad Miller’s Mappae arabicae still holds the distinc-
tion of being the largest anthology of Islamic maps ever
published.?! Miller himself was interested in identifying
place-names, but many of his identifications are incorrect,
often because of his transliterations of the original Ara-
bic. Miller knew little of the geographical literature on
which the maps depended and here as elsewhere his
scholarship is in need of major revision. It is likely that
his main contribution in the long run will be seen as his
publication of an impressive collection of maps. Yous-
souf Kamal’s Monumenta cartographica Africae et
Aegypti, begun in 1926 and continued until 1951, was
never intended as more than a chronological survey of
references to Africa, beginning with classical antiquity.??
Its chief merit for the study of Islamic cartography is its
inclusion of a large number of Islamic maps side by side
with contemporary European examples, which calls for
and aids comparison. The works of Miller and Kamal
remain as basic sources for the study of Islamic carto-
graphy.

The proliferation of articles and monographs relating
to Islamic maps after 1950 makes it impractical to review
them in detail here.23 However, it is fair to state that even
when the maps are the center of attention, the emphasis
of most studies in this phase remains squarely geograph-
ical, and comparative cartographic research is still lack-
ing. Rather than artifacts in their own right thart reflect
the cultural milieu in which they were produced, maps
are treated at best as mere bearers of geographical and
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historical information~as in the predominant interest in
place-names—and at worst as superfluous illustrations.
Their unique characteristics, such as their frequent south-
erly orientation, are often left unnoted and unexplained.
There is little attempt to relate individual maps to each
other not in terms of genetic affinity (tracing the origin
of maps is a fairly common concern of researchers) but
in terms of structural similarity.

Significantly, major changes in the study of Islamic geo-
graphical texts occurred after the Second World War
with the publication of the works of Krachkovskiy and
Miquel. The first wrote a classical historical survey of
Arabic geographical literature, and the second produced
a seminal interpretive study that places early Islamic geo-
graphical literature in its wider cultural context.2* We
must also mention that numerous useful facsimiles of
geographic works, many with maps, are currently being
published by the Institut far Geschichte der Arabisch-
Islamischen Wissenschaften in Frankfurt. The attainment
of a higher level of sophistication in the study of geo-
graphical texts bodes well for the future of research on
Islamic terrestrial cartography, which continues to be an
integral part of the former. It is no accident that the first—

ropa nach der arabischen Bearbeitung der Tewypagwut) vgpfymoig des
Klaudios Ptolemaios von Muhammad ibn Muisa al-Huwarizmi,” Wiener
Zeitschrift fiir die Kunde des Morgenlandes 43 (1936): 161-93.

20. These maps have occasionally been reproduced and sometimes
identified as Islamic maps, which of course they are not—it must not
be imagined that Muslims of the Middle Ages saw anything like these
European reconstructions. Nevertheless, scholars continue to work on
this legitimate area of research; see, for instance, Hubert Daunicht, Der
Osten nach der Erdkarte al- Huwarizmis: Beitrige zur bistorischen Geo-
graphie und Geschichte Asiens, 4 vols. in 5 (Bonn: Selbstverlag der
Orientalischen Seminars der Universitat, 1968-70), and Reinhard Wie-
ber, Nordwesteuropa nach der arabischen Bearbeitung der Ptole-
mdischen Geographie von Mubammad B. Masa al-Hwarizmi, Beitrige
zur Sprach- und Kulturgeschichte des Orients, vol. 23 (Walldorf [Hes-
sen]: Verlag fiir Orientkunde Vorndran, 1974).

21. Konrad Miller, Mappae arabicae: Arabische Welt- und Léinder-
karten des 9.-13. Jabrhunderts, 6 vols. (Stuttgart, 1926-31).

22. Youssouf Kamal, Monumenta cartographica Africae et Aegypti,
5 vols. in 16 pts. (Cairo, 1926-51), facsimile reprint, 6 vols., ed. Fuat
Sezgin (Frankfurt: Institut fir Geschichte der Arabisch-Islamischen Wis-
senschaften, 1987).

23. Among these works should be noted Hudad al-‘alam: “The
Regions of the World,” ed. and trans. Vladimir Minorsky (London:
Luzac, 1937; reprinted Karachi: Indus, 1980); Ahmed Zeki Velidi Togan,
ed., Birani's Picture of the World, Memoirs of the Archaeological Sur-
vey of India, no. 53 (Delhi, 1941); ]. H. Kramers, “Djughrafiya,” in The
Encyclopaedia of Islam, 1st ed., 4 vols. and suppl. (Leiden: E. J. Brill,
1913-38), suppl. 61-73; and idem, “Geography and Commerce,” in The
Legacy of Islam, 1st ed., ed. Thomas Amold and Alfred Guillaume
(Oxford: Oxford University Press, 1931), 78-107.

24. Ignatiy Iulianovich Krachkovskiy, [zbrannye sochineniya, vol. 4,
Arabskaya geograficheskaya literatura (Moscow, 1957), translated into
Arabic by Salah al-Din ‘Uthman Hashim, Ta’rikh al-adab al-jughrafi
al-‘Arabi, 2 vols. (Cairo, 1963-65), and André Miquel, La géographie
bumaine du monde musulman jusqu’au milieu du 11¢ siécle, 4 vols.
to date (Paris: Mouton, 1967-).
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and until this work the only—essay dealing with a large
corpus of Islamic maps, the article “Kharita” in the new
edition of The Encyclopaedia of I1slam, was written by
S. Magbul Ahmad, the same scholar who prepared the
much longer article on geography for that encyclopedia.?

Despite such developments, it is clear that adequate
understanding of Islamic maps will not be possible with-
out the contributions of researchers from other fields, in
particular art historians. The publication of the present
volume should bring the knoWn specimens of Islamic

APPENDIX 1.1
WORKS OF PTOLEMY IN ARABIC

ALMAGEST = KITAB AL-MAJISTI (OR AL-MUJISTIP

1 An early Syriac version (lost)

A version by al-Hasan ibn Quraysh made at the request
of al-Ma’miin (r. 198-218/813-33) (lost)

3 Another version made for al-Ma’miin by al-Hajjaj ibn
Matar al-Hasib and Sarjiin ibn Hiliya al-Rami,
completed in 212/827-28 (extant)

4 A version made for the vizier Aba al-Saqr Isma‘l ibn
Bulbul by Ishiq ibn Hunayn, completed 266-77/879-
90 (lost)

5 A revision of Ishag ibn Hunayn’s translation by Thabit
ibn Qurrah (d. 288/901) (lost)

HANDY TABLES = KITAB AL-QANUN FI ‘ILM AL-NUJUM
WA-HISABIHA WA-QISMAT AJZA IHA WA-TADILIHA
(THEON’S REVISED VERSION)

1 A version by ‘Ayyab and Sim‘n ibn Sayyar al-Kibuli
made for Muhammad ibn Khalid ibn Yahyi bin
Barmak, ca. 200/815-16 (lost)®

PLANETARY HYPOTHESES = KITAB AL-IQTISAS OR KITAB
AL-MANSHURAT

1 Anonymous version corrected by Thabit ibn Qurrah
(extant)<

TETRABIBLOS = KITAB AL-ARBA‘AHY

1 A version by Aba Yahya al-Bitrig, perhaps made during
the reign of al-Mansir (136-58/754-75)

2 A version by Ibrahim al-Salt, apparently made ca. 200/
815-16

3 A revision of Ibrahim al-Salt’s version by Hunayn ibn
Ishaq

GEOGRAPHY = KITAB JAGHRAFIYAH FI AL-MA‘MUR WA-SIFAT
AL-ARD

1 A version made either by or for Abu Yasuf Ya‘qab ibn
Ishaq al-Kindi (d. ca. 260/874) (lost)

2 A version that was either translated or simply corrected
by Ibn Khurradadhbih, probably completed between
232/846-47 and 272/885-86 (lost)f

3 A version by Thabit ibn Qurrah (d. 288/901) (lost)e
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cartography to the attention of a much broader circle of
scholars than has hitherto been possible and should gen-
erate further research.

25. S. Magbu! Ahmad, “Kharita” and “Diughrafiya,” in The Ency-
clopaedia of Islam, new ed. (Leiden: E. J. Brill, 1960-), 4:1077-83 and
2:575-87, respectively. Another recent summary of geographical and
navigational literature can be found in M. J. L. Young, J. D. Latham,
and R. B. Serjeant, eds., Religion, Learning and Science in the ‘Abbasid
Period (Cambridge: Cambridge University Press, 1990), chap. 17.

aThe following list of the different translations of the Almagest into
Syriac and Arabic reflects the findings of Paul Kunitzsch as recorded in
his recent study Der Almagest: Die Syntaxis Mathematica des Claudius
Ptolemdus in arabisch-lateinischer Uberlieferung (Wiesbaden: Otto
Harrassowitz, 1974), esp. 15-82. This work is reviewed by G. . Toomer,
“Ptolemaic Astronomy in Islam,” Journal for the History of Astronomy
8 (1977): 204-10, where a similar list of translations is given. For some-
what different views on this issue as well as complete listings of the
extant manuscripts, see Fuat Sezgin, Geschichte des arabischen Schrift-
tums, vol. 6, Astronomie bis ca. 430 H. (Leiden: E. J. Brill, 1978), 88—
94,

bSezgin, Geschichte des arabischen Schrifttums, 6:95-96 (note a).

<B. R. Goldstein, “The Arabic Version of Ptolemy’s Planetary
Hypotheses,” Transactions of the American Philosophical Society, n.s.,
57, pt. 4 (1967): 3-55, and Sezgin, Geschichte des arabischen Schrift-
tums, 6:94-95 (note a).

dAll three versions listed below are recorded in Fuat Sezgin, Ge-
schichte des arabischen Schrifttums, vol. 7, Astrologie—Meteorologie
und Verwandtes bis ca. 430 H. (Leiden: E. J. Brill, 1979), 42-44. It is
not clear which of these three translations are preserved in the extant
manuscripts listed by Sezgin on p. 43.

*Muhammad ibn Ishaq ibn al-Nadim (d. ca. 385/995), Fihrist; see
Kitab al-Fihrist, 2 vols., ed. Gustav Fligel (Leipzig: F. C. W. Vogel,
1871-72), 1:268, English translation, The Fihrist of al-Nadim: A Tenth-
Century Survey of Muslim Culture, 2 vols., ed. and trans. Bayard Dodge
(New York: Columbia University Press, 1970), 2:640, and Jamal al-Din
Abi al-Hasan ‘Ali bin Yasuf al-Qifti (568-646/1172-1248), Ta’rikh al-
bukama’; see Ibn al-Qifti’s Ta'rih al-hukama’, ed. Julius Lippert
(Leipzig: Dieterich’sche Verlagsbuchhandlung, 1903), 98. There is con-
fusion in the sources about whether the translation was made for al-
Kindi or by al-Kindi himself. It should be observed in this connection
that al-Kindi most probably “did not know Greek well enough to trans-
late directly from that language”: Jean Jolivet and Roshdi Rashed, “al-
Kindi,” in Dictionary of Scientific Biography, 16 vols., ed. Charles
Coulston Gillispie (New York: Charles Scribner’s Sons, 1970-80),
15:261-67, esp. 261. This lends some credibility to von Mzik’s view
that al-Kindi probably did no more than “correct” an Arabic translation
that was carried out for him; see Hans von Mzik, “Afrika nach der
arabischen Bearbeitung der F'ewypagixct bpfymowg des Claudius Pro-
lemaeus von Muhammad ibn Masa al-Hwarizmi,” Denkschriften der
Kaiserlichen Akademie der Wissenschaften in Wien: Philosophisch-
Historische Klasse 59 (1917), Abhandlung 4, i-xii, 1-67, esp. 5 n. 2.

fAbi al-Qasim ‘Ubayd Allah ibn ‘Abdallah ibn Khurradadhbih, al-
Masalik wa-al-mamalik; see the edition by Michael Jan de Goeje, Kitdb
al-Masdlik wa’l-mamalik (Liber viarum et regnorum), Bibliotheca Geo-
graphorum Arabicorum, vol. 6 (Leiden: E. J. Brill, 1889; reprinted,
1967), Arabic text, 3, French text, 1. The interpretation of the relevant
passage in the Kitab al-masalik wa-al-mamalik is problematic, though
it seems plausible to agree with T. Noldeke’s reading, according to
which Ibn Khurradadhbih simply corrected the Arabic of a translation
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he had someone else make for him; see the report of Noldeke’s view
in von Miik, “Afrika,” § n. 2 (note e), based on a private letter of
Noldeke to von Miik dated 28 April 1915. The dating of the translation
in question follows Michael Jan de Goeje’s dates for the two different
recensions of the Kitab al-masalik wa-al-mamalik.

slbn al-Nadim, Fibrist; see Fliugel’s edition, 1:268, or Dodge’s edition,
2:640 (note e). This version of Thabit ibn Qurrah might have been
accompanied by a world map originally constructed by Qurrah ibn
Qamita, see p. 96.

Among references by later Muslim writers to Arabic translations of
the Geography, the earliest and the most detailed is one by al-Mas‘adi
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(d. 345/956): “And all these seas [of the world] were drawn in the
Book of Geography [of Ptolemy] in different sizes and shapes with
various kinds of paint,” Murdj al-dhahab wa-ma‘adin al-jawhar, edited
and translated as Les prairies d’or, 9 vols., trans. C. Barbier de Meynard
and Pavet de Courteille, Société Asiatique, Collection d’Ouvrages Orien-
taux (Paris: Imprimerie Impériale, 1861-77), 1:183-8S; rev. ed. under
the supervision of Charles Pellat, 7 vols., Qism al-Dirasat al-Ta’rikhiyah,
no. 10 (Beirut: Mansharat al-Jami‘ah al-Lubnaniyah 1965-79), 1:101-
2 (author’s translation). A much later translation from the Greek, carried
out by George Amirutzes of Trebizond for the Ottoman sultan Mehmed
II, ca. 869-70/1465, was not included in this table; see p. 210.
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EMILIE SAVAGE-SMITH

The beginning of Islamic celestial mapping can be seen
in the central Islamic lands of greater Syria and Iragq,
where indigenous Bedouin ideas played a role. Celestial
mapping, like many other aspects of Islamic secular cul-
ture, drew in its early days upon the techniques and con-
cepts current {though often in a languishing state) in the
Roman, Byzantine, and Persian provinces that were its
immediate neighbors and over which the emerging
Islamic state soon gained dominion. From both written
documents and surviving artifacts we can trace, at least
partially, a transmigration of ideas and techniques both
west and east within the rapidly expanding Islamic
empire.

The ideas and techniques associated with celestial map-
ping were nurtured by Muslims and non-Muslims alike.
Though stimulated by the practical needs of religious
ritual, their development tended to be unaffected by
belief or dogma, except where celestial mapping intruded
upon cosmological visualization of the universe. Political
and economic changes within an area, as well as aesthetic
fashion, had substantial effects on celestial mapping, as
on most other aspects of society, since the training and
patronage of artisans reflected shifting circumstances.
Islam itself provided a particularly encouraging environ-
ment for those interested in mapping the heavens. A num-
ber of verses in the Qur'an advocate the use of stars, sun,
and moon for reckoning and navigation, as in Qur’an
6:97: “It is He who has appointed for you the stars, that
you might be guided by them in the darkness of the land
and sea.” The employment of a lunar calendar and the
need to convert neighboring calendrical systems into their
own lunar one, which began with the Hijrah of Muham-
mad in A.D. 622, required knowledge of basic celestial
phenomena. Even more conducive to promoting an
understanding of the skies was the need to calculate
prayer times, for these were based on unequal or seasonal
hours, in which the time between sunrise and sunset was
divided into twelve equal parts that changed every day.

Beginning in the seventeenth century we can observe
a few instances when early modern European ideas on
celestial mapping are introduced into the Islamic world.
Yet in spite of these points of contact, the concepts and
techniques of Islamic celestial mapping remained essen-
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tially medieval well into the nineteenth century, partic-
ularly in Turkey, Persia, and Mughal India. The reason
has not been adequately explored by social historians.

EARLY SYRIAN ORIGINS

An eighth-century palace in the Syrian Desert provides
the earliest evidence of celestial mapping in Islamic cul-
ture. Built possibly between 92 and 97 (711-15), this
provincial palace, known as Qusayr ‘Amrah, was con-
structed in a remote area about fifty kilometers east of
the north end of the Dead Sea, probably by the Umayyad
caliph al-Walid I, who ruled from 86-96,/705-15.1

The Syriac-speaking community in the region appears
to have had considerable interest in stereographic pro-
jection of the skies, as witnessed by the activities of Sev-
erus Sebokht (d. A.D. 666-67). Severus Sebokht was the
bishop of Qinnasrin, an ancient town that held an impor-
tant position in the defense system of Syrian fortresses
from Antioch to the Euphrates River and was about a
day’s journey from Aleppo. He not only wrote in Syriac
a treatise on constellations, but he composed, also in
Syriac, a treatise on the astrolabe compiled from Greek
sources.?

1. Later dates for the building of the palace, ranging from A.p, 723
to A.D. 742, have also been suggested, primarily based on an inscription
referring to an emir or a prince rather than a caliph. It was possibly
built by the rather libertine al-Walid II, who lived in the area of Qusayr
‘Amrah before his brief rule in A.D. 743-44; see Richard Ettinghausen,
Arab Painting ({Geneval: Editions d’Art Albert Skira, 1962; New York:
Rizzoli, 1977), 33, and Richard Ettinghausen and Oleg Grabar, The Art
and Architecture of Islam: 650-1250 (Harmondsworth: Penguin Books,
1987), 63.

2. F. Nau, “Le traité sur les ‘constellations’ écrit, en 661, par Sévere
Sébokt évéque de Qennesrin,” Revue de I'Orient Chrétien 27 {1929/
30): 327-38; this treatise displays a familiarity with both Ptolemy and
Aratus. Both the Syriac text and a French translation of the astrolabe
treatise are given by F. Nau, “Le traité sur l’astrolabe plan de Sévere
Sabokt, écrit au VII¢ siecle d’apres des sources grecques, et publié pour
la premiere fois d’aprés un ms. de Berlin,” Journal Asiatique, 9th ser.,
13 (1899): 56-101 and 238-303. The French translation was rendered
into English, with the introduction of some errors, and printed in Robert
T. Gunther, The Astrolabes of the World, vol. 1, The Eastern Astrolabes
(Oxford: Oxford University Press, 1932), 82-103. A new critical edition
with German translation is being prepared by E. Reich of Munich.
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FIG. 2.1. THE REMAINS OF THE VAULT OF THE HEAV-
ENS. Painted on a domed ceiling in the provincial palace of
Qusayr ‘Amrah built in the early eighth century A.D., the design
is that which would be seen looking down on a globe.

Size of the original: not known. Photograph courtesy of Oleg
Grabar.

The palace of Qusayr ‘Amrah contains rooms covered
with closely packed paintings, frescoes, and mosaics in
such a chaotic mixture of themes that an observer of the
recently cleaned and restored palace can only conclude
that it was built as a private and personal art gallery.?
Among the rooms is a bath consisting of three rooms:
one tunnel vaulted, one cross vaulted, and the third cov-
ered by a dome. The dome of this calidarium was dec-
orated to resemble the vault of the heavens, reflecting a
well-established tradition of decorating cupolas with
heavenly images—a custom that can be traced back to
the early days of the Roman Empire. This domed ceiling
at Qusayr ‘Amrah is the oldest preserved astronomical
dome of heaven (fig. 2.1).4

The view of the skies as represented by the painter of
this fresco is not as it would appear to an observer on
earth, for it displays a larger portion of the sky than could
be seen at any one time from one location. The northern
and zodiacal constellations recognized in antiquity are
represented, along with a number of the southern ones,
while the northern celestial pole is indicated directly
overhead. The sequence and positioning of the constel-
lations are painted as you would see them when looking
down on a celestial globe rather than up into the sky.

It is evident from the general design that the fresco
painter was copying onto the domed ceiling a type of
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planispheric map of the heavens that can be found in a
number of Latin and Byzantine manuscripts.’ Unfortu-
nately, all copies of these planispheric maps preserved
today were drawn after the palace of Qusayr ‘Amrah was
constructed. They are, however, clearly copies of much
earlier Western planispheric maps.

One such map from a fifteenth-century Greek manu-
script is illustrated in figure 2.2, while figure 2.3 dem-
onstrates the method of polar stereographic projection
used in producing the map. The map displays the heavens
from the north equatorial pole to about 35° south of the
equator. The innermost circle represents an ever-visible
circle, marking out the area of the sky that was never
seen to set for a latitude of about 36° north, roughly
that of Rhodes. Proceeding outward, the next three con-
centric circles represent the Tropic of Cancer, the celes-
tial equator, and the Tropic of Capricorn, with the out-
side circle delimiting an area approximately 10° south of
the Tropic of Capricorn. The equinoctial and solstitial
colures are indicated by straight lines at right angles to
one another. In an eccentric broad band, the zodiacal
constellations are placed in a counterclockwise sequence,
in keeping with this diagram’s being a polar stereographic
projection of a celestial globe rather than a projection
of the skies as seen from earth.

Comparing this Byzantine planispheric map with the
Qusayr ‘Amrah dome in figure 2.1 will immediately estab-
lish the similarity. Though the fresco in the Syrian dome
has been damaged over the years, it is evident that it too
represents a stereographic projection from the south
ecliptic pole of a celestial globe, showing the skies to
about 35° south declination. The iconography of most
of the constellations is classical or early medieval (West-

3. See Ettinghausen and Grabar, Art and Architecture, 59-65 (note
1).

4. Fritz Saxl, “The Zodiac of Qusayr ‘Amra,” trans. Ruth Wind, in
Early Muslim Architecture, vol. 1, Umayyads, A.D. 622-750, by
K. A. C. Creswell, 2d ed. (Oxford: Clarendon Press, 1969), pt. 2, 424-
31 and pls. 75a-d and 76a-b; Martin Almagro et al., Qusayr ‘Amra:
Residencia y barios omeyas en el desierto de Jordania (Madrid: Instituto
Hispano-Arabe de Cultura, 1975), esp. pl. XLVIIL. For the tradition of
decorating cupolas with heavenly and astronomical images, see Karl
Lehmann, “The Dome of Heaven,” Art Bulletin 27 (1945): 1-27.

5. Arthur Beer, in his astronomical interpretation of the fresco, over-
looks its relation to the early medieval planispheric maps; Arthur Beer,
“The Astronomical Significance of the Zodiac of Qusayr ‘Amra,” in
Early Muslim Architecture, vol. 1, Umayyads, A.D. 622-750, by
K. A. C. Creswell, 2d ed. (Oxford: Clarendon Press, 1969), pt. 2, 432-
40. That the model the painter used was a planispheric map of the
heavens produced by stereographic projection was first suggested by
Francis R. Maddison, Hugo Helt and the Rojas Astrolabe Projection,
Agrupamento de Estudos de Cartografia Antiga, Secgdo de Coimbra,
vol. 12 (Coimbra: Junta de Investigagdes do Ultramar, 1966), 8 n. 9.
Comparing the dome with maps made by the projection of a globe
rather than of the skies resolves most of the problems arising in the
interpretation of the fresco. See also Emilie Savage-Smith, Islamicate
Celestial Globes: Their History, Construction, and Use (Washington,
D.C.: Smithsonian Institution Press, 1985), 16-17, 300 n. 82.
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FIG. 2.2. PLANISPHERIC MAP OF THE HEAVENS FROM
A FIFTEENTH-CENTURY BYZANTINE MANUSCRIPT.

The solstitial colure runs horizontally through the center of the
map.

g

ern) rather than Islamic and is remarkably similar to that
of the Byzantine manuscript. The counterclockwise ori-
entation is the same, and in neither the Byzantine plan-
ispheric map nor the Syrian dome are the stars themselves
shown.

The Islamic fresco has some features, however, not
found on the Byzantine planispheric map. Six great cir-
cles, one of which is the solstitial colure, pass through
the ecliptic poles and divide the ecliptic into twelve parts,
though little more than the northern semicircles of each
great circle is actually shown on the dome. These are
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Size of the original: not known. By permission of the Biblioteca
Apostolica Vaticana, Rome (Vat. Gr. 1087, fol. 310v).

called ecliptic latitude-measuring circles in this chapter,
a term used here to designate certain circles employed in
medieval Islamic celestial mapping for which there is no
generally accepted modern European term.$

6. The phrase means circles drawn at right angles to the ecliprtic,
along which the celestial latitude may be measured. They are not to
be found on any of the few Greco-Roman artifacts or maps, but they
are ubiquitous features of later Islamic celestial globes (see, for example,
several of the globes illustrated below). Though equator-based and
horizon-based systems of coordinates were known in medieval Islam,
the ecliptic-based system of coordinates dominated celestial carto-
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Circle of constant visibi

Topic of Cancer

FIG. 2.3. THE BYZANTINE PLANISPHERIC MAP ANA-
LYZED AS A STEREOGRAPHIC PROJECTION FROM THE
SOUTH POLE OF A CELESTIAL GLOBE.

At the palace of Qusayr ‘Amrah, of the six prominent
concentric circles painted in dark brown on the ceiling
with the equatorial pole as the center, the smallest is the
polar circle passing through the ecliptic pole (where the
ecliptic latitude-measuring circles intersect) about 231/2°
distant. This polar circle is a common feature of extant
Islamic celestial globes, although it is not found in Hel-
lenistic, Roman, or Byzantine sources. The other dark
circles represent the northern tropic, the equator, and the
southern tropic, with one circle spaced midway between
the southern tropic and the equator and one positioned
at one-third the distance between the polar circle and
the northern tropic. Three additional concentric circles—
one inside the northern tropic and two between the
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northern tropic and the equator—are very pale and appear
to have been preliminary attempts at spacing that were
later painted over. In rendering such a planispheric map
onto the ceiling of a dome, the painter crowded some
of the areas too tightly and failed to have the band of
the ecliptic pass through the northern solstitial point. The
artist was no doubt constrained by the four windows in
the dome and furthermore may not have fully understood
the model.

In painting this early Syrian domed ceiling, the
unknown artist, as we have seen, was continuing a well-
established pre-Islamic tradition of celestial mapping.
The Byzantine planispheric map illustrated in figure 2.2
occurs in a Greek commentary on an astronomical and
meteorological poem written by the Greek poet Aratus
of Soli (ca. 315-240 B.C.).” Such illustrations accompa-

graphy, no doubt reflecting the ecliptic coordinates used in the first
century A.D. in Prolemy’s star catalog, which formed the basis of all
subsequent star catalogs. In Arabic such a circle at right angles to the
ecliptic was called “the circle of latitude” (d@irat al-‘ard), but this
nomenclature is inappropriate and confusing in this context, since a
“circle of latitude” by modern convention means a circle parallel to
the equator and having a uniform latitude. If the medieval system were
equator based, the modern term “circle of longitude” might be appro-
priate, for circles of longitude are circles perpendicular to the equator
passing through the celestial poles. But because medieval celestial map-
ping employed the ecliptic as the frame of reference and the basic circles
along which the celestial latitude was measured were at right angles to
the ecliptic, none of the modern terms, including meridian, are suitable.
In this chapter, therefore, this special term “ecliptic latitude-measuring
circle” is used for those circles at right angles to the ecliptic, and the
term “meridian” is used only to mean circles at right angles to the
celestial equator. The representation of the solstitial colure is, of course,
at right angles to both the ecliptic and the equator and thus is an ecliptic
latitude-measuring circle as well as a meridian. See Savage-Smith,
Islamicate Celestial Globes, 62~63 and esp. 305 n. S (note S), where
the term employed for these circles is “ecliptic latitude circles.” Merid-
ian, in the present chapter, is used in a slightly broader sense than the
more technical and restrictive definition as a great circle on the celestial
sphere passing through the celestial (equatorial) poles and the zenith of
the observer.

7. A similar planispheric map, elegantly painted but crudely com-
posed, is to be found in a fifteenth-century ltalian manuscript made in
Naples for Ferdinand II and his court; Rome, Biblioteca Apostolica
Vaticana, MS. Barb. Lat. 76, fol. 3r. A small illustration of the map is
given in John E. Murdoch, Album of Science: Antiquity and the Middle
Ages (New York: Charles Scribner’s Sons, 1984), 247, no. 223, and in
Johanna Zick-Nissen, “Figuren auf mittelalterlich-orientalischen Ker-
amikschalen und die ‘Sphaera Barbarica,’ ” Archaeologische Mitteilun-
gen aus Iran, n.s., 8 (1975): 217-40 and pls. 43-54, esp. pl. 52.1. Similar
planispheric maps with counterclockwise rotation are to be found in a
tenth-century Aratea (Berlin, Staatsbibliothek, Cod. Phillippicus 1830,
fols. 11v-12r) reproduced by a drawing in Georg Thiele, Antike Him-
melsbilder mit Forschungen zu Hipparchos, Aratos und seinen Fort-
setzern und Beitrdgen zur Kunstgeschichte des Sternhimmels (Berlin:
Weidmannsche Buchhandiung, 1898), 164; in a Carolingian copy of an
Aratea, not particularly well drawn (Basel, Offentliche Bibliothek der
Universitat, Cod. Basilensi A.N. 18, p. 1), reproduced in Zick-Nissen,
“Figuren auf mittelalterlich-orientalischen Keramikschalen,” pl. 52.3;
and in a twelfth-century Spanish manuscript in Osma cathedral repro-
duced in color by Gérard de Champeaux and Dom Sébastien Sterckx,
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nying copies of the Aratea (the name given to all the
translations and adaptations of the poem by Aratus) usu-
ally consisted of forty-one classical constellations and the
Pleiades and frequently included either a diagram illus-
trating the configurations of the planets for a specific date
or a planispheric map of the heavens.® The earliest com-
pletely preserved planispheric map of the heavens pro-
duced by stereographic projection is a diagram in a Car-
olingian copy of such an Aratean manuscript, one copied
in A.D. 818 (fig. 2.4). In this vividly colored version the
orientation of the constellations is as it would be seen
in the sky, which is to say that the zodiacal constellations
are drawn in a clockwise sequence, rather than counter-
clockwise as is found on the previously mentioned plan-
ispheric maps and on the dome roof at Qusayr ‘Amrah.
Moreover, the Milky Way is indicated by a second eccen-
tric circle, and neither of the colures is shown.?

Although the fresco at Qusayr ‘Amrah predates the
Carolingian map by a century, it seems certain at this
point that the extant Western manuscripts of planispheric
celestial maps produced by stereographic projections re-
present a much older, continuous tradition of mapping
that reached Syria by the early eighth century along a
route at present unknown.

There are many accounts of the importing of Byzantine
artisans into the capital, Damascus, by al-Walid I for the
construction of the great Umayyad mosque in the early
eighth century,! and the ceiling at Qusayr ‘Amrah tends
to confirm such reports. An established pre-Islamic model
was clearly being employed by the painter of this astro-
nomical fresco. The dome’s dependence on a planispheric
map similar to that illustrated in figure 2.2 extends even
to its repeating the identical, but incorrect, placement of
Hercules after the serpent charmer Ophiuchus rather than
face to face in front of him. The classical Greco-Roman
iconography found in Aratean manuscripts is evident in
most of the constellations at Qusayr ‘Amrah. An example
is the nude form of Serpentarius (Ophiuchus), who is
turned partially away from the observer, with both feet
firmly planted on Scorpio below and holding a thin snake
whose head is toward Ophiuchus.!* Orion maintains the
shepherd’s crook and animal skin over his left shoulder
that later Islamic artists were to transform into a club
and a long sleeve. The figures’ headgear and clothing
display no identifiable Islamic features. Libra is not repre-
sented on the dome, just as it was omitted on the plani-
spheric maps and the individual constellation figures
found ‘in Aratean manuscripts. Libra was not distin-
guished by an iconography distinct from that of Scorpio
until after the time of Ptolemy.12 Consequently, work
that reflects a pre-Ptolemaic conception of the skies, such
as the Aratean treatises and the dome at Qusayr ‘Amrah,
which apparently is derived from them, would also omit
Libra. A few features on the ceiling foreshadow later
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Islamic mapping, such as the polar circle and the ecliptic
latitude-measuring circles, as well as the drawing of the
constellation Cepheus as a kneeling or walking man with
hands uplifted rather than the classical standing form
with outstretched arms.

Introduction au monde des symboles (Saint-Léger-Vauban: Zodiaque,
1966), 66. A later version illustrating an astronomical treatise by Gio-
vanni Cinico was drawn in Naples in 1469 (New York, Pierpont Morgan
Library manuscript) and is reproduced in color by George Sergeant
Snyder, Maps of the Heavens (New York: Abbeville Press, 1984), pl.
5.

8. See Ranee Katzenstein and Emilie Savage-Smith, The Leiden Ara-
tea: Ancient Constellations in a Medieval Manuscript (Malibu, Calif.:
J. Paul Getty Museum, 1988); Bruce Stansfield Eastwood, “Origins and
Contents of the Leiden Planetary Configuration (MS. Voss. Q. 79, fol.
93v), an Artistic Astronomical Schema of the Early Middle Ages,” Via-
tor: Medieval and Renaissance Studies 14 (1983): 1-40 and 9 pls;; C.
L. Verkerk, “Aratea: A Review of the Literature concerning MS. Vos-
sianus Lat. Q. 79 in Leiden University Library,” Journal of Medieval
History 6 {1980): 245-87; and Anton von Euw, Aratea: Himmelsbilder
von der Antike bis zur Neuzeit, exhibition catalog (Zurich: Galerie “le
Point,” Schweizerische Kreditanstalt {[SKA], 1988).

9. For an analysis of this map from the standpoint of stereographic
projection, see John D. North, “Monasticism and the First Mechanical
Clocks,” in The Study of Time 11, Proceedings of the Second Confer-
ence of the International Society for the Study of Time, Lake Yaman-
aka—Japan, ed. J. T. Fraser and N. Lawrence (New York: Springer-
Verlag, 1975), 381-98, esp. 386-87 and fig. 15 reprinted in john D.
North, Stars, Minds and Fate: Essays in Ancient and Medieval Cos-
mology (London: Hambledon Press, 1989), 171-86, esp. 179-80 and
fig. 6. Other very similar planispheric maps, with a clockwise sequence
and with the Milky Way shown, occur in a ninth-century copy of
Cicero’s version of the Aratea (London, British Library, MS. Harley
647, fol. 21v) and in two tenth-century Aratea manuscripts (Boulogne-
sur-Mer, Bibliotheque Municipale, MS. 188, fol. 26v, and Bern, Bur-
gerbibliothek, MS. 88, vol. 11v). The last is illustrated by Zick-Nissen,
“Figuren auf mittelalterlich-orientalischen Keramikschalen,” pl. 52.2
(note 7), and also by Verkerk, “Aratea: A Review of the Literature,”
fig. 9(b) (note 8). The first two are illustrated in the Encyclopedia of
World Art, 16 vols., ed. Massimo Pallottino (New York: McGraw-Hill,
1957-83), vol. 2, pl. 21.

10. Ettinghausen and Grabar, Art and Architecture, 42 (note 1).

11. Compare these with the separate drawings of Ophiuchus (Ser-
pentarius) in the Aratea manuscripts illustrated in Katzenstein and Sav-
age-Smith, Leiden Aratea, 20-21 (note 8), and in Verkerk, “Aratea: A
Review of the Literature,” 271 (note 8). For a color plate showing in
detail the constellation Ophiuchus on the ceiling of Qusayr ‘Amrah
after the recent cleaning and restoration, see Almagro et al., Qusayr
‘Amra, pl. XLVIII (note 4). For further comparisons, see Saxl, “Zodiac
of Qusayr ‘Amra” (note 4}, and Zick-Nissen, “Figuren auf mittelalter-
lich-orientalischen Keramikschalen” (note 7).

12. The assertion made by Willy Hartner that Aries and Taurus are
combined into one constellation like Libra-Scorpio is unfounded. There
is adequate space for both Aries and Taurus, though the ceiling is badly
damaged in this area and only a trace of Taurus is visible today. More-
over, neither Mars nor any other planet is represented on this ceiling.
See Willy Hartner, “Qusayr ‘Amra, Farnesina, Luther, Hesiod: Some
Supplementary Notes to A. Beer’s Contribution,” in Vistas in Astro-
nomy, vol. 9, New Aspects in the History and Philosophy of Astro-
nomy, ed. Arthur Beer {Oxford: Pergamon Press, 1967), 225-28;
reprinted in Willy Hartner, Oriens-Occidens: Ausgewdbhlte Schriften zur
Wissenschafts- und Kulturgeschichte, 2 vols. (Hildesheim: Georg Olms,
1968 and 1984), 2:288-91.
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FIG. 2.4. A PLANISPHERIC MAP OF THE HEAVENS IN A
LATIN COPY OF THE ARATEA DATED A.D. 818.

The influence that illustrations associated with copies
of the Aratea had on the delineation of constellations in
the Islamic world has received little consideration by his-
torians. The original Greek poem by Aratus was trans-
lated into Arabic early in the ninth century A.D. and was
used in a universal history titled Kitab al-‘unwan (The
book of models) written in 330/941-42 by Agapius (or
Mahbib), who lived in Manbij, a Syrian town northeast
of Aleppo.!? It is not known whether the copy of Aratus’s

Size of the original: 31.2 x 24 cm. By permission of the Bay-
erische Staatsbibliothek, Munich (Clm. 210, fol. 113v).

poem that was translated into Arabic was illustrated, and
consequently it is difficult to determine its impact on
Islamic constellation iconography. The texts of the Latin
and vernacular adaptations apparently remained
unknown in the Near East. The dome at Qusayr ‘Amrah,
however, is evidence that at least one of the illustrations

13. Ernst Honigmann, “The Arabic Translation of Aratus’ Phaeno-
mena,” [sis 41 (1950): 30-31.
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that came to be part of later copies of the Aratea was
known in Syria in the early eighth century. This astro-
nomical ceiling, painted in the early days of Islamic
dominion over Syria, may have been the work of an itin-
erant Byzantine fresco painter who slavishly copied
manuscript illustrations. The dome may also be testimony
to the survival of techniques of stereographic projection
in the provinces of the Roman and Byzantine empires
before the earliest extant astrolabes and before the trans-
lation of Greek astronomical texts into Arabic. The omis-
sion of the circle of constant visibility and the addition
of the polar circle and the ecliptic latitude-measuring cir-
cles (characteristics of later Islamic celestial globes)
encourage this hypothesis.

PLANISPHERIC ASTROLABES AS
CELESTIAL MaAprs

Despite the large number of medieval Islamic manuscripts
preserved today, it is notable that none of them contain
planispheric maps of the sky. It is only through instru-
ment design and production that we find any further evi-
dence for planispheric celestial mapping in the Islamic
world before the nineteenth century.

The conventional astrolabe consists of a pierced plan-
ispheric star map placed over a projection of the celestial
coordinate system as it relates to the observer’s locality.
The result is a representation of the positions of the fixed
stars with respect to the local horizon. In other words,
a planispheric astrolabe is a two-dimensional model of
the heavens. The word astrolabe comes from the Arabic
asturlab or asturlab, which was a transliteration of the
Greek aotporafog or aotporaBov dpyavov, a term applied
to a variety of astronomical instruments.!* When the Ara-
bic word was used without an adjective, it referred to
the planispheric astrolabe, though in Arabic writings the
planispheric astrolabe could be additionally specified by
the adjective sathi or musattah, meaning “flat.”

The method of producing this planispheric celestial
map employs the same principle as that used in the Latin
and Byzantine maps of the heavens mentioned earlier—
that is, stereographic projection from a pole of a celestial
globe onto the plane of the equator. The result is a mir-
ror-image map of the skies, with east to the left and west
to the right. Since a large portion of the southern skies
was unmapped and the primary use was in the northern
latitudes, the South Pole was commonly taken as the
center of projection. In theory the North Pole could be
used as well, but in practice it was very rarely employed
in the Islamic world.

The top plate of an astrolabe, which is an openwork
star map, was in Arabic called ‘ankabiit, meaning “spi-
der,” for which reason it was later in Latin termed ara-
nea, also meaning “spider.” In Latin, however, it was also
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called rete, “net,” and it is this term that is commonly
used today. An astrolabe from the late ninth century is
illustrated in figure 2.5, and a more elaborate example
from a seventeenth-century workshop in northwestern
India is illustrated in figure 2.6, with its constituent parts.
In figure 2.7 the stereographic projection producing the
basic features of the rete is illustrated. Note that the
sequence of the zodiacal houses is counterclockwise,
since it is a projection of the celestial sphere or globe.
The rete represents the stereographic projection of an
area of the celestial sphere extending from the north
celestial pole to the Tropic of Capricorn, with a number
of delicate pointers indicating certain designated stars.
Although the positioning of the circles on the rete is
relatively simple, the determination of the boundary
points between the zodiacal houses is more complicated.
For example, to find the zodiacal boundary points, the
maker needed to determine the point of intersection of
the equator with a great circle on the sphere passing
through the celestial poles and the zodiacal boundary
point. Once the corresponding point on the projection
of the equator was located, a line could be drawn con-
necting it to the polar center of the projection. Where
this radius crossed the projected ecliptic determined the
zodiacal boundary line, as illustrated in figure 2.7. On the
rete illustrated in figure 2.6a and diagrammatically inter-
preted in figure 2.8, the ecliptic has been divided by this
manner (see also table 2.1}. On less well-made astrolabes,
the zodiacal boundary lines are sometimes approximated
by using rays intersecting the ecliptic that emanate from
the polar center of projection at thirty-degree intervals.!s
The unequal spacing of the zodiacal boundary lines
between the northern and southern halves of the ecliptic
motivated some makers to design retes of a totally dif-
ferent shape that would render the two halves of the
ecliptic symmetrical, and several treatises consider such
designs.16

On every rete a select number of stars are named and
indicated by the tips of brass pointers. The number and
selection of stars varied among makers, though the stars
of greatest magnitude visible at northern latitudes were

14. King provides a detailed discussion of medieval explanations of
the term astrolabe in David A. King, “The Origin of the Astrolabe
according to the Medieval Islamic Sources,” Journal for the History of
Arabic Science 5 (1981): 43-83; reprinted as item III in David A. King,
Islamic Astronomical Instruments (London: Variorum Reprints, 1987).

15. Sharon Gibbs with George Saliba, Planispheric Astrolabes from
the National Museum of American History (Washington, D.C.: Smith-
sonian Institution Press, 1984), 220-22. Emmanuel Poulle, “La fabri-
cation des astrolabes au Moyen Age,” Techniques et Civilisations 4
(1955): 117-28, describes five alternative ways of determining the zodia-
cal boundaries.

16. See David A. King, “Astronomical Instrumentation in the Medi-
eval Near East,” in David A. King, Islamic Astronomical Instruments
(London: Variorum Reprints, 1987), item I, 1-21, esp. § and pls. 3 and
4.
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generally included. There are fifty-three stars on the astro-
labe illustrated in figure 2.6a, which was made in 1060/
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1650 in Lahore (in modern Pakistan) by a prolific astro-
labe maker belonging to a four-generation family of

FIG. 2.5. PLANISPHERIC ASTROLABE MADE IN THE
LATE NINTH CENTURY A.D. BY KHAFIF, THE APPREN-
TICE OF ‘ALI IBN “ISA. An inscription on the front states that
it was made for Ahmad al-munajjim al-Sinjari (Ahmad the
astronomer of Sinjar). It is known that “Ali ibn Tsa, the master
astrolabe maker, at the orders of the caliph al-Ma’min, took

part in an expedition to the plain of Sinjar, which lies between
the Tigris and Euphrates rivers, in order to measure a degree
of latitude (see pp. 178-81).

Diameter of the original: 11.3 cm. Museum of the History of
Science, Billmeir Collection, Oxford (inv. no. 57-84/155). By
permission of the Bettman Archive, New York.



FIG. 2.6. AN ASTROLABE MADE IN 1060/1650 BY DIYA’  Diameter of the original: 31.4 cm. By permission of the Brook-
AL-DIN MUHAMMAD. Made in Lahore, in modern Pakistan, lyn Museum, Department of Asian Art, New York (acc. no.
the parts of this astrolabe are: () rete; (b) plate for latitude  X638.2).

29°N; (c) mater or base; (d) back of the astrolabe.
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instrument makers.!” The astrolabe illustrated in figure
2.5, probably made in Baghdad in the ninth century A.D.,
displays much simpler tracery supporting only seventeen
star pointers. Because the rete of an astrolabe also has
the equator shown on it, it will become outdated owing
to the precession of the equinoxes. The usable life of
such an instrument was the better part of a century.
This open star map in the form of a metal rete was
then placed over a plate designed for a specific geographic
latitude (see fig. 2.6b). Each plate—safibah in Arabic or
tympanum in Latin—was also produced by polar stereo-
graphic projection, thus having the north celestial pole
at the center with the Tropic of Cancer and equator as
concentric circles and the outside edge marking the
Tropic of Capricorn. Over these circles there were then

__Tropic of Capricorn

E Equinoctial

<1 ic of Cancer

Solstitial
colure

Equinoctial

FIG. 2.7. POLAR STEREOGRAPHIC PROJECTION OF THE
BASIC FEATURES OF AN ASTROLABE RETE.
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drawn three different sets of circles, or parts of circles.
The basic design of a plate is shown in figure 2.9. There
are almucantars,*® which are stereographic projections of
circles of equal altitude above and parallel to the horizon.
There are also stereographic projections of lines of equal
azimuth, which are arcs of circles running from the zenith
to the horizon. Usually only the portions above the hori-
zon are shown, but on later products, as in figure 2.6b,
some arcs extend below the horizon. Finally, there are
the stereographic projections of lines of unequal hours,
which, for clarity, are usually shown on the plate only
below the horizon.!? Timekeeping and the calls to prayers
were determined by unequal or seasonal hours, in which
the period of daylight and the period of darkness were
each divided into twelve hours. As a result, only at the
equinoxes would the length of a daylight hour be equal
to an hour at night.

The plate with the rete on top (and usually plates
underneath for other latitudes not being used at the
moment) was then placed in the recessed front of the
body of the astrolabe. The recessed area in the base (see
fig. 2.6¢) was called in Arabic umm, “mother,” and in
Latin mater, the name still commonly used for it. It was
often engraved with a gazetteer, giving different localities
and their geographic longitudes and latitudes, along with
the length of the longest day or the distance to Mecca

17. The rete on an astrolabe made by the same makerin 1073/1662-
63 is analyzed by Owen Gingerich, “Astronomical Scrapbook: An Astro-
labe from Lahore,” Sky and Telescope 63 (1982): 358-60; see also
Gunther, Astrolabes of the World, 1:191-200 and 1:208-10 (note 2),
and Gibbs with Saliba, Planispheric Astrolabes, 132-34 (note 15). For
further information on this workshop of instrument makers, see Savage-
Smith, Islamicate Celestial Globes, 34-43 (note 5). For astrolabe stars
in general, see Paul Kunitzsch, “The Astrolabe Stars of al-$ifi,” in
Astrolabica, no. S, Etudes 1987-1989, ed. Anthony John Turner (Paris:
Institut du Monde Arabe/Société Internationale de 1’Astrolabe, 1989),
7-14.

18. From the Arabic al-mugantarah. For Arabic nomenclature, see
Paul Kunitzsch, “Remarks regarding the Terminology of the Astrolabe,”
Zeitschrift fur Geschichte der Arabisch-1slamischen Wissenschaften 1
(1984): 55-60; idem, “Observations on the Arabic Reception of the
Astrolabe,” Archives Internationales d’Histoire des Sciences 31 (1981):
243-52; and Willy Hartner, *“Asturlab,” in The Encyclopaedia of Islam,
new ed. (Leiden: E. ]. Brill, 1960-), 1:722-28; reprinted in Willy Hartner,
Oriens-Occidens: Ausgewdbhlte Schriften zur Wissenschafts- und Kul-
turgeschichte, 2 vols. (Hildesheim: Georg Olms, 1968 and 1984), 1:312-
18.

19. For illustrations of the stereographic projection of almucantars,
lines of equal azimuth, and lines of unequal hours, see John D. North,
“The Astrolabe,” Scientific American 230, no. 1 (1974): 96-106;
reprinted in his Stars, Minds and Fate: Essays in Ancient and Medieval
Cosmology (London: Hambleron Press, 1989), 211-20. Other useful
discussions of the design and construction of astrolabes are Henri
Michel, Traité de Pastrolabe (Paris: Gauthier-Villars, 1947); The Plani-
spheric Astrolabe (Greenwich: National Maritime Museum, 1976;
amended 1979); and Anthony John Turner, Astrolabes, Astrolabe
Related Instruments, Time Museum, vol. 1 (Time Measuring Insrru-
ments), pt. 1 {Rockford, 1ll.: Time Museum, 1985), 1-9.



FIG. 2.8. THE STARS ON THE ASTROLABE RETE MADE  YEAR 1060/1650. A diagram of the rete with each pointer
IN LAHORE BY DIYA’ AL-DIN MUHAMMAD IN THE given modern star identifications. See figure 2.6a and table 2.1.



TABLE 2.1 Stars on the Astrolabe Made by Diya® al-Din Muhammad

Modern Identification

Arabic Name

English Translation

B Ceti (Deneb Kaitos)

B Andromedae (Mirach)
y Ceti

n Ceti

B Persei {(Algol)

a Persei (Algenib)

y Eridani

a Tauri (Aldebaran)

o Aurigae (Capella)

B Orionis (Rigel)

y Orionis (Belletrix)

a Orionis (Betelgeuse)

x Orionis (Saiph)

a Canis Majoris (Sirius)

a Geminorum (Castor)

a Canis Minoris (Procyon)
p Puppis

M44 in Cancer (Praesepe)
o Hydrae (Alphard)

o Leonis (Regulus)

a Ursae Majoris (Dubhe)
a Crateris

& Leonis (Zosma)

B Leonis (Denebola)

B Ursae Minoris (Kochab)
£ Ursae Majoris (Mizar)

y Corvi (Gienah)

a Virginis (Spica)

a Bootis (Arcturus)

ab? Librae (Zubenelgenubi)
B Librae

a Coronae Borealis (Alphecca)
o Serpentis (Unuk)

a Scorpii (Antares)

p Ophiuchi

o Herculis (Rasalgethi)

o Ophiuchi (Rasalhague)
¥ Draconis

8 Ophiuchi

a Lyrae (Vega)

EZondpu Sagittarii

B Cygni (Albireo)

o Aquilae (Altair)

a Capricorni

¢ Delphini

o Cygni (Deneb)

¢ Pegasi (Enif)

8 Capricorni (Deneb Algedi)
a Aquarii

8 Aquarii

1 Ceti

B Pegasi (Scheat)

B Cassiopeiae (Caph)

Dhanab al-qitus al-janabi
Batn al-hat

Fam al-qitus

Sadr al-qitus

Ra’s al-ghiil

Mirfaq al-thurayya
Masafat al-nahr

‘Ayn al-thawr

‘Ayyiq

Rijl al-jawza’ al-yusra
Yad al-jawza’ al-yusra
Yad al-jawza’ al-yumna
Rijl al-jawza’ al-yumna
Shi‘ra yamaniyah

Ra’s al-taw’am al-muqaddam
Shi‘ra shamiyah

Tarfat al-safinah
Ma‘laf

Fard al-shuja‘

Qalb al-asad

Zahr al-dubb al-akhbar
Qa‘idat al-batiyah
Zahr al-asad

Sarfah

Anwir al-farqadayn
‘Anaq

Janah al-ghurab

Simak a‘zal

[Al-] simak al-ramih
Kiffah janubi

Kiffah shamali

Nayyir al-fakkah

‘Unq al-hayyah

Qalb al-‘agrab

Rijl al-hawwa al-yamini al-mugaddam

Ra’s al-jathi
Ra’s al-hawwa
‘Ayn al-tinnin

Yad al-hawwa al-yumna al-mugaddam

Nasr wagqi

‘Isabat al-rami

Mingqar al-dajajah
[Al-]nasr al-ta’ir

Qarn al-jadi al-thani
Dhanab al-dulfin
Dhanab al-dajajah

Fam al-faras

Dhanab al-jadi

Mankib sakib al-ma’
Saq sakib al-ma” al-janiibi
Dhanab al-gitus shamali
Mankib al-faras
[Al-Jkaff al-khadib

The southern tail of the sea monster Cetus
The belly of the fish

The mouth of the sea monster Cetus
The breast of the sea monster Cetus
The head of the ghoul

The elbow of al-thurayya

The length of the river

The eye of the bull

(Untranslatable)

The left foot of al-jawza

The left hand of aljawza

The right hand of al-jawza

The right foot of al-jawza

[The] southern shi‘ra

The head of the foremost twin

The northern shi‘ra

The extremity of the ship

Manger

The isolated one of the serpent

The heart of the lion

The brighter of the two calves

The base of the bowl

The back of the lion

Change of weather

The brighter of the two calves

The goat

The wing of the raven

[The] unarmed simak

The armed simak

[The] southern plate [of the balance]
[The] northern plate [of the balance]
The luminous one of al-fakkah

The neck of the serpent

The heart of the scorpion

The forward, right foot of the serpent charmer
The head of the kneeling one
The head of the serpent charmer
The eye of the dragon

The forward, right hand of the serpent charmer

A falling eagle

The headband of the archer

The bird’s beak

The flying eagle

The second horn of the goat

The dolphin’s tail

The tail of the bird

The mouth of the horse

The tail of the goat

The shoulder of the water pourer
The southern leg of the water pourer
The northern tail of the sea monster Cetus
The shoulder of the horse

The dyed hand

Note: This astrolabe was made in Lahore in 1060/1650. The stars
are listed in order of increasing celestial longitude beginning at the first

house of the zodiac.
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FIG. 2.9. BASIC DESIGN OF AN ASTROLABE PLATE. Since
the projected curves depend on the latitude of the observer,
separate plates are required for different geographic latitudes.

and angular measurements necessary for orientation
toward Mecca.?°

A pin passed through the rete and plate(s) and the body
of the astrolabe and also, on the back of the device,
through a rotating flat ruler with sighting holes. The pin
itself was secured on top of the rete by a wedge inserted
through a hole near the end of the pin, as can be seen
in figures 2.5 and 2.14. The rotation of the fretted star
map over the plate on the front of the astrolabe assembly
represented the daily rotation of the celestial sphere rel-
ative to an observer at that particular geographic latitude
and during an interval of about fifty to seventy-five years
after the construction of the instrument.

On the back of the astrolabe assembly there were any
number of scales and charts providing a variety of infor-
mation (see fig. 2.6d). There could be shadow squares,
calendar scales, and astrological charts, but there nearly
always was a scale of degrees around the edge for use in
angular measurement of altitudes. The rotating sighting
device, called an alidade, from the Arabic al-‘idadabh,
“rule,” could be used, when the assembly was properly
suspended, to find the position of the sun within the
zodiac by adjusting the alidade so that a ray of light
passed through the two smaller holes in its sights. The
altitude of celestial bodies could be ascertained by sight-
ing the star or planet through the two large holes. When
used in conjunction with the rotating celestial map (rete)
on the front of the device, the alidade could be used to
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tell time, day or night, as long as the sun or some star
marked on the rete was visible. Similarly, the astrolabe
could be used to calculate the geographic latitude, to
determine information needed in casting horoscopes, and
to undertake a host of other useful calculations.?!
Over the centuries and in different regions, consider-
able variation occurred in the patterning of the retes, the
design of the suspensory device, and the nature of the
charts and grids placed on the back. This variation is
evident both in the treatises written on astrolabe con-
struction and in the legions of astrolabes preserved today.
The basic nature, however, remained the same through-
out the many centuries of their production--an instru-
ment used to make simple observations and an analog
computing device used to solve a variety of problems
concerning the movement of the sun and stars.

EARLY HISTORY OF THE ASTROLABE

The precise origins of the astrolabe are obscure. What
appears certain is that it was a Greek invention. Theon
of Alexandria in the fourth century A.D. wrote on the
astrolabe, for his treatise was subsequently used in the
sixth century A.D. by Johannes Philoponus, also of Alex-
andria, who composed in Greek the earliest extant trea-
tise we have on the subject.??

The method of stereographic projection used in con-
structing planispheric astrolabes was described in the sec-
ond century A.D. by Ptolemy in a treatise now lost in the
original Greek but preserved in a Latin translation titled
Planisphaerium, made by Hermann of Carinthia in Tou-

20. Some of the gazetteers on astrolabes have been studied by Gibbs
with Saliba, Planispheric Astrolabes, 190-206 (note 15), and by
Gunther, Astrolabes of the World, vol. 1, passim (note 2), and a few
astrolabes were surveyed by Edward S. Kennedy and Mary Helen Ken-
nedy, Geographical Coordinates of Localities from Islamic Sources
(Frankfurt: Institut fir Geschichte der Arabisch-Islamischen Wissen-
schaften, 1987). See also the discussion of geographical tables in chapter
4, on the early development of terrestrial cartography in Islam, and for
a fuller discussion of the methods of orientation toward Mecca, see
chapter 9 on gibla charts, gibla maps, and related instruments.

21. For its numerous applications, see Edward S. Kennedy and Marcel
Destombes, “Introduction to Kitab al-‘amal bil-asturlab,” English
introduction to the Arabic text of ‘Abd al-Rahman ibn ‘Umar al-Sifi’s
astrolabe treatise (Hyderabad: Osmania Oriental Publications, 1966);
reprinted in Kennedy’s Studies in the Islamic Exact Sciences, ed. David
A. King and Mary Helen Kennedy (Beirut: American University of Bei-
rut, 1983), 405-47, and Ibn al-Samh, El “Kitab al-‘amal bi-l-asturlab”
(Libre de Pus de Pastrolabi) d’Ibn Samb, ed. Mere¢ Viladrich i Grau,
Institut d’Estudis Catalans, Memories de la Seccia Historica-Arqueo-
logica 36 (Barcelona: Institut d’Estudis Catalans, 1986).

22. The English translation by H. W. Greene printed in Gunther,
Astrolabes of the World, 1:61-81 (note 2), is a poor rendering of the
Greek text inadequately edited by H. H. Hase in Rbeinisches Museum
fur Philologie, 2d ser., 6 (1839): 127-71. A more reliable guide to the
text is Johannes Philoponus, Traité de Iastrolabe, trans. A. P. Segonds
(Paris, 1981). Theon’s treatise is also partially preserved in that of
Sebokht {see note 2 above).
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louse in A.D. 1143 from the Arabic version.23 In the four-
teenth chapter of the Planisphaerium, Prolemy does refer
enigmatically to a “spider” (aranea) in a “horoscopic
instrument” (horoscopium instrumentum), but the instru-
ment lacks attributes clearly recognizable as those of a
planispheric astrolabe.?* In Ptolemy’s major astrological
tract, the Tetrabiblos, there is a passage in which the
expression 8 dotporafwv Gpookoninv, “by means of
astrolabic horoscope instruments,” is the recommended
method of determining time of birth.25 The theory among
historians today, however, is that here Prolemy is refer-
ring to the observational armillary sphere, just as he was
when using the term “astrolabe” in the Almagest and in
the Geography.

Beyond this, little can be said with any certainty. Vitru-
vius in the first century B.C. knew about stereographic
projection, a necessary requisite to the astrolabe, but
there is no convincing evidence that Prolemy or any of
his predecessors knew about the planispheric astrolabe;
nor are there substantial grounds for considering that
Hipparchus, to whom Ptolemy was much indebted, nec-
essarily knew about stereographic projection and applied
it to instrument design.2é There is, however, evidence for
interest in Ptolemy’s day in its application to instruments,
for there is a small portable sundial, probably made in
the second century A.D. and now in the Kunsthistorisches
Museum, Vienna, that has engraved inside the lid the
stereographic projection of the two tropics, as well as
the equator and the unequal-hour lines. This sundial, only
thirty-nine millimeters in diameter, has other features
reminiscent of astrolabes, for it consists of a box con-
taining four circular plates slipped over a vertical pin
attached to the bottom of the box. The four plates are
engraved on both sides with sundial scales, each for use
at a different geographic latitude.?”

Certainly the early Arabic-speaking historians thought
Ptolemy knew of the astrolabe, for the bibliographer Ibn
al-Nadim, writing in the tenth century A.D., said: “In
ancient times the astrolabes were plane. The first person
to make them was Ptolemy. It is said that they were made
before his time, but this has not been verified.”28

Early medieval compilers of biographies and histories
often, however, interlaced their accounts with charming
but misleading anecdotes. A particularly delightful exam-
ple is the anecdotal account of the origin of the astrolabe
given by the thirteenth-century A.D. Syrian bibliographer
Ibn Khallikan. He related that “it is said” Ptolemy
invented the astrolabe by accident while out riding and
carrying a celestial globe in his hand. When Ptolemy
dropped the globe, his mount stepped on it and squashed
it. The result was the astrolabe.?’

Returning from the fanciful to the more concrete, Ibn
al-Nadim stated that the earliest treatise in Arabic on the
astrolabe was the Kitab san‘at al-asturlabat wa-al-‘amal

bi-ha (The construction and use of astrolabes) by
Masha’allah, whose dates are uncertain but who was still
alive in 193/809. Masha’allah was a Jewish astrologer
working and writing in Basra southeast of Baghdad.®0 A
Latin treatise on the astrolabe under the name of Mes-
sahalla, the Romanized form of his name, had the greatest

23. Contrary to what is usually stated in the literature, the Arabic
translation had probably not been made by Maslamah ibn Ahmad al-
Majriti (d. 398,/1007), an astronomer and mathematician of Cordoba;
Paul Kunitzsch, “On the Authenticity of the Treatise on the Compo-
sition and Use of the Astrolabe Ascribed to Messahalla,” Archives Inter-
nationales d’Histoire des Sciences 31 (1981); 42-62, esp. 50 n. 38.

24. Claudius Prolemy, Opera quae exstant omnia, 3 vols., ed. J. L.
Heiberg (Leipzig: B. G. Teubner, 1898-1907), vol. 2, Opera astro-
nomica minora (1907), 225-59, esp. 249; German translation by J.
Drecker, “Das Planisphaerium des Claudius Ptolemaeus,” Isis 9 (1927):
255~78, esp. 271. Neugebauer interprets the “horoscopic instrument”
mentioned in the Planisphaerium as an anaphoric clock with the stars
and ecliptic forming a movable overlay, employing a design later devel-
oped in the Islamic world rather than the design that became dominant
in Vitruvian or European anaphoric clocks, in which the stars and eclip-
tic were stationary; Otto Neugebauer, A History of Ancient Mathe-
matical Astronomy, 3 pts. (New York: Springer-Verlag, 1975), 2:865-
66 and 871.

25. The passage is Tetrabiblos 3.2; see Ptolemy, Tetrabiblos, ed. and
trans. F. E. Robbins, Loeb Classical Library (Cambridge: Harvard Uni-
versity Press, 1940; reprinted 1980), 228-31. Note that @pookoniov is
a noun here, and not an adjective.

26. In this interpretation of the Ptolemaic and pre-Ptolemaic ante-
cedents of the astrolabe, Neugebauer, in Ancient Mathematical Astro-
nomy, 3:858, 868-69 and 871 (note 24), severely modified and even
reversed many points he had made in a study nearly thirty years earlier:
Otto Neugebauer, “The Early History of the Astrolabe: Studies in
Ancient Astronomy I1X,” I'sis 40 (1949): 240-56; reprinted in Otto Neu-
gebauer, Astronomy and History: Selected Essays (New York: Springer-
Verlag, 1983), 278-94. For arguments that Ptolemy knew the astrolabe
and that Hipparchus could well have developed the planispheric astro-
labe, see Neugebauer, “Early History of the Astrolabe,” 241-42 and
246-51, and Germaine Aujac and editors, “Greek Cartography in the
Early Roman World,” in The History of Cartography, ed. ]J. B. Harley
and David Woodward (Chicago: University of Chicago Press, 1987-),
1:161-76, esp. 167 n. 35. An important source in these arguments is
Synesius of Cyrene, who died shortly before A.D. 415 and was a pupil
of Hypatia, the daughter of Theon of Alexandria; Joseph Vogt and
Matthias Schramm, “Synesios vor dem Planisphaerium,” in Das Alter-
tum und jedes neue Gute: Fiir Wolfgang Schadewaldt zum 15. Marz
1970 (Sturtgart: W. Kohlhammer, 1970), 265-311, esp. 279-311.

27. Vienna, Kunsthistorisches Museum, inv. no. VI 4098. For an
illustration and discussion, see Turner, Astrolabes, 10-11 {note 19).

28. Muhammad ibn Ishdq ibn al-Nadim, al-Fibrist; see Kitdb al-
Fibrist, 2 vols., ed. Gustav Flugel (Leipzig: F. C. W. Vogel, 1871-72),
1:284, or The Fibrist of al-Nadim: A Tenth-Century Survey of Muslim
Culture, 2 vols., ed. and trans. Bayard Dodge (New York: Columbia
University Press, 1970), 2:670.

29. The passage from Ahmad ibn Muhammad ibn Khallikan (608-
81/1211-82) is discussed in detail by King, “Origin of the Astrolabe,”
45, 55, 60-61, with Arabic text on 71 (note 14). The instrument that
Ptolemy was said to be carrying was called a kurah falakiyah, a com-
mon designation of a celestial globe meaning literally “celestial sphere.”

30. Not in Egypt, as many have asserted; Julio Samso, “Masha’ Allah,”
in Encyclopaedia of Islam, new ed., 6:710-12; Ibn al-Nadim, Fihrist;
Flugel’s edition, 1:273, Dodge’s edition, 2:650-51 (note 28).
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influence in the Latin West of all astrolabe writings and
eventually became the basis of Geoffrey Chaucer’s trea-
tise on the astrolabe written in A.D. 1392 for his son
Lewis. Recent scholarship, however, has shown that this
immensely popular Latin version is not in fact a trans-
lation of a writing by Masha’allah of the late eighth cen-
tury A.D., but rather a Western compilation based on the
translations of works by Ibn Saffar (d. 426 /1035), a math-
ematician and astronomer of Cérdoba.3!

From Ibn al-Nadim we have the names of other early
treatises on the subject, though few are extant today. The
carliest Arabic treatise on the planispheric astrolabe still
preserved today in the original is that written by the
instrument maker and astronomer ‘Alf ibn Ts3, who in
214/829-30 and again in 217/832-33 participated in
observations at Baghdad and Damascus.32 An astrolabe
made by one of his apprentices is among the earliest to
have survived and is illustrated in figure 2.5. Thereafter,
numerous treatises on the construction and use of the
astrolabe were composed both in Arabic and, slightly
later, in Persian as well.

[bn al-Nadim also supplies the names of many early
artisans manufacturing astrolabes. The earliest—presum-
ably in the Islamic Near East—was Abywn (or Abiyiin;
Apion the patriarch) al-Batrig, who he said lived a little
before or a little after the advent of Islam.33 Elsewhere
in his history, however, Ibn al-Nadim said that al-Fazari,
a well-known astronomer in Baghdad during the reign of
the caliph al-Mansar (r. 136-58/754-75), was the first
person in Islam to make an astrolabe.>* The identity of
Abywn al-Batriq is uncertain, though a later writer, the
eleventh-century scholar al-Biriini, who himself wrote on
astrolabes, stated that Abywn al-Batriq wrote a treatise
on the astrolabe that was translated, presumably from
Coptic or Syriac, by Abi al-Hasan Thabit ibn Qurrah al-
Harrani at the end of the ninth century A.D. in Baghdad.?$

Clearly from Ibn al-Nadim’s account, and other
sources as well, the earliest center for astrolabe produc-
tion—as well as other astronomical instruments—was
within the domain of Syria, in the city of Harran, lying
between the northern reaches of the Euphrates and Tigris
rivers, southeast of Edessa. Though today it lies in ruins
in modern Turkey, it was an ancient and important town,
known to the Romans as Carrhae and to the church
fathers as Hellenopolis, at the intersection of major car-
avan routes to Syria, Mesopotamia, and Asia Minor. In
the ninth and tenth centuries A.D. it had a prominent
Sabian community, whose pagan religious interest in the
stars and sun perhaps was particularly conducive to the
study of astronomy.3¢ In any case, many of the early
Islamic astronomers and instrument makers were mem-
bers of the Sabian sect, whose center was in Harran. Ibn
al-Nadim also mentioned the patronage of one of the
tenth-century Hamdanid rulers of Syria, Sayf al-Dawlah,
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whose center of power was in Aleppo during his rule
from 333 /944 to 356 /967. Among the astrolabe makers
supported by this ruler was a woman named al-Ijliyah,
who had been apprenticed under the same master with
whom her father, al-‘[jli, had trained.?”

It is clear that Syria in the eighth, ninth, and tenth
centuries A.D. was a region where much information cir-
culated and was exchanged regarding the mapping as well
as metalworking techniques necessary for producing
planispheric astrolabes. The earliest surviving plani-
spheric astrolabes are Islamic products of the second half
of the ninth century A.D. Knowledge and production of
astrolabes rapidly spread throughout Islamic lands from
southern Spain to western India. Their styles varied in
different workshops and regions, from the clean simple
lines of the earlier western Islamic products, as seen in
figure 2.5, to the rather ornate and delicate work of the
eastern Islamic areas of Persia and western India, as illus-
trated in figure 2.6.38 Knowledge of the astrolabe reached
southern Europe about the middle of the tenth century,
as evinced by a collection of scientific treatises compiled
in a scriptorium at the Benedictine monastery of Santa

31. Kunitzsch, “Astrolabe Ascribed to Messahalla” (note 23).

32. “Ali ibn Tsa al-Asturlabi, Kitab al-“amal bi-l-asturlab, ed. by P.
Louis Cheikho: “Kitab al-“amal bi-l-asturlab 1i-‘Ali ibn “Isa,” al-Mashrig
16 (1913): 29-46; German translation by Car! Schoy, ““Ali ibn “Is, Das
Astrolab und sein Gebrauch,” Isis 9 (1927): 239-54.

33. Ibn al-Nadim, Fihrist; Flugel’s edition, 1:284, Dodge’s edition,
2:670 (note 28).

34, Ibn al-Nadim, Fibrist; Flogel’s edition, 1:273, Dodge’s edition,
2:649 (note 28). For Muhammad ibn Ibrahim al-Fazari, see David Pin-
gree, “al-Fazari,” in Dictionary of Scientific Biography, 16 vols., ed.
Charles Coulston Gillispie (New York: Charles Scribner’s Sons, 1970~
80), 4:555-56.

35.King, “Origin of the Astrolabe,” 49 (note 14). See also Fuat Sezgin,
Geschichte des arabischen Schrifttums, vol. 6, Astronomie bis ca. 430
H. (Leiden: E. ]. Brill, 1978), 103.

36. Ibn al-Nadim, Fihrist, Dodge’s edition, 2:670-71 and 745-72
(note 28); G. Fehérvari, “Harran,” in Encyclopaedia of Islam, new ed.,
3:227-30; Bernard Carra de Vaux, “al-$abi’a,” in The Encyclopaedia
of Islam, 1st ed., 4 vols. and suppl. (Leiden: E. J. Brill, 1913-38), 4:21~
22; Savage-Smith, Islamicate Celestial Globes, 18 and 23 (note 5). For
further discussion of Harran as a center of instrumentation, see the
historical introduction to Alain Brieux and Francis R. Maddison, Rép-
ertoire des facteurs d’astrolabes et de leurs oeuvres: Premiére partie,
Islam (Paris: Centre National des Recherches Scientifiques, in press).

37. Ibn al-Nadim, Fihrist; Flugel’s edition, 1:285, Dodge’s edition,
2:671 {note 28).

38. Numerous planispheric astrolabes are extant today, more than
any other Islamic scientific instrument. For various makers and their
products, see Gunther, Astrolabes of the World (note 2); Gibbs with
Saliba, Planispheric Astrolabes (note 15); Sharon Gibbs, Janice A. Hen-
derson, and Derek de Solla Price, A Computerized Checklist of Astro-
labes, photocopy of typescript (New Haven: Yale University Depart-
ment of the History of Science and Medicine, 1973); and Turner,
Astrolabes (note 19). A comprehensive history and examination of all
signed or dated astrolabes, as well as other Islamic astronomical instru-
ments, will be found in the forthcoming Brieux and Maddison, Rép-
ertoire {note 36).
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Maria de Ripoll at the foot of the Pyrenees.3? During the
eleventh century, knowledge of it spread to northern
Europe, so that by A.D. 1092 an astrolabe was being
employed in England during an eclipse of the moon.#
The earliest European artifact preserved today dates from
about A.D. 1200. After reaching great popularity in
Europe in the fifteenth and sixteenth centuries, the astro-
labe fell into disuse after the end of the seventeenth cen-
tury,*! but in the Islamic world its production continued,
particularly in the East, through the nineteenth century.

The astrolabe was a convenient and portable multi-
function instrument, combining the attributes of a two-
dimensional model of the heavens, a computing device
for calculating astronomical information, and an instru-
ment for making simple observations. It should be noted,
however, that its use as an observational instrument was
primarily for timekeeping, determining ascendants for
horoscopes, and geographical orientation. Serious obser-
vation by astronomers of planetary and stellar coordi-
nates would have been done with other instruments, such
as a parallactic ruler, the dioptra, large quadrants, and
observational armillary spheres.*? Though it was some-
times used to measure the heights of objects on earth,
such as buildings or mountains, the astrolabe was not ac-
curate enough for tasks requiring much precision. It was
prized as a teaching device as well as a necessary aid to
any enterprising astrologer casting a horoscope as prepar-
ation for predicting the course of an illness, the prospects
of a child from the moment of birth, or the advisability
of travel, marriage, war, and similar matters. In Islamic
countries the astrolabe was a necessity to any muwaqgqit
of a mosque in determining the hours of prayer, which
depended on calculating the sunrise and sunset at that
particular location, and it was frequently used to deter-
mine the direction toward which a Muslim must face
when performing the obligatory daily prayers (see chapter
9 on gibla orientation). In both Islamic Near Eastern and
Christian European societies the instrument became the
symbol of the professional astrologer or astronomer, as
indicated by its frequent depiction in miniatures.

A remarkable full-page painting from a manuscript pre-
served today in Istanbul (fig. 2.10) depicts the astronomers
and staff of a sixteenth-century Ottoman observatory
employing a range of small instruments.*? The short-lived
observatory was built in the European section of Istanbul
in 1577 under the direction of the chief astronomer in
the Ottoman capital, Taqi al-Din Muhammad al-Rashid
ibn Ma‘rif. In an illustrated verse chronicle of the reign
of Sultan Murad III (982-1003 /1574-95), who had been
responsible for the building of the observatory as well
as its demolition several years later, a poem described
the functioning of the observatory. In figure 2.10, six lines
of three couplets written in the upper section of the min-
iature read as follows:
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FIG. 2.10. ASTRONOMERS AT WORK. Astronomers are
shown ar work in this miniature of the “small” observatory,
part of the observatory built in Istanbul in A.D. 1577. It is
illustrated in the §ahansabname (Book of the king of kings),
a verse chronicle of the reign of Sultan Murad III, who was
responsible for building the observatory.

Size of the original: not known. By permission of the Istanbul
Universitesi Kiitaphanesi (FY. 1404, fol. 57a).

And they also built a small-scale observatory
In the vicinity of the main building.

In it fifteen distinguished men of science

Were in readiness in the service of Tagi al Din.
In the observations made with each instrument
Five wise and learned men cooperated.

39. Barcelona, Archives of the Crown of Aragon, MS. Ripoll 225.

40. For the transmission to Europe of theoretical knowledge about
the astrolabe as well as artifacts, see Turner, Astrolabes, 16-20 (note
19).

41. For reasons why it fell into disuse in Europe, see Turner, Astro-
labes, 56-57 (note 19).

42. See King, “Astronomical Instrumentation,” 1-3 (note 16), and
Turner, Astrolabes, 29 n. 91 (note 19).

43. Istanbul Universitesi Kataphanesi, MS. F. 1404 (Yildiz 2650,/260),
fol. 57a.
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The poem goes on to say of the five men:

There were two or three observers,
and the fourth was a clerk,

And there was also a fifth person
who performed miscellaneous work.#

The painting itself illustrates the smaller, portable instru-
ments that were kept in a small-scale adjunct observatory
where minor observations were done, as well as record-
ing, calculating, drawing, and studying. In front of the
bookshelves drawn in figure 2.10, two astronomers dis-
cuss an astrolabe while a small figure, a student perhaps,
looks on. Next to them an astronomer is using a quad-
rant, and far to the left another employs a dioptra. At
the large table, which in the miniature forms a dark band
across the middle of the painting, another astronomer
constructs a diagram using a compass or dividers. In front
of him on the table is what appears to be a celestial globe
without rings or stand. Other instruments on the table
(right to left) are a clock, an adjustable protractor, a pair
of scissors, calipers, a straightedge, a pen box, a set
square, triangles of various sizes, two sandglasses, a small
globe without meridian ring, several plumb bobs, a book,
and some type of plate. In front of the table one person
reads while another demonstrates a quadrant; another
writes while two work with a tripod for supporting a
plumb line. In the foreground are figures variously
engaged in reading and writing, while one appears to be
discussing a large terrestrial globe on which Africa, Asia,
and Europe are delineated in some detail.

Through this miniature we gain a glimpse of one aspect
of the medieval Islamic observatory. Although the six-
teenth-century Istanbul observatory was short-lived, its
medieval predecessors, such as those at Maragheh in the
thirteenth century or Samarkand in the fifteenth century,
were active and important centers of study and research.
Such illustrations also make it clear that astrolabes and
related instruments as well as terrestrial globes were con-
sidered a necessary part of a working center for astro-
nomical study. Many of the instruments preserved today,
however, were clearly intended for wealthy and influ-
ential patrons who considered them an essential
accoutrement for the library of any learned or cultured
person.

VARIANTS OF PLANISPHERIC ASTROLABES

The conventional type of planispheric astrolabe required
that a different plate be inserted under the rete for every
geographic latitude where it was to be used. In Toledo
in the eleventh century A.D., an important development
in the design occurred, owing to the efforts of two indi-
viduals. The result was a universal astrolabe that could
be used at any location without special plates. The basic
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principle involved substituting the plane of the solstitial
colure for the plane of the equator in the stereographic
projection.

‘Ali ibn Khalaf, perhaps also known as al-Shakkaz and
possibly an apothecary or herbalist, designed a plate on
which he inscribed the stereographic projection of the
ecliptic coordinates onto the plane of the solstitial colure.
Over this plate he placed a special “rete,” one half of
which represented the equatorial coordinates of merid-
ians and parallels (derived through equatorial stereo-
graphic projection onto the plane of the solstitial colure)
while the other half was similar to an ordinary rete dis-
playing the fixed stars, but with the northern and southern
halves superimposed.

The result was one plate and a “rete” that could solve
problems of spherical astronomy for any geographic lat-
itude, though in somewhat more complicated fashion
than with the standard astrolabe.** The universal astro-
labe of “Ali ibn Khalaf was not known outside southern
Spain, and no examples are known to be preserved today.
His treatise on the subject, dedicated to Yahya al-
Ma’miin, the local ruler of Toledo from 435/1043-44
to 467/1074--75, is known through a thirteenth-century
Castilian translation prepared as part of the Libros del
saber de astronomia compiled largely from Arabic
sources for Alfonso el Sabio (the Wise), who in A.D. 1251
was crowned Alfonso X of Castile.*

A contemporary of ‘Ali ibn Khalaf in Andalusia, the
astronomer al-Zargéllo (d. 493/1100), known in the
West as Azarquiel, also designed a universal astrolabe and
wrote three treatises on it, one of them dedicated to the
same Toledan ruler who had patronized ‘Ali ibn Khalaf.47

44. Translation is that of Aydin Sayih, The Observatory in Islam and
Its Place in the General History of the Observatory (Ankara: Tuark Tarih
Kurumu, 1960; reprinted New York: Arno Press, 1981), 294; see also
289-305 of Sayilr’s study for further discussion of this poem and a
general account of the observatory in Istanbul. Sayili attributes the poem
to ‘Ala al-Din al-Mansar; the authorship of the Sahangabname (History
of the king of kings) in which the poem appears is disputed, see appendix
12.1, footnote o. :

45. King, “Astronomical Instrumentation,” 7 (note 16); David A.
King, “On the Early History of the Universal Astrolabe in Islamic Astro-
nomy, and the Origin of the Term ‘Shakkaziya’ in Medieval Scientific
Arabic,” Journal for the History of Arabic Science 3 (1979): 244-57;
reprinted in David A. King, I'slamic Astronomical Instruments (London:
Variorum Reprints, 1987), item VII. See also Turner, Astrolabes, 151-
55 (note 19).

46. Libros del saber de astronomia del rey D. Alfonso X de Castilla,
comp. Manuel Rico y Sinobas, 5 vols. (Madrid: Tipografia de Don
Eusebio Aguado, 1863-67), 3:1-132. For a discussion of the Libros del
saber de astronomia, see E. S. Procter, “The Scientific Works of the
Court of Alfonso X of Castille: The King and His Collaborators,”
Modern Language Review 40 (1945): 12-29; and De astromomia
Alphonsi Regis, ed. Mercé Comes, Roser Puig [Aguilar], and Julio
Samso, Proceedings of the Symposium on Alfonsine Astronomy held
at Berkeley (August 1985), together with other papers on the same
subject (Barcelona: Universidad de Barcelona, 1987).

47. For the spelling of his name as al-Zarqgllo, see Lutz Richter-
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Al-Zarqéllo’s solution was to inscribe a plate with the
ecliptic coordinates projected stereographically onto the
solstitial colure. The ecliptic latitude-measuring circles
and longitude-measuring circles for every five degrees
were indicated, and the projection taken with the vernal
equinox as the center of projection was superimposed
over the projection taken with the autumnal equinox as
center of projection. Over this ecliptic grid he then super-
imposed, at an angle equal to the obliquity of the ecliptic,
a similar projection of the equatorial coordinates, with
the parallels and meridians indicated for every fifth
degree. Stars were then placed directly on the plate. See
figure 2.11 for a reconstruction of the basic method
employed by al-Zargéllo and figure 2.12 for an illustra-
tion of one of the few astrolabes of this design preserved
today, made in the late fourteenth or early fifteenth cen-
tury by an otherwise unknown maker named ‘Ali (or ‘Ala)
al-Wada“.#8

With this design there was no need for a rete, but only
a movable rod (called ufg ma’il, “oblique horizon”) that
could rotate at the center of the plate. When set at an
appropriate angle, the rod could represent the horizon.
The back of this plate would have an alidade and scales
similar to those on conventional planispheric astrolabes.

This particular style of universal astrolabe was later
called al-safihah al-Zarqalliyah, “the al-Zarqéllo plate,”
in Arabic after its inventor, and in Europe azafea (or
saphaea) Azarchelis. Al-Zargéllo himself called it safi-
hab Ma’miniyah, “a Ma’miin plate,” in the version of
his treatise dedicated to the Toledan ruler Yahya al-
Ma’miin before al-Zarqéllo moved to Coérdoba. In the
other two drafts of the treatise he called it safibab
‘Abbadiyah, “an ‘Abbadid plate,” in honor of Muham-
mad II al-Mu‘tamid, a ruler of the ‘Abbadid dynasty
based in Seville and a rival of the Toledan ruler Yahya
al-Ma’miin. The longer of the versions dedicated to al-
Mu‘tamid was translated into Castilian for Alfonso el
Sabio,* while a shorter version for the same patron was
transmitted to the West through translations of Jacob
ben Machir ibn Tibbon of Marseilles and William the
Englishman.5% These translations subsequently influenced
Gemma Frisius in the sixteenth century.s!

Another type of universal astrolabe employing stereo-
graphic projection onto the plane of the solstitial colure
was called safihah shakkaziyah, “a shakkazi plate.”
Scholars have differed as to the origin of the design and
of the name.52 A number of treatises are extant on the
instrument, including one by an important mathematician
in Marrakesh, Ibn al-Banna’ (d. 721/1321),53 and there
are a few artifacts remaining today. The shakkaziyah
variant of the universal astrolabe resembled that of al-
Zarggllo except that the ecliptic system was simplified to
show only the ecliptic latitude-measuring circles that are
between the zodiacal houses (in other words, one every
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thirty degrees), and no parallels to the ecliptic were indi-
cated at all. Stars were still placed on the plate, so that
no rete was needed, and a ruler rotating over the plate
served as both oblique horizon and ruler-protractor. The
reverse of the plate was identical to that of a conventional
astrolabe with an alidade having two sights. See figure
2.13 for an illustration of a shakkaziyab astrolabe prob-
ably made in the thirteenth century.

‘Ali ibn Khalaf and al-Zargéllo may not have been the
first to conceive the basic ideas of these universal plates.
There is the intimation that the ninth-century Baghdad
astronomer Ahmad ibn ‘Abdallah Habash al-Hasib al-
Marwazi, who was possibly still alive in 300/912, may
have written about a plate of horizons closely related to
the shakkaziyah plate.>* Furthermore, a recently discov-
ered manuscript by an astronomer of Shiraz in Persia,
Abiti Sad al-Sijzi (d. ca. 415/1024-25), appeats to be on
the same topic.5® Whatever their theories may prove to

Bernburg, “Sa‘id, the Toledan Tables, and Andalusi Science,” in From
Deferent to Equant: A Volume of Studies in the History of Science in
the Ancient and Medieval Near East in Honor of E. S. Kennedy, ed.
David A. King and George Saliba, Annals of the New York Academy
of Sciences, vol. 500 (New York: New York Academy of Sciences,
1987), 373-401, esp. 391 n. 5. For al-Zargéllo’s life and writings, see
Juan Vemet Ginés, “al-Zarqali (or Azarquiel),” in Dictionary of Sci-
entific Biography, 16 vols., ed. Charles Coulston Gillispie (New York:
Charles Scribner’s Sons, 1970-80), 14:592-95. For a recent study and
translation of one version of his treatise on the universal astrolabe, see
Roser Puig Aguilar, Los tratados de construccion y uso de la azafea
de Azarquiel, Cuadernos de Ciencias 1 (Madrid: Instituto Hispano-
Arabe de Cultura, 1987).

48. Rockford, inois, Time Museum, inv. no. 3529. A full catalog
description is given by Turner, Astrolabes, 168-73 (note 19).

49. Libros del saber de astronomia, 3:133-237 (note 46).

50. Vernet Ginés, “al-Zarqali,” 594 (note 47); José Maria Millas y
Vallicrosa, ed. and trans., Tractat de Passafea &’ Azarquiel (Barcelona:
Arts Grafiques, 1933), critical edition of the thirteenth-century Hebraic
and Latin texts by Jacob ben Machir ibn Tibbon; Turner, Astrolabes,
155-56 (note 19).

51. Maddison, Hugo Helt, 9-12 (note 5), and Turner, Astrolabes,
157-60 (note 19).

52. King, “Universal Astrolabe” (note 45); Hartner, “Asturlab,” 727,
reprint 317 (note 18).

53. Risalat al-safihab al-mushtarikab ‘ala al-shakkaziyah (Rabat,
Royal Library MS. 6667), recently studied by Roser Puig [Aguilar],
“Conceming the Safiha Shakkaziyya,” Zeitschrift fiir Geschichte der
Arabisch-1slamischen Wissenschaften 2 (1985): 123-39, and Emilia
Calvo, “La Risalat al-safiha al-mustaraka ‘ala al-Sakkaziyya de Ibn
al-Banna’ de Marrakus,” al-Qantara 10 (1989): 21-50. For a detailed
explanation of the operations of a universal astrolabe, see Roser Puig
{Aguilar], ed. and trans., Al-Sakkaziyya: Ibn al-Naqqas al-Zarqalluh
(Barcelona: Universidad de Barcelona, 1986). Turner refers to the design
termed shakkaziyah by Puig Aguilar as Saphea Azarchelis; Tumner,
Astrolabes, 174-79 (note 19).

54. This information is based on a remark by a later astronomer; see
King, “Universal Astrolabe,” 255 n. 22 (note 45), and idem, “Astro-
nomical Instrumentation,” 7 (note 16). On Habash al-Hasib, see Sezgin,
Geschichte des arabischen Schrifttums, 6:173-75 (note 35). The only
treatises by him preserved today are on the celestial globe, the spherical
astrolabe, and the armillary sphere.

5. Damascus, Dar al-Kutub al-Zahiriyah, MS. 9255; King, “Universal
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FIG. 2.12. A UNIVERSAL ASTROLABE OF THE TYPE
DESIGNED BY AL-ZARQELLO. Undated (fourteenth or fif-
teenth century) astrolabe made by °Ali (or ‘Ala) al-Wada. This
type of astrolabe is very rare.

Diameter of the original: 17 cm. By permission of the Time
Museum, Rockford, Illinois (inv. no. 3529).

have been, however, “Ali ibn Khalaf and al-Zarggllo con-
cretely applied the principle of stereographic projection
onto the solstitial plane to the design and production of
an astrolabe. A version of a universal astrolabe was rein-
vented in Syria in the early fourteenth century by the
Aleppo astronomer Ibn al-Sarraj. The only example of
Ibn al-Sarraj’s instrument known to be preserved today
is one he made himself (fig. 2.14). It is considerably more
complicated and sophisticated than the form originally
developed in southern Spain. A recent historian of Islamic
instrumentation has declared that this universal astrolabe
by Ibn al-Sarraj is the most sophisticated astronomical
instrument from the entire medieval and Renaissance
periods.5¢

EXTENDED USE OF ASTROLABIC MAPPING

Another attempt to simplify the conventional plani-
spheric astrolabe was devised by Sharaf al-Din al-Muzaf-
far al-Tusi, a Persian mathematician who died in the early
thirteenth century. His idea was a linear astrolabe that
was sometimes called “the staff of al-Tasi” (‘asat al-
Tsi) after its inventor. Although stereographic projec-
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FIG. 2.13. A TYPE OF UNIVERSAL ASTROLABE CALLED
SHAKKAZIYAH. Unsigned and undated (probably thirteenth
century).

Diameter of the original: 22.7 cm. Museum of the History of
Science, Barnett Collection, Oxford (IC-139). By permission of
the Bettman Archive, New York.

tion was still employed in its design, the key elements of
the mapping were reduced to the sides of one rod, which
had a sight at each end and a plumb line in the middle.
There was also a fixed thread at one end and a movable
thread. Such an instrument had many limitations and
seems to have been of little practical use. No examples
are known to have survived.’’

The astrolabic quadrant also developed from the plani-
spheric astrolabe. In this distinctly Islamic development,
a portion of an astrolabe plate was inscribed on a quad-
rant. A cord attached to the center of the quadrant takes

Astrolabe,” 255 n. 23 (note 45). For further information on al-Sijzi, see
Yvonne Dold-Samplonius, “al-Sijzi,” in Dictionary of Scientific Bio-
graphy, 16 vols., ed. Charles Coulston Gillispie (New York: Charles
Scribner’s Sons, 1970-80), 12:431-32.

56. King, “Astronomical Instrumentation,” 7 (note 16); David A.
King, “The Astronomy of the Mamluks,” Isis 74 (1983): 531-55, esp.
544. See also the forthcoming study by David A. King, The Astronom-
ical Instruments of Ibn al-Sarraj (Athens: Benaki Museum).

57. For a diagram illustrating the principle, see Turner, Astrolabes,
184 (note 19). See also Bernard Carra de Vaux, “L’astrolabe linéaire ou
baton d’et-Tousi,” Journal Asiatique, 9th ser., 5 (1895): 464-516. For
a diagram in a copy of al-Tasi’s treatise extant in Istanbul, see King,
“Astronomical Instrumentation,” pl. 5 (note 16).
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FIG. 2.14. THE UNIVERSAL ASTROLABE DESIGNED BY
IBN AL-SARRAJ IN THE EARLY FOURTEENTH CEN-
TURY.

Diameter of the original: 15.8 cm. By permission of the Benaki
Museum, Athens (inv. no. 13178).

FIG. 2.15. A WOODEN ASTROLABIC QUADRANT FOR
LATITUDE 41°. This quadrant was made in Istanbul in 1094/
1682-83 by Ahmad al-Ayyubi.

Size of the original: 10.4 cm. Museum of the History of Science,

Oxford (inv. no. 60-70). By permission of the Bettman Archive,
New York.
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the place of the rete of the astrolabe; a bead on the cord
can be adjusted to represent the position of the sun or
a star, whose positions were read from markings for the
ecliptic and star positions that are included on the quad-
rant. Thus an astrolabic quadrant also represents the posi-
tion of the sun or fixed star with respect to the local
horizon.’8

A recently discovered twelfth-century Egyptian treatise
indicates that the astrolabic quadrant was already known
at that time. Its precise origins are unknown. Except in
Persia and India, the astrolabic quadrant had to a large
extent replaced the astrolabe in popularity by the end of
the sixteenth century. Most of the astrolabic—also called
almucantar—quadrants preserved today are Ottoman
Turkish products (fig. 2.15).

There are also quadrants employing shakkaziyah
curves of the type developed for universal astrolabes.
Several treatises were written on the subject, an especially
interesting one by the late fourteenth-century astronomer
Jamal al-Din al-Maridini, who worked in Damascus and
Cairo.%® This type of quadrant was clearly related in
design to the universal astrolabes of the eleventh-century
Toledan astronomers, as were also the class of quadrants
called meteoroscopes by later European astronomers.60

In Islam, anaphoric clock dials, made to simulate the
motion of the heavens, resembled astrolabes in appear-
ance. They were open star maps over a projection of the
celestial coordinate system as it relates to the observer’s
locality. Such an astrolabic clock dial was seen, for exam-
ple, by a fourteenth-century Arab historian in 743 /1342~
43 in the Damascus home of the astronomer Ibn al-
Shatir.6! Similarly, a clock in Fez, Morocco, was outfitted
during a restoration in A.D. 1346-48 with an astrolabic
rete still to be seen today.5? This design is in contrast to
the typical European astronomical clock dials on which
the stars and constellations had an overlay of wires repre-
senting the local celestial coordinates and horizon.

58. For diagrams illustrating the principle of astrolabic quadrants and
the folding of the stereographic projection that is part of their design,
see Turner, Astrolabes, 202-3 (note 19).

59. King, “Astronomy of the Mamluks,” 545 (note 56), and David
A. King, “An Analog Computer for Solving Problems of Spherical Astro-
nomy: The Shakkaziya Quadrant of Jamal al-Din al-Maridini,”
Archives Internationales d’Histoire des Sciences 24 (1974): 219-42;
reprinted in David A. King, Islamic Astronomical Instruments (London:
Variorum Reprints, 1987), item X.

60. John D. North, “Werner, Apian, Blagrave and the Meteoro-
scope,” British Journal for the History of Science 3 (1966-67): 57-65
and pl. IL.

61. On “Ala’ al-Din Aba al-Hasan “Ali ibn Ibrahim ibn al-Shatir, see
David A. King, “Ibn al-Shatir,” in Dictionary of Scientific Biography,
16 vols., ed. Charles Coulston Gillispie (New York: Charles Scribner’s
Sons, 1970-80), 12:357-64, esp. 362.

62. Derek ]. de Solla Price, “Mechanical Water Clocks of the 14th
Century in Fez, Morocco,” in Proceedings of the Tenth International
Congress of the History of Science (Ithaca, 1962), 2 vols. (Paris: Her-
mann, 1964), 1:599-602, esp. 600 and fig. 2.
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FIG. 2.16. A UNIQUE ASTROLABE, WHICH IS ALSO A
MECHANICAL, GEARED CALENDAR (FRONT). This
astrolabe was made in 618/1221-22 in Isfahan by Muhammad
ibn Abi Bakr al-Rashidi.

Diameter of the original: 18.5 cm. Museum of the History of
Science, Lewis Evans Collection, Oxford (inv. no. IC5). By per-
mission of the Bettman Archive, New York.

A unique and most remarkable astrolabe was produced
by a thirteenth-century Persian mctalworker who worked
in Isfahan (figs. 2.16 and 2.17). This device, made in 618/
1221-22, was both an astrolabe and a mechanical cal-
endar, for it was fitted with a geared mechanism by which
it could reproduce the motions of the sun and moon. It
is the oldest geared machine in existence in a complete
state. Because the motions of the sun and moon are dis-
played through windows on the back of the astrolabe,
the maker, Muhammad ibn Abi Bakr al-Rashidi, called
also al-lbari al-Isfahani, “the needlemaker of Isfahan,”
had to place two lugs on the rete to serve as sights instead
of the alidade on the back. The geared calendar was
moved by turning the wedge and pin at the center of the
rete. On the reverse of the instrument, the phases of the
moon were displayed through a circular window, with
the age of the moon in letter-numerals showing through
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FIG. 2.17. REVERSE SIDE OF THE ASTROLABE SHOWN
IN FIGURE 2.16. The phases of the moon are displayed through
the circular window near the top of the instrument. Two cir-
cular plates beneath, one with a disk for the sun and the other
with a disk for the moon, rotate within a zodiacal calendar.
Diameter of the original: 18.5 cm. Museum of the History of
Science, Lewis Evans Collection, Oxford (inv. no. ICS). By per-
mission of the Bettman Archive, New York.

a small rectangular window. Two circular plates, one with
a gold disk for the sun and the other with a (now missing)
disk for the moon, rotated within a zodiacal calendar
scale, representing their relative positions within the
zodiac. A quite similar mechanism was designed in the
eleventh century by al-Biriini in his Kitab isti‘ab al-wujith
al-mumkinab fi san‘at al-asturlab (Comprehensive study
of all possible ways of making an astrolabe).63 The precise

63. The section concerned with the mechanical calendar has been
edited from three manuscripts and translated by Donald R. Hill, “Al-
Biriini’s Mechanical Calendar,” Annals of Science 42 (1985): 139-63.
For the extant astrolabe/calendar see Silvio A. Bedini and Francis R.
Maddison, *“Mechanical Universe: The Astrarium of Giovanni de’
Dondi,” Transactions of the American Philosophical Society, n. s., 56,
pt. 5 (1966): 3-69, esp. 8-10; and ]. V. Field and M. T. Wright, “Gears
from the Byzantines: A Portable Sundial with Calendrical Gearing,”
Annals of Science 42 (1985): 87-138.
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relation of such mechanical devices to earlier Byzantine
ones as well as to later European examples has not been
fully established, though it has attracted the attention of
recent scholars.

AL-BIRUNI ON CELESTIAL MAPPING

One of the most versatile and original of Islamic medieval
scholars, al-Biriini (d. after 442 /1050) is also an important
source of information on celestial mapping in the late
tenth century. About 390/1000, while a young man in
his middle twenties, al-Birani wrote Kitdb al-athar al-
baqgiyah min al-quriin al-kbaliyab (The chronology of
ancient nations, literally, The remaining traces of past
centuries), in which he compared calendrical systems
among different peoples of the world. In this treatise he
devoted one chapter to several methods for projecting
star maps.5* A few years later he composed a small mono-
graph on the same subject, entitled Kitab f7 tastih al-
suwar wa-tabtih al-kwwar (The book of the projection
of the constellations and the flattening of the sphere),é$
dedicated to an unspecified Khwiarazmshah, the title given
to Central Asian rulers along the lower Oxus River (mod-
emn Amu Darya). In this case the Khwarazmshah was
probably Abi al-Hasan ‘Ali, who died in 399/1008-9.
Though world maps are mentioned, al-Birint’s focus in
both these discussions is on celestial mapping.

In the course of these two major discussions, al-Birani
refers to or describes seven methods of projecting a celes-
tial sphere or globe onto a flat surface.¢ For the first four
methods he does not claim originality, only better under-
standing that allows him to criticize them as inadequate.
For the other three methods he mentions no previous
authorities and offers no criticisms, which encourages the
conclusion that they were his own inventions.

The first projection he says he drew from Ptolemy’s
Geography, where it is given on the authority of Mari-
nus.®” The projection is formed with straight and per-
pendicular lines of latitude and longitude, resulting in
considerable deformation. It produced a rectangular pro-
jection similar to what is today called an equidistant cylin-
drical projection.

The second projection is one that he notes was com-
monly used in astrolabes—that is, it is the polar case of
stereographic projection. He states that it is simply one
case of what he calls conical (makbriti) projection, which
is to say that the center of projection could be moved
inside or outside the sphere, as the earlier astronomer al-
Saghani had suggested in the tenth century.$® In Kitab
al-durar fi sath al-ukar (Book of pearls concerning the
projection of the spheres),é? a treatise on the construction
of the astrolabe, al-Biriini expands on the idea of conical
projections whose center of projection is at various fixed
points along the north-south axis of the sphere. In this
latter tract, al-Birdini cites no predecessors.
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The third technique he called “cylindrical” (ustuwani),
but from his description it is evident that it corresponded
to what today would be called orthographic (fig. 2.18).
In al-Athar al-bagiyah, al-Birtini claimed that no one had
mentioned this projection before him, though in his spe-
cialized monograph written slightly later he disparagingly

64. Abu al-Rayhan Muhammad ibn Ahmad al-Birani, al-Athar al-
bagiyah; see Chronologie orientalischer Volker von Albérini, ed.
Eduard Sachau (Leipzig: Gedruckt auf Kosten der Deutschen Morgen-
landischen Gesellschaft, 1878), 357-63; and The Chronology of Ancient
Nations: An English Version of the Arabic Text of the “Athdar-ul-
biakiya” of Albirini, or “Vestiges of the Past,” Collected and Reduced
to Writing by the Author in A.H. 390-1, A.D. 1000, ed. and trans.
Eduard Sachau (London: W. H. Allen, 1879; reprinted Frankfurt:
Minerva, 1969), 357-64. Al-Biriini’s ideas on projection presented in
this treatise are discussed briefly by Matteo Fiorini, “Le projezioni car-
tografiche di Albiruni,” Bollettino della Societa Geografica Italiana, 3d
ser., 4 (1891): 287-94. See also chapters 6 and 8 below.

65. The treatise is extant in two manuscripts, Leiden, Universiteits-
bibliotheek, MS. Or. 14, 300-314, and Tehran, Danishgah, MS. 5469,
fols. 7b-13b. English translation and analysis, with reproduction of the
Leiden manuscript, by J. L. Berggren, “Al-Biriini on Plane Maps of the
Sphere,” Journal for the History of Arabic Science 6 (1982): 47-112;
and an earlier partial German translation by Heinrich Suter, “Uber die
Projektion der Sternbilder und der Lander von al-Biriini,” in Beitrige
zur Geschichte der Mathematik bei den Griechen und Arabern, ed. Josef
Frank, Abhandlungen zur Geschichte der Naturwissenschaften und der
Medizin, vol. 4 (Erlangen: Kommissionsverlag von Max Mencke, 1922),
79-93. See also Lutz Richter-Bernburg, “Al-Birani’s Magala f1 tastih
al-suwar wa-tabtikh al-kuwar: A Translation of the Preface with Notes
and Commentary,” Journal for the History of Arabic Science 6 (1982):
113-22.

66. This count does not include his description of al-Safi’s method
of copying constellations from a globe, which will be discussed below.

67. This projection is not mentioned in al-Athar al-bagiyah. Marinus
is certainly the correct interpretation of the name Farabiyiis given in
the Leiden manuscript; Berggren, “Al-Biriini on Plane Maps,” 50, 62,
and 92 line 19 {note 65). It is certainly not to be interpreted as Hip-
parchus, as Suter did; Suter, “Uber die Projektion der Sternbilder,” 82
(note 65). For Marinus’s projection, see O. A. W. Dilke and editors,
“The Culmination of Greek Cartography in Ptolemy,” in The History
of Cartography, ed. ]. B. Harley and David Woodward (Chicago: Uni-
versity of Chicago Press, 1987-), 1:177-200, esp. 178-80 and 185, and
Neugebauer, Ancient Mathematical Astronomy, 2:879-80 (note 24).

68. Abii Hamid al-Saghani al-Asturlabi (d. 379 /989-90) was a famous
geometer and astronomer in Baghdad and was also, judging by his name,
an astrolabe maker; Sezgin, Geschichte des arabischen Schrifttums,
6:217-18 (note 35), and Berggren, “Al-Biriini on Plane Maps,” 69 (note
65). Although in al-Athar al-bagiyah al-Biriini cites al-Saghani as the
authority on this topic, he fails to mention him in his later monograph
on projections (Kitab fi tastih). A treatise by al-Birtini on the ideas of
al-Saghani on the “complete projection” (Jawdmi® ma‘ani kitab Abi
Hamid al-Saghani fi al-tastih al-tamm) is preserved in Leiden, Uni-
versiteitsbibliotheek, MS. Or. 123, fols. 2b-13b, and deserves attention
and study by historians.

69. Recently edited, translated, and studied from three manuscripts
at Oxford by Ahmad Dallal, “Birini’s Book of Pearls concerning the
Projection of Spheres,” Zeitschrift fiir Geschichte der Arabisch-
Islamischen Wissenschaften 4 (1987-88): 81-138. In some cases where
the center of projection onto the equatorial plane was not at one of
the poles, certain circles on the sphere would map as an ellipse, a
parabola, or a hyperbola.



Celestial Mapping

Lib Sco Ectliptic

Aqu Pis

C:,ap

FIG. 2.18. RECONSTRUCTION OF AL-BIRUNT'S “CYLIN-
DRICAL” PROJECTION. This corresponds to what today is
called an orthographic projection.

refers to its description by the ninth-century astronomer
al-Farghani.” Al-Biraini also stated in al-Athar al-baqiyah
that he had explained this method in greater detail in his
Isti‘ab.”' The disadvantage of this method, al-Biriini
noted, is that the stars become increasingly compressed
as they near the periphery of the map.”?

The projection that al-Biriini says was used in a “flat-
tened” (mubattah)?3 astrolabe, he admits to have also
drawn from the writings of al-Farghani. According to al-
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70. Aba al-‘Abbas Ahmad ibn Muhammad al-Farghant is known to
have been active between 218/833 and 247/861; Sezgin, Geschichte
des arabischen Schrifttums, 6:149-51 (note 35). His treatise on the
construction of astrolabes, al-Kamil fi san‘at al-asturlab al-shimali wa-
al-janabi, is extant in several manuscripts and in need of editing and
analysis. See also N. D. Sergeyeva and L. M. Karpova, “Al-Farghani’s
Proof of the Basic Theorem of Stereographic Projection,” trans. Sheila
Embleton, in jordanus de Nemore and the Mathematics of Astrolabes:
De plana spera, introduction, translation, and commentary by Ron B.
Thomson (Toronto: Pontifical Institute of Mediaeval Studies, 1978),
210-17.

71. Extant in numerous manuscript copies. The pertinent section was
not included in the partial translation and study, based on one manu-
script in Leiden, by Eilhard Wiedemann and Josef Frank, “Allgemeine
Betrachtungen von al-Birdni in einem Werk iber die Astrolabien,” Sitz-
ungsberichte der Physikalisch-Medizinischen Sozietdt in Erlangen 52-
53 (1920-21): 97-121; reprinted in Eilhard Wiedemann, Aufsdtze zur
arabischen Wissenschaftsgeschichte, 2 vols. (Hildesheim: Georg Olms,
1970), 2:516-40. Kitab isti‘ab al-wujah al-mumkinah fi san‘at al-as-
turlab, in which al-Birtini also cited al-Farghani in a different context,
was apparently written before 390/1000, if the reference to it in al-
Athar al-bagiyah is not a later interpolation; Richter-Bernburg, “Al-
Birani’s Magqala fi tastih,” 115 n. 3 (note 65).

72. The plane of projection employed by al-Biriini is not the one
commonly used today in orthographic projection. Al-Biriini advocated
the plane of the ecliptic as the plane of projection, with the result that
circles parallel to the ecliptic are mapped as concentric circles and those
at right angles are mapped as radii. In modern orthographic projection,
the plane of the solstices forms the plane of projection (or in a terrestrial
map, a plane perpendicular to the equator) so that the equator and
parallels are displaced as straight and parallel lines and the meridians
as semiellipses. The latter form of orthographic projection was
employed by Hugo Helt and published in the sixteenth century by Juan
de Rojas as part of his commentary on the astrolabe. See Maddison,
Hugo Helt (note 5), and Turner, Astrolabes, 161-64 (note 19).

73. Even though both the text of al-Athar al-bagiyah and the Leiden
manuscript of the specialized monograph (Kitab fi tastib) clearly have
the word mubattab (“flattened”), some have interpreted this word as
mubattakh, “melon shaped,” a difference of one additional diacritical
point; Suter, “Uber die Projektion der Sternbilder,” 84 n. 20 (note 65);
Berggren, “Al-Biriini on Plane Maps,” 63 (note 65); Richter-Bernburg,
“Al-Biriini’s Magala fi tastib,” 116 {note 65). There appears to be con-
fusion between this particular type of projection and a special style of
planispheric astrolabe in which the almucantars and other circles on
the plates are projected as ellipses and hence called “melon shaped.”
For example, in al-Birini’s Kitab al-tafbtm li-awa’il sina‘at al-tanjim
(Book of instruction on the principles of the art of astrology), he men-
tions a type of astrolabe called mubattakh (melon shaped) “because
the almucantars and the ecliptic are flattened into an elliptical form like
a melon” (author’s translation); al-Birint’s al-Tafhim; see The Book of
Instruction in the Elements of the Art of Astrology, ed. and trans. Robert
Ramsay Wright (London: Luzac, 1934), 198 (sect. 328); see also Wie-
demann and Frank, “Allgemeine Betrachtungen von al-Birtini,” 103-
13, reprint 522-32 (note 71).

In the monograph on projections (Kitab fi tastib), al-Birini stated
that he believed the “flattened” projection was another type of conical
projection (tastih makhbrati) like the one commonly used on astrolabes
(i.e., polar case of stereographic projection), an idea he said he would
discuss further in a later writing. In Kitab al-durar fi sath al-ukar, which
is devoted to astrolabic projections derived from various conical pro-
jections, al-Biriini does not mention a melon-shaped one, though some
of his projections could produce ellipses; Dallal, “Birani’s Book of
Pearls” (note 69). In the projection called mubattah (flattened),
described in great derail in al-Athar al-bagiyah, there are no elliptical
curves or almucantars or other curves distinctive to astrolabic plates
mentioned, only concentric circles and radii.
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Biriini, al-Farghani had in turn attributed it to the ninth-
century polymath Abi Yasuf Ya‘qub ibn Ishaq al-Kindi
or to Khilid ibn ‘Abd al-Malik al-Marwarriidhi, astro-
nomer to the caliph al-Ma’miin in Baghdad in the early
ninth century; different manuscript copies available to al-
Biriini gave different authorities.” Al-BiriinI also men-
tions a treatise on this type of astrolabe by Habash al-
Hasib, the Baghdad astronomer and instrument maker
of the late ninth century.”’

From the lengthy discussion of this method given in
al-Athar al-bagiyah, it seems that al-Biriini had in mind
a star chart rather than an instrument or astrolabe. In any
case, he described what today is called a polar case of
the azimuthal equidistant projection. The parallels to the
ecliptic are shown as equidistant concentric circles, and
the ecliptic latitude-measuring circles by radii at equal
angular distances, with the north (or south) ecliptic pole
at the center of the projection (fig. 2.19). Al-Birani directs
that ninety concentric, evenly spaced circles be drawn,
the center being one of the ecliptic poles. The circum-
ference, which represents the ecliptic, is to be divided
into four quadrants of ninety equal spaces each, and then
radii are to be drawn from the center to each peripheral
graduation. After selecting one point on the periphery as
the beginning of the house of Aries, the coordinates taken
from any star catalog (and augmented to compensate for
the precession of the equinoxes) are to be plotted on the
projection, measuring their celestial longitude along the
periphery and their celestial latitude along the appropriate
radius. All the stars in that given hemisphere are to be
indicated in yellow or white paint, in different sizes cor-
responding to the six classes of magnitude. The circles
are then to be painted in blue and the constellation out-
lines drawn around the stars. Al-Biriini’s major objection
to this method is that the zodiacal constellations are only
partially represented because only one hemisphere at a
time can be shown. He explains that if you incorporate
within the design an area past the ecliptic, as is done on
the conventional astrolabic projections, the distortion
becomes too great. Furthermore, he objects that the rel-
ative positions of the stars toward the periphery of this
projection differ greatly from the relative positions of the
stars as seen in the heavens.

The next method, al-Biriinti felt, was free of the incon-
veniences posed by the previous one. It is known today
as globular projection, and al-Biriini gave both a graphic
description and a geometrical explanation of its construc-
tion. Since only one hemisphere at a time could be
mapped (a limitation he found objectionable in the pre-
vious model but allowable here, since it is mapped pole
to pole), for completeness he recommended making four
maps, two showing hemispheres equinox to equinox and
two with the equinoxes at the center of the map. To
make one of the first type, he directed the mapmaker to
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FIG. 2.19. RECONSTRUCTION OF AL-BIRUNI'S PROJEC-
TION FOR A “FLATTENED” ASTROLABE. According to
his specifications there would be ninety equally spaced concen-
tric circles, one for each degree, representing the parallels to
the ecliptic and the ecliptic at the periphery of the map. Simi-
larly, there should be equally spaced radii to represent every
degree in each quadrant. The result in modern terms is an azi-
muthal equidistant polar projection.

draw a circle the desired size of the map. The horizontal
diameter is designated the ecliptic, and the vertical diam-
eter at right angles is labeled the solstitial colure. By
arbitrarily dividing the solstitial colure into 180 equal
parts and the periphery into equal parts, 90 to each quad-
rant, longitude-measuring circles parallel to the ecliptic
could be determined by passing arcs of circles through
each degree boundary mark of the solstitial colure and
the corresponding division marks of the periphery. Sim-
ilarly, by marking off the ecliptic into 180 equal parts
and passing through these divisions arcs of circles that
also intersect the two ecliptic poles, the ecliptic latitude-
measuring circles are laid out (fig. 2.20).

74. The attribution of this method through al-Farghani to al-Kindi
or to al-Marwarridhi is not mentioned in al-Athar al-bagiyab. In the
Kitab isti‘ab al-wujith al-mumkinabh fi san‘at al-asturlab (Comprehen-
sive study of all possible ways of making an astrolabe), al-Birtini gave
al-Kindi as the source used by al-Farghani. Apparently between the
composition of Istf‘ab and his monograph on projections (Kitab fi
tastih), al-Birani saw other copies of al-Farghani’s treatise, some of
which gave al-Marwarriidhi rather than al-Kindi as the originator. These
citations are our only source of information that these two astronomers
wrote on the subject; Richter-Bernburg, “Al-Birini’s Magqgala fi tastih,”
120 (note 65).

75. Following the reading of Richter-Bernburg, who emends that of
Berggren; Richter-Bernburg, “Al-Birtini’s Magala fi tastih* (note 65).
On Habash al-Hasib, see above, note 54.
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FIG. 2.20. RECONSTRUCTION OF AL-BIRUNI’S PRE-
FERRED METHOD FOR PRODUCING A STAR MAP. The
ecliptic is divided into equal parts (180 according to his spec-
ifications) by the ecliptic latitude-measuring circles, which are
arcs of circles also passing through both ecliptic poles. The
solstitial colure is also to be divided into 180 equal parts by
arcs of circles that intersect the periphery and divide it into
equal parts. The result in modern terms is a globular projection.

Al-Biruni offers no criticism to the projection by this
last method and in fact devotes more time to it than to
any other technique, recommending it also for a map of
the earth. He presented detailed directions for using it
as a grid by which one could transfer the coordinates of
each star onto this map by counting the star’s longitude
along the ecliptic, allotting one space for each degree,
and its latitude north or south as the star catalog specified.
The magnitudes of the stars are to be indicated by white
dots of varying sizes. After all the stars are drawn on it
the background behind is to be painted blue, with the
representations of the constellations painted in white
over the lapis lazuli ground.

Al-Birant’s sixth method for producing a star map
employed dividers, a celestial globe, a graduated straight-
edge, and a graduated arc for measuring distances
between stars on the globe. The distance between any
two stars in a constellation is to be measured, then the
equivalent number of graduations are to be counted on
the graduated straightedge and these two stars placed on
the map with that distance between them. The position
of a third star was then to be determined by measuring
its distance on the globe from each of the first two stars.
The equivalent distances were then measured from each
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of the two stars on the chart, using dividers to find where
the two lengths intersect. Another star could then be
measured in relation to two of the three already deter-
mined, and so on. Though al-Biriini offers no criticism,
such mapping would quickly result in enormous angular
distortions. It is essentially equivalent to a two-point equi-
distant projection,’® which ceases to be useful for more
than three stars. No further details are given by al-Biriini,
who mentions this method, as well as the final one, only

in the specialized monograph on projections.

The final method al-Biriini suggests is to coat each star
on a celestial globe with something that will adhere to
a surface when touched. The sphere, he says, is then to
be rolled on a flat surface with a circular movement in
all directions equally, always returning to the same point
at which it started. This deceptively simple but thor-
oughly imprecise method is described only very briefly
by al-Birani.””

Because he cites no previous authorities, as was his
custom, and offers no critiques, the last three methods
are presumably original with al-Birtini. Of these last three,
the final two are highly impractical, and in all three
instances the descriptions betray no actual experience
with practical mapmaking. For example, no one would
reasonably put the ground color on after and around the
stars, which number over five hundred in each hemi-
sphere. Anyone who had tried that procedure once would
thereafter paint the ground first, allowing the grid to show
through only slightly. The other two techniques al-Biriini
invented are so briefly and vaguely described as to be
useless, and it is highly doubtful he ever tried either of
them. It is likely that these last three projections were
simply ideas of al-Biriini’s quite in keeping with his cre-
ative and wide-ranging intellect.

Quite certainly the first of his original projections—
that now called globular—is carefully delineated math-
ematically, and it was to have a vigorous and long history
in later European cartography, as were the polar case of

76. John P. Snyder, Map Projections—A Working Manual (Wash-
ington, D.C.: United States Government Printing Office, 1987), 192; see
also Berggren, “Al-Birani on Plane Maps,” 67 {(note 63).

77. Berggren says that the resulting map is an azimuthal equidistant
projection with the pole replaced by an arbitrary point; Berggren, “Al-
Birani on Plane Maps,” 67 (note 65). In theory this may be true, but
al-Biraini’s very brief, nontechnical, nonspecific, nonmathematical de-
scription is so vague and impractical that it scarcely merits being equated
to a method of projection allowing sufficient precision that a mathe-
matician can calculate a less than 2 percent difference between it and
a globular projection with respect to the delineation of the parallels
and meridians (not that al-Birtni used meridians). Nor does al-Birani’s
description justify the belief that “Birtni was cognizant of this fact
when he conceived his . . . mapping”—that is, the fact that the globular
map is a good approximation to the equatorial case of azimuthal equi-
distant projection; Edward S. Kennedy and Marie-Thérese Debarnot,
“Two Mappings Proposed by Birani,” Zeitschrift fiir Geschichte der
Arabisch-Islamischen Wissenschaften 1 {1984): 145-47, esp. 147.
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FIG. 2.21. WAXING AND WANING OF THE MOON AS
ILLUSTRATED IN THE KITAB AL-TAFHIM LI-AWA’IL
SINAAT AL-TANJIM (BOOK OF INSTRUCTION ON THE
PRINCIPLES OF THE ART OF ASTROLOGY) BY AL-
BIRUNI. This copy was produced before 839/1435-36.

Size of the folio: ca. 23 x 14.5 cm. By permission of the British
Library, London (MS. Or. 8349, fol. 31v).

azimuthal equidistant projection and the orthographic
projection, both of which he also carefully described
though he did not originate them. How much immediate
influence al-Biriini’s writings had on projections, how-
ever, is difficult to assess.”® The version of orthographic
projection described by al-Biriini employed a plane of
projection different from that subsequently used in
Europe and produced a map visually quite unlike later
orthographic projections. No celestial maps are known
to have been produced in the medieval Islamic world by
any of the methods described other than stereographic
projection, which was continually employed in the con-
struction of astrolabes.” These projections that al-Birtini
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described for celestial maps are good examples of the
inventive ideas generated by one of the most creative and
profound of medieval savants. Yet his consideration of
variant methods of projecting the sphere of stars onto a
flat surface had no apparent direct effect upon subsequent
celestial or terrestrial mapping in the Islamic world.

ADDITIONAL PLANAR MAPPING

Arabic, Persian, and Turkish manuscripts abound with
diagrams of the celestial spheres and planetary models.
It is not my purpose to survey theories of planetary
models, many of which showed considerable originality
and mathematical sophistication. Such a survey belongs
more to the realm of the history of mathematical astro-
nomy than to the history of celestial mapping. Here |
attempt only to introduce briefly the various types of
celestial maps and diagrams and their applications.
Astronomical treatises are the most important source
for diagrams representing the epicycles, deferents, and
eccentrics employed in mathematically modeling the
course of the planets. Though no artifacts survive, a num-
ber of Islamic treatises describe an equatorium—a
mechanical computing device for determining the posi-
tions of the sun, moon, and planets by means of a geo-
metrical model rather than through calculation. The earl-
iest Islamic treatises on equatoria were composed by
three astronomers in Andalusian Spain between A.D. 1015
and 1115. The most sophisticated was the equatorium
described by Ghiyath al-Din Jamshid Mas‘ad al-Kashi, a

famous astronomer and mathematician working in

78. An early fifteenth-century Latin manuscript (Rome, Biblioteca
Apostolica Vaticana, MS. Palat. 1368, fols. 63v-64r) contains a plani-
spheric map of the heavens drawn in azimuthal equidistant projection.
The design is closely allied with that described by al-Biriini, with the
ecliptic forming the boundary of the circular map, ecliptic latitude-
measuring circles at five-degree intervals indicated by radii, and the
longitude-measuring circles at five-degree intervals. Only a few stars and
seven constellations are drawn. For a reproduction of this map, along
with a trapezoidal projection from the same manuscript, see Richard
Uhden, “An Equidistant and a Trapezoidal Projection of the Early Fif-
teenth Century,” Imago Mundi 2 (1937): 8 and one pl.

79. Orthographic projection was employed in the unusual Islamic
astrolabe, now preserved in Leningrad, made anonymously in the late
seventeenth or early eighteenth century for the Safavid ruler Shah
Husayn. The plane of projection al-Biriini employed is different, how-
ever, for al-Biriini used the plane of the ecliptic whereas this astrolabe
maker used the plane of the solstices. The similarity of this late Safavid
astrolabe to that used by Hugo Helr and associated with the name Juan
de Rojas is so striking that it seems certain this unique Islamic example
was in fact based directly on a European model; see Maddison, Hugo
Helt, 21 n. 32 (note 5). See also Roser Puig [Aguilar], “La proyeccion
ortografica en el Libro de la Agafeha Alfonsi,” in De astronomia
Alphonsi Regis, ed. Mercé Comes, Roser Puig [Aguilar], and Julio
Samsé, Proceedings of the Symposium on Alfonsine Astronomy held
at Berkeley (August 1985), together with other papers on the same
subject (Barcelona: Universidad de Barcelona, 1987), 125-38.
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FIG. 2.22. DIAGRAM FROM AN AUTOGRAPH COPY OF
KITAB AL-DURAR WA-AL-YAWAQIT FI “ILM AL-RASD
WA-AL-MAWAQIT (BOOK OF PEARLS AND SAPPHIRES
ON THE SCIENCE OF ASTRONOMY AND TIMEKEEP-
ING) BY ABU AL-‘ABBAS AHMAD. Twelve concentric
spheres are indicated, with the earth in the middle. Then the
sphere of the moon, Mercury, Venus, the sun, Mars, Jupiter,
Sarurn, the names of the zodiacal houses, the degrees of the

Samarkand in the early fifteenth century.?¢ One can also
find in astronomical /astrological compendiums diagrams
of solar and lunar eclipses and phases of the moon. An
example from al-Birini’s treatise on astrology is illus-
trated in figure 2.21.

More extensive and comprehensive diagrams of the
entire heavens were, however, included in cosmological
as well as astronomical /astrological writings. The exam-
ple illustrated in figure 2.22 is a particularly elaborate
mapping of the entire heavens from an astronomical trea-
tise Kitab al-durar wa-al-yawagit fi ‘ilm al-rasd wa-al-
mawagqit (Book of pearls and sapphires on the science
of astronomy and timekeeping), written and illustrated
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zodiac, the sphere of the fixed stars with the major stars indi-
cated, and the broadest concentric band with the asterisms of
the twenty-eight lunar mansions. The final thin outside band is
labeled simply “the largest sphere™ (al-falak al-a‘zam).

Size of the image: ca. 23.5 x 31.5 cm. By permission of the
Bodleian Library, Department of Oriental Books, Oxford (MS.
Bodl. Or. 133, fols. 117b-118a).

in 734/1333-34 by Abu al-‘Abbas Ahmad ibn Abi
‘Abdallah Muhammad, originally of Egypt. It is unusual
in that it attempts to show the major stars of the zodiacal
constellations and the asterisms of the lunar mansions
(to be discussed further below), in addition to the spheres
of the planets, with the earth at the center.

80. Al-Kashi, Nuzhat al-had@’ig; see The Planetary Equatorium of
Jamshid Ghiyath al-Din al-Kashi (d. 1429), an edition of the anony-
mous Persian manuscript 75 [44b] in the Garrett Collection at Princeron
University, translated with commentary by Edward S. Kennedy (Prince-
ton: Princeton University Press, 1960); Edward S. Kennedy, “The Equa-
torium of Aba al-Salt,” Physis 12 (1970): 73-81.
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FIG. 2.23. THE SPHERE OR ORBIT OF THE SUN, LOWER
LEFT, AND THE PERSONIFICATION OF THE PLANET
VENUS AS A LUTENIST, UPPER RIGHT. From a late four-
teenth-century Iraqi copy of Kitab “aj@’ib al-makhliagat wa-
ghar@’ib al-mawjitdat (Marvels of things created and miracu-
lous aspects of things existing) by Zakariya’ ibn Muhammad al-
Qazwini.

Size of the original: 32.7 x 22.4 cm. Courtesy of the Freer
Gallery of Art, Smithsonian Institution, Washington, D.C. (acc.
no. 54.34v).

A number of illustrations of the orbits of the planets
are included in the popular thirteenth-century cosmology
Kitab ‘aj@’ib al-makbliugat wa-ghard’ib al-mawjudat
(Marvels of things created and miraculous aspects of
things existing), by Zakariya’ ibn Muhammad al-Qazwini
(d. 682,/1283). Figure 2.23 is taken from a late fourteenth-
century copy written in Iraq, in which the orbit of the
sun is shown in the lower left of the page, with the
personification of the planet Venus as a lutenist in the
upper right. Such planetary personifications will be dis-
cussed further below.

Two-dimensional modeling can also be seen in clock-
face design. In addition to the astrolabic clockfaces with
open star maps mentioned earlier, there were also clock
designs that called for disks representing the movement
of the zodiacal signs and the sun and moon. Ibn al-Razzaz
al-Jazari in his Kitab fi ma‘rifat al-hiyal al-handasiyah
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FIG. 2.24. DESIGN FOR A CLOCKFACE FROM KITAB FI
MA‘RIFAT AL-HIYAL AL-HANDASIYAH (BOOK OF
KNOWLEDGE OF INGENIOUS MECHANICAL DEVICES).
The book was written in 603 /1206 by al-Jazari and copied in
Ramadan 715/December 1315 in Syria.

Size of the original: 31.5 x 21.9 cm. Courtesy of the Freer
Gallery of Art, Smithsonian Institution, Washington, D.C. (acc.
no. 30.74v).

(Book of knowledge of ingenious mechanical devices),
written in 603 /1206, described the face of his first clock
as having a copper zodiac disk, only half of which would
be visible at any one time. Inside the circular rim con-
taining the zodiacal signs there would be colored disks
representing the sun in yellow glass and the moon in
white glass. Separate movable plates were required for
the sun and moon to allow for their correct positioning
for a given day. These plates were to be eccentric to the
center point of the zodiac plate in order to show in a
general way the relative positions of the sun, moon, and
zodiac.8! A particularly fine illustration of this design is

81. Donald R. Hill, Arabic Water-Clocks (Aleppo: University of
Aleppo, Institute for the History of Arabic Science, 1981), 92-111 and
pls. 1 and 3.
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found in a manuscript of al-Jazari’s treatise copied in Syria
in 715/1315 (fig. 2.24).

THREE-DIMENSIONAL CELESTIAL MAPPING
SPHERICAL ASTROLABES

While the conventional astrolabe consisted of a pierced
planispheric star map placed over a projection of the
celestial coordinate system as it relates to the observer’s
locality, there was also a three-dimensional version whose
construction did not require a knowledge of stereo-
graphic projection and allowed for adjustment to differ-
ent geographic latitudes. It was a spherical astrolabe con-
sisting of a metal sphere on which were inscribed the
horizon, circles of equal altitude above and parallel to
the horizon (almucantars), circles of equal azimuth (ver-
tical altitude circles), and unequal hour lines. Over this
sphere there was a rotating cap of open metalwork repre-
senting the ecliptic, the equator, and some fixed stars
indicated by pointers. This movable cap, which was the
equivalent of the rete of a planispheric astrolabe, also
had a graduated vertical quadrant with a sliding gnomon
for measuring solar altitudes. Stellar observations were
made by using a sighting tube that projected diametrically
through the globe and the slot within the graduated ver-
tical quadrant. There is evidence that on some instru-
ments there was a rotating alidade with two sights
attached to the ecliptic pole of the “rete” or movable
cap. The sphere also had holes bored at various positions
to allow the openwork cap to be reset for use at different
geographic latitudes.

It seems reasonable that the spherical astrolabe, which
is simpler in concept, would have preceded the plani-
spheric astrolabe in development. Historical evidence so
far available, however, suggests that the spherical astro-
labe may have been an early but distinctly Islamic devel-
opment with no Greek antecedents.®2 Even so, though it
was theoretically appealing in that it generated a number
of treatises on its construction and use, it does not seem
to have been a viable and practical instrument, since only
two are known to exist today. Assuming that the vagaries
of time and chance have not unduly skewed the evidence,
the spherical astrolabe seems never to have been a very
popular form of celestial modeling. The only preserved
examples are one by an otherwise unknown maker,
Miisa, made in 885/1480-81 (fig. 2.25),%3 and an unsigned
specimen, undated but possibly from the sixteenth cen-
tury, made for use in Tunis.84

Arabic treatises on the spherical astrolabe (asturlab
kuri) were apparently written as early as the beginning
of the ninth century, for there is extant today a treatise
on the subject by Habash al-Hasib, who may still have
been living in 300/912.%5 Not long thereafter the math-
ematician and translator Qusta ibn Laqa (d. ca. 300/912-
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FIG. 2.25. SPHERICAL ASTROLABE MADE BY MUSA IN
885,/1480-81. On the rotating openwork cap, the broad band
represents the ecliptic, with stars indicated by pointers. The
smaller circular band concentric with the north celestial pole
(indicated by the suspensory device) is parallel to the equator
and allows equatorial measurements without the complication
of constructing a true equatorial circle. The vertical quadrant,
positioned along the solstitial colure, is graduated to permit
measurements and has a sliding gnomon in the middle for meas-
uring the altitude of the sun.

Diameter of the original: 8.3 cm. Museum of the History of
Science, Oxford (acc. no. 62-25). By permission of the Bettman
Archive, New York.

13), of Baalbek in Syria, may have written one, though
the authenticity of this treatise has been questioned, and
a treatise is also attributed to Aba al-‘Abbas al-Nayrizi,

82, Francis R. Maddison, “A 15th Century Islamic Spherical Astro-
labe,” Physis 4 (1962): 101-9, esp. 102 n. 6; and the introductory
historical essay in Brieux and Maddison, Répertoire (note 36). For some
theories as to the origin of the spherical astrolabe, see Turner, Astro-
labes, 185-86 (note 19).

83. Oxford, University of Oxford, Museum of the History of Science,
acc. no. 62-65; Maddison, “Spherical Astrolabe” (note 82).

84. Collection of Signor Ernesto Canobbio, Como. The rotating
pierced cap forming the rete is missing; Ernesto Canobbio, “An Impor-
tant Fragment of a West Islamic Spherical Astrolabe,” Annali
dell’Istituto e Museo di Storia della Scienza di Firenze, 1, fasc. 1 (1976):
37-41.

85. Three copies of Habash al-Hasib’s treatise al-“Amal bi-al-asturlab
al-kuri wa-‘aj@ibubu are preserved today, two in Istanbul and one in
Tehran; see Sezgin, Geschichte des arabischen Schrifttums, 6:175 (note
35).
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who died about 310/922-23. Quite certainly al-Birani
wrote on the subject, and one of our most important
sources of information on the spherical astrolabe as well
as other instruments is the astronomical compendium
written about 680,/1281-82 by Abid ‘Ali al-Marrakushi
in Cairo.86

In the thirteenth century a Castilian treatise on the
spherical astrolabe was included in the Libros del saber
de astronomia prepared for Alfonso el Sabio. An Arabic
treatise on the subject was apparently not easily available
in thirteenth-century Spain, for Isaac ibn Sid (Ishaq ibn
Sid) was commissioned to write a new treatise for the
Alfonsine collection.?”

There is even less evidence of an interest in the design
or production of spherical astrolabes in the eastern parts
of the Islamic world than there is for the western regions.
It is, however, recorded that a certain Abi Ishaq al-Sabi
constructed one for Qabiis ibn Vushmgir, a ruler in Gur-
gan in northern Persia from 366/977 to 371/981 and
388/998 to 403/1012-13 and onetime patron of al-
Biriini, to whom al-Birini dedicated his al-Athar al-
baqgiyah.8 No examples made in Persia or India are
known to be preserved, though the spherical astrolabe
by Misa (fig. 2.25) is stylistically consistent with instru-
ments produced in the fifteenth century in Persia as well
as those made in the Syro-Egyptian region.%?

Though the spherical astrolabe formed an excellent
working model of the heavens and an analog computing
device for solving basic timekeeping and astrological
problems, it proved not very popular, perhaps because it
was less convenient than the easily transportable plan-
ispheric astrolabe and because its construction presented
more difficult problems to the metalworker.

CELESTIAL GLOBES

In contrast to the spherical astrolabe, which appears to
have been rarely manufactured, the three-dimensional
model of the skies that was commonly made in all parts
of the Islamic world was the celestial globe. Given the
difficulty of producing spherical astrolabes, it is interest-
ing to observe the continuous production of celestial
globes in both the eastern and western regions of Islam.

The celestial globe has the longest and most ancient
history of any of the forms of celestial mapping. The idea
of constructing a physical model to represent the arrange-
ment and movement of the stars appears to have first
arisen in Greek antiquity, and if the traditions are reliable
it can be traced to the sixth century B.C., when Thales
of Miletus first constructed a celestial globe.*® The stars
were commonly perceived—as indeed they still are by the
average person looking up at the night sky—as though
attached to the inside of a hollow sphere enclosing and
rotating about the earth. Consequently, the earliest
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attempts to represent celestial phenomena in a model
were by means of a celestial globe. The earth, which was
known from early classical antiquity to be spherical, was
imagined at the center of the globe, while the stars were
placed on its surface, so that the resulting model pre-
sented the stars as seen by an observer outside the sphere
of fixed stars. Thus the relative positions of the stars on
a celestial globe are the reverse, east to west (or right to
left), of their appearance when viewed from the surface
of the earth.

The early Greco-Roman celestial globes had circles of
constant visibility and constant invisibility on them.
These indicated the areas of the sky in which, at a given
geographic latitude, certain constellations never passed
beneath the horizon or never rose to a position of visi-
bility at that locality. The position of such circles on a
globe would differ depending on the geographic latitude
for which the globe had been designed. By the time of
Prolemy in the second century A.D. these always visible
and always invisible circles were no longer required on
celestial globes. Instead, a horizon ring around the globe
showed the always visible and always invisible areas of
the firmament for any latitude desired. Consequently, on

86. An inadequate summary of the section on instruments in al-
Marrakushf’s treatise, Kitab jami‘ al-mabadi’ wa-al-ghayat, is given by
Louis Ameélie Sédillot, “Mémoire sur les instruments astronomiques des
arabes,” Mémoires Présentés par Divers Savants a I’Académie Royale
des Inscriptions et Belles-Lettres, 1st ser., 1 (1844): 1-229 and pls. 1-
36; facsimile reprint Frankfurt: Institut fiir Geschichte der Arabisch-
Islamischen Wissenschaften, 1986. See also David A. King, “al-Mar-
rakushi,” in Encyclopaedia of Islam, new ed., 6:598.

87. For the Castilian translations of Isaac ibn Sid, see John D. North,
“The Alfonsine Books and Some Astrological Techniques,” in De
astronomia Alphonsi Regis, ed. Mercé Comes, Roser Puig [Aguilar],
and Julio Samso6, Proceedings of the Symposium on Alfonsine Astro-
nomy held at Berkeley (August 1985), together with other papers on
the same subject (Barcelona: Universidad de Barcelona, 1987), 43-50.
For the Castilian texts as well as the treatises by al-Nayrizi, al-Birani,
and Qusta ibn Liiqa, see Libros del saber de astronomia, 2:113-222
{note 46), and Hugo Seemann and Theodor Mittelberger, Das kugel-
formige Astrolab nach den Mitteilungen von Alfons X. von Kastilien
und den vorhandenen arabischen Quellen, Abhandlungen zur Ge-
schichte der Naturwissenschaften und der Medizin, vol. 8 (Erlangen:
Kommissionsverlag von Max Mencke, 1925). A treatise by al-Radani
(d. 1094/1683) has been the object of study by Charles Pellat, “L’as-
trolabe sphérique d’al-Radani,” Bulletin d’Etudes Orientales 26 (1973):
7-82 and 28 (1975): 83165, and Louis Janin, “Un texte d’ar-Rudani
sur Pastrolabe sphérique,” Annali dell’Istituto e Museo di Storia della
Scienza di Firenze, 3, fasc. 2 (1978): 71-75. For the few European
manuscripts on the subject, see Maddison, “Spherical Astrolabe,” 103
n. 13 (note 82), and Murdoch, Album of Science, 268 (no. 239) (note
7).
88. Sayili, Observatory in Islam, 158 (note 44).

89. Maddison, “Spherical Astrolabe,” 106 (note 82).

90. For the history of celestial globes in classical antiquity, see the
relevant chapters in The History of Cartography, ed. ]. B. Harley and
David Woodward (Chicago: University of Chicago Press, 1987-), spe-
cifically 1:140-47, 167-70, and 181-82, and Savage-Smith, Islamicate
Celestial Globes, 3-15 (note 5).
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all Islamic globes there are no such always visible and
always invisible circles. They were replaced by polar cir-
cles having the celestial poles as centers and passing
through the ecliptic poles (and on some globes ecliptic
polar circles passed through the celestial poles). From
our fragmentary evidence, it seems that by the second
century A.D. most globes would have indicated on their
surface the celestial equator, the northern and southern
tropic circles, the ecliptic (or wide band for the zodiac),
and a selection of stars with constellation outlines. The
globe was then attached at the equatorial poles to a
meridian ring and set into a horizon ring.

The Almagest of Prolemy is important to the history
of Islamic celestial globes for two reasons. First, his star
catalog presented in the Almagest®* became in the Arabic-
speaking world the basis for all the star catalogs used by
instrument makers in designing their instruments. In this
catalog each of 1,025 stars was assigned a magnitude of
one to six and described in relation to one of the forty-
eight constellation outlines, as well as given a specific
position in terms of the ecliptic coordinates of longitude
and latitude.

Second, also in the Almagest, Ptolemy gave explicit
instructions for the design of a celestial globe.”? This
globe, however, was not the usual type but was designed
so as not to become outdated by the precession of the
equinoxes. The customary globe in his day apparently
had both the ecliptic and the equator shown directly
upon the surface of the sphere along with the stars, which
would mean that the passage of time would invalidate
the instrument after three-quarters of a century. Ptol-
emy’s design for a celestial globe was unique in that he
avoided this problem by placing on the sphere only the
stars and the ecliptic, not the equator or its parallel cir-
cles. In addition, an arrangement of rings could be
adjusted to any time period as well as any geographic
latitude. Ptolemy’s design is not, however, known to have
been followed in the Islamic world, even though the
Almagest circulated widely and was for many centuries
the fundamental astronomical treatise in Islam, as it was
in the West.

Though the channels of information regarding celestial
globes that extended to the Near East are unknown
(other than Ptolemy’s Almagest, which in this respect was
not followed), there clearly were several sources availa-
ble, probably including some Byzantine globes. It is evi-
dent from both written documents and preserved arti-
facts that by the ninth century celestial globes were being
made in the Arabic-speaking world. They were mounted
in two graduated rings, a meridian ring and horizon ring,
which made them adjustable to different geographic lat-
itudes. On these globes, along with the stars, both the
ecliptic and the equator were shown on the sphere itself,
nearly always by graduated bands. On all extant Islamic
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globes that have the constellation outlines on them, the
human figures face outward toward the person using the
globe rather than in toward the globe with their backs
to the observer, as was apparently, from our very frag-
mentary evidence, common in the Greco-Roman and
Byzantine worlds. The same basic orientation of the stars
was maintained, however, so that if an Islamic globe is
viewed from above the north pole, the sequence of the
zodiacal constellations will be counterclockwise.?

On every Islamic globe preserved today there is a set
of six great circles at right angles to the ecliptic, that is,
six ecliptic latitude-measuring circles. When and where
this convention first became customary is unknown. The
circles no doubt reflect the common use of ecliptic-based
coordinates for measuring star positions that had been
inherited with Ptolemaic astronomy. The solstitial colure
was always shown (since it is also one of the six ecliptic
latitude-measuring circles) and sometimes the equinoctial
colure, but a full set of six meridians (at right angles to
the equator) was not usually present on Islamic celestial
globes, the exceptions being nineteenth-century Indian
products, just as apparently they were not on Greco-
Roman globes. On Islamic globes the Tropic of Cancer
and the Tropic of Capricorn were frequently shown as
well as the north and south equatorial polar circles.
Finally, particularly on some later globes, the ecliptic
equivalents of the tropic and polar circles were indicated,
apparently in an attempt to complete the symmetry. See
figure 2.26 for the basic design of an Islamic globe, to
which is attached a rotatable meridian ring.?* To func-
tion, this globe and meridian ring would then be placed
in a horizon ring, such as that shown in figure 2.28.

91. Almagest, 7.5 to 8.2; Prolemy, Opera quae exstant omnia, 3
vols., ed. J. L. Heiberg (Leipzig: B. G. Teubner, 1898-1907), vol. 1,
Syntaxis mathematica (1903), pt. 2, 38-169; Ptolemy’s “Almagest,”
trans. and annotated G. J. Toomer (London: Duckworth, 1984), 14~
17, 339-99; Gerd Grasshoff, The History of Ptolemy’s Star Catalogue
(New York: Springer-Verlag, 1990); M. Shevchenko, “An Analysis of
Errors in the Star Catalogues of Ptolemy and Ulugh Beg,” Journal for
the History of Astronomy 21 (1990): 187-201; Savage-Smith, Islamicate
Celestial Globes, 8 and 114-15 (note 5). For a revisionist interpretation
of the star catalog of Ptolemy, see Robert R. Newton, The Crime of
Claudius Ptolemy (Baltimore: Johns Hopkins University Press, 1977),
211-56.

92. For an interpretation of Ptolemy’s celestial globe different from
that given in Dilke and editors, “Culmination of Greek Cartography,”
181-82 (note 67), see Savage-Smith, Islamicate Celestial Globes, 8-10
(note 5).

93. Among the preserved Islamic globes, three are known to have a
clockwise sequence. One is cataloged and illustrated in Savage-Smith,
Islamicate Celestial Globes, 242 (no. 46) and 51 (fig. 23) (note 5); the
other two are as yet unpublished. In all three cases there are other odd
features about the globes that encourage the conclusion that they are
recent forgeries. The clockwise sequence is occasionally found on mod-
ern European celestial globes.

94, For further information on the design of globes and rings, see
Savage-Smith, Islamicate Celestial Globes, 61-95 (note 5).
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FIG. 2.26. BASIC DESIGN OF EXTANT ISLAMIC CELES-
TIAL GLOBES, WITH ATTACHED ROTATABLE MERID-
IAN RING.

A celestial globe lacks the observational capacity of an
astrolabe, for it possesses no sighting device. If, however,
a carefully constructed celestial globe with stars is sup-
plemented by a quadrant and a gnomon, as well as cal-
endrical tables of the sort inscribed on the backs of astro-
labes, then all the astronomical and astrological data
accessible with an astrolabe can also be obtained by
means of a celestial globe. Like the astrolabe, the celestial
globe is not a direct reading instrument, for the astro-
nomer, after making the initial observation, must mani-
pulate and calculate the desired information. The celestial
globe has the advantage of simplicity of design and the
ability to function at any geographic location. The plani-
spheric astrolabe, however, is far more portable and
requires fewer supplementary instruments. [t is clear from
the historical evidence that celestial globes were an
important part of the equipment of an astronomical
observatory and were considered of practical value by
astronomers. The maker of one globe informs us that his
well-constructed celestial globe with a full set of con-
stellation figures was made “in a manner useful for the
knowledge of all the requirements of astrolabemakers,
as an aide-mémoire to their craft.”® It is questionable,
however, how many of the extant globes were of more
than didactic or artistic value to their owners.

Early in the ninth century the Baghdad astrolabe maker
and astronomer ‘Ali ibn ‘Isa al-Asturlabi is said to have
made a large celestial globe.?¢ As with astrolabes, how-
ever, the most important Islamic center of globe making
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was the city of Harran. In the latter part of the ninth
century the influential astronomer of Harran, Abu
‘Abdallah Muhammad ibn Jabir al-Battani al-Sabif,
known in the Latin world as Albategni or Albatenius,
wrote a comprehensive astronomical treatise in which he
described a celestial globe that was suspended in five
rings.?” This ingenious globe had stars carefully placed
by coordinates on the sphere, with the ecliptic, equator,
and ecliptic latitude-measuring circles as well. The sphere
was attached at the equatorial poles to a graduated merid-
ian ring, which was in turn nested within a second merid-
ian ring, so that the inner ring could be moved while the
outer remained stationary. There were also a horizon
ring, a zenith ring, and an outside graduated ring that
carried a movable gnomon for measuring solar altitudes.
The entire assembly was suspended rather than set on a
base. No globes exactly of this nature are known to be
preserved, although some of the features are to be found
on one made between A.D. 1278 and 1310 by Muhammad
ibn Mu’ayyad al-‘Urdi, the son of the famous astronomer
Mu’ayyad al-Din al-‘Urdi al-Dimishqi, who made instru-
ments for the observatory at Maragheh, about fifty miles
south of Tabriz in northwestern Persia.?®

From the ninth century at least two treatises on the
celestial globe have been preserved. The Baghdad astro-
nomer Habash al-Hasib wrote a treatise Kitab fi ma‘rifat
al-kurah (Book of the knowledge of the globe) which is
extant in three manuscripts.®® Toward the end of the
ninth century Qusta ibn Liiga, also working in Baghdad,
composed Kitab fi al-‘amal bi-al-kurah al-falakiyah
(Book on the use of the celestial globe), which has also
survived in several manuscripts.1% This latter treatise was

95. Part of the signature inscription of a globe made by ‘Ali Kashmiri
ibn Lagman in 998,/1589-90; London, private collection; see Savage-
Smith, Islamicate Celestial Globes, 223-24 (no. 10) and 74-79 (note §),
for further information on the use of globes.

96. Aba al-Husayn ‘Abd al-Rahman ibn ‘Umar al-Safi, Kitab suwar
al-kawakib al-thabitah (Book of the constellations of the fixed stars);
see Suwar’l-kawakib or (Uranometry) (Description of the 48 Con-
stellations): Arabic Text, with the 'Urjiza of 1bn w's-Safi Edited from
the Oldest Extant Mss. and Based on the Ulugh Beg Royal Codex
(Bibliothéque Nationale, Paris, Arabe 5036) (Hyderabad: Dairat’l-
ma‘arif-il-‘Osmania [Osmania Oriental Publications Bureau), 1954), Ara-
bic text, p. 5. The name al-Harrani has been added to “Ali ibn ‘Tsa by
the editors; he in fact worked in Baghdad and Damascus and does not
scem to have been originally from Harran.

97. See Savage-Smith, Islamicate Celestial Globes, 18-21 and 88-89
{note 5), for a reconstruction of al-Battani’s globe.

98. Dresden, Staatlicher Mathematisch-Physikalischer Salon; Savage-
Smith, Islamicate Celestial Globes, 220 (no. 5) (note 5).

99. Recently edited and translated by Richard P. Lorch and Paul
Kunitzsch, “Habash al-Hasib’s Book on the Sphere and Its Use,” Zeit-
schrift fir Geschichte der Arabisch-Islamischen Wissenschaften 2
(1985): 68-98.

100. There is a partial translation from one manuscript by W. H.
Worrell, “Qusta ibn Luga on the Use of the Celestial Globe,” [sis 35
(1944): 285-93. Lorch and Kunitzsch, “*Habash al-Hasib’s Book™ (note
99), have studied two of the preserved manuscripts.
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FIG. 2.27. THE EARLIEST PRESERVED ISLAMIC CELES-
TIAL GLOBE. Made in Spain, in Valencia, in 473/1080 by
Ibrahim ibn Sa‘id al-Sahli al-Wazzan in collaboration with his
son Muhammad.

Diameter of the original: 20.9 cm. By permission of the Istituto
e Museo di Storia della Scienza, Florence (inv. no. 2712).

translated into Latin by Stephanus Arnaldus as De
sphaera solida, into Hebrew by Prophatius Judaeus in
the thirteenth century, and into Italian in 1341 by “Mae-
stro Bernardo Arabico ouero Saracino.”10! A Castilian
translation was completed in A.D. 1259 under the col-
laboration of Jehuda ben Moses Cohen and Maestre
Johan Daspa and forms part of the Libros del saber de
astronomia compiled for Alfonso el Sabio.192
Thereafter a number of treatises on the celestial globe
were composed, including one in the tenth century by
Abi al-Husayn ‘Abd al-Rahman ibn ‘Umar al-Safi (d.
372/983),'03 whose treatise on constellations was to
prove fundamental to constellation iconography in the
[slamic world. From the early twelfth century we have a
particularly interesting treatise composed by ‘Abd al-Rah-
man al-Khazini, who later dedicated some other astro-
nomical writings to the Seljuk ruler of eastern Persia. This
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treatise describes a celestial globe that, instead of being
placed in the usual set of rings, is half sunk in a box and
propelled so as to rotate once a day by a mechanism of
pulleys driven by a weight resting on top of a reservoir
of sinking sand.104

There are known to be preserved today 175 Islamic
celestial globes, none predating the eleventh century,105
The earliest bears a date equivalent to A.D. 1080 and was
made in Spain, in Valencia (fig. 2.27).1% [t was made by
a leading astrolabe maker Ibrahim ibn Sa‘id al-Sahli al-
Wazzan with the collaboration of his son Muhammad.
The most recent dated globe was made in Ottoman Tur-
key in 1882,7 and a number of nineteenth-century
workshops were active in northwestern India and in Iran.

The language in which a globe is inscribed is not as
distinguishing a feature of Islamic celestial globes as
might at first be thought, for there are Islamic globes
extant today that are labeled and signed in Arabic, Per-
sian, Turkish, Sanskrit, and even entirely in English. Yet
even the globe labeled entirely in English is completely
within the tradition of Islamic celestial globes. It was
made for an English patron, probably in the Indian work-
shop of Lalah Balhimal Lahari, who made globes and
astrolabes in Lahore in the 1840s.198 It has the classical

101. Savage-Smith, Islamicate Celestial Globes, 21-22 (note 3).

102. Libros del saber de astronomia, 1:163-208 (note 46); Julio
Samso, “El tratado Alfonsi sobre la esfera,” Dynamis: Acta Hispanica
ad Medicinae Scientiarumque Historiam Illustrandam 2 (1982): 57-
73, interprets the construction differently than does Savage-Smith,
Islamicate Celestial Globes, 22, 74, and 81-82 (note §).

103. Recently summarized and discussed by Edward S. Kennedy, “Al-
Sifi on the Celestial Globe,” Zeitschrift fiir Geschichte der Arabisch-
Islamischen Wissenschaften 5 (1989): 48-93.

104. Recently edited and translated by Richard P. Lorch, “Al-Kha-
zint’s ‘Sphere That Rotates by Itself,” ”* Journal for the History of Arabic
Science 4 (1980): 287-329.

105. This total includes forty-three that were not known to exist
when the history and catalog was prepared by Savage-Smith, Islamicate
Celestial Globes (note 5). For some recently discovered globes, see Emi-
lie Savage-Smith, “The Classification of Islamic Celestial Globes in the
Light of Recent Evidence,” Der Globusfreund 38/39 (1990): 23-35 and
pls. 2-6, and the forthcoming catalog of Islamic scientific instruments
in the Nasser D. Khalili Collection of Islamic Art by Francis R. Mad-
dison and Emilie Savage-Smith.

106. Florence, Istituto € Museo di Storia della Scienza, inv. no. 2712.
The date has been read as 1 Safar 473,/22 July 1080 and 1 Safar 478/
28 May 1085; see Savage-Smith, Islamicate Celestial Globes, 24 and
217 (no. 1) (note 5).

107. Istanbul, private collection; Savage-Smith, Islamicate Celestial
Globes, 255-56 (no. 75) (note 5).

108. Nasser D. Khalili Collection of Islamic Art, inv. no. SCI 44. This
unsigned and undated globe can with certainty be attributed to the
workshop of Balhimal, who is known to have made an astrolabe for
Sir Henry Elliott, K.C.B., chief secretary to his lordship the governor-
general in Kapurthala, one of the states of the Punjab. For an illustration
of this globe, see Savage-Smith, “Classification of Islamic Celestial
Globes,” pl. 3 (note 105). For other celestial globes by Balhamal, see
Savage-Smith, Islamicate Celestial Globes, 52-55, 235-36 (no. 33), 275~
76 (no. 127), and 304 n. 180 (note 5).
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FIG. 2.28. ISLAMIC CELESTIAL GLOBE MADE IN 834/
1430-31 BY MUHAMMAD IBN JA‘FAR.

Diameter of the original: 10.5 cm. By permission of the Trustees
of the British Museum, Department of Oriental Antiquities,
London (inv. no. 26.3.23).

forty-eight constellations, drawn to reflect Mughal artis-
tic conventions found on globes made two hundred years
earlier in northwestern India. The star positions are
adjusted for the first half of the nineteenth century, and
six meridian circles have been added to the globe along
with the ubiquitous ecliptic latitude-measuring circles. It
can be seen from all the extant Islamic celestial globes
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that, except for some minor points of design and some
considerable progress in construction techniques, the tra-
dition of instrument design inherited from the Hellenistic
and Byzantine world remained essentially unchanged
through the end of the nineteenth century.

In terms of design, Islamic celestial globes fall into
several distinct categories. The first category includes the
largest and the most elaborate artifacts. They average
about 168 millimeters in diameter, and they all show the
forty-eight constellation outlines and approximately
1,022 stars, those found in the medieval star catalogs.!%®
The earliest globe preserved today is of this design (fig.
2.27), and they continued to be made well into the nine-
teenth century. Other examples are illustrated in figures
2.31 and 2.37 below.!10

The second style of design!'! is a globe that does not
have constellation outlines. Only a selection of the most
prominent stars, usually between twenty and sixty, are
shown. The same basic great and lesser circles are 1o be
found on these globes as on the more elaborate ones,
and when well executed such globes can be fine precision
pieces. They tend, in general, to be smaller than the pre-
vious category, with an average diameter of slightly over
100 millimeters, though papier-maché examples are more
than double that size. The earliest one dates from the
middle of the twelfth century,!'? and this category
includes the most recent dated celestial globe. The exam-
ple illustrated in figure 2.28 was made in 834/1430-31
by an astrolabe and globe maker in Kirman in southeast
Persia, Muhammad ibn Ja‘far ibn “Umar al-Asturlabi.!13
His father also made globes of a rather elaborate style
with full constellations, done in the precise tradition of
a specialist scientific instrument maker. The son pro-
duced, as far as is known, only two globes, both of this
second type, showing just the major stars. His products
tend not to be as accurately inscribed as those made by
his father, having slight wobbles in the great circles and

109. This class of globe has been called, for lack of a better term,
“Class A Globes” in the study by Savage-Smith, Islamicate Celestial
Globes, 61-71, 217-47, 275-76, 278-83 (note 5).

110. One of the outstanding examples of this first category was made
in 622/1225 for a nephew of the grear Saladin in Egypt. This brass
globe (Museo Nazionale, Naples) has the classic set of forty-eight con-
stellations engraved and damascened with copper, with approximately
1,025 stars represented by six sizes of inlaid silver points corresponding
to the various magnitudes. It also has a scale showing the sizes of silver
points used for the first five magnitudes; Savage-Smith, Islamicate Celes-
tial Globes, 25-26 and 218-19 (no. 3) (note 5). This globe is the fifth
oldest celestial globe known to be extant today.

111. Termed “Class B Globes™ in Savage-Smith, Islamicate Celestial
Globes, 247-63, 276, and 278-83 (note 5).

112. Tehran, Mazah-i Iran-i Bastan; dated 535/1140-41 by Badr ibn
‘Abdallah Mawla Badi‘ al-Zaman; Savage-Smith, Islamicate Celestial
Globes, 247 (no. 59) (note 5).

113. London, British Museum, Department of Oriental Antiquities,
inv. no. 26.3.23; Savage-Smith, Islamicate Celestial Globes, 32 and 249
(no. 62) (note 5).
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some irregularity in the graduation. They are by no
means, however, as technically inaccurate and nonfunc-
tional as many of the extant globes whose makers must
not have been specialists.

An interesting feature of Muhammad ibn Ja‘far’s globe
is the stationary meridian ring. On most globes the merid-
ian ring is movable, that is, it is attached permanently to
the globe and moves with it when the globe is rotated
within the horizon ring to adjust for use at different geo-
graphic latitudes. In this case, however, the globe is reset
within the stationary meridian ring by placing the pin at
the end of the chain through the appropriate hole in the
meridian ring and the celestial pole of the globe.

The third type of design is one in which the globe has
neither constellation outlines nor any stars.'# In general
these globes are the smallest, having an average diameter
of 85 millimeters. They have the standard great and lesser
circles (equator, tropics, polar circles, ecliptic) and fre-
quently the ecliptic equivalents of the tropic and polar
circles, occasionally with additional lesser circles. All the
circles are usually labeled, whereas they are seldom
labeled on the previous two types. This particular design
is not mentioned in any of the written treatises dealing
with celestial globes. It appears, at this point at least, to
be probably of Persian origin of the late seventeenth or
early eighteenth century, though examples of the style
were produced later in India as well. The only two dated
artifacts are both from the nineteenth century; most
examples are unfortunately unsigned and undated prod-
ucts.

The globe shown in figure 2.29 is unusual in two
respects. It is more carefully graduated and executed than
many examples of this particular design, it is larger than
average, and it is made of papier-maché and plaster over
some kind of fiber core.!’S Globes other than metal are
relatively rare among the preserved artifacts, primarily,
one assumes, because wood and papier-maché deteriorate
easily. Indeed, the one illustrated is in bad condition. In
theory, globes of this design, when accurately executed,
could be used to determine much of the information (not
requiring star positions) that could be found with the
other types of globes. In practice, however, most globes
of this simplified design were probably used only for
didactic purposes, to demonstrate basic principles such
as the equality of day and night for any latitude when
the sun is at one of the equinoxes or the longest and
shortest day for any given terrestrial latitude.

From other types of globes from that region and
period, it is clear that globe makers in seventeenth-cen-
tury Persia were experimenting with designs and products
whose function was either decorative or didactic. A globe
that defies easy categorization was made in 1012/1603-
4 for Shah ‘Abbas I, during whose reign the Safavid
Empire was at its strongest and the artistic achievements
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FIG. 2.29. ISLAMIC CELESTIAL GLOBE, UNSIGNED AND
UNDATED. This globe, made of papier-maché and plaster over
a fiber core, is probably a seventeenth-century Persian product.
Diameter of the original: 17.8 ¢cm. Museum of the History of
Science, Oxford (inv. no. 69-186). By permission of the Bettman
Archive, New York.

of the court artisans and miniature painters were the most
conspicuous. Unfortunately, its maker is unknown.!1¢
The globe has a few poorly positioned stars but no con-
stellation outlines; instead it has the twelve zodiacal signs
represented inside medallions. Here the zodiacal signs are
not guides to the positions of stars but indicate instead
an alternative tradition of displaying the zodiacal signs as
emblematic motifs rather than constellation diagrams.
The further use of zodiacal signs as emblematic motifs
will be discussed below.

Another globe made about the same time by an
unknown artisan working probably in Yazd is illustrated
in figure 2.30. In this case the product is a precise instru-
ment for instructing astronomers in the methods of deter-

114. Called “Class C Globes" in Savage-Smith, Islamicate Celestial
Globes, 56-57, 263-75, and 278-83 (note $).

115. Oxford, University of Oxford, Museum of the History of Sci-
ence, inv. no. 69-186, unsigned and undated; Savage-Smith, Islamicate
Celestial Globes, 264 (no. 93) (note 5).

116. Chicago, Adler Planetarium and Astronomical Museum, inv. no.
A 114; Savage-Smith, [slamicate Celestial Globes, 45-47 and 249-50
(no. 63) (note $). There are also two similar unsigned and undated
globes; Savage-Smith, Islamicate Celestial Globes, 259 (nos. 82 and 83)
(note 5).
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mining the coordinates of a star.'” In addition to having
a full set of circles parallel to the ecliptic at five-degree
intervals, the globe has the unique feature of arcs drawn
through a particular star (labeled ‘@ayyiq, which is a Auri-
gae, Capella in modern terminology), clearly for the
didactic purpose of demonstrating the various coordinate
systems. The semi-great circle representing the declina-
tion circle is marked by a dotted line, while the arc of
the ecliptic latitude-measuring circle through the star on
which the celestial latitude is measured is an engraved
solid line. In addition, there are engraved and labeled on
the surface of the globe a circle corresponding to the
horizon, another for the meridian ring, and an arc repre-
senting the prime vertical (the circle passing through the
zenith and intersecting the horizon circle at the east-west
points). The arbitrary placing of the horizon and prime
vertical on the surface of the sphere thus makes it obvious
that this was intended as a demonstrational model of
coordinate systems. Furthermore, the coordinate systems
shown for the measurement of the star are valid for only
one geographic latitude, in this case 32° north, the lati-
tude of Yazd in Persia, where a number of metalworkers
and instrument makers are known to have been active.

THE MANUFACTURE OF CELESTIAL GLOBES

Islamic celestial globes can be classified not only by
design but also by the method of manufacture. Only a
few made of painted wood or painted papier-maché, such
as the one illustrated in figure 2.29, have been preserved.
In general it seems that Islamic globes of wood or papier-
maché were hand painted or drawn, in contrast to the
use of printed paper gores by Western European globe
makers.

The vast majority of extant globes are hollow metal
spheres set into metal rings and stands. Such globes were
made in two ways: either they comprised two hemi-
spheres of cast or raised metal, or they were cast by the
cire perdue (lost wax) process, in one piece and with no
seam.!'® Globes made of wood or papier-maché or with
metal hemispheres are of considerable antiquity. Seamless
globes, on the basis of evidence so far available, appear
to have originated in northwestern India toward the end
of the sixteenth century. They became the hallmark of
all workshops in the Punjab and Kashmir areas of India
through the nineteenth century. Consequently, because
of the association of this technique with northwestern
India, we can conjecture that unsigned products made at
the same time but with a seam (such as most globes having
no stars at all) were probably made in Persia rather than
India.

The earliest confirmed date for the manufacture of a
seamless cast globe is 998 /1589-90, when a globe made
by ‘Ali Kashmiri ibn Ligman was produced.'?® The work-
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FIG. 2.30. UNSIGNED, UNDATED CELESTIAL GLOBE.
Arcs are drawn and labeled through one star (¢ Aurigae,
Capella), indicating different coordinate systems. They are valid
for only one geographic latitude, 32° N. This globe is probably
a product of a seventeenth-century workshop in or near Yazd.
Diameter of the original: 13.1 cm. Museum of the History of
Science, Billmeir Collection, Oxford (inv. no. 57-84/182). By
permission of the Berrman Archive, New York.

shop that excelled in this technique, however, was a four-
generation family of instrument makers working in
Lahore.1?° During more than a century, from A.D. 1567
to 1680, this remarkable workshop produced numerous
astrolabes and other instruments, including twenty-one
signed globes and, no doubt, a considerable number of
unsigned ones as well. Examples of the craft of its most
prolific member, Diya’ al-Din Muhammad ibn Qa’im
Muhammad Asturlabi Humayani Lahari, can be seen in
the astrolabe illustrated in figure 2.6 and the rather unu-
sual celestial sphere illustrated in figure 2.33.

117. Oxford, University of Oxford, Museum of the History of Sci-
ence, Billmeir Collection, inv. no. 57-84/182; Savage-Smith, Islamicate
Celestial Globes, 49-50, 258-59 (no. 81) (note 5).

118. For details regarding this method of construction, see Savage-
Smith, Islamicate Celestial Globes, 90-95 (note 5); Savage-Smith, “Clas-
sification of Islamic Celestial Globes™ (note 105), and the forthcoming
catalog of scientific instruments in the Nasser D. Khalili Collection of
Islamic Art, by Maddison and Savage-Smith (note 105).

119. London, private collection; Savage-Smith, Islamicate Celestial
Globes, 35 (fig. 11), 176 (fig. 69), and 223-24 (no. 10) (note 5).

120. For the activities and products of this workshop, see Savage-
Smith, Islamicate Celestial Globes, 34-43 (note 5), and especially the
historical introduction to Brieux and Maddison, Répertoire (note 36).
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FIG. 2.31. ISLAMIC CELESTIAL GLOBE, UNSIGNED AND
UNDATED, ENGRAVED IN SANSKRIT, DEVANAGARI
SCRIPT. The sphere is a hollow seamless sphere cast by cire
perdue. It is a product of the workshop of Lilah Balhimal
Lahiiri, who was active in Lahore in the first half of the nine-
teenth century.

The technique of making seamless globes continued
to be practiced in India after this workshop ceased to
make them. A nineteenth-century workshop in Lahore—
that of the Hindu metalworker Balhiimal—produced
excellent and precise products. He maintained the same
basically medieval design with only the forty-eight Pto-
lemaic constellations, but he did add to all his instruments
a full set of meridian circles at right angles to the equator,
along with the ever-present ecliptic latitude-measuring
circles. Products of his workshop are easily identified and
include globes (and astrolabes) labeled entirely in Arabic,
in Persian, in English for English patrons, or entirely in
Sanskrit. The last type is illustrated in figure 2.31.

Throughout the ten centuries of their production in
the Islamic world, celestial globes maintained the medi-
eval tradition of displaying only the Ptolemaic constel-
lations and stars. On none of the Islamic celestial globes
known to have survived are there any of the newly
recorded stars and constellations of the Southern Hemi-
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Diameter of the original: 20.5 cm. By permission of the David

Eugene Smith Collection, Rare Book and Manuscript Library,
Columbia University, New York (inv. no. 27-244).

sphere that resulted from the European explorations of
the sixteenth century.

ARMILLARY SPHERES

A third type of three-dimensional celestial model is the
demonstrational armillary sphere—an earth-centered
model in which the great and lesser circles of the ecliptic,
equator, tropics, and polar circles are represented by rings
encompassing a miniature earth and held in place by a
graduated meridian ring, all pivoting about the equatorial
axis. Moon, planets, and stars were not part of the model.
Such a model of the celestial system is not subject to
precessional change and consequently will not become
outdated.

Armillary spheres are not often mentioned in Islamic
astronomical literature. When they are described, except
where there was European influence, they are nearly all
observational armillary spheres in the Ptolemaic tradition
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FIG. 2.32. DEMONSTRATIONAL ARMILLARY SPHERE.
The illustration appears at the beginning of a treatise on astro-

nomig:al tables by the fifteenth-century Cairo astronomer al-
Wafa'n.

Size of the original: not known. By permission of the Biblioteca
Apostolica Vaticana, Rome (MS. Borg. Arab. 217, fol. 1a).

rather than demonstrational armillary spheres.!?! The
observational armillary sphere had no earth globe at the
center and had sighting devices mounted on the rings. As
such, it forms a separate class of instruments distinct from
demonstrational armillary spheres, celestial globes, or
spherical astrolabes.!?2 None are extant from the Islamic
world, though they were one of the major tools for
observing the coordinates of planets and stars.12? [t is the
demonstrational armillary sphere, however, rather than
the observational, that is most frequently illustrated, usu-
ally in relatively recent manuscripts (fig. 2.32).124

An unusual and apparently unique variant of a de-
monstrational armillary sphere is illustrated in figure 2.33.
It was made in 1090/1679-80 by Diya’ al-Din Muham-
mad of the Lahore workshop and consists of two raised
or hammered hemispheres in which the spaces between
the constellations and the great and lesser circles have
been cut out, or worked 4 jour.'* The metal hemispheres
have been painted with gilt and varnished, inside and out,
while the stars are indicated by holes perforating the
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sphere, some filled with glass or mica. One might at first
think this is simply an ornate version of a celestial globe
with the background removed behind the forty-eight
constellations. It is clear, however, from the dedicatory
inscription that there was at one time a small terrestrial
globe inside this gilt celestial sphere. In dedicating this
sphere to the Mughal ruler Aurangzib, whose court was
at Delhi, the maker calls the sphere a kurah-i ikhtira‘i-i
ardwi [sic] sama’i, “a specially invented terrestrial-celes-
tial sphere.”

MAPPING OF INDIVIDUAL CONSTELLATIONS
AND ASTERISMS
THE PRE-ISLAMIC ASTRONOMIC SYSTEM

The pre-Islamic traditional Arab astronomic system
involved a mental mapping of the skies and employed a
rich stellar nomenclature quite different from the Islamic
system based on Ptolemaic concepts.!2¢ There was, for

121. Giuseppe Celentano, “L’epistola di al-Kindi sulla sfera armil-
lare,” Istituto Orientale di Napoli, Annali (suppl. 33), 42, fasc. 4 (1982):
1-61 and 4 pls.; Samuel Miklos Stern, “A Treatise on the Armillary
Sphere by Dunas ibn Tamim,” in Homenaje a Millas-Vallicrosa, 2 vols.
{Barcelona: Consejo Superior de Investigaciones Cientificas, 1954-56),
2:373-82. A rtreatise on the armillary sphere by Habash al-Hasib is
extant in two manuscripts in Istanbul; see Sezgin, Geschichte des ara-
bischen Schrifttums, 6:175 (note 35).

122. For later versions of observational armillary spheres related to
the torquetum of Jabir ibn Aflah of Seville in the early twelfth century,
see Richard P. Lorch, “The Astronomy of Jabir ibn Aflah,” Centaurus
19 (1975): 85-107.

123. For a rather stylized sixteenth-century Ottoman painting of
astronomers using an observational armillary sphere in the observatory
at Istanbul, see the miniature from Istanbul Universitesi Katiphanesi,
MS. F. 1404 (Y:ldiz 2650,/260, fol. 56b), reproduced in Seyyed Hossein
Nasr, Islamic Science: An Illustrated Study (London: World of Islam
Festival, 1976), 125 (pl. 84).

124. For examples, see Stanford University, Lane Medical Library,
MS. Z296, inside front cover; Los Angeles, UCLA University Research
Library, Near Eastern Coll. 898, MS. 52, fol. 41b; and an eighteenth-
century engraving of an Islamic demonstrational armillary sphere from
an edition of Katib Celebi’s Cihanniima (World mirror) printed in Istan-
bul in 1732 and reproduced in O. Kurz, European Clocks and Watches
in the Near East, Studies of the Watburg Institute, vol. 34 (London:
Warburg Institute, University of London, 1975), 69 and pl. XI (fig. 21).

125. Rockford, Illinois, Time Museum, inv. no. 3406; Savage-Smith,
Islamicate Celestial Globes, 42-43 and 232-33 (no. 30) (note 5). This
unique openwork sphere cannot have been the cap or “rete” of a spher-
ical astrolabe (as suggested by Emmanuel Poulle in a review of
Islamicate Celestial Globes in Revue de Synthése, 4th ser., 1988, 355-
56), for it lacks the requisite circles, shows no signs on the interior of
rubbing against a sphere (in fact the gilt surface is better preserved on
the inside than on the outside), and specifically refers to a terrestrial
globe as being part of the design.

126. Paul Kunitzsch, Untersuchungen zur Sternnomenklatur der Ara-
ber (Wiesbaden: Otto Harrassowitz, 1961); idem, “Uber eine anwa'-
Tradition mit bisher unbekannten Sternnamen,” Bayerische Akademie
der Wissenschaften, Philosophisch-Historische Klasse, Sitzungsberichte
(1983), no. 5; Savage-Smith, Islamicate Celestial Globes, 117-19 (note
5).
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FIG. 2.33. UNIQUE VARIANT OF A DEMONSTRATIONAL
ARMILLARY SPHERE /CELESTIAL GLOBE. The instrument
was made in 1090/1679-80 by Diya’ al-Din Muhammad.

example, a lion much larger than our Leo, and a bucket
covered the areas of Aquarius, Pegasus, and part of Pisces.
The region of the constellations Orion and Gemini was
seen by Bedouins to contain a huge giant. A bier or
corpse-bearing plank with three mourning daughters
accompanying it was seen in the area of Ursa Major, with
a similar smaller set composing the stars of Ursa Minor.
A fish covered the region of both Pisces and Andromeda.
In some copies of the major treatise on constellation
iconography from the Islamic period, Kitab suwar al-
kawakib al-thabitah (Book of the constellations of the

Diameter of the original: 16.4 cm. By permission of the Time
Museum, Rockford, Illinois (inv. no. 3406).

fixed stars), written in the tenth century by al-Sufi, there
are extra illustrations that show two alternative views of
Andromeda with the Bedouin fish.127

Many animals, as well as other aspects of pastoral life,

127. For illustrations of these diagrams, see Emmy Wellesz, “Islamic
Astronomical Imagery: Classical and Bedouin Tradition,” Oriental Art,
n.s., 10 (1964): 84-91, esp. 88 (figs. 7 and 8); and Emmy Wellesz, “An
Early al-Safi Manuscript in the Bodleian Library in Oxford: A Study in
Islamic Constellation Images,” Ars Orientalis 3 (1959): 1-26 and 27
pls., esp. figs. 11 and 12.
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FIG, 2.34. THE CONSTELLATION CASSIOPEIA AS SEEN
ON A GLOBE, WITH AN ARAB BEDOUIN ASTERISM OF
A CAMEL DRAWN OVER HER. This drawing is taken from
a copy, completed in 566/1170-71, of the Kitab suwar al-
kawakib al-thabitah (Book of the constellations of the fixed
stars) by al-Safi.

Size of the original: ca. 27.5 x 21.5 cm. By permission of the
Bodleian Library, Department of Oriental Books, Oxford (MS.
Hunt. 212, fol. 40b).

can be seen in the constellation images described later
by al-Sifi as belonging to pre-Islamic Arabia. Gazelles
were imagined, and the footprints of their leaps as they
ran before the large lion could be seen in the area of
Ursa Major. Camels with new foals were seen in the head
of Draco. The region of Ursa Minor was also visualized
as two calves turning a gristmill, and between the two
calves and the camels in the head of Draco were wolves.
A herd of goats occupied the area of Auriga, and the
stars of Cepheus were viewed as a shepherd with his dog
and sheep. A horse was seen above the head of Andro-
meda, sharing space with our Pegasus.

Some of the stars in Cassiopeia were viewed as a camel,
with the brightest star of that group called the camel’s
hump, but this camel is very rarely illustrated in existing
copies of the al-Safi treatise. One illustration is in a manu-
script at Oxford, copied in 566/1170-71 and possibly
dedicated, in a now partially illegible dedication, to Sayf
al-Din Ghazi II, at that time a ruler in Mosul, north of
Baghdad.'?® In the illustration of Cassiopeia as seen on
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a celestial globe (see fig. 2.34), a camel is drawn over her
with its head and forelegs above Cassiopeia’s head. The
star on her raised elbow is labeled al-kaff al-khadib wa
huwa sanam al-naqah, “the dyed hand and it is the hump
of the she-camel.” The reference here is to two different
Bedouin images of the sky: a large camel and an enor-
mous human figure named al-thurayya (a virtually
untranslatable name), whose head was in the Pleiades and
whose large open hand consisted of five stars including
this one. A second illustration in this same manuscript
shows the Ptolemaic constellation Andromeda with a fish
beneath her, a horse overhead, and a camel to one side
(the same camel as encroached on Cassiopeia’s territory).
All three of these elements (fish, horse, and camel) were
drawn from traditional pre-Islamic mappings rather than
classical Prolemaic schemes.1??

Another aspect of the pre-Islamic Bedouin view of the
skies also found graphic expression, but outside the con-
text of constellation diagrams. This involved the zoo-
morphic interpretation of individual stars. An example is
the brightest star in the Ptolemaic constellation of Lyra.
In the Bedouin tradition it was called al-nasr al-wagqi®,
“the falling eagle.” The star, o Lyrae, is the fifth brightest
in the heavens, and its “modern” name Vega derives from
a corrupt transliteration of wagi® meaning “falling.” In
all the Arabic or Persian manuscript copies of al-Safi’s
treatise on constellations that scholars have examined,
the constellation Lyra is always drawn as some sort of
musical instrument or merely as a decorative device, with
the major star labeled in Arabic. At some point, however,
some instrument makers began designing the pointer for
this star on the rete for an astrolabe so that it was in the
form of a bird with closed wings. This can be seen, for
example, in the astrolabe (fig. 2.16) made in Isfahan in
618/1221-22, where Vega is indicated by the bird at the
center of the rete. Two other pointers on this astrolabe
are shaped like animals, one bird at the upper left facing
downward, labeled al-ta’ir (the flying bird), reflecting an
ancient tradition associated with the star whose modern
name is Altair (a Aquilae), the eleventh brightest star in
the skies. The horsehead to the left on the rete serves as
a pointer to a star in Pegasus and in this case is a vis-
ualization of a Ptolemaic image. Such pictorial interpre-
tations of star names were quickly introduced into
Europe, for a Byzantine astrolabe made in A.D. 1062 has
a bird-shaped pointer for the star Vega.13¢

128. Oxford, Bodleian Library, MS. Hunt. 212.

129. Wellesz, “Islamic Astronomical Imagery,” 90-91 (note 127),
where both illustrations from the Bodleian Library MS. Hunt. 212 are
reproduced (figs. 15 and 16).

130. O. M. Dalton, “The Byzantine Astrolabe at Brescia,” Proceed-
ings of the British Academy, 1926, 133-46 and 3 pls.; Neugebauer,
“Early History of the Astrolabe,” 249 nn. 57 and 58, reprint 287 nn.
57 and 58 (note 26).
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These animal representations of stars appear to have
been restricted to instruments and do not seem to have
occurred in copies of Islamic treatises illustrating the con-
stellations. It should be noted, however, that no system-
atic survey and comparison of such material has been
undertaken.131

LUNAR MANSIONS

Another facet of traditional Bedouin conceptualization
of the skies—the lunar mansions—arose from more com-
plicated and obscure circumstances. Various theories
have been advanced about whether the system of lunar
mansions was ultimately Babylonian, Indian, or Chinese
in origin. It seems evident, however, that the Arabic ver-
slon was an accretion of the Indian naksatra system of
junction stars upon a Bedouin grouping of fixed stars,
applying the traditional Arab star names to the Indian
lunar mansion division of the zodiac.132

The Bedouins of the Arabian Peninsula in pre-Islamic
times had a system by which they estimated the passage
of time and predicted meteorological events so as to find
winter and spring grazing lands, whose locations varied
greatly depending on rainfall. The pre-Islamic system,
called anwa’, was based on a series of prominent stars
whose cosmical settings (setting in the west as the sun
rises in the east) and heliacal risings (rising in the east
with the sun) delineated the solar year by breaking it into
about twenty-eight periods. Sometime before the advent
of Islam the Bedouins assimilated from India a system in
which the zodiac was divided into twenty-seven or
twenty-eight “mansions” (mandzil in Arabic) of the
moon. These mansions corresponded to places in the sky
through which the moon passed in twenty-seven or
twenty-eight nights in its course from new moon to new
moon. Because the brilliance of the moon prevents
nearby stars from being observed, the mansions were
named for stars in the vicinity of, but not directly along,
the ecliptic. Each mansion represented one day’s travel
of the moon and therefore corresponded to roughly thir-
teen degrees along the ecliptic beginning at the vernal
equinox, with the result that each zodiacal house con-
tained two and a half lunar mansions.

In superimposing the system of mandazil upon the
Bedouin grouping of fixed stars, the Arabs applied anwa’
star names to the Hindu lunar mansion divisions of the
ecliptic. These two systems are not entirely compatible,
however, for one is based on the risings and settings of
fixed star groups and the other reckoned on regular inter-
vals of the ecliptic taken from the vernal equinox. With
the precession of the equinoxes, no fixed star will main-
tain the same distance from the vernal equinox. Conse-
quently one star group cannot be successfully aligned
with one segment of the ecliptic for an extended time.
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This attempted compounding of anwa’ asterisms and
the lunar mansions (manazil) gave rise to a type of Arabic
literature known as anwa’ literature, in which lexico-
graphers, such as the ninth- and tenth-century Iraqi schol-
ars Ibn Qutaybah and Abu Ishaq al-Zajjaj, attempted to
record the Bedouin connection of meteorological pheno-
mena with the anwad star groups associated with the
twenty-eight lunar mansions.133 [t was this type of writing
that al-Sifi employed when comparing the Bedouin and
Prolemaic systems. A second literary genre concerned
with the anwa’-manazil system was arranged in the form
of a calendar and enumerated natural, celestial, and mete-
orological events of concern to peasants and herds-
men.!3* Astrologers also became seriously interested in
the division of the zodiac into lunar mansions and the
assigning of good or ill characteristics to each.

There was a tradition in the Islamic world of associ-
ating abstract patterns of dots or stars in small geomet-
rical designs with the twenty-eight lunar mansions. Al-
Qazwini, in his thirteenth-century cosmology, included
an extensive section on the lunar mansions illustrated
with such configurations of dots.!3* An even longer dis-

131. For a preliminary study of zoomorphic astrolabes, particularly
European ones, see Owen Gingerich, “Zoomorphic Astrolabes and the
Introduction of Arabic Star Names into Europe,” in From Deferent to
Equant: A Volume of Studies in the History of Science in the Ancient
and Medieval Near East in Honor of E. S. Kennedy, ed. David A. King
and George Saliba, Annals of the New York Academy of Sciences, vol.
500 (New York: New York Academy of Sciences, 1987), 89-104. Cur-
iously, the occurrence of a bird-shaped pointer for Vega is a distin-
guishing characteristic of late nineteenth-century forgeries of astrolabes
made by one particular Persian maker; Owen Gingerich, David A. King,
and George Saliba, “The ‘Abd al-A’imma Astrolabe Forgeries,” Journal
for the History of Astronomy 3 (1972): 188-98; reprinted in David A.
King, Islamic Astronomical Instruments (London: Variorum Reprints,
1987), item VI

132. See Charles Pellat, “Anwa’,” in Encyclopaedia of Islam, new
ed., 1:523-24; Daniel Martin Varisco, “The Rain Periods in Pre-Islamic
Arabia,” Arabia 34 (1987): 251-66; and Savage-Smith, Islamicate Celes-
tial Globes, 119-32 (note 5), where further references will be found.

133. Paul Kunitzsch, “Ibn Qutayba,” in Dictionary of Scientific Bio-
graphy, 16 vols., ed. Charles Coulston Gillispie (New York: Charles
Scribner’s Sons, 1970-80), 11:246-47, and Daniel Martin Varisco, “The
Anwd Stars according to Aba Ishaq al-Zajjaj,” Zeitschrift fir Ge-
schichte der Arabisch-Islamischen Wissenschaften 5 (1989): 145-66.

134, Charles Pellat, “Dictons rimés, anwa et mansions lunaires chez
les Arabes,” Arabica 2 (1955): 17-41; “Arib ibn Sa‘d al-Kaitib al-Qurtubi,
Le calendrier de Cordoue, ed. Reinhart Dozy, new ed. with annotated
French translation by Charles Pellat, Medieval Iberian Peninsula, Texts
and Studies, vol. 1 {Leiden: E. ]. Brill, 1961).

135. Zakariya’ ibn Muhammad al-Qazwini, Kitab ‘aj@’ib al-makh-
lagat wa-ghar@’ib al-mawjadat (Marvels of things created and mirac-
ulous aspects of things existing); see Zakarija ben Muhammed ben
Mabmud el-Cazwini’s Kosmographie, 2 vols., ed. Ferdinand Wisten-
feld (Gottingen: Dieterichschen Buchhandlung, 1848-49; facsimile
reprint Wiesbaden: Martin Sandig, 1967), 42-51. Al-Qazwinf’s text on
lunar mansions is taken literally from Ibn Qutaybah’s Kitab al-anwa’;
Paul Kunitzsch, “The Astronomer Abu ’l-Husayn al-S$afi and His Book
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cussion with fuller illustrations was included in the thir-
teenth-century encyclopedia of magic and occult prac-
tices written by al-Biini (d. 622 /1225), the acknowledged
master of the occult sciences in Islam.136 In many cases
there is little similarity between the graphic representa-
tion of a lunar mansion and the actual appearance of the
stars in that region of the sky. Even the number of dots
used in a diagram may be quite different from the number
of stars associated with that mansion. The designs also
vary between authors and even among manuscript copies
of the same work.

The abstract patterns of lunar mansions are most often
associated with writings of an astrological or cosmolog-
ical nature.!3” There are, however, some astronomical
treatises that include diagrams of the lunar mansions. For
example, Abi al-“Abbas Ahmad’s Kitab al-durar wa-al-
yawagqit fi “ilm al-rasd wa-al-mawagit'3® has several dia-
grams of lunar mansions, including the one illustrated
earlier in figure 2.22. Similar graphic representations of
lunar mansions are not, however, to be found in copies
of al-Sifi’s influential book on the constellations or in
the writings of al-Biriini, who discussed the topic at some
length in his al-Athar al-bagiyah.

On instruments the representations of the asterisms
comprising the lunar mansions are rare. There is an exqui-
site astrolabe probably made in Egypt for an Ayyubid
ruler by ‘Abd al-Karim al-Misri in 633/1235-36.132 On
the back of the instrument in one of the concentric bands
providing a variety of information there are the twenty-
eight lunar mansions represented by stars, along with an
animal or human form for each mansion. This astrolabe
is also notable for having another concentric band with
outlines of each of the zodiacal constellations, each
depicted twice—as seen on a globe and as viewed in the
sky. Only one celestial globe is known to have similar
patterns of dots showing the lunar mansions. It bears the
date 718 (equivalent to A.D. 1318-19), with the maker
given as ‘Abd al-Rahman ibn Burhan al-Mawsili, thar is,
of Mosul in northern Iraq.1* There are, however, prob-
lems with the signatures on this globe and with the
method of its construction given the date on it. Conse-
quently it is difficult to know with certainty where this
product was made or even when, though it is evident the
maker employed a different source for his iconography
than was usual among globe makers.

ISLAMIC CONSTELLATION ICONOGRAPHY

The major guide to constellation diagrams in the Islamic
world was the Arabic treatise written in the tenth century
by al-Sifi, who was a court astronomer in Isfahan to
‘Adid al-Dawlah, one of the most expansionist of the
Buyid rulers in Persia. In al-Sifi’s Kitab suwar al-
kawakib al-thabitah (Book of the constellations of the
fixed stars), each of the forty-eight classical constellations
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was discussed in turn.'*! Two drawings were given for
each constellation, one showing it as seen in the sky by
an observer on earth and the other as seen on a celestial
globe, which is to say, reversed right to left (figs. 2.35
and 2.36). In addition to the drawings for each constel-
lation, there was an account of the traditional Bedouin
star names and asterisms for that portion of the sky and
a catalog of the stars in that constellation, giving celestial
latitudes, longitudes, and magnitudes. The star catalog
presented by al-Siifi reproduced with only slight revision
that given earlier by Ptolemy in the Almagest.** The
stellar coordinates were given in ecliptic coordinates, aug-
menting the longitudes given by Ptolemy by 12°42' to
correspond to the year A.D. 964. The magnitudes given
by al-Sufi are, however, substantial revisions of those of
Prolemy.143

on the Constellations,” Zeitschrift fiir Geschichte der Arabisch-
Islamischen Wissenschaften 3 (1986): 56-81, esp. 60 n. 13.

136. Muhyi al-Din Aba al-‘Abbas Ahmad ibn ‘Al al-Bant al-Qurashi,
Shams al-ma‘arif al-kubra wa-lat@if al-‘awarif (Cairo: Matba‘at
Muhammad ‘Al Sabih, [1945}), 10-25.

137. For a comparison of some of the patterns representing lunar
mansions and their relation to geomancy, see Emilie Savage-Smith and
Marion B. Smith, Islamic Geomancy and a Thirteenth-Century Divi-
natory Device (Malibu, Calif.: Undena, 1980), 38-43 (including table
2).

138. An autograph copy of his treatise is the third item in Oxford,
Bodleian Library, Department of Oriental Books, MS. Bodl. Or. 133,
fols. 94b-130a.

139. London, British Museum, Department of Oriental Antiquities,
acc. no. 855.5.9.1; the date on the instrument is not completely legible
and has been read as 625, 638, and 648; Leo Ary Mayer, Islamic Astro-
labists and Their Works (Geneva: Albert Kundig, 1956), 30 and pl.
XIIb. A line drawing is given along with some errors in interpretation
by Gunther, Astrolabes of the World, 1:233-36 (note 2). For a better
interpretation, see Willy Hartner, “The Principle and Use of the Astro-
labe,” in Survey of Persian Art from Prehistoric Times to the Present,
6 vols., ed. Arthur Upham Pope {London: Oxford University Press,
1938-39), 3:2530-54 and 6:1397-1404; reprinted in Willy Hartner,
Oriens-Occidens: Ausgewdbhlte Schriften zur Wissenschafts- und Kul-
turgeschichte, 2 vols. (Hildesheim: Georg Olms, 1968 and 1984), 1:287-
311.

140. Oxford, University of Oxford, Museum of the History of Sci-
ence, inv. no. 57-84/181; Savage-Smith, Islamicate Celestial Globes,
29-31 and 247-48 (no. 60) {note S5).

141. For the printed Arabic text, see the 1954 edition of Suwar al-
kawakib (note 96). A French translation based on a seventeenth-century
copy now in Copenhagen has been published: Description des étoiles
fixes composée au milieu du dixiéme siécle de notre ére: Par Pastronome
persan Abd-al-Rabman al-Sifi, trans. Hans Carl Frederik Christian
Schijellerup (Saint Petersburg: Commissionnaires de ’Académie Impé-
riale des Sciences, 1874; facsimile reprint Frankfurt: Institut far Ge-
schichte der Arabisch-Islamischen Wissenschaften, 1986), and see Kun-
itzsch, “Abu ’I-Husayn al-$afi” (note 135).

142. For the revisions al-Safi made in Ptolemy’s star catalog, see
Savage-Smith, Islamicate Celestial Globes, 115 (note 5). The epoch of
al-Siifi’s catalog is the beginning of the year 1276 of the Alexandrian
era, which corresponds to A.D. 1 October 964.

143. Kunitzsch, “Abu ’l-Husayn al-$ifi,” 57 (note 135). The Arabic
version of Ptolemy employed by al-Safi seems to have been that of
Ishaq ibn Hunayn.



Celestial Mapping

»

[ P B SR ¥ LS

¥ *

/ qo D Gt
. Taga et
i A ™ |
Py L ] i - 3 “ud
e 1 *
"
B ;

.
o

FIG. 2.35. THE CONSTELLATION AURIGA AS SEEN IN
THE SKY. From a manuscript copy of the Suwar al-kawakib
by al-Safi, written in the tenth century, made in 400/1009-10
by his son al-Husayn from a holograph of his father’s.

Size of the original: 26.3 x 18.2 cm. By permission of the Bod-
leian Library, Department of Oriental Books, Oxford (MS.
Marsh 144, p. 120).

According to the eleventh-century scholar al-Biriini, al-
Safi told the Persian geometer and astronomer Aba Sa‘id
al-Sijzi that he had laid very thin paper on a celestial globe
and fitted it carefully over the surface of the sphere, then
traced on the paper the constellation outlines and indi-
vidual stars as precisely as the transparency of the paper
would allow. Al-Biriini adds to this account the com-
ment: “And that is an [adequate] approximation when
the figures are small but it is far [from adequate] if they
are large.”1*4

Maps of individual constellations, when carefully exe-
cuted, display the relative positions of the component
stars and have the advantage of being true for any period,
since they do not reflect through a coordinate system a
relationship with the sun’s movement. Al-Safi numbered
each star in sequence within a constellation so as to cor-
respond to the star catalog. Those within the outlines of
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FIG. 2.36. THE CONSTELLATION AURIGA AS SEEN ON
A GLOBE. From the same manuscript as figure 2.35.

Size of the original: 23.6 x 18.2 cm. By permission of the Bod-
leian Library, Department of Oriental Books, Oxford (MS.
Marsh 144, p. 119).

the constellation, called the internal or formed stars, were
given one set of numbers, while those lying outside the
outlines (the external or unformed) were given a different
set and frequently were in a different color. In this he
followed the convention of numbering established by
Ptolemy many centuries earlier. Differentiation in bright-
ness was indicated in al-Safi’s diagrams by different sizes
of dots, corresponding to the six magnitudes of stars
recognized by Ptolemy.

Al-Siff’s star catalog was an important direct source
for star coordinates used by early makers of astrolabes
and celestial globes. For example, Muhammad ibn Mah-
mid ibn ‘Ali al-Tabari stated on the globe he made in

144, The passage occurs in al-Birani’s Kitab fi tastih al-suwar wa-
tabtih al-kuwar; Berggren, “Al-Biriini on Plane Maps,” 53 and 89 (note
65); Suter, “Uber die Projektion der Sternbilder,” 86 (note 65).
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FIG. 2.37. GLOBE MADE IN 684,/1285-86 BY MUHAM-
MAD IBN MAHMUD IBN ‘ALI AL-TABARI The maker
specified on the globe that the stars were drawn from the Suwar
al-kawakib by al-Safi after increasing the longirudes five
degrees.

684 /1285-86 that the stars were placed according to the
Suwar al-kawakib by al-Sifi after increasing their longi-
tudes five degrees (fig. 2.37).14%

Later instrument makers employed revised star cata-
logs, especially the one Ulugh Beg prepared at
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Diameter of the original: 13.4 cm. By permission of the Nasser
D. Khalili Collection of Islamic Art (SCI 21).

145. Nasser D. Khalili Collection of Islamic Art, inv. no. SCI 21, the
“Khalili Globe.” It has recently been demonstrated that this globe is
the original thirteenth-century globe of which a copy is now in Paris,
Musée du Louvre, Section Islamique, inv. no. 6013. The copy in Paris
was described and questionable features were noted by Savage-Smith,
Islamicate Celestial Globes, 27-29 and 220-21 (no. 6) (note 5). For a
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FIG. 2.38. THE CONSTELLATION PEGASUS AS SEEN IN
THE SKY. From a copy of the Suwar al-kawakib by al-Sifi
made ca. 1430-40, probably in Samarkand, in the library of the
astronomer Ulugh Beg.

Size of the original: 23.5 x 16.5 cm. By permission of the Bib-
liotheque Nationale, Paris (MS. Arabe 5036, fol. 93b).

Samarkand!# for the epoch 841/1437-38. This latter
catalog, as Ulugh Beg freely admits, depended heavily on
the one in al-Sufi’s Suwar al-kawakib, which Ulugh Beg
knew through a Persian translation made in the thirteenth
century by an important scholar and astronomer, Nasir
al-Din Muhammad ibn Muhammad al-Tusi. Nasir al-Din
al-Tuasi headed the observatory at Maragheh, after enter-
ing in A.D. 1257 the service of Hualagii Khan, the Ilkhanid
ruler who was brother to Kubilay Khan. Two extant man-
uscripts bear the signature of Ulugh Beg, indicating that
they were in his library—one in Arabic and one in Persian.
The latrer manuscript also claims to be the autograph
copy by the translator, Nagir al-Din al-Tisi. It has been
demonstrated recently that Ulugh Beg actually used only
the Persian version by al-Tusi.'¥” The Arabic copy of al-
Safi’s treatise once in Ulugh Beg’s library, made about
1430, was probably a presentation copy prepared at
Samarkand as a gift to the ruler. Its colorful renderings
of the constellation diagrams reflect the current fashion
in Timurid art as well as some Chinese-inspired inter-
pretations of the beasts, in keeping with the considerable
interest in Chinese art that characterized the Timurid
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court.!® See figure 2.38 for an illustration from this
manuscript.

A considerable number of illustrated copies of al-Siifi’s
treatise, in both Arabic and Persian, are preserved today,
the earliest being one copied by al-$afi’s son, al-Husayn,
in 400/1009-10. The two diagrams of the constellation
Auriga from this manuscript are illustrated in figures 2.35
and 2.36. This is the oldest illustrated Arabic manuscript
on any topic to be preserved today.!#®

Al-Sufi speaks of having seen a book on constellations
by “‘Utarid ibn Muhammad al-Hasib, a ninth-century
astronomer and mathematician who is said to have also
written on the astrolabe and the armillary sphere.!30 Al-
Safi reports seeing a number of celestial globes made by
instrument makers in Harran as well as a large one made
by ‘Ali ibn “Isa, whose treatise on the astrolabe is the
earliest still preserved.'>! None of these earlier globes or
books on constellations have survived, as far as is known,
so it is impossible to evaluate al-Safi’s work in terms of
the sources he employed for constellation mapping. Cer-
tainly the Ptolemaic star catalog, which he repeated
through its Arabic version, gave explicit verbal directions
for locating each star in terms of the constellation form
(e.g., on the forward hand, in the rail, etc.) in addition

comparison of the two globes, see Savage-Smith, “Classification of
Islamic Celestial Globes,” 26 (note 105), as well as the forthcoming
catalog of the scientific items in the Nasser D. Khalili Collection being
prepared by Maddison and Savage-Smith (note 105).

146. Savage-Smith, Islamicate Celestial Globes, 114-16 (note 5); and
Kunitzsch, “Abu ’I-Husayn al-$afi,” 61-64 (note 135).

147. The Arabic manuscript is in Paris, Bibliothéque Nationale, MS.
Arabe 5036, and the Persian in Istanbul, Ayasofya MS. 2592. The former
was the basis, along with four other manuscripts, for the Arabic printed
text (see note 96). The Persian manuscript was printed in facsimile in
Tehran in 1969 and employed in the printed edition, Tarjamat-i suwar
al-kawakib ‘Abd al-Rabman Safr bih qalam Khawajat Nasir al-Din
Tasi, edited with analysis by Mu‘iz al-Din Muhadawi, Intisharat-i Bun-
yad-i Farhang-i Iran 136, ‘llm dar Iran 16 (Tehran: Intisharat-i Bunyad-
i Farhang-i Iran, 1972). Paul Kunitzsch argues that only the Persian text
was actually used by Ulugh Beg, and that there is some doubt the
Istanbul manuscript is in fact the autograph copy of Nasir al-Din al-
Tasi's translation; Kunitzsch, “Abu ’l-Husayn al-Safi,” 62-64 (note 135).

148. For Timurid art and this manuscript made for Ulugh Beg, see
Thomas W. Lentz and Glenn D. Lowry, Timur and the Princely Vision:
Persian Art and Culture in the Fifteenth Century (Los Angeles: Museum
Associates, Los Angeles County Museum of Art, 1989), 152-53, 168-
69, 177, and 374.

149. Oxford, Bodleian Library, Department of Oriental Books and
Manuscripts, MS. Marsh 144; Wellesz, “Early al-$afi Manuscript” (note
127); Emmy Wellesz, An Islamic Book of Constellations, Bodleian Pic-
ture Book, no. 13 (Oxford: Bodleian Library, 1965). For other manu-
script copies, see Wellesz, “Islamic Astronomical Imagery” (note 127),
and Joseph M. Upton, “A Manuscript of ‘The Book of the Fixed Stars’
by ‘Abd ar-Rahman as-Sifi,” Metropolitan Museum Studies 4 (1932~
33): 179-97.

150. For ‘Urarid, see Ibn al-Nadim, Fibrist; Flugel’s edition, 1:278,
Dodge’s edition, 2:658 (note 28); and Sezgin, Geschichte des arabisches
Schrifttums, 6:161 (note 35).

151. See note 32.
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FIG. 2.39. THE CONSTELLATION HERCULES AS SEEN IN
THE SKY. From a copy of the Suwar al-kawakib by al-Sufi
made in Morocco in 621/1224-25.

Size of the original: 13.6 x 16.3 cm. By permission of the Biblio-
teca Apostolica Vaticana, Rome (Rossiano 1033, fol. 19b).

to the precise coordinates of each star, and al-Safi can
be seen to have followed this catalog description faith-
fully. The clothing and headgear of the constellation fig-
ures and the general artistic style of the earliest copy made
by his son reflect the fashion current at the Buyid court
in Isfahan in the tenth century.

This treatise by al-Safi was no doubt the most impor-
tant source for the design of constellation images in the
Islamic world. Numerous copies exist in which the icono-
graphy has been adapted to local tastes and artistic con-
ventions. Some copies were carefully done for important
patrons or as guidebooks to instrument designers, and
others were more casually executed for an audience less
likely to scrutinize them carefully. See figure 2.39 for the
constellation Hercules as seen in the sky, drawn in the
thirteenth century in Morocco.

The constellation diagrams were also employed in later
astronomical writings. For example, a copy made in 685/
1286-87 of a Persian translation of al-Birani’s treatise on
astrology, written in A.D. 1029, contains twenty-seven
drawings of constellations.’s2 Only one view is pre-
sented—that as seen in the sky—and the stars are casually
placed within the figures. The interpretations of the con-
stellations have many features in common with the al-
Safi diagrams, but there are some differences as well. In
figure 2.40, for example, the constellation of Auriga is
drawn in the al-Biruni manuscript as a standing figure
rather than a kneeling or sitting person as in the al-Safi
iconography illustrated in figures 2.35, 2.36, and 2.37.

It is not known whether al-Biriini intended for this
section of his astrology to be illustrated in this manner.

Islamic Cartography
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FIG. 2.40. THE CONSTELLATIONS PERSEUS (ABOVE)
AND AURIGA (BELOW). From a Persian version of Kitab al-
tafhim li-awd’il sina‘at al-tanjim (Book of instruction on the
principles of the art of astrology) written in A.D. 1029 by al-
Biriini, copied in 685/1286 by Ibn al-Ghulam al-Qunawi.

Size of the original: Perseus, 9.0 x 11.8 cm; Auriga, 8.8 x 11.8
cm. By permission of the British Library, Oriental Collections,
London (MS. Add. 7697, fol. 44a).

There are no specific references to illustrations in the
accompanying text discussing constellations, and this Per-
sian manuscript is the only copy known to have con-
stellation diagrams. Al-Biriini, who was born about fif-
teen years before al-Sifi died, certainly knew of al-Safi’s
writings. In this section of the astrological treatise, in fact,
al-Biraini makes it clear that he was aware of both al-
Safi’s interpretation and that of Aratus, for he says in
regard to the constellation Andromeda: “She . . . is also

152. London, British Library, Oriental Collections, MS. Add. 7697,
copied by Ibn al-Ghulam al-Qunawi. By the early fourteenth century
this manuscript copy was in Turkey, where it was bought in 732/1331-
32 in Sivas, according to a note written in Konya. The text on con-
stellations can be found in al-Birani’s Kitab al-tafhim; see Wright's
edition, 69-73 (secs. 159-61) (note 73).
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FIG. 2.41. THE ZODIACAL CONSTELLATIONS OF SAG-
ITTARIUS AND CAPRICORN. From a late fourteenth-century
Iragi copy of the cosmology (‘Aj@’ib al-makhligat) of al-Qaz-
wini.

Size of the original: 32.7 x 22.4 cm. Courtesy of the Freer
Gallery of Art, Smithsonian Institution, Washington, D.C. (acc.
no. 54.45r).

called the chained woman, and she is represented as a
standing woman; as for Abu al-Husayn al-Safi, he placed
the chains around her feet, while Aratus, in describing
this constellation, placed the chain around her hands, as
if she were suspended by them.”153

If this particular copy of al-Birani’s writing was pro-
duced at Maragheh, as seems likely,'** then the artist
would have had access to Nasir al-Din al-Tusi’s Persian
translation of al-Safi’s treatise. The iconography, how-
ever, suggests that there were other influences at work
in the artist’s rendering of the constellation diagrams.

The iconography of the constellations presented by al-
Safi was also incorporated into constellation diagrams in
treatises that were not primarily astronomical. The most
conspicuous examples are the numerous constellation
diagrams found in manuscript copies of al-Qazwini’s thir-
teenth-century cosmology. In this treatise al-Qazwini
devoted considerable space to celestial phenomena,
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FIG. 2.42. THE ZODIACAL FIGURE OF TAURUS. From
what is probably an eighteenth-century copy of the cosmology
(‘Aj@’ib al-makhligat) of al-Qazwini.

Size of the folio: 30 x 20.5 cm. By permission of the Bayerische
Staatsbibliothek, Munich (Cod. Arab. 463, fol. 27b).

extracting entire sections on constellations from the book
by al-Safi.1ss

This enormously popular encyclopedic cosmology/
cosmography by al-Qazwini was translated into Persian,
Turkish, and even Urdu, and in nearly all the preserved

153. Al-Birini, Kitab al-tafhim; see Wright's edition, 71-72 (sec. 160)
{note 73); the translation is my own. For other references to al-Sifi by
al-Biriini, see Kunitzsch, “Abu ’l-Husayn al-$afi,” 59 (note 135).

154. Norah M. Titley, Persian Miniature Painting and Its Influence
on the Art of Turkey and India: The British Library Collections (Lon-
don: British Library, 1983), 17-18.

155. Kunitzsch, “Abu ’l-Husayn al-Sifi,” 60-61 (note 135). For al-
Qazwini, Kitab ‘aj@’ib al-makblagat wa-ghard’ib al-mawjadat, sce
Wastenfeld's edition, esp. 29-41 (note 135); and see also Ludwig Ideler,
Untersuchungen tber den Ursprung und die Bedeutung der Sternna-
men: Ein Beytrag zur Geschichte des gestirnten Himmels (Berlin: ]. F.
Weiss, 1809).
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copies there are copious illustrations. The constellation
diagrams in the manuscript copies vary widely in style
and sophistication; some are drawn with no attempt at
all to indicate the stars, showing only the animal or
human mythological characters that gave rise to the con-
stellation form (figs. 2.41 and 2.42). No systematic exam-
ination of the numerous illustrated copies of al-Qazwini
has been undertaken.

Al-Qazwini made four editions of this treatise. The one
that was completed in 675 /1276-77 was copied and illus-
trated in 678/1279-80, about three years before the
author’s death. Primarily based on this manuscript, now
in Munich, it has been concluded that al-Qazwini
retained many of the features of al-Safi’s iconography,
though he used only one drawing for each constellation
instead of two.156

Al-Saff’s treatise on constellations is notable not only
for providing the definitive interpretation of constellation
imagery for the Islamic world, but also for discussing the
indigenous Bedouin conceptions of the skies. These were
presented for each constellation, with the Bedouin stars
identified in terms of the Ptolemaic stars. In the star cat-
alog that accompanied the two drawings for each con-
stellation, however, al-Siifi did not include these Bedouin
stars, though in a few cases he or subsequent copyists
showed them in the drawings.

ISLAMIC ASTERISM MAPPING AND ITS
INFLUENCE IN EUROPE

The influence of the Suwar al-kawakib by al-Stfi was
not limited to the Islamic world. The first four treatises
in the Libros del saber de astronomia compiled in Cas-
tilian for Alfonso el Sabio are concerned with the fixed
stars, and about A.D. 1341 an Italian translation was made
in Seville.157 The general description of the constellations
and the tables of coordinates are derived from the treatise
by al-Stfi, who is cited by name at one point. There are
forty-eight constellation drawings included in the Cas-
tilian and Italian versions, though their precise relation
to those of the al-Siifi tradition has not been deter-
mined.158 Furthermore, it is not at present clear whether
these vernacular versions had any subsequent influence
on European constellation mapping.

There was a second point of entry of al-Suff’s ideas
into Europe. Nine Latin manuscripts have been identified
as making up what has been called the “Safi Latinus”
corpus.’® There is considerable variation among them,
and their origin and subsequent course of transmission
and development are unknown. The oldest of the manu-
scripts was copied about A.D. 1270, possibly in
Bologna.1%0 It is not, however, the original Latin version
but rather was copied from some now unknown earlier
Latin manuscript. The manuscript presents a complete
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Ptolemaic star catalog, with augmented longitudes, and
for each constellation it gives one drawing (sixteen as on
a globe and thirty-two as in the sky). Latin versions of
the discussions of Bedouin star names are missing, but
the illustrations retain many distinctive features from al-
Sifi’s treatise as it is known in the illustrated Arabic/
Persian tradition. The other eight manuscripts fall into
three groups that show assimilation of European material,
to varying degrees, but all eight are derivative from the
earliest extant Latin manuscript.16!

The origin of this series of Latin versions remains a
mystery. It represents a mixed tradition whose history is
hard to trace. The Latin version of al-$Sufi’s name
employed in these manuscripts, Ebennesophy, seems
never to have been used later. The twelfth-century Jewish
scholar Abraham ben Meir ibn Ezra of Spain knew some
form of al-Siifi’s treatise and called him in Latin “Azo-
phi.” It was by this name that al-Sifi was subsequently
known to European scholars.

By the early fifteenth century it is evident that elements
of Islamic constellation mapping were available in Central
Europe, although through what routes can only be con-
jectured. Preserved today is a Latin planispheric map
drawn on parchment about 1440, probably made in
Vienna. It has been argued that it is a copy of an Italian
map made about ten years earlier, which in turn was
based on a now lost tradition of Arabic planispheric star
maps.162 In figure 2.43 the northern hemisphere of this
two-part map is illustrated. In it the northern and ecliptic
Ptolemaic constellations are depicted as they would be
seen on a celestial globe, with the constellations in a
counterclockwise sequence. The ecliptic latitude-meas-

156. Kunitzsch, “Abu ’l-Husayn al-$afi,” 60-61 (note 135). The
manuscript copied in 678 /1279-80 is in Munich, Bayerische Staatsbib-
liothek, Cod. Ar. 464; it is defective in that it is missing the sections
containing Gemini to Orion.

157. Libros del saber de astronomia, 1:3-145 (note 46). The ltalian
version is extant in a unique manuscript (Rome, Biblioteca Apostolica
Vaticana, MS. Lat. 8174), of which the section on the fixed stars has
been edited by Pierre Knecht, I libri astronomici di Alfonso X in una
versione florentina del trecento (Zaragoza: Libreria General, 1965).

158. Kunitzsch, “Abu ’I-Husayn al-Safi,” 65-66 and 81 (note 135).

159. The following is based on the study by Paul Kunitzsch, “Sifi
Latinus,” Zeitschrift der Deutschen Morgenlindischen Gesellschaft 115
(1965): 65-74, which he updated and emended in “Abu ’I-Husayn al-
Siif,” 66-77 and 80-81 (note 135).

160. Paris, Arsenal, MS. 1036.

161. The illustrations in one of these “Sufi-Latinus” manuscripts
(Gotha, Forschungsbibliothek, M 11, 141, dated A.D. 1428) are repi»-
duced by Gotthard Strohmaier, Die Sterne des Abd ar-Rabman as-Sufi
(Leipzig: Gustav Kiepenheuer, 1984).

162. Vienna, Osterreichische Nationalbibliothek, MS. 5415, fol. 168r
(Northern Hemisphere) and fol. 168v (Southern Hemisphere}. See Zofia
Ameisenowa, The Globe of Martin Bylica of Olkusz and Celestial Maps
in the East and in the West, trans. Andrzej Potocki (Wroctaw: Zaktad
Narodowy Imienia Ossoliniskich, 1959), 38-41 and figs. 38 and 39.
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FIG. 2.43. THE CONSTELLATIONS OF THE NORTHERN
HEMISPHERE. These are as drawn in a Latin parchment man-
uscript titled De composicione spere solide, probably copied
about A.D. 1440 in Austria.

Size of the original: 29.1 x 21.5 cm. By permission of the Oster-
reichische Nationalbibliothek, Bild-Archiv und Portrit-
Sammlung, Vienna (Cod. 5415, fol. 168r).

uring circles between the zodiacal houses, indicated by
four diameters, and the equatorial polar circle are ele-
ments found on contemporaneous Islamic globes. A
number of star names are Latinized versions of Arabic
ones. Although the constellations reflect fifteenth-century
Western styles of hair and clothes design and the figures
are depicted with their backs to the viewers (apparently
a feature common to Western but not Islamic globes),
the iconography also retains some Islamic features. For
example, the stance of Cepheus and the scimitar of Her-
cules arose within Islamic iconography.

Of particular interest is the rendering of the constel-
lation Lyra as a bird with closed wings (near the head of
the large flying bird Cygnus), which reflects the Bedouin
zoomorphic interpretation of the star Vega rather than
the Ptolemaic constellation Lyra in which it is situated.
It is possible—indeed likely—that this imagery arose from
the astrolabe-making tradition, where zoomorphic ren-
derings of individual star names occurred, rather than
from the treatise by al-Siifi, where (as far as is known)
Lyra is never represented by anything other than a musical
instrument or a decorative device.
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This Viennese manuscript of 1440 has a striking sim-
ilarity to a celestial globe made in 1480, probably by Hans
Dorn, a Dominican monk in Vienna.1$3 The globe was
first owned by Martin Bylica, master of Krakow Univer-
sity and one of the best-known astrologers of the fifteenth
century. The Bedouin and Islamic features found on this
globe and on the manuscript planispheric map are iden-
tical, except that here the polar circle is eliminated, the
equinoctial colure is added, and Hercules has been fur-
ther Westernized by restoring the skin of the Nemean
lion that disappeared in Islamic iconography after its
arrival from the Hellenistic world.

The parchment map of 1440 and the globe of 1480
reflect a prototype that, through a copy now lost, served
as a direct source for Albrecht Direr’s woodcut celestial
maps executed in 1515.164 The Latinized Arabic star
names are omitted, along with the polar circle and colure,
and the star positions are adjusted to correspond to about
1499. In nearly all other respects the dependence on this
prototype is evident, though the iconography has been
even more Westernized by Direr and the constellation
of Lyra further developed. At Darer’s hand Lyra is ren-
dered as a bird with a musical instrument over its body.
The instrument drawn by Direr is a forerunner of the
modern violin, called in his day a lira de braccio. Later
celestial cartographers, such as Johannes Bayer, repre-
sented the image of the bird with an instrument but drew
a real lyre rather than a Renaissance lira.1¢5

Diirer added to the corners of his map portraits of four
authorities on celestial matters, each in the act of using
a celestial globe. One of them is a turbaned figure labeled
Azophi Arabus. By including them he acknowledged the
general indebtedness of all astronomers of his day to the
tradition of constellation iconography that came from
the Islamic world. Yet it is still uncertain to what extent
and in what form European astronomers of the fifteenth
and early sixteenth centuries would have known the trea-
tise on constellations by al-Sifi.

It has been recently demonstrated that a nearly com-
plete Arabic version of al-Sufi’s treatise on the constel-
lations must have reached Germany by the 1530s, for
information in it was employed in a limited way by Peter
Apian, who from 1527 to 1552 was professor of math-
ematics at the University of Ingolstadt. Of interest here
is a star map printed in Ingolstadt in 1533 as part of Peter

163. Ameisenowa, Globe of Martin Bylica (note 162).

164. The woodcut maps of Direr have been frequently reproduced.
See, for example, Deborah ]. Warner, The Sky Explored: Celestial
Cartography 1500-1800 (New York: Alan R. Liss; Amsterdam: Thea-
trum Orbis Terrarum, 1979), 72-73. Compare also the set of maps
drawn in Nuremberg in 1503; Ameisenowa, Globe of Martin Bylica,
47-55 and figs. 40 and 41 (note 162).

165. Paul Kunitzsch, “Peter Apian and ‘Azophi’: Arabic Constella-
tions in Renaissance Astronomy,” Journal for the History of Astronomy
18 (1987): 117-24, esp. 122.
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FIG. 2.44. PLANISPHERIC MAP GIVING A SELECTION OF
NORTHERN AND ZODIACAL CONSTELLATIONS. Used
in identifying sixteen major stars used on instruments. From
Peter Apian, Horoscopion generale (Ingolstadt, 1533).

Size of the original: not known. Courtesy of the Library of
Congress, Washington, D.C. (Rare Book Collection,
QB41.A66).

Apian’s Horoscopion generale (fig. 2.44). Produced by
polar stereographic projection, it presents a selection of
the northern and zodiacal constellations, oriented as seen
in the sky (clockwise in sequence). The map was meant
to aid an astrologer/astronomer in identifying sixteen
prominent stars near the ecliptic that were used on certain
instruments. What is most remarkable is its rendering of
a number of Bedouin asterisms rather than Ptolemaic
constellations. The stars of Cepheus are here represented
as a shepherd with his sheep and dog, and camels with
new foals occupy the space of our Draco. The region of
Ursa Minor is occupied by three women standing in front
of a fourth seated woman, the latter being his misinter-
pretation of the Arabic word na‘sh, usually translated as
bier or corpse-bearing plank. These traditional Arab
asterisms are not known to have been illustrated in any
of the Arabic/Persian copies of al-Sufi’s treatise, but they
are all verbally described in the text written by al-Sifi to
accompany the related Ptolemaic constellations.

Islamic Cartography

It is evident from this star map, as well as from the
star names discussed in his Astronomicum Caesareum of
1540, that Peter Apian knew in some form the text of
al-Siifi’s treatise and not just the illustrations. We even
know that Apian held a printing privilege issued in 1532
from the emperor Charles V to publish, in Latin presum-
ably, “the book of the ancient astronomer Azophi” (liber
Azophi Astrologi vetustissimi).'$6 A recent historian has
argued that for a brief time Apian relied on a translator
to inform him of the content of al-Sifi’s treatise but then
abandoned the project of publishing the treatise after
recognizing the inadequacies of his translator.16”

The drawing of the constellation Lyra in Apian’s map
of 1533, illustrated in figure 2.44, as a large bird with a
violinlike instrument over its body was not Apian’s inven-
tion but was taken over from Durer’s version of the
constellation. It is also worth noting that in his Astro-
nomicum Caesareum of 1540 Apian described the
meteoroscope, a two-dimensional instrument for meas-
uring stellar elevations that employed a form of universal
astrolabe projection also derived from Arabic sources.!6

The graphic representation of the lunar mansions
through a pattern of dots also reached Europe, although
not through the al-Sifi constellation tradition. The term
lunar mansion is not used, but patterns of dots obviously
related to the twenty-eight lunar mansions are found in
the Latin Experimentarius said to have been translated
from Arabic in the twelfth century by Bernard Silvester
of Tours.16

In the middle of the seventeenth century, a renewed
interest in Arabic star names and their use on star maps
is evident in a set of engraved gores for a celestial globe
printed about 1630 by the Dutch mapmaker Jacob Aertsz.
Colom (b. 1599), who worked in Amsterdam. On this
rare set of globe gores, the names of the constellations,
major stars, lunar mansions, and various circles are given
in both Latin and Arabic, along with the Greek names
of the Prolemaic constellations.!’? According to an

166. Kunitzsch, “Peter Apian and ‘Azophi,’ " 123 (note 165).

167. A detailed account of Apian’s maps and his star names, as well
as possible sources, has been given by Paul Kunitzsch, “Peter Apian
und Azophi: Arabische Sternbilder in Ingolstadt im frithen 16. Jahr-
hundert,” Bayerische Akademie der Wissenschaften, Philosophisch-
Historische Klasse, Sitzungsberichte (1986), no. 3; and Kunitzsch,
“Peter Apian and ‘Azophi’ " (note 165).

168. North, “Meteoroscope™ (note 60).

169. Savage-Smith and Smith, Islamic Geomancy, 39 and table 2, pp.
40-41 (note 137).

170. A possibly unique set of gores for this celestial globe (diameter
340 mm) is to be found at the Bodleian Library, Oxford, bound at the
back of a treatise on the Chinese language by Jacob Golius. Regarding
this celestial globe and the globe making of Colom, see Peter van der
Krogt, Globi Neerlandici: De globeproduktie in de Nederlanden
(Utrecht: HES, 1989), 179-83 (an English edition is forthcoming); see
also the “globobibliography” of Peter van der Krogt, which is also
forthcoming. | wish to thank Dr. van der Krogt for supplying infor-
mation before publication.
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inscription on the gores, the Arabic terms, which are
engraved in Arabic script, were the work of one of Col-
om’s compatriots, the Orientalist Jacob Golius (A.D.
1596-1667),17! who made several trips to the Middle East
to collect Arabic manuscripts for the University of Lei-
den. The terrestrial globe Colom intended as a compan-
ion piece to this celestial globe is dedicated to Golius.172

The constellation designs and the star positions on this
set of globe gores by Colom are identical in every respect
to those on the revised edition of 1603 of the earliest
celestial globe designed by the Dutch cartographer Wil-
lem Janszoon Blaeu (A.D. 1571-1638).173 The human fig-
ures are dressed for a northern European winter, with
Bootes, for example, wearing a large fur hat, and in Cyg-
nus there is clearly indicated and labeled the Nova Stella
of 1600, which Blaeu had discovered on 18 August 1600.
The same non-Ptolemaic constellations appear both on
Blaeu’s gores and on those of Colom and Golius. In the
Northern Hemisphere, two constellations introduced by
Mercator but based on Ptolemaic asterisms are depicted:
Coma Berenices and Antinois, the latter being the young
friend of the Roman emperor Hadrian, represented as a
kneeling figure over the head of Capricorn. In the South-
ern Hemisphere, the new constellations of Columba Noé
(Noah’s dove) and El Cruzero Hispanis (the Spanish cross)
are depicted along with the twelve constellations mapped
by the Dutch navigators Pietr Dirksz. Keyser and Fred-
erick de Houtman, which comprised Apous Indica (a bird
of paradise), Chamaeleon (a chameleon), Vliegende Vis
(a flying fish), Dorado (a goldfish), Phoenix, Grus (a crane),
Pica Indica (a toucan), Hydrus (a small serpent), Indus (a
native holding a spear), Pavo (a peacock), Triangulum
Astrinum (the southern triangle), and Musca (a fly).

Of these non-Ptolemaic constellations, all but Coma
Berenices, Antinoiis, and Vliegende Vis were given Arabic
names by Golius. It is not known whether Golius himself
coined the Arabic names for the newly demarcated con-
stellations of the southern skies, but their inclusion on
this set of engraved gores for a celestial globe may be
the earliest recorded effort to give Arabic names to the
newly outlined asterisms. The set of gores also indicates
that Golius was interested in star names even before his
edition and Latin translation of an astronomical com-
pendium by the ninth-century astronomer al-Farghani,
published two years after the death of Golius and more
than thirty years after the publication of the globe
gores.17# In addition, this set of gores made in Amsterdam
by Colom and Golius appears to be the only known
example of printed gores for a celestial globe that have
Arabic star names written in Arabic script.

PERSONIFYING AND ALLEGORICAL
INTERPRETATIONS OF CELESTIAL BODIES

The use of the twelve zodiacal signs as emblematic motifs
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rather than as constellation diagrams occurs frequently
in Islamic art, particularly on metalwork. No attempt is
made to represent stars; rather, each sign is represented
by a commonly accepted convention, such as a bull for
Taurus, frequently with a hump on its back and a bell
round its neck, or a man sitting cross-legged with scales
over his shoulders like a yoke for the sign of Libra. I
noted above that some Persian celestial globes of the
seventeenth century used such designs inside medallions.
The globe made for the Safavid ruler Shah ‘Abbas I is a
notable example. His contemporary, the Mughal ruler
Jahangir, prided himself on designing a series of coins
employing these motifs.175

The seven classical planets (moon, Mercury, Venus,
sun, Mars, Jupiter, and Saturn) were frequently repre-
sented by human personifications in Islamic manuscripts
as well as in metalwork and other media. The form of
these personifications, except those for the sun and
moon, is fairly consistent and may have derived from
early Babylonian conventions.176

A particularly fine display of the artistic interpretation
of zodiacal signs and planets is also one of the outstand-
ing examples of manuscript production to come from
early fifteenth-century Persia.l’” A double-page painting

171. “Plurimarum quoque nomina Arabica opera lacobi Golii partim
emendata, partim nunc primum addira: Inter quae xxviii Mansiones
Lunae notis Arithmet. juxta seriem suam expressae et distinctae sunt”
{“through the efforts of Jacob Golius the Arabic names of most of them
have been emended, with some now added for the first time, among
which are the twenty-eight lunar mansions represented and distin-
guished by numerical notations in accordance with their sequence”). It
is unclear whether Golius is correcting the Arabic terms on an earlier
set of globe gores, now lost, or whether the “emendata’ are corrections
of the Latinized forms of Arabic names used eatlier in Europe. For the
life and writings of Golius, see Johann Fick, Die arabischen Studien
in Europa bis in den Anfang des 20. Jahrbunderts (Leipzig: Otto Har-
rassowitz, 1955), 79-84.

172. Two of the terrestrial globes are preserved at the National Mar-
itime Museum, Greenwich, inv. nos. G. 170 and G. 171.

173. See van der Krogt, Globi Neerlandici, 181-82 (note 170}; for
Blaeu’s globe, see Warner, Sky Explored, 28-31 (note 164).

174. For al-Farghani, see note 70.

175. Savage-Smith, Islamicate Celestial Globes, 47 (note S). For a
color photograph of the coins, see Bamber Gascoigne, The Great
Moghuls (London: Jonathan Cape, 1971), 140.

176. Maurizio Taddei, “Astronomy and Astrology: Islam,” in Ency-
clopedia of World Art, 16 vols., ed. Massimo Pallottino (New York:
McGraw-Hill, 1957-83), vol. 2, cols. 69-73; Fritz Saxl, “Beitrage zu
einer Geschichte der Planetendarstellung im Orient und im Okzident,”
Der Islam 3 (1912): 151-77; Eva Baer, “Representations of ‘Planet-
Children’ in Turkish Manuscripts,” Bulletin of the School of Oriental
and African Studies 31 (1968): 526-33; Ziva Vesel, “Une curiosité de
la littérature médiévale: L’iconographie des planétes chez Fakhr al-Din
Razi,” Studia Iranica 14 (1985): 115-21. The crescent moon had a
slightly separate but vigorous history in Islamic art; Richard Ettinghau-
sen, “Hilal: In Islamic Art,” in Encyclopaedia of Islam, new ed., 3:381-
8s5.

177. London, Wellcome Institute Library, MS. Persian 474. Fateme
Keshavarz, “The Horoscope of Iskandar Sultan,” Journal of the Royal
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(reproduced in plate 1) represents the heavens as they
were on 3 Rabi‘ | 786/25 April 1384, the birthdate of
Iskandar Sultan, grandson of Timir (Tamerlane) and cou-
sin of Ulugh Beg, who undertook important astronomical
observations in 841 /1437-38. The large nativity book of
which this horoscope is a part was prepared in 813 /1410-
11 by Mahmiid ibn Yahya ibn al-Hasan al-Kashi, who
may well have been the grandfather of Ulugh Beg’s famed
astronomer and mathematician Ghiyath al-Din Jamshid
Mas‘id al-Kashi.

The artist who executed the horoscope was probably
not the astrologer/astronomer al-Kashi who compiled it.
In the painting the twelve zodiacal signs are represented
as emblematic motifs in roundels running in counter-
clockwise sequence. At the top is the first house, the
house of the ascendant, occupied by Capricorn. The third
house, moving counterclockwise, is the house of Pisces,
and in it sits the figure of Venus portrayed as a woman
playing a lutelike instrument (see fig. 2.23 for a similar
portrayal of Venus). In the fifth house, that of Taurus,
there squats a figure wearing a gold-speckled red robe
and holding a disk over its face—the personification of
the sun. The adjacent segment, the sixth house occupied
by Gemini, has four planetary figures represented in
human form. The seated turbaned man in a blue robe
reading from a bookstand is Jupiter. The squatting figure
in a dark blue gown with gold dots, holding a disk over
its face, represents the moon. A dark-skinned bearded
man (Saturn) carries two crowns rather than an ax, which
is his usual atcribute. The remaining figure must be Mer-
cury, though drawn here in an unusual manner; as a tur-
baned man using an astrolabe instead of in the act of
writing, as he is usually portrayed. In the eleventh house,
that of Scorpio, the figure of Mars can be seen, with a
sword in one hand and a severed head in the other. Mars
wears a helmet, as befits a warrior, but all the other pla-
netary figures are crowned except Jupiter and Mercury,
to whom Saturn seems to be bringing crowns. In the
corners four angels bearing gifts complete the compo-
sition. As exquisite as this painting is, the artist did make
some mistakes. According to the details of the horoscope
given elsewhere in the manuscript, the sun ought to have
been in the fourth rather than the fifth house, and Mer-
cury and Jupiter should have been in the fifth instead of
the sixth house.178

{n addition to these somewhat straightforward anthro-
pomorphic and zoomorphic representations of zodiacal
signs and planets, there were astrological and allegorical
interpretations of designs that combine zodiacal and pla-
netary symbols. Two basic systems of combining the
zodiacal symbols with planets were used. One system,
the more favored of the two, associated the “domicile”
(Arabic bayt) of each planet with one or more zodiacal
signs. Thus the moon was most frequently associated
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with or domiciled in Cancer and the sun in Leo. The
remaining five planets were each assigned two zodiacal
signs as their domiciles; for example, Venus with Libra
and Taurus, Mercury with Gemini and Virgo, and Mars
with Scorpio and Aries.17? Artisans following this system
would draw Taurus as a bull ridden by a figure playing
the lute (Venus), Cancer with a lunar disk, and Leo sur-
mounted by the radiant disk of the sun. Sometimes only
the sun with Leo and the moon with Cancer were illus-
trated, while the other zodiacal signs would be depicted
without planets.

The second system combined the zodiacal signs with
the “exaltation” or “dejection” of a planet. The “exal-
tation” (Arabic sharaf) was a specific point in the zodiacal
sign at which a planet was at its maximum influence, and
conversely the “dejection” (hubiit) was the point of min-
imum influence. For example, the sun had its exaltation
at 19° Aries and its dejection at 19° Libra; the moon’s
exaltation was at 3° Taurus and its dejection at 3° Scor-
pio, Saturn’s exaltation at 21° Libra and dejection at 21°
Aries, and so forth.

The “pseudoplanet” was also part of this second
scheme. This consisted of the lunar nodes, the northern
and southern intersections of the moon’s orbit with the
ecliptic. These two points were referred to as the head
(ra’s) and tail (dhanab) of the dragon (jawzahr). Every
time a conjunction or opposition of the sun and moon
occurs near these lunar nodes, a solar or lunar eclipse
occurs. The lunar nodes constantly change their position
with respect to the fixed stars. Astrologers came to inter-
pret the “dragon” as another planet, bringing the total
number of planets to eight. The pseudoplanet was asso-
ciated particularly with Sagittarius and Gemini, and this
association is reflected in its artistic interpretation.'® Two
illustrations from a Turkish manuscript copied in 990/

Asiatic Society of Great Britain and Ireland, 1984, 197-208; Laurence
P. Elwell-Sutton, “A Royal Timirid Nativity Book,” in Logos
Islamikos: Studia Islamica in Honorem Georgii Michaelis Wickens,
ed. Roger M. Savory and Dionisius A. Agius (Toronto: Pontifical Insti-
tute of Mediaeval Studies, 1984), 119-36.

178. See Elwell-Sutton, “Nativity Book,” 129 and 135 n. 13 (note
177); 1 do not agree that the figure in the fifth house must be Jupiter.

179. For an example of a thirteenth-century mirror with zodiacal
signs shown with the planets domiciled in each, see Ettinghausen and
Grabar, Art and Architecture, 364 {note 1). See also Willy Hartner,
“The Pseudoplanetary Nodes of the Moon’s Orbit in Hindu and Islamic
Iconographies,” Ars Islamica § (1938): 112-54, esp. 115-17; reprinted
in Willy Hartner, Oriens-Occidens: Ausgewdabhlte Schriften zur Wissen-
schafts- und Kulturgeschichte, 2 vols. (Hildesheim: Georg Olms, 1968
and 1984), 1:349-404.

180. Hartner, “Pseudoplanetary Nodes” (note 179); Willy Hartner,
“Djawzahar,” in Encyclopaedia of Islam, new ed., 2:501-2; and idem,
“The Vaso Vescovali in the British Museum: A Study on Islamic Astro-
logical Iconography,” Kunst des Orients 9 (1973-74): 99-130; reprinted
in Willy Hartner, Oriens-Occidens: Ausgewdbhlte Schriften zur Wissen-
schafts- und Kulturgeschichte, 2 vols. (Hildesheim: Georg Olms, 1968
and 1984), 2:214-45.
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1582-83 show very graphically the exaltation and dejec-
tion of Mars, the sun, the moon, and the “dragon.”18!

Some have maintained that whenever the tail of the
centaur in the constellation Sagittarius is drawn with a
knot and a dragon’s head at the tip of the tail, the ref-
erence is to the lunar node called the tail of the dragon,
whose exaltation was thought to be in Sagittarius.!82 Such
a rendering of Sagittarius can be seen in the horoscope
prepared for Iskandar Sultan illustrated in plate 1, the
drawing of Sagittarius in the al-Qazwini manuscript illus-
trated in figure 2.41, and the constellation as shown on
the clockface design for al-Jazari’s water clock shown in
figure 2.24.

Anthropomorphic and zoomorphic figures were also
associated with the twenty-eight lunar mansions. These
can be seen on the astrolabe made by ‘Abd al-Karim al-
Misti in 633/1235-36 as well as in a number of manu-
scripts.!8 The history of these curious figures has not
been traced.184

Occasionally on Mesopotamian and Syrian metalwork
of the twelfth and thirteenth centuries a ruler assumes
the mantle of the sun and in this cosmic setting is sur-
rounded by the other six planets and the zodiacal signs.185
Celestial symbolism was an obsession of the early Mughal
rulers of northwestern India. Humayiin (d. 963/1556),
well known for his interest in astrology, had a tent
designed to resemble the twelve zodiacal houses and
dressed his attendants in uniforms with symbols of the
planets.'86 His son and successor Akbar I took solar sym-
bolism even more seriously and claimed descent from the
sun. Consequently it is not surprising to find a number
of allegorical paintings of the grandson Jahangir assuming
the mantle of the sun.

In a painting made about A.D. 1618-22, the Mughal
emperor Jahangir embraces the Persian emperor Shah
‘Abbas I, while behind Jahangir there is a large and bril-
liant disk of the sun, with a lunar crescent beneath sup-
ported by two putti (see fig. 17.12, below). The illustra-
tion portrays a dream of Jahangir’s, probably reflecting
anxieties over tensions between the two great empires of
India and Persia.!8” The two rulers stand on two animals
of the Golden Age that rest on the globe of the earth.
The lion Jahangir stands on extends over a considerable
part of Persia, which is labeled beneath the lion’s paws.
The city of Tabriz, the former capital of the Safavid
Empire, is labeled just beneath the head of the lamb
under the feet of Shah ‘Abbas 1. The encroaching of the
lion into the territory of the lamb suggests that the artist
was trying to reflect an expansionist dream of Jahangir,
who as a ruler cloaked by the heavens would dominate
the earth beneath.
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THE INTRODUCTION OF EARLY MODERN
EUROPEAN CELESTIAL MAPPING

It is in the workshop of an instrument maker in seven-
teenth-century Persia that the earliest interest in early
modern European celestial mapping is displayed.
Muhammad Mahdi al-Khadim ibn Muhammad Amin al-
Yazdi, a well-known astrolabe maker of Yazd, southeast
of Isfahan, is known to have produced over twenty astro-
labes between A.D. 1640 and 1670.188 An astrolabe made
by Muhammad Mahdi in 1065/1654-55 has two plates
with engraved star maps of the Northern and Southern
Hemispheres (figs. 2.45 and 2.46). The maps are polar
stereographic projections with the ecliptic pole at the
center and the periphery formed by the ecliptic. Each
plate has the ecliptic latitude-measuring circles shown
every thirty degrees as well as the equatorial polar circle,
the tropic circle, and the appropriate part of the equator.
In addition, the astrolabe’s northern hemisphere has the
equinoctial colure and is graduated by single degrees

181. New York, Pierpont Morgan Library, MS. 788, a Turkish astro-
logy titled Kitab matali® al-sa‘adah wa-manafi® al-siyadah; this manu-
script is closely related to one copied in the same year, now at Paris,
Bibliothéque Nationale, MS. Suppl. Turc 242, and also to one at
Oxford, Bodleian Library, Department of Oriental Books and Manu-
scripts, MS. Bodl. Or. 133, item 1.

182. Hartner, “Pseudoplanetary Nodes,” 135-38 and corresponding
figs., reprint 381-84 {note 179).

183. For the astrolabe, see note 139. For some manuscripts, see New
York, Pierpont Morgan Library, MS. 788, fols. 33b-34a, and Paris,
Bibliothéque Nationale, MS. Suppl. Turc 242, fols. 34b-35a; Hartner,
“Vaso Vescovali,” 124-28, reprint 240-43 {note 180).

184. For talismanic use of lunar mansions in both Arabic and Latin
traditions, see Kristen Lippincott and David Pingree, “Ibn al-Hatim on
the Talismans of the Lunar Mansions,” Journal of the Warburg and
Courtauld Institutes 50 (1987): 57-81, and Kristen Lippincott, “More
on Ibn al-Hatim,” Journal of the Warburg and Courtauld Institutes
51 (1988): 188-90.

185. Eva Baer, “The Ruler in Cosmic Setting: A Note on Medieval
Islamic Iconography,” in Essays in Islamic Art and Architecture: In
Honor of Katherina Otto-Dorn, Islamic Art and Architecture, vol. 1,
ed. Abbas Daneshvari (Malibu, Calif.: Undena, 1981), 13-19 and pls.
1-14; James W. Allan, Islamic Metalwork: The Nuhad es-Said Col-
lection (London: Sotheby, 1982), esp. 23-25; Ettinghausen and Grabar,
Art and Architecture, 362-64 (note 1).

186. William A. Blanpied, “The Astronomical Program of Raja Sawai
Jai Singh 11 and Its Historical Context,” Japanese Studies in the History
of Science, no. 13 (1974): 87-126, esp. 112.

187. Washington, D.C., Freer Gallery of Art, Smithsonian Institution,
acc. no. 45.9. For a discussion of this and similar paintings, see Robert
Skelton, “Imperial Symbolism in Mughal Painting,” in Content and
Context of Visual Arts in the Islamic World: Papers from a Colloguium
in Memory of Richard Ettinghausen, Institute of Fine Arts, New York
University, 2-4 April 1980, ed. Priscilla P. Soucek (University Park:
Published for College Art Association of America by Pennsylvania State
University Press, 1988), 177-91 (figs. 1-5).

188. See Gibbs with Saliba, Planispheric Astrolabes, 17, 65-68, 79-
82, 224 n. 44, and 225 n. 54 (note 15); Mayer, Islamic Astrolabists,
70-71 {note 139); Turner, Astrolabes, 86-91 (note 19); and Brieux and
Maddison, Répertoire (note 36).
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FIG. 2.45. CONSTELLATIONS OF THE NORTHERN
HEMISPHERE ON AN ASTROLABE PLATE MADE IN
1065/1654-55 BY MUHAMMAD MAHDI OF YAZD.

Diameter of the original: 16.2 cm. Present owner unknown.
Photograph courtesy of the Ahuan Islamic Art Gallery, London.

along half of the solstitial colure. The sequence of con-
stellations is counterclockwise, representing the projec-
tion of a globe. The iconography is completely Euro-
pean—human figures either nude or wearing European
clothing and drawn with their backs to the user. A leaf-
shaped cartouche in the northern hemisphere has the
following statement in Persian: “Since there are contra-
dictions in the locations of the fixed stars among previous
scholars, and because the most accurate [star maps] are
in the observatories of the Franks [western Europe], the
locations of the fixed stars are shown here according to
authoritative observations made within the past ten
years,”182

The plates of this astrolabe are remarkable within the
Islamic world in showing for the first time the new map-
pings of the southern constellations after the European
explorations of the sixteenth century. The non-Ptolemaic
constellations of Columba Noé and those mapped by the
Dutch navigators Keyser and Houtman can be seen in
the southern hemispheric map engraved by Muhammad
Mahdi. Notable as well is the depiction in the Northern
Hemisphere of the non-Ptolemaic forms of Coma Ber-
enices and Antinoiis and the rendering of Lyra, which
here is a bird combined with a lyrelike instrument. With
this astrolabe by Muhammad Mahdi we have the intro-
duction into the Islamic world of a European rendering
of a Bedouin asterism, or more precisely a Bedouin star

FIG. 2.46. CONSTELLATIONS OF THE SOUTHERN
HEMISPHERE ON AN ASTROLABE PLATE MADE IN
1065/1654-55 BY MUHAMMAD MAHDI OF YAZD.

Diameter of the original: 16.2 cm. Present owner unknown.
Photograph courtesy of the Ahuan Islamic Art Gallery, London.

name, that was not previously illustrated in Islamic con-
stellation drawings.

These planispheric star maps engraved by Muhammad
Mahdi in 1654 are virtually identical to the map printed
about 1650 by the Parisian mapmaker Melchior Taver-
nier,!%0 illustrated in figures 2.47 and 2.48. The similarity
between Tavernier’s map and Muhammad Mahdi’s plates
extends even to the unexplained omission of one of Key-
ser and Houtman’s constellations (Musca, the fly). Fur-
thermore, Columba Noé, which was to represent Noah’s
dove in front of the ship, is drawn on both as an unnamed
triangular device. Muhammad Mahdi has, of course, ren-
dered the Ptolemaic constellation names into Arabic and
placed his leaf-shaped cartouche exactly where Tavernier

189. Islamic Science and Learning, Washington, D.C., July 1989,
exhibition catalog (Saudi Arabia: High Commission for the Develop-
ment of Arriyadh, 1989), 14. The translation is taken from that given
in the exhibition catalog. The present location of this astrolabe is
unknown.

190. Warner, Sky Explored, 248-49 (note 164). The map by Tavernier
is undated. This Melchior Tavernier (the Younger) was born in Paris
in 1594 and died there in 1665. He was the son of Gabriel Tavernier,
also an engraver and a seller of maps, and is often confused with his
uncle Melchior Tavernier, who was born in 1564, the second son of
a Huguenot artist who emigrared to France. Both Melchiors were map-
makers, and both were engravers for the king. See Nouvelle biographie
générale depuis les temps les plus reculés jusqu’a nos jours, 46 vols.
(Paris: Firmin Didot Freres, 1852-66), 44:934-35.
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FIG. 2.47. CONSTELLATIONS OF THE NORTHERN
HEMISPHERE ON A PLANISPHERIC STAR MAP
PRINTED IN PARIS ABOUT 1650 BY MELCHIOR TAV-
ERNIER. This star map was probably transported to Persia in
1651 by the traveler Jean-Baptiste Tavernier, brother of the
mapmaker Melchior Tavernier, and was clearly the design
model employed by Muhammad Mahdi for his astrolabe plate
made in 1654 and illustrated in figure 2.45,

Diameter of the original: 26.5 cm. By permission of the Bib-
liothéque Nationale, Paris.

earlier gave his name as mapmaker. In contrast with Gol-
ius’s collaborative effort with the Dutch mapmaker
Colom, printed in Holland some years earlier, Muham-
mad Mahdi did not attempt to give Arabic names to the
non-Prolemaic constellations, except for the southern tri-
angle and Pavo, the peacock, whose Arabic name, tawiis,
was a common word for an easily recognized bird.!!

Another Parisian mapmaker, Antoine de Fer (d. 1673),
worked just across the Seine from Melchior Tavernier,
and his map, printed in 1650, is remarkably similar to
that of Tavernier, but with the names in French instead
of Latin. So great is the similarity between these French
celestial maps and the astrolabe plates made in Yazd that
it seems certain either Tavernier’s or de Fer’'s map was
carried to Persia shortly after it was printed and was
virtually copied in Yazd by the astrolabe maker Muham-
mad Mahdi.

It is likely that the means by which the European map—
most likely that engraved by Melchior Tavernier—was
transmitted to Persia so soon after its publication was
the traveler Jean-Baptiste Tavernier, brother of Melchior.
Jean-Baptiste, who was born in Paris in 1605, made six
trips to the Near East before his death in 1689.1%2 His
fourth trip extended from 1651 to 1655, at precisely the
appropriate time for him to transport the map of his

FIG. 2.48. CONSTELLATIONS OF THE SOUTHERN
HEMISPHERE ON A PLANISPHERIC STAR MAP
PRINTED IN PARIS ABOUT 1650 BY MELCHIOR TAV-
ERNIER. See also figure 2.47.

Diameter of the original: 26.5 cm. By permission of the Bib-
liothéque Nationale, Paris.

brother, printed about 1650, to Persia, where it attracted
the attention of one of the most proficient Safavid astro-
labe makers.

During the seventeenth century, contacts with Europe
were numerous and at many different levels. Shah ‘Abbas
I, who ruled from 996,/1588 to 1038/1629, established
diplomatic relations with Europe, and there was consid-
erable interchange between the Safavid court and the
courts of Elizabeth I and James 1 of England, Philip II
of Spain, Ivan the Terrible of Russia, and the Mughal
emperors of India. Travelers and merchants frequented
the area, although France had little contact with Persia
until the end of the 1620s. With such an exchange of

191. There are other differences as well between the Arabic labels
on Muhammad Mahdi’s plate and those prepared by Golius for the
European gores. In addition to some differences in spelling, Muhammad
Mahdi included considerably more star names than Golius did but
omitted the lunar mansions. Muhammad Mahdi, following Tavernier,
also omitted the depiction of the constellation El Cruzero Hispanis.

192. Encyclopaedia Britannica, 11th ed., s.v. “Tavernier, Jean Bap-
tiste.” The accounts of his travels were published in 1676, with an
English version in 1678, though no mention is made in them of astro-
labes or star maps; The Six Voyages of John Baptista Tavernier, a
Noble Man of France Now Living, through Turkey into Persia, and
the East-Indies, Finished in the Year 1670, trans. John Phillips (London:
Printed for R. L. and M. P., 1678).
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peoples, it is not surprising that an early modern Euro-
pean celestial map would be transported to Persia by a
traveler from a family of mapmakers and that it would
attract the attention of an instrument maker from Yazd
who made products for the court.’

What is perhaps unexpected is that these astrolabe
plates by Muhammad Mahdi appear to be the whole
extent of the interest in the matter. Muhammad Mahdi
is known to have made two other astrolabes with similar
plates having planispheric star maps, both produced in
1070/1659-60 and clearly copies of the earlier plate,
though not quite as carefully engraved.’®* His plates
appear to have had no subsequent influence in instrument
design, either in celestial globes or in astrolabes, and as
far as is known no other planispheric maps were drawn
that represent these newly outlined constellations and
stars until the nineteenth century.

In the seventeenth and eighteenth centuries the tastes
and fashion at the Ottoman court were also affectéd by
exchanges with western European courts. European influ-
ence is evident in the iconography of individual constel-
lations that were painted in 1104/1692-93 to illustrate
a Turkish translation of an Arabic encyclopedia written
originally in the fifteenth century by Aba Muhammad
Mahmid ibn Ahmad al-‘Ayni (d. 855/1451-52). The first
part of this three-volume manuscript has individual con-
stellation figures depicted with a definite European style
of hair, dress, and figural delineation, but it appears that
only Ptolemaic constellations were included.1%%

These seventeenth-century introductions of early mod-
ern celestial mapping were apparently premature. It is not
until the nineteenth century that any further interest in
the new stars and constellations can be discerned. In
1218,/1802-3 Arabic versions of the planispheric celestial
maps printed in 1660 by the Dutch cartographer Andreas
Cellarius (b. ca. 1630) were published. The two maps—
which, like the original Dutch maps, employed polar ster-
eographic projections—were part of a Turkish atlas of
the world published in the Uskiidar district of Istanbul
by ‘Abd al-Rahman Efendi.’% Yet even with these new
maps made available in the Near East, celestial mapping
remained through most of the nineteenth century stead-
fastly Ptolemaic and medieval in concept.

It is fitting to end this survey of Islamic celestial map-
ping with a magnificent manuscript produced in India in
the first half of the nineteenth century.’” It represents
well the ambivalence of Islamic astronomers/astrologers
schooled in a tradition with roots that extend to antiquity
and yet faced with modern European concepts. The term
Islamic, of course, is here used in the general cultural
rather than religious sense, for the volume presents a
horoscope of the prince Nau Nihal Singh of Lahore
(1821-40), grandson of Ranjit Singh, the important leader
who united the Sikhs in their bid for power. It also con-
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tains in its 293 folios a great deal of general information
on astrology and astronomy and a large number of illus-
trations and miniatures. The name of the artist is unfor-
tunately not known. The author of the volume was Dur-
gashankara Pathaka, a famous astronomer of Benares,
who wrote the treatise in Sanskrit sometime before 1839.

In this manuscript there are two different sets of plani-
spheric star maps. One set (figs. 2.49 and 2.50) shows the
Ptolemaic constellations. Most of the iconography
retains elements of Mughal renderings of constellations
that can be seen on celestial globes from northwestern
India. A few of the constellations, however, have been
given more identifiably Indian interpretations. The style
of painting is in general consistent with that of a late
Mughal provincial workshop.1%®

The projections employed in these Ptolemaic plani-
spheric maps are unusual. They represent a view of a
celestial globe with one of the equinoxes at the center
of each hemisphere. The southern polar circle is lightly
indicated on each, as are the equator and the equinoctial
colures formed by two diameters intersecting at right
angles. From the south pole there can be seen lightly
inscribed arcs and one straight line, which represent the
ecliptic latitude-measuring circles at every thirty degrees.

193. Other European influences on instrument design can be observed
at this time as well, such as a Rojas universal astrolabe projection
engraved on an instrument made for the Safavid ruler Shah Husayn,
who ruled from 1105/1694 to 1135/1722 (see note 79). On European
contacts with Persia, see Laurence Lockhart, “European Contacts with
Persia, 1350~1736,” in The Cambridge History of Iran, vol. 6, The
Timurid and Safavid Periods, ed. Peter Jackson and Laurence Lockhart
(Cambridge: Cambridge University Press, 1986), 373-411, though it
should be noted that Lockhart incorrectly refers to Tavernier as a jew-
eler and the son of a jeweler when in fact he was a mapmaker who
married the daughter of a jeweler.

194. Greenwich, National Maritime Museum, inv. no. A64/69-6, and
the University of Cambridge, Whipple Museum of the History of Sci-
ence, inv. no. 1001. Both of these astrolabes were made in the same
year, 1070/1659-60, for on the rete of both instruments there is the
statement in Persian, “It is the mirror of Alexander and the mirror
representing the entire universe,” forming a chronogram that yields the
date 1070 by adding the numerical values of the letters forming the
statement. Not very good tracings of the plates now at the Whipple
Museum are given in Gunther, Astrolabes of the World, 1:49 (note 2).

195. Istanbul Universitesi Kitiphanesi, MS. TY. §953; see Nasr,
Islamic Science, 101 (pl. 47) (note 123) for an illustration. A number
of illustrations from a later copy of this manuscript made in 1160/1747
(Istanbul, Topkap: Sarayt Miizesi Kuatiiphanesi, MS. B. 274) are repro-
duced in The Topkapi Saray Museum: The Albums and Illustrated
Manuscripts, translated, expanded, and edited by ]J. M. Rogers from
the original Turkish by Filiz Cagman and Zeren Tanind: (Boston: Little,
Brown, 1986), pls. 177-81.

196. See Warner, Sky Explored, 280-81 (note 164). There is a copy
at the Royal Geographical Society in London that contains these celes-
tial maps. They are, however, frequently missing from copies of this
Ottoman atlas.

197. London, British Library, MS. Or. 5259.

198. J. P. Losty, Indian Book Painting (London: British Library,
1986), 78-79.



Celestial Mapping

FIG. 2.49. HEMISPHERIC MAP OF PTOLEMAIC CON-
STELLATIONS WITH THE AUTUMNAL EQUINOX AT
THE CENTER. From the Sanskrit manuscript Sarvasiddhanta-
tattvacudamani (Jewel of the essence of all sciences), written
before 1839 by Durgashankara Pathaka, an astronomer of Ben-
ares.

Size of the original: 21.5 x 17.5 cm. By permission of the British
Library, London (MS. Or. 5259, fol. 56v).

The Milky Way is also shown on the map, a very unusual
feature in Islamic cartography.

Near these two medieval Islamic star maps, the author
has placed two early modern European planispheric star
maps, illustrated in plate 2 and figure 2.51. The maps are
polar stereographic projections with the equatorial pole
at the center and the equator at the periphery. The
sequence of constellations on the northern map is as seen
on a globe, that is, counterclockwise, but on the southern
map the maker has also drawn the constellations in a
counterclockwise sequence, which for the southern
hemisphere produces a map of stars as seen in the sky.
The polar and tropic circles are indicated concentric to
the center of projection. In the northern hemisphere the
equinoctial colure is drawn through the equatorial pole;
this is omitted in the southern hemisphere. Ecliptic lat-
itude-measuring circles at ten-degree intervals are shown
radiating from the ecliptic pole.

Though the faces of some of the human figures, par-
ticularly the women, have been painted in the style of
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FIG. 2.50. HEMISPHERIC MAP OF PTOLEMAIC CON-
STELLATIONS WITH THE VERNAL EQUINOX AT THE
CENTER. From the same Sanskrit manuscript as fig. 2.49.
Size of the original: 21.5 x 17.5 cm. By permission of the British
Library, London (MS. Or. 5259, fol. 57r).

late provincial Mughal artists, the maps are clearly close
renderings of a European model. The maps of Johannes
Hevelius (1611-87), a Danish astronomer, most closely
resemble these maps in the selection and iconography of
the constellations. The style of projection is similar to
that used by the Parisian astronomer Noel André (d.
1808), also known as Father Chrysologue de Gy.'*?
Numerous non-Ptolemaic constellations are depicted in
this set of maps, including Antinoiis, Coma Berenices,
Columba Nog, the twelve of Keyser and Houtman, and
the nine devised by Hevelius. These latter include two
dogs on a leash held by Bootes (Canes Venatici), the small
lion over Leo (Leo Minor), and the lynx in front of Ursa

199. For Johannes Hevelius, see Warner, Sky Explored, 112-16 (note
164). The maps of Georg Christoph Eimmart (1638-1705) of Nurem-
berg, Pieter Schenck (1660-1718/19) of Amsterdam, and Tobias Con-
rad Lotter (1717-77) of Augsburg are also similar; Warner, Sky
Explored, 76-77, 222-23, and 164. For Noel André, see Warner, Sky
Explored, 4-6 (note 164).
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rd

FIG. 2.51. PLANISPHERIC MAP SHOWING SOUTHERN
CONSTELLATIONS. As in plate 2, this planispheric map is
from the Sarvasiddhantatattvaciadamni.

Size of the original: ca. 21 x 17.5 c¢m. By permission of the
British Library, London (MS. Or. 5259, fol. 60r).

Major. The form of Cameleopardus can be seen over the
head of Ursa Major.

The four hemispheric star maps that this nineteenth-
century artist working in Benares produced to accompany
a horoscope and general astronomical compendium show
the later phase of medieval Islamic astronomy giving way,
reluctantly and uneasily, to the European approach to
celestial mapping. The workshop of Balhimal, operating
in Lahore at the same time, displayed even greater con-

Islamic Cartography

servatism, for on none of its celestial globes are there
any but the Ptolemaic constellations and stars (filtered
through Arabic/Persian versions). One of the products
of the Balhiimal workshop, a globe engraved in Sanskrit,
is illustrated in figure 2.31. The addition of a set of merid-
ian circles at right angles to the equator indicates some
exposure to a possibly European model, and certainly the
workshop excelled in producing technically precise
instruments. By the last quarter of the nineteenth century,
however, the Balhiimal workshop had stopped function-
ing, and the last traces of medieval Islamic celestial map-
ping disappeared.

It was not until the nineteenth century that early mod-
ern European ideas on celestial mapping made a profound
impact upon the practices in Islamic lands. At first such
approaches were mixed with the older medieval tradi-
tions, but by the end of the nineteenth century little trace
of medieval Islamic celestial mapping could be detected.
The older tradition represented primarily the Prolemaic
conceptualization of the skies, with some elements intro-
duced from pre-Islamic Bedouin customs. Although
celestial iconography formed an important part of the
corpus of medieval miniatures, the interest in celestial
mapping in medieval Islam was expressed primarily
through instrument design. Though a substantial number
of treatises dealt with the principles of planispheric pro-
jection, particularly that of stereographic projection,
there are not known to be extant today any medieval
Islamic celestial maps other than those in architectural
remains or on scientific instruments. Yet from these
remaining artifacts it is possible to detect a vigorous inter-
est in the subject from the earliest days of Islam during
the Umayyad caliphate in Syria, to the Muslim scientific
communities of southern Spain in the eleventh and
twelfth centuries, to the Safavid Persian empire with its
interest in European ideas, and finally in the ornate pro-
ducts of western India, where the last vestiges of medieval
celestial mapping gave way to non-Ptolemaic modern
European techniques.



3 - Cosmographical Diagrams

AHMET T. KARAMUSTAFA

SCOPE

Many Islamic texts in Arabic, Persian, and Turkish con-
tain illustrative diagrams. Although almost all such dia-
grams either are intended as graphic aids to the texts they
accompany or are employed as clear and efficient meth-
ods of presentation, some simultaneously serve as graphic
representations of cosmological ideas or, in a few cases,
as complete cosmographies. The identification of a given
diagram as cosmologically significant is admittedly not
always a matter of certainty. For the purposes of a general
survey, it will be sufficient to include those specimens
that exhibit a certain measure of correlative thought—
that is, diagrams where two or more different orders of
existence or component parts of the universe are cor-
related with each other, as well as those that are presented
as partial or total representations of the structure of “per-
ceived” reality (whether material or spiritual).

[t needs to be emphasized that the diagrams thus
brought together are fairly broad in range, encompassing
material that falls into many specialized areas such as
astronomy, astrology, alchemy, geomancy, geography,
philosophy, theology, and mysticism. There was in Islam
no single, continuous tradition of cosmological specu-
lation that produced a more or less homogeneous set of
diagrams to illustrate the major features of a universally
accepted Islamic cosmology. Instead, there existed sev-
eral distinct schools of thought that rested on different,
if interrelated, cosmological doctrines, and the frequency
with which graphic representation was used for better
presentation varied considerably from one school to
another. Although this chapter focuses on the cosmo-
graphical diagrams themselves and not on the cosmo-
logies behind them, it is necessary at this point to give a
brief account of the historical development of cosmo-
logical speculation in Islam in order to place the later
discussion of the diagrams themselves into its proper
intellectual and cultural context.!

COSMOLOGY IN ISLAM

In premodern Islamic high culture, cosmological thought
was cultivated primarily within three major intellectual
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traditions: the philosophical/scientific, the gnostic, and
the mystic. Significantly, mainstream religious scholarship
itself stayed for the most part clear of concentrated reflec-
tion on the structure and nature of the universe. Devotees
of the religious sciences, most prominently scholars and
lawyers of the Qur'an and hadith (reports on the sayings
and doings of the Prophet Muhammed), even looked
askance at attempts to construct comprehensive cos-
mologies. The distanced attitude of the religious scholars
toward cosmological speculation was dictated in large
part by the rather meager cosmological content of the
two major sources of Islamic religious scholarship—the
Qur’an and the hadith.

The Qur'an, the single most important source of
Islamic culture, does not contain a systematic cosmology.
No single Quranic verse addresses the structure of the
universe directly, and materials of cosmological import
that appear in the Qur’an are as a rule devoid of descrip-
tive detail and do not lend themselves to comparative
analysis. Thus God is said to be established on a throne
(Quran 7:54, 10:3, 13:2, 20:5, 25:59, 32:4, 57:4), yet the
Qur’an records only that this throne either rests on water
(11:7) or is borne by angels (69:17) and that it encom-
passes the heavens and the earth (2:255). The sky, fre-
quently described as a canopy spread over the earth (2:22,
20:53,21:32, 40:64, 43:10, 50:6, 78:6), was raised without
any supports that humans could see (13:2) and is illu-
minated by the sun and the moon (25:61, 71:16, 78:12),
but the seven heavens it is said to comprise (2:29, 17:44,
41:12, 65:12, 67:3, 71:15, 78:12) exist but in name—only

1. Some earlier general discussions of Islamic cosmology, of unequal
quality, are Carlo Alfonso Nallino, “Sun, Moon, and Stars (Muham-
madan),” in Encyclopaedia of Religion and Ethics, 13 vols., ed. James
Hastings (Edinburgh: T. and T. Clark, 1908-26), 12:88-101; Reuben
Levy, The Social Structure of Islam (Cambridge: Cambridge University
Press, 1957; reprinted, 1965), 458-505 (chap. 10, “Islamic Cosmology
and Other Sciences™); Seyyed Hossein Nasr, An Introduction to Islamic
Cosmological Doctrines: Conceptions of Nature and Methods Used
for Its Study by the Ikhwan al-Safa@, al-Birini, and [bn Sina, rev. ed.
(London: Thames and Hudson, 1978); Edith Jachimowicz, “Islamic
Cosmology,” in Ancient Cosmologies, ed. Carmen Blacker and Michael
Loewe (London: George Allen and Unwin, 1975), 143-71; and Anton
M. Heinen, Islamic Cosmology: A Study of as-Suyati’s “al-Hay'a as-
saniya fi I-bay’a as-sunniya,” with critical edition, translation, and
commentary (Beirut: Franz Steiner, 1982).
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the lowest heaven is described as adorned with the beauty
of the stars (37:6, 41:12, 67:5). Similarly, the earth, spread
wide and held firmly in place by mountains (13:3, 15:19,
16:15, 21:31, 31:10, 50:7, 51:48, 55:10, 78:7, 79:32),
proves to be only one of seven earths that match the
seven heavens (65:12); the other six earths, however,
remain totally obscure. Consequently, though it would
not be wrong to state that in broad outline the Qur’anic
universe is a hierarchical, multilayered complex that
stretches from the throne of God on top through the
seven heavens in between down to the seven earths at
bottom, it is not possible to answer crucial questions
concerning the size, shape, nature, and location of the
entities that make up this universe.

The hadith corpus, the second major source of the
Islamic religion after the Qur’an, is richer in cosmological
content. It not only provides many details that comple-
ment the Qur'anic material but also attributes cosmo-
logical status to certain entities that are only nominally
mentioned in the Quran, such as the Tablet, the Pen,
and the Balance.? In spite of the relative wealth of mate-
rial available, however, it is hardly possible to build a
homogeneous cosmology on reports transmitted by the
hadith any more than on the Qur'an because of the dis-
connected, inconclusive, and frequently irreconcilable
nature of the reports in question.3

The development of a separate tradition of religious,
as opposed to philosophical and scientific, cosmological
speculation was also hindered by the early crystallization
of theological trends that dissuaded believers from lit-
eralist interpretations of transmitted knowledge, includ-
ing the Revelation. They were clearly discouraged from
adopting an inquisitive attitude toward ambiguous or
enigmatic sections of the Qur’an and the hadith. In the
interpretation of the Qur'an, for instance, the “throne”
was either explained away as a metaphorical expression
for God’s knowledge and power or simply accepted as
a real entity. No attempt was made to render it more
intelligible to the human mind, since the real meaning of
the Qur'anic word “throne” was thought to be beyond
human comprehension.*

[t is no doubt partially due to the entrenchment of
such theological approaches that a separate tradition of
religious cosmological speculation did not develop in
Islam. What exists, instead, are either relatively short
accounts of Creation, and thus of the universe, that are
incorporated into larger historical, religious-literary, and
encyclopedic works, or independent and brief collections
of hadith on cosmological topics.

Not all channels of inquiry relied so heavily on the
Qur’an and the hadith as did religious scholarship. Early
in Islamic history several other intellectual traditions
came into being that were more favorably disposed to
cosmological thought. The earliest of such traditions was

Islamic Cartography

the philosophical /scientific, which came into its own dur-
ing the third and fourth centuries of Islam (ninth and
tenth centuries A.D.) under the direct influence of pre-
Islamic, especially Greek, schools of learning. Already in
the second Islamic century, the Muslims had begun to
grow familiar with the pre-Islamic scholarly traditions of
the Near East and India, and there had been considerable
infusion of Indian and Iranian learning into the nascent

2. For the cosmological significance of these entities, see the following
articles in The Encyclopaedia of Islam, 1st ed, 4 vols. and suppl. (Lei-
den: E. J. Brill, 1913-38), and new ed. (Leiden: E. J. Brill, 1960-): Arent
Jan Wensinck (rev. Clifford Edmund Bosworth), “Lawh,” 5:698 (new
ed.); Cléement Huarr (rev. Adolf Grohmann), “Kalam,” 4:471 (new ed.);
and Eilhard Wiedemann, “‘al-Mizan,” 3:530-39 (st ed.).

3. For examples of cosmological material in hadith literature, see
Aba ‘Abdallah Muhammad ibn Isma‘il al-Bukhari (194-256/810-70),
Sahih al-Bukhart, 7 vols., ed. Muhammad Tawfiq ‘Uwaydah (Cairo:
Lajnat [hya” Kutub al-Sunnah, 1966 /67-1976 /77), 5:259 ff. (“Kitab bad’
al-khalq”), esp. 259-69; Mubarak ibn Muhammad, called Ibn al-Athir
(544-606/1149-1210), Jami® al-usal fi abadith al-rasal, 10 vols., ed.
‘Abd al-Qadir al-Arna’ait (n.p.: Maktabat al-Hulwani, Matba‘at al-Mal-
lah, Maktabah Dar al-Bayan, 1969-72), 4:19-41 (nos. 1994-2015, “Fi
khalq al-sama’> wa-al-ard wa-ma fihuma min al-nujim wa-al-athar al-
‘ulwiyah™); “Ali ibn Husam al-Din al-Muttaqi al-Hindi (d. 975/1567 or
977/1569), Kanz al-‘ummal i sunan al-aquwal wa-al-af‘al, 16 vols.,
ed. Bakri al-Hayyani, Safwar al-Saqa, and Hasan Zarruq (Aleppo: Mak-
tabat al-Turath al-Islami, 1969-77), 6:122-86 (“Kitab khalq al-‘alam™);
Muhammad ibn Ya“qab al-Kulayni al-Razi (d. 329/940-41), al-Usal min
al-kaft, 4th ed., 8 vols., ed. ‘Ali Akbar al-Ghaffari (Beirut: Dar Sa‘b and
Dar al-Ta‘aruf, 1980-81), 1:129-33 (*“Bab al-‘arsh wa-al-kursi™).

4. Different orthodox approaches to the issue of the throne of God
are discussed briefly in Arent Jan Wensinck, The Muslim Creed: Its
Genesis and Historical Development (New York: Barnes and Noble,
1932), 115-16 and 147-49. Mahmoud M. Ayoub, The Qur’an and Its
Interpreters (Albany: State University of New York Press, 1984-),
1:247-52, contains a succinct account of the different interpretations
of the famous “Throne Verse” (2:255).

5. Notable among general works that contain accounts of the Cre-
ation are Aba “All Abhmad ibn ‘Umar ibn Rustah (fl. ca. 290-300,/903-
13), Kitab al-a‘laq al-nafisah; see the edition by Michael Jan de Goeje,
Kitab al-a‘ldk an-nafisa VII, Bibliotheca Geographorum Arabicorum,
vol. 7 (Leiden: E. ]. Brill, 1892; reprinted 1967), 1-24; Aba ja‘far
Muhammad ibn Jarir al-Tabari (d. 311/923), Ta’rikh al-rusul wa-al-
mulitk; see the edition by Michael Jan de Goeje, Annales quos scripsit
Abu Djafar Mohammed ibn Djarir at-Tabari, 15 vols. in 3 ser. {Leiden:
E. J. Brill, 1879-1901; reprinted 1964-65), 1st ser., 1:1-78; Aba al-
Hasan “Ali ibn al-Husayn al-Mas‘adi (d. 345/956), Murij al-dhahab
wa-ma‘adin al-jawhar, 7 vols., ed. Charles Pellat (Beirut: Manshirat
al-Jami‘at al-Lubnaniyah, 1965-79), 1:31-32 and 99-110; Aba Nasr al-
Mutahhar ibn al-Mutahhar (or al-Tahir) al-Maqdisi {fl. 355/966), Kitab
al-bad’ wa-al-ta’rikh, 6 vols., ed. Clément Huart (Paris: Ernest Leroux,
1899-1919), Arabic text 1:112-208 and 2:1-73 (Huart mistakenly attri-
butes the work to Aba Zayd Ahmad ibn Sahl al-Balkhi); and Rasa’il
ikhwan al-saf@ wa-khullan al-wafa’, 4 vols. (Beirut: Dar Bayrat, Dar
$adir, 1957), 1:114-82 (“al-Qism al-riyadi, ras’il 3 and 4> on astronomy
and geography) and 2:24-51 (“risalah 16”). For a good list of indepen-
dent collections of hadith on cosmological subjects, see Heinen, Islamic
Cosmology (note 1), to which should be added Abi Bakr Muhammad
ibn ‘Abdallah {or ‘Abd al;Malik) al-Kis21 (fl. eleventh century), ‘Aj2’ib
al-malakat; see Carl Brockelmann, Geschichte der arabischen Litter-
atur, 2d ed., 2 vols. and 3 suppl. vols. (Leiden: E. J. Brill, 1937-49),
1:428-29 and suppl. 1:592.
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Islamic high culture. This early eastern phase was, how-
ever, soon to give way to a most decisive Greek phase
through an unprecedented movement of translation into
Arabic of scientific and philosophical texts, either directly
from Greek originals or from intermediate Syriac ver-
sions. This translation movement resulted in a veritable
proliferation of scientific and philosophical activity and
led to the establishment of falsafah (“philosophy,” in the
classical Greek sense of an encyclopedic system of know-
ledge that includes both “physics” and “metaphysics™) as
a major tradition of learning within Islamic culture.

The legacy of Greek learning was far from being deter-
minate in scope and uniform in nature, and the difficulties
of translating an enormous body of specialized literature
in Greek into Arabic certainly added to the confusion.
It would nevertheless not be mistaken to state that the
great majority of Hellenizing Muslim philosophers and
scientists, who allotted a substantial role to human reason
(as opposed to revelation) in their quest for the “truth,”
subscribed to Ptolemaic cosmology or to slightly mod-
ified versions of it. Reason fortified by scientific obser-
vation dictated that the universe was geocentric in struc-
ture, with a limited number of heavenly spheres (usually
nine) arranged concentrically around the earth in the mid-
dle, and that the latter, itself spherical in shape, was only
partially inhabitable. Harnessed to many different phil-
osophical and theological systems throughout the cen-
turies, this essentially Prolemaic cosmology became the
most widely accepted view of the universe among edu-
cated Muslims.

Mainstream religious scholars never ceased to view the
“extraneous” philosophical and scientific thought with
suspicion, which meant there would always be a chasm
between Muslim piety on the one hand and intellectual
commitment to the principles of the “sciences of the
ancients” on the other.” Interpenetration was inevitable,
however, and theological and theosophical schools in the
first instance adopted Hellenistic philosophical material
pertinent to their concerns with remarkable facility. Cos-
mologically most significant was the adoption of Neo-
platonic doctrines, not by theology, which was on the
whole argumentative and apologetic in character, but by
Gnostic and mystic theosophy, both of which manifested
a distinct tendency to philosophical speculation. Gnostic
theosophy, represented most prominently by Isma‘ili
thought, flourished especially in the tenth and eleventh
centuries, whereas mystical-philosophical theosophy,
which began to take shape somewhat later, came into its
own during the thirteenth century under the formative
influence of the philosopher-mystic Ibn al-‘Arabi and
continued to be cultivated right up to the modern period.
Both the Gnostics and the mystics were esotericists in
religion who assigned priority to the “hidden inner truth”
over its apparent outward manifestations. They therefore
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felt themselves free, even compelled, to venture beyond
an esoteric approach to the Quran and the hadith and
proceeded to build elaborate cosmologies that had no
parallels in the literatures of the religious sciences.

In summary, one could say that, owing to the indif-
ferent attitude of traditionalist religious scholars toward
cosmological speculation, systematic reflection on the
structure of the universe was a challenge taken up only
by philosophers on the one hand and by Gnostics and
mystics on the other hand. It is the works produced by
these groups, who felt justified in broaching areas that
were viewed with suspicion in legalist circles, that form
the major source of cosmographical diagrams in Islam.

GENERAL CHARACTERISTICS OF
COSMOGRAPHICAL MAPS AND DIAGRAMS

At the present stage of scholarship in Islamic studies it
is not possible to draw up an exhaustive list of extant
Islamic cosmographical diagrams. The relevant manu-
script sources are as yet very far from being completely
and satisfactorily cataloged. More significantly, published
catalogs, which frequently exhibit a total unawareness of
the “possibility” that graphic representation might form
a separate field of study, largely fail to record the presence
of drawings in the manuscripts they describe. In these
circumstances, locating cosmographical diagrams in
Islamic works is a tedious and drawn-out task that nec-
essarily has to rely more on published texts than on
unpublished manuscript sources. This dependency on the
work of modern editors has its own drawbacks, since
even in the case of reliable critical editions the student
of cosmography is compelled to fall back on the manu-
scripts themselves in order to determine the exact number
of diagrams contained in any given work and to further
examine the originals at first hand. In a general study such
as the present survey, however, it is not possible to go
into such detail, nor do the diagrams themselves always
warrant close scrutiny of this nature. Clearly this survey
of Islamic cosmographical diagrams, the first of its kind
in scholarly literature, cannot be exhaustive and will need
to be supplemented as more and more manuscripts are
made available to the researcher.

Almost all the diagrams presented in the following

6. The scholarly literature on the classical heritage of Islam is
reviewed in Felix Klein-Franke, Die klassische Antike in der Tradition
des Islam (Darmstadt: Wissenschaftliche Buchgesellschaft, 1980).

7. Compare Ignaz Goldziher, “Stellung der alten islamischen Ortho-
doxie zu den antiken Wissenschaften,” Abhandlungen der Koniglich
Preussischen Akademie der Wissenschaften, Philosophisch-Historische
Klasse (1915), Abhandlung 8; English translation, “The Attitude of
Orthodox Islam toward the ‘Ancient Sciences,’ ” in Studies on Islam,
ed. and trans. Merlin L. Swartz (New York: Oxford University Press,
1981), 185-215. More discussion with profuse references can be found
in Klein-Franke, Die klassische Antike (note 6).
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pages appear as illustrative material in books and were
obviously intended as visual aids to the texts they accom-
pany. This does not mean that none of them can stand
alone without their textual context or that none have
any independent value on their own. There are some that
would be perfectly intelligible and clear even without any
textual explanation and others that serve as “graphic
text,” that is, that contain material otherwise not pre-
sented or explained in the text. Such diagrams cannot be
treated as simple illustrations subservient to the text sur-
rounding them.

Whether independently valuable or not, all the figures
involved are primarily didactic in nature. They are
intended more as general and often arbitrary visual images
of certain cosmological ideas than as technically precise
and measured representations of space. This is true not
only of figures that graphically represent spiritual or
sacred space, in which case it would hardly be appropriate
to search after technical precision and accuracy, but also
of those presented as realistic representations of physical
space. Generally speaking, there is no consideration of
scale where this could be applicable, and the emphasis
is on gross outlines, with little or no attention paid to
details.

The diagrams exhibit a certain graphic consistency that
is perhaps best characterized by the overwhelming use of
geometric forms. More specifically, concentric circles
divided into equal parts by means of radii seem to be the
predominant pattern used for illustrating cosmological
schemes. This popularity of circular representation in
Islamic cosmographical diagrams no doubt reflects the
universal acceptance in Islamic culture of the Aristotelian
belief that the sphere is the most perfect of all forms.
Very often this belief in the perfection of the spherical
form was coupled with the argument that God could only
have created the best of all possible worlds, which nat-
urally led to the conclusion that the universe was spher-
ical. A clear statement of this kind of reasoning is pro-
vided by Haydar Amuli (720/1320 to after 787/1385),
who was probably the most productive of all Islamic
cosmographers:

The form of the world, the heavenly spheres, the bod-
ies, and the [four] elements was made spherical, since
the spherical, round form is the best of all forms, as
it is said: “The best of all forms is the circular form.”
If a form more beautiful and more perfect than the
circular form were to be possible, then the world
would have been created in that form, since it is estab-
lished that “a world more excellent than this one is
not possible, because if it were to be possible, it would
have been necessary to [attribute] either impotence or
avarice to God—who is [however] beyond these two
[attributes].” Thus it is proved that a more excellent
and more beautiful form than this one [that is, the
spherical form] and this state is not possible.?
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Others, however, had different reasons for thinking that
the created universe was spherical. A case in point is that
of the mystic philosopher Ibn al-‘Arabi, who built an
interesting argument on Qur’anic material:

Know that since the world is spherical, man yearns
for his beginning [when he reaches] his end; thus our
coming into existence from nonexistence is from God
and to him shall we return, since he said, “everything
will be returned to him” [11:23], and he said, “and
fear the day when you shall be brought back to Allah”
[2:281], and he said, “he is the place of destination”
[5:18 and others], and “the end of all things belongs
to him” [31:22]. Do you not see that when you start
drawing a circle . . . you do not stop drawing it until
you reach its beginning [point] and [only] then it is a
circle? If this was not the case so that we were to have
originated from him in a straight line, we would not
return to him, and his word would not be true, and
yet he is the truthful one and to him shall you return.
Thus everything and every being is a circle returning
to him from whom it originated.®

It was due to the prevalence of these and similar views
that the sphere figured prominently in Islamic cosmolog-
ical speculation and hence the circle in Islamic cosmo-
graphy.

The technical simplicity of the cosmographical dia-
grams under review meant there was little need for spe-
cialized draftsmen to execute them. It is safe to assume
that the scribe and the draftsman were frequently the
same person. Lack of specialization at the production
end was paralleled by lack of differentiation at the receiv-
ing end: the figures were addressed to the same audience
as the texts that contained them. On a different level, the
extent to which cosmography was “submerged” in the
text surrounding it is demonstrated by the absence of
specific terms that apply only to cosmographical dia-
grams. The relevant terminology is very general in nature
and could apply equally well to maps, pictures, minia-
tures, and marginal illumination. The following terms are
used most frequently in relation to cosmological dia-
grams: sirah (form); sirabh combinations like sirat al-
shakl (the drawing of the form), sarat al-d@irah (the
drawing of the circle); and si@rat-al “@lam (the representa-
tion of the world); d@’irah (circle); taswir (depiction);
rasm (picture), shakl (shape); and mithal (representation).

8. Sayyid Baha’ al-Din Haydar ibn ‘Al al-‘Ubaydi al-Husayni Amuli,
al-Mugqaddimat min kitab nass al-nusis fi sharh fusas al-hikam (The
prefatory sections from the Book of the Text of Texts on the inter-
pretation of The Bezels of Wisdom); see the edition by Henry Corbin
and “‘Uthman Yahya, Le texte des textes (Nass al-nosus) (Paris: Librairie
d’Ameérique et d’Orient, Adrien-Maisonneuve, 1975), 100, par. 234
(author’s translation).

9. Muhyi al-Din Muhammad ibn “Ali ibn al-‘Arabi (560-638,/1165-
1240), al-Futabat al-Makkfyah, ed. ‘Uthman Yahya and Ibrahim Mad-
kiir (Cairo: Jumhiriyah Misr al-‘Arabiyah, Vizarat al-Thaqafah, 1972-),
vol. 4 (author’s translation).
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FiG. 3.1. THE CELESTIAL SPHERES FROM RASA’IL
IKHWAN AL-SAFA’. Translation on the right. The exact dat-
ing of this text has given rise to considerable controversy among
modern scholars; for a recent forceful argument that the work
should be dated to between 260/873 and 297 /909, see Abbas
Hamdani, “The Arrangement of the Ras@il ikhwan al-safd

EXOTERIC REALISM: PHILOSOPHICAL AND
SCIENTIFIC DIAGRAMS
CELESTIAL DIAGRAMS

The Ptolemaic model of the universe formed the subject
of a set of diagrams that appear in various works written
by Muslim philosophers and scientists or by others they
influenced.!® In the Almagest, Ptolemy had adopted the
traditional ascending order of seven celestial spheres
(moon, Mercury, Venus, sun, Mars, Jupiter, Saturn), and
in the Planetary Hypotheses he had described these as
spherical shells contiguous with each other in such a way
that the outer limit of each shell corresponds to the inner
limit of the one directly above it.!! In Islam, once it
became known and accepted, this model was normally
represented simply by a set of concentric circles drawn
around a spherical earth in the middle. In different dia-
grams of the same kind, the seven planetary spheres were
usually combined with those of the three elements—
water, air, and fire—which were believed to surround the
earth (the fourth element) in that ascending order. The
outer boundary of the Ptolemaic universe was then
extended beyond the sphere of fixed stars (also referred
to as the sphere of the zodiac) by adding a sphere entitled
the “encircling sphere” or “the sphere of spheres” to
explain the diurnal motion of the sphere of the fixed stars
(figs. 3.1 and 3.2).

75

Encircling Spherg

te of the Fixeq S’ars

and the Problem of Interpolations,” Journal of Semitic Studies
29 (1984): 97-110, esp. 110.

Diameter of the original: 8.3 cm. From Ras@’il ikhwan al-safa
wa-kbullan al-wafd@, 4 vols. (Beirut: Dar Bayrat, Dar Sadir,
1957), 1:116 (“al-risdlat al-thalithah min al-qism al-riyadi”).

The first examples of the celestial-sphere diagrams all
date back to the turn of the eleventh century,!? suggesting
that Ptolemaic cosmology, already known to the Muslims
from the ninth century onward through Arabic transla-
tions of Ptolemaic works, gained prevalence especially
during this period. Thereafter, the validity of this model
of the universe was on the whole never questioned by
Muslim philosophers and scientists. The appearance of
Ptolemaic celestial-sphere diagrams, even in completely
mystical works as late as the end of the medieval period,
is testimony to the spread and endurance of the model.13

10. No attempt was made to be exhaustive in illustrating the follow-
ing section, since examples of all the types of diagrams discussed here
can be found in abundance in texts of the later Islamic Middle Ages,
about A.D. 1500-1800.

11. Ptolemy’s “Almagest,” trans. and annotated G. J. Toomer (Lon-
don: Duckworth, 1984), 38-47 (bk. 1.3-8) and 419-20 (bk. 9.1).

12. See Rasa’il ikhwan al-saf@’, 1:116 (note 5), reproduced here as
figure 3.1; Abd al-Rayhin Muhammad ibn Ahmad al-Biriini (d. after
442/1050), Kitab al-tafbim li-av@’il sind‘at al-tanjim (comp. 420/
1029), ed. Jalal al-Din Huma’i (Tehran, 1974), 57; and Hamid al-Din
Ahmad ibn ‘Abdallah al-Kirmani, Rahat al-‘agl (comp. 411/1020-21),
ed. Muhammad Kamil Husayn and Muhammad Mustafa Hilmi (Cairo:
Dar al-Fikr al-‘Arabi, 1953), 82.

13. Two examples of later celestial sphere drawings are in Ibrahim
ibn al-Husayn al-Hamidi (d. 557/1162), Kanz al-walad, ed. Mustafa
Ghalib (Wiesbaden: Franz Steiner, 1971), 169, and Erzurumlu ibrahim
Hakki, Ma“rifetname (comp. 1170/1756), ed. Kirimi Yasuf Ziya (Istan-
bul: Matba‘a-i Ahmed Kamil, 1911-12), 50, reproduced here as figure
3.2 from a manuscript ccpy of the work.
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FIG. 3.2. THE CELESTIAL SPHERES FROM THE
MA‘RIFETNAME. For a translation see figure 3.1, diagram on
the right.

Size of the original: 8.1 X 8.4 cm. By permission of the British
Library, London (MS. Or. 12964, fol. 39b).

The celestial diagrams were sometimes accompanied
and complemented by related diagrams. Such were the
figures of the spheres of individual planets, separate dia-
grams of the sublunar spheres of the four elements (fig.
3.3),' and figures that illustrate the correlations believed
to exist between the signs of the zodiac, on the one hand,

Islamic Cartography

and the planets, the four elements, the four directions,
the mineral world, the parts of the human body, and so
forth on the other hand (figs. 3.4 and 3.5).% In all these
cases Muslim scholars were drawing upon Hellenistic
material of more or less determinate origin, and it is pos-
sible that the diagrams themselves had precedents in
Greco-Roman antiquity.

GEOGRAPHICAL DIAGRAMS

The influence of Ptolemy was also extensive in the for-
mation of Islamic views concerning the configuration of
the earth. In its Ptolemaic version, the theory that the
inhabited portion of the earth was divided into seven
climata (Arabic iglim, pl. agalim) rapidly became an ina-
lienable part of Islamic high learning, although research
on technical aspects of the theory—namely, the deter-
mination of the boundaries between climata based on
latitude calculations—was naturally the preserve of a
handful of qualified scientists. In quite a few scientific as
well as nonscientific works, the seven-climata system was
illustrated by simple diagrams consisting of eight straight
parallel lines or concentric circles drawn within a circle
that represented the earth (figs. 3.6 to 3.9).!¢ None of
these diagrams reflect a concern with accuracy in repre-
senting the climata. Instead, they seem to have been
intended primarily to orient readers in a very general sense
and probably also to demonstrate the centrality, in the
inhabited world, of the fourth region where the admin-
istrative center of the Islamic empire was situated.!”

14. Examples appear in al-Birani, Kitab al-tafhim, 29 (note 12); Shi-
hab al-Din Aba ‘Abdallah Yagat ibn ‘Abdallah al-Hamawi al-Rami al-
Baghdadi (d. 626/1229), Kitab mu‘jam al-buldan; see the edition by
Ferdinand Wustenfeld, Jacut’s geographisches Waorterbuch, 6 vols.
(Leipzig: F. A. Brockhaus, 1866-73), 1:14-15, reproduced here as figure
3.3; and ibrahim Hakki, Ma‘rifetname, 127 (note 13). This view of the
earth’s atmosphere draws directly upon Aristotle’s Meteorologica.

15. Correspondence between the signs of the zodiac and the planets:
Rasa'il ikhwan al-safa’, 1:120 (note 5); al-Birani, Kitab al-tafhim, 396
(note 12). Correspondence between the signs of the zodiac, the four
directions, and the four elements: al-Birani, Kitab al-tafhim, 322, repro-
duced here as figure 3.4; Aba Mu‘in Nasir Khusraw Qubadiyani, Kitab-
i jami® al-hikmatayn (comp. 462/1069-70); see the edition by Henry
Corbin and Muhammad Mu‘in, Kitdb-e jami® al-hikmatain (Tehran:
Deépartement d’lranologie de I'Institut Franco-iranien, 1953), 278 repro-
duced here as fig. 3.5. Correspondence between the signs cf the zodiac,
the planets, the organs of the five senses, the brain, and the heart: Nasir
Khusraw, Kitab-i jami* al-hikmatayn, 287. Correspondence between
the signs of the zodiac, certain minerals, and the planets: Shams al-Din
Abu ‘Abdallah Muhammad ibn Ibrahim al-Dimashqi (d. 727,/1327),
Nukhbbat al-dahr fi ‘aj@’ib al-barr wa-al-bahr; see the edition by A. F.
M. van Mehren, Nukhbat ad dabr fi’adschd’ib al barr wal babr (Saint
Petersburg, 1866; reprinted Leipzig: Otto Harrassowitz, 1923), 52.

16. These drawings are also discussed in the context of geographical
mapping in this volume, chapter 6.

17. André Miquel, “Iklim,” in Encyclopaedia of Islam, new ed.,
3:1076-78, with further bibliography; also Ernst Honigmann, Die sieben
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FIG. 3.3. THE LUNAR SPHERE AND THE SPHERES OF
THE FOUR ELEMENTS. Hllustration taken from Yaqat’s Kitab
mu‘jam al-buldan. Translation on the right.

FIG. 3.4. CORRESPONDENCE BETWEEN THE SIGNS OF
THE ZODIAC, THE FOUR DIRECTIONS, AND THE FOUR
ELEMENTS. Translation on the right.

The same concern was also dominant in a rival theory
of dividing the earth into regions—the seven-kishvar sys-
tem of Persian origin. In this view the inhabited portion
of the world was made up of seven circular regions (Per-
sian kishvar) of equal size, arranged so that six of the
regions totally engulf the seventh central one. As pointed
out by the celebrated scholar al-Biriini, who first drew a
diagram of this view of the world (fig. 3.10), “This par-
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Sphere of the Moon

Sphere of Fire

Sphere of Air

Sphere of Air

Sphere of Water

Sphere of Air,

Sphere of Air

Sphere of Fire

Sphere of the Moon

Diameter of the original: 10 cm. From Jacut’s geographisches
Wérterbuch, 6 vols., ed. Ferdinand Wastenfeld (Leipzig: F. A.
Brockhaus, 1866-73), 1:14-15, by permission of F. A. Brock-
haus.

Center

Center
19)ud)

Fic)Pte]

Size of the original: not known. From al-Birani, Kitab al-tafhim
l-av@il sind‘at al-tanjim, ed. Jalal al-Din Huma’i (Tehran,
1974), 322.

Klimata und die noieig émionuor (Heidelberg: Winter, 1929). Further
examples: al-Birani, Kitab al-tafhim, 191 (note 12); Yaqat, Kitab
mu‘jam al-buldan, 1:28-29 (note 14); Zakariyd ibn Muhammad al-
Qazwini (d. 682/1283), Kitab ‘aj@’ib al-makhblagat wa-ghard’ib al-
mawjidat; see the edition by Ferdinand Wiistenfeld, Zakarija ben
Mubammed ben Mahmud el-Cazwini’s Kosmographie, 2 vols. (Got-
tingen: Dieterichsche Buchhandlung, 1848-49; facsimile reprint Wies-
baden: Martin Sandig, 1967), 1:148; Kitab al-bad’ wa-al-ta’rikh (dated
977/1569-70), Bodleian Library, Oxford, MS. Laud. Or. 317, fol. 46a.



FIG. 3.5. CORRESPONDENCE BETWEEN THE SIGNS OF
THE ZODIAC, THE PLANETS, AND THE FOUR ELE-
MENTS. lllustration taken from Nasir Khusraw, Kitab-i jami*
al-hikmatayn. Translation on the right.

The side of the Moon, the
King of Night

Size of the original: 11.4 X 9.9 cm. From Henry Corbin and
Muhammad Mu‘in, eds., Kitdb-e jdmi‘ al-hikmatain (Tehran:
Département d’Iranologie de I'Institut Franco-iranien, 1953),
278. By permission of the Institut Frangais de Recherche en
Iran.

South

Unknown Regions

Equator

Fast First Clime

West

FIG. 3.6. THE SEVEN CLIMATA WITH INTERSPERSED
PLACE-NAMES. Drawing from the title page of the anony-
mous manuscript Kitab hay'at ashkal al-ard wa-migdaruba fr
al-tal wa-al-‘ard al-ma‘raf bi-jughrafryah, dedicated to Sayf al-
Dawlah (d. 356/967), a Hamdanid sultan. Approximate trans-

Second Clime
v Third Clime /
\ Fourth Clime /
\ Fifth Clime f
N Sixth Clime 7
N Seventh Clime 7

Unknown Regions

North

lation on the right. (This manuscript is discussed below as an
abridgment of Ibn Hawaqal, see figs. 5.11, 6.2, 6.3, 6.10, and
appendix 5.1, no. 42.)

Diameter of the original: 15.2 cm. By permission of the Bib-
liothéque Nationale, Paris (MS. Arabe 2214).
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FIG. 3.7. THESEVEN CLIMATA FROM RASA’IL IKHWAN
AL-SAFA’. For an approximate translation see figure 3.6, dia-
gram on the right.
Diameter of the original: ca. 5.5 cm. From Rasa@’il ikhwan al-
safa’ wa-kbullan al-wafa’, 4 vols. (Beirut: Dar Bayrat, Dar
Sadir, 1957), 1:165.
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FIG. 3.9. THE SEVEN CLIMATA FROM KITAB AL-BAD’
WA-AL-TA’RIKH. This diagram illustrates the correspon-
dences between the seven climata, the seven planets, and the
twelve signs of the zodiac. The authorship of this Arabic manu-

FIG. 3.8. THE SEVEN CLIMATA FROM AL-QAZWINTI'S
KITAB ‘AJA’IB AL-MAKHLUQAT. For an approximate trans-
lation see figure 3.6, diagram on the right. (See also fig. 6.8
below.)

Diameter of original: approx. 11 cm. From Zakarija ben
Mubammed ben Mahmud el-Cazwini’s Kosmographie, 2 vols.,
ed. Ferdinand Wiistenfeld (Gottingen: Dieterichsche Buchhand-
lung, 1848-49; facsimile reprint Wiesbaden: Martin Sandig,
1967), 2:8, by permission of Dieterichsche Verlagsbuchhand-
lung, Mainz.

17 First Clime | Saturn N
S Second Clime Jupiter %
1
b'\ Third Clime Mars / o° s
L Fourth Q’% Clime Sun * l
Fifth Cllme Venus
T £° J
Sixth Clime () b Mercury /
\ Seventh Clime Moon
North

script, dated 977 /1569-70, has been the subject of some debate
among scholars; see p. 145. Translation on the right.
Diameter of the original: 10.2 cm. By permission of the Bodleian
Library, Oxford (MS. Laud. Or. 317, fol. 7a).



80

FIG. 3.10. THE SEVEN KISHVARS. Translation on the right.
Size of the original: not known. From al-Birini, Kitab al-tafhim

tition ha[d] nothing to do with natural climatic condi-
tions, nor with astronomical phenomena. It [was] made
according to Kingdoms which differ{ed] from one
another for various reasons—different features of their
peoples and different codes of morality and customs.”18
In reality, the seven-kishvar view drew directly upon the
ancient Indo-Iranian belief that the world was divided
into seven regions that were thought to have come into
existence when the first rain fell on the earth and broke
it into seven pieces. In Islamic times, however, this belief
survived only marginally and never matched the Prole-
maic seven-climata scheme in popularity.t’

More widespread than the Iranian kishvar partitioning
and, properly speaking, more Islamic than either of the
two “extraneous” schemes so far mentioned was a geo-
graphical regionalization of the world around the Ka‘ba.
The maps produced by this process are numerous enough
to form a distinct class of sacred geography, with several
subdivisions, and they are described in a separate chap-
ter.20 In themselves they can hardly have been of practical
use to the believer who needed to ascertain the direction
of the gibla from a given geographical location. It might
have been for this reason that directions for determining
the gibla in each region were at times incorporated into
the text that accompanied the pictorial representations.
The Ka‘ba-centered scheme was preferred predominantly
in religious works, most probably with the purpose of
emphasizing a sacred geography over profane schemes
that had their origins in non-Islamic cultures.

Islamic Cartography

First Kishvar

Seventh Kishvar Second Kishvar

China Arabia and Abyssinia

Fourth Kishvar

Sixth Kishvar Third Kishvar

Land of Turks
and
Gog and Magog

Egypt and Syria

Fifth Kishvar

Asia Minor
and
Land of Slavs

li-ava@’il sina‘at al-tanjim, ed. Jalal al-Din Hum2’i (Tehran,
1974), 196.

ESOTERIC SPECULATION: GNOSTIC AND
MysTiCcAL DIAGRAMS
GNOSTIC DIAGRAMS

Perhaps the earliest and most important corpus of occult
and scientific writings in Islam is attributed to Jabir ibn
Hayyan. Consisting of numerous tracts and treatises,
some containing cosmographical diagrams, the texts were
compiled at the end of the eleventh century at the latest.

18. Al-Biriini, Kitab tahdid nibayat al-amakin li-tashih masafat al-
masakin, ed. P. G. Bulgakov and rev. Imam Ibrahim Ahmad (Cairo:
Matba‘ah Lajnat al-T2lif, 1964), 135; English translation: The Deter-
mination of the Coordinates of Positions for the Correction of Dis-
tances between Cities, trans. Jamil Ali (Beirut: American University of
Beirut, 1967), 102.

19. On the seven-kishvar system in ancient Iranian thought, see Mary
Boyce, A History of Zoroastrianism, vol. 1, The Early Period (Leiden:
E. J. Brill, 1975), 134; Ehsan Yarshater, “Iranian Common Beliefs and
World-View,” in The Cambridge History of Iran (Cambridge: Cam-
bridge University Press, 1968-), vol. 3, The Seleucid, Parthian and
Sasanian Periods, ed. Ehsan Yarshater, pt. 1, pp. 343-58. esp. 351; and
Henry Corbin, Terre céleste et corps de résurrection de 'Iran Mazdéen
a Plran Shi’ite (Paris: Buchet/Chastel, 1960), 40-48. All three sources
rely on the Avestas and the Bundahishn. The survival of this system
in Islamic texts is studied briefly by Edward S. Kennedy, A Commentary
upon Birani’s “Kitab Tahdid al-Amakin”: An 11th Century Treatise
on Mathematical Geography (Beirut: American University of Beirut,
1973), 73-74. Further examples of seven-kishvar diagrams appear in
al-Biriini, Tahdid, 136, English translation, 102 (note 18); Yaqit, Kitab
mu‘jam al-buldan, 1:26-27 (note 14); and al-Dimashei, Nukbbat al-
dabr, 25 (note 15).

20. See chapter 9 of this volume.
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FIG. 3.11. JABIRIAN COSMOLOGY: THE FIRST FOUR
“HYPOSTASES.” Translation on the right.
Size of the original: not known. From Jabir bin Hayyan: Essai

The Jabirian alchemy rests on a peculiar cosmology that
combines material from Aristotelian (the sphere of the
First Cause), Neoplatonic (the spheres of Intellect, Soul,
and Substance), and Ptolemaic (the spheres of the seven
planets, of the fixed stars, and of the four elements, in
this descending order) ideas and sources. This cosmology
is laid out most clearly in the treatise entitled Kitab al-
tasrif (The book of conjugation), where the views put
forward are partially illustrated by simple diagrams that
consist of several concentric circles (fig. 3.11).2! The con-
nection between this eclectic view of the universe and
alchemy is then explained in another short treatise called
Kitab al-mizan al-saghir (The book of the small balance).
There it is stated that everything below the third and
fourth spheres of Soul and Substance comes into being
through a process of generation whereby the Soul unites
with the Substance (which consists of the four elementary
natures of heat, cold, humidity, and dryness) to produce
the bodies that make up the physical world. Closely
involved in this process are the four categories of quality,
quantity, time, and space. The direct influence of these
determines the exact composition of any given combi-
nation of the Soul and the four elementary natures. The
possible combinations of influences that could be worked
on the Substance by the categories are presented by
means of a set of diagrams (fig. 3.12).22 It is the purpose
of Jabirian alchemy to determine the precise composition
of any given physical entity through a close analysis of
the influences exercised upon it by the four categories.
The eventual aim was to discover the secrets of gener-
ation and apply them alchemically in the laboratory.23

81

Substance

sur Phistoire des idées scientifiques dans Plslam, vol. 1,
Mukhbtar ras@’il Jabir b. Hayyan, ed. Paul Kraus (Cairo: Mak-
tabar al-Khanji wa-Matba‘atuha, 1935), 408.

Leaving aside partial exceptions, it does not seem that
later occult scientists shared Jabir ibn Hayyan’s enthu-
siasm for cosmographical diagrams.?* Instead it was the

21. Jabir bin Hayyan: Essai sur Uhistoire des idées scientifiques dans
Plslam, vol. 1, Mukbtar ras@’il Jabir b. Hayyan, ed. Paul Kraus (Cairo:
Maktabat al-Khanji wa-Matba‘atuha, 1935), 406 (the first three hypo-
stases), 408 (the first four hypostases—reproduced here as fig. 3.11),
408-10 (the fourth hypostasis Substance, which is composed of the
four elementary natures of heat, cold, humidity, and dryness). According
to Jabir, the division of Substance into its components can be concep-
tualized in three different ways: as four equal parts of a sphere; as four
small spheres within a larger sphere; and as concentric spheres inside
each other.

22. Mukbtar rasa@’il Jabir b. Hayyan, 443, 446, 447, and 448 (different
possible combinations of the four categories of quality, quantity, time,
and space) (note 21).

23. A detailed exposition of Jabir ibn Hayyan’s thought can be found
in Paul Kraus, Jabir ibn Hayyan: Contribution a Phistoire des idées
scientifiques dans Ulslam, 2 vols., Mémoires Présentés a I'Institut d’E-
gypte, vols. 44 and 45 (Cairo: Imprimerie de P'Institut Frangais d’Ar-
chéologie Orientale, 1942-43). For a concise account of Jabir, see Paul
Kraus (rev. Martin Plessner), “Djabir b. Hayyan,” Encyclopaedia of
Islam, new ed., 2:357-59.

24. A diagram illustrating the correlations between letters of the
Arabic alphabet, parts of the human body, signs of the zodiac and the
four elements appears in Muhyi al-Din Abd al-‘Abbas Ahmad ibn ‘Al
al-Bini al-Qurashi (d. 622/1225), Shams al-ma‘arif wa-lat2’if al-
‘awarif (Cairo: Matba“‘ah Mustafa al-Babi al-Halabi wa-Awladihi, 1926-
27), 318. An English translation of the diagram, though not totally
faithful to the original, is in Seyyed Hossein Nasr, Islamic Science: An
Hlustrated Study (London: World of Islam Festival, 1976), 35. Another
diagram, called z&’irajab and attributed to al-Sabti (fl. end of the sixth/
twelfth century), is reproduced and discussed by Ibn Khaldiin {d. 808/
1406), The Mugaddimah: An Introduction to History, 3 vols., trans.
Franz Rosenthal (New York: Bollingen Foundation, 1958), 1:238-45
and 3:182-214 (diagram in Arabic on folded insert between 3:204 and
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FIG. 3.12. JABIRIAN COSMOLOGY: ONE POSSIBLE COM-
BINATION OF THE FOUR CATEGORIES OF QUALITY,
QUANTITY, TIME, AND SPACE. Translation on the right.

Size of the original: not known. From Jabir bin Hayyan: Essai

Gnostic Isma‘lis who took a deep interest in cosmology
and produced a great number of sacred cosmographies.
Isma‘lism attained full maturity after it adopted Neo-
platonic doctrines during the tenth and eleventh centu-
ries. The synthesis of the original Isma‘ili Gnostic teach-
ings with Neoplatonic ideas led to the development of
complicated cosmologies that are characterized above all
by a strict hierarchical ordering of the component ele-
ments of the universe and a symmetrical juxtaposition of
the physical and spiritual worlds. This predilection for
hierarchy and symmetry might explain the appearance of
a large number of cosmographical diagrams in the works
of prominent Isma‘ili thinkers.

The first name to be mentioned in this connection is
al-Sijistani (d. between 386,/996 and 393/1002-3), one
of the earliest Isma‘li philosophers whose works are
available to us in late manuscript copies. Al-Sijistani put
forward his cosmological teachings in several mono-
graphs, but he used cosmographical drawings in a work
that was not primarily concerned with cosmology, Kitab
ithbat al-nubiw’at (The book of the proof of prophecy).
None of the diagrams contained in the Ithbat are com-
plete cosmographies. They are intended to illustrate only
some of the correlations al-Sijistani establishes between
what to him are the two cosmic orders that make up the
universe—the natural order (or world of nature) and the
normative order (or world of religion). The former con-
sists, in descending order, of the Intellect, the Soul, and
the Substance, which in turn comprise the seven spheres
(the “fathers”), the four elements (the “mothers”), and
the three mawalid (“offsprings”) of animals, plants, and
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sur Phistoire des idées scientifiques dans PIslam, vol. 1,
Mukbtar ras@’il Jabir b. Hayyan, ed. Paul Kraus (Cairo: Mak-
tabat al-Khanji wa-Matba‘atuha, 1935), 447.

minerals, while the latter is but a hierarchy of spiritual
or sacred entities that corresponds exactly to the natural
order. With the exception of one diagram that is some-
what general in nature,’ all of al-Sijistani’s drawings deal
with particular aspects of these two parallel hierarchies,
such as the Intellect, the Soul, physical directions, natural
and “prophetic” species, natural and prophetic move-
ments, and physical quantity.?6

Al-Sijistani’s attempts at a systematic cosmology were
taken further by the later philosopher Hamid al-Din
Ahmad ibn ‘Abdallah al-Kirmani (d. after 411,/1020-21)

205; English translation in pocket at the end of vol. 3). Za@%irajab was
the generic name given to a peculiar set of circular drawings that were
used as a means of divining the future through letter magic. The method
is little understood, but it certainly seems to have had cosmological
dimensions, since the diagrams normally included circles for the heav-
enly spheres, thé four elements, and all kinds of physical and spiritual
beings, as well as letters, numbers, and different ciphers.

25. The diagram illustrates the subdivisions of the sphere of substance
with the hierarchy proceeding from the center outward; Aba Ya‘qib
Ishaq ibn Ahmad al-Sijistani, Kitab ithbat al-nubw’at, ed. ‘Arif Tamir
(Beirut: Mansharatr al-Matba‘at al-Kathdlaqiyah, 1966), 22.

26. Samuel Miklos Stern, “Abi Ya‘’kab Ishak b. Ahmad al-Sidjz1,”
in Encyclopaedia of Islam, new ed., 1:160; Paul Ernest Walker, “Abu
Ya‘qab Sejestani,” in Encyclopaedia Iranica, ed. Ehsan Yarshater (Lon-
don: Routledge and Kegan Paul, 1982-), 1:396-98; and Ismail K. Poon-
awala, Biobibliography of Isma‘fli Literature (Malibu: Undena, 1977),
82-89. The bibliography from all three sources should be comple-
mented by Mohamed Abualy Alibhai, “Aba Ya‘qab al-Sijistani and
‘Kitab Sullam al-Najat’: A Study in Islamic Neoplatonism” (Ph.D. diss.,
Harvard University, 1983).

Other drawings, not reviewed here on account of their partial nature,
can be found in al-Sijistani, Kitab ithbat al-nubi’at, 17 (printed version
not accurate), 37, 45, 52, 82, 89, 102, 126, 131, and 151 (note 25).
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in a major work entitled Rahat al-‘aql (The comfort of
the intellect). In his effort to synthesize the conflicting
theories of his predecessors (including al-Sijistani), al-Kir-
mani introduced into Isma‘ili philosophy the doctrine of
ten intellects. According to this scheme, the Intellect and
the Soul of al-Sijistani’s natural order were conceived as
only the first two in a descending series of ten intellects.
The remaining eight corresponded to the seven spheres
plus the active intellect that governs the sublunar sphere.
In addition, al-Kirmani thought in terms of four rather
than two cosmic orders, which were the world of crea-
tion (‘alam al-ibda‘), the world of matter (‘@lam al-jism),
the world of religion (‘alam al-din), and the world of the
second emanation (‘adlam al-inbi‘ath al-thani). These four
cosmic orders were united into a meaningful whole
through a theory of evolution, the two ends of which
were respectively the Primordially Originated One (al-
mubda® al-awwal = the First Intellect = the First End)
and the Second Emanation (al-inbi‘ath al-thani = the
Human Mahdi = the Second End). Al-Kirmani illustrated
his theories in diagrams: the interrelations among the four
cosmic orders were clarified through two sets of diagrams
where al-Kirmani resorted to numerological comparisons
(figs. 3.13 and 3.14), while the theory of evolution was
graphically expressed in the form of concentric circles.?’

The Neoplatonizing cosmologies of al-Sijistani and al-
Kirmani found varying degrees of acceptance in later
Isma‘li doctrinal thought. Their predilection for graphic
illustration, however, certainly seems to have been taken
up by subsequent Isma‘li thinkers, as evidenced by the
cases of Nasir Khusraw (394 to ca. 481,/1004 to ca. 1088-
89) and al-Hamidi (d. 557/1162). Besides the more or
less standard drawings of the heavenly spheres and of the
zodiac, both Nasir Khusraw and al-Hamidi also designed
original diagrams to illustrate specific aspects of their cos-
mological doctrines. The former had recourse to the ever
popular scheme of partitioned concentric circles on sev-
eral occasions in his Khvan al-ikhvan (The table of the
brethren) to present in simple visible form certain sets of
correlations that he described at length in the text (fig.
3.15). The latter, whose tendency toward visual thinking
is reflected in the many simple drawings strewn across
his Kanz al-walad (The treasure of the son), chose to
represent his innovative doctrine of the “fall” of the third
intellect and the resulting cosmology in a simple cosmo-
graphy.2® That the number of printed Isma‘ili works is as
yet very small is a real obstacle to meaningful generali-
zations about the degree and nature of graphic repre-
sentation in Isma‘ili cosmological treatises as a whole.
Yet it seems safe to assume that the renewed interest in
Isma‘lism that is currently visible among historians of
Islamic thought will eventually lead to the discovery of
many more Isma‘ili cosmographies than the ones
recorded here.
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MYSTICAL DIAGRAMS

The literature of Islamic mysticism, vast in size and scope,
is on the whole devoid of graphic elements. Given the
unsusceptibility of mystical experience to any form of
“representation,” such a reluctance by mystics to trans-
late inner experiences onto the plane of visual expression
is hardly surprising. Even mysticism, however, is not
impervious to philosophical speculation, and whenever
philosophizing tendencies manifest themselves and mys-
tics begin to subject “ineffable” mystical experiences to
systematic scrutiny, there may also emerge the need for
graphic illustration. Such, in any event, is the case in
Islamic mysticism, where the few cosmological diagrams
that can be located in the literature all bear the indelible
stamp of Ibn al-‘Arabi, the mystic-philosopher whose all-
encompassing philosophy of being can be said to have
transformed the whole subsequent history of Islamic
mystical thought.

Ibn al-‘Arabi himself drew several diagrams to illustrate
certain aspects of his mystical doctrines. Two cosmo-
graphical drawings concerning the different planes of
being and the creation of the world through divine names
appear in a well-known short work entitled Insha al-
dawa’ir (The production of spheres).2® That he chose this
title for the work in question suggests that Ibn al-‘Arabi

27.].T. P. de Bruijn, “al-Kirmani,” in Encyclopaedia of Islam, new
ed., 5:166-67; and Poonawala, Biobibliography of Ismda'ili Literature,
94-102 (note 26), both with additional bibliography, to which should
be added: Faquir Muhammad Hunzai, “The Concept of Tawhid in the
Thought of Hamid al-Din al-Kirmani” (Ph.D. diss., McGill University,
1986). For other, on the whole noncosmological, drawings of al-Kir-
mani, see Rahat al-‘aql, 72, 130, 135, 137, 154, 157, 168, 216-17, and
337 (note 12). See also al-Kirmani, Majma‘ah rasa’il al-Kirmani, ed.
Mustafa Ghalib (Beirut: al-Mu’assasat al-Jami‘yah Ii’l-Dirasat wa-al-
Nashr wa-al-Tawzi‘, 1983), 36-37 and 69-70. A manuscript of this latter
work {now in the possession of Mrs. Henry Corbin, dated 1251 /1836),
which I consulted in a photocopy at the Institute of Ismaili Studies in
London, has two more drawings (fols. 241b and 246a) that do not
appear in the printed version.

28. Al-Hamidi, Kanz al-walad, 81 (note 13). It is not clear why a
slightly different version of this same drawing is reproduced at the end
of sec. 5 on p. 95. References on Nasir Khusraw and al-Hamidi can
be found in Poonawala, Biobibliography of Isma‘ili Literature, 111~
25 and 141-43, respectively (note 26). Editions of their relevant works
are: Nasir Khusraw, Khvan al-ikhvan, ed. Yahya al-Khashshab (Cairo:
Marba‘at al-Ma‘had al-llmi al-Faransi 1i’l-Athar al-Sharqiyah, 1940);
idem, Kitab-i jami‘ al-hikmatayn (note 15); and al-Hamidi, Kanz al-
walad (note 13). For other diagrams by Nasir Khusraw and al-Hamidi
that are not included in the present survey, see Khvan al-ikhvan, 152,
155, and Kanz al-walad, 119, 125, 149, 169, 251, 255, and 259.

Examples of diagrams in other Isma‘ili works that need further study
appear in al-Da‘ al-Qarmari ‘Abdan, Kitab shajarat al-yagin, ed. ‘Arif
Tamir (Beirut: Dar al-Afaq al-Jadidah, 1982), 44 and 88, as well as Ja‘far
ibn Mansir al-Yaman (d. A.D. 958 or 959), Sard’ir wa-asrar al-nutaqa’,
ed. Mustafa Ghalib (Beirut: Dar al-Andalus, 1984), 216.

29. Ibn al-‘Arabi, Kleinere Schriften des Ibn al-“Arabi, ed. Henrik
Samuel Nyberg (Leiden: E. J. Brill, 1919), 23 and 35 (the second diagram
is not reproduced in the printed edition). The former depicts the dif-



FIG. 3.13. THE FOUR COSMIC ORDERS ACCORDING TO
AL-KIRMANI. The world of creation, as the “cause” (‘illah)
of all the other orders, is at the center and is thus correlated
to the numeral 1, which is the “cause” of all other numerals.
Translation on the right. The line drawing in the printed edition
(Rahat al-‘aql, ed. Muhammad Kamil Husayn and Muhammad
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Mustafa Hilmi [Cairo: Dir al-Fikr al-‘Arabi, 1953], 128) is mis-
leadingly inaccurate.

Diameter of the upper circle: approx. 8 cm. By permission of
Abbas Hamdani, University of Wisconsin-Milwaukee (MS. al-
Kirmani, Rahat al-agl, “al-mashri al-khamis min al-sar al-
rabi‘,” fol. 103a).
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FIG. 3.14. AN ALTERNATIVE CONCEPTION OF THE
FOUR COSMIC ORDERS ACCORDING TO AL-KIRMANI.
The world of creation comprehends all the other cosmic orders,
like the numeral 1, which is said to comprehend the other
numerals. The world of second emanation is placed at the cen-
ter, since it contains elements of all the other cosmic orders,

assigned particular importance to the diagrams in ques-
tion, though, it appears from the text, primarily for didac-
tic purposes. Another cosmographical drawing by Ibn al-
‘Arabi appears in his magnum opus, al-Futiahat al-Mak-
kiyah (The Meccan revelations or conquests), which has
as its subject the relation between the “center” (= the
Absolute manifesting itself as God) and the spheres sur-
rounding it (= “genera and species,” that is, permanent
archetypes; fig. 3.16).30

If one bears in mind that Ibn al-‘Arabi’s philosophy is
notoriously dense and his style of writing correspondingly
convoluted, it is not surprising that at least some of his
later commentators had recourse to diagrams in order to
present his doctrines in a readily intelligible manner. Var-
iations of Ibn al-‘Arabi’s diagram of the different planes
of being seem to have enjoyed particular popularity
among his spiritual disciples. Such diverse figures as the
poet Maghribi (d. 809/1406-7), the encyclopedist mystic-
scholar Ibrahim Hakk: (d. 1194/1780), and the mystic
Muhammed Nara’l-‘Arabiyia’l-Melami  (1228-1305/
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like the numeral 1,000 which contains all numerals from 1 to
1,000. Translation on the right.

Size of the original: approx. 12 x 13.5 cm. By permission of
Abbas Hamdani, University of Wisconsin-Milwaukee (MS. al-
Kirmani, Rahat al‘aql, “al-mashri‘ al-khamis min al-sar al-

rabi,” fol. 127b).

ferent planes of being according to Ibn al-“Arabi. Although the accom-
panying text does not reflect it directly, this diagram is an illustration
of Ibn al-“Arabi’s theory of “five divine presences.” For a clear expo-
sition of this theory, see Toshihiko lzutsu, Sufism and Taoism: A Com-
parative Study of Key Philosophical Concepts (Berkeley: University of
California Press, 1984), pt. 1, “Ibn ‘Arabi,” esp. 19-20. The latter dia-
gram concerns the creation of the world through divine names. A sum-
mary of the “cosmogony” appears in Masataka Takeshita, “An Analysis
of Ibn ‘Arabi’s Insha’ al-dawa’ir with Particular Reference to the Doc-
trine of the “Third Entity,’ ” Journal of Near Eastern Studies 41 (1982):
243-60, esp. 256-58 (I owe this reference to Peter Heath, Washingron
University in Saint Louis). On divine names, see lzutsu, Sufism and
Taoism, 99-109.

30. On Ibn al-‘Arabi, see Ahmed Ates, “Ibn al-‘Arabi,” in Encyclo-
paedia of Islam, new ed., 3:707-11, the references in James Winston
Morris, “Ibn ‘Arabi and His Interpreters,” Journal of the American
Oriental Society 106 (1986): 539-51, 733-56, and 107 (1987): 101-19,
and more recently, William C. Chittick, Ibn al-“Arabi’s Metaphysics of
Imagination: The Sufi Path of Knowledge (Albany: State University of
New York Press, 1989). The Inshd’ al-dawa’ir was edited by Nyberg
in Kleinere Schriften des [bn al-“Arabi, 3-38 (note 29), and al-Futahat
al-Makkiyah is currently being edited by ‘Uthman Yahyi and Ibrihim
Madkar, 10 vols. to date beginning in 1972 (note 9).
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FIG. 3.15. THE UNIVERSAL INTELLECT, THE CREATOR,
AND THE CONSTRUCTION OF THE UNIVERSE
ACCORDING TO NASIR KHUSRAW. This diagram dem-
onstrates the correlation that exists between the way the Uni-
versal Intellect worships the Creator and the way the universe
is constructed. The Universal Intellect’s worship of the Creator
is based on the structure of the Muslim testimony of faith, la
ilabah ill@’llab (there is no God but Allah), which is composed
of four words, seven syllables, and twelve letters. Thus the
Universal Intellect worships the Creator based on the four fun-
damental modes of tasbih (pakizah kardan, “purification™),
izafat (baz bastan, “tracing its origin to God™), ibtihal (gardan
nihadan, “submission”) and tazim (buzurg dashtan, “glorifi-

ns

FIG. 3.16. A PARTIAL ILLUSTRATION OF THE RELA-
TIONS BETWEEN THE “DIVINE PRESENCE” AND “PER-

MANENT ARCHETYPES” ACCORDING TO IBN AL-
‘ARABI. Translation on the right.

< 2UTUS Arig s

Moon

“tasbips

i *®
B mahy % %
g %\ ©
4 %\ 2
2\ G
Jo eOIIec( ]
L v /=5 e
& £¥ 38
. s /&
& S
e S o
x-\"s“\'\ ¥ 3

%y

e

.o\
— A
jefuwet v

B o 31095

cation”) as well as based on several subdivisions of these into
seven and twelve parts. This structure of worship is said to
correspond to the structure of the Universe that is built out of
four elements, seven planets, and twelve signs of the zodiac.
Not incorporated into the diagram is another set of correlations
with the human body, namely its four humors (blood, phlegm,
black bile, and yellow bile), its seven internal organs (brain,
heart, lungs, liver, pancreas, gallbladder, and kidneys), and its
twelve “visible” organs (head, face, neck, breast, stomach, back,
two hands, two legs, and two feet). Translation on the right.
Size of the original: not known. From Nasir Khusraw, Khvan
al-ikhvan, ed. Yahya al-Khashshab (Cairo: Matba‘at al-Ma‘had
al-‘Ilmi al-Faransi 1°l-Athar al-Sharqgiyah, 1940), 139.
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Size of the original: approx. 11 X 11 ¢cm. From Ibn al-‘Arabi,
al-Futahat al-Makkiyab, ed. ‘Uthman Yahya and Ibrahim Mad-
kir (Cairo: Jumhiiriyah Misr al-‘Arabiyah, Vizarat al-Thagafah,
1972-), 4:158 (chap. 47).
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FIG. 3.17. DIAGRAM OF THE DIFFERENT LEVELS OF
BEING FROM THE MA‘RIFETNAME.

Size of the original: 5.6 x 8.5 cm. By permission of the British
Library, London (MS. Or. 12964, fol. 28b).

1813-88) all produced slightly different versions of this
diagram (fig. 3.17).3! More significantly, however, it was
one of these distant disciples of Ibn al-‘Arabi—namely,
Haydar Amuli—who, to all indications, alone in the his-
tory of Islamic thought developed a veritable art of cos-
mographical “diagramology.”

Haydar Amuli stands at the pinnacle of a particular
trend in ithna “ashari Shi‘i thought that is characterized
by a high degree of openness to mystical speculation and,
more specifically, by an effort to integrate the thought of
Ibn al-‘Arabi into Shi‘ philosophy. The argument central
to his profuse philosophical output is encapsulated in the
maxim “the true Shiis are Sufis and the true Sufis are
Shis.” The Sufi par excellence for Haydar Amuli seems
to have been Ibn al-‘Arabi, and he devoted his formidable
intellectual energies to the task of merging ithna “ashari
doctrines and Ibn al-‘Arabi’s theories into a consistent
and rigorous whole.3? In this effort he freely resorted to
graphic representation and drew many cosmographical
diagrams, of which only twenty-eight have so far been
recovered.3? These are extremely elaborate diagrams that
reflect almost all aspects of Haydar Amuli’s wide-ranging
speculations, and as such they require separate collective
treatment elsewhere.3 Several of the drawings are meant
to illustrate points of Ibn al-‘Arabi’s teachings, and at
least in some cases they derive from drawings by Ibn al-
‘Arabi himself. But the great majority of Haydar Amuli’s
diagrams are original. They have as their subject the com-
plex network of correspondences between the two major
spheres of creation—the world of manifest, corporeal
entities and the world of hidden, spiritual beings. These

87

two complementary faces of creation are referred to by
Haydar Amuli as the Kitab afagi (Book of horizons) and
the Kitab anfusi (Book of souls) respectively. Also
involved in this “science” of correspondences is the Book
of revelation—the Qur’an—which seems to act as a heu-
ristic device in the effort to discover or uncover the series
of correlations that underlie and connect the two spheres
of creation.

Other than the sheer numbers of diagrams involved,

31. Shams al-Din Muhammad Maghribi, Jam-i jahannuma (Tehran,
1935) appended to the end of Nagir al-Din Muhammad ibn Muhammad
al-Tasi's al-Jabr va-al-ikbtiyar (1934), 8 and 17; see also Jam-i jahan-
numa, in Divan-i kamil-i Shams-i Maghribi, ed. Aba Talib Mir ‘Abidini
(Tehran: Kitabfurashi-i Zavvar, 1979), 309. ibrahim Hakki,
Ma‘rifetname, 50 (note 13). Abdalbaki Goélpinarh, Melamilik ve Melam-
iler (Istanbul: Devlet, 1931), 270, reproduces the diagram from
Muhammed Nari’l-‘Arabiyt’l-Melami’s al-Anwar al-Mubammadiyah
(MS. Abdalbaki Golpinarl, date and folio number not given—
Golpinarl’’s manuscripts are now preserved in the Mevlana Miizesi in
Konya, Turkey). Golpinarh is of the opinion that Seyyid Muhammed
copied this diagram from Maghribi's Jam-i jahannuma. He also points
out that the Turkish mystic Niyazi-i Misri (d. 1105/1694) included a
similar drawing in his Devre-i “arsiyeh, a work | could not consult.

32. E. Kohlberg, “Haydar-i Amoli,” in Encyclopaedia Iranica, 1:983-
85; Josef van Ess, “Haydar-i Amuli,” in Encyclopaedia of Islam, new
ed., suppl. fasc. 5-6, 363-65; Henry Corbin, En Islam iranien: Aspects
spirituels et philosophiques, 4 vols. (Paris: Editions Gallimard, 1971-
72), vol. 3, Les fidéles d’amour: Shi’isme et Soufisme, 149-213; and
Peter Antes, Zur Theologie der Schi‘a: Eine Untersuchung des Gami*
al-asrar wa-manba® al-anwar von Sayyid Haidar Amolr (Freiburg:
Klaus Schwarz, 1971).

33. The diagrams appear in Haydar Amuli’s al-Mugaddimat (note
8). Originally scattered into different chapters of the Arabic text in
manuscript copies, the diagrams have been brought rogether at the end
of the printed text by Haydar Amuli’s modern editors. Other works of
Haydar Amuli that apparently contained diagrams but that do not
appear to be extant were Risalat al-jadawil al-mawsamahb bi-madarij
al-salikin ft maratib al-arifin (The book of diagrams concerning the
spiritual ranks of the Gnostics in which are marked the degrees of the
mystic wayfarer) and Kitab al-mubit al-a‘zam wa-al-tar al-ashamm fi
ta’wil kitab allab al-“aziz al-mubkam (The book of the encircling ocean
and the towering mountain concerning the esoteric interpretation of
the mighty and firm book of God). For Risalat al-jadawil, see Haydar
Amuli, Kitab jami® al-asrar wa-manba® al-anwar in the edition by
Henry Corbin and “‘Uthman Yahya, La philosophie Shi’ite (Paris:
Librairie d’Ameérique et d'Orient, Adrien-Maisonneuve, 1969), 40
(French introduction). As for the Kitab al-mubit al-a‘zam, Haydar
Amuli writes in his al-Mugaddimat that this Quranic interpretation
contained seven introductory sections (mugaddimat) and twelve dia-
grams (dawd’ir), with no further information (pp. 147-49 of the Arabic
text [note 8]). This same passage is inaccurately translated by the editors
(p. 6 of the French introduction) to read “nineteen diagrams.”

34. An exhaustive analysis of six of the diagrams in question can be
found in Henry Corbin, “La science de la balance et les correspondances
entre les mondes en gnose islamique (d"aprés 'ocuvre de Haydar Amoli,
VIIIe/XIVesiécle),” Eranos 42 (1973): 79-162; English translation, “The
Science of the Balance and the Correspondences between Worlds in
Islamic Gnosis,” in Temple and Contemplation, by Henry Corbin, trans.
Philip Sherrard (London: KPI in association with Islamic Publications,
1986), 55-131. In view of the complicated nature of Haydar Amuli’s
diagrams and the extensive textual material incorporated in them, it is
not feasible to reproduce any of them here.
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FIG. 3.18. THE “TOPOGRAPHY” OF THE DAY OF JUDG-
MENT FROM THE MA‘RIFETNAME. The place of resur-
rection and judgment is in the middle, surrounded by a circle
of fire and complete with the balance with which human deeds
are going to be weighed, the “deed records™ (dafatir), and the
banner of praise, as well as assigned seats for all the prophets
and the religious scholars who are going to oversee the process
of judgment. The only exit from this place of assembly leads
to the straight path that stretches above hell at bottom: only
those whose good deeds outweigh their sins will be able to
cross this bridge over hell and take the route to paradise on
top.

Size of the original: 19 x 9.3 cm. By permission of the British
Library, London (MS. Or. 12964, fol. 24a).

Islamic Cartography

what is intriguing about Haydar Amuli’s cosmographies
is the importance the author assigns to them: they are
not mere illustrations. Instead they are conceived by Hay-
dar Amuli as an independent section of the work in which
they appear.3’ It is not easy to know the intended meaning
of such autonomy of the graphic image vis-a-vis the writ-
ten word, yet there is reason to think that the diagrams
in question were not all the results of a conscious attempt
at clarity of presentation. In at least some cases, the repre-
sentation on paper, far from being a mere illustrative tool,
records the real visionary experiences of the author.3¢ It
is most likely, therefore, that in Haydar Amuli’s eyes the
diagrams possessed a degree of directness and intimacy
far surpassing the oblique and much attenuated residue
of reality contained in the written text. The graphic, in
this case, was a more representative medium for convey-
ing spiritual and metaphysical realities than the verbal.
As such it demanded “preferential treatment” from the
author, who responded by turning into a “diagramolo-
gist.” There were many others in the history of Islamic
thought, as demonstrated in this chapter, who resorted
to graphic representation at certain points along several
disparate paths of cosmological speculation. But Haydar
Amuli is quite singular in his belief in the representational
power of diagrams. In this sense he is perhaps the only
true “cosmographer” in that complex history.

RELIGIOUS COSMOGRAPHY

The preceding survey of the cosmographical drawings
found in Islamic philosophical /scientific and Gnostic/
mystical texts suggests that mainstream religious litera-
ture is on the whole devoid of cosmographical repre-
sentation. While this is certainly a valid generalization, it

35. Haydar Amuli, al-Mugaddimat, Arabic text, 18, par. 50, lines
18-20 and French introduction, 18-21 and 32-33 (note 8). In this pas-
sage, Haydar Amuli conceived of his work in seven sections: three
preliminary sections (tamhidat), three principal chapters (arkan), and
the diagrams (dawda’ir). The number of diagrams is given as twenty-
seven in this same section, though in fact twenty-eight all together are
included in the work. It is probable that the number twenty-seven was
meant to refer to the twenty-seven chapters of Ibn al-‘Arabi’s Fusas al-
hikam, the work of which al-Mugaddimat is ostensibly an interpre-
tation.

36. Such is the case with al-Mugaddimat, fig. 7 in the section of
diagrams following the Arabic text (nore 8). Haydar Amuli bases this
diagram on a vision he saw in the night sky over Baghdad in the year
755/1354. In this vision the names were written in red while the figures
were drawn in lapis lazuli blue. The “fourteen innocents™ of Shii Gnosis
(the twelve Imams, the Prophet Muhammad, and his daughter Fatimah)
are arranged in a particular order around the square with the four
Muhammads and the four “Alis on the four corners. It is probable that
the vision and its subsequent recording in a work devoted to the inter-
pretation of Ibn al-“Arabi’s Fusis al-hikam were occasioned by Haydar
Amuli’s reaction to Ibn al-‘Arabi's views on walayah. This question is
discussed by Henry Corbin in Les fidéles d’amour, 201-8 (note 32).
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should not be imagined that the dislike of Muslim schol-
ars of the “religious sciences” for cosmological specu-
lation (and perhaps also for visual representation) was
universal. A case in point is the complete religious cosmo-
graphy found in the encyclopedic work titled
Ma‘rifetname (The book of Gnosis) by the aforemen-
tioned scholar-mystic Ibrahim Hakki (plate 3), which is
accompanied by a striking “topographic” representation
of the Day of Judgment (fig. 3.18).37 The appearance of
such exceptional visual renderings of the religious cos-
mos, complete with an eight-layered paradise on top of
an eight-layered hell at bottom, in one of the most pop-
ular religious manuals in late Ottoman Turkish leaves
open the possibility that similar cosmographies are to be
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found in other late religious works in Islamic languages,
even though no such drawings have yet come to my atten-
tion. Equally intriguing is the likelihood that loose cos-
mographical drawings circulated among the populace.
The ground is shaky here, since documentation on pop-
ular culture is meager and mostly of very recent origin.
Nonetheless, evidence in published works indicates that
research on this front is sorely needed.3®

37. On Erzurumlu ibrahim Hakki, see Ziya Bakicioglu, “Ibrahim
Hakki (Erzurumlu),” in Tuirk Dili ve Edebiyati Ansiklopedisi, 6 vols.
to date (Istanbul: Dergah Yaynlan, 1976-), 4:325-26.

38. See for instance, the two drawings reproduced in Malik Aksel,
Thirklerde Dini Resimler (Istanbul: Elif Kitabevi, 1967), 112 and 127.



4 - The Beginnings of a Cartographic Tradition

GERALD R. TIBBETTS

INTRODUCTION

Before the establishment of Islam in the seventh century
A.D., there is no evidence that the early Arabs accepted
the idea of representing the landscape in a systematic way.
Practical use of maps is documented in only the slightest
manner: even the tribesmen facing in the direction of
their sacred tribal enclosure when praying do not seem
to have needed a mnemonic for the purpose. Arabs seem
to have taken up the idea of mapping only when absorb-
ing the cultures of the peoples they conquered.

Toward the end of the first century of Islam we do
find a few literary references to military maps. A map
was prepared (ca. 83/702) of the country of Daylam,
south of the Caspian Sea, for al-Hajjaj ibn Yuasuf (d. 95/
714), the governor of the eastern part of the empire, so
that he could understand the military situation from his
capital in Iraq (fig. 4.1).! Similarly, he ordered a plan of
Bukhara so that he could acquaint himself with the layout
of the city while preparing for its siege (89,/707).2 A map
of the swamps of al-Batihah near Basra was also said to
be available in the time of the Abbasid caliph al-Mansir
(d. 158/775), seemingly this time because of a dispute
over the provision of fresh water.3 A plan was also reput-
edly drawn in 141/758 for the round city of Baghdad
planned for the caliph al-Mansiir. Since this was virtually
a strongly walled fortress in which only the privileged
lived, the drawing was less a city plan than an architect’s
site plan,* but since the city had a diameter of two kil-
ometers or more, the plan may have been a substantial
cartographic attempt. What it was like we have no idea,
since nothing of the plan or of the original round city
has survived, and literary accounts are so much at vari-
ance that we cannot conjecture the form or extent of
the cartography involved.

We have no more information about these obviously
practical maps, nor is there any link to later Muslim carto-
graphy. Mapping during the period | am discussing seems
to have first appeared and then continued only as an
adjunct to geographical literature: surviving maps occur
only as illustrations to geographical texts (table 4.1).

EARLY GEOGRAPHICAL LITERATURE

Arab geographical literature began in much the same way
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as other Arab literature, from a mixture of folk literature
and the tradition formed by Islamic religious writing. The
Quran and hadith, besides having a cosmological basis
that pervades most of the later geographical literature,
also contained a factual geographical element. Telling
stories and reciting poetry about desert life augmented
this. Early in Islamic history a corpus of geographical lore
must have developed based on akhbar (narrated historical
traditions) and ‘@j@’ib (stories about marvelous events and
things), two genres of narrated information that were
written down at an early stage.’ Texts like the ‘Aja@’ib al-
Hind (Wonders of India) and the Akbbar al-Sin wa-al-
Hind (Traditions about China and India) have survived
as some of the earliest written Arab literary texts, but no
doubt there were other early collections that have been
lost.6

An example of early lore that has a bearing on carto-
graphy is a concept of the world landmass in the shape
of a bird. This idea may come from early Islamic times,
since the information, first given by Ibn ‘Abd al-Hakam
(d. 257/871), is mentioned as a tradition emanating from
a prominent Arab of the late seventh century. Ibn ‘Abd
al-Hakam reports that the head of the bird represented

1. Ahmad ibn Muhammad ibn al-Faqih al-Hamadhani, Kitab al-bul-
dan; see Compendium libri kitdb al-bolddn, ed. Michael Jan de Goeje,
Bibliotheca Geographorum Arabicorum, vol. § (Leiden: E. J. Brill, 1885;
reprinted, 1967), 283.

2. Aba Ja“far Muhammad ibn Jarir al-Tabari, T@’rikb al-rusul wa-al-
mulik; see Annales quos scripsit Abu Djafar Mohammed ibn Djarir
at-Tabari, ed. Michael Jan de Goeje, 15 vols. in 3 ser. (Leiden: E. ].
Brill, 1879-1901; reprinted 1964-65), 2d ser., 2:1199.

3. Ahmad ibn Yahya al-Baladhuri, Futah al-buldan; see Liber expug-
nationis regionum, ed. Michael Jan de Goeje (Leiden: E. ]. Brill, 1866),
371.

4, Ahmad ibn Abi Ya‘qab al-Ya“qabi, Kitab al-buldan; see Kitab al-
boldin, ed. Michael Jan de Goeje, Bibliotheca Geographorum Arabi-
corum, vol. 7 (Leiden: E. J. Brill, 1892; reprinted, 1967), 238. Note that
the Arabic word for drawing a plan here is ikhtatta, from which the
word kbittab, “a plan,” is derived. The word usually used in classical
Arabic for map is siarab, “illustration,” which is also the word used in
the three examples given above.

5. Gerald R. Tibbetts, A Study of the Arabic Texts Containing Mate-
rial on South-east Asia (Leiden: E. J. Brill, 1979), 3-4.

6. Buzurg ibn Shahriyar, Kitab ‘aja’ib al-Hind; see Livre des merveilles
de I'Inde, ed. Pieter Antonie van der Lith, trans. L. Marcel Devic (Lei-
den: E.]. Brill, 1883-86); >Abbar as-Sin wa l-Hind: Relation de la Chine
et de IInde, ed. and trans. Jean Sauvaget (Paris: Belles Lettres, 1948).
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FIG. 4.1. REFERENCE MAP OF THE MIDDLE EAST. This general map of the Middle East during the early period shows the

approximate borders of the provinces of the Islamic empire.

China, the right wing India, the left wing al-Khazar
(North Caucasus), and the tail North Africa. The tradi-
tion may be Iranian.” However, the world maps of the
al-Balkhi school (tenth century A.D.) show this bird
clearly with Arabia as the head, Asia and Africa as the
wings, and Europe as the tail, so the tradition may be a
much later idea gained from looking at a map of this
sort.?

The earliest nonliterary geographical source materials
were lists of pilgrimage and post stages throughout the
Islamic world, giving the distances between the stages.
Though compiled for administrative purposes, these were
soon adopted by writers with a geographical bent and
appear in literary works. These lists and the two previous
sources make up the content of early Islamic geographical
literature. Works of this nature were often titled Kitab
al-masalik wa-al-mamalik (Book of routes and prov-
inces), and the earliest to survive is that of Ibn Khurra-
dadhbih, written about 231/846.° The bare bones of this
book consist of the post or pilgrimage routes and dis-

tances throughout the Islamic world. Ibn Khurradadhbih,
however, does extend the routes through known non-
Islamic areas; for instance, he gives the sea route to China

7.S. Magbul Ahmad, “Djughrifiya,” in The Encyclopaedia of Islam,
new ed. (Leiden: E. ]. Brill, 1960-), 2:575-87, esp. 576. Aba al-Qasim
‘Abd al-Rahman ibn ‘Abdallah ibn ‘Abd al-Hakam, Kitab futah misr;
see Le livre de la conquéte de PEgypte du Magreb et de 'Espagne, ed.
Henri Massé (Cairo: Imprimerie de I'Institut Frangais, 1914), 1, ema-
nating from ‘Abdallah ibn “Amr ibn al-‘As.

8. For the Balkhi school maps, see below, chapter 5.

9. Abii al-Qasim “‘Ubayd Allah ibn ‘Abdallah ibn Khurradadhbih (or
Khurdadhbih) lived about 204-300,/820-911, so his geographical work
was written in his youth if this date (de Goeje) is correct. He was a
government administrator by profession and held the positions of direc-
tor of posts and intelligence in the province of Jibal and director general
of the same in Baghdad and Samarra. His writings ranged over several
subjects, but the geographical work was the most quoted. This impor-
tance was recognized by both Arabs and modern scholars. The text of
Ibn Khurradadhbih'’s Kitab al-masalik wa-al-mamalik was edited by
Michael Jan de Goeje, Kitdb al-masdlik wa’l-mamailik (Liber viarum
et regnorum), Bibliotheca Geographorum Arabicorum, vol. 6 (Leiden:
E. J. Brill, 1889; reprinted, 1967).



TABLE 4.1 Islamic Time Chart

A.H. A.D. Event AH. A.D. Event
0 622 The Hijrah; Muhammad migrates 290 903 Ibn al-Fagih and Ibn Rustah,
to Medina geographical writers, flourish
8 630 Muhammad captures Mecca ca. 316 ca. 928 Qudamah, geographical writer,
11 632 Muhammad dies flourishes
11-40 632-61 The four orthodox caliphs 317 929 al-Battani, astronomer, dies
13 634 Palestine and Iraq taken by the ca. 320 ca. 930 al-Jayhani, Samanid wazir, flourishes
Muslims 322 934 al-Balkhi, scholar and geographer,
13-21 634-44 Umar, caliph; Yezdigird 111, shah of dies
Persia 334 945 al-Hamdani (Sifat Jazirat al-“Arab)
14 635 Battle of Qadistya; defeat of dies
Sassanid army 331-62 943-73 Ibn Hawqal’s travels
22 642-43 Muslims reach Carthage in Africa; 340 950 Suhrab (Ibn Sarabiyin),
Makran and Baluchistan in Asia geographical writer, flourishes
31 652 Muslims take Armenia; enter 340 951 al-Istakhri’s Kitab al-masalik
Khurasan wa-al-mamalik
41-132 661-750  Umayyad dynasty of caliphs based 341-65 952-75 al-Mu‘izz, Fatimid caliph in Cairo
in Damascus 345 956 al-Mas‘idi, historian, dies
73 692 al-Hajjah becomes governor of Iraq  ca. 350 ca. 961 al-Khazin, astronomer, dies
76 695 Muslim postal service inaugurated 356 967 Sayf al-Dawlah, Hamdanid sultan
86 704 Qutaybah, governor of Khurasan of Syria, dies
(d. 714) 365-86 975-96 al-‘Aziz, Fatimid caliph in Cairo
90-93 708-12 Bukhara, Samarkand, and 372 982 Hudud al-‘alam; al-Muhallabi,
Khwiarazm captured; also Sind geographical writer, flourishes
92 711 Muslims enter Spain 386-411 996-1021  al-Hakim, Fatimid caliph in Cairo
95 714 al-Hajjaj, governor of the eastern 377 987 Ibn al-Nadim’s al-Fihrist
empire, dies 378 988 Last recension of Ibn Hawqal’s
132-36 750-54 al-Saffah, first Abbasid caliph Kitab sarat al-ard
132 750 al-Fazari, astronomer, flourishes 386 990 al-Qummi, astronomer, dies
136-58 754-75 al-Mansir, second Abbasid caliph ca. 390 ca. 1000 al-Mugqaddasi dies
170-93 786-809  Harin al-Rashid, fifth Abbasid 399 1009 Ibn Yanus, geographer and
caliph astronomer, dies
198-218 813-33 al-Ma’miin, seventh Abbasid caliph 428 1037 Strasbourg manuscript of
231 846 Ibn Khurradadhbih’s Kitab al-Khwirazmi
al-masalik wa-al-mamalik after 442  after 1050  al-Biriini dies
232-47 847-61 al-Mutawakkil, tenth Abbasid 479 1086 Earliest Ibn Hawgal manuscript
caliph 480 1087 al-Zarggllo, astronomer, flourishes
ca. 240 ca. 850 Habash al-Hasib, astronomer, (Toledo tables)
flourishes 530 1140 al-Zuhri flourishes
247 861 al-Farghani, astronomer, flourishes 548 1154 Roger I of Sicily dies
256-79 870-92 al-Mu‘tamid, fifteenth Abbasid 560 1165 al-Idrist dies
caliph 569 1173 Earliest manuscript of al-Istakhri
260 874 al-Kindi, philosopher, dies 590 1190 Ahmad al-Tasi flourishes
274 887 al-Marwazi dies 626 1229 Yagqiit dies
284 897 al-Ya“qiibi, geographical writer, dies 685 1286 Ibn Sa‘d dies
286 899 al-Sarakhsi dies 732 1331 Abi al-Fida’ dies
288 901 Thabit ibn Qurrah dies

in detail. He then supplements this material from other
sources, usually with literary material like that mentioned
above. That he gives distances between places provides
us with at least one condition that would have encour-
aged the development of some sort of cartographic result.

This type of work called al-Masalik wa-al-mamalik
became a tradition. Other authors who wrote in a similar
vein and with the same title were al-Marwazi (d. 274/
887), al-Sarakhsi (d. 286/899), and al-Jayhani (tenth cen-
tury A.D.). Abii ‘Abdallah Muhammad ibn Ahmad al-
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Jayhani was a Samanid wazir whose work most writers
regarded as a serious contribution to geographical liter-
ature, and he was a forerunner, according to al-Mugad-
dasi, of the later al-Balkhi school. None of these works,
however, has survived.10

Ibn Khurradadhbih is also followed by a series of
authors who write in a more stylistic way by dropping
the official framework that held his book together. Such
writers were al-Ya‘qiibi (d. 284 /897), Ibn Rustah (fl. ca.
290/903), and Qudamah (early tenth century A.D.), who
produced geographical works that have survived and are
quite important yet are valueless from a cartographic
point of view.!! There are others whose works are lost,
although judging from their titles they must have been
similar in content. Probably the culmination of this early
geographical tradition was the work of al-Mas‘tdi (d.
345 /956). His main works were histories, but he believed
in prefacing history with a description of the world where
the events occurred.’? He was a traveler, an inveterate
collector of information, and a good critic. Since much
of his information was gained firsthand, he gives us an
excellent sketch of the physical world as well as good
criticism of Arab geographical literature.

FOREIGN GEOGRAPHICAL INFLUENCE

With the formation of the Abbasid court in Iraq, espe-
cially under the caliphate of al-Mansiir (r. 136-58,/754-
75), literature and science were encouraged and it was
realized that the conquered nations, Sassanids and Byzan-
tines, had much to offer. It was soon discovered, probably
through Pahlevi scholars and texts, that to the east of
Islam the Hindu cultures had a wealth of knowledge that
could be tapped by the new elite of the Islamic world.
Attempts were made to understand Indian astronomical
texts, Indian scholars were invited to Baghdad, and trans-
lations were made into Arabic from the siddhanta lit-
erature, a word that became sindhind in Arabic. Several
Arabic works are based on siddhanta texts, but it was
mainly astronomical concepts that were taken from
them.!? A few geographical concepts were derived from
India, the most important being the concept of the
Cupola of the Earth and the use of the meridian of Ujjain
(Arin) as the prime meridian, ideas that crept from Arabic
into medieval European literature.'* A prime meridian in
the extreme east based on a locality called Jamagird or
Kangdiz, with longitudes ranging west from it, appears
in some early Arab tables of longitude. The Arabs them-
selves thought this system was of Indian or Chinese ori-
gin.1S

As the Arabs were absorbing Indian scientific infor-
mation, they also took in many Persian ideas, as well as
Greek ideas that had reached Persia. There is little
obvious Persian influence in Arab geographical literature,
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however, except for general topographical descriptions
and the concept of the division of the inhabited world
into kishvars.16

The Persian kishvars or “regions” were seven, the same
number as the Greek climata, so the Arabs called both
iglim {pl. agalim), causing a certain amount of confusion.
They consist geographically of six regions encircling a
central region that represents the central Iranian area,
usually called in Islamic times by the name Babil (fig.
4.2).17 There is a possibility that the idea was ultimately

10. Al-Marwazi’s work was mentioned only by title by other authors
(e.g., Muhammad ibn Ishiq Ibn al-Nadim, al-Fibrist; see The Fibrist
of al-Nadim: A Tenth-Century Survey of Muslim Culture, 2 vols., ed.
and trans. Bayard Dodge [New York: Columbia University Press, 1970],
1:329, and Shihab al-Din Aba ‘Abdallah Yaqit ibn ‘Abdallah al-Hamawi
al-Rumi al-Baghdadi; see The Irshad al-arib ila ma‘rifat al-adib; or,
Dictionary of Learned Men of Yaqat, 7 vols., ed. D. S. Margoliouth
{Leiden: E. J. Brill, 1907-27}, 2:400). It was said in the latter source to
be the earliest work of this nature. Al-Sarakhsi’s work is just as obscure,
though al-Sarakhsi himself is better known. He was a general litterateur
with other lost works to his credit.

11. The works of these writers are published as volumes 6 and 7 of
Bibliotheca Geographorum Arabicorum. For Ibn Khurradadbih see note
9 above, and for al-Ya‘qibi see note 4 above. For Aba ‘Ali Ahmad ibn
‘Umar ibn Rustah’s Kitab al-a‘lag al-nafisah, see de Goeje’s edition,
Kitab al-a‘lak an-nafisa VII, Bibliotheca Geographorum Arabicorum,
vol. 7 (Leiden: E. J. Brill, 1892; reprinted 1967). Qudamah ibn Ja‘far
al-Baghdadi was another geographical writer who was also an admin-
istrative official in Baghdad; his Kitab al-kharaj is in de Goeje’s vol. 6
{(note 9 above): Kitdb al-Khardj.

12. Abi al-Hasan “Ali ibn al-Husayn al-Mas‘@di’s longest work is the
Muriaj al-dbabab wa-ma‘adin aljawhar, published as Les prairies d’or,
9 vols., trans. C. Barbier de Meynard and Pavet de Courteille, Société
Asiatique, Collection d’Quvrages Orientaux (Paris: Imprimerie Impéri-
ale, 1861-1917), esp. vol. 1 (1861). Also important is his al-Tanbib wa-
al-ishraf; see Kitdb at-Tanbih wa’l-ischrif, ed. Michael Jan de Goeje,
Bibliotheca Geographorum Arabicorum, vol. 8 (Leiden: E. J. Brill, 1894;
reprinted, 1967), and the French translation by B. Carra de Vaux, Le
livre de I’avertissement et de la revision (Paris: Imprimerie Nationale,
1896).

13. There were various siddhantas, and which ones found their way
into Arabic is in some dispute. But since they were probably received
through the intermediary of Pahlevi texts, the exact provenance of the
Arabic works was never clear. Examples of Arabic texts based on Indian
materials are the Kitab al-Zij of Muhammad ibn Ibrahim al-Fazari and
Zij al-Sindhind al-saghir by Abi Ja‘far Muhammad ibn Masa al-Khwar-
azmi. The former is well known from quoted fragments (David Pingree,
“The Fragments of the Works of al-Fazari,” Journal of Near Eastern
Studies 29 [1970]: 103-23), while the larter exists as a whole and was
translated into Latin by Adelard of Bath in medieval times. See also
p-97 n31.

14. Arin is a misreading of Ujjain in the Arabic script. For more detail,
see below, p. 103 and p. 175 n.6.

15. See below, p. 103.

16. Nothing is known to be specifically geographical, but the astro-
nomical tables Zij-i Shabriyar, translated into Arabic as the Zij al-Shah,
which had a great influence on Arab astronomers, may have had geo-
graphical tables similar to Ptolemy’s Handy Tables or those of al-
Battani discussed below.

17. A clear account of the kishvar system with diagrams can be found
in N. Levtzion and J. F. P. Hopkins, eds. and trans., Corpus of Early
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FIG. 4.2. THE PERSIAN KISHVAR SYSTEM. This representa-
tion is taken from al-Birant’s Kitab tahdid nihayat al-amakin.
My translation of al-Biriini’s version of the system is on the
right.

derived from Babylonian sources, although there are
resemblances to the Indian cosmographic concept of
Mount Meru and the lotus petals.!®

Greek geography, by contrast, influenced the early
Arabs considerably. Greek ideas again came via Pahlevi
texts, but scholars acquainted with Syriac and Greek
introduced directly from the former Byzantine provinces
a greater knowledge of Greek geographical material,
including the works of Claudius Ptolemy.!® Ptolemy’s
Geography was more purely geographical than anything
the Arabs had yet encountered. The lists of latitude and
longitude values and the mathematical side of Ptolemy
appealed to them, and they set out with zeal to check
his results and correct them where they could.?® For
instance, one of the projects of this time was remeasuring
the length of a degree of latitude on the earth’s surface
using the method originally attributed to Eratosthenes.2!
One thing not taken up by Arab scholars was Ptolemy’s
chapter on the construction of geographical map projec-
tions. In view of their interest in projections for celestial
mapping (chap. 2 above) this is surprising, and perhaps it

Arabic Sources for West African History (Cambridge: Cambridge Uni-
versity Press, 1981}, xv-xix.

18. This Indian concept is probably also derived from the Persian
kishvar system that appears in the Avesta; see part 2 below on South
Asian cartography. The concept is not old in India; George Rusby Kaye,
Hindu Astronomy: Ancient Science of the Hindus, Memoirs of the
Archaeological Survey of India, no. 18 (Calcutta: Government of India
Central Publications Branch, 1924; reprinted New Delhi: Cosmo, 1981),
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Size of the original: 14.5 x 13 c¢m. From Ahmed Zeki Velidi
Togan, ed., Birani’s Picture of the World, Memoirs of the
Archaeological Survey of India, no. 53 (Delhi, 1941), 61, by
permission of the Archaeological Survey of India, New Delhi.

38. Lotus petal maps are discussed and illustrated below, see figs. 15.3,
16.1, 16.8, 16.14, 16.18, 17.20, 17.21, and related text.

19. Carlo Alfonso Nallino, “Al-Huwarizmi e il suo rifacimento della
Geografia di Tolomeo,” Atti della R. Accademia dei Lincei: Classe di
Scienze Morali, Storiche e Filologiche, 5th ser., 2 (1894), pt. 1 {(Mem-
orie), 3-53; republished in Raccolta di scritti editi e inediti, 6 vols.,
ed. Maria Nallino (Rome: Istituto per I'Oriente, 1939-48), 5:458-532,
esp. 459-63; Ernst Honigmann, Die sieben Klimata und die nodeg
tnionuor (Heidelberg: Winter, 1929), 112-22; J. H. Kramers, “Djugh-
rafiya,” in The Encyclopaedia of Islam, 1st ed., 4 vols. and suppl.
(Leiden: E. J. Brill, 1913-38), suppl., 61-73, esp. 63.

20. Sezgin, in a recent work I saw after this chaprer was written,
discusses “Ma’munic mathematical geography” and compares it favor-
ably with “Ptolemaic geography™; Fuat Sezgin, The Contribution of the
Arabic-Islamic Geographers to the Formation of the World Map
(Frankfurt: Institut fiir Geschichte der Arabisch-Islamischen Wissen-
schaften, 1987). What he does is to compare the values given in the
tables of latitude and longitude of the early Arab geographers and
astronomers with the values given by Ptolemy, stating that the Arab
values are on the whole better than those of Ptolemy. In fact the latitude
values are more accurate to some extent, but by no means in every
case. Longitudes are just so much guesswork. In no case do we know
how the Arabs arrived at their values except by playing with the figures
of their predecessors. Nor do we know how Ptolemy arrived at his
figures. Except for knowledge of the length of a degree of latitude,
there can have been little mathematics involved. What it would have
required was a vast organization of measurers, and we have no sign of
that. Even if Ma’miin as Commander of the Faithful managed to orga-
nize this in the Abbasid Empire, a large number of places with coor-
dinates were found outside his domains.

21. Carlo Alfonso Nallino has dealt in detail with this in “Il valore
metrico del grado di meridiano secondo i geografi arabi,” Cosmos 11
(1892-93): 20-27, 50-63, 105-21; republished in Raccolta di scritti editi
e inediti, 6 vols., ed. Maria Nallino (Rome: Istituto per 'Oriente, 1939~
48), 5:408-57; and see below, pp. 178-81.
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affected all future Arab cartography. The link between
Ptolemy’s mathematics and actual map production seems
never to have been made. The impetus Ptolemy’s work
gave to the Arabs, however, does seem to have aroused
interest in map production, as is illustrated by the impor-
tance later geographers gave to the map of the caliph al-
Ma’miin.

THE MAP OF THE CALIPH AL-MA’MON

Under the caliph al-Ma’man (r. 198-218/813-33), sci-
ence flourished at the court, and the caliph surrounded
himself with scholars. One of the achievements of the
group of scholars working at his instigation was a large
map of the world. Al-Ma’miin’s map, however, is likely
to have been prompted as much by a political motive as
by a purely scholarly one, since various early rulers (Sas-
sanid, Fatimid, and Sicilian Norman) were said to have
had similar maps constructed to show that they ruled
everything in the world that mattered.??

This map has not survived. The only knowledge we
have of it comes from a number of contradictory ref-
erences in the works of later authors. The earliest and
probably most detailed reference to it and also suggesting
a contemporary interest in cartography is the well-known
passage from al-Mas‘iidi that runs,

I have seen these climates represented [musawwarah)
in various colors, without a text, and the best that I
have seen has been in the book Jughrafiya [Geo-
graphy] of Marinus and the commentary to Jughrafiya
of the divisions of the earth and in al-sarah al-
ma’maniyah that al-Ma’min ordered to be con-
structed by a group of contemporary scholars to repre-
sent the world with its spheres, stars, land, and seas,
the inhabited and uninhabited regions, settlements of
peoples, cities, etc. This was better than anything that
preceded it, either the Geography of Ptolemy, the
Geography of Marinus, or any other.2

This reference is vague, but the representation “in var-
ious colors” must mean that he had seen maps reputed
to be made by or derived from the Greeks and also that
this special map created by al-Ma’miin’s scholars was
known to him. The word used for map, s#irah, is not a
technical term. It means “representation” or “‘picture”
and can refer equally well to a written illustration or
representation. Nevertheless, it is the term used for those
maps of Daylam and Bukhara that were mentioned
above, and it came to be regarded as the word for map
throughout the geographical literature of the classical
period.

Al-Ma’miin’s map was presumably seen by the twelfth-
century geographer al-Zuhri, who states that his own
work (Ja‘rafiyah) is a copy of a copy (made by al-Fazari)
of the Ja‘raftyah al-Ma’miin.2* The description makes it
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clear that a map is understood by the word ja‘rafryah.
Unfortunately al-Zuhri has not left a map, but only a
text that describes the world according to the Persian
kishvar system.

The actual form of al-Ma’miin’s map is an enigma. Al-
Mas‘adr’s reference to Marinus and Ptolemy in the same
breath with al-Ma’miin makes one immediately think that
the map made for al-Ma’miin was built up from longitude
and latitude tables on a projection similar to that used
by the Greeks. Both al-Mas‘iidi and al-Zuhri, however
(and we must not forget that the latter claims to have
based his work on al-Ma’miin’s map), base their surviving
geographical texts on the Persian system of kishvars,
which they call agalim or climates, and this confuses the
issue. It is not known if the scholars of al-Ma’miin really
used mathematical geography to produce their map. If
they did, we might envisage something resembling a Ptol-
emaic world map or a world map on a rectangular grid
such as Marinus was supposed to have used. This form
is supported in that al-Khwarazmi, one of the scholars
of al-Ma’miin’s court, produced tables of longitude and
latitude of which a manuscript has survived to this day,
albeit from the early eleventh century (discussed below).
Suhrib, a later scholar who produced another set of
tables that has also survived, gives directions for pro-
ducing a map on such a rectangular grid. His tables were
almost certainly derived from those of al-Khwarazmi and
are nearly as long.

If al-Zuhri used al-Ma’miin’s map and that map was
based on a Greek model, why did al-Zuhri base his work
on the Persian kishvar system? Furthermore, al-Mas‘adi,
after claiming that al-Ma’miin’s map was so good, also
based his descriptive geography on this Persian system.
It is difficult to read much into the latter’s writing, how-
ever, for his knowledge of Ptolemy and Greek geography
was very superficial, and he was probably aware of them
only at second hand from Arabic material like al-Khwar-
azmi and al-Farghani.?® Al-Mas‘idi’s statement that all
towns in the same Ptolemaic climate have the same lat-
itude is a misinterpretation of al-Farghani’s climatic lists,
and al-Mas‘adi’s use of the Greek word “climate” (as

22. Ardashir 1 according to several late Arab authors; see Kramers,
“Djughrafiyd,” 64 (note 19). Ibn Yanus and al-Muhallabi prepared a
map on silk for the Fatimid caliph al-‘Aziz (r. 365-86/975-96), see
below. The Norman was Roger I, for whom Idrisi produced his map
(chapter 7 below).

23. Al-Mas‘adi, al-Tanbib; see the edition by de Goeje, 33, or the
translation by Carra de Vaux, Livre de Pavertissement, 53 {note 12).

24. See the edition of Muhammad ibn Abi Bakr al-Zuhri’s Ja‘rafiyah
in Mahammad Hadj-Sadok, “Kitab al-Dja‘rafiyya,” Bulletin d’Etudes
Orientales 21 (1968): 7-312, esp. 306. Al-Fazari was an early astronomer
(d. ca. 240/800) mainly known as a translator of Indian astronomical
texts.

25. Al-Khwarazmi, Suhrab (Ibn Sarabiyiin), and Abu al-*‘Abbas Ahmad
ibn Muhammad al-Farghani will all be discussed in detail in the fol-
lowing sections.
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iglim) for the Persian kishvar also shows his misunder-
standing.26

Of actual maps (apart from that of al-Ma’miin) that
come from the early period or might have originated
before the time of al-Balkhi’s school, we also have the
map said to be made by Aba al-Hasan °Ali ibn ‘Abd al-
Rahman ibn Yiinus for the Fatimid caliph jointly with
al-Hasan ibn Ahmad al-Mubhallabi. Since Ibn Yiinus com-
piled tables of coordinates similar to those of al-Khwar-
azmi, one might expect his map to differ considerably
from those of the Balkhi school. Reinaud states that Ibn
Yinus compiled a map for a Buyid ruler that was in
various colors but had no graticule. The source of this
statement is not given.2”

There is also a curious reference in the Fibrist, the
general bibliographic compilation of Ibn al-Nadim (d. ca.
385/995). Qurrah ibn Qamita, a Sabean from Harran
who must have lived in the ninth century A.D., made a
description of the world (Sifat al-dunya) that was copied
by his more famous compatriot Abi al-Hasan Thabit ibn
Qurrah al-Harrani. The author of the Fibrist saw this
sifat and noted that it was made on Dubayqi cloth,
“unbleached but with dyes.”28 It is possible that this pas-
sage actually refers to a map.

GEOGRAPHICAL TABLES

The Islamic tables of longitude and latitude seem to be
of much more importance in this early period than the
maps themselves. A considerable number of lists of geo-
graphical place-names exist in Arabic literature. Some are
meant to be all-inclusive lists covering the whole of the
known world, some cover specific parts of the world, and
some give only an unspecified selection of names. Some
lists are found directly in original works, but some appear
only as extracts in the works of other writers. They are
generally of two types: those that list places under cli-
mates, not always in any order, giving no longitudes and
only the latitudes of the climate boundaries, and those
that give longitude and latitude values individually for
each place.

The first type are usually included in the works of
astronomers, where they appear as a separate chapter.
The best example of this category, and one of the earliest
extant, appears in the work of Aba al-‘Abbas Ahmad ibn
Muhammad al-Farghani (fl. 247/861).2° Al-Farghant’s
text gives only the climate boundaries in degrees (mid-
climate and maximum latitude). He also gives the length
of the longest day in hours and fractions and the length
of the gnomon shadow. Having delineated the climate
thus, he lists geographical features inside each climate,
thus giving only a range of latitude where the feature is
situated. No longitudes at all are given, but the features
are listed approximately in order from east to west as if
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he had seen and copied some more detailed list. This
arrangement also shows possible signs of an eastern
meridian. According to Honigmann, al-Farghani’s astro-
nomical tables bear a close resemblance to those of Ptol-
emy’s Prokheira kanones (Handy Tables), which was
translated into Arabic by ‘Ayyiib and Sim‘an as the Zjj
Batlamivyis.3° This is not so; there seems to be no Greek
origin for the arrangement of towns and climates as given
by al-Farghani, and Ptolemy’s tables are arranged by geo-
graphical regions and are similar to the fuller tables in
his Geography. The only Greek connection of al-Far-
ghani is the Greek toponymy he used in areas beyond
the bounds of Islam. Nor does there seem to be any
precedent in Eastern works for this arrangement. It seems
to be a simpler form of the arrangement used by al-
Khwiarazmi, who was of course al-Farghani’s contem-
porary. However, this form of table never has actual
coordinates, and in each climate the order is east to west
and not vice versa as in al-Khwarazmi. Thus there was
never sufficient information in this sort of list for the

26. Al-Mas‘di, al-Tanbibh; see the edition by de Goeje, 25, 32, 44
{note 12); and al-Mas‘tdi, Mursj al-dhahab; see the translation by Bar-
bier de Meynard and de Courteille, Les prairies d’or, 1:182-83, 185,
205 (note 12).

27. See Reinaud’s edition of Taqwim al-buldan by Isma‘il ibn “Ali
Aba al-Fida: Géographie d’ Aboulféda: Traduite de Parabe en frangais,
2 vols. in 3 pts. (vol. 1, Introduction générale a la géographie des
Orientaux by Joseph Toussaint Reinaud; vol. 2, pt. 1, trans. Reinaud,
vol. 2, pt. 2, trans. S. Stanislas Guyard) (Paris: Imprimerie Nationale,
1848-83), 1:ccLxil. See also S. Magbul Ahmad, “Kharita,” in Ency-
clopaedia of Islam, new ed., 4:1077-83, esp. 1079, and Ibrahim Shaw-
kat, “Khar2’it djughrafiyyi al-‘Arab al-awwal,” Majallat al-Ustadh
(Baghdad) 2 (1962): 37-68.

28. See the editions of Ibn al-Nadim’s al-Fihrist by Dodge, 2:672
(note 10), and Gustav Flugel, ed., Kitab al-Fihrist, 2 vols. (Leipzig: F.
C. W. Vogel, 1871-72), 1:285. This is also cited by Ignatiy lulianovich
Krachkovskiy, Izbrannye sochineniya, vol. 4, Arabskaya geografiches-
kaya literatura (Moscow, 1957), translated into Arabic by Salah al-Din
‘Uthman Hashim, Ta’rikh al-adab al-jughrafr al-“Arabi, 2 vols. (Cairo,
1963-65), 1:206.

29. Al-Farghani’s astronomical work bears several different titles; see
Elementa astronomica, arabicé et latiné, ed. and trans. Jacob Golius
(Amsterdam, 1669); the important chapters are 8 and 9, pp. 30-39.
Honigmann, Die sieben Klimata, 138 {note 19). See also the articles by
Heinrich Suter (rev. Juan Vernet Ginés), “al-Farghani,” in Encyclopae-
dia of Islam, new ed., 2:793; by A. L. Sabra, “al-Farghani,” in Dictionary
of Scientific Biography, 16 vols., ed. Charles Coulston Gillispie (New
York: Charles Scribner’s Sons, 1970-80), 4:541-45; and by George Sar-
ton in his Introduction to the History of Science, 3 vols. (Baltimore:
Williams and Wilkins, 1927-48), 1:567.

30. Honigmann, Die sieben Klimata, 116-17, 137 (note 19). The only
available edition of this work of Ptolemy is that edited and translated
by Nicholas B. Halma, 8ewvos *Aielavdpews ‘Yrouvnua eig tods Itoieudion
Hpoxeipovs kavovag: Commentaire de Théon d’Alexandprie, sur les Tables
manuelles astronomiques de Ptolemée, 3 vols. (Paris: Merlin, 1822-25),
1:109-31. This shows that the tables of latitude and longitude are very
much the same as those in Ptolemy’s Geography, although considerably
reduced in number of entries.



The Beginnings of a Cartographic Tradition

v M,
Ll St | Tuﬂ..-f J&wa *
EIE T DR

nré-n Lz an
,,-?!L.; "

[ ks o 4

.gwyv' {

?"

s .«w‘ 3 _35 Jy Jp 3l
.L:my Ay st AL wep ot
-4‘-' 2l > Mg B v mlals p.
--..-uv.l.,l' :..5‘1_) B4

FIG. 4.3. FOLIO FROM THE STRASBOURG MANUSCRIPT
OF AL-KHWARAZMTI'S SURAT AL-ARD. This folio contains
the beginning of the section on the mountains, showing the
mountains that lie south of the equator and giving the longitudes
and latitudes of both ends of the range, their colors, and in
which direction of the compass their peaks should be.

Size of the original: 33.5 x 20.5 cm. By permission of the Bib-
liothéque Nationale et Universitaire, Strasbourg (Cod. 4247, fol.
10b).

scientific construction of a map, although information
derived from this type has filtered through into later geo-
graphical works and then into later maps.

Lists of the second type, which give longitudes and
latitudes for individual places, are exemplified by the sets
of tables given by al-Khwirazmi and by al-Battani as well
as by several later authors.

LONGITUDE AND LATITUDE TABLES:
AL-KHWARAZMI, AL-BATTANI, AND PTOLEMY

Al-Khwiarazmr’s tables consist of simple lists of names
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arranged under several classified heads—for example,
towns, mountains, seas, islands, springs, and rivers (fig.
4.3)31 Under each of these heads names are listed in
climates, beginning south of the equator and working
north. Under each climate entries are given in order of
longitude (west to east), so that each place as it occurs
is given first longitude and then latitude in degrees and
minutes.

The tables of al-Battani (who is considerably later than
al-Khwarazmi) are not so systematically arranged (fig.
4.4).32 Al-Bartani’s main work was a textbook on astro-
nomy, and in his work the tables of coordinates for
important places were included with his tables for coor-
dinates of important stars among the general astronom-
ical tables. First he lists the “center points” of each geo-
graphical region to the number of ninety-four, taken from
book 8, chapter 29 of Prolemy’s Geography with their
respective longitudes and latitudes, and he then lists
towns and other miscellaneous features in the same way
(180 all together). There is no logical order of places,
though the lists drift from west to east so that places in
the same region appear together. However, several of
these drifts occur successively throughout the total list.
A final sequence lists towns and so forth in Spain and
North Africa. Other astronomers followed al-Battani’s
work instead of a geographical listing after the manner
of al-Farghani.33 Also, when later geographers selected

31. Al-Khwarazmi (d. ca. 232/847) was well known to both Arabs
and medieval Europeans. His fame was established by his book on
algebra, but his astronomical work, Zij al-Sindhind al-saghir, was also
well known. His geographical work was known only from quotations
until a manuscript was discovered in the late ninteenth century. The
fullest account of al-Khwarazmi’s contribution to Arab geography
appears in Nallino’s article “Al-Huwarizmi e il suo rifacimento” (note
19). Also see G. J. Toomer, “al-Khwirizmi,” in Dictionary of Scientific
Biography, 16 vols., ed. Charles Coulston Gillispie (New York: Charles
Scribner’s Sons, 1970-80), 7:358-65. The unique manuscript of al-
Khwiarazmi’s geographical work, Kitab sarat al-ard (Picture of the
earth), was discovered in Cairo by W. Spirta and deposited in the Bib-
liothéque Nationale et Universitaire, Strasbourg, Cod. 4247. It was
edited by Hans von Mzik, Das Kitab sarat al-ard des Aba Ga'‘far
Mubammad ibn Masa al-Huwarizmi, Bibliothek Arabischer Histori-
ker und Geographen, vol. 3 (Leipzig: Otto Harrassowitz, 1926). There
are 2,402 entries in this work. Edward S. Kennedy and Mary Helen
Kennedy, Geographical Coordinates of Localities from Islamic Sources
(Frankfurt: Institut fiir Geschichte der Arabisch-Islamischen Wissen-
schaften, 1987), presents the coordinate lists from some seventy-four
sources including al-Khwarazmi.

32. The work of Aba ‘Abdallah Muhammad ibn Jabir al-Battani al-
Sabi¢, entitled Zij al-Sabi®, was edited by Carlo Alfonso Nallino, Al-
Battani sive Albatenii: Opus astronomicum, 3 vols. (Milan, 1899-1907;
vols. 1 and 2 reprinted Frankfurt: Minerva, 1969). The tables occur in
2:33-54. They are also given by Joachim Lelewel, Géographie du Moyen
Age, 4 vols. and epilogue (Brussels: J. Pilliet, 1852-57; reprinted Amster-
dam: Meridian, 1966), epilogue, 64-93. There are a total of 273 entries.
Al-Battani was an important astronomer, known as Albategni or Alba-
tegnius to medieval Europeans. He died in 317,/929,

33.1bn Yanus (d. 399,/1009) is the best example, with approximately
290 entries (these are mentioned by Lelewel, Géographie du Moyen
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FIG. 4.4. FOLIO FROM A MANUSCRIPT OF AL-BATTANT'S
ZI] AL-SABI‘. This folio shows longitudes and latitudes for
part of Arabia (left) and part of Syria (right).

Size of the folio: 28 x 19.3 cm. By permission of the Patrimonio
Nacional, Madrid (cat. no. 908 Derembourg, fol. 175r).

the coordinate values of previous writers, they frequently
used al-Battant’s values in preference to those of others.

Another similar list of place-names probably earlier
than al-Battani’s may have been that of the Kitab al-
malbamah (Book of the battle), which was one of the
sources for longitude and latitude of places that the later
author Yaqut (d. 626,/1229) used in his geographical dic-
tionary Mu‘jam al-buldan (Dictionary of countries).
Because of the format of his work, the form of the Kitab
al-malhamah was completely broken up, and we are left
with a series of sixty-four separate places.34

Tables of this sort often give variations of the same
place-names or even assign different names to the same
place as well as different coordinate values. Later authors
tend to pick and choose. They combine or duplicate
material in a completely arbitrary manner, so that as time
goes on the tables become impossible to use in any sci-
entific way.

The tables of both al-Khwarazmi and al-Barttani
strongly resemble those of Ptolemy, and the name Ptol-
emy (Batlamiyas in Arabic) is associated with both.3?
However, the actual values of longitude and latitude in
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these two sets of tables frequently vary (fig. 4.5). Al-Bat-
tani is very close to Prolemy, especially in those values
he gives for cities, where there is almost always agree-
ment. The Kitab al-malhamah quoted by Yaqut is also
reasonably close to Ptolemy, although about a third of
his localities are not in Ptolemy at all. Al-Khwarazmi lists
many places that are not in Prolemy, his latitudes vary
considerably, and of course his longitudes are mainly
about ten degrees less than those of Ptolemy because
of his different position for the prime meridian. The dif-
ferences between these Arab texts suggest that they are
derived from different sources, and some explanation
ought to be possible. It is therefore necessary to inves-
tigate the matter in more detail.

It is not known exactly when and where Prolemy’s
Geography (Tewypagikyy bofynoig) reached Arab schol-
ars. The date usually given for its arrival is during the
reign of the caliph al-Ma’miin, and the translation is
attributed originally to Aba Yasuf Ya‘qub ibn Ishaq al-
Kindi and later to Thabit ibn Qurrah.3¢ Since al-Kindi
did not die until 260 /874, he must have been quite young
if he was translating Ptolemy in the reign of al-Ma’min.
Thabit ibn Qurrah’s dates are 222-88/836-901, so his
translation would not have appeared until much later in
the century. Both these authors were younger than al-
Khwarazmi, who was certainly working under al-Ma’miin
as an astronomer and astrologer and probably died about

Age, 1:165-77 [note 32]), also al-Birani in Kitab al-ganian al-Mas‘adi
fi al-hay'ab wa-al-nujam (see al-Qanani’l-Mas‘adi (Canon Masudi-
cus), 3 vols. [Hyderabad: Osmania Oriental Publications Bureau, 1954-
56]), and other later astronomers. Also, al-Biriini’s references are quoted
by later geographers such as Aba al-Fida’ in his Taqwim al-buldan; see
Géographie d’Aboulféda, texte arabe, ed. and trans. Joseph Toussaint
Reinaud and William MacGuckin de Slane (Paris: Imprimerie Royale,
1840), 11, 74. Kennedy gives a bibliography of surviving astronomers’
tables, often mentioning where geographical coordinates are given:
Edward S. Kennedy, “A Survey of Islamic Astronomical Tables,” Trans-
actions of the American Philosophical Society, n.s., 46 (1956): 123-77.
In one or two cases he states which prime meridian is used. In Edward
S. Kennedy and M. H. Regier, “Prime Meridians in Medieval Islamic
Astronomy,” Vistas in Astronomy 28 (1985): 29-32, a list is given of
astronomers, noting whether they use the Fortunate Isles or the African
coast as a prime meridian (p. 31).

34. A list of these places is given in Honigmann, Die sieben Klimata,
126-31 (note 19).

35. Prolemy is mentioned in the title of the Strasbourg manuscript
of al-Khwiarazmi (see von Miik’s edition, Kitab sirat al-ard [note 31],
and Nallino, “Al-Huwirizmi e il suo rifacimento,” 477 [nore 19)). Prol-
emy is mentioned by al-Battani in his sixth chapter on longitudes and
latitudes (Nallino’s edition, Opus astronomicum, 1:20, text p. 28 [note
32]). Al-Battani also states that his ninety-four regional divisions are
from Prolemy: they come, as | have already mentioned, from bk. 8,
chap. 29 of the Geography.

36. See appendix 1.1, pp. 10-11. The translation of Ptolemy’s geo-
graphical work into Arabic is mentioned in the Fibrist; see the Dodge
edition, 2:640 (note 10). Translations are also discussed in Kramers,
“Djughrafiyi,” 63 (note 19); Honigmann, Die sieben Klimata, 112-18
(note 19); and Nallino, “Al-Huwdrizmi e il suo rifacimento,” 459-63
(note 19).
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Yaqut Ptolemy al-Khwarazmi al-Battant
Long. Lat. Climate Long. Lat. Long. Lat. Long. Lat.
Adana ("Adava) 68° 15 - - 68° 15 36° 50' - - 68° 15' 36° 50°
Greater Armenia (Khilat) 78° 38° 20 \% - - 64° 50’ 39° 50 78° 39° 20’ [knilat]
77° 41° [Gr. Armenia)
Lesser Armenia (Tiflis/Tbilisi) 75° 50’ 45° - - - - - - -
Antioch CAvtidyela) 69° 35° 30 v 69° 35° 30 61° 35’ 34°10° 69° 35° 30"
Ankara ("Ayxvpa) 58° 49° 40’ - 62° 42° 58° 43° - -
Ahwaz (Zovoa) 84° 35° 04 - 84° 35° 15 75° 32° 83° 34°
Bukhara 87° 41° \% - - 87° 20 37° 50° {88° 34°7}
Barda 79° 30 45° Vi - ~ 73° 43° 84° 42°
Cyrenaica (Barga) (Bapxn) 63° 33° 10 111 49° 1%’ 30° 45’ 43° 33° 4%’ - -
Baaibek (‘Hito0mokig) 68° 20’ - v 68° 40° 33° 40° - - 68° 20° 33° 15
Baghdad 75° 34° v - - 70° 33° 09’ 80° 33° 09’
Balkh (Baxtpa) 115° 37° \Y% 116° 41° 88° 35° 38° 40° 116° 41°
Beirut (Bnpv1tog) 68° 45’ 33° 20 - 67° 30’ 33° 40' 59° 30’ 34° 69° 30 33° 20"
Palmyra (Tadmur) {[I&Apvpo) 71° 30 - v 71° 30 34° 66° 35° 72° 34°
Tikrit (BipOa) 98° 40° 37° 30 - 78° 45’ 36° 20 - - - ~
Gurgan {*Ypxavia) 86°30'  40° v 98°50'  40° 80° 45  38°50° | 95° 40°
Haran (K&ppat) 72° 30' 27° 30' v 73° 1% 36° 10° 65° 36° 40° 73° 36° 40'
Aleppo (Halab) (Bépota) 69° 30' 35° 25° 18Y% 71° 20° 35° 63° 34° 30 71° 34° 50
Hulwan 71° 45 34° v - - 71° 45 34° 81° 35°
Homs {"Eupicon) 69° 34° 45’ v 69° 40' 34° 61° 34° 69° 05' -
Khiva (Khwarazm) {'Q&elava) 117° 30" 45° Vi 117° 30" 44° 20 91° 50° 42°10' - -
Ragqa (Niknoopiov) 73° 06’ 35° 20 v 73° 05 35° 20° 66° 36° 73° 15’ 36°
Rome (Rumiya) (Pwun) 35° 20 41° 50 \% 36° 40' 41° 40" 35° 20 41° 50 36° 40" 41° 40
Edessa (Ruha) ("Edecon) 72° 30 37° 30 v 72° 30 37° 30’ 64° 36° 40° 72° 50 37°
Rayy (‘P&youa) 85° 37° 36’ 18% 98° 20' 34° 20' 75° 35° 4%’ 86° 36° 30
Zaura 105° 39° \% - - - - - -
Syracuse {(Zupaxoioot) 39° 18’ 39° \% 39° 30 37° - - - -
Salamiya 68° 20° 37° 05 v - - 62° 45 33° 30 69° 50’ 34° 50’

F1G. 4.5. A COMPARISON OF SOME OF THE COORDI-
NATES OF AL-KHWARAZM]I, AI_;BATTANT, AND THE
KITAB AL-MALHAMAH (YAQUT) WITH THOSE OF
PTOLEMY. The first column lists the coordinates from the
Kitab al-malpamah, as given in the printed edition of Yaqut’s

232/847. Ibn Khurradadhbih (fl. 231/846), another
scholar and the nearest contemporary of al-Khwarazmi,
claims to have made a translation of Ptolemy’s descrip-
tion of the earth from barbaric (a‘jamiyah) into pure
{(sabihah) speech.3” What this means is not clear. That
he made a translation into Arabic is dubious, and in any
case he may be referring not to tables but to other parts
of Ptolemy’s work. However, it is clear that Ibn Khur-
radadhbih’s translation was for private use, and it does
not seem to have been used by later writers. It therefore
appears likely that the full translation of Ptolemy’s Geo-
graphy into Arabic did not come until much later in the
ninth century, certainly after the death of al-Ma’min. It
is thus probable that al-Khwiarazmi and Ibn Khurra-
dadhbih had to take the work straight from the Greek,
or more likely from a Syriac version, and they may have
had to translate themselves those parts they wished to
use.

MuSjam al-buldan, and the climate where given. This is fol-
lowed by the coordinates given by the other authors.

After Ernst Honigmann, Die sieben Klimata und die noieig
émionuor (Heidelberg: Winter, 1929), 126-27.

Because of the difficulties of transmission, references
in Arabic literature to Ptolemy and his work that come
from this early period before there was a complete trans-
lation are short and often erroneous. The orthography
of place-names suffers, and figures are corrupted through-
out Arabic literature by the inaccurate rendering of Greek
and Syriac letters into the Arabic script. In all these lan-
guages, numbers are represented by alphabetic signs, and
Semitic alphabets have many letters that are identical
except for diacritical points, which are often omitted.®

37. See de Goeje’s edition of Ibn Khurradadhbih’s Kitab al-masalik
wa-al-mamalik, 3 (note 9); also Nallino, “Al-Huwarizmi e il suo rifa-
cimento,” 462 (note 19).

38. There are many references to the peculiarities of Semitic scripts
and the misinterpretations due to similar letters’ being used for different
numbers. Works I have been consulting that have relevant passages are
Lelewel, Géographie du Moyen Age, epilogue, 62-63 (note 32), and
von Mzik in the introduction to his edition of the Strasbourg manu-
script, Kitab sarat al-ard, Xv1-XXX {note 31).
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Thus al-Ma’miin’s map and any tables used for it (or even
derived from it) would have been very much subject to
the inadequate research and rudimentary translation
work available at the time.?®

This helps reveal the difference between the work of
al-Khwarazmi and that of al-Battani. Al-Battani’s work,
which was produced after translations of Ptolemy were
available, is much closer to Ptolemy’s and as such can
easily be compared with it. If the locality occurs in Ptol-
emy, most of al-Battdni’s figures are identical with his.
The ninety-four geographical regions are also a Ptolemaic
feature. There is no doubt that al-Battani is extracting
his material from an Arabic translation of Ptolemy’s
work. According to Honigmann, his source is the trans-
lation of al-Kindi, but Nallino has suggested the trans-
lation of Thabit ibn Qurrah is the most likely, since Tha-
bit came from Harran and was Sabaean and thus had the
same origins as al-Battani.®0

The Kitab al-malhamab, which is quoted frequently
by Yagqit, has coordinate values very much like those of
Ptolemy. Although probably earlier than al-Battani, it
must have been produced after Prolemy’s Geography had
been translated into Arabic.*! Al-Khwarazmi differs con-
siderably from Ptolemy in both his arrangement and the
content of his material. Here we can see a completely
independent work based on Ptolemaic (as well as other)
material. In fact, this sort of work was the only kind it
was possible to produce before an adequate translation
was available, and it is surprising how much of Prolemy’s
detail has been used.

The important point about al-Khwarazm1’s work is that
it is systematically presented but differs from thar of Prol-
emy in latitude and longitude values and the arrangement
of places.*? Ptolemy’s information has been selected,
abstracted, and re-presented, although it is not quite clear
whether this had to be done because of the resources
available at the time or whether it was done deliberately
for a specific purpose. Certainly Arabic names were intro-
duced wherever possible, but the Greek (or Syriac) names
were retained where needed. This was the system adopted
by all Arab scholars, although in al-Khwarazmi and al-
Battani Greek words were interspersed with the Arabic
ones, whereas it has been pointed out that the lists of al-
Farghani have no Greek names preserved in the Islamic
homeland (probably because they are much shorter and
more selective lists).*3

AL-KHWARAZMI’S METHODS AND PURPOSE

Nallino has examined al-Khwarazmi’s coordinate values
in detail and has come to conclusions on the method of
compilation.** He states that al-Khwarazmi obtained his
values by placing a grid over a map and extracting the
values in what seems to be a most arbitrary way. Because
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of the Syriac spelling of the Greek names, the map would
have to have been a Syriac version from the Ptolemy
corpus. Presumably this would have been done only if
this Syriac Ptolemy he used consisted of only a map with
no accompanying tables, and the map would have had
no graticule (otherwise the readings could have been
taken directly). The result is that the longitudes are all
approximately ten degrees less than those of Ptolemy,
simply because the grid was superimposed with its origin
ten degrees to the east of Ptolemy’s prime meridian of
the Fortunate Isles. The latitudes are more or less the
same as Ptolemy’s. Most of the other discrepancies
between the two could be accounted for by irregularities
in the underlying map. A further corroboration of this
idea is the fact mentioned above that some places (espe-
cially mountains) have no names but have only coordi-
nates for both ends. Mountains are also given a color
that may be their color on the original map; this use of
colors seems important to the Arab geographers, and we
can compare al-Mas‘idi’s mention of colors above.s
Quite a number of places have no names, and in some
of these al-Khwarazmi expressly states that he has not
named them because no name was given “on the map.”#¢
This sounds like a rather haphazard and unscientific
method of obtaining results, however, especially for a
mathematician and astronomer of the caliber of al-
Khwiarazmi. The prime meridian ten degrees east of the
Fortunate Isles may be based on the most westerly point

39. Scholars have produced several references from Arab literature
to tables commissioned by al-Ma’miin, known as al-Zij al-mumtabhan
(The proved tables). Generally these refer to astronomical tables, but
there is no reason why tables of geographical coordinates and even
chronological tables should not have been included similar to those of
Ptolemy’s Handy Tables and the tables of al-Battani.

40. Nallino, “Al-Huwarizmi e il suo rifacimento,” 489-90 (note 19).
Honigmann, Die sieben Klimata, 124-25 (note 19), however, is not so
sure about this; see also Nallino in his edition of al-Bartani, Opus
astronomicum, 2:211 (note 32), and Hans von Mzik, “Afrika nach der
arabischen Bearbeitung der T'ewypapix?) vefymoig des Claudius Prole-
maeus von Muhammad ibn Misa al-Hwarizmi,” Denkschriften der
Kaiserlichen Akademie der Wissenschaften in Wien: Philosophisch-
Historische Klasse 59 {1917), Abhandlung 4, i-xii, 1-67.

41. It is possible that this may represent the translation of al-Kind,
whereas al-Battani represents that of Thabit ibn Qurrah.

42. The two main sources of information on this are Nallino, “Al-
Huwarizmi e il suo rifacimento” (note 19), and Hans von Miik, “Pto-
lemaeus und die Karten der arabischen Geographen,” Mitteilungen der
Kaiserlich-K éniglichen Geographischen Gesellschaft in Wion 58 (1915):
152-76, esp. 162-63.

43. Honigmann, Die sieben Klimata, 154 (note 19).

44. Nallino, “Al-Huwarizmi e il suo rifacimento,” esp. 481-93 (note
19); see also von Miik, “Ptolemaeus und die Karten,” 163-64 (note
42).

45. The colors al-Khwarazmi mentions are actually thirty-three in
number and seem to include various subtle shades; not what one would
expect for clear cartographic differentiation.

46. These references appear on fols. 18v, 40r, 41r of the Strasbourg
manuscript. The phrase is fl-s@rah; see Nallino, “Al-Huwarizmi e il
suo rifacimento,” 484 (note 19).
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of Africa, but the difference from Ptolemy in the length
of the Mediterranean and the individual variations in lat-
itude and longitude need some explanation. There is no
doubt, however, that al-Khwarazm?’s figures are thought
out independently of Ptolemy’s, and that al-Khwarazmi
completely reworked the Greek author’s tables. That
Nallino calls al-Khwarazmi’s work a “rifacimento” and
Reinaud calls it an “imitation” spells out the truth,#’
though the Arabic word used in the title to the Strasbourg
manuscript is istikhraj, “extraction.” Al-Khwarazmi’s
coordinate values are followed by Suhrab, whose work
is more or less an edition of that of al-Khwarazmi, and
by quite a few later geographers including Abu al-Fida’
quoting Kitab rasm al-rub® al-ma‘mir (Book of the pic-
ture of the inhabited quarter).48

For what reason were these tables produced? Al-Far-
ghani regarded a certain amount of description of the
inhabited areas of the earth as a useful part of his astro-
nomical work. Al-Battani and those astronomers who
followed him presumably thought the saine. Al-Battani
included other tables that were not strictly astronomical,
such as a historical time chart. In this he was following
the example of Prolemy in his Handy Tables. This seems
to be the only reason for these tables. Al-Khwarazmi’s
tables are a different matter altogether.®

If al-Khwarazmi copied his tables from a Syriac map,
he presumably did so to make the information available
in Arabic so that it could be transferred back onto an
Arab map. Did al-Khwiarazmi’s work really constitute
notes for the compilation of al-Ma’miin’s map, about
which there is so much talk? Or was it just a convenient
way of preserving the information from any map because
an actual map was not easily preserved? Were al-Khwar-
azml’s tables actually taken from al-Ma’miin’s map, espe-
cially to preserve its information and enable copies to be
made from it when necessary? There is ample evidence
in al-Khwarazmi’s work that he was conscious of the map
form, and as I have already pointed out, in two or three
places he actually mentions a map. The systematic
method of al-Khwarazmi is a more cartographic approach
than are the astronomers’ tables. This, together with the
fact that some coordinates have no geographical names
and that the mountain ranges are given colors as well as
coordinates, has led some scholars to suggest that al-
Khwarazmi’s figures were actually abstracted from a map
rather than from other tables. The colors given to the
mountains and so forth are all pointed out by Nallino,
while Suhrab, whose tables are taken directly from al-
Khwarazmi, actually gives us the directions for compiling
such a map.*¢ In spite of all these questions, we have no
definite answer and can only continue to conjecture the
reasons for this work.

Why the Arabs did not have maps with graticules at
this time is not known; it is not just a case of loss of
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relevant artifacts. The idea of longitude and latitude
tables came to the Arabs from the Greeks and essentially
from Ptolemy, but translating these into a map by plotting
them onto paper does not seem to have generally
appealed to the Arabs, and it is possible they found it
difficult to adjust to the idea of maps constructed in this
way.’! Thus, while there is no doubt that Suhrab under-
stood how a map could be constructed from coordinates,
no one else actually describes the system. Even as late as
the fourteenth century A.D., attempts to apply this part
of Ptolemy’s material were only partially successful. With
Prolemy’s coordinates for place-names we have his coor-
dinates for star positions, and these seem to have been
regarded as more useful than the former because stars,
being visible to the eye all at the same time, could be
fixed in a sphere by their coordinates. As we have seen,
placing the stars on a celestial globe was commonplace
for Muslim scholars, and projecting star positions onto
the rete of the astrolabe was also normal.52 The geo-
graphical equivalent was more difficult to understand.
There are no surviving examples of terrestrial globes, and
those maps that have survived are not based on a grati-
cule. Only very late (thirteenth or fourteenth century)
were attempts made to fit the world onto a graticule,
which [ will describe in due course.’3

THE LENGTH OF THE MEDITERRANEAN

A point where Arab geographers are given credit by many
writers is their correction of the length of the Mediterra-
nean. It is well known that Ptolemy stretched the Medi-
terranean longitudinally by about twenty degrees, giving
the distance between Tangier (Tingis) (at 6°30'E) and
Alexandria (at 60°30") as 54° (the actual distance is
35°39'). He is thought to have done this in order to make
the inhabited part of the world reach the total distance
of 180°, although Toomer suggests this may be due to

47. Nallino, “Al-Huwarizmi e il suo rifacimento” (note 19), and Rei-
naud, Introduction générale, XLin n. 3 (note 27).

48. These extracts from Aba al-Fida® were mentioned by Lelewel as
coming from al-Khwarazmi’s work before the Strasbourg manuscript
was discovered; there are ninety-four locations all together in these
extracts; see Lelewel, Géographie du Moyen Age, epilogue, 48-61 (note
32). Suhrab’s “Aj@’ib al-agalim al-sab‘ab is edited by Hans von Miik,
Das Kitab ‘ag@ib al-akalim as-sab‘a des Subrab, Bibliothek Arabischer
Historiker und Geographen, vol. § (Leipzig: Otto Harrassowitz, 1930).

49. One of the most important differences is the number of entries.
Most tables have under 100 entries, though al-Battani has 273 and Ibn
Yiinus has about 290. Al-Khwarazmi, however, has about 2,400 entries
(Suhrab, 2,200). Ptolemy has about 8,000 entries in his Geography.

50. Suhrab is mentioned below, pp. 104-5. See Nallino, “Al-Huwar-
izmt e il suo rifacimento,” 484 (note 19).

51. In spite of the various translations of and quotations from Ptol-
emy, there is no indication in Arab geographical texts of the first chapter
of the Geography, in which Ptolemy describes map projections.

52. See chapter 2 above, on Islamic celestial cartography.

53. See below under Hafiz-i Abrd and Hamd Allah Mustawfi.
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error in the one longitudinal interval that he measured
by means of an eclipse.’* Al-Khwarazmi, in contrast,
reduced the length of the Mediterranean to 43°20' (Tan-
gier being at 8° and Alexandria at 51°20’). He made up
the 180° to the east of the inhabited world, however, by
adding material that comes mainly from the Alexander
romance.’’ This difference in the length of the Mediterra-
nean probably means very little and does not demonstrate
a significant cartographic improvement of the Arabs over
the Greeks. Al-Battani restored Alexandria to its Prole-
maic longitude, and later authors used various arbitrary
values somewhere between the two given above.

It is important to stress the arbitrariness of these values.
For instance, Ibn Yiinus has Alexandria at 55°, and Aba
al-Fida’ puts it at 52°. Aba al-Hasan al-Marrakashi
actually increases the longitude of Alexandria to 63° but
also increases the longitudes at the Spanish end, as did
al-Battani before him. Thus al-Battani’s length for the
Mediterranean was 35°20’ (with Tangier at 25°10'), while
Abu al-Hasan placed Cadiz and Tangier at 24° and
Toledo at 28° (10° according to Ptolemy).’¢ Taken as a
whole, these coordinates are unsystematic, and this
becomes clear when one tries to use them for any specific
purpose. Even when errors of transmission have been
eliminated, none of the figures given can be used with
any mathematical precision. The Balkhi school and some
other later geographers reverted to stating the distances
between towns in parasangs (about four miles) or days’
journeys (marhalah). These figures may have been con-
verted into degrees to produce some of the strange coor-
dinates that appear in very late texts.

THE SEVEN CLIMATES AND THEIR
BOUNDARIES

Most Arab writers divided the inhabitable part of the
world into horizontal bands known as climata or climates
(agalim), of which there were seven. In this they followed
the Greek tradition that permeated later Syriac and
Byzantine writings, although Ptolemy himself produced
twenty-four climates based on the length of the shadow
of the gnomon or on the length of the midsummer day.5”
Each climate had a center band where the midsummer
day was an exact number of half hours in length, so that
there was half an hour’s difference between the center
of each climate. Similarly with the boundaries between
climates that were at the quarters. Thus the centers of
climates 1-7 went from thirteen to sixteen hours, which
went from 12°30’ to 50°30’ or a total of 38° according
to al-Farghani and a total of 2,140 miles on the earth’s
surface (fig. 4.6).°®8 Most authors agree with al-Farghani
to within a minute or two unless the figures have been
miscopied or misread in the Arabic. Al-Khwarazmi differs
most by making his first climate begin at the equator and
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THE GREEK SYSTEM ik THE ARAB SYSTEM
Climata ionoes Gay akFarghani alBattini alBirini
1625  50°30' [ missing 50*:.;

————— 16 —— 48°55' || 48°53 || 48°

v me

" ' 48°30" 1575  47°15' || 47012 | 471"
VI Hell (D ) 165 — 45°24' | 45°22' || 45°22'
H 43°05' 1525  43°30' || 43°25' 43*'33'
vV Rome 15 —— 41°20' || 41°15 || 41°14'
38°35' 1475  39° 3g°54' || 38°54'
IV Rhodes 145 — 36°24' | 36°22 | 36°21"
33°20' 1425  33°40 || 33°37 || 33°37
Il Alexandria 14 —— 30°42' || 30°40' || 30°39°
27°10' 1375 2730 || 27028 || 27728
I Syene( ) 135 — 24°06' || 24°05' || 24°04'
20°15' 1325  20°30' || 20°28' || 20°27
1 Merog 13 — 16°40' || 16°39" || 16° 39"
12°30' 1275  missing || missing Il 12°39'

FIG. 4.6. THE SEVEN-CLIMATE SYSTEM ACCORDING
TO THREE ARAB WRITERS, SHOWING A COMPARISON
WITH THE GREEK SYSTEM. Greek values are those actually
given by Prolemy (compare O. A. W. Dilke and editors, “The
Culmination of Greek Cartography in Ptolemy,” in The History
of Cartography, ed. ]. B. Harley and David Woodward [Chi-
cago: University of Chicago Press, 1987-], 1:177-200, esp. 186).
After Emst Honigmann, Die sieben Klimata und die moier
énianuor (Heidelberg: Winter, 1929), 137, 163.

takes his inhabitable world from south of the equator to
63°N.5° In spite of boundary latitudes for climates, places
were sometimes included in a climate when their latitude
was actually outside the boundary. It was these lines of
climate boundary that were later superimposed upon
Arab maps from the time of al-Idrisi, either as straight
lines across a semicircular inhabited world or as arcs of
a circle concentric with the equator, but at this early stage
these climate boundaries appear only in written texts and
not on maps.%°

PRIME MERIDIANS

The attempt to produce a standard prime meridian for
Arabic works was another complicated problem. Basing
himself ultimately on Ptolemy, al-Khwarazmi used a wes-

54. G. ]. Toomer, “Ptolemy,” in Dictionary of Scientific Biography,
16 vols., ed. Charles Coulston Gillispie (New York: Charles Scribner’s
Sons, 1970-80), 11:186-206, esp. 200.

55. Hans von Miik, “Parageographische Elemente in den Berichten
der arabischen Geographen aber Sidostasien,” in Beitrdge zur histo-
rischen Geographie, Kulturgeographie, Ethnographie und Kartogra-
phie, vornebmlich des Orients, ed. Hans von Miik (Leipzig: Franz Deu-
ticke, 1929), 172-202.

56. Reinaud, Introduction générale, CCLXXV-CCLXXVI (note 27); von
Mzik, “Ptolemaeus und die Karten,” 163 and n. 24 (note 42).

57. Honigmann, Die sieben Klimata (note 19). Prolemy’s divisions
appear on p. 60 and various Arab systems on pp. 160-83.

58. Al-Farghani, Elementa astronomica, 33-34 of the translation and
of the Arabic text (note 29).

59. Al-Farghani makes the limits of the oikoumene 0° and 66°, but
he mentions no places outside the actual climate boundaries.

60. Al-Idrisi also divides his text into climates and describes the first
climate completely before returning to those parts of countries that
overlap the boundaries and are therefore in the second climate. In this
he is followed by some later geographers such as Zakariya’ ibn Muham-
mad al-Qazwini, Athar al-bilad, and “Ali ibn Maisa ibn Sa‘id al-Maghribi,
Kitab bast al-ard fi taliba wa-al-‘ard.
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terly meridian, but not the same one Ptolemy used. Ptol-
emy’s own figures for latitude and longitude were used,
on the whole, by al-Battani, whose longitude figures
therefore seem based on Ptolemy’s own prime meridian
of the Fortunate Isles (Jaza’ir al-Khalidat in Arabic),
which was approximately ten degrees west of al-Khwar-
azmi’s meridian, with the resulting difference of longi-
tudinal values throughout.6? Al-Battani is followed in this
by many later astronomers.2 A second set of Ptolemaic
figures, not quite as accurate but also based on the For-
tunate Isles meridian, is given by the later encyclopedist
Yaqit when he quotes as his source the otherwise
unknown work Kitab al-malbamab. Yaqit also gives
longitudes supplementary to the normal ones based on
a meridian on the east, with degrees running in the oppo-
site direction. There are other traces of this system in
Arabic texts. Al-Hamdani (d. 334/945) used it, and so
did Hasan ibn ‘Ali al-Qummi (d. 386/990) and Abi
Ma‘shar (d. 272 /886). According to al-Hamdani, the east-
ern meridian was used by the Indians and the Chinese,
and there was a difference of 13Y2 degrees of longitude
between them and the Greek system. Al-Hamdani quotes
al-Fazari (fl. 132/750) and Habash al-Hasib (fl. 240/850)
as his sources.%3

The ancient Indians had used a central meridian that
they based on Lanka (Ceylon) for calculating sidereal and
planetary motions, and it is possible that they used the
same meridian as a basis for comparative longitude obser-
vations. The famous observatory at Ujjain was presumed
to be on the same meridian. At 90° west and east of the
Ujjain (and Lanka) meridian on the equator (they assumed
also that Lanka was on the equator) they placed the cities
of Romaka (Yavanapura) and Yamakoti, and to make the
arrangement symmetrical on a spherical earth there was
a city of Siddhapura at the antipodes of Lanka. The
inhabitable world existed north of the equator between
Yavanapura and Yamakoti.®* The Arabs adopted this
information and equated the point 90° west of Ujjain
with Prolemy’s origin in the Fortunate Isles and Yamakoti
as the 180° point or 90° east of Ujjain.$% Lanka became
known to the Arabs as Qubbat al-Ard, the Cupola of the
Earth or the Cupola of Ujjain Qubbat al-Arin, by which
name it appears in medieval European texts. This system
was well known to the Arabs but never had any practical
use, although attempts were made to use both Ujjain and
Yamakoti (or Jamagird) as prime meridians.%¢ India was
more than 90°E according to Ptolemy, and therefore the
meridian of Ujjain remained entirely theoretical and was
never used practically.

Finally, in a more realistic manner, longitudes were
based comparatively on convenient cities in the Islamic
heartland like Basra and Baghdad. Baghdad was never
considered the origin of a system but was always given
a rounded figure for its longitude coordinate. Thus Yiqiit
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(Kitab al-malbamab) gives 75°, al-Battani gives 80°
(Baghdad was of course not mentioned by Ptolemy), and
even al-Khwarazmi makes Baghdad 70° exactly.6”

61. Reinaud, Introduction générale, cCXxX1v (note 27). Lelewel, Géo-
graphie du Moyen Age, epilogue, 64-93 (note 32), includes a table
copied from al-Battani’s text giving all 273 of al-Battani’s values together
with the equivalent values from Ptolemy, if possible. Some values are
given by Honigmann, Die sieben Klimata, 126-31 (note 19). More of
al-Battant’s figures are given on pp. 144-51, but without the figures
from Ptolemy. See also von Mzik, “Ptolemaeus und die Karten,” 164-
65 (note 42).

62. A list of authors following one or the other is given by Kennedy
and Regier, “Prime Meridians” (note 33).

63. Al-Hasan ibn Ahmad al-Hamdani, Sifat Jazirat al-‘Arab; see Geo-
graphie der arabischen Halbinsel, 2 vols. in 1, ed. David Heinrich
Miuller (Leiden, 1884-91; reprinted Leiden: E. J. Brill, 1968), 27. Al-
Hamdani gives latitude and longitude values fora list of places in Arabia.
These must have been available to him from a source that is not extant,
perhaps Ahmad ibn ‘Abdallah Habash al-Hasib al-Marwazi or al-Fazari
{see pp. 44-46). Abd Ma‘shar Ja“far ibn Muhammad al-Balkht used his
eastern meridian purely for astronomical reasons, as did al-Qummi,
whose geographical list of places resembled that of al-Farghani with
no coordinates. See also Honigmann, Die sieben Klimata, 139-41 (note
19), and Aloys Sprenger, Die Post- und Reiserouten des Orients,
Abhandlungen der Deutschen Morgenlindischen Gesellschaft, vol. 3,
no. 3 (Leipzig: F. A. Brockhaus, 1864; reprinted Amsterdam: Meridian,
1962, 1971), XI.

64. See Kaye, Hindu Astronomy, 52 (note 18).

65. A good summary of this conception appears in the Hudud al-
‘alam: “The Regions of the World,” ed. and trans. Vladimir Minorsky
(London: Luzac, 1937; reprinted Karachi: Indus, 1980), 188~89. See
also Kramers, “Djughrafiya,” 63 {note 19), and Reinaud, [ntroduction
générale, ccxv ff. (note 27).

66. Yamakoti appears in the Persian form Jamagird in Arab texts.
Abia al-Rayhan Muhammad ibn Ahmad al-Biriini shows that the latter
stands for Jamakat. Al-Birani also shows that Yamakoti means “castle
of the Angel of Death,” and the Persian for this is the term Kangdiz
of Aba Ma‘shar and others, which appears as an island where the town
of Tara or Bara is situated. All seem to be used for the eastern prime
meridian. Arab authors mentioning this Indian cosmological arrange-
ment are usually using al-Biriini (362 /973 to after 442 /1050) as a source,
for this system is described in detail in his Ta’rikh al-Hind; see Alber-
uni’s India: An Account of the Religion, Philosophy, Literature, Geo-
graphy, Chronology, Astronomy, Customs, Laws and Astrology of
India about A.D. 1030, 2 vols., ed. Eduard Sachau (London: Triibner,
1888; Delhi: S. Chand, [1964]), 1:303-4. However, Abi Ma‘shar used
Kangdiz for his eastern meridian; the Cupola of the Earth appears in
al-Battani (d. 317/929) and in al-Mas‘adi (d. 345/956), Murij al-dha-
hab (see Les prairies d’or, 1:181 [note 12]), while Arin occurs in Ibn
Rustah (see J. H. Kramers, “Geography and Commerce,” in The Legacy
of Islam, ed. Thomas Arnold and Alfred Guillaume [Oxford: Oxford
University Press, 1931], 78-107, esp. 93). Al-Hamdani also mentions
the Cupola of the Earth in his Sifat Jazirat al-Arab; see Miller’s edition,
Geograpbhie der arabischen Halbinsel, 27 (note 63).

67. Honigmann, Die sieben Klimata, 126-27, 143, 153 (note 19).
Comparative longitude could be measured using eclipses of the moon.
Ptolemy knew this, as did Hipparchus before him, and al-Battani was
conversant with this method. The practical difficulties were consider-
able, however, and exactly how much work was done in this way is
impossible to know; see Reinaud, Introduction générale, ccLvil (note
27); Sprenger, Die Post- und Reiserouten, Xl (note 63). Al-Bartani’s
efforts to determine longitude by eclipses are mentioned by Lelewel,
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FIG. 4.7. SUHRABR’S DIAGRAM FOR A WORLD MAP. This
is from the manuscript in the British Library of the ‘Aj@’ib al-
agalim al-sab‘ah. On the left is a diagram showing the way the
threads are used to indicate the latitude and longitude, thereby
finding the exact spot desired for the location on the map. The
right side shows how the edges of the map are marked in divi-
sions of ten degrees of latitude and longitude, the former from

This ability of the Arabs to measure latitude and in
some cases comparative longitude (from somewhere like
Baghdad) enabled them—rightly or wrongly—to change
in a haphazard manner values they had received from
other sources, causing ultimate confusion in some of the
later tables. Only when an author (like al-Birani) quoted
several values for a place and named his actual sources
was the confusion cleared up, but readers were left to
choose their own values from the various ones provided.

The problem with most of the prime meridians is that
they were situated in mythical places. Only Baghdad and
the west point of Africa could actually be pinpointed,
and the last was not known accurately by the Arabs.

SUHRAB’S CONSTRUCTION OF A MAP

Al-Khwarazmi’s tables are given in the extant manuscript
without any form of explanation, but the tables are

Islamic Cartography
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the equator poleward and the latter from the edges of the map
to 90° in the center (this system disagrees with the values given
in the tables). This diagram also indicates the equator and the
climate boundaries.

Size of each folio: 31 x 22 c¢m. By permission of the British
Library, London (Add. MS. 23379, fols. 4b-5a).

repeated in almost exactly the same form in the work of
Suhrab nearly one hundred years later.5® Suhrab gives an
introduction in which he explains in detail how to draw
a map of the world, and the tables that follow are linked
to the introduction, showing that they are given in the
form indicated for the precise purpose of drawing the
map. That al-Khwarazmi’s tables are in the same form
shows the connection here between al-Khwarazmi and a
similarly drawn map and is a strong indication that al-
Ma’miin’s map was also of this form.

who points out that the corrected values do not appear in his tables;
see Lelewel, Géographie du Moyen Age, epilogue, 97 (note 32).

68. Suhrab, ‘AjZ’ib al-aqalim al-sab‘ah, see the edition by von Mzik
(note 48). See also Edward S. Kennedy, “Suhrab and the World-Map
of Ma’man,” in From Ancient Omens to Statistical Mechanics: Essays
on the Exact Sciences Presented to Asger Aaboe, ed. |. L. Berggren and
Bernard R. Goldstein (Copenhagen: University Library, 1987), 113-19.
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Suhrab’s construction of the map is illuminating. First
he draws a rectangle, “the larger the better,” and then
he divides the edges into degrees and marks the equator
and then the horizontal lines dividing the climates (fig.
4.7). But he makes no attempt to produce a more detailed
graticule. The dimensions given for the map are 20°S to
80°N and 0° to 180°E.®° To pinpoint his features on the
map he uses a thread stretched due north and south at
the longitude required, with another thread stretched due
east and west at the required latitude. The feature could
then be placed at the intersection of the threads. Features
were inserted climate by climate down the map, but fea-
tures on islands were to be left until the island itself had
been inserted. According to the text, when drawing, east
should be to the right and west to the leftr—that is, the
north should be at the top—but the illustration in the
text shows that most of the script is written as if north
were nearest the reader. This may show that when Suhrab
originally wrote the text the Greek orientation with north
at the top was regarded as the norm but that by the time
of the actual manuscript, written in Arabic in the tenth
century, the normal Islamic orientation had south at the
top.

The rectangular projection is what one expects from
Marinus and is the very form Ptolemy criticizes in the
introduction to his Geography, the one part of Ptolemy’s
work that, as | mentioned before, for some reason never
reached the Arabs. In the same way that Prolemy criti-
cized Marinus, both al-Biriini and al-Zuhri criticized the
use of the rectangular projection, though al-Biraini, like
all Arab authors, remained unaware of Ptolemy’s refine-
ments.”0

THE MAPS FROM THE AL-KHWARAZMI
MANUSCRIPT

The manuscript of al-Khwarazmi is accompanied by four
maps.” Though they are only sketch maps and show
limited areas of the world, they do appear in the manu-
script against the relative texts and thus obviously belong.
Most of the work consists of tables, but it breaks out
occasionally into continuous prose, and the maps are of
areas described in these continuous passages. It seems,
therefore, that this particular manuscript was meant to
have only four maps. It is never stated why these sketch
maps are the only ones included. Were they regarded as
sufficient examples to instruct the cartographer? There
are also four blank pages in the text, and maps might
have been available for these but were never drawn.
However, they would most likely have been sketch maps
of the same sort as those already there.”2

The first map is the island of Yaquat (sapphire)—Jawhar
(jewel) on the map—in the Far East (fig. 4.8). This is a
non-Ptolemaic feature that appears in al-Khwarazmi. The
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FIG. 4.8. THE ISLAND OF THE JEWEL, JAZIRAT AL-
JAWHAR, BY AL-KHWARAZMI. The equator runs through
the right end.

Size of the folio: 33.5 x 20.5 cm. By permission of the Bib-
liothéque Nationale et Universitaire, Strasbourg (Cod. 4247, fol.
11b).

69. Suhrab’s text has the same dimensional limits as the text of al-
Khwirazmi, thar is, 23°S to 63°N and 5°E ro 176°E. On figure 4.7,
the meridians are strangely marked from 0° to 90° from east and west
toward the center.

70. For al-Zuhri, see Hadj-Sadok’s edition, “Kitab al-Dja‘rafiyya,”
304 (note 24). Al-Biruni’s reference is from the Tahdid nibayat al-
amakin li-tashih masafat al-masakin, ed. P. G. Bulgakov and rev. Imam
Ibrahim Ahmad (Cairo: Matba‘ah Lajnar al-Ta’lif, 1964), 233.

71. The maps appear in the Strasbourg manuscript of al-Khwiarazmi
on fols. 11v, 21r, 30v-31r, and 47r and are all reproduced by von Miik,
Kitab sarat al-ard, pls. 1-4 (note 31). All exceprt the second are drawn
with transcription in Konrad Miller, Mappae arabicae: Arabische Welt-
und Landerkarten des 9.-13. Jabrbunderts, 6 vols. (Stuttgart, 1926-31),
Band 1, Heft 1 (Bild 3, 4, and 5), with Miller’s comments.

72. The four pages thar are blank in the text are fols. 9v-10r, which
make a double-page spread; 21v, which is the verso of one of the maps;
and 29v. There is no coutinuous text near these pages.
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FIG. 4.9. THE WORLD OCEAN, AL-BAHR AL-MUZLIM,
BY AL-KHWARAZML.

Size of the folio: 30.5 x 20.5 cm. By permission of the Bib-
liothéque Nationale et Universitaire, Strasbourg (Cod. 4247, fol.
21a).

map has no detail, though it is finely drawn, whereas the
text has a great deal of detail for the island that may be
derived from Ptolemy’s account of Taprobane, although
there may be connections with places in the Alexander
romance and even rumors of a jewel-bearing Ceylon.”?

The second map deals with al-Bahr al-Muzlim, the
World Ocean, and probably represents Prolemy’s Indian
Ocean (fig. 4.9). No specific features are given, however.
The words appearing on the map—each repeated several
times—are of Persian origin and explain “convexities,”
“concavities,” and similar terms. The next two maps are
more realistic. The first of these is of the Nile (plate 4).
The only place-names taken from Ptolemy are the Moun-
tains of the Moon at the source and Alexandria at the
mouth; the rest of the nomenclature is contemporary
with al-Khwirazmi. There is no doubt that this repre-
sentation of the Nile has affinities with that shown on
Ptolemy’s map.” The boundaries of the climates are also
marked, but the distances between them do not agree
with the figures given by Ptolemy or Suhrab.”* The final
map is of the Sea of Azov, and this resembles Ptolemy’s
sea (Palus Maeotis) only vaguely (plate 5). Nevertheless,
it does give the Greek toponyms—or rather, corruptions
of them. The map, however, allowing again for corrup-
tions, does give a fair, but not accurate, representation
of the sea as given by al-Khwarazmi’s tables.

Islamic Cartography

Hans von Mzik thinks the maps belong to the manu-
script, were placed there by the copyist, and do not go
back to al-Khwiarazmi. Even with the only manuscript
dated 428 /1037 and therefore almost two hundred years
after al-Khwarazmi, these are still the earliest extant maps
from the Islamic world. They are certainly more sketchy
and nowhere near as confidently drawn as the earliest
maps of the Balkhi school, which appear in 479/1086.
This is an interval of less than fifty years, and one must
assume that the extant Balkhi maps were the result of
quite a few years of development. | therefore suggest that
the design of these maps goes back a considerable way
before the Strasbourg manuscript in which they appear,
if not all the way to al-Khwarazmi. The maps would have
been drawn more confidently by their original draftsman,
and it appears that the copyist of the Strasbourg manu-
script has copied the maps with the rest of the manuscript.
None of the maps are drawn to scale using the methods
dictated by Suhrab—they are freehand sketches. It is just
possible that the original manuscript written by or for al-
Khwarazmi may have had more accurate drawings, but
it is obvious that later scribes had no use for such maps.

CONCLUSION

In spite of all this activity, we have few artifacts to show,
and it is doubtful there was much to show at the time.
The ultimate outcome of all these tables of longitude
and latitude was virtually nothing cartographic. We are
given an inkling of cartographic production in the
accounts of the map of al-Ma’miin. We are shown in a
roundabout way by al-Khwarazmi and in a more direct
way by Suhrab that some of the compilers of tables had
a map in mind as the ultimate aim. Moreover, the tables
may have been compiled from maps, so that the idea of
a detailed map of the world was there even though there
are no surviving examples from this early period up to
the ninth century. The problem is that at a slightly later
period, when maps were known to be used more by the
Islamic literary public and when manuscript maps of the
Balkhi school were popular, there is no sign that this
earlier activity had any influence at all on the form of
the map. Projections were not used, exact location of
places was not desired, and the many non-Arab names
that appear in all the tables are never shown on maps.
Tables of coordinates continued to be copied and revised

73. See Tibbetts, Arabic Texts Containing Material on South-east
Asia, 68 (note 5).

74. Al-Khwarazmi’s map appears in the von Mzik edition, Kitab sirat
al-ard, pl. 3 (note 31); it is also reproduced as a sketch in Miller, Mappae
arabicae, Band 1, Heft 1, p. 12 (Bild 4) (note 71). Any early printed
world map of Ptolemy can be used for comparison.

75. The terms Syene and Meroé connected with the climate bound-
aries in the Greek appear only as Aswan and Bilad al-Nuba in this map,
but like Alexandria, they have no connection with the climate lines.
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by astronomers and even by geographers throughout the  attempt to collate maps with tables has ever been found
whole period of classical Islamic literature, but no in the early period.



5 » The Balkhi School of Geographers

GERALD R. TIBBETTS

WORKS OF THE BALKHI SCHOOL

The earliest set of maps to survive from the corpus of
Islamic cartography are those that accompany the text
Kitab sirat al-ard (Picture of the earth) of Abi al-Qasim
Muhammad ibn Hawqal in the manuscript dated 479/
1086, found in the Topkapt Sarayr Muzesi Kitiiphanesi
in Istanbul.! Similar sets of maps occur in other manu-
scripts in Istanbul and in several well-known manuscripts
in European libraries. The next in age is that from the
Forschungsbibliothek in Gotha, dated 569/1173.2 This
manuscript, known as MS. Ar. 1521, contains a text of
Kitab al-masalik wa-al-mamalik (Book of routes and
provinces) of Aba Ishaq Ibrahim ibn Muhammad al-Farisi
al-Istakhri, and because it was published in facsimile by
Moeller in 1839 it was better known to scholars in
Europe than the copy from Istanbul.? Other manuscripts
contain roughly the same maps and date from the twelfth
century to the nineteenth. The relationship of the various
sets of maps to each other is very complicated, as is the
relationship of the texts that accompany them.

Most of the texts can be connected to one of the two
authors mentioned above, either because their names are
given in the manuscripts or because the text corresponds
closely with other manuscripts that are named. Scholars
have been very confused in the past, however, and even
now the identity of some manuscripts is doubtful, since
there are numerous anonymous abridgments and trans-
lations from the Arabic, mainly into Persian (see appen-
dixes 5.1 and 5.2). A later author who used a version of
the same maps was Abid ‘Abdallih Muhammad ibn
Ahmad al-Mugaddasi, and he was rather more forthcom-
ing about himself and his predecessors, giving us some
idea of the relation of each author to the next.*

All together, the efforts of various European scholars
sorted matters out considerably, and finally the detailed
work of de Goeje produced a scholarly edited text of
the works of al-Istakhri, Ibn Hawqal, and al-Muqaddasi
that other scholars could use as a base for their research.’
It also appeared that there was yet another author earlier
than the three mentioned who seemed to be the origi-
nator of this type of work with maps attached, and that
some of the extant manuscripts might represent his work.
He was Abt Zayd Ahmad ibn Sahl al-Balkhi (d. 322/
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934), a scholar whose background, though not his geo-
graphical work, was well known in the Arab literary
milieu.é Since he was the earliest of these authors and
the other authors admit they are indebted to him, this
group has been referred to by European scholars as the
Balkhi school of geographers.”

1. No. 6527 in Fehmi Edhem Karatay, Topkap: Saray: Mazesi Kiitu-
phanesi: Arapga Yazmalar Katalogu, 3 vols. (Istanbul: Topkapi Saray:
Muzesi, 1962-66), 3:581. Its shelf number, quoted by j. H. Kramers et
al,, is A. 3346. Other Topkap: Sarayt Muzesi manuscripts with maps
are A. 3012 (6523), A. 3347 (6528), A. 3348 (6525), and A. 2830 (6524);
see 3:580-81.

2. Wilhelm Pertsch, Die orientalischen Handschriften der Herzog-
lichen Bibliothek zu Gotha, pt. 3, Die arabischen Handschriften, S
vols. (Gotha: Perthes, 1878-92), 3:142-44. The manuscript of Ahmad
al-Tusi, which is earlier (see appendix 5.1), contains only six maps.

3. Liber climatum, ed. J. H. Moeller (Gotha: Libraria Beckeriana,
1839). This was translated into German and edited by Andreas David
Mordtmann, Das Buch der Lander (Hamburg: Druck und Lithographie
des Rauhen Hauses in Horn, 1845).

4. This will be discussed below.

5. Michael Jan de Goeje’s editions of the three texts appear in his
series Bibliotheca Geographorum Arabicorum, 8 vols. {Leiden: E. J.
Brill, 1870-94): for al-Istakhri, Kitab al-masalik wa-al-mamalik, see
vol. 1, Viae regnorum descriptio ditionis moslemicae (1870; reprinted
1927, 1967); for Ibn Hawaqal, Kitab sarat al-ard, see vol. 2, Opus
geographicum (1873), reedited by J. H. Kramers (1938; reprinted 1967);
and for al-Mugaddasi, Absan al-tagasim, see vol. 3, Descriptio imperii
moslemici (1877; reprinted 1906, 1967). De Goeje’s predecessors were
William Ouseley, who produced a translation from a Persian redaction
of al-Istakhri that he called The Oriental Geography of Ebn Haukal
{London: Wilson for T. Cadell and W. Davies, 1800), and Moeller,
Liber climatum (note 3). See also Louis Amélie Sedillot, Mémoire sur
les systémes géographiques des Grecs et Arabes (Paris: Firmin Didot,
1842), Aloys Sprenger, Die Post- und Reiserouten des Orients, Abhand-
lungen der Deutschen Morgenlandischen Geselischaft, vol. 3, no. 3
(Leipzig: F. A. Brockhaus, 1864; reprinted Amsterdam: Meridian, 1962,
1971), and Joachim Lelewel, Géographie du Moyen Age, 4 vols. and
epilogue (Brussels: J. Pilliet, 1852-57; reprinted Amsterdam: Meridian,
1966), who was a geographer and not an Orientalist.

6. D. M. Dunlop, “al-Balkhi,” in The Encyclopaedia of Islam, new
ed. (Leiden: E. J. Brill, 1960-), 1:1003, George Sarton, Introduction to
the History of Science, 3 vols. (Baltimore: Williams and Wilkins, 1927~
48), 1:631, and see also the articles on maps (“Kharita”) and geography
(“Diughrafiya”) by S. Magbul Ahmad in the new edition of the Ency-
clopaedia of Islam, 4:1077-83 and 2:575-87, respectively.

7. The appellation “school” is justified here on the grounds that one
scholar deliberately followed another.
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FIG. 5.1. REFERENCE MAP OF THE ISLAMIC WORLD AT
THE TIME OF THE BALKHI SCHOOL.
After The Cambridge History of Islam, 2 vols., ed. P. M. Holy,

Al-Balkhi’s work, according to al-Muqaddasi, was
mainly a short commentary on a set of maps,® though
other opinions state that al-Balkhi’s work was the com-
mentary and the maps were originally produced by Aba
Ja*far Muhammad ibn Muhammad al-Khazin (d. between
350/961 and 360/971).2 It is all very suspect, however,
since neither al-Khazin’s maps nor even the commentary
of al-Balkhi, which was entitled Suwar al-agalim (Pic-
tures of the climates), have survived—only some of the
earlier portions of al-Istakhri’s text can possibly be
thought of as originating in the book of al-Balkhi. Al-
Balkhi was primarily a general scholar and not necessarily
a geographer. His life is known from the standard biog-
raphies. He was born and lived at the end of his life in
Balkh in northeastern Iran, where he was supposed to
have written his geographical treatise. Most of his life,
however, he spent in Baghdad and Iraq, where his schol-
arly connections mostly belong (fig. 5.1).

Al-Istakhri, by contrast, was virtually unknown apart
from his one work. He does not appear in any of the
standard Arab biographies, and all we know about him
personally was his meeting with Ibn Hawgqal, which is
related in the latter’s own book.!® Even his work Kitab

Ann K. S. Lambron, and Bernard Lewis (Cambridge: Cambridge
University Press, 1970), 1:155.

al-masalik wa-al-mamalik can be dated only from inter-
nal evidence, to the middle of the tenth century A.D. It
soon became popular, however, for there are many early

8. Al-Muqaddasi, Ahsan al-taqasim fi ma‘rifat al-agalim; see Ab-
sanu-t-taqasim fi ma‘rifati-l-agalim, ed. and trans. G. S. A. Ranking
and R. F. Azoo, Bibliotheca Indica, n.s., nos. 899, 952, 1001, and 1258
(Calcutta: Asiatic Society of Bengal, 1897-1910), 6, and Absan at-taga-
sim fi ma‘rifat al-aqalim, trans. André Miquel (Damascus: Institut Fran-
gais de Damas, 1963), 14.

9. The theory about al-Khazin comes from an alternative reading
from Ibn al-Nadim’s al-Fibrist (see Kitdb al-Fibrist, 2 vols., ed. Gustay
Flugel [Leipzig: F. C. W. Vogel, 1871-72], 1:138 n. 24) and is explained
by V. V. Bartol'd in his preface to Hudad al-‘alam: “The Regions of
the World,” ed. and trans. Vladimir Minorsky (London: Luzac, 1937;
reprinted Karachi: Indus, 1980), xv, 18. Al-Khazin’s dates do not com-
pare easily with those of al-Balkhi. See also Sprenger, Die Post- und
Reiserouten, preface, X1I-XIV (note 5).

10. Information can be found in André Miquel, “al-Istakhri,” in
Encyclopaedia of Islam, new ed., 4:222-23. There is a brief note
(unsigned) in the first edition of The Encyclopaedia of Islam, 4 vols.
and suppl. (Leiden: E. J. Brill, 1913-38), 2:560, and also in Sarton,
History of Science, 1:674 (note 6). The reference from Ibn Hawgqal
comes from his chapter on Sind; see Kramers’s edition of Ssrat al-ard,

329-30 (note 5).
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editions, abridgments, and translations into Persian, often
differing considerably from each other.

Ibn Hawqal’s life has come down to us in much more
detail than al-Istakhri’s, mainly because he was more
open about himself in his book. He was born in Nisibis
in Upper Mesopotamia and spent much of his life travel-
ing, setting out on 15 May 331/943 and continuing on
and off until 362/973, when he last appears in Sicily.
Between these dates he covered most of Islamic Africa
and large areas of Persia and Turkestan. It is possible that
he acted as a trader on his travels, since his work is full
of facts relating to economic activity. That he extols the
Fatimid religious policy may mean he was a da7 or mis-
sionary of that sect, and this would be another reason
for his moving constantly from place to place. Apart from
a short work on Sicily, he is known only for his one
geography book, Kitab sarat al-ard, also known as Kitab
al-masalik wa-al-mamalik, like that of al-Istakhri.?

A fourth author belonging to the Balkhi school was
al-Mugaddasi (d. ca. 390/1000).12 Very little is known
of his life apart from what he tells us himself, but his
origin is presumably Jerusalem, and he was in Mecca in
356,/966. He seems to have come from a family of archi-
tects. Since he is a native of Palestine, his work is geared
to some extent to the western part of the Islamic empire,
but the authors he quotes are from the east. He himself
is not well known in Arab literature, but he is quoted by
some of the later geographers.

The texts of the first three authors are so mixed up in
the surviving manuscripts that it is difficult to disentangle
them. As I have pointed out, de Goeje attempted to sort
out this problem when he produced his critical texts of
the work of al-Istakhri and Ibn Hawqal. Al-Balkhi’s work
occurs only embedded in the texts of the other two, and
it is impossible to distinguish exactly what is derived from
him. Al-Mugaddasi states that he had seen three manu-
scripts of al-Balkhi’s work, one mentioning no author
(though it was attributed to al-Kharkhi) and another
attributed to al-Istakhri,’3 so that even within one
hundred years the exact authorship was difficult to
unravel. It seems that al-Balkht’s text was filled out by
al-Istakhri and that all the miscellaneous abridgments that
exist, whether in Arabic, Persian, or Turkish, are only
abridgments of al-Istakhri and never al-Balkhi originals.14
According to de Goeje, quotations given by other later
authors as coming from al-Balkhi can all be found in al-
Istakhri’s text.'s De Goeje thought that al-Mugaddasi
may have seen a text of al-Balkhi, but certainly Yaqat
(d. 626,/1229), when he quotes al-Balkhi, uses the text
we know as al-Istakhri.'6 De Goeje also thought that al-
Istakhri compiled a much enlarged version of al-Balkht’s
text between A.H. 318 and 321 (A.D. 930-33).17 A final
version of al-Istakhri came later, about 340/951, and this
seems to be the basis of most copies circulating in the

Islamic Cartography

eastern part of the empire.!® Quotations appear in later
authors that are not in al-Istakhri’s actual text, but some
of these missing quotations are found in some of the later
abridgments and Persian translations.!® Soon after his
book was completed, al-Istakhri met Ibn Hawgal, who
at the author’s request undertook to revise the text. The
results of this revision appear in the work of Ibn Hawqal,
which follows al-Istakhri closely.?? Ibn Hawqal became
carried away with his own improvements, however, and
inserted miscellaneous information relating to his own
travels, so that the work becomes much more than a
mere revision and stands as a work in its own right (fig.
5.2).2

The main difference between the work of Ibn Hawgqal
and that of al-Istakhri is in the former’s discussion of the
western (formerly Byzantine) part of Islam. He treats
Spain, North Africa, and Sicily as three separate sections.
Syria and Egypt are dealt with in more detail, and it is
interesting that when later authors like Yaqit quote Ibn
Hawgqal they are almost always referring to these western
regions.

Ibn Hawgal’s text as we know it today is again the
result of three versions—a first redaction from about 350/
961 dedicated to the Hamdanid Sayf al-Dawlah (d. 356/
967), a second redaction containing criticism of the Ham-
danids from about a decade later, and a final definitive
version from about 378/988.22

11. Information on Ibn Hawgal can be found in C. van Arendonk,
“Ibn Hawkal,” in Encyclopaedia of Islam, 1st ed., 2:383-84, and in
the new edition by André Miquel, 3:786-88. See also Juan Vernet Ginés,
“Ibn Hawqal,” in Dictionary of Scientific Biography, 16 vols., ed.
Charles Coulston Gillispie (New York: Charles Scribner’s Sons, 1970~
80), 6:186, and Sarton, History of Science, 1:674 (note 6).

12. Al-Muqaddasi means “the man from Jerusalem,” and an alter-
native form, al-Maqdisi (meaning the same), is used by some nineteenth-
century scholars. Since there are other authors with the same name,
there can be some confusion.

13. Al-Mugqaddasi, Absan al-tagasim; Miquel’s translation, 14-15
(note 8), Ranking and Azoo’s translation, 7 {note 8).

14. Konrad Miller has attributed four manuscripts to al-Balkhi, on
what grounds is not known; see his Mappae arabicae: Arabische Welt-
und Landerkarten des 9.-13. Jabrhunderts, 6 vols. (Stuttgart, 1926-31),
Band 1, Heft 1, 17, and Band 5, 109.

15. Michael Jan de Goeje, “Die Istakhri-Balkhi Frage,” Zeitschrift
der Deutschen Morgenlandischen Gesellschaft 25 (1871): 42-58, esp.
47, noted in Bartol’d’s preface to the Hudud al-‘alam, 19 (note 9).

16. De Goeje, “Die Istakhri-Balkhi Frage,” 46 and 52 (note 15), and
Yagqit, Kitab muSjam al-buldan; see Jacut's geographisches Worter-
buch, 6 vols., ed. Ferdinand Waustenfeld (Leipzig: F. A. Brockhaus,
1866-73), 2:122.

17. De Goeje, “Die Istakhri-Balkhv Frage,” 50 (note 15).

18. De Goeje, “Die Istakhri-Balkhi Frage,” 51f. (note 15).

19. An example is given by Bartol’d in his preface to the Hudad al-
‘alam, 22 (note 9).

20. Miquel, “al-Istakhri,” 4:223 (note 10).

21. Miquel, “Ibn Hawkal,” 3:787 (note 11).

22, Miquel, “Ibn Hawkal,” 3:787 (note 11).
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other translations  (also in Persian)

Quotations
Yaqut
al-tdrist
Abu al-Fida’, etc.

istanbul manuscript
and others

al-Balkhr (d. 322/934)

Maps with a short text
Nothing has survived independently
(Material dated before 309/921 in al-Istakhrr)

al-Istakhri (10th century)
Enlarged commentary to the maps
First version: 318-21/930-33
Second version: 340/951

Ibn Hawqal (d. ca. 367/977)
Updated version of al-istakhri's text

First version: about 350/961 (Hamdanid patron)
Second version: about a decade later (Fatimid patron)

Quotations Surviving manuscripts
Hudld al*alam,  Two main recensions
Yaqut
i i Final ion: 378/988
Persian and Abridgements inal version: 378

Surviving manuscripts and abridgements

Oxford and Leiden
manuscripts

al-Muqaddasi (d. ca. 390/1000)
Independent text
using al-Batkhr and
al-Istakhrr as a source

N

Quotations Surviving manuscripts

Yaqut, etc. Two main recensions
1. Istanbul and Leiden
2. Berlin

Miscellaneous abridgements
(Paris MS. 2214), etc.

FIG. 5.2. STEMMA OF THE TEXTS OF THE BALKHI SCHOOL. See and compare also appendix 5.1.

There are only two early manuscripts of al-Mugad-
dast’s book, entitled Ahsan al-taqasim fi ma‘rifat al-aqa-
Iim (The best of divisions on the knowledge of the prov-
inces); both were used by de Goeje in producing the
printed edition of his text. They are very close in content,
but one is aimed at the Samanids as patrons and the other
at the Fatimids of Egypt.2®> There therefore seem to be
two attempts emanating from the author, perhaps from
different dates. The text dates itself 375/985, but later
information is included.

Al-Muqaddast’s text was based on the same principles
as the texts of al-Istakhri and Ibn Hawgqal, and it covers,
in the same way, only the area of the Islamic empire.
Similarly, his maps are recognizably from the same mold
as those of the earlier authors. The book, however, shows
considerable variation from the pattern established. For
instance, he includes a section on astronomical geography
giving the Greek idea of the climates based on the length
of the noonday shadow.2* He has more detail, especially
abour those districts he has traveled through. There are
detailed passages on large towns, with their population
and products; there are sections in the introduction on

place-names, rivers and seas, capital towns, and the
dimensions of the Islamic empire as well as other things.
In fact, this work is probably the most advanced of all
surviving Arab geographical works. Basically its form is
inherited from al-Istakhri. The regional divisions are
more or less the same, and each region has its basic map.
The region is also known as a climate (iglim), and this
idea clashes with the idea of the Greek climates men-
tioned above as appearing in his introduction.2’ Each
regional area is described and then summarized under
subject headings, and finally routes with their distances
are given in the manner of al-Istakhri and Ibn Hawgal.

23. Editions and translations of al-Mugaddast’s work are given in
appendix 5.2, and manuscripts are listed in appendix 5.1. Of the two
recensions, the earlier is connected with the Samanids (manuscripts from
Istanbul and Leiden) and the later with the Fatimids (manuscripts from
Berlin).

24. Al-Mugqaddasi, Absan al-tagasim; Miquel’s translation, 125-36
(note 8), Ranking and Azoo’s translation, 98-103 (note 8).

25. See also pp. 93-94.
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THE MAPS OF THE BALKHI SCHOOL

The maps accompanying these texts seem at first sight to
be a not entirely necessary supplement to the texts, the
text being so complete in itself. This is often so with
illustrative material in classical Arab texts, certainly with
maps in some later geographical works. Some manu-
scripts of the works [ am discussing have no maps at all,
and some have spaces left for them in the text, though
none have been inserted. However, there is every evi-
dence that these authors were definitely, if not primarily,
interested in the maps and designed their own maps even
if they did not draw them themselves. According to al-
Mugqaddasi, al-Balkhi “intended in his book chiefly the
representation of the earth by maps. ... He described
each map [only] briefly without giving useful particulars
or setting forth clearly or in order the facts which were
worth knowing.” He also states that al-Balkhi’s book is
“a book with very carefully prepared maps, but confused
in many places and superficial in its commentaries, and
it does not divide the provinces into districts.”2¢ This
makes it appear that al-Balkhi’s main interest was in the
maps, which were the important items while the text was
secondary. Al-Istakhri’s work was still a commentary on
the maps, and he states that “our plan is to describe, and
to delineate on maps, the various seas, . .. affixing the
name of each, so that it may be known in the maps,”?’
thus showing the importance he placed on the maps. The
cartography, therefore, was still the essential element in
the work.

He was also interested in the composition of the maps,
and at his meeting with Ibn Hawqal they compared their
maps. [bn Hawqal states that al-Istakhri

had drawn a map of Sind, but he had made some
mistakes, and he had also drawn Fars, which he had
done extremely well. For my part, I had drawn the
map of Azerbaijan which occurs on the following page
and of which he approved, as well as that of al-Jazirah
which he considered excellent. My map of Egypt,
however, he condemned as wholly bad and that of
al-Maghrib as for the most part inaccurate.

Because he states in the text that the map “occurs on the
following page,” he lets it be known that the map the
reader sees is the one he drew himself.28

Ibn Hawgal himself seems originally to have wished
to produce a set of maps,?® but he was carried away by
his commentary, and this becomes much more volumi-
nous and interesting than that of al-Istakhri, while to the
ordinary reader the map loses its importance because of
its inadequacy. All this shows, however, that the map is
linked directly to the scholar in each case and not added
by the copyist, as are many illustrations to manuscript
books or even early printed books, which thus had a
completely different provenance than the text.

Islamic Cartography

Ibn Hawqal goes one stage further than al-Istakhri. In
addition to his text on a particular region, he also inserts
a section that describes the map literally in the simplest
terms. Whether this is meant to be an aid for the carto-
grapher is difficult to say. This description can be under-
stood only in conjunction with the map itself and does
not add to the information in the main text. The section
can easily be deleted without affecting the rest of the
text. An example from the section on Kirman begins:

Explanation of the names and legends that are found
on the map of Kirman. The sea appears at the top of
the map; to the right of this is [the legend] “The map
of Kirman,” then in the corner the word “West” while
in the corner on the left is the word “South.” Then
there begins to the extreme right of the sea, going
down [the page] an inscription, stretched out round
the three sides of the map which says “Boundary of
Kirman . ..”3 (and see figs. 5.4 and 5.5 below).

What one really wishes to know is how close to the
original version of these scholars is the map we see in a
manuscript produced several centuries after the death of
the scholar himself. This is very difficult, since probably
only one of the manuscripts now extant was produced
within two hundred years of the original map it was taken
from. Kramers, however, has attempted to classify the
surviving manuscripts using the state of the maps as his
criterion.3! This he finds fits the state of the text as well
and agrees with the comments de Goeje made about
them.

Kramers finds that the texts presumed to be by al-
Istakhri can be divided into two groups, and he regards
one as earlier in origin. In this earlier group (Istakhii 1),
the maps are more geometric than the later ones (Istakhri
I1), while the text that goes with the later maps is more
finished and polished. On the other hand, it is the earlier
texts that mention the name al-Istakhri, so that Miller
attributes the anonymous (Istakhri 1I) texts to al-Balkhi,
presuming wrongly that they are earlier than the others.32
Miller, however, gives no criteria for his decision. De

26. Al-Muqaddasi, Ahsan al-taqasim (appendix 5.2); see de Goeje’s
edition, 5 n. a (note 5), Miquel’s translation, 14 {note 8), and Ranking
and Azoo’s translation, 6 (note 8).

27. Ouseley, Oriental Geography of Ebn Haukal, 2 (note 5).

28. Ibn Hawaqal, Sirat al-ard; see Kramers’s edition, 329-30 (note
5), J. H. Kramers, trans., and G. Wiet, ed., Configuration de la terre
(Kitab surat al-ard), 2 vols. (Paris: G. P. Maisonneuve et Larose, 1964),
2:322.

29. Miquel, “Ibn Hawkal,” 3:787 (note 11).

30. Ibn Hawaqal, Sarat al-ard; see Kramers’s edition, 305 (note 5),
Kramers and Wiet’s edition, 2:301 {note 28).

31. J. H. Kramers, “La question Balhi-Istahri-Ibn Hawkal et UAdlas
de l'lslam,” Acta Orientalia 10 (1932): 9-30.

32. Kramers, “La question Balhi-Istahri-Ibn Hawkal,” 14-15 (note
31), and Miller, Mappae arabicae, Band 1, Heft 1, 17, and Band 5, 109
(note 14). The four manuscripts Miller gives as having maps by al-Balkhi
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Istakhri |
Prototype map
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Istakhry |
Most manuscripts derived
from these (including some
in abridgements and
Persian translations)

l

Various corrupt maps
of later origin

/\

Nineteenth-century ? Vienna manuscript
maps of Indian origin attributed to Nasir

maps

al-Istakhri's maps
(Derived from the maps of al-Balkhr)

T

ibn Hawqal-type

Hamburg manuscript
of al-Istakhri

Istakhri ll
Maps in many manuscripts
(e.g., Bologna and Berlin);
Also in some of the Persian
manuscripts
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al-Muqaddasi's
maps

Ibn Hawgqal |
Majority of Ibn Hawaqal
manuscripts
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lbn Hawgqal ill ibn al-Wardi's
maps (except world map
world map)

/

Gotha manuscript

from the British Library al-Din al-Tusi of Ahmad al-TosT

FIG. 5.3. POSSIBLE STEMMA FOR THE MAPS OF THE BALKHI SCHOOL. See and compare also appendix 5.1.

Goeje bases his printed edition of al-Istakhri on these
Istakhri 11 texts mainly because they are more complete
and less mutilated.

Kramers has also classified the texts attributed to Ibn
Hawaqal in the same way. Things here are a little more
complicated, however, since the two best manuscripts
contain blank pages where the maps should be. These
are the Leiden and Oxford manuscripts, which have prac-
tically identical texts.33 A manuscript in the Topkapi Sar-
ay1 Mizesi in Istanbul contains a very complete text, and
this is accompanied by a set of maps, while the abridged
Ibn Hawqal from the Bibliothéque Nationale, Paris, has
a set of maps that are very different from those of Istanbul
and are obviously a later development.?* Comparing the
text of the Istanbul manuscript with those of Oxford and
Leiden, Kramers concludes that the Istanbul manuscript
represents an earlier version of Ibn Hawqal (I) and the
other two manuscripts (without maps) a later version (11).

The maps of the Paris abridgment, however, he regards
as a great improvement on those of Istanbul, so that he
identifies this manuscript as a later version of Ibn
Hawaqal’s work (III) even though the text may hark back
to an original that is earlier than the Istanbul text.35 He
therefore has three recensions of Ibn Hawaqal, the middle

are: (1) Hamburg, Staats- und Universitatsbibliothek, Cod. Or. 300
(dated 1086/1675); (2) Bologna, Biblioteca Universitaria di Bologna,
Cod. 3521, undated but related closely to 3; (3) Berlin, Staatsbibliothek
Preussischer Kulturbesitz, Orientabteilung, MS. Sprenger 1 (Ar. 6032)
(dated 1840), both 2 and 3 from a copy of 589,/1193; and (4) London,
British Library, MS. Or. 5305.

33. Leiden, Bibliotheek der Rijksuniversiteit, Cod. Or. 314, and
Oxford, Bodleian Library, MS. Huntington 538 (MS. Or. 963).

34. The Topkap: Saray1 Muzesi Kitiphanesi manuscript is the one
mentioned in the first paragraph of this chapter, A. 3346. The Paris
manuscript is Bibliothéque Nationale, MS. Arabe 2214.

35. Kramers, “La question Balhi-Istahri-Ibn Hawkal,” 16-20 (note
31).
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one having no maps to show us. The maps of other manu-
scripts from Istanbul, which Kramers saw, seemed to fit
into the same categories of his divisions I and III. Thus
there are two versions of the maps that accompany Ibn
Hawgqal’s text, an earlier and a later. All together, in the
Balkhi-Istakhri-Ibn Hawqal set of writings, we have four
distinct recensions of what is basically one set of maps
(fig. 5.3). For these I shall follow Kramers’s example and
call the four types Istakhri I, Istakhri II, Ibn Hawagal I,
and Ibn Hawgqal III. The manuscripts of Ibn Hawqal III,
though all undated, are much later than the other texts,
probably from the late thirteenth or early fourteenth cen-
tury A.D. The regional maps are nevertheless copies of
the earlier versions. The world map of Ibn Hawgqal Iil,
however, is so different from the other world maps that
it warrants special treatment in chapter 6.

DESCRIPTION OF THE MAPS

This set in most cases comprises twenty-one maps,
although some manuscripts lack a map or s0.36 The con-
sistency with which the same set of maps appears in so
many manuscripts and with several different authors led
Miller to call the set the “Islam-atlas,” and it has been
called this by several other scholars. The set consists of
a world map, maps of the three seas—the Mediterranean,
the Persian Sea (Indian Ocean), and the Caspian Sea—and
maps of seventeen “provinces” of the Islamic empire.
place the word “provinces” in quotation marks because
in some cases provinces are linked together in one map
{Azerbaijan, Armenia, etc., and Spain and the Maghreb)
and because the Persian Desert is hardly a province. The
word the texts use for “province” is iglim, from the Greek
kApa, a word that reaches Arabic through the translation
of Ptolemy. The word was used first to translate the
Persian kishvar, which was a specific geographical region,
and hence comes the present usage.3” A complete list of
these maps in the order usually found in a manuscript is
as follows: (1) world map; (2) Arabia; (3) Indian Ocean;
(4) al-Maghrib (North Africa); (5) Egypt; (6) Syria; (7)
Mediterranean Sea; (8) al-Jazirah (Upper Mesopotamia);
(9) Iraq (Lower Mesopotamia); (10) Khuzistan; (11) Fars;
(12) Kirman; (13) Sind; (14) Armenia, Arran (Alvan), and
Azerbaijan; (15) Jibal (central Persian mountains); (16)
Daylam and its neighbors (Rayy, Tabaristan); (17) Caspian
Sea; (18) Persian Desert; (19) Sijistan; (20) Khurasan; (21)
Transoxiana.3® The thirteen maps that represent the Per-
sian-speaking provinces of the Islamic empire are fairly
consistent in form throughout all the manuscripts. Their
form was stereotyped by the time of the first al-Istakhri
recension, and Ibn Hawgal seems to have found no need
to change these maps. Even Azerbaijan and al-Jazirah, of
which Ibn Hawgqal produced good versions approved by
al-Istakhri, do not seem to have changed much through
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the recensions. It is therefore appropriate to describe
these maps of the Iranian area and then use them as a
standard for the rest of the set.

The maps of each of these regions consist of an area
that is roughly rectangular and usually, although not
always, surrounded by a line representing its boundary
with the surrounding areas. There is no projection to
form the base of the map. The maps cannot be joined
together as a multisheet map like the sectional maps of
al-Idrisi.? Even if they are reduced to the same scale,
this cannot be done as it can for the sectional maps of
the European edition of Ptolemy. The maps are thus
individual entities and are seen as such by the draftsman.

SELECTION OF MATERIAL

This set of maps does not cover the whole world as do
the sectional maps of al-Idrisi that follow in the twelfth
century and the texts of the earlier geographers like Ibn
al-Faqih or Ibn Khurradadhbih. These latter include con-
siderable detail on China and India and give some account
of Africa and Europe. The Balkhi maps specifically cover
the Islamic empire as it appeared in the tenth century.
Even Spain has no separate map and is omitted in the
text, though it was Muslim at the time. It was, of course,
never part of the Abbasid Empire. Inside the Dar al-Islam
each province is then given its own map and a description
that forms an individual chapter dealing systematically
with towns, rivers, mountains, and inhabitants, followed
by itineraries throughout the province. S. Magbul Ahmad
has a theory that this Islamicization of the maps and
geography was a deliberate policy developing away from
the work of the earlier al-Ma’miin type of geographer,
which, based mainly on Ptolemy, covered the whole of
the known world.®

Besides this policy of portraying only the areas of the
Abbasid caliphate at its greatest extent, it is further
obvious that there is a bias toward things [ranian: so much
so that Kramers has suggested there may have been old

36. The manuscripts from Hamburg and Bologna have a complete
set as | have described them, as do also the Gotha MS. Orient. P. 36
and the set of maps in the Vienna manuscript, Osterreichische Nation-
albibliothek, Cod. Mixt. 344 (Flugel 1271). This was the number of
maps mentioned by al-Mugaddasi belonging to the set produced by al-
Balkhi; see Ranking and Azoo’s translation, 6 (note 8), Miquel’s trans-
lation, 14 (note 8).

37. See chapter 4.

38. A list is given by Miller, Mappae arabicae, Band 1, Heft 1, 23
{note 14), giving the best-known manuscripts outside Istanbul and the
actual maps they contain. He also gives reproductions of all the maps
from all the main manuscripts.

39. See below, pp. 162-63, esp. fig. 7.6.

40. Ahmad, “Kharita,” 4:1079, and also Ahmad, “Djughrafiya,”
2:581-82 (note 6).
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Iranian maps that are the basis of these Balkhi maps.*!
There is no evidence for the existence of the former, but
the maps may ultimately be based on early lists of postal
routes surviving from Sassanid times. These lists may per-
haps also be seen as the origin of the lists of Islamic
postal routes found in the works of the al-Masalik wa-
al-mamalik type. The Iranian bias also appears in the
contents of the set of maps. The Iranian area is divided
systematically into areas for mapping, whereas the areas
the Arabs conquered from the Byzantines were treated
in a much less systematic way. This may, however, reflect
the administrative situation in the two empires that pre-
ceded the Islamic empire at the time when the Arab con-
quest took place. Al-Balkhi and al-Istakhri were both
patronized by the Samanid rulers of Persia, and the
emphasis is very much on the Iranian area.*?

Ibn Hawqal’s interest was much more in the Mediterra-
nean area, and his first patron was the Hamdanid Sayf
al-Dawlah of Syria. Later his Fatimid interests predomi-
nated, and the center of Fatimid interests was always the
Mediterranean.®? In his maps the real innovations occur
in these regions. The map of the Maghreb is itself really
a detailed map of the Mediterranean (he refers to this
fact in his text when describing the map).** The Mediter-
ranean map is little more than a reduced version with
little detail, and of course the Nile area has been com-
pletely redrawn in the map of Egypt.#

Al-Istakhri and Ibn Hawqal show no interest in pro-
jections or mathematical astronomy. Neither do they
mention longitude and latitude in any form, or any sort
of map construction. They both give distances between
places on their routes (marbalah = day’s journey), and
they add these up roughly to give the dimensions of the
inhabited world. These distances are not recognizable on
the map, however. It therefore does not seem that the
authors envisaged any kind of formal scale at all in con-
structing these maps.

Each map consists of a set of geometric configurations.
Though some are more geometric than others, most lines
are straight or arced, rivers are wide parallel lines, and
lakes are often perfect circles. Towns are sometimes
squares, circles, or four-pointed stars or, if they are stop-
ping places on a straight route, resemble small tents or
perhaps doors to caravansaries. Thus much of the draft-
ing is ruled with either a straight or a curved edge. The
only exceptions are mountains, which are drawn as a
collection of peaks or perhaps piles of rocks, though even
here the base, which probably represents the position of
the range on the map, is a straight line or a regular curve.*

The basic purpose of the maps (especially those of the
Persian-speaking areas) seems to be to incorporate the
caravan routes across the province, with all the stages
marked. This is most noticeable on the map of the Khur-
asan Desert, where the boundary of the desert is given
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with the bordering villages and oases marked around it.
Straight lines then join those places on opposite sides
where traffic flows, and the name of the route is written
on the line so drawn.*’

THE TREATMENT OF THE
PERSIAN PROVINCES

A good example of a map from the Persian-speaking areas
is that of Kirman, a province in the southeast of Persia
(figs. 5.4 and 5.5).%® This is a simple and clear example
of one of these maps that can be described without great
complication. However, any attempt at description is
bedeviled because few of the place-names still exist, and
a comparison with a modern map (fig. 5.6) reveals very
little. Of the five main towns and district centers of Kir-
man in the tenth century, Sirjan, Jiruft, Narmashir, Bar-
dashir (now the town of Kirman), and Bamm, only the
last two exist as inhabited towns. The first two survive
as district names only, yet Sirjan, the former capital, was
larger than Shiraz in its heyday.*?

The top (south) of the map in figures 5.4 and 5.5 shows
a crescent shape representing the sea (Persian Gulf). The
left (east) side, a straight line, is the border with Sind.
The bottom (north), again a straight line, is the border
with the desert of Khurasan and Sijistan. The right (west)
side is more elaborate, being made of three straight lines,
and represents the border of Fars. It is interesting that
on the map of Fars the Kirmani border has the same

41.]. H. Kramers, “Djughrafiya,” in Encyclopaedia of Islam, 1st ed.,
suppl., 61-73, esp. 65.

42. Kramers, “Djughrafiya,” 66 (note 41). Also the following articles
in the new edition of Encyclopaedia of Islam: Dunlop, “al-Baikhi,”
1:1003 (note 6); and Miquel, “al-Istakhri,” 4:223 (note 10).

43. Miquel, “Ibn Hawkal,” 3:787 (note 11).

44. Kramers’s edition of Ibn Hawaqal, Sarat al-ard, 62-66 and plate
(note 5), Kramers and Wiet’s edition, 1:59-62 and pl. 4 (note 28). The
reduced map appears in the section on the Mediterranean, text 190-
205 and pl., translation, 1:187-200 and pl. 8.

45. Kramers’s edition, 132-35 and pl. (note 5), Kramers and Wiet’s
edition, 1:131-33 and pl. 5 (note 28).

46. André Miquel, La géographie humaine du monde musulman
jusqu’du miliew du 11¢ siécle, vol. 2, Géographie arabe et représentation
du monde: La terre et Pétranger (Paris: Mouton, 1975), 19-20, has
mentioned these geometric shapes and inferred that there are reasons
for using such shapes. However, the various manuscripts have not kept
rigidly to the same shape, and there is no way of reproducing the original
shapes used by the authors for the map.

47. For the Khurasan Desert, see the reproductions of this map in
Miller, Mappae arabicae, Band 4, Beiheft, Taf. 48-51 (Wiiste) (note
14).

48. The Kirman section of the text appears in al-Istakhri, Kitab al-
masalik wa-al-mamalik; see the edition by Muhammad Jabir ‘Abd al-
‘Al al-Hini (Cairo: Wizarat al-Thagafah, 1961), 97-101, and in Ibn
Hawqal, Sarat al-ard, Kramers’s edition, 305-15 (note 5).

49. Also in Miller, Mappae arabicae, Band 3, Beiheft, Taf. 31-33
(note 14).
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FIG. 5.4. KIRMAN ACCORDING TO ISTAKHRI L. This
example is taken from the Leiden manuscript (see also fig. 5.5).
North is in the lower right corner.

Size of the original: 42 x 30 cm. By permission of the Biblio-
theek der Rijksuniversiteit, Leiden (MS. Or. 3101, p. 63).

kink, but the angles and dimensions do not correspond.
It is not possible to make a “fi.” Just inside Kirman on
the eastern side are two crescent-shaped areas looking
like arcs of a circle on most manuscripts. These are two
mountain ranges, while toward the interior from these
are several small mountain groups, a partial selection
from a very mountainous area. Most of the province is
made up of routes starting in the north, radiating out
from the capiral of Sirjan. All these are difficult to follow,
since the present-day road system bears no resemblance
to this at all. The modern routes are based on the new
capital, Kirman, which is on the main route from north-
eastern Iran (via Yezd) toward Sind and India—a route
that is not represented on the al-Istakhri maps at all,
though it must have been centuries old. It is interesting
that Ibn Khurradadhbih, writing before the Balkhi
authors, gives this latter as a main route through Kirman
province, showing that the Balkhi school authors are not
using Ibn Khurradadhbih directly.¢

The comparison of the various texts and this map gives
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FIG. 5.5. KIRMAN ACCORDING TO ISTAKHRI II. This
example is taken from the manuscript in Bologna. Comparison
with figure 5.4 shows the differences between the two versions.
The maps of Ibn Hawgal and al-Mugaddasi do not vary a great
deal from these. North is in the lower right corner.

Size of the original: 27.5 x 17.7 cm. By permission of the Biblio-
teca Universitaria di Bologna (Cod. 3521, fol. 47r).

us a clue to the origins of the type of map. The concen-
tration on these routes is important and shows a contin-
uation of an early ninth-century preoccupation with this
feature. The early texts of the form al-Masalik wa-al-
mamalik were fundamentally texts of post routes
through the Islamic empire, although most early writers
were not limited to the empire, extending their work
through India and China as much as possible and again
by sea in the Indian Ocean and mentioning as much of

50. Ibn Khurradadhbih's account of the Kirman routes appears in his
Kitab al-masalik wa-al-mamalik; see the edition by Michael Jan de
Goeje, Kitdb al-masalik wa'l-mamalik (Liber viarum et regnorum),
Bibliotheca Geographorum Arabicorum, vol. 6 (Leiden: E. J. Brill, 1889;
reprinted 1967), 49-54. See also pp. 91-92. A convenient map on which
to check some of this is in William C. Brice, ed., An Historical Atlas
of Islam (Leiden: E. J. Brill, 1981), 16-17.
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FIG. 5.6. MODERN KIRMAN AND SURROUNDING AREA.
A modern map of Kirman for comparison.

Europe as they could. The text of Ibn Khurradadhbih is
the only one that survives as an independent work. He
was a postal official of the empire, and so his interest in
the postal routes was professional. His routes through
Kirman are easy to follow, giving the distance between
places in parasangs (about four miles). It is possible that
his routes were actually compiled from material left over
from the days of the Sassanid Empire. Al-Jayhani and al-
Marwazi, who wrote similar works that are now lost and
may perhaps be based on Ibn Khurradadhbih, probably
followed in the same tradition.’! The Balkhi-Istakhri
school—note that al-Istakhri also calls his work Kitab al-
masalik wa-al-mamalik—likewise probably perpetuated
this tradition, but it is obvious by a simple comparison
with the existing texts that the routes were subsequently
rethought. We have the same idea based on new facts,
whose origin is not known, but contemporaries assumed
that this material was new and up to date. Thus Ibn
Hawaqal copies it almost blindly for areas like Kirman.
Al-Mugaddasi too follows this information. When we
come to later geographers who base their works on the
earliest geographers and generally eschew the Balkhi-
Istakhri traditions, we find that they take their place-
names directly from al-Istakhri for areas in Iran and

neglect the important route system of Ibn Khurradadh-
bih.52
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FIG. 5.7. THE ARABIAN DESERT PILGRIMAGE ROUTES.
Afrer William C. Brice, ed., An Historical Atlas of Islam (Lei-
den: E. J. Brill, 1981), 22.

THE ARABIC-SPEAKING PROVINCES

The four provinces that are not Persian speaking—Arabia,
Syria, Egypt, and North Africa—are treated somewhat
differently from the Persian provinces, although Syria,
being nearest to the Iranian area, diverges less. The Ara-
bian Peninsula is very impractically represented when one
considers that from an Islamic standpoint, as the center
of the pilgrim routes, it is so very important (fig. 5.7).
Also, much had been written on the Arabian Peninsula
by Arab writers, and a work like al-Hamdani’s Sifat
Jazirat al-‘Arab (History of the Arabian Peninsula) had
already been produced by the time of these authors.’?
Al-Istakhri shows the peninsula as a protrusion sticking
out into the Persian Sea with the African coast beyond

51. All these authors are mentioned in chapter 4.

52. The most obvious of these is the anonymous Persian text Hudid
al-‘alam, ed. and trans. Minorsky (note 9).

53. Al-Hasan ibn Ahmad al-Hamdani died in 334/945.
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FIG. 5.8. ARABIA ACCORDING TO THE BALKHI
SCHOOL, ISTAKHRI I. North is toward the lower right corner.
Size of the original: not known. By permission of the Otdeleniya
Instituta Vostokovedeniya Akademii Nauk, SSSR, Leningrad
(MS. C-610, fol. 13a).

(fig. 5.8).%* South is to the top left. Most of the detail in
the peninsula relates to the Hijaz and Yemen. Below, it
is separated from the rest of the landmass by the
Euphrates and the Tigris, and only the area immediately
above and to the left refers to the larger part of the
peninsula (Najd, Bahrain, and Oman). Most of this latter
area is devoted to the sands and to the two mountains
of Ta’i. Routes radiate out from Mecca and Medina, as
one might expect; for example, from Mecca to Bahrain,
Oman, and Aden and from Medina to Basra, Kadesia
(Qadisiya), Raqqa, and through Taima toward Syria. The
later recension of al-Istakhri is much more vague but has
Mecca and Medina much farther north, giving more
space in the southern part of the peninsula but even less
for the north, east, and center (fig. 5.9). Ibn Hawgal’s
map of Arabia is even more vague, little more than a
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FIG. 5.9. ARABIA ACCORDING TO THE BALKHI
SCHOOL, ISTAKHRI II. North is toward the lower right cor-
ner.

Size of the original: 27.5 x 17.7 cm. By permission of the Biblio-
teca Universitaria di Bologna (Cod. 3521, fol. 5v).

hurried sketch map based ultimately on al-Istakhri (figs.
5.10 and §5.11).

The maps of the two westerly provinces, Egypt and
the Maghreb, vary enormously from recension to recen-
sion. There can certainly have been no original Iranian
lists of postal routes for these areas and probably no
Byzantine or any other Western equivalent. The sources
are therefore limited to Ptolemy and any Muslim writers
or collectors of information active since the Islamic con-
quest of these areas. The early writers of masalik liter-
ature like Ibn Khurradadhbih did not neglect these areas,
and from their works a considerable amount of geo-
graphical information could be obtained. When consid-
ering these areas we must also consider the map of the
Mediterranean, one of the few places where information
relating to non-Islamic areas is found in these texts (fig.
5.12). The Mediterranean begins in Istakhri [ as a com-

54. Maps of the Arabian Peninsula are in Miller, Mappae arabicae,
Band 3, Beiheft, Taf. 19-21 (note 14).
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FIG. 5.10. ARABIA ACCORDING TO THE BALKHI
SCHOOL, IBN HAWQAL 1. North is toward the upper right
corner.

Size of the original: not known. By permission of the Topkapi
Sarayr Muzesi Kartiiphanesi, Istanbul (A. 3346).

plete circle with a wide entranee to the Encompassing
Ocean on top.’ Details of North Africa lie.on the left
and those of Europe (mainly Islamic Spain) on the right.
At 90° from the mouth of the sea (Strait of Gibraltar)
we have a wide, straight water channel lying due north-
south that is the Bosporus, and at 270° there appears
another channel, the mouth of the Nile. This has a sem-
icircular area with the entrance of the Nile to the left,
containing two islands (Tinnis and Damyat). At the bot-
tom of the design (east) are three parallel rivers. In the
center of the sea symmetrically west-east are a large
mountain, Jabal al-Qilal (in the Strait of Gibraltar), and
a line of three large circular islands; Sicily, Crete, and
Cyprus. This shape is reflected in the maps of both North
Africa and Egypt. North Africa, which includes Spain, is
really a map of the western end of the Mediterranean
with a circular Spain on the north and a straight (hori-
zontal east-west) North African coast (plate 6 and fig.
5.13).56 The large mountain is again present but farther
inside the Mediterranean, and there is one island (Sicily)
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FIG. 5.11. ARABIA ACCORDING TO THE BALKHI
SCHOOL, IBN HAWQAL III. North is toward the upper right
corner.

Size of the original: 35 x 26.5 cm. By permission of the Bib-
liotheque Nationale, Paris (MS. Arabe 2214, fol. 5).

and a prominent circular area on the African side that
seems to house Sijilmasa and the land of the blacks (Bilad
al-Sadan). Egypt (fig. 5.14) also fits roughly to the Medi-
terranean map except that the seacoast is straight. The
delta remains semicircular, with its two islands and a long,
straight Nile with ranges of mountains on each side.

The later recension of Istakhri (II) is somewhat the
same. The Mediterranean on its own map becomes elon-
gated, and the central islands are much smaller (fig. 5.12b).
The Nile and the Bosporus are not so symmetrically
arranged, and the mountain in the strait is much smaller.
In the North African map, Spain loses its circular shape,
becoming extended obliquely on the east and in some
manuscripts flattened on the south (fig. 5.136).57 Egypt
also varies slightly (fig. 5.14b).

55. The maps of the Mediterranean are reproduced in Miller, Mappae
arabicae, Band 1, Beiheft 1, Taf. 1-4 (note 14).

56. The maps of the Maghreb occur in Miller, Mappae arabicae,
Band 2, Beiheft, Taf. 5-7 (note 14).

57. Miller, Mappae arabicae, Band 1, Beiheft 1, Taf. 4 (Bologna)
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In the Ibn Hawagal recensions the map titled al-Magh-
rib includes the whole of the Mediterranean, and the
outline of the sea has been completely revised (fig. 5.12¢
and 5.12d).*® The mountain is gone, and though Spain
and North Africa remain roughly the same geometric
shape, they are well covered with rivers. The important
thing, however, is that the eastern end of the Mediterra-
nean is no longer a circle but has a recognizable shape.
There is a peninsula for Italy and another for Greece.
The Alps are visible, Corsica and Cyprus appear, and
there are signs of an Anatolian peninsula (wrongly ori-
ented). The earlier recension (Ibn Hawgal 1, fig. 5.12¢)
has another map of the Mediterranean (this time titled
correctly) that is a simplification of the other, slightly
more stylized, while the second recension has only one
map (also ostensibly North Africa) that is inferior to the
first recension of Ibn Hawqal but still a great improve-
ment of that of al-Istakhri. Egypt too has been completely
redrawn by Ibn Hawqal, giving more detail to the Nile
Delta (fig. 5.14¢).5% This map of Egypt is reproduced in
Ibn Hawqal 111 (fig. 5.14d) but is more stylized and angu-
lar—again not really an improvement on I but vastly bet-
ter than al-Istakhri.

The impression one gets of Ibn Hawqal’s maps of west-
ern [slam is that they are the work of someone who has
been there and knows what he is portraying but is work-
ing within a traditional cartographic style and does not
wish to depart too far from it. Such a conclusion is
emphasized by the Paris abridgment manuscript.$® This
also contains a map of the Nile basin from al-Khwarazmi
that is based on Prolemy and is drawn in a much freer
and more natural style than the other Balkhi school
maps.®!

All the provincial maps of this school of geographers
may be based on practical considerations like land routes.
These routes and the order of towns along them must
have originated from the constant observations of those
who traveled them. All the maps, however, except per-
haps for the western areas of [bn Hawgqal’s work, appear
to have been drawn for mnemonic purposes, rather than
for any other practical use, and for this their geometric
style is admirably suited.

THE WORLD MAP

The world map$? and the map of the Indian Ocean, which
is enlarged from it and always referred to as the Persian
Sea, are a different proposition. These two maps are built
up by what might be called academic conjecture—an arm-
chair attempt to see all the provinces set down relative
to each other. The whole has to fit into a stereotyped
idea of what the whole world should look like. Accord-
ing to Arab geographical theory based entirely on Ptol-
emy, this would be a sphere.6? Since the far side of a
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FIG. 5.12. THE DEVELOPMENT OF THE MEDITERRA-
NEAN IN MAPS OF THE BALKHI SCHOOL. Five sketches
of the Mediterranean based on al-Istakhri (@ and &) and Ibn
Hawgqal (c, d, e) (sometimes titled al-Maghrib in Ibn Hawgal).
North is at the top for comparative purposes; the usual ori-
entation in the manuscripts is indicated in square brackets.
After J. H. Kramers, “La question Balhi-Istahri-Ibn Hawkal et
I’Atlas de 'lslam,” Acta Orientalia 10 (1932): 9-30.

(note 14). The North African map is found in Band 2, Beiheft, Taf. §
(Berlin,) and Taf. 7 (Bologna).

58. Kramers's edition of lbn Hawqal’s S#rat al-ard (note 5) gives his
map in its first recension as the plate between pp. 66 and 67. The second
map of the Mediterranean appears on p. 193.

59. The first-recension maps of Egypt are reproduced in Kramers’s
edition, pls. between pp. 134 and 135 (note $), and also in Kramers
and Wiet’s edition, vol. 1, pl. § (note 28). They are not reproduced by
Miller. The second-recension maps (Ibn Hawqal III) appear in Miller,
Mappae arabicae, Band 2, Beiheft, Taf. 9 (Paris,) (note 14).

60. Paris, Bibliothéque Nationale, MS. Arabe 2214.

61. The map of the Nile basin is illustrated in figure 6.2 and can be
compared with al-Khwarazmi’s map, see plate 4.

62. Here we are dealing with the maps of al-Istakhri (I and 1I) and
the first recension of Ibn Hawqal (I). Ibn Hawaqal III is discussed in
more detail in chapter 6.

63. See, for example, p. 4.
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FIG. 5.13. THE DEVELOPMENT OF NORTH AFRICA AND
SPAIN IN MAPS OF THE BALKHI SCHOOL. Two sketches
of North Africa and Spain based on Istakhri [ (4) and Istakhri
I1 (b). North is at the top for comparative purposes; the usual
orientation in the manuscripts is indicated in square brackets.

After ]. H. Kramers, “La question Balhi-Istahri-Ibn Hawkal et
I’Atlas de V'lslam,” Acta Orientalia 10 (1932): 9-30.
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FIG. 5.14. EGYPT ACCORDING TO THE BALKHI
SCHOOL. Sketches based on the maps of al-Istakhri (2 and b)
and Ibn Hawaqal (¢ and d). North is at the top for comparative
purposes; the usual orientation in the manuscripts is indicated
in square brackets.

After J. H. Kramers, “La question Balhi-Istahri-1bn Hawkal et
I’Atlas de I'lslam,” Acta Orientalia 10 (1932): 9-30.
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FIG. 5.15. THE WORLD, ISTAKHRI II.
Size of the original: 27.5 x 17.7 cm. By permission of the Biblio-
teca Universitaria di Bologna (Cod. 3521, fol. 2r).

world sphere (an upside-down world) was practically
inconceivable, only a hemisphere was thought to be
inhabitable. This could easily be “projected” onto a flat
area and represented by a circle. That Prolemy repre-
sented the inhabitable world as occupying 180 degrees
of the earth supported this idea. Thus al-Istakhri repre-
sented the world as a circle surrounded by the Encom-
passing Sea, with the two main seas reaching in from the
east and the west toward the center, where they would
join except for a small, narrow land barrier—the barzakh
of the Qur'an (plate 7 and fig. 5.15).6%

In his text, al-Istakhri gives a simple description of the
world to explain his map. “The earth is divided into two
by the two seas, so that we have a north or cold half
and a south or hot half. People in these two halves get
blacker as you go south and whiter as you go north etc.”6’
The main kingdoms are listed together with the kingdoms
that adjoin them. This is the only place where non-Islamic
areas are given any mention. Measurements are
attempted; thus the width from the Encircling Ocean in
northwestern Africa to the Ocean in China was 400 days’

64. This is basically the system adopted by the medieval mappae-
mundi. See David Woodward, “Medieval Mappaemundi,” in The His-
tory of Cartography, ed. ]. B. Harley and David Woodward (Chicago:
University of Chicago Press, 1987-), 1:286-370, esp. 328.

65. Al-Istakhri, Kitab al-masalik wa-al-mamalik; see the edition by
al-Hini, 16 (note 48).
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journey. However, the distance north to south was not
measurable. There were 210 days’ journey through inhab-
itable lands, but the extreme north was uninhabited
because of intense cold and the extreme south because
of intense heat. The seas were described briefly, and the
fact that the Caspian (Khazar) Sea and the Aral (Khwar-
azm) Sea were landlocked is mentioned, as well as the
sea connection between the Encircling Ocean and Istan-
bul—that is, the Baltic joins up to the Bosporus.

The map of the Persian Sea is an enlarged version of
a portion of the world map,$ although there are enough
differences in the shape of the ocean in the two maps to
necessitate some explanation. Three large islands—
Khiarak, Awal (Bahrain), and Laft (Qishm Island)—are set
symmetrically in what is the Arabian Sea, with the Tigris
to the left and the Indus to the right. India and China
coalesce into one narrow peninsula, matching Arabia on
the other side. The attempt is probably to match the
Mediterranean on the other side of the world. Hence
India also has a large mountain (Adam’s Peak) to match
the Jabal al-Qilal near the Strait of Gibraltar. This is the
Indian Ocean map in the first recension (Istakhri I).

The second (Istakhri II) is not so symmetrical, and the
mountain and three islands become much smaller (as they
also do in the Mediterranean). In the world map, the
islands disappear altogether in the second recension but
are there, very large, in the first. There is no “mountain”
in either recension of the world map. The surprising dif-
ference is that the western tip of the Indian Ocean, which
represents the Red Sea (Sea of Qulzum), points to the
west in the ocean map, but in the world map it turns
back on itself to almost touch the southeastern corner
of the Mediterranean Sea.

The Ibn Hawgqal maps, however, are very different.8”
This may be due to a closer reading of the earlier geo-
graphers and an attempt to incorporate features from
their texts. This would include the Arabic translation of
Ptolemy. But we are some way from indicating the
Chinese and Golden Chersonese peninsulas of al-Khwar-
azmi or of Ptolemy, and there is no Taprobane. The main
point is that the Red Sea and Persian Gulf are clearly
shown, and the Nile rises in the Mountains of the Moon
in the easterly extreme of Africa (fig. 5.16). The islands
of al-Istakhri have retreated into the Persian Gulf, where
they actually belong, and other islands appear from the
accounts of the non-Balkhi school geographers.6® Ibn
Hawaqal 11, like most of this set, is an inferior edition of
Ibn Hawgqal 1 with no new, up-to-date features.

AL-MUQADDASI’S MAPS

Al-Mugqaddasi has the same set of maps as the other two
authors, but they have become little more than illustra-
tions to the text and are not really essential to under-
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standing it. The maps generally give much less detail than
those of al-Istakhri and Ibn Hawgqal, whereas his text is
much more descriptive than theirs. The set of maps, how-
ever, is not quite the same as that of the earlier authors,
for he has no world map and no map of the Caspian Sea
or of Sijistan, but he does include a newly conceived map
of the Arabian Desert showing the pilgrim routes to
Mecca from the north and east.®®

The surviving manuscript maps were apparently taken
from the second recension of al-Istakhri, although they
seem to be completely redesigned.”® Al-Mugaddast him-
self says that among the more reliable maps he has found
are those of al-Istakhri, and he states that he has done
his best to bring out the correct representations of the
different parts of the empire in making the maps. He also
explains that the colors of the maps are significant: “In
the maps we have colored the familiar routes red, the
golden sands yellow, the salt seas green, the well-known
rivers blue, and the principal mountains dull brown.””!
He also seems to indicate the relative importance of the
towns by the differing size of circles, something he is very
keen on in his text. This emphasis is clear in the Leiden
manuscript but not very obvious in that from Berlin,
although both manuscripts have maps that look more
businesslike than the more ornamental maps of the first
Istakhri recension, albeit in a sketch map style.”2

The map of Kirman shows this tendency. It is virtually
a redrawing of the al-Istakhri map (Istakhri I) with a few
omissions but nothing new. By comparing this map with
the equivalent text it is easy to see how al-Mugaddasi
developed the text without developing the maps. For
instance, he mentions far more towns and villages in his
text than either of the earlier authors do, whereas his

66. For al-Istakhri’s maps, see Miller, Mappae arabicae, Band 3,
Beiheft, Taf. 22 (except Gothas), 23, and 24 (except Berlin, and Paris,)
(note 14).

67. The Ibn Hawqal I map can be seen in Kramers’s edition of Ssrat
al-ard, pl. on 45 (note 5), and Kramers and Wiet’s edition, pl. 3 (note
28). The Ibn Hawgal I map appears in Miller, Mappae arabicae, Band
3, Beiheft, Taf. 24 (Paris,) (note 14).

68. Kramers’s edition of Sarat al-ard, 44 (note 5). The islands are
Sribuza, Stibara, Sarandib, Qanbalu, Dahlak, Sunjala, and Bad‘.

69. Examples of this are given in Miller, Mappae arabicae, Band 3,
Beiheft, Taf. 21 (Berlin, and Leiden,), as opposed to his maps of Arabia
proper, Taf. 20 (note 14).

70. The Mugaddasi maps are given throughout Miller, Mappae ara-
bicae, as the maps in Berlin, and Leiden,: these representing the two
surviving recensions of al-Mugaddast’s text. The Leiden maps are much
more individual than those of Berlin.and presumably reflect the maps
{as it does the text) of the Istanbul manuscript, which [ have not seen.
See appendix 5.1.

71. Al-Mugqaddasi, Absan al-tagasim; Miquel’s translation, 27 {note
8), Ranking and Azo0’s translation, 12 (note 8).

72. Compare the Kirman maps from the two manuscripts in Miller,
Mappae arabicae, Band 3, Beiheft, Taf. 33 (Berlin, and Leiden,) (note
14).
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map has, if anything, less detail than theirs. He shows
that Bardashir is the seat of government, although Sirjan
is the largest town. This sort of thing is not discernible
from any map. The Arabian Peninsula, however, looks
very different: the surrounding sea has vanished, and the
peninsula becomes a square block (fig. 5.17), though
rounded off in the south in the Leiden manuscript. The
al-Istakhri origin is still obvious, but someone has
obviously redesigned it who shows more interest in the
peninsula. The routes have been completely redrawn.
In addition, al-Mugaddasi has, as | have said, a new
map of the Arabian Desert, formed on the lines of al-
Istakhri’s map of the Persian Desert. Presumably al-
Mugaddasi, who was more at home in this area, thought
it was important to have these desert routes, especially
since these were the main pilgrimage land routes. In spite
of its possible importance, the final map seems sketchy
to modern eyes, and it differs considerably in the two
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manuscripts. The Berlin manuscript (fig. 5.18) gives sev-
eral routes from places on the Syrian-Iraqi border of this
desert, and these routes meet at Taima, whereas the Lei-
den map has routes terminating in Mecca. A series of
stages are given on each route in both maps in much
more detail and more clearly positioned than in any of
the maps of peninsular Arabia I have discussed. However,
this is nothing like the detail given in al-Muqaddasi’s text,
where the routes terminate in Mecca, therefore agreeing
with the Leiden manuscript map.

Generally the maps appearing in al-Mugaddasi manu-
scripts contain little detail for the Persian areas of Islam.
The Mediterranean map again is little more than a hurried
copy of al-Istakhri. The Arabian areas, however, should
be studied. Certainly the map of the Arabian Peninsula,
together with that of the Arabian Desert, is superior to
any map of the area that has appeared before.

e

FIG. 5.16. THE WORLD, IBN HAWQAL I. Size of the original: not known. By permission of the Topkap: Saray1 Muzesi

Kiuriiphanesi, Istanbul (A. 3346).
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FIG. 5.17. ARABIA ACCORDING TO AL-MUQADDASI. The
map of Arabia from the Berlin manuscript. North is at the
bottom.

Size of the original map: 17 X 12.5 ¢cm. By permission of the
Staatsbibliothek Preussischer Kulturbesitz, Berlin (Orientabteil-
ung, MS. Sprenger §, p. 37).

MISCELLANEOUS MANUSCRIPTS BELONGING
TO THE BALKHI SCHOOL

In addition to the manuscripts connected with these
authors, three other manuscripts with maps show inter-
esting variations on those already mentioned. The first
of these is the very late copy (1675) of al-Istakhri from
the Staats- und Universitatsbibliothek in Hamburg,
which, according to Kramers, shows a text relating
closely to Istakhri 1.7 He therefore classes the maps in
the same category. A closer inspection of the maps, how-
ever, will show al-Istakhri features in some of the maps,
but the map of Kirman is distinctly of the Ibn Hawgqal 1
type. The maps of the Persian area all compare closely
with Ibn Hawqal’s maps, that of Transoxiana being
almost identical.”* The maps of the Mediterranean Sea
and the Maghreb are certainly Istakhri I (fig. 5.19),
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FIG. 5.18. THE ARABIAN DESERT ACCORDING TO AL-
MUQADDASI. The map of the Arabian Desert from the Berlin
manuscript. North is at the bottom.

Size of the original map: 14 x 16 cm. By permission of the
Staatsbibliothek Preussischer Kulturbesitz, Berlin (Orientabteil-
ung, MS. Sprenger 5, p. 123).

although the Mediterranean map has only two large
islands instead of the usual three. These Hamburg maps
were drawn in Persia for the Safavid prince Husayn in
1675.75 They have a distinctive design, superior to many
earlier manuscripts, and the nomenclature is written in a
very clear Persian Naskhi script. Considerable trouble
was taken over them, and it may be that what were
thought to be the best features from several manuscripts
of different styles were combined to construct them.
The second of the variations occurs in a manuscript
from the Forschungsbibliothek, Gotha (MS. Orient. P.

73. Kramers, “La question Balhi-Istahri-Ibn Hawkal,” 14-15 (note
31).

74. Compare the various maps of the Hamburg manuscript that are
scattered throughout Miller, Mappae arabicae (note 14); the Transox-
iana map is in Band 4, Beiheft, Taf. 59.

75. Miller, Mappae arabicae, Band 1, Heft 1, 17 (note 14).
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FIG. 5.19. AL-MAGHRIB FOLLOWING ISTAKHRI I. The
Hamburg manuscript from which this map comes, Staats- und
Universitatsbibliothek, Cod. Or. 300, is being restored. This
photograph is taken from Konrad Miller, Mappae arabicae:
Arabische Welt- und Landerkarten des 9.~13. Jahrhunderts, 6
vols. (Stuttgart, 1926-31), vol. 2, Beiheft.

Size of the original: not known. By permission of the Staats-
und Universitatsbibliothek, Hamburg, and from the American
Geographical Society Collection, University of Wisconsin-Mil-
waukee Library.

FIG. 5.20. THE INDIAN OCEAN IN THE MANUSCRIPT OF
AHMAD (OR MUHAMMAD) AL-TUSI. From the Gotha
manuscript. West is at the top. The map is titled Sarat Hind
(Map of India). It should be titled Sarat bahr Hind.

Size of the original: not known. By permission of the For-
schungsbibliothek, Gotha (MS. Orient. P. 35, fol. 1272a).
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35). The manuscript was dedicated to the Seljuk ruler
Tughrul ibn Arslan, who died in 590/1193, so its date
must be slightly earlier than that.”¢ It contains the work
entitled ‘Aj@’ib al-makbliigat of Ahmad (or Muhammad)
al-Tasi, who was alive at the time the manuscript was
written. The maps, of which only six appear (two in the
text and four as separate small plates at the beginning),
are drawn in very sketchily with a pen (fig. 5.20). Although
these maps are sketchy, they seem to resemble recension
111 of Ibn Hawqal, as shown in the Paris manuscript (Bib-
liothéque Nationale, MS. Arabe 2214). The Caspian Sea,
however, is more individual, while the Mediterranean is
a very badly drawn Istakhri I. The connection of these
maps with the others is very uncertain, since the text itself
is not related to that of al-Istakhri.””

The third set of maps occurs in a manuscript from
Vienna that is a Persian epitome of al-Istakhri, in spite
of being attributed to Nasir al-Din al-Tusi. This is a beau-
tifully written manuscript, but the maps (of which there
is a full set) have been reduced to mere outlines, with
the towns lined up in any order on the land and the rivers
and mountains lined up too, so that the whole appears
as a pictorial listing of the topographical features rather
than as a map (figs. 5.21 and 5.22). Only those areas like
the Mediterranean with a distinctive coastline are rec-
ognizable.”®

The maps in the two nineteenth-century manuscripts
in London that Miller attributed to al-Jayhani have noth-
ing to do with al-Jayhani.”” The text comes from another

76. Miller, Mappae arabicae, Band 1, Heft 1, 21 (note 14), and
Wilhelm Pertsch, Die orientalischen Handschriften der Herzoglichen
Bibliothek zu Gotha, pt. 1, Die persischen Handschriften (Vienna: Kais-
erlich-Konigliche Hof- und Staatsdruckerei, 1859), 58-61. According
to Cevdet Tarkay, I'stanbul Kitibbanelerinde Osmanl’lar Devrine Aid
Turkge—Arabga—Farsqa Yazma ve Basma Cografya Eserleri Bibli-
yografyast (Istanbul: Maarif, 1958), 3, another manuscript of this text
exists in Istanbul, Hamid-i Evvel Kitapligh, no. 554, and Turkay dates
the Istanbul manuscript 555/1160. There may be others. Whether they
have maps I do not know.

77. There are empty pages that may have been meant for more maps.
The existing maps are reproduced by Miller, Mappae arabicae (Gotha;
manuscript), Band 1, Beiheft, Taf. 4 (Mediterranean); Band 3, Beiheft,
Taf. 21 (Arabia), Taf. 22 (Indian Ocean), and Taf. 36 (Sind); Band 4,
Beiheft, Taf. 42 (Jibal), and Taf. 48 (Caspian Sea) (note 14).

78. The maps of this manuscript, Cod. Mixt. 344 at the Osterreich-
ische Nationalbibliothek, Vienna, are beautifully reproduced with
accompanying descriptions and translations in Hans von Miik, ed., al-
Istahri und seine Landkarten im Buch “Suwar al-akalim’ (Vienna:
Georg Prachner, 1965). See also Gustav Flagel, Die arabischen, per-
sischen und tirkischen Handschriften der Kaiserlich-Koniglichen Hof-
bibliothek zu Wien, 3 vols. (Vienna: Kaiserlich-Konigliche Hof- und
Staatsdruckerei, 1865-67), 2:424-25 (MS. 1271). The Mediterranean
map is reproduced in Miller, Mappae arabicae, Band 1, Beiheft, Taf.
4 (Wien) (note 14).

79. Vladimir Minorsky, “A False Jayhani,” Bulletin of the School of
Oriental and African Studies 13 (1949-51): 89-96. The maps for this
manuscript appear in Miller, Mappae arabicae, Band 5, Beiheft, Taf.
66-70, 72v, 73 (note 14).
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FIG. 5.21. MAP OF KIRMAN FROM A MANUSCRIPT
ATTRIBUTED TO NASIR AL-DIN AL-TUSI.

Size of the original: 31.4 x 20.8 cm. By permission of the Bild-
Archiv der Osterreichische Nationalbibliothek, Vienna (Cod.
Mixt. 344, fol. 79r).

Persian abridgment of al-Istakhri that included a set of
maps and was copied in India for a European scholar.
The regional maps (especially those of the Persian areas)
are quite passable examples of Istakhri I, though less
detailed than those of the twelfth-century manuscripts.
The maps of the seas (with mermaids and fish), however,
are very corrupt (fig. 5.23), and the world map is little
more than a rough sketch of al-Istakhri’s world map (fig.
5.24). But the map of Egypt gives the source of the Nile,
showing Arab Prolemaic influence, although the delta
area is taken directly from al-Istakhri and the anchor
shape of the Mediterranean again shows a comparison
with the Ibn Hawaqal III map from the Paris abridgment.®°

There is at least one map of the Balkhi school that
possesses climate boundaries. It is a very late map (ca.

Islamic Cartography
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FIG. 5.22. MAP OF ARABIA FROM A MANUSCRIPT
ATTRIBUTED TO NASIR AL-DIN AL-TUSI.

Size of the original: 31.4 x 20.8 cm. By permission of the Bild-
Archiv der Osterreichische Nationalbibliothek, Vienna (Cod.
Mixt. 344, fol. 9r).

816/1413) from a Timurid scientific manuscript now in
the Topkap: Sarayr Mizesi Kitiiphanesi in Istanbul (fig.
5.25).81 [t was obviously drawn with special care, and the
climates are spaced so that the southern ones are wider
than the northern ones and the boundaries are straight
lines due east and west. The southern edge of the Indian
Ocean follows the southern boundary of the first climate
(presumably the equator, though not labeled as such and
appearing well to the south of the world circle). A Pro-

80. Miller, Mappae arabicae, Band 5, Beiheft, Taf. 67 (Aegypten und
Mittelmeer) (note 14).

81. The map is briefly mentioned and illustrated in Thomas W. Lentz
and Glenn D. Lowry, Timur and the Princely Vision: Persian Art and
Culture in the Fifteenth Century (Los Angeles: Museum Associates, Los
Angeles County Museum of Art, 1989), 149-50 and fig. 50.
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lemaic feature occurs in the mountains at the source of
the Nile. The map itself has all the features of the Istakhri
I map (although it has only two islands in the Mediterra-
nean) but is unusual in having detailed nomenclature in
the Persian area and only selected material in the rest of
the world.

Finally, some of the maps taken from the al-Istakhri
set were used as the basis of maps in some later geo-
graphers’ works. Thus the occasional new work perpet-
uated a map when the remainder of the Balkhi maps had

FIG. 5.23. MAP OF THE INDIAN OCEAN FROM THE
BRITISH LIBRARY MANUSCRIPT. A Persian epitome of al-
Istakhri from nineteenth-century India.

Size of the original: 25.5 x 13 cm. By permission of the British
Library, London (MS. Or. 1587, fol. 39r).
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lost their currency (except in direct copies of existing
works). The Kitab ‘aj@’ib al-makbliaqat of Zakariya’ ibn
Muhammad al-Qazwini and the Kharidat al-‘aj@’ib of
Siraj al-Din Aba Hafs ‘Umar Ibn al-Wardi are often
accompanied by a world map that is based on that of al-
Istakhri but has enough individual features to allow it to
be classified as an al-Qazwini or an Ibn al-Wardi world
map. Both these works were extremely popular, and
many manuscripts have survived (on the maps, see below,
pp. 143-44). Also, Hafiz-i Abri, a Persian geographer of
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FIG. 5.24. WORLD MAP FROM THE BRITISH LIBRARY
MANUSCRIPT.

Diameter of the original: ca. 15 cm. By permission of the British
Library, London (MS. Or. 1587, fol. 5).
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FIG. 5.25. BALKHI WORLD MAP WITH CLIMATE
BOUNDARIES. This late example (ca. 816/1413) is opaque
watercolor, ink, and gold on paper.

the fifteenth century whose maps will be mentioned later,
had sketch maps of the Persian and Mediterranean seas
based on the form of al-Istakhri’s maps but including the
extra islands mentioned by Ibn Hawgqal.

CONCLUSION

One might ask, What are the origins of this set of maps?
The only maps whose construction has been considered
earlier than those of the Balkhi school are maps formed
from Ptolemaic data or the world map associated with

Islamic Cartography
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Size of the original: 35.5 x 48 cm. By permission of the Topkap:
Sarayr Mizesi Kuatiphanesi, Istanbul (B. 411, fols. 141b-142a).

al-Ma’miin.82 There is nothing to show any connection
between these and the Balkhi school maps. The Arab
geographers before these writers have been either Prol-
emaic scholars, collectors of travel writings, or listers of
postal routes. The one complete survival of this last genre
is the text of Ibn Khurradadhbih, and the routes across
the maps of al-Istakhri are very reminiscent of Ibn Khur-
radadhbih’s routes except that the latter does not break
his routes into provinces but follows them naturally from
one end to the other before turning to another route.

82. See chapter 4 above.
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Also, al-Istakhri and al-Mugaddasi do not take their
information from Ibn Khurradadhbih, so that the stages
have different names even though their routes are some-
times the same.

Nevertheless one can imagine a scholar drawing out
Ibn Khurradadhbih’s routes and then splitting them up
into areas, but the maps we are dealing with have more
to them than this. They have boundaries and coastlines,
lakes, rivers, and mountains—in fact, a backdrop on
which to display the routes. This backdrop is not unlike
some of the medieval mappaemundi, and the idea could
be derived from Byzantine material. If one allows for the
geometric style of the Arab maps, as, for instance, in the
Istakhri world map, the resemblance is quite noticeable.83
The Ibn Hawgal maps of the Mediterranean may have
even more of the mappamundi style. There is also the
possibility that since the maps of the Iranian area are
obviously standard they may go back before the Islamic
period and have a Sassanian origin. The groupings of the
maps, however, are definitely administrative in origin, and
it seems possible that some scholar (al-Balkhi or someone
else) took material such as the routes from a work similar
to Ibn Khurradadhbih’s and produced maps in an original
burst of enthusiasm. This may be why the title al-Masalik
wa-al-mamalik is taken up by the authors of this school
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from the Ibn Khurradidhbih-Sarakhsi-Jayhani group of
writers, whose origins were as listers of postal routes.
That individuals were experimenting with map construc-
tion is shown by al-Mugqaddasi’s discussion about the
man from Sarakhs.84 Al-Balkhi’s idea of a set of maps
obviously became popular, and “atlases” of this sort
became common. The number of manuscripts that have
survived speak to this, but they were always based on
the texts of the few authors I have described. Also, the
style in which the maps are drawn became established.
Future mapmakers used the cartographic style of these
maps as a basis for their own efforts even when the con-
tent of their maps was completely different, as in maps
of Prolemaic origin. It is these later authors, al-Idrisi and
others, whose works will be discussed in the following
chapters.

83. A difference of emphasis can be seen: the European map empha-
sizes the Mediterranean Sea and Palestine, whereas the Arab authors
emphasize the Islamic landmass. A comparison can be made between
Ibn Hawqal’s world map (Ibn Hawgal 1, fig. 5.16) and the mappaemundi
illustrated in Woodward, “Medieval Mappaemundi,” figs. 18.61 to
18.63 (note 64).

84. Al-Mugqaddasi, Absan al-taqasim; Miquel’s translation, 19 (note
8), Ranking and Azoo’s translation, 7-8 n. 4 (note 8).



APPENDIX 5.1 SELECT LIST OF MANUSCRIPTS

Location and Number Date

Details of Text

AL-ISTAKHRI

1 Berlin, Staatsbibliothek Preussischer
Kulturbesitz, Orientabteilung,
MS. Sprenger 1 (Ar. 6032 [Ahlwardt])®

2 Bologna, Biblioteca Universitaria, Cod.
3521

3 Cairo, Dar al-Kutub, MS. Geog. 199
4 Cairo, Dar al-Kutub, MS. Geog. 256
S5 Cairo, Dar al-Kutub, MS. Geog. 257

6 Eton, Eton College, Oriental MS. 418,
present location unknown

7 Gotha, Forschungsbibliothek, 569/1173
MS. Orient. A. 1521 [Pertsch]*
8 Gotha, Forschungsbibliothek, 1012 /1604
MS. Orient. P. 36 [Pertsch]¢
9 Hamburg, Staats- und 1086,/1675
Universitatsbibliothek, Cod. Or. 300
10 Istanbul, Silleymaniye Kuttphanesi, 878,/1473

Ayasofya 2613

11 Istanbul, Sileymaniye Kitiphanesi,
Ayasofya 2971a

12 Istanbul, Suleymaniye Kutiphanesi,

Ayasofya 3156 Kamal)

13 Istanbul, Topkap: Saray1 Muzesi

Kituphanesi, B. 334

14 Istanbul, Topkap: Sarayr Miizesi

Kutiphanesi, R. 1646

15

Istanbul, Topkap: Saray1 Miizesi n.d.

Kutiphanesi, A. 2830

16 Istanbul, Topkap: Saray1 Muzesi

Kattphanesi, A. 3012

“The references cited by author’s last name in this column of the
appendix are those that follow (the bold indicates the name found in
the references column): Astan-i Quds-i Razavi, Fibrist-i kutub-i
kitab’khanah-i mubarakah-i Astan-i Quds-i Razavi (Meshed, 1926-
67). Michael Jan de Goeje, “Die Istakhri-Balkhi Frage,” Zeitschrift der
Deutschen Morgenlindischen Gesellschaft 25 (1871): 42-58. Ibn
Hawqal, Opus geographicum, ed. Michael Jan de Goeje, Bibliotheca
Geographorum Arabicorum, vol. 2 (Leiden: E. ]. Brill, 1873), reedited
by J. H. Kramers (1938; reprinted 1967). Al-Istakhri, Masalik wa
mamalik, ed. Iraj Afshar (Tehran: Bungah-i Tarjamah va Nashr-i Kitab,
1961); idem, Viae regnorum descriptio ditionis moslemicae, ed. Michael
Jan de Goeje, Bibliotheca Geographorum Arabicorum, vol. 1 (Leiden:
E. J. Brill, 1870; reprinted 1927, 1967); idem, al-Masalik wa-al-mama-

Orig. MS 589/1193, copy
ca. A.D. 1840

Orig. MS 589/1193. Same
as copy above?

n.d. (850/1450 by Kamal)

n.d. (ca. 800,/1400 by

ca. 870/1460

ca. 1075/1664

ca. 867/1462

Standard text used by de Goeje; author
not named; earliest parts (pre-309/921)
may be al-Balkhi

Similar to no. 1

Text on which al-Hin’s printed text is
based, resembles Topkap: Saray: Miizesi
Kutiphanesi, A. 3348

Used by al-Hini, resembles de Goeje’s text
based on Leiden and Gotha manuscripts

Used by al-Hini, similar to previous
manuscript

Persian translation of al-Istakhri

Later abridgment of second recension of
al-Istakhri, who is mentioned by name

Persian translation of al-Istakhri
Al-Istakhri’s text
Al-Istakhri’s text
Al-Istakhri’s text

Described in Tirkay as al-Balkhi’s Masalik
wa-al mamalik—probably al-Istakhr;
Persian translation

Persian text of al-Istakhri

Persian text of al-Istakhri artributed
(Turkay) to Ibn Khurradadhbih

Al-Istakhri text; Arabic attributed (Turkay
and Karatay) to al-Balkhi Suwar al-agqalim

Al-Istakhri text

lik, ed. Muhammad Jabir ‘Abd al-‘Al al-Hini (Cairo: Wazirat al-Thag-
afah, 1961); idem, Liber climatum, ed. J. H. Moeller (Goiha: Libraria
Beckeriana, 1839); idem, Das Buch der Lander, ed. and trans. Andreas
David Mordtmann (Hamburg: Druck und Lithographie des Rauhen
Hauses in Horn, 1845); and idem, The Oriental Geography of Ebn
Haukal, ed. and trans. William Ouseley (London: Wilson for T. Cadell
and W. Davies, 1800). Youssouf Kamal, Monumenta cartographica
Africae et Aegypti, 5 vols. in 16 pts. {Cairo, 1926-51). Fehmi Edhem
Karatay, Topkap: Sarayt Miizesi Kutuphanesi: Arapga Yazmalar
Katalogu, 3 vols. (Istanbul: Topkap:1 Saray1 Miizesi, 1962-66). |. H.
Kramers, “al-Mukaddasi,” in The Encyclopaedia of Islam, 1st ed., 4
vols. and suppl. (Leiden: E. J. Brill, 1913-38), 3:708-9; idem, “La ques-
tion Balbi-Istahri-Ibn Hawkal et I’Atlas de V'Islam,” Acta Orientalia 10
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Maps and Versions Comments on Maps

References?

18 maps No world map or Fars;

Istakhri II

Complete set of 21 maps Istakhri I

Has set of maps Istakhri [

Has maps

Blank pages left for maps

De Goeje, Kramers, Miller (b;); Miller attributed to al-
Balkhi

De Goeje, Kramers, Miller (bo); Miller attributed to al-
Balkhi

Al-Hini

Al-Hini

Al-Hini

Used by Ouseley in his edition; Afshar

De Goeje, Kamal (3.2:591-94), Kramers, Miller (g;),
Moeller, Mordtmann

Kamal (3.2:611-15), Miller (g,), Ouseley

Kramers, Miller (ha); Miller attributed to al-Balkhi
Karatay, Kramers, Ritter, Turkay (p. 12)

Kamal (3.2:600-604), Karatay, Kramers, Ritter, Tirkay
(p. 8)

Afshar, Kamal (3.2:606-10), Turkay (p. 12)

Afshar, Tarkay (p. 57)

Afshar, Kamal (3.2:621-22), Tirkay (p. 56)

Karatay, Kramers, Ritter, Turkay (p. 59)

20 maps Arabia missing; Istakhri

21 maps Complete set of Istakhri I

21 maps Mixed set of maps (see text
above for details)

Maps? Istakhri 11

Maps Istakhri 11

Maps Istakhri II;
Egypt and Kirman reproduced
in Afshar

21 maps

20 maps

21 maps Istakhri II

Maps

(1932): 9-30; and idem, “Djughrafiya,” in Encyclopaedia of Islam, 1st
ed., suppl., 61-73. Konrad Miller, Mappae arabicae: Arabische Welt-
und Landerkarten des 9.-13. Jahrbunderts, € vols. (Stuttgart, 1926-31).
Al-Mugqaddasi, Descriptio imperii moslemici, ed. Michael Jan de Goeje,
Bibliotheca Geographorum Arabicorum, vol. 3 (Leiden: E. J. Brill, 1877;
reprinted 1906, 1967); and idem, Absan at-tagasim fi ma‘rifat al-aqa-
lim, trans. André Miquel (Damascus: Institut Frangais de Damas, 1963).
Helmut Ritter, Review of Hans von Mzik, Das Kitab sarat al-ard des
Aba Ga'far Mubammad ibn Masa al-Huwarizmi, in Der Islam 19
{1931): 52-57. Basil William Robinson, Persian Paintings in the India
Office Library {London: Sotheby Parke Bernet, 1976). Cevdet Tiirkay,
Istanbul Katibhanelerinde Osmanly'lar Devrine Aid Tiirkge—Arabga—
Fars¢a Yazma ve Basma Cografya Eserleri Bibliyografyas: (Istanbul:

Kamal (3.2:605), Karatay, Kramers, Ritter

Maarif, 1958).

bWilhelm Ahlwardt, Verzeichniss der arabischen Handschriften der
Kéniglichen Bibliothek zu Berlin, 10 vols. (Berlin, 1887-99; reprinted
New York: Georg Olms, 1980-81), 5:362.

*Wilhelm Pertsch, Die orientalischen Handschriften der Herzo-
glichen Bibliothek zu Gotha, pt. 3, Die arabischen Handschriften, S
vols. (Gotha: Perthes, 1878-92), 3:142-44,

dWilhelm Pertsch, Die orientalischen Handschriften der Herzo-
glichen Bibliothek zu Gotha, pt. 1, Die persischen Handschriften
(Vienna: Kaiserlich-Konigliche Hof- und Staatsdruckerei, 1859), 61-63.
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Location and Number Date Details of Text

17 Istanbul, Topkap: Saray1 Muzesi 684/1285 Al-Istakhri text, similar to Gotha, MS. Ar.
Kuttiphanesi, A. 3348 1521

18 Istanbul, Topkapi Saray: Mizesi 878/1473 Al-Istakhri text
Kitaphanesi, A. 3349

19 Leiden, Bibliotheek der Rijksuniversiteit, 569/1173 Al-Istakhri text; author is named; similar
Cod. Or. 3101 (Cod. 1702 [de Goeje and to Gotha, MS. Ar. 1521, but without 12th-
Juynboll})e century additions

20 Leningrad, Otdeleniya Instituta 1164/1750 Persian translation of al-Istakhri
Vostokovedeniya Akademii Nauk SSR,
C-610

21 Leningrad, Otdeleniya Instituta 14th century Persian translation of al-Istakhri
Vostokovedeniya Akademii Nauk SSR,
V-797

22 London, British Library, MS. Or. 1587 1256,/1840 Ashkal al-‘alam Persian abridgment of al-

Istakhri attributed to al-Jayhani in text
23 London, British Library, MS. Or. 5305 930/1523 from earlier Arabic text of al-Istakhri, al-Masalik wa-
manuscript of 878/1473 al-mamalik

24 London, British Library, 1251/1835 Ashkal al-‘alam Persian abridgment of al-
Add. MS. 23542 Istakhri attributed to al-Jayhani in text

25 London, India Office Library and Records n.d., early 14th century Tarjumabh-i al-masalik wa-al-mamalik
(British Library), Ethé 707 Persian text of al-Istakhri

26 Meshed, Astan-i Quds-i Razavi, private no. Persian text of al-Istakhri, corrupt and
483, general no. 5623 incomplete

27 Oxford, Bodleian Library, 670/1272 Persian text of al-Istakhri Suwar al-buldan
MS. Quseley 373

28 Paris, Bibliothéque Nationale, 17th century A.D. Persian text of al-Istakhri
Cod. Pers. 355

29 Tehran, Mizah-i Iran-i Bastan (Archaeol. 726/1325 Persian version of al-Istakhri used by
Mus.), MS. 3515 Afshar in his printed edition

30 Tehran, Kitab’khanah-i Majlis, no. 1407 Persian version of al-Istakhri, copy of

Tehran, MS. 3515 above

31 Tehran, Kitab’khanah-i Malik, MS. 5990 Persian version of al-Istakhri

32 Tehran, Kitab’khanah-i Markazi-i ca. 700/1300 Fragment from Persian version of al-
Danishgah-i Tihran, no. 1331 Istakhri

33 Tehran, Kitab’khanah-i Saltanati, no. 1867 Persian version of al-Istakhri

34 Vienna, Osterreichische n.d. (10th/16th century Persian text of al-Istakhri attributed to
Nationalbibliothek, Cod. Mixt. 344 (MS. by Kamal) Nasir al-Din al-Tisi
Ar. 1271 [Flugel])f
IBN HAWQAL

35 Istanbul, Arkeoloji Muzesi Kitapligi, no. n.d.

*Michael Jan de Goeje and Th. W. Juynboll, Catalogus codicum
arabicorum, Bibliothecae Academiae Lugduno-Batavae, 2d ed. (Lei-

527.

den: E. J. Brill, 1907), 2:1.

Ibn Hawqal

{Gustav Flugel, Die arabischen, persischen und tiirkischen Hand-

2:424-25.

schriften der Kaiserlich-Koniglichen Hofbibliothek zu Wien, 3 vols.
(Vienna: Kaiserlich-Konigliche Hof- und Staatsdruckerei, 1865-67),
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Maps and Versions

Comments on Maps

References?

21 maps

21 maps

18 good maps

Complete set of 21 maps

Incomplete set, 15 maps

19 maps
21 maps
19 maps as atlas in center of

manuscript

18 maps

17 maps
18 maps
20 maps given in color by

Afshar

18 maps

Maps similar to Tehran, MS.

3515 above

Complete set of 21 maps

Istakhri [

No Arabia, Egypt, or Syria;
Istakhri 1

Istakhri [

Istakhri 1

Described in text above, pp.
125-26

Istakhri 11
Mentioned in text above, pp.

125-26

No world map, Arabia, or
Persian Sea

Maps not discussed by Miller
No Egypt; Istakhri 1

Istakhri 11

Maps described in text above,
p- 125; Egypt and Kirman in
Afshar

Kamal (3.2:595-99), Karatay, Kramers, Ritter
Karatay, Ritter

De Goeje, Kamal (3.2:587-90), Kramers, Miller (le,)

Miller (Ig,)

Miller (Ig,)

Miller attributed to al-Jayhani

Kramers

Miller attributed to al-Jayhani

Afshar, Miller (lo), Robinson (pp. 10-12; nos. 54-71)
Astan-i Quds-i Razavi catalog (3:356, no. 178)
Possibly Ouseley’s own text, which he used as base of
his edition

Miller (p;)

Afshar

Afshar

Afshar
Afshar

Afshar

Afshar, Kamal (3.2:616-20), Miller (w)

Found only in Turkay (p. 6)
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Location and Number Date Details of Text
36 Istanbul, Sileymaniye Kutiiphanesi, n.d. (ca. 600/1200 by Ibn Hawaqal text
Ayasofya 2934 * Kamal)
37 Istanbul, Suleymaniye Kuatiiphanesi, n.d. (ca. 750/1350 by Ibn Hawgqal. ‘Abridgment of Topkapi
Ayasofya 2577 Kamal) Saray1 Mizesi Kiitiphanesi, A. 3346;
Turkay attributed to al-Balkhi
38 Istanbul, Topkap: Sarayr Miizesi 479/1086 Text of Ibn Hawgal naming author,
Kitdphanesi, A. 3346 original date 362/973
39 Istanbul, Topkap: Saray1 Miizesi n.d. (ca. 700/1300 in Ibn Hawgqal’s text
Kutiphanesi, A. 3347 Kamal)
40 Leiden, Bibliotheek der Rijksuniversiteit, 725/1325? Ibn Hawqal II text
Cod. Or. 314 (Cod. 314 Warn. [de Goeje
and Juynboll]
41 Oxford, Bodleian Library, n.d. Ibn Hawgal II text
MS. Huntington 538
2
42 Paris, Bibliothéque Nationale, n.d. (849/1445 in Kamal) Abridgment of Ibn Hawgqal, text of
MS. Arabe 2214 Topkap: Sarayt Muzesi Katiiphanesi, A.
3346, including material to 540/1145
43 Paris, Bibliothéque Nationale, n.d. Abridgment of Leiden, MS. Ar. 314, of
MS. Arabe 2215 Ibn Hawgqal 11

AL-MuUQADDASI

44 Berlin, Staatsbibliothek Preussischer n.d; recent copy (ca. 19th  Late and bad copy of Berlin, MS. Sprenger
Kulturbesitz, Orientabteilung, MS. century) S, see below; reference copy of collector
Sprenger 6 (Ar. 6033 [Ahlwardt]) (A. Sprenger)

45 Berlin, Staatsbibliothek Preussischer 900/1494 Al-Mugaddasi text of 375/985

Kulturbesitz, Orientabteilung, MS.
Sprenger S (Ar. 6034 [Ahlwardt])

46 Istanbul, Suleymaniye Kitaphanesi, 658/1260 Al-Mugaddasi text of 375/985
Ayasofya 2971 bis

47 Leiden, Bibliotheek der Rijksuniversiteit, 1255-56,/1840 Copy of Istanbul, Silleymaniye
Cod. Or. 2063 Katiphanesi, Ayasofya 2971 bis

AHMAD (OR MUHAMMAD) AL-TUSI

48 Gotha, Forschungsbibliothek, n.d. Persian text described as ‘Aja@’ib al-
MS. Orient. P. 35 [Pertschli makbhligat attributed to Ahmad al-Tuasi
49 Istanbul, Suleymaniye Kattiphanesi, 555/1160 Same title as above according to Turkay

Hamid-i Evvel Kitaplig (Murad Molla
Kitapligi), no. 554

tDe Goeje and Juynboll, Catalogus codicum arabicorum, 2:1 (note Ahlwardt, Verzeichniss der arabischen Handschriften, 5:363 (note
e). b).
"Ahlwardt, Verzeichniss der arabischen Handschriften, 5:362-63 iPertsch, Die persischen Handschriften, 58-61 (note d).

(note b).
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Maps and Versions

Comments on Maps

References?

Maps

Maps

21 maps

23 maps

No maps

No maps

21 maps (including a zone
map)

No maps

No maps

19 maps

15 maps

15 maps

6 maps

Ibn Hawgal III

Ibn Hawagal |

Ibn Hawaqal [

Ibn Hawgal III

Map pages left blank

Ibn Hawagal III

Includes Arabian Desert but
no world map, Caspian Sea, or
Sijistan

For details see text above, pp.
124-25

Kamal (3.3:805-9), Karatay, Kramers, Ritter, Tiirkay (p.
8, with errors)

Kamal (3.3:660-63), Karatay, Tirkay (p. 9)
Kamal (3.2:655-59), Karatay, Kramers, Ritter
Kamal (3.3:810), Karatay, Kramers, Ritter

De Goeje, Kramers, Miller

De Goeje, Kramers, Miller

De Goeje, Kamal (3.3: 811-17), Kramers, Miller (p,)
attributed to Ibn Sa%d

Miller; n.b. MSS. Ar. 2216 and 2217, which could be
copies

Kramers (Enc. of Islam); Miquel on al-Mugaddast

De Goeje, Kamal (3.2:674-77), Miller (b,)

De Goeje, Kamal (3.2:672-73), Karatay, Miller, Tiirkay
(p. 8)

De Goeje, Miller (le,)

Miller (g3)

Tirkay (pp. 1 and 28) only; this manuscript does not
seem to have been inspected by anyone else
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APPENDIX 5.2
LisT OF PRINTED EDITIONS AND
TRANSLATIONS OF WORKS BY AUTHORS OF
THE BALKHI SCHOOL

AL-ISTAKHRI
Printed Editions

Liber climatum. Edited by ]. H. Moeller. Gotha: Libraria Beck-
eriana, 1839. With nineteen maps (no world map, and Arabia
borrowed from elsewhere) from Gotha, Forschungsbib-
liothek, MS. Ar. 1521.

Kitab al-masalik wa-al-mamalik. Edited by Michael Jan de
Goeje. Viae regnorum descriptio ditionis moslemicae. Bib-
liotheca Geographorum Arabicorum, vol. 1. Leiden: E. J.
Brill, 1870; reprinted 1927, 1967. No maps.

al-Masalik wa-al-mamalik. Edited by Muhammad Jabir ‘Abd
al-‘Al al-Hini. Cairo: Wizarat al-Thaqafah, 1961. With repro-
ductions of manuscript maps (eighteen maps are given
[Istakhri 1], but it is not clear from which manuscript).

Masalik wa mamalik. Edited by Iraj Afshar. Tehran: Bungahi
Tarjamah va Nashr-i Kitab, 1961. Twenty colored maps
(Istakhri 1T) from Tehran manuscript (Miizah-i Iran-i Bastan,
MS. 3515) used in the text; also Egypt and Kirman in black
and white from the Vienna manuscript (Osterreichische
Nationalbibliothek, Cod. Mixt. 344), and Istanbul manu-
script (Silleymaniye Kutiiphanesi, Ayasofya 3156).

Translations

T he Oriental Geography of Ebn Haukal. Translated by William
Ouseley. London: Wilson for T. Cadell and W. Davies, 1800.
No maps (places where maps or blanks appear in the text are
indicated).

Das Buch der Linder. Edited and translated by Andreas David
Mordtmann. Hamburg: Druck und Lithographie des Rauhen
Hauses in Horn, 1845. Translation of Liber climatum above,
using the same maps.

IBN HAwWQAL
Printed Editions

Kitab siarat al-ard. Edited by Michael Jan-de Goeje. Opus geo-
graphicum. Bibliotheca Geographorum Arabicorum, vol. 2.
Leiden: E. J. Brill, 1873. No maps.

Kitab sarat al-ard. Edited by J. H. Kramers. Opus geographi-
cum, 2d ed. Bibliotheca Geographorum Arabicorum, vol. 2.
Leiden: E. ]. Brill, 1938; reprinted 1967. Line maps of lbn
Hawaqal L.

Translation

Configuration de la terre (Kitab surat al-ard). 2 vols. Translated
by J. H. Kramers. Edited by G. Wiet. Paris: G. P. Maisonneuve
et Larose, 1964. Same maps as in Kitab siarat al-ard, ed.
Kramers, above with key maps in every case for identifying
place-names.
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AL-MUQADDASI
Printed Edition

Absan al-tagasim. Edited by Michael Jan de Goeje. Descriptio
imperii moslemici. Bibliotheca Geographorum Arabicorum,
vol. 3. Leiden: E. J. Brill, 1877; reprinted 1906, 1967. No
maps.

Translations

Absanu-t-taqasim fi ma'rifati-l-agalim. Edited and translated
by G. S. A. Ranking and R. F. Azoo. Bibliotheca Indica, n.s.,
nos. 899, 952, 1001, and 1258. Calcutta: Asiatic Society of
Bengal, 1897-1910. First part only. No maps.

Absan at-taqasim fi ma‘rifat al-agalim. Translated by André
Miquel. Damascus: Institut Frangais de Damas, 1963. Partial
translation, annotated. Line maps with explanatory diagrams.
Maps from various manuscripts used.



6 - Later Cartographic Developments

GERALD R. TIBBETTS

About A.p. 1000, Islamic cartographers had two existing
cartographic systems on which they could base their
work. The first was of Greek origin, derived from Mar-
inus; there seem to be many textual references to it, but
the only known Islamic example is the short description
given by Suhrab.! However, this system probably involves
maps now lost, and certainly the tradition of mapmaking
based on Prolemy survives in the books of the early Mus-
lim descriptive geographers. The second system was that
of the Balkhi school, which originated in the tenth cen-
tury A.D. but must have been very popular in the suc-
ceeding centuries, judging by the number of later manu-
scripts that have survived. The origins of this second
system are obscure, although it used earlier Islamic geo-
graphical material. One gets the impression that this
whole system was produced independently as a reaction
against work dependent on Greek and other foreign agen-
cies (see fig. 6.1).2

Another source that came into existence in the elev-
enth century A.D. and affected the work of Islamic carto-
graphers and geographers was independent Islamic sci-
entific research, although it was mainly the work of one
man that influenced the subject we are interested in. This
man was Ab{i al-Rayhan Muhammad ibn Ahmad al-
Biriini (362/973 to after 442/1050), whom I will discuss
In a moment.

LATER RECENSIONS OF IBN HAWQAL’S MAPS

Adaptations of the two cartographic systems mentioned
above and the geographical texts that accompany them
so as to make the systems compatible with each other
began almost as soon as geographers realized they
included different materials. Ibn Hawqal (fl. second half
of the tenth century A.D.) was the first of the Balkhi
school geographers to reflect a knowledge of Ptolemy,?
and his concentration on the Mediterranean area made
him aware that European sources existed, if only through
translation into Arabic. Although he does not state this
in so many words, his text and maps have detail in the
European areas that cannot be traced to earlier Arabic
authors.* The superiority of his Mediterranean map over
that of al-Istakhri, another member of the Balkhi school,
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is due to these extra features, but they are roughly con-
temporary with Ibn Hawqal himself and are not based
on his knowledge of Ptolemy. However, the version of
Ibn Hawqal’s maps that has been designated Ibn Hawqal
ITI3 certainly shows the reintroduction of Ptolemaic mate-
rial that was excluded from the earlier maps of the Balkhi
school. This again occurs mainly in the western part of
the Islamic empire, around the Mediterranean Sea, and
it can be seen especially in the world map from the set
of Ibn Hawgqal III maps, which clearly shows a Ptolemaic
Nile as opposed to the Nile of al-Balkhi that appears in
the maps of Ibn Hawgqal designated Ibn Hawqal 1.6 In
this set of Ibn Hawqal III maps, there is also a map of
the Nile taken more or less directly from al-Khwarazmi
(fig. 6.2).7 A closer look at the Ibn Hawqal I world map
reveals more features that are possibly Ptolemaic, and

1. This is the rectangular grid that could be used for converting tables
of latitude and longitude to map form. See above, pp. 104-5 and fig.
4.7, for Suhrab’s version of it and for further discussion on its intro-
duction into Islamic geographical literature. Presumably this is the pro-
jection Ptolemy criticized; see O. A. W. Dilke and editors, “The Cul-
mination of Greek Cartography in Ptolemy,” in The History of
Cartography, ed. J. B. Harley and David Woodward {Chicago: Uni-
versity of Chicago Press, 1987-), 1:177-200, esp. 179-80, although the
Muslims do not give any proportional relationship between parallels
and meridians.

2. See chapter 5, on the Balkhi school.

3. Abi al-Qasim Muhammad Ibn Hawaqal, Kitab siarat al-ard, see ].
H. Kramers’s edition, Opus Geographicum, 2d ed., Bibliotheca Geo-
graphorum Arabicorum, vol. 2 (Leiden: E. ]. Brill, 1938; reprinted,
1967), 13.

4. Articles dealing with identification of toponyms reveal this fact.
For example, C. F. Beckingham, “Ibn Haugqal’s Map of Italy,” in Iran
and Islam: In Memory of the Late Vladimir Minorsky, ed. Clifford
Edmund Bosworth (Edinburgh: Edinburgh University Press, 1971): 73—
78.

S. See the classification system above, pp. 112-14 and fig. 5.3.

6. Compare fig. 6.3 with fig. 5.16 above; see also J. H. Kramers, “La
question Balhi-Istahri-Ibn Hawkal et I’Atlas de 'Islam,” Acta Orien-
talia 10 (1932): 9-30, esp. 28. Manuscripts containing maps classified
as Ibn Hawaqal III include Istanbul, Silleymaniye Kiitiphanesi, Ayasofya
2934; Istanbul, Topkapi Saray: Miizesi Katiiphanesi, A. 3347; and Paris,
Bibliothéque Nationale, MS. Arabe 2214; see also appendix 5.1.

7. This map is also reproduced by Konrad Miller, Mappae arabicae:
Arabische Welt- und Landerkarten des 9.-13. Jahrhunderts, 6 vols.
(Sturtgart, 1926-31), Band 2, Beiheft, Taf. 10 (Paris, Niffauf). Aba Ja‘far
Muhammad ibn Misi al-Khwiarazmi (d. ca. 232/847) is discussed
above, esp. pp. 97-101 and 105-6.
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al-Birint — Climate maps — Use of arcs

with straight for climate
boundaries boundaries
Land and water
distribution diagram '
: Yaqut
Petrus : Diagram of
Alphonsus ; climates
al-Qazwint aI-QellsznT
Pierre \
d'Ailly Paris
al-Qazwint (Bibliothéque
with coastal Nationale,
lines MS. Arabe 2214)
Hamd Allah .
Mustawft Syriac maps

L

Balkhi
(Ptolemy) - __.--~ School
Ion Hawgal
1
) N
¥ fbn al-Wardr
_idrsi (al-Qazwini)
al-ldrisi (@l Harrar)
Bodleian map
(Oxford, MS.Laud Or. 317)
al-Sharaff Indian map
al-Sifaqgst (Berlin, Museum fiir

Greek

Islamische Kunst, inv. no. |. 39/68)

Hafiz-i Abrd

FIG. 6.1. STEMMA OF LATER ISLAMIC MAPS (A.D. 1000 ONWARD).

there is little doubt that the Ptolemaic parts come via al-
Khwiarazmi’s text.

The world map in Ibn Hawqal Il manuscripts is oval
and may have been copied (at second or third hand) from
a world map on Ptolemy’s second projection,? with the
lower border rounded off to complete the oval (fig. 6.3).
The draftsman may have lacked a clear idea of the mate-
rial he was meant to be representing, but it is possible
to identify Ptolemy’s Nile system (as I said above) and
the islands of Yaqiit and al-Fiddah, which lie beyond the
narrow exit to the Indian Ocean formed by the extension
of Africa and a peninsula of China, all features that come
from al-Khwarazmi. There seems to be no doubt, because
of the shape of the landmass, that the editor of this revi-
sion, whether or not it was Ibn Hawqal, must have used
a copy of a world map on a Ptolemaic projection rather
than on the rectangular projection recommended by
Suhrab. As a map derived ultimately from Ptolemy, how-
ever, it is very corrupt, and one can imagine it was copied
many times over until the detail is almost unrecognizable.

It seems to be not really an innovation and an improve-
ment on Ibn Hawgqal’s earlier world map, but a degen-
erate survival from maps of the al-Khwarazmi variety.
Earlier and better copies may have perished. The date of
this map is certainly nowhere near the date of Ibn Hawqal
himself. The earliest version of it cannot be earlier than
540/1145, although its corrupt state could show, as I
have said, that the basic map had been in existence for
some time.? In addition, in its features as well as in its

8. For discussion and illustration of Ptolemy’s second projection, see
Dilke, “Culmination of Greek Cartography,” 184, fig. 11.3, and 187,
fig. 11.5 (note 1).

9. The earliest possible date of the text, according to Kramers from
internal evidence, is 540/1145 (Kramers, “La quesrion Balhi-Istahri-
Ibn Hawkal,” 16 [note 6]). Youssouf Kamal illustrates three versions
of the world map (from the three manuscripts listed above, note 6); see
his Monumenta cartographica Africae et Aegypti, 5 vols. in 16 pts.
(Cairo, 1926-51), 3.3:805, 810, 812 (this work has been reprinted in
facsimile, 6 vols., ed. Fuat Sezgin [Frankfurt: Institut far Geschichte der
Arabisch-Islamischen Wissenschaften, 1987]). The earliest version he
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FIG. 6.2. THE NILE FROM THE IBN HAWQAL III SET OF
MAPS..

Size of the original: 35 x 26.5 cm. By permission of the Bib-
liothéque Nationale, Paris (MS. Arabe 2214, fol. 13v).

date it is comparable to the circular world map of al-
Idrisi. Yet this type of map had a future, and resemblances
if not definite derivations can be seen in several later or
contemporary maps, some of which I will discuss
below.10

THE HUDUD ALALAM

Another textual adaptation of these two systems (Prol-
emy/Khwiarazmi and Balkhi) is found in the anonymous
Persian text Hud#d al-‘alam.1! This work was dated by
its author 372/982. It is a descriptive geography very
similar to the earlier descriptive work of the Kitab al-
masalik wa-al-mamalik (Books of routes and provinces)
type, and there is strong evidence that the lost work of
that name by al-Jayhani was one of the main sources the
author used.!? It is also obvious that for the Persian-
speaking areas of Islam, the work of al-Istakhri was heav-
ily relied on and in many cases directly quoted. Not only
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was al-Istakhri used directly, but Ibn Hawqal’s version
may also have been used.!3 This work draws on a wide
range of sources, so that geographical ideas appear from
the descriptive geographers in close conjunction with the
more technical material of the astronomer-geographers,
including Ptolemaic and Indian influence.

The Hudad al-‘alam, however, gives no coordinates
for place-names, and the manuscript that survives has no
maps. There was probably no attempt to include a set
of maps, in spite of the numerous references from the
Balkhi school geographers. However, the text does occa-
sionally refer back to a map, always mentioned in the
singular (s#rat).'* The impression given is that there was
one map—a map of the world—although it is possible
that there were other maps and that only one is being
referred to at any one time. This recalls the suggestion
made above that a large map was in existence at the time
and that the text was compiled from the map.!S Refer-
ences, however, make it appear that the reader was
expected to refer to the map, and this implies a map
attached to the text.’6 The reference stating that “the
houses which are (seen) on the Map between Rukhudh
and Multan are all villages and stations of caravans” is
reminiscent of the provincial maps of al-Istakhri, with
little houses or tents sitting on the line of the route.!”

One is left to surmise the form the map or maps took.
If there was one world map, we would expect something
with considerable detail, and this rather rules out the sort
of world map that appears in the Balkhi school maps.
Something similar to that suggested by Suhrab (possibly
with a graticule) would be more appropriate, and this fits
when we figure that the basic plan of the Hudid’s text

regards as the one from Istanbul, Ayasofya 2934, which he dates ca.
600/1200. The Paris manuscript is dated 849/1445.

10. Oxford, Bodleian Library, MS. Laud. Or. 317, is influenced by
it, and some of its features can be seen in an Indian map mentioned
below. It also occurs in a Persian geographical treatise reproduced in
Kamal, Monumenta cartographica, 3.5:996 (note 9), where the manu-
script is identified as Leiden, Bibliotheek der Rijksuniversiteit, MS. Ar.
1899, and dated 646,1248.

11. This Persian geography has been mentioned in previous chapters
and was edited and translated by Vladimir Minorsky, Hudad al-‘alam:
“The Regions of the World” (London: Luzac, 1937; reprinted Karachi:
Indus, 1980). The original manuscript is presumably now in Leningrad.
There is also a preface by V. V. Bartol’d, 3-44.

12. See Minorsky’s edition of Hudad al-‘alam, 24 (note 11). Bartol'd
suggests that al-Jayhani is quoted via the work of Gardizi (‘Abd al-Hayy
ibn al-Dahhik Gardizi, fl. eleventh century A.D.).

13. Bartol'd’s preface to Hudsad al-‘alam, 21-22 (note 11).

14. References to the map appear on pages 60, 69, 121, 146, and
157 of Minorsky’s edition of the Hudad al-‘alam (note 11). References
to the original manuscript are fols. 5by,, 8byg, 25by3, 33by, and 37a,;.

15. See chapter 4 above, esp. pp. 95-96.

16. Minorsky discusses the possibility of a map as a source of this
text, Hudid al-‘alam, xv (note 11).

17. Minorsky’s edition of Hudad al-‘alam, 121 (manuscript fol.
25b,;); and compare, for example, al-Istakhri’s map illustrated above,
fig. 5.5.
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FIG. 6.3. THE WORLD FROM THE IBN HAWQAL III SET
OF MAPS. Copied in 847 /1445. The map is oriented with south
at the top (pagination has north at the top). The word in Arabic
for island and for peninsula is the same, and although Yaqut
and al-Fiddah are usually referred to as islands in the literature,

is more like those of the earlier, pre-Balkhi geographers.

The idea of a basic map from which the text seems to
have been compiled occurs again in the Ja‘rafiyah of
Muhammad ibn Abi Bakr al-Zuhri (fl. twelfth century
A.D.), which the author describes as ultimately derived
from the “Ja‘rafiyah . . . al-Ma’miain.” By “Ja‘rafiyab” he
means a map, for he says that “the earth is spherical, but
the ‘Ja‘rafiyah’ is flat as is the astrolabe,”!® suggesting a
flat map. One feels, however, that al-Zuhri produced a
map of some sort and then derived his text from it. Al-
Idrisi worked in a similar way, and in his case a version
of the map survived.? The latter’s text is very similar to
that of the Hudiid al-‘alam, although the general arrange-
ment of material is very different and al-Idrisi’s text is
much more dependent on his maps. It is interesting that
none of these authors makes any attempt to give coor-
dinates for places.

Whether the map is important as a source for the geo-
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they are shown on this map (on the left) as hook-shaped pen-
insulas.

Size of the original: 35 x 26.5 cm. By permission of the Bib-
liothéque Nationale, Paris (MS. Arabe 2214, fols. 52v-53).

graphical text or the text as a source for the maps is a
constant dilemma when studying Islamic cartography.
Surviving maps, with the exception of al-Idrisi’s, are too
vague and lacking in detail to be sources for any com-
prehensive text, though it is possible they could be used
as a framework for the text. Even here it does not seem
as if a text follows a pattern that could be set by the
map. On the whole, however, when authors mention the
maps in their texts they state that the map is a base for
the text. This is still not convincing. The opposite, that
the map should act as a summary of the material given
in the text, is not convincing either. Close comparison
between the two is extremely difficult in most cases.

18. See the edition of al-Zuhri’s text by Mahammad Hadj-Sadok,
“Kitab al-Dja‘rafiyya,” Bulletin d’Etudes Orientales 21 (1968): 7-312,
esp. 306. Although several manuscripts of al-Zuhri’s work are extant,
none contain any maps.

19. For al-Idrisi and his maps, see chapter 7 below.
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LATER TABLES AND AL-BIRONI

During this period astronomers continued to produce
tables of geographical coordinates in conjunction with
their tables of stellar coordinates. Ibn Ydnus (d. 399/
1009), who worked in Egypt, produced a set of tables
similar to those of al-Battini,20 and he is also credited
with producing a map in conjunction with al-Muhal-
labi.?! There was also a tradition of table production in
the Maghreb.22 However, the next important set of tables
to appear in the eastern part of the Islamic world was
that of al-Biriini.

Al-Birani worked during the first half of the eleventh
century A.D., first in his native Khwarazm under the
patronage of the last of the local rulers. In 408 /1017, on
the conquest of Khwarazm by the Ghaznavid ruler Mah-
miid, al-Birdni was carried off to Ghazna almost as part
of the booty. Under Mas‘ad I (r. 421-32/1030-40), the
son and successor of Mahmid, al-Birtini was able to go
on with his writing and scientific work. It was here about
427/1036 that he completed his great astronomical work
Kitab al-qanan al-Mas‘adi fi al-hay’abh wa-al-nujum,
which includes not only his astronomical tables but, in
the tradition of al-Battani, a table of geographical coor-
dinates of important places throughout the world.2? This
table has over six hundred entries and hence is double
the size of that of al-Battani or of Ibn Yanus.2*

Al-Birtini was a first-rate scholar, interested in all
branches of science, though it is as a mathematician and
an astronomer that he is remembered. He was an excel-
lent critic who read widely. He had good knowledge of
Greek scientific sources and was extremely interested in
Indian scientific theories, so that he could and did com-
pare the different cultural streams that came the way of
the Muslim intelligentsia of his day.

In the geographical field it was mainly the mathematical
and astronomical aspects that interested him. Here he
was specializing in those aspects that had been neglected
by previous geographers, and thus one might expect to
see an improvement in Islamic cartography.

Among the projects al-Biriini mentioned in some detail
was the remeasurement of the degree of latitude. He
carried this out in Khwirazm and in Ghazna, and he
produced a new method of measurement by using a con-
venient mountain from which the horizon could be
observed.zs He also attempted to measure the difference
in longitude between two places using the distance
between them in miles.26 This was difficult, since the
direct distances berween places could not be worked out
with any accuracy. However, he produced a result for
the longitude of Ghazna east of Baghdad, setting out the
theory behind this operation so that it was there for any
later scholar to improve.?” He also gave a complicated
theory based on this for calculating the qibla, or the
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directions of Mecca from any place.?® Al-Birini also crit-
icized the projections of Ptolemy and Marinus, and by
the latter he obviously meant the rectangular projection
as shown us by Suhrab.? In his works he gives the theory
behind two different projections, one of which would be

20. Aba al-Hasan ‘Ali ibn ‘Abd al-Rahman ibn Yanus was a well-
known astronomer, his main work being al-Z§j al-kabir al-Hakimi,
named after the Fatimid caliph al-Hakim. The only extant manuscript
containing the geographical coordinates is now in Leiden, Bibliotheek
der Rijksuniversiteit, MS. Or. 143. Considerable work has been done
on these tables, and a bibliography appears in B. R. Goldstein, “Ibn
Yiinus,” in The Encyclopaedia of Islam, new ed. (Leiden: E. J. Brill,
1960-), 3:969-70. Lelewel has notes on the geographical tables (mainly
from Jean Baptiste Joseph Delambre, Histoire de Pastronomie du
Moyen Age [Paris: Courcier, 1819]) and gives a version in Arabic in
Joachim Lelewel, Géographie du Moyen Age, 4 vols. and epilogue (Brus-
sels: J. Pilliet, 1852-57; reprinted Amsterdam: Meridian, 1966), 1:43-
61 and 165-77 (appendix 2). Abi ‘Abdallih Muhammad ibn Jabir al-
Battani al-$abi® (before 244,/858-317/929) is discussed above, see esp.
pp- 97-98.

21. Al-Hasan ibn Ahmad al-Muhallabi was an Egyptian astronomer
contemporary with Ibn Yinus. This world map was said to have been
produced on silk cloth with gold and colored sitk embroidery. Its form
and its use as a map are not known. See S. Magbul Ahmad, “Kharita,”
in Encyclopaedia of Islam, new ed., 4:1077-83, esp. 1079. See p. 97
(text and note 27).

22. The main author was al-Zargéllo of Toledo. His source is again
mainly al-Battani.

23. A critical edition of al-Birani’s Kitab al-qanan al-Mas‘adi (The
Mas‘tdic canon) has been published by the Dairatu’l-Ma‘arif of Hyder-
abad, India: al-Qanuni’l-Mas‘idi (Canon Masudicus), 3 vols. (Hyder-
abad: Osmania Oriental Publications Bureau, 1954-56), 2:547-79, for
the geographical tables. The tables are available in full in Arabic only.
The geographical tables also appear in Ahmed Zeki Velidi Togan, ed.,
Birani’s Picture of the World, Memoirs of the Archaeological Survey
of India, no. 53 (New Delhi, 1941), 9-53.

24. The origin of al-Birani’s tables must have been al-Battani. He
does not seem to have used Ibn Yinus; see Syed Hasan Barani, “Al-
Birtini and His Magnum Opus al-Qanan «’l-Mas‘ads,” in the al-Qanan,
1li-lxxv, esp. iv (note 23).

25. See chapter 8 below for a fuller description of al-Biriini’s work
related to geodesy. Syed Hasan Barani, “Muslim Researches in Geo-
desy,” in Al-Biriini Commemoration Volume, A.H. 362-A.H. 1362
(Calcutta: Iran Society, 1951), 1-52, esp. 33-39.

26.J. H. Kramers, “Al-Biriini’s Determination of Geographical Longi-
tude by Measuring the Distances,” in Al-Biriani Commemoration Vol-
ume, A.H. 362~-A.H. 1362 (Calcutta: Iran Society, 1951), 177-93;
reprinted in Analecta Orientalia: Posthumous Writings and Selected
Minor Works of J. H. Kramers, 2 vols. (Leiden: E. J. Brill, 1954-56),
1:205-22.

27. Kramers, “Al-Birani’s Determination of Geographical Longi-
tude,” 179-82 (note 26).

28. In the Kitab tabhdid nihayat al-amakin li-tashih masafat al-
masakin, 272:17-290:13, al-Biriini calculates the gibla of Ghazna by
various methods as an example. See Edward S. Kennedy, A Commentary
upon Birani’s “Kitab tahdid al-amakin”: An 11th Century Treatise on
Mathematical Geography (Beirut: American University of Beirut, 1973),
198-219.

29. Al-Birini, Tahdid, 233:15-18. For an English translation, see
Jamil Ali, trans., The Determination of the Coordinates of Positions
for the Correction of Distances between Cities (Beirut: American Uni-
versity of Beirut, 1967), 198-99.
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FIG. 6.4. AL-BIRUNI'S SKETCH MAP OF THE DISTRIBU-
TION OF LAND AND SEA. Copy from a manuscript of al-
Biriini’s Kitab al-tafhim, dated 420,/1029.
Diameter of the original: ca. 9.5 cm. By permission of the British
Library, London (MS. Or. 8349, fol. 58a).

known today as an azimuthal equidistant projection and
the other as a globular projection.3? Finally, he made
scientific comments on the distribution of land and water
on the face of the globe.3!

Few of these points were taken up by al-Biriini’s suc-
cessors, and his scientific work exerted very little influ-
ence on future Islamic cartographers. No one took the
azimuthal projection, drew a graticule, and placed topo-
nyms in their proper places. If al-Biriini himself did so,
we have no surviving examples, and his successors do not
mention it. Al-Birini’s latitude and longitude refinements
are incorporated in his tables and were copied to some
extent after his death. Perhaps the most accepted piece
of information was the distribution of land and water,
because the eastern extension of southern Africa toward
China, which was a prominent feature of the Islamic
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world map up to al-Biriini’s time, was now discontinued.
Only al-Idrisi and direct copies of earlier maps like those
of the Balkhi school insisted that the African landmass
filled the southern part of the oikoumene from west to
east. Al-Biriini’s only direct contribution to cartography
was a sketch map showing this distribution. It appears in
the manuscripts of the Kitab al-tafhim li-awa’il sina‘at
al-tanjim (Book of instruction on the principles of the
art of astrology) (copied 635/1238) and is his version of
the circular world map showing how independent his
thought was from the contemporary standard of Islamic
cartography (fig. 6.4).32 He so reduced this eastward
extension of Africa, which was a legacy of Ptolemy, that
the Indian Ocean appeared to cover the whole Southern
Hemisphere. This sketch map was occasionally used
directly by later authors—for instance, al-Qazwini in his
cosmographical work ‘Aja@’ib al-makbliagat (see below)—
but its influence was very clear in practically all future
Islamic maps of the world.

LATER GEOGRAPHICAL WRITERS

From this time to the end of our period, there are a
considerable number of geographical writers throughout
the Islamic world whose works are basically taken from
earlier authors. Some authors give a wider range of
sources, and throughout the period there is a tendency
to name sources, first by giving a list at the beginning of

30. Edward S. Kennedy and Marie-Thérése Debarnot, “Two Map-
pings Proposed by Birini,” Zeitschrift fir Geschichte der Arabisch-
Islamischen Wissenschaften 1 (1984): 145-47, and ]. L. Berggren, “Al-
Birini on Plane Maps of the Sphere,” Journal for the History of Arabic
Science 6 (1982): 47-112. On the two projections, see J. A. Steers, An
Introduction to the Study of Map Projections, 14th ed. (London: Uni-
versity of London Press, 1965), 71-73 and 159-61.

31. In the printed edition of Kitab al-tafhim edited and translated
by Robert Ramsay Wright, The Book of Instruction in the Elements
of the Art of Astrology (London: Luzac, 1934), this occurs on pp. 120-
24 (reproduced from British Library, London, MS. Or. 8349). There is
little new in the actual text, but the map that accompanies it on p. 124
shows for the first time this new conception of the world.

32. See Wright's translation of Kitab al-tafhim (note 31), where a
copy is mentioned on p. 124. J. H. Kramers, “Djughrifiya,” in The
Encyclopaedia of Islam, 1st ed., 4 vols. and suppl. (Leiden: E. ]. Brill,
1913-38), suppl. 61-73, esp. 72, has another version from a manuscript
in Berlin (Staatsbibliothek Preussischer Kulturbesitz, MS. 5666). Yaqurt's
version appears in his Kitab mu‘jam al-buldan (see Jacut’s geogra-
phisches Worterbuch, 6 vols., ed. Ferdinand Wastenfeld [Leipzig: F. A.
Brockhaus, 1866-73], 1:22), and this is reproduced with the place-names
translated in The Introductory Chapters of Yagat's “Mu‘jam al-bul-
dan,” ed. and trans. Wadie Jwaideh (Leiden: E. J. Brill, 1959; reprinted,
1987), 31. See also Seyyed Hossein Nasr, Islamic Science: An Illustrated
Study (London: World of Islam Festival, 1976), 38 (figs. 14 and 15),
and Miller, Mappae arabicae, Band 5, 125, 129 (note 7). Kamal, Mon-
umenta cartographica, 3.3:713 (note 9), gives four versions of this
sketch for comparison from manuscripts of al-Birani’s Kitab al-tafhim,
while 3.5:1050, illustrates two versions from manuscripts of al-Qaz-
wini’s ‘AjZ’ib al-makhlagat.
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the work and then by quoting the source against the
individual fact. Quite often two sources are quoted, giv-
ing different results for the same piece of information.
Another variation is that some authors may use special
sources—for instance, local sources on particular areas—
so that they may be strong in such areas but follow the
usual pattern for the main part of the work. There are
generally two types of geographical productions: the gen-
eral geographical treatise, usually divided by the Ptole-
maic climates, and the work in dictionary form. There
were also (partly because of the fractionalization of the
Islamic area into small dynastic states) a growing number
of works of local interest, again of both forms.

The main authors of general geographical treatises are
al-Kharagqi (d. 533/1138), al-Zuhri (fl. 530/1140), al-1drisi
(d. 560/1165), al-Qazwini (d. 682/1283), Ibn Sa‘d (d.
685/1286), al-Dimashqi (d. 727/1327), Abq al-Fida’ (d.
732/1331), and Ibn al-Wardi (d. 861/1457). Dictionary
compilers of importance were al-Bakri (d. 487/1094) and
Yaqat (d. 626,/1229).33 Although some of these authors
reproduced earlier sketch maps and climate diagrams,
there are no detailed maps in any of the manuscripts of
these works, apart from the work of al-Idrisi.

Abt ‘Abdallah Muhammad ibn Muhammad al-Sharif
al-Idsisi is the outstanding person in Islamic cartography.
There has survived in his name a set of maps that are so
important that they have been described separately in
chapter 7. In spite of this importance, al-Idrist’s influence
on future Islamic cartography was minimal, and those
authors who have been influeneed by him (in the format
of their geographical works or specifically in their maps)
are discussed in that chapter below.

THIRTEENTH-CENTURY AND
LATER WORLD MAPS

By the thirteenth century we have three forms of world
map that seem to persist through the following centuries
in Islamic works, apart from continual reproductions of
existing maps. The first of these is the world map found
generally only in the work of Ibn al-Wardi (although it
appears occasionally in the works of al-Qazwini and al-
Harrani). The second is a sketch map based on al-Biriini’s
sketch map of land and water distribution and elaborated
on by al-Qazwini and some later authors. The third is
the world map possibly based on the same model as that
used in later recensions of Ibn Hawqal (III).

The Ibn al-Wardi world map was based on that of Ibn
Hawqal I (plate 8 and compare fig. 5.16 above). It occurs
regularly in the many copies of his Kharidat al-‘aj@’ib
wa-faridat al-ghar@’ib (The unbored pearl of wonders
and the precious gem of marvels) and becomes a very
stiff geometrical map, but always recognizable. It has the
eastward extension of Africa containing the Mountains
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of the Moon, in which rises the Nile. This river then
flows due west to make a right-angle turn to the north
and enter the southeastern corner of the Mediterranean.
Both the Mediterranean and the Indian Ocean have par-
allel north and south coasts, but the Arabian Peninsula
is present as a semicircle surrounded by pincerlike arms
of the Red Sea (Bahr al-qulzum) and the Persian Gulf
(Bahr al-Yaman). The Bosporus too is prominent as a
straight line of water directly opposite the mouth of the
Nile.34

Ibn al-Wardi was known only from this one work,
which is supposed to plagiarize the Jami® al-funiin (The
gatherer of the sciences) of Ahmad ibn Hamdan al-Har-
rani.? [bn al-Wardr’s work, however, was extremely pop-
ular, and there are many manuscripts of it in existence.
Therefore most of the maps of this sort come from copies
of his work. There is, however, a copy of al-Harrant’s
work in Gotha that contains one of these world maps,
and it is possible that the map originated in the work of
al-Harrani (fig. 6.5).36 Unfortunately it is undated, but the
map closely follows the geometrical pattern of those in
the Ibn al-Wardi manuscripts.

33. The only texts to appear in translation are al-Idrisi’s Nuzhat al-
mushtag; see Géographie d’Edrisi, 2 vols., trans. Pierre Amédée Emilien
Probe Jaubert (Paris: Imprimerie Royale, 1836-40); Shams al-Din Aba
‘Abdallah Muhammad ibn Ibrahim al-Dimashqt’s Nukhbbat al-dabr; see
Manuel de la cosmographie du Moyen-Age, ed. and trans. A. F. M.
van Mehren (Copenhagen: C. A. Reitzel, 1874; reprinted Amsterdam:
Meridian, 1964); and Abi al-Fida’, Taqwim al-buldan; see Géographie
d’Aboulféda: Traduite de Parabe en frangais, 2 vols. in 3 pts., trans.
Joseph Toussaint Reinaud and S. Stanislas Guyard (Paris: Imprimerie
Nationale, 1848-83). Al-Zuhrt’s Ja‘rafiyah has been edited by Hadj-
Sadok with an introduction, “Kitab al-Dja‘rafiyya” (note 18); “Ali ibn
Miisa ibn Sa‘id al-Maghribi, Kitab bast al-ard fi taliha wa-al-‘ard; see
Libro de la extension de la tierra en longitud y latitud, trans. Juan
Vernet Ginés (Tetuan: Instituto Muley el-Hasan, 1958); Zakariya’ ibn
Muhammad al-Qazwini’s Athar al-bilad and ‘AjZ’ib al-makhlagat; see
Zakarija ben Mubammed ben Mahmud el-Cazwini’s Kosmographie,
2 vols., ed. Ferdinand Wistenfeld (Gottingen: Dieterichschen Buch-
handlung, 1848-49; fascimile reprint Wiesbaden; Martin Sandig, 1967);
and Siraj al-Din Aba Hafs ‘Umar ibn al-Wardi, Khartdat al-‘aja’ib, only
partly edited and translated by Carl Johann Tornberg, Fragmentum libri
Margarita mirabilium (Uppsala, 1835-39) (there are also modern
printed editions); Yaqat’s large dictionary, MuSam al-buldan, was
edited by Wistenfeld (note 32); and Aba “‘Ubayd “Abdallah ibn ‘Abd
al-Aziz al-Bakri’s Kitab al-masalik wa-al-mamalik and al-Kharagr's
Muntaha’ al-idrak fitagsim al-aflak have never been published entirely.
A set of six maps or diagrams from a single manuscript of Yaqiit’s work
is given in Kamal’s Monumenta cartographica, 3.5:965 (note 9).

34. Miller, Mappae arabicae, Band 5, Beiheft, Taf. 75-79 (note 7),
gives a number of versions of this Ibn al-Wardi world map. It also
appears in Kamal, Monumenta cartographica, 3.5:971 (note 9), where
it is reproduced from a Leiden manuscript of a work of Ibn al-‘Arabi.

35. Al-Harrani was a lawyer who flourished in Egypt. This Ibn al-
Wardi (d. 861/1457) should not be confused with Ibn al-Wardi, a Syrian
literary writer, who lived a hundred years earlier and was in fact a
contemporary of al-Harrani.

36. Gotha, Forschungsbibliothek; MS. Orient A. 1513; see Wilhelm
Pertsch, Die orientalischen Handschriften der Herzoglichen Bibliothek
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FIG. 6.5. WORLD MAP FROM AL-HARRANI'S JAMI® AL-
FUNUN.

Size of the original: ca. 18 x 24 cm. By permission of the
Forschungsbibliothek, Gotha (MS. Orient A. 1513, fols. 46b-
47a).

A less stiff version of this map is found also in a manu-
script of al-Qazwini’s ‘Aj@’ib al-makhligat (plate 9).%7 It
is dated on internal evidence to the early seventeenth
century, although as a writer al-Qazwini (d. 682/1283)
is considerably earlier than al-Harrani (fl. 730/1330) or
Ibn al-Wardi (d. 861/1457). It is difficult to know
whether the al-Qazwini map is the forerunner of the Ibn
al-Wardi map or a less formal version developed at a
later date. All three authors were cosmological writers
whose works were popular right into the Ottoman period
and in India.3® The map from al-Qazwini’s work has a
flowing Nile instead of a rectangular one and a rather
formless Mediterranean, though much of the rest has the
geometrical stiffness of the true Ibn al-Wardi maps.

Most of the manuscripts of al-Qazwini’s ‘Aja@’ib al-
makbliigat have a completely different map of the world.
This is the second type of world map mentioned above,
and it represents al-Biraini’s sketch map of the distribution
of land and sea (compare fig. 6.4 above).? In al-Qazwini’s
texts this map tends to become stylized (fig. 6.6). The
south coast of the land is stretched across the middle of
the world circle and consists of a series of roughly parallel
peninsulas separated by symmetrical bays.*0 These pen-
insulas are China, India, Arabia, and Africa. The northern
coast of the landmass follows the circle around, leaving
a series of indentations where Europe and the Mediterra-
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nean are expected. The Nile appears as a wide channel
dividing Africa in two, and this may be the origin of the
double peninsula for southern Africa that appears in some
later maps. Finally, the Caspian Sea and the Aral Sea
appear as two “bubbles” in the middle of the land.

The third type of world map was less stylized, taking
considerably more notice of the accounts of the world
written in geographical texts. It tends to be more detailed
than those mentioned above, and Ptolemaic influence is
noticeable. There were two varieties of this map, one
with an eastward extension of Africa (hence making the
Southern Hemisphere all land) and one following al-Bira-
ni’s influence, which maintains an open Indian Ocean
with the Southern Hemisphere mostly sea.

In fact, the first variety is limited to the circular world
map of al-Idrisi. This map, though it has many Ptolemaic
features, has kept the look of al-Istakhri’s world map.*!
However, al-Idrisi has much more detail and has also
tidied it up, mainly by drawing in climate boundaries and
inserting the material into the correct climate. This is the
first time this information has appeared on a detailed
world map.

It is possible that more detailed versions of the Ibn
Hawagal III world map were produced in later times, and
if so they would fit the first category of our classification
here. Ibn Hawqal III and al-Idrisi have several Prolemaic
features in common deriving from al-Khwarazmi that the
open Indian Ocean maps do not have. The narrow
entrance to the Indian Ocean and the peninsula of China
with the islands of al-Fiddah and Yaqiit beyond are com-
mon to Ibn Hawaqal III and some versions of al-Idrisi and
are implicit from al-Khwarazmi’s text, although Ptol-
emy’s map is somewhat different. Al-Khwarazmi’s version

zu Gotha, pt. 3, Die arabischen Handschriften, 5 vols. (Gotha: Perthes,
1878-92), vol. 3, no. 1513. No date is given for it.

37. Gotha, Forschungsbibliothek; see Pertsch, Die arabischen Hand-
schriften, vol. 3, no. 1507 (note 36). The map is reproduced in Miller,
Mappae arabicae, Band 5, Beiheft, Taf. 80 (Kazwini Gorh.), and is
mentioned in Band 5, 128-29 (note 7). It is also given by Kamal, Mon-
umenta cartographica, 3.5:1049 (note 9).

38. See, for example, pp. 220-21 and 389-90.

39. Al-Qazwini was the author of two main works, a cosmography,
Kitab ‘ajad’ib al-makhliqat wa-ghara’ib al-mawijadat (Marvels of things
created and miraculous aspects of things existing), and a geography,
Athar al-bilad (Monuments of the lands). The influence of his texts on
later geographical writers was considerable. The maps appear in copies
of both works.

40. Other versions of this map are mentioned in note 32. Translit-
erations of al-Qazwini’s version can also be found in Miller, Mappae
arabicae, Band §, 129-30 (Bild 6 and 7) (note 7).

41. For al-1drisi’s circular world map, see pp. 160-62 and figs. 7.1 to
7.5 and plate 11.
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FIG. 6.6. AL-QAZWINTI’S DISTRIBUTION OF LAND AND
SEA. Copy from a manuscript of al-Qazwini’s ‘Aj@’ib al-makh-
lagat, dated 945 /1539 and originating from al-Biriini (compare
fig. 6.4 above).

Diameter of the original: 13 cm. By permission of the Bodleian
Library, Oxford (MS. Pococke 350, fol. 73v).

of Prolemy’s Nile is also in both of them. The Iberian
Peninsula and the way Italy fits on to Europe are other
common features and are also noticeable on the Bodleian
map that follows. The Iberian Peninsula is triangular in
both al-Idrisi’s map and the Bodleian map. This too is a
Prolemaic feature, but it is not so obvious on the Ibn
Hawaqal 111 world map.

The second variety of this world map with an open
Indian Ocean is represented by a map found in a manu-
script in the Bodleian Library, titled Kitab al-bad’ wa-
al-ta’rikh (Book of beginning and history) (977/1569-
70). Although the date of the map is very late, its deri-
vation from Ibn Hawqal III is noticeable. However, one
would expect a missing link somewhere between the two
that may or may not have had the open Indian Ocean.
For convenience I will refer to this map as the Bodleian
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map (plate 10). The work it accompanies is anonymous
but was originally attributed to Ibn Sa‘d.*2 Kropp has
shown that there is no connection with the work of lbn
Sa‘id, and all we can really say is that it was produced in
North Africa and in its present form dates from approx-
imately the latter half of the sixteenth century, the period
of the manuscript in which it is found.** But the origin
of the map must be back in the twelfth or thirteenth
century, and it is influenced by Ibn Hawgqal III and by
al-Birani’s sketch of land and water distribution. Thus
the southern half of the world circle consists mainly of
water. The Northern Hemisphere is very similar to that
of the circular world map of al-Idrisi, and the pattern of
arcs of circles for climatic boundaries is another feature
derived from that author.** The south coast of Asia
resembles more than anything else the same area from
the Ibn Hawgal III world map, whereas Africa shows the
two peninsulas mentioned earlier, with no landmass to
the south and east—only an open ocean. This is what
will be found in future Islamic world maps. This map is
from the Islamic west in the al-Idrisi tradition, but the
same features will be seen in the map of Hamd Allah
Mustawfi in the east and in a later map of Indian origin.
It is reasonably detailed and from this point of view excels
the map of Hamd Allah Mustawfi, but it cannot compare
in detail of topographical content with the sectional maps
of al-Idrisi or the world map of his successor al-Sifagsi.
Nevertheless, it shows considerable development in geo-
graphical content and as such is extremely interesting.
Maps resembling this one survived until comparatively
recent times, and degenerate copies appear from time to
time, especially in the Indian subcontinent. An interesting
and detailed map that must derive ultimately from this
source exists in the Museum fir Islamische Kunst in

42. Most of the maps attributed to Ibn Sa‘id by Miller and others
who follow Miller are really from the later version of Ibn Hawaqal (Ibn
Hawagal 111) mentioned earlier. Manuscripts of Ibn Sa‘id’s work have
no maps.

43. Oxford, Bodleian Library, MS. Laud. Or. 317. This manuscript
and the map are discussed in an article by Manfred Kropp, who attrib-
uted the work to al-Shawi al-Fasi, the writer of the manuscript; see
Manfred Kropp, “ ‘Kitab al-bad’ wa-t-ta’rih’ von Aba I-Hasan “Ali ibn
Ahmad ibn ‘Ali ibn Ahmad As-5awi al-Fasi und sein Verhaltnis zu dem
‘Kitab al-Ga‘rafiyya’ von az-Zuhri,’ ” in Proceedings of the Ninth Con-
gress of the Union Européenne des Arabisants et Islamisants, Amster-
dam, 1st to 7th September, 1978, ed. Rudolph Peters (Leiden: E. ].
Brill, 1981), 153-68. A legend on the map states that the map is com-
piled according to an account taken by al-Kindi and al-Sarakhsi from
the book of Prolemy. This is a dubious statement, since these two
authors were not geographers and are not mentioned in connection
with maps until centuries after their deaths.

44, Kropp, “‘Kitab al-bad’’” (note 43), compares the text that
accompanies the map with that of al-Sifagsi and also with that of al-
Zuhri. The former writer was certainly influenced by al-Idrisi. Details
of the al-Sharafi al-Sifagsi family and their maps can be found below,
pp- 284-87, and in Miller, Mappae arabicae, Band 5, 175-77, and Band
6, Taf. 79-80 (note 7).
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FIG. 6.7. THE CLIMATE (ZONE) MAP. The simple climate
diagram as reproduced by Yagit from the printed edition of
his Mu‘jam al-buldan. Translation on the right.

Berlin#S and probably comes from the eighteenth century.
It is basically an Arab map in Arabic, though some Persian
forms appear and place-names in India are given in both
Arabic and Hindi scripts. However, the whole map is
nothing but a very decadent and late version whose ances-
try goes back through some map similar to the Bodleian
map to a version of Ibn Hawgqal III, but without an Afri-
can landmass spreading throughout the Southern Hemi-
sphere. As an Indian map it has been described in detail
and illustrated in part 2 of this volume (pp. 394-96, fig.
17.4, and plate 29).

The semicircular world map from the work of Sadiq
Isfahani (illustrated below, fig. 17.1) shows a similar deri-
vation, as do several other maps of Indian origin that
have been published.* The later they are, the more deca-
dent they appear. The map (albeit in a European copy)
Bagrow illustrates as a Persian map*’ may not appear to
be related either to the world map of Ibn Hawqal Il or
to that of al-Idrisi. It is nevertheless their ultimate des-
cendant through a long series of maps in the Indian sub-
continent.*8

CLIMATIC (ZONE) MAPS AND
THEIR VARIANTS

Here | must mention a secondary cartographic devel-
opment in the Islamic world, the climate map similar in
design to that of Pierre d’Ailly {fourteenth-fifteenth cen-
tury A.D.) in Europe.*” This map develops from a cos-
mographical diagram whose origin is difficult to place.
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Diameter of the original: ca. 12 cm. From jacut’s geogra-
phisches Worterbuch, 6 vols., ed. Ferdinand Wastenfeld
(Leipzig: F. A. Brockhaus, 1866-73), vol. 1, between pp. 28 and
29 (fig. 4), by permission of F. A. Brockhaus.

The simplest and possibly the earliest form of this dia-
gram consisted of a world circle with straight lines across
it demarcating the climates. A version of this appears in
al-Idrist’s Rawd al-faraj wa-nuzhat al-mubaj (Gardens
of pleasure and recreation of the souls) {dated A.p.

45. Klaus Brisch et al., Islamische Kunst in Berlin: Katalog, Museum
fur Islamische Kunst (Berlin: Bruno Hessling, 1971), “Weltkarte mit
Miniaturen aus dem Alexanderroman” (no. 3, pp. 12-13) and fig. 23.

46. The world map comes from a set of maps in a manuscript in the
British Library (MS. Egerton 1016) of the Shahid-i Sadiq (Persian atlas)
of the geographer/encyclopedist $adiq Isfahani (d. ca. A.p. 1680). The
regional maps of this set resemble al-Idrisi in that they fit together to
give world coverage. They improve on al-Idrisi cartographically in that
they are formed on a grid of equal-sized squares whose sides are one
degree in length. [ am indebted to Susan Gole for acquainting me with
the existence of this set. See figs. 17.9 and 17.10 below.

47. See below, fig. 17.2, and Leo Bagrow, History of Cartography,
rev. and enl. R. A. Skelton, trans. D. L. Paisey (Cambridge: Harvard
University Press; London: C. A. Watts, 1964; reprinted and enlarged,
Chicago: Precedent, 1985), fig. 72 (p. 209).

48. Susan Gole also introduced me to these maps. They include one
published by William Ouseley, “Account of an Original Asiatick Map
of the World,” in The Oriental Collections, vol. 3 (London: Cadell and
Davies, 1799), 76-77, and one illustrated in Bagrow, History of Carto-
graphy (note 47), originally published by Edward Rehatsek, “Fac-simile
of a Persian Map of the World, with 'an English Translation,” Indian
Antiquary 1 (1872): 369-70. Another similar map shown to me was a
loose sheet found in a Delhi bazaar in 1984; see below, pp. 392-94
and figs. 17.2 and 17.3.

49, David Woodward, “Medieval Mappaemundi,” in The History
of Cartography, ed. J. B. Harley and David Woodward (Chicago: Uni-
versity of Chicago Press, 1987-), 1:286-370, esp. 253-54.
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FIG. 6.8. A MORE ELABORATE CLIMATE DIAGRAM. This
example shows vestiges of a coastline and comes from the
Athar al-bilad of al-Qazwini; manuscript dated 729,/1329.
Diameter of the original: ca. 16 cm. By permission of the British
Library, London (MS. Or. 3623, fol. §).

1192).50 Other authors, however, prefer a diagram with
climate boundaries drawn as arcs of a circle, as shown
by Yagqit in his Kitab mu‘jam al-buldan (Dictionary of
countries), which is dated about A.p. 1224 (fig. 6.7). But
in the climate (zone) maps of the world that develop from
this diagram it is the straight boundaries that are most
common; the arced variety are relatively rare. The arced
boundary lines, however, appear on more detailed world
maps like those of al-Idrisi and the Bodleian map already
mentioned.’!

The next elaboration is the insertion of the names of
countries and other features between the climate lines.
This form occurs in some manuscripts of al-Qazwini’s
‘Aj@’ib al-makblagat and his Athar al-bilad, and also in
one Ibn Hawqal manuscript (Paris, Bibliothéque Nation-
ale, MS. 2214, which contains the abridgment of Ibn
Hawagal) (see fig. 3.6). Whichever is the earliest manu-
script would therefore represent the first appearance in
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Islamic sources of this type of climatic diagram.52 A fur-
ther development occurs in some of the al-Qazwini
manuscripts when short lines are inserted that represent
linear features on the earth’s surface such as coastlines
(fig. 6.8), and this is taken still further in some Syriac
maps of this period that show an almost continuous
coastline (the world landmass can often be clearly seen).
The Syriac maps also have considerably more detail in
the toponymy and are distinguished by representing only
the northern part of the inhabited world in a semicircle
instead of showing a full circle as in the Islamic diagrams
(fig. 6.9).53

As 1 said, the origin of this sort of diagram is difficult
to ascertain. The earliest and simplest example comes
from Europe in a diagram of Petrus Alphonsus that dates
from approximately A.D. 1100.5* There seems to be noth-
ing in Arabic texts before A.D. 1200, however. Yaqit
seems to attribute his version of this diagram to al-
Biriini,55 but the extant texts of al-Biriini do not give the
diagram—only a table of climate boundaries with latitude
values.’¢ Al-Biriini would be earlier than Petrus Alphon-
sus, and it is interesting that Petrus Alphonsus fills the
southern half of his map with a representation of the city
of Arin, a conception that must have come from the

|

50. The climate diagram from al-Idrisi’s Rawd al-faraj is reproduced
below, fig. 7.16.

51. Compare the world map from al-Idrisi’s Nuzhat al-mushtaq and
the Bodleian map previously mentioned.

52. The earliest dated version of the map is 729/1329, in the British
Library’s manuscript of al-Qazwini (MS. Or. 3623, fol. 5r); the Paris
manuscript is dated 847/1445. Two reproductions of climate diagrams
from al-Qazwini’s Athar al-bilad appear in Kamal, Monumenta carto-
graphica, 3.5:1050 (note 9). Reproductions of the zonal map from the
Paris manuscript can be seen in Miller, Mappae arabicae, Band 5,
Beiheft, Taf. 71 (Paris,) (note 7), and in Kamal, Monumenta carto-
graphica, 3.3:811 (note 9). The other manuscripts of this Ibn Hawgqal
abridgment do not seem to have this map.

53. These Syriac maps are four slightly different versions of a climare
map, three appearing in three manuscripts of the Menareth qudhshé
(The candlestick of the sanctuary) of Bar Hebraeus (A.D. 1226-86) and
one in an Arabic-Syriac lexicon by Bar ‘Ali that was written in the latter
part of the twelfth century. The surviving manuscripts were not written
before A.D. 1400, however, and the form of the map leads us to assume
that this map was a development of the Islamic climatic map thar
appears in al-Qazwini’s work. The four manuscript maps are (1) Paris,
Bibliothéque Nationale, MS. Syr. 210, fol. 38r (A.D. 1404); (2) Paris,
Bibliothéque Nationale, MS. Syr. 299 (Bar “Ali lexicon), fol. 204v (A.D.
1499); (3) Berlin, Staatsbibliothek Preussischer Kulturbesitz, no. 190
(MS. Sachau 81) (A.D. 1403); and (4) Cambridge University Library, MS.
Add. 2008 (fifteenth century A.D.). All are in Miller, Mappae arabicae,
Band 5, 168-72 (Bild 25 and 26) (Paris manuscripts), Band 5, Beiheft,
Taf. 81 (Berlin and Cambridge manuscripts) (note 7). The first three are
also illustrated by Kamal, Monumenta cartographica, 4.1:1096 (nos. 1
and 3) and 1097 (no. 2) (note 9).

54, Woodward, “Medieval Mappaemundi,” 354-55 (note 49).

55. Yaqiit, MuSjam al-buldan; see Wastenfeld’s edition, 1:27-28 (note
32).

56. Al-Birtini, Kitab al-tafhim; see the translation by Wright, 138
(note 31).
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FIG. 6.9. SYRIAC MAP BASED ON THE ARAB CLIMATE
DIAGRAM. This is taken from Bar Hebraeus, Menareth
qudbshé.

Arabs. Although it is mentioned by the Arabs much ear-
lier,57 the concept looms large in al-Birtini because of his
interest in things Indian.58 Yet it is still possible that the
origin of this diagram is from the classical world and was
known to both the Muslims and the medieval Europeans.
Macrobius’s zonal maps seem to be related, but the
Islamic maps seldom have the tropics marked—they show
only the climate divisions. The equator is often men-
tioned along the southern boundary of the first climate.
The final development as shown in the Syriac maps men-
tioned above does not appear in European texts. The
most elaborate of these maps in Europe, dated about
A.D. 1410—that of Pierre d’Ailly—is not advanced enough
in the sequence to include a rudimentary coastline.’?

FIRST USE OF A GRATICULE

The final development of medieval Islamic cartography
was the attempt to place a graticule on the Islamic circular

\

Size of the original: not known. By permission of the Staars-
bibliothek Preussischer Kulturbesitz, Berlin (Orientabteilung,
MS. Sachau 81, fol. 37b).

world map. This was first attempted not with a graticule
of degrees of longitude and latitude, but with the inser-
tion of climate divisions onto the map. This latter can
first be seen through the development of the climate dia-

57. The first Arab use of Arin appears in Ibn Rustah ca. 290,/900;
see p. 103 above and J. H. Kramers, “Geography and Commerce,” in
The Legacy of Islam, ed. Thomas Arnold and Alfred Guillaume
(Oxford: Oxford University Press, 1931), 78-107, esp. 93.

58. Al-Birani’s reference is from his history of India; see Alberuni’s
India: An Account of the Religion, Philosophy, Literature, Geography,
Chronology, Astronomy, Customs, Laws and Astrology of India about
A.D. 1030, 2 vols., ed. Eduard Sachau (London: Triibner, 1888; Delhi:
S. Chand, [1964]), 1:304.

59. Pierre d’Ailly’s map is reproduced in Bagrow, History of Carto-
graphy, 48-49 (figs. 7a and b) (note 47), and in Joachim G. Leithauser,
Mappae mundi: Die geistige Eroberung der Welt (Berlin: Safari-Verlag,
1958), 161, 173. Those of Macrobius are given in Woodward, “Medi-
eval Mappaemundi,” 300 (fig. 18.10) and 354 (fig. 18.70) (note 54). For
discussion of other climate diagrams in a cosmographical context, see
pp. 76-80.
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FIG. 6.10. SEMICIRCULAR MAP OF THE WORLD. Size of the original: not known. By permission of the Bibliothéque

Nationale, Paris (MS. Arabe 2214, fol. 3).

gram mentioned in the previous section, and the Syriac
map (fig. 6.9 above) is a fairly good representation of this
principle. As I mentioned before, climate boundaries
were given fixed latitude values quite early on by Mus-
lims, and place-names were listed in their correct cli-
mates, hence delimiting their position latitudinally.6® Al-
Idrisi successfully placed climate divisions as arcs of a
circle on his circular world map and transferred them to
his sectional maps as straight lines (or vice versa).6! The
Paris abridgment of Ibn Hawqal, in addition to its climate
division diagram based on a complete circle and its oval
world map, contains a semicircular map of the world
with the climate divisions marked as straight lines (fig.
6.10).8* This map has little nomenclature but has a con-
tinuous coastline based on the oval world map. However,
it differs in form from the Syriac maps.

Attempts to place the world on a graticule of lines of
longitude as well as latitude, which would of course sim-
ply be perpendicular to climate divisions, were fraught
with difficulties. Nevertheless, by the fourteenth century
such attempts were made. The earliest are two world
maps attached to the work Nuzhat al-qulib (Diversion
for the hearts) of Hamd Allah Mustawfi, a Persian writer
who died in 740/1339 (fig. 6.11). Similar maps appear in

the works of Hafiz-i Abri (d. 833/1430) (fig. 6.12) and
the British Library copy of the Shahid-i §adig of $adiq
Isfahani.6® These authors found adopting a grid very dif-
ficult, and their use of it was extremely awkward. The
grid was usually based on a square outside the circle, and
the parallels and meridians remain at right angles to each
other throughout, with no attempt at a projection to fit

60. See chapter 4, esp. pp. 97ff.

61. The straight lines are the top and bottom borders of his sectional
maps.

62. This is also reproduced in Miller, Mappae arabicae, Band §,
Beiheft, Taf. 71 (Paris;) (note 7).

63. Hamd Allah ibn Abi Bakr al-Mustawfl Qazvini's main work was
the Nuzhat al-qulib, a mainly cosmographical and geographical work,
which is best known for the light it sheds on the history of the end of
the Ilkhanid Empire. There are four manuscripts in the British Library
containing maps: MS. Or. 7709, MS. Or. 23543, MS. Or. 23544, and
MS. Add. 16736. The world maps from two of these are reproduced
in Miller, Mappae arabicae, Band 5, Beiheft, Taf. 83 (note 7). Hafiz-i
Abra (‘Abdallah ibn Lugf Allah al-Bihdadini, d. 833 /1430) was a Persian
historian at the time of Timir and Shahrukh. His maps appear in an
untitled and unfinished geographical work written for Shahrukh
between A.D. 1414 and 1420, said to be a translation from the Arabic.
In addition to the world map illustrated in fig. 6.12, a world map by
Hafiz-i Abril appears in British Library, MS. Or. 1987. For Sadiq Isfa-
hani’s world map, see fig. 17.1 below.
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FIG. 6.11. WORLD MAP OF HAMD ALLAH MUSTAWFI.
From a seventeenth-century manuscript copy of his work
Nuzhat al-qulib.

Diameter of the original: ca. 15.5 ¢cm. By permission of the
British Library, London (Add. MS. 23544, fol. 226v).

into the circle. The Hamd Allah Mustawfi maps have
removed that part of the grid that is left outside the circle,
whereas Hafiz-i Abra retains it: Sadiq show only vestiges
of this outer grid. Hafiz-i Abra also has five-degree
squares instead of the usual ten-degree squares, and in
some cases there is a smaller grid on land or on the
northern half of the grid.

The form of the world landmass in the maps of these
authors does not resemble either that of the Balkhi
school or al-Idrisi. It derives ultimately from the sketch
of al-Birtini showing the land-water relationship, prob-
ably through al-Qazwini. There are comparisons with the
Bodleian map mentioned above, but unlike maps of this
latter sort, it has a very simple coastline. All the geo-
graphical toponyms are written on the land, including the
graticule when it appears inside the world circle, leaving
the sea (usually colored a heavy blue) completely fea-

Islamic Cartography

tureless. Hamd Allah Mustawfi also divides Africa into
two peninsulas like the Bodleian map. Generally Hamd
Allah Mustawfi’s map has more original features and
Hafiz-i Abrii’s is more conventional and schematic. Cli-
mate divisions are given by Hafiz-i Abri outside the
square of the graticule, but the climate lines are not very
successfully aligned with the graticule. Hamd Allah Mus-
tawfi only numbers the climates in the outer edge of the
circle.

In addition, Hamd Allah Mustawfi drew a map of the
Iranian-Turkestan area that was highly original when it
was first drawn in the fourteenth century (fig. 6.13).
Longitude and latitude lines appear, forming a graticule
of one-degree squares, and in a square only one location
is given, which has the coordinates belonging to that
square. In two manuscripts of this map, a coastline is
given but no other linear features, and a third version
does not bother with a coastline.* Hafiz-i Abri has other
maps of the Mediterranean and Persian seas, but they are
only outline maps and are taken more or less directly
from those of al-Istakhri.

There is a map of the world reproduced in a manuscript
of the work of Ahmad ibn Yahya ibn Fadl Allah al-“Umari
(d. 749/1349) titled Masalik al-absar fi mamalik al-
amsar (Ways of perception concerning the most popu-
lous [civilized] provinces) (fig. 6.14). The same manuscript
also has maps of the first three climates. Although the
climares are not divided into secrions, the general impres-
sion is that the maps are derived from those of al-Idrisi.
These maps have been referred to by Fuat Sezgin and
dated A.D. 1340, making them contemporary with the
author of the work, Ibn Fadl Allih al-“Umari.65 There is
no reason why the geographical information on the world
map should not date from the time of Ibn Fadl Allah al-
‘Umari; as | have said, it is ultimately derived from al-
Idrisi. However, from its appearance it seems to have
been compiled from the text of the Kitab bast al-ard fi
tiliha wa-al-‘ard (Exposition of the earth in length and

64. The varying versions of this map are shown in Miller, Mappae
arabicae, Band §, Beiheft, Taf. 84-86 (note 7). British Library, MS. Or.
7709, has no coastline. Joseph Needham thinks these grids show
Chinese influence because of their equal-sized squares; see his Science
and Civilisation in China (Cambridge: Cambridge University Press,
1954-), vol. 3, Mathematics and the Sciences of the Heavens and the
Earth (1959), 564-65. However, the typical Chinese grid is based on
linear measurement on the ground and not on angular measure (latitudes
and longitudes) like these Islamic grids. Placing nomenclature in the
squares instead of against an actual point is reminiscent of Chinese
mapping, however.

65. Fuat Sezgin, The Contribution of the Arabic-Islamic Geographers
to the Formation of the World Map (Frankfurt: Institut far Geschichre
der Arabisch-Islamischen Wissenschaften, 1987), 41 and figs. 11-14.
Karatay in his bibliography of Arabic manuscripts in the Topkap: Saray
usually mentions maps in the description of a manuscript, but he does
not mention any for this one or for any manuscript of this work; Fehmi
Edhem Karatay, Topkapt Sarayt Miuizesi Kituphanesi: Arapga Yaz-
malar Katalogu, 3 vols. (Istanbul: Topkapi Saray1 Mazesi, 1962-66).
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FIG. 6.12. WORLD MAP OF HAFIZ-1 ABRU. From a manu-
script of his work dated 1056/1646.

breadth) by Ibn Sa‘id (d. 685/1286). This is the only set
of Islamic maps I have seen that could be said to have
been so compiled. Al-“Umari’s text does mention a map
and gives a few examples of longitude and latitude, but
on the whole they do not correspond with the positions
given on the world map.

An accurate graticule has been drawn over the world
map such as I have not come across on Islamic maps of
the fourteenth or even fifteenth century A.p. One cannot
be certain on the origin of this graticule without seeing
the original, but it looks as if the draftsman added the
graticule when copying the map for this manuscript. It is
likely that the original would have had a series of straight
parallels representing the climate boundaries and that
these were changed by the draftsman into a kind of ortho-
graphic graticule with equidistant parallels of latitude,
much as the climate boundaries probably were before
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Diameter of the original: ca. 29.5 ¢cm. By permission of the
British Library, London (MS. Or. 1577, fols. 7v-8r).

(some manuscripts of al-Idrisi’s world map have equidis-
tant climate boundaries when drawn either as arcs or as
straight lines). This graticule, with straight lines for par-
allels and arcs for meridians, appears similar to the pro-
jection Roger Bacon suggested in his Opus Maius (ca.
A.D. 1267), but of course it is not so; the parallels are
positioned according to a different principle.

Most of the Istanbul manuscripts of Ibn Fadl Allah’s
al-‘Umar’s work are not dated. However, the earliest one
to be dated is A.D. 1585, suggesting that this and most
other copies were prepared for the libraries of the Otto-
man sultans of that period. By that time the idea of a
graticule was well known from European sources and
could have been added to bring the map up to date. Note
that the latitudes and longitudes given by Ibn Sa‘id for
toponyms do not correspond to the actual positions on
the map for the same toponyms.
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FIG. 6.13. MAP OF THE MIDDLE EAST BY HAMD ALLAH
MUSTAWEFL From a manuscript of his work, Nuzhat al-qulab
(sixteenth-century copy).

OTHER MAPS

Manuscripts of al-Dimashqi’s Nukhbbat al-dabr fi ‘aja’ib
al-barr wa-al-bahr (Gems [selections] of the age from the
marvels of the land and the sea) contain an odd collection
of sketch maps. First we have a representation of the
Persian kishvar system arranged in column form (3, 1, 3)
instead of the usual six kishvars around a central one.
Next there appears a very corrupt zonal map with no
climate divisions but with countries arranged in columns,
and finally a freehand drawing of the Mediterranean that
resembles the sketch maps from the manuscript of al-
Khwarazmi (fig. 6.15).%¢ This sketch appears to have no
importance for the development of Islamic cartography,
but it is interesting because it has north at the top and
shows no apparent resemblance to any other Mediterra-
nean map either before or since.
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Size of the original: ca. 32 x 23.5 cm. By permission of the
British Library, London (Add. MS. 16736, fols. 143v-144r).

Another unusual cartographic form is the plan of the
city of Kazvin (Qazwin) given in manuscripts of al-Qaz-
wini.” As it occurs in the British Library manuscript, it
is a very stylized diagram consisting of four concentric
circles forming the regions (1) Sharistan, the old central
city, (2) the larger modern (thirteenth-century) city, (3)
the gardens, and (4) the surrounding cultivated fields (fig.
6.16). No orientation is given. As such this diagram could
represent any Middle Eastern city, but superimposed on

66. Al-Dimashqi lived near Damascus, from which he takes his name.
He wrote several books but is mainly known for his cosmographical
and geographical compilation, the Nukhbbat al-dahr (note 33). Trans-
literations of the two sketch maps in fig. 6.15 can be found in Miller,
Mappae arabicae, Band 5, 140-41 (Bild 15-17) (note 7). Al-Khwir-
azmi’s maps are illustrated above, figs. 4.8, 4.9, and plates 4 and 5.

67. A transliteration can be found in Miller, Mappae arabicae, Band
5, 132 (Bild 11) (note 7).
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FIG. 6.14. WORLD MAP OF IBN FADL ALLAH AL-UMARIL
The information on this map may derive ultimately from
sources such as al-Idrisi and Ibn Said. The graticule—which is
most uncharacteristic for manuscripts from the fourteenth or
even fifteenth century—appears to have been modified by a

the whole are the two wadis or riverbeds that transverse
the city of Kazvin, Wadi al-dharraj and the Wadi al-turk.
The former flows right through the city, though it misses
the old city, while the latter penetrates as far as the outer
city and then performs a right-angle bend to depart. This
second riverbed does not seem to exist on modern plans
of the city.

The last map to be mentioned is that of al-Kashghari,
a Turkish grammarian of the eleventh century A.D.,
whose map of the world appears as an illustration to his
Turkish grammar.®® This itself is unusual, and the map
is certainly unlike any other map in Islamic literature.
The individual elements of the map, symbols, and so
forth, are all very much the same as those that appear
on any other Islamic map, but its concept is most unusual
(fig. 6.17). Although it is a map of the world, it is centered
on the Turkish-speaking areas of Central Asia, with other
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copyist at the time the map was drafted, perhaps in the sixteenth
century.

Size of original: not known. By permission of the Topkap: Saray:
Muzesi Kiatiiphanesi, Istanbul (A. 2797, fols. 292v-293r).

countries receding from them toward the circumference
of the world circle. In addition, the scale seems to be
reduced as one gets nearer the edge of the map, so that
one has the impression of a fish-eye representation of the
globe with Turkestan magnified in the center.

68. Mahmid ibn al-Husayn al-Kashghari was a Turkish scholar and
lexicographer whose most important work was the Diwan lughat al-
Turk (465-69/1072-76), a book on the Turkish language. The only
surviving manuscript, in the Millet Genel Kitaphanesi in Istanbul, is
dated 664 /1266, and this may be the date of the map. A lengthy descrip-
tion and a translation of the map can be found in Albert Herrman,
“Die alteste tiirkische Weltkarte (1076 n. Chr.),” Irmmago Mundi 1 (1935):
21-28, and a translation also appears in a recent English translation of
al-Kashghari’s Diwan lughat al-Turk: Compendium of the Turkic Dia-
lects, 3 vols., ed. and trans. with introduction and indexes by Robert
Dankoff in collaboration with James Kelly (Cambridge: Harvard Uni-
versity Press, Office of the University Publisher, 1982-85), vol. 1
between pp. 82 and 83. It can also be found illustrated and described
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CONCLUSION

By the end of the fifteenth century classical Islamic geo-
graphical cartography was very much in decline. Various
attempts by more scholarly geographers produced short
bursts of productive activity in the cartographic field, but
the end product was very much a rundown version of
the highlights of the tenth and eleventh centuries A.D.
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FIG. 6.15. MAPS FROM THE NUKHBAT AL-DAHR OF AL-

DIMASHQI. (a) World diagram and (b) sketch map of the
Medltcrranean, both from the published version (from four
manuscripts) edited by A. F. M. van Mehren, Cosmographie de
Chems-ed-Din . . . ed-Dimichqui, texte arabe (Saint Petersburg,
1866; new impression Leipzig: Otto Harrassowitz, 1923), ed.
and trans. Mehren as Manuel de la cosmographie du Moyen
Age (Copenhagen: C. A. Reitzel, 1874; reprinted Amsterdam:
Meridian, 1964), p. 26 and p. 40 of the 1923 text, by permission
of Otto Harrassowitz, Wiesbaden.

Size of the originals: (a) 8 x 10.5 e¢m; (b) 7.5 x 12.5 cm.
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FIG. 6.16. PLAN OF THE CITY OF KAZVIN. From the Athar
al-bilad of al-Qazwini; this manuscript is dated 729/1329.
Diameter of the original: ca. 15 cm. By permission of the British
Library, London (MS. Or. 3623, fol. 119v).

There was a large gap between theory and pracrice, so
that surviving finished maps do not reflect the work of
the great narrative geographers or of the great scientific
geographer al-Biriini. The tables of Prolemy and their
Arabic adaptations were never really applied overall to
Islamic maps, except perhaps in the large sectional maps
of al-Idrisi, which themselves never became the common
property of the whole Islamic world. Lost maps are
thought to have applied Ptolemaic construction, but
nothing that has survived shows the influence of any of
these missing maps. A detailed Ptolemaic projection
comes to the Middle East only with a European printed
version arriving in Ottoman Istanbul in the last years of
the fifteenth century.6®

in Miller, Mappae arabicae, Band 5, 142-48 (note 7); Bagrow, History
of Cartography, pl. XXVIII (note 47); Leithauser, Mappae mundi, 104
{note 59); and in Kamal, Monumenta cartographica, 3.3:741 (note 9).

69. There were Arabic translations of the Geography available n
Istanbul before the end of the fifteenth century, see p. 210. See also
Ahmad, “Kharita,” fig. 2 (note 21).
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FIG. 6.17. WORLD MAP OF AL-KASHGHARI. This world
map, oriented with east at the top, is from a unique manuscript
of al-Kashghari’s Diwan lughat al-Turk. The colors are
described in the original as gray for rivers, green for seas, yellow
for deserts, and red for mountains.
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Al-Birani’s various theories and projections also failed
to be used practically. His sketch of land and sea distri-
bution was taken up and caused later Islamic maps to
reject the large southern landmass that dominates the
maps of the Balkhi school and those of al-Idrisi. Thus
the more “modern” maps showed sea over most of the
Southern Hemisphere, while those of al-Idrisi and those
derived directly from the Balkhi school, such as the maps
of Ibn al-Wardi, showed the Southern Hemisphere con-
sisting of a landward extension of Africa. These various
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Size of the original: not known. The Millet Genel Kiittiphanesi,
Istanbul (Ali Emiri 4189).

traditions of mapmaking persisted even into the nine-
teenth century, especially when included in new manu-
scripts of the work to which they were originally
attached. Of course, practically all surviving Islamic maps
were illustrations to texts and do not survive as inde-
pendent artifacts. As manuscripts were copied from one
another through the centuries, the surviving maps became
more and more decadent until they were hardly recog-
nizable and would be of no practical use.



7 + Cartography of al-Sharif al-Idrisi

S. MAQBUL AHMAD

Al-Idrisi was born in Ceuta, Morocco, in 493 /1100.! He
belonged to the house of the ‘Alawi Idrisids, claimants
to the caliphate, who ruled the region around Ceuta from
A.D. 789 to 985; hence his title ““al-Sharif” (the noble) al-
Idrisi. His ancestors were the nobles of Malaga, but
unable to maintain their authority, they migrated to Ceuta
in the eleventh century. Al-1drisi was educated in Cér-
doba and began his travels when he was barely sixteen
years old with a visit to Asia Minor. Then he traveled
along the southern coast of France, visited England, and
traveled widely in Spain and Morocco.? Sometime about
1138, he was invited by the Norman king of Sicily, Roger
I (o.p. 1097-1154), to Roger’s court in Palermo, osten-
sibly to protect al-1drisi from his enemies, but in fact so
Roger could use the scholar’s noble descent to further
his own political objectives.? Lewicki has put forward
the hypothesis that Roger was more interested in al-1dris
as a possible pretender and potential puppet ruler than
as a geographer.* As a descendant of the Hammaidids,
former rulers of Malaga, he would have been useful to
Roger in his plans to conquer Islamic Spain and establish
his hegemony over the western Mediterranean. From al-
Idrisi we learn that Roger’s territorial hold over North
Africa was extensive.’ Al-Idrisi was conscious of Roger’s
expansion in North Africa, and he might even have been
expecting to become ruler of some part of North Africa
himself.

Whatever Roger’s objective in inviting al-Idrisi to his
court, he capitalized on the scholar’s rich personal expe-
rience with regard to North Africa and western Europe
and asked him to construct a world map and write a
commentary on it. Initially, it seems that al-Idrist was not
well versed in either geography or cartography. He rec-
ords his admiration for Roger’s proficiency in mathe-
matical and practical sciences and for his devising “iron”
instruments for calculating latitudes and longitudes.® In
time, however, al-ldrisi himself came to be regarded as
one of the foremost geographers and cartographers of
medieval Europe. In collaboration with other scholars in
Roger’s court, he completed a world map engraved on
silver (no longer extant) and the geographical compen-
dium entitled Nuzhat al-mushtag fkhtiraq al-afaq (The
book of pleasant journeys into faraway lands), also

known as the Book of Roger (containing a small world
map and seventy sectional maps). These can be rated as
the zenith of Islamic-Norman geographical collabora-
tion. The task of constructing the world map and pro-
ducing the book was accomplished in the month of
Shawwal 548 (January 1154). After Roger’s death in 548/
1154, al-Idrisi continued to work at the court of his son
and successor William I, called the Bad (r. 1154-66), but
toward the end of his life he returned to North Africa,
and he died in 560/1165, probably in Ceuta.”

AL-SHARITF AL-IDRISI AS A MAPMAKER

Of the two cartographic schools developed during the
early period—the Ptolemaic and the Balkhi—al-Idrisi fol-
lowed the former. The Ptolemaic school was the older,
going back to the time of the caliph al-Ma’miin (r. 198-
218/813-33), and its origins lay in the classical geo-

1. A fuller name is Aba ‘Abdallah Muhammad ibn Muhammad ibn
‘Abdallah ibn Idris, al-Sharif al-1drist. For a short biography of al-Idrisi,
see Giovanni Oman, “al-1drisi,” in The Encyclopaedia of Islam, new
ed. (Leiden: E. ]. Brill, 1960-), 3:1032-35.

2. S. Magbul Ahmad, “al-1dsisi,” in Dictionary of Scientific Bio-
graphy, 16 vols., ed. Charles Coulston Gillispie (New York: Charles
Scribner’s Sons, 1970-80), 7:7-9.

3. See S. Magbul Ahmad, India and the Neighbouring Territories in
the “Kitab nuzhat al-mushtaq f*khtiraq al>afaq” of al-Sharif al-1drisi
(Leiden: E. J. Brill, 1960), 3-4 and the references cited there. No primary
source states the year when al-Idrist arrived in Sicily (although historians
generally believe he arrived in 1138), and the only relatively certain date
we have indicates he was present at Roger’s court in 548/1154; see
Tadeusz Lewicki, Polska i Kraje Sgsiednie w Swietle “Ksiegi Rogera”
geografa arabskiego z XII w. al-Idrisi’ego, 2 vols. {vol. 1, Krakow:
Nakfadem Polskiej Akademii Umiejetnosci, 1945; vol. 2, Warsaw: Pan-
stwowe Wydawnictwo Naukowe, 1954), 1:15-16 and the references
cited there.

4. Lewicki, Polska i Kraje Sqsiednie, 1:12-14 {note 3).

5. Roger had conquered Jazirat al-Jarbah (Djerba) in 529/1134, Atra-
blus (Tripoli) in 540/114S5, Sfax in 543/1148, and Bana in 548/1153,
and al-Mahdiyah had a governor on behalf of the king in al-ldrist’s
time; see al-1drisi, Opus geographicum; sive, “Liber ad eorum delec-
tationem qui terras peragrare studeant,” issued in nine fascicles by the
Istituto Universitario Orientale di Napoli, Istituto Italiano per il Medio
ed Estremo Oriente (Leiden: E. ]. Brill, 19[70]-84), fasc. 3, pp. 281,
282, 291, 297, 30S.

6. Al-ldrisi, Opus geographicum, fasc. 1, pp. § and 6 (note $).

7. Lewicki, Polska i Kraje Sqsiednie, 1:17-19 {(note 3).

156



Cartography of al-Sharif al-1drist

graphic work of Ptolemy (ca. A.D. 98-168). Ptolemy’s
Geography (Arabic al-Jughrafiya), sometimes rendered in
Arabic as Si#rat al-ard, became the basis of several geo-
graphies.

Al-1drist was also aware, in a limited way, of the fol-
lowers of the Balkhi school, for he refers to the work
of Ibn Hawagal as one of his sources. The special feature
of the cartography of the Balkhi geographers was that
they confined themselves to drawing regional maps of the
Islamic empire. They divided the kingdom into twenty
to twenty-two aqalim (regions or provinces) and drew
separate maps of each, giving their descriptions. Although
their maps and descriptions gave new geopolitical and
religious orientations to the growth of regional geography
and cartography, their maps varied considerably from the
Ptolemaic tradition, having no mathematical basis of lat-
itudes and longitudes.

Although al-Idrisi made Ptolemaic cartography the
basis of his sectional maps in the Nuzhat al-mushtaq,
we are able to surmise that they were an improvement
over the maps drawn during the time of the caliph al-
Ma’miin (such as al-Ma’miin’s map). Although al-
Ma’miin’s map is not extant, we learn from al-Mas‘adi
that it was the most exquisite of all the maps he had
seen.8 Al-Mas‘di had seen a map attached to Ptolemy’s
Geography, but the work was in Greek, as were the
names of the seas, rivers, and so on, and so it was unin-
telligible to him. He had also seen the world map of
Marinus of Tyre.? As for al-Ma’min’s map, al-Zuhrt (fl.
ca. 530/1140) states that a copy of it was made by al-
Faziri and that al-Zuhr’s own work, Ja‘rdfryah, was
based on al-Fazari’s copy. An analysis of the work of al-
Zuhri shows that the original map of al-Ma’miin there-
fore must have represented a synthesis of the Iranian
kishvar system and the Ptolemaic tradition of carto-
graphy.10

Another early map drawn in the tradition of Ptolemy
was by Aba Ja‘far Muhammad ibn Miisa al-Khwarazmi
(d. ca. 232/847). Although the map has not survived, it
has been reconstructed by S. Razia Ja‘fri based on the
coordinates given in al-Khwarazmi’s extant text titled
Kitab siirat al-ard. 1! Comparing this map with Ptolemy’s
shows close affinity between the two, though there are
some differences: for example, the Indian Ocean in al-
Khwarazmi is not landlocked as in Ptolemy but is con-
nected with the Pacific in the east. Al-ldrisi’s sectional
maps are certainly an advance over both these maps (as
reconstructed); as we might expect, the sections of al-
[drisi’s sectional maps that cover Europe, North Africa,
western Asia, and Central Asia are more accurate than
those that cover Southeast Asia, China, and the Far East.
Moreover, al-Idrisi’s method of dividing the seven cli-
mates into ten sections longitudinally was original, and
this method was followed later by Ibn Sa‘id in his text
(discussed below).
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Some scholars attribute to al-Idrist a second geograph-
ical work titled Rawd al-uns wa-nuzhat al-nafs (Gardens
of intimacy and pleasure of the soul), prepared for Roger
II’s successor, William 1.12 Although no trace of this work
has been found, its existence is posited on a reference to
it by Ibn Bashriin, a Sicilian-Arab poet and contemporary
of al-Idrisi, and on passages from al-Idrisi that appear in
Aba al-Fida”s Taqwim al-buldan (Survey of countries),
though they do not correspond to any passages in the
Nuzhat al-mushtig.’3 Some recent authors have ques-
tioned the existence of this second geographical work.!#

In the early twentieth century, yet another work by al-
Idrist was discovered in Istanbul. There are two titles
associated with it—Uns al-mubaj wa-rawd al-faraj (Inti-
macy of souls and gardens of pleasure), which appears
at the beginning of the manuscript, and Rawd al-faraj
wa-nuzhat al-mubaj (Gardens of pleasure and recreation
of the souls), which appears at the end of the manuscript
and which I will use in this chapter. Scholars do not agree
on the exact relation of this text to al-Idrisi’s other works;
some think it is related to the Rawd al-uns wa-nuzhat
al-nafs, while others believe it is an abridged edition of
the Nuzhat al-mushtaq.’> The manuscript contains text,

8. See above, p. 95.

9.S. Magbul Ahmad, “Al-Mas‘adi’s Contributions to Medieval Arab
Geography,” Islamic Culture 27 (1953): 61-77, esp. 67.

10. S. Maqbul Ahmad, “Kharita,” in Encyclopaedia of Islam, new
ed., 4:1077-83; and see above, p. 95.

11. S. Razia Ja‘fri, al-Kbwarizmi World Geography, Tajik Academy
of Sciences and Center of Central Asian Studies, Kashmir University,
Dushanbe, Tajikistan (USSR), 1984.

12. In the nineteenth century by Dietrich Christoph von Rommel,
Abulfedae Arabiae descriptio commentario perpetuo illustrata (Gottin-
gen: Dieterich, 1802), 2 ff., and by Joseph Toussaint Reinaud, in his
Introduction générale a la géographie des Orientaux, vol. 1 of Géo-
graphie d’Aboulféda: Traduite de Parabe en frangais, 2 vols. in 3 pts.
{(vol. 2, pt. 1, trans. Reinaud; vol. 2, pt. 2, trans. Stanislas Guyard) (Paris:
Imprimerie Nationale, 1848-83), cxxI. They were followed in this by
many later authors.

13. See Giuseppina Igonetti, “Le citazioni del testo geografico di al-
Idrisi nel Taqwim al-buldan di Aba ’I-Fida,” in Studi Magrebini, vol.
8 (Naples: Istituto Universitario Orientale, 1976), 39-52.

14. See Giovanni Oman, “A propos du second ouvrage géographique
attribué au géographe arabe al-Idrisi: Le ‘Rawd al-uns wa nuzhat al-
nafs,” * Folia Orientalia 12 (1970): 187-93, and Igonetti, “Le citazioni
del testo geografico” (note 13).

15. Seybold, who had photographs of the entire manuscript and had
begun to edit it, said that it is a summary of al-Idrisi’s Rawd al-uns
wa-nuzhat al-nafs (C. F. Seybold, “al-Idrisi,” in The Encyclopaedia of
Islam, 1st ed., 4 vols. and suppl. [Leiden: E. J. Brill, 1913-38], 2:451-
52); he was followed by several other authors. But J. H. Kramers
believed it was an abridged edition of the Nuzhat al-mushtag; see his
“Djughrafiya,” in Encyclopaedia of Islam, 1st ed., suppl. 61-73, esp.
67-68; and idem, “Geography and Commerce,” in The Legacy of Islam,
1st ed., ed. Thomas Arnold and Alfred Guillaume (Oxford: Oxford
University Press, 1931), 78-107, esp. 90. See also Sezgin’s introduction
to al-Idrisi, The Entertainment of Hearts and Meadows of Contem-
plation/Uns al-muhaj wa-rawd al-furaj, ed. Fuat Sezgin (Frankfurt:
Institut fir Geschichte der Arabisch-Islamischen Wissenschaften, 1984).
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a climate map, and seventy-three sectional maps (to be
discussed below), and these have been sometimes referred
to as the “Kleine Idrisikarte,” as Miller calls it to distin-
guish it from the maps of the Nuzhat al-mushtaq.'é

THE NUZHAT AL-MUSHTAQ FPKHTIRAQ
AL-AFAQ

Al-Idrisi’s descriptive geography contains a preface fol-
lowed by a description of the world divided into the seven
climates. Each climate is further divided into ten sections,
and the Nuzhat al-mushtaq is the first example of an
[slamic geographic text that is so divided. Exhaustive de-
scriptions in the text include the physical, cultural, polit-
ical, and socioeconomic conditions of each region, and
each of the seventy sections of text has a corresponding
sectional map (although the text and map are not iden-
tical in content). There is also a small round world map
in some extant manuscripts. Of the extant versions of
the Nuzhat al-mushtaq (listed in appendix 7.1), five have
complete text and eight have maps.

PUBLICATIONS AND TRANSLATIONS

Extracts from the Arabic text of the Nuzhat al-mushtaq
were published in Rome for the first time in 1592, under
the title Kitab nuzhat al-mushtaq fi dhikr al-amsar wa-
al-aqtar wa-al-buldan wa-al-juzur wa-al-mada’in wa-al-
afaq (Recreation of the desirer in the account of cities,
regions, countries, islands, towns, and distant lands).1”
This, however, was a rather careless selection. Passages
were excluded arbitrarily, without due regard for the con-
tinuity of the text. It was then translated into Italian in
1600 but not published, and later it was translated into
Latin and published in 1619 by two Maronites under the
title Geographia nubiensis.’® In Plessner’s view these
translations are “an example of how Arab geographical
books helped to instruct the West at a time when Western
geographical research into the Orient, let alone studies
of the geographical literature of Islam, had not yet
begun.”1?

Work on al-Idrisi was revived by Orientalists in the
nineteenth century, and Jaubert rendered the Nuzhat al-
mushtaq into French under the title Géographie d’Ed-
risi.20 Separate sections of al-Idrisi’s work together with
the relevant maps have also been translated from time
to time.2! But by far the most detailed work on al-Idrist’s
cartography was done by Miller, who reproduced the
original sectional maps of six manuscripts and placed the
towns and other physical features on modern sketch maps
of these countries. In his commentary he also attempted
to identify places.22 Many other scholars have also
worked on al-Idrisi’s sectional maps, and the Iraqi Acad-
emy of Science, Baghdad, published the maps with orig-
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inal Arabic names, basing their research on five illustrated
manuscripts of the Nuzhat al-mushtiq.??

In recent years, the enormous task of editing the com-
plete Arabic text of al-Idrist’s Nuzhat al-mushtaq was
undertaken by the Istituto Universitario Orientale di
Napoli under the auspices of the Istituto Italiano per il
Medio ed Estremo Oriente. The work has been published
in nine fascicles, titled Opus Geographicum.?*

AL-IDRISI’S INSTRUCTIONS FOR MAKING A WORLD MAP

In the preface to the Nuzhat al-mushtaq, al-ldrisi
describes briefly how Roger collected information to pre-
pare an up-to-date map of the world and to write a book
to accompany it.25 Lauding the political glory of King
Roger, al-Idrisi says that, having firmly established his
suzerainty, Roger

16. Konrad Miller, Mappae arabicae: Arabische Welt- und Linder-
karten des 9.-13. Jabrbunderts, 6 vols. (Stuttgart, 1926-31), Band 1,
Heft 3.

17. This version, cataloged under the title De geographia universali,
was among the first secular Arabic works printed by the Medici Press
(Rome, 1592). Many studies have been based on various parts of this
text.

18. This edition was translated by Gabriel Sionita and Joannes Hes-
ronita (Paris: Typographia Hieronymi Blageart, 1619). In addition, there
are two abridgments of the Nuzhbat al-mushtag by other authors; see
Oman, “al-Idrisi,” 1033 (note 1).

19. Martin Plessner, “The Natural Sciences and Medicine,” in The
Legacy of Islam, 2d ed., ed. Joseph Schacht and Clifford Edmund Bos-
worth (Oxford: Oxford University Press, 1979), 425-60, esp. 455.

20. Géographie d’Edrisi, 2 vols., trans. Pierre Amédée Emilien Probe
Jaubert (Paris: Imprimerie Royale, 1836-40).

21. For a detailed survey of the work done on al-ldrisi up to 1969,
see Giovanni Oman, “Notizie bibliografiche sul geografo arabo al-Idrist
(XII secolo) e sulle sue opere,” Annali dellIstituto Universitario Ori-
entale di Napoli, n.s., 11 (1961): 25-61, and the following addenda to
that article (all in the Annali): n.s., 12 (1962): 193-94; n.s., 16 (1966):
101-3; and n.s., 19 (1969): 45-55.

22. Miller, Mappae arabicae, Band 6 (note 16), reproduces the sec-
tional maps from all of the extant manuscripts except Istanbul, Koprilii
Kiitiiphanesi, MS. 955, and Sofia, Cyril and Methodius National Library,
MS. Or. 3198. Parts of Mappae arabicae have been republished in at
least two other forms: Konrad Miller, Mappae arabicae, 2 vols., Beih-
efte zum Tubinger Atlas des vorderen Orients, Rethe B, Geisteswissen-
schaften, no. 65 {(Wiesbaden: Reichert, 1986); and idem, Weltkarte des
Arabers Idrisi vom Jabhre 1154 (Stuttgart: Brockhaus/Antiquarium,
1981).

23. This was published by the Matba“ al-Misaha, Baghdad, in 1951.
It was based on Miller’s edition of the sectional maps (in Mappae
arabicae) but was compared with the original maps from five illustrated
manuscripts and with other Arabic geographical works.

24. See note 5 above for a full reference to this Arabic edition. This
edition does not contain maps, but the Istituto Universitario Orientale
may publish the maps in the future (correspondence, 1990).

25. In addition to this, al-Idrisi’s preface contains miscellaneous mate-
rial that relates to the cartographic concepts of the day. For instance,
he provides a description of the position of the earth as a stationary
body in the celestial sphere, discusses the circumference of the earth,
and speculates on matters such as the extent of the inhabited world
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wished that he should accurately know the details of
his land and master them with a definite knowledge,
and that he should know the boundaries and routes
both by land or sea and in what climate they were
and what distinguished them as to seas and gulfs [what
was the shape of the coastline] together with a know-
ledge of other lands and regions in all seven climates
whenever the various learned sources agreed upon
them and as was established in surviving notebooks
or by various authors, showing what each climate con-
tained of a specific country.2¢

Roger was especially keen to obtain information about
the other countries of the seven climates. This would be
derived from the opinions of scholars and from geo-
graphical writings. Although numerous works on the sub-
ject were studied in compliance with Roger’s objective,
“he did not find a clearly formulated commentary, but
only considerable disagreement.”?” Roger then had dis-
cussions with scholars, and they revealed that their know-
ledge was not much better than that recorded in the
books, so people who were well informed about his
empire and had traveled far and wide in it were brought
to his court.

They studied together, but he did not find much extra
knowledge from [other scholars] over what he found
in the aforementioned works, and when he had con-
vened with them on this subject he sent out into all
his lands and ordered yet other scholars who may have
been traveling around to come and asked them their
opinions both singly and collectively. But there was
no agreement among them. However, where they
agreed he accepted the information, but where they
differed, he rejected it.28

This process, according to al-Idrisi, continued for about
fifteen years. New facts were uncovered and critical dis-
cussions were held about the authenticity of the infor-
mation.?®

The next phase involved collating this material by pre-
paring a lawh al-tarsim, “drawing board,” and entering
the relevant data on it.

He wished to make sure of the accuracy of what these
people had agreed upon both of longitudes and lati-
tudes [and in measurements between places]. So he
had brought to him a drawing board [laub al-tarsim]
and had traced on it with iron instruments item by
item what had been mentioned in the aforementioned
books, together with the more authentic of the deci-
sions of the scholars.

All this he examined closely until he was convinced
that the information was correct.3

The cartographic climax of all this work was to be a
map in permanent form engraved on precious metal. It
was ordered that

a disk {d@’ira] should be produced in pure silver of a
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large extent and of 400 Roman ratls in weight, each
ratl of 112 dirhams and when it was ready he had
engraved on it a map of the seven climates and their
lands and regions, their shorelines and hinterlands,
gulfs and seas, watercourses and places of rivers, their
inhabited and uninhabited parts, what [distances] were
between each locality there, either along frequented
roads or in determined miles or authenticated mea-
surements and known harbors according to the ver-
sion appearing on the drawing board, not differing
from it at all and thus following what had been
decided there without any variation.3!

From the description above, it is obvious that Roger
was keen to have an authentic, durable, and up-to-date
world map prepared. Ptolemy’s al-Jughrafiya, used by al-
Idrisi (al-1drisi calls it S#rat al-ard), must have been con-
sidered out-of-date.

From this we can see that there were three distinct
stages in constructing the world map. The first was to
collect the data from both the written and oral sources,
to test the veracity of the data, and to sort out the authen-
tic material. The second stage was to collate the material
on the drawing board and simultaneously ascertain lati-
tudes and longitudes with the help of instruments as part
of the compilation process. The third was to engrave
faithfully on asilver disk the image on the drawing board.
Neither the drawing board nor the silver world map is
extant.32 Although there is no positive evidence about
the relation of the silver world map and the drawing-
board map to the sectional maps found in al-Idrisi’s
Nuzhat al-mushtaq, it is likely that the sectional maps
were based on the drawing-board map and the silver
map.3

north and south of the equator, the nature of the Encircling Ocean,
the division of the inhabited quarter into seven climates, and the seven
seas called “gulfs” entering the landmass. His ideas do not reflect much
original thought, nor are they a critical evaluation of the conceptions
of the Greek or the early Islamic geographers and astronomers; for a
critical analysis of his concepts, see Ahmad, India, 5-8 (note 3).

26. Al-1drisi, Opus geographicum, fasc. 1, p. § (note 5).

27. Al-ldrisi, Opus geographicum, fasc. 1, p. 6 (note 5).

28. Al-Idrisi, Opus geographicum, fasc. 1, p. 6 (note 5).

29. Al-Idrisi, Opus geographicum, fasc. 1, p. 6 (note 5).

30. Al-Idrisi, Opus geographicum, fasc. 1, p. 6 (note 5). We know
nothing more about the “drawing board” or the “measuring instru-
ments,” which are reported only in this passage.

31. Al-ldrist, Opus geographicum, fasc. 1, p. 6 (note 5). The usual
weight of a dirham was 2.97 grams (see G. C. Miles, “Dirham,” in
Encyclopaedia of Islam, new ed., 2:319-20), therefore the total weight
was about 134 kilograms.

32. Miller, following others, says the silver disk was destroyed or
disappeared in an A.D. 1160/61 coup d’état, although I know of no
definite evidence for this.

33. Lewicki believes that the “silver planisphere” was a model (Mus-
terentwurf) for the sectional maps; see Tadeusz Lewicki “Marino San-
udos Mappa mundi (1321) und die runde Weltkarte von Idrisi (1154),”
Rocznik Orientalistyczny 38 (1976): 169-98, esp. 177.
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WRITING THE NUZHAT AL-MUSHTAQ

When the silver map had been completed, Roger ordered
a book to be written that would follow the format of
the map. The idea was that

they should produce a book explaining how the form
was arrived at, adding whatever they had missed [in
the map] as to the conditions of the lands and coun-
tries, concerning their inhabitants and their posses-
sions and places and their likenesses, their seas, moun-
tains and measurements, their crops and revenues and
all sorts of buildings, their property and the works
they have produced, their economy and merchandis-
ing, both imports and exports, and all the wonderful
things relating to each and where they were with
regard to the seven climates and also a description of
their peoples with their customs and habits, appear-
ance, clothes, and language. The book would be called
the Nuzhat al-mushtaq fTkhtiraq al-afaq. This was
all completed in the first third of January agreeing with
the month of Shawwil in the year A.H. 548.34

The commentary that al-1drisi wrote in response to this
agenda is one of the most exhaustive medieval works in
the field of physical, descriptive, cultural, and political
geography. It is dominated by the description of towns
and places with their distances and directions. Al-Idrisi
is not consistent, however, in describing distances in the
Nuzhat al-mushtaq. He uses different measures (see table
7.1), apparently because of the different sources he used:
the Arabic and also those current in Sicily at the time.

To describe the world in his book, al-1drisi divided the
seven Greek climates (after Prolemy) into ten sections
longitudinally to suit the size of the book. He informs
us that “when we desired to enter up these place-names
in their climates and their routes and what was relevant
about their inhabitants, we divided the length of each
climate into ten divisions, deciding the divisions by longi-
tude and latitude.”3’

The vast amount of information at the disposal of al-
Idrisi, and the problem of incorporating it into the text,
shows that he must have evolved a system of sifting the
relevant material for each of the sections, as well as a
method of indexing and classification under at least sev-
enty headings. Because the book is not divided by natural
regions or countries, it would have been necessary to
carry over the descriptions of physical features such as
the seas, rivers, lakes, and mountains from one section
to another, either eastward within the same climate or
northward across climate divisions. A proper organiza-
tion of the material was clearly vital 3¢

MAPS IN THE NUZHAT AL-MUSHTAQ

Although six of the manuscripts of the Nuzhat al-mush-
taq listed in appendix 7.1 contain a small circular world

Islamic Cartography

TABLE 7.1 Measures Used by al-1drisi

LAND DISTANCES

1 classical Arabian mil {mile) = 6,474 feet, or 1Vis
geographical miles

1 farsakh = 3 Arabian mils

1 Frank mil = not certain

1 marhalab = 25 to 30 Arabian mils (about one day’s march}

“Long marhalah” = about 40 Arabian mils

Distance stated in terms of number of days’ journey

Distance in terms of an arrow shot = 180-275 meters

10 manzils = 270 Arabian mils?

1 rashashi cubit = 3 palm lengths®

SEA DISTANCES

Majra = a day’s sailing (about 104 Arabian mils)
Mugayyad al-jary = another term for majra
One-half a majra = 52 mils

2 majras = 208 mils

“Small majra” = probably less than a day’s sailing
Al-1drisi also uses mils for sea distances

MEASUREMENT OF GULFS AND BAYS

Al-Idrisi uses two different methods:
Ru’sitya = a distance measured along the sea on a straight
line between the two tips of a bay
Taqwir (from quwwarah, “scoop”) = a distance
measured along the coastline of a bay

sCompare al-1drisi, Opus geographicum; sive, “Liber ad eorum delec-
tationem qui terras peragrare studeant,” issued in nine fascicles by the
Istituto Universitario Orientale di Napoli, Istituto Italiano per il Medio
ed Estremo Oriente (Leiden: E. J. Brill, 19[70]-84), fasc. 2, pp. 141-42.

*Compare al-1drisi, Opus geographicum, fasc. 3, pp. 265, 320.

map, this map is not mentioned in al-ldrisi’s text. The
versions that are extant (figs. 7.1 to 7.5 and plate 11)
depict a circular world surrounded by the Encircling
Ocean (al-mubit). South is placed at the top, a method
followed by the Balkhi school of geographers in their
world maps. The eastern coast of Africa is shown extend-
ing toward the east longitudinally as far as what is now
the Pacific Ocean, so that the Indian Ocean is shown
landlocked on all sides except the east. The southern
quarter of the earth is also covered by terra incognita
connected with southern Africa. This is also a Balkhi
school concept; al-Idrisi was unaware of the proposed
connection of the Indian Ocean with the Atlantic through
channels to the south of the sources of the Nile, a theory

34. Al-ldrisi, Opus geographicum, fasc. 1, pp. 6-7 (note 5).

35. Al-ldrisi, Opus geographicum, fasc. 1, p. 13 (note 5).

36. Yet some mistakes are immediately apparent: e.g., Audaghust and
Zawilah belonging to North Africa are included in India; al-1d«isi, Opus
geographicum, fasc. 1, p. 20, and fasc. 2, pp. 107, 108, 115, 186 {(note
5).



FIG. 7.1. AL-IDRISI'S WORLD MAP FROM THE PARIS
MANUSCRIPT (MS. ARABE 2221). Although damaged, this
copy from A.D. 1300 is the oldest surviving version of al-Idrisi’s
circular world map. The south orientation and prominent repre-
sentation of the source of the Nile are characteristic of earlier
Islamic world maps.

Size of each folio: 26 x 21 cm. By permission of the Biblio-
théque Nationale, Paris (MS. Arabe 2221, fols. 3v-4).

FIG. 7.2. AL-IDRISI'S WORLD MAP FROM THE CAIRO
MANUSCRIPT. Dated 1348, this world map and the one from
Sofia (fig. 7.4) are the only versions without climate boundaries.
Size of the original: not known. By permission of the Dir al-
Kutub, Cairo (Jugrafiya 150), photograph courtesy of Istituto
Universitario Orientale, Naples.

FIG.7.3. AL-IDRISI’S WORLD MAP FROM THE ISTANBUL
MANUSCRIPT (KOPRULU KUTUPHANESI). The manu-
script, dated 1469, was copied by “Ali ibn Hasan al-‘Ajami.
Size of each folio: 26.5 X 17.5. By permission of the Kopriili
Kariphanesi, Istanbul (MS. 955).

FIG. 7.4. AL-IDRISI'S WORLD MAP FROM THE SOFIA
MANUSCRIPT. Copied in Cairo by Muhammad ibn Ali al-
Ajhiri al-Shafi, the manuscript is dated 1556.

Size of each folio: 31 X 21 c¢m. By permission of the Cyril and
Methodius National Library, Sofia (MS. Or. 3198, fols. 4v-5r).
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FIG. 7.5. AL-IDRISI’S WORLD MAP FROM THE OXFORD
GREAVES MANUSCRIPT. This manuscript has been dated to
the late fourteenth century and the late sixteenth century (see
appendix 7.1). The world map, partially destroyed, has straight
climate boundaries, unlike the other extant versions.
Diameter of the original: 33 cm. By permission of the Bodleian
Library, Oxford (MS. Greaves 42, fols. 1v-2r).
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propounded by al-Biriini. Several versions of the map
depict the seven climates as curved lines running east-
west, beginning at the equator and continuing northward
as far as the Scandinavian countries. According to Ptol-
emy, the northern limit of the oikoumene was at 63°N,
whereas al-Idrisi places it a little beyond (north of) 64°N.
The climates in the circular map are not divided into ten
sections longitudinally as in al-Idrisi’s sectional maps. The
sources of the Nile (Mountains of the Moon) and places
like Barbarah, al-Zanj, Sofalah, and al-Waqwaq are
placed south of the equator. The map, though differing
in details when compared with the sectional maps, is
similar in general outline and presentation of physical
data. It seems that this miniature circular world map was
drawn by al-Idrisi following the larger silver map, with
a view to fitting in with the text and the sectional maps
and giving a general view of the oikoumene as he con-
ceived it.

At the end of his preface to the Nuzhat al-mushtaq,
and just before he begins his climate-by-climate treat-
ment, al-Idrisi explains the reasons for preparing the sec-
tional maps and their relation to the book. Al-Idrisi’s
thoughts on this subject, as an early statement of carto-
graphic method and purpose, clearly deserve to be fully
quoted.

FIG. 7.6. INDEX OF THE SECTIONAL MAPS IN THE
NUZHAT AL-MUSHTAQ. This line drawing is a simplification
of Konrad Miller’s composite map showing what the sectional
maps (which are interspersed throughout the text in al-1dris’s
Nuzhat al-mushtaq) would look like if joined together. The
climate numbers are given along the vertical axis, and the ten
longitudinal divisions are given across the top. The consecutive
numbers sometimes used to refer to the sectional maps are

shown in the upper right corner of each section. Note that
these delineations follow most closely the Paris (MS. Arabe
2221) and Oxford (MS. Pococke 372) manuscripts. The exact
depictions of coastlines, islands, and so forth, differ in other
manuscripts.

After Konrad Miller, Mappae arabicae: Arabische Welt- und
Landerkarten des 9.-13. Jahrhunderts, 6 vols. (Stuttgart, 1926-
31), Band 1, Heft 2.
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And we have entered up in each division what
belonged to it of towns, districts, and regions so that
he who looked at it could observe what would nor-
mally be hidden from his eyes or would not normally
reach his understanding or {what he] would not be
able to reach himself because of the impossible nature
of the route and the differing nature of the peoples.
Thus he can correct this information by looking at it.
So the total number of these sectional maps is seventy,
not counting the two extreme limits in two directions,
one being the southern limit of human habitation
caused by the excessive heat and lack of water and
the other the northern limit of human habitation
caused by excessive cold.

Now it is clear that when the observer looks at
these maps and these countries explained, he sees a
true description and pleasing form, but beyond that
he needs to learn descriptions of the provinces [of the
world] and the appearance of their peoples, their dress
and their adornments and the practicable roads and
their mileages and farsangs and all the wonders of their
lands as witnessed by travelers and mentioned by
roaming writers and confirmed by narrators. Thus
after each map we have entered everything we have
thought necessary and suitable in its proper place in
the book, as much as our knowledge and our ability
will allow.3”

From this it is clear that a genuine integration of map
and text was envisaged throughout the work, and that
al-Idrisi fully appreciated the particular value of maps in
communicating geographical information.

Eight of the manuscripts listed in appendix 7.1 contain
sectional maps, although the number extant in each var-
ies. Since the work as a whole was meant primarily to
include physical and descriptive geography, latitudes and
longitudes were omitted from the maps, and latitude and
longitude values are not given in the text, where distances
are used for specific locations. In his sectional maps, how-
ever, al-Idrisi did follow a definite geographical order.
The seventy maps, when arranged in order of climates
and sections, present a broad picture of the world as
conceived by al-Idrisi (fig. 7.6). For the western limit of
the inhabited world, al-Idrisi adopted the prime meridian
of the Fortunate Isles (al-Khalidat), like Ptolemy and
some other Arab cartographers. The extreme eastern
limit was Sila Island (Korea) through which 180° was
supposed to pass. The northern limit was 64°N, but al-
Idrisi did not specify the southern limit.38

Each of the sectional maps depicts the physical features
in different colors. Latitudes and longitudes are not
shown on these maps, and the locations of towns and
other features do not always coincide with the distances
given in the text.3® The maps also vary in other respects
from the written descriptions. A glance at the sectional
maps would immediately give the impression that they
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generally depict Europe, North Africa, the Mediterra-
nean region, and western Asia more accurately than they
do the rest of Africa, Asia, or Southeast Asia. However,
they compare well with the world map of al-Khwarazmi
reconstructed from his tables by modern scholars.#0

The cartographic style varies considerably between
manuscripts, and although these stylistic differences
reflect individual copyists rather than al-Idrisi (none of
the surviving manuscripts were contemporary with al-
Idrisi), it is still interesting to note how the few maps that
survive depict different features. Bodies of water are usu-
ally represented with a pattern of lines or lines and circles.
They range from very rushed and haphazard squiggles,
sometimes incompletely rendered (figs. 7.7 and 7.8), to
carefully, almost elaborately drawn combinations of lines
and dots (fig. 7.9). Rivers are usually simple lines of a
fairly consistent width (figs. 7.10 to 7.13). Towns are re-
presented as small circles, some plain and others more
elaborate rosettes in gold (fig. 7.13 and plate 12), and
sometimes as small “towers” (fig. 7.14). Mountains,
although similar in general shape and size, have small
intricacies of pattern, form, and color in each manuscript
(plate 12 above and fig. 7.15).

Very little is known for certain about the chronology
and relationship of the maps in the various manuscripts.
Studies of the Nuzhat al-mushtaq have generally focused
on one particular region and analyzed how al-Idrisi
described and mapped it.#! Scholars have tried to estab-
lish the chronology and relationship between the different
recensions of al-ldrisi’s text, but similarly exhaustive
research has yet to be done on the maps.

THE RAWD AL-FARA] WA-NUZHAT AL-MUHA]J

A copy of the Rawd al-faraj wa-nuzhat al-mubaj was
discovered in Istanbul in the twentieth century. There are
at least two manuscripts in Istanbul and a copy in a private
collection (see appendix 7.1). The manuscripts indicate
that the original was written by al-Idrisi and copied in

37. Al-Idrisi, Opus geographicum, fasc. 1, pp. 13-14 (note S).

38. Al-Idrisi, Opus geographicum, fasc. 1, p. 8 (note 5).

39. However, it is believed that to some extent al-Idrisi did use
latitudes in plotting his localities; see Edward S. Kennedy, “Geograph-
ical Latitudes in al-IdrisT’s World Map,” Zeitschrift fir Geschichte der
Arabisch-Islamischen Wissenschaften 3 (1986): 265-68.

40. See Hans von Mtik, ed., Das Kitab sarat al-ard des Aba Ga'far
Mubammad ibn Masa al-Huwarizmi, Bibliothek Arabischer Histori-
ker und Geographen, vol. 3 (Leipzig: Otto Harrassowitz, 1926), and the
world map reconstructed on the basis of this work by S. Razia Ja‘fri,
“A Critical Revision and Interpretation of Kitab suarat al’ard by
Muhammad b. Masa al-Khwarizmi” (thesis, Aligarh Muslim University).

41. For a listing of many of the individual studies devoted to specific
regions, see Oman, “al-Idrisi,” 1033-34 (note 1).

42. See, for example, Roberto Rubinacci, “La data della Geografia
di al-Idrisi,” Studi Magrebini 3 (1970): 73-77, among others.



FIG. 7.7. THE AEGEAN FROM THE LENINGRAD MANU-
SCRIPT. Dated to the beginning of the fourteenth century, this
manuscript was restored sometime before 1882. Crete and the
islands of the Aegean are depicted on the left, and the water
pattern in this section (climate 4, section 4) is typical of many
of the extant al-Idrisi manuscripts.

FIG. 7.8. PART OF THE INDIAN OCEAN AND TAPRO-
BANE FROM THE OXFORD POCOCKE MANUSCRIPT.
Although most manuscripts have some pattern over the bodies
of water, in this section the pattern is only partially drawn in
on the right. The area depicted here is section 8 of climate 1:
the large central island is what is today Sri Lanka, with the
southern tip of India visible at the bottom center.

Size of each folio: 30.5 X 21 cm. By permission of the Bodleian
Library, Oxford (MS. Pococke 375, fols. 33v-34r).

Size of each folio: 25 x 18 cm; size of the map: 19 x 32 cm.
By permission of the M. E. Saltykov-Shchedrin State Public
Library, Leningrad (MS. Ar. N.S. 176).

FIG. 7.9. PART OF THE INDIAN OCEAN AND TAPRO-
BANE FROM THE OXFORD GREAVES MANUSCRIPT.
Although not identical in appearance, this is also section 8 of
climate 1 (fig. 7.8 left). What is today Sri Lanka can be identified
as the island at the center bottom with the mountain symbol
in the middle, but no peninsular tip of India is shown. The
water pattern is elaborately drawn, but in other sections of the
same manuscript, it consists of simple parallel wavy lines rem-
iniscent of figures 7.7 and 7.8 above and left.

Size of each folio: 32 x 24 cm. By permission of the Bodleian
Library, Oxford (MS. Greaves 42, fols. 37v-38r).
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FIGS. 7.10, 7.11, AND 7.12. THE RIVER NILE FROM THE
ISTANBUL AYASOFYA MANUSCRIPT. Section 4 of the first
three climates is shown. Climate 1 (top, fig. 7.10) shows the
source of the Nile in the upper right; climate 2 (middle, fig.
7.11) depicts the course of the Nile; and climate 3 (bottom, fig.
7.12) the Nile delta in the left folio.

Size of each original: 25.6 x 38.6 cm. By permission of the
Saleymaniye Kitdphanesi, Istanbul (Ayasofya 3502).

588,/1192.43 The text consists essentially of itineraries
and distances. There is an additional climate added south
of the equator, and he includes this part of the map in
the first climate. On the small circular climate map (fig.
7.16) this portion is given the name khalf wast al-ard
(behind, or south of, the center of the earth, i.e., the

FIG. 7.13. COURSE OF THE NILE FROM THE CAIRO
MANUSCRIPT. From section 4 of climate 2 (compare fig. 7.11
left), this map shows part of Egypt south of the Nile Delta. The
Nile can be seen on the left leaf, with towns simply designated
by a circle with a cross inside.

Size of the original: not known. By permission of the Dar al-
Kutub, Cairo (Jugrafiya 150), photograph courtesy of Istituto
Universitario Orientale, Naples.

FIG. 7.14. INDIA FROM THE SOFIA MANUSCRIPT. In this
depiction of climate 2, section 8, the top right corner is the
Arabian Sea, the top left corner is the Bay of Bengal, and the
southern tip of India extends off the map (top center). The
symbols for towns are different from those on other extant al-
Idrisi manuscripts.

Size of each folio: 31 x 21 cm. By permission of the Cyril and
Methodius National Library, Sofia (MS. Or. 3198, fols. 73v-
74r).

equator). The introduction to the Rawd al-faraj contains
somewhat more astronomical information than al-1dris’s

43. See the facsimile containing both Istanbul manuscripts at the
Siileymaniye Katiphanesi (Hekimoglu MS. 688 and Hasan Hisnia MS.
1289): al-ldrisi, Entertainment of Hearts (note 15).
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FIG. 7.15. REGION NORTHEAST OF THE BAY OF BEN-
GAL FROM THE PARIS MANUSCRIPT. Although damaged
in the lower section, this depiction of climate 2, section 9, which
is of the region northeast of the Bay of Bengal (visible in the
upper right), does show a few examples of mountains drawn
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FIG. 7.16. CLIMATE DIAGRAM FROM THE RAWD AL-
FARAJ.

Size of the original: not known. By permission of Sileymaniye
Kitiphanesi, Istanbul (Hasan Hisna MS. 1289).
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in similar styles with minor variations in elaboration and dec-
oration.

Size of each folio: 26 x 21 cm. By permission of the Biblio-
théque Nationale, Paris (MS. Arabe 2221, fols. 82v-83).

Nuzhat al-mushtaq, though neither text reveals any
cartographic principles.*4

There are seventy-three sectional maps. These maps
resemble those in the Nuzhat al-mushtaq in general form
and in what they depict, but they are not of equal size;
sometimes there are two sections on one map, they often
overlap, and they do not fit together as well as those of
the Nuzhat al-mushtaq (figs. 7.17 and 7.18). There are
fifteen sectional maps that represent the first climare, ten
sectional maps each for climates two through five, and
nine each for climates six and seven. Except for the first
five maps, the maps have east at the top in the two extant
manuscripts (south orientations and one north orienta-
tion are found in the first five maps).

Since the maps in the Rawd al-faraj are smaller than
those in the Nuzhat al-mushtaq, they predictably show
less information. The maps depict many of the same phys-
ical features, but in a more simplified manner (figs. 7.19
and 7.20). Mountains, cities, rivers, and bodies of water

44, Kramers, “Djughrafiya,” 67-68 (note 15). Miller, Mappae ara-
bicae, Band 1, Heft 3 (note 16), discusses the “Kleine Idrisi,” as he calls
it, and reproduces maps from Hekimoglu MS. 688.
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FIG. 7.17. THE NILE DELTA FROM THE RAWD AL-
FARA]. Section 4 of climate 3 is shown with east at the top
and the Mediterranean on the left (see also fig. 7.18).

Size of the original: 29.3 X 18.4 ¢cm. By permission of Siley-
maniye Katiphanesi, Istanbul (Hekimoglu Ali Paga MS. 688).

are unadorned, without distinguishing patterns or
designs. 4

THE SOURCES FOR AL-IDRISI’S NUZHAT
AL-MUSHTAQ

We know that by working in Roger’s court, al-Idrisi had
access to a wide range of sources, making use of some
aspects of both the Balkhi and Ptolemaic cartographic
traditions. He utilized Ibn Hawgal’s work, which was
rooted in the Balkhi tradition, but this source did not
match al-Idrisi’s objective and described only the mam-
lakat al-Islam (Islamic empire). It left out the rest of the
world, whereas al-Idrisi was required to deal with the
whole of the known world as the Ptolemaic tradition
did. There is little doubt that al-Idrisi also used a number
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FIG. 7.18. THE COURSE OF THE NILE FROM THE RAWD
AL-FARA]. With east at the top, this depiction of section 4,
climate 3, would be geographically adjacent to the map in fig.
7.17, and it is clear that the maps do not match up as precisely
as those of the same regions in the Nuzhat al-mushtaq (com-
pare figs. 7.11 and 7.12, for example).

Size of the original: 29.3 X 18.4 cm. By permission of Suley-
maniye Kiitiiphanesi, Istanbul (Hekimoglu Ali Paga MS. 688).

of non-Arabic sources for his text and maps. Consider-
able information was supplied to him by the European
travelers at Roger’s court, and it is not unlikely that he
also used some maritime information derived from Rog-
er’s navy, especially concerning the coastal regions of
North Africa. Here [ will attempt to fix al-Idrisi’s position
among his predecessors and to establish his indebtedness
to different traditions.

45. It was said in 1930 that except for Konrad Miller and some
passages by Carlo Alfonso Nallino, this manuscript remained virtually
unexplored (al-ldrisi, La Finlande et les autres pays Baltiques Orien-
taux, ed. and trans. Oiva Johannes Tallgren-Tuulio and Aarne Michaél
Tallgren [Helsinki, Societas Orientalis Fennica, 1930], 9-10, 17-18).
This is still largely true, with the exception of the 1984 facsimile (note
15).
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FIG. 7.19. CLIMATE 6, SECTION 9, FROM THE RAWD AL-
FARAJ. Compare figure 7.20 (note that east is at the top in this
figure).

Size of each folio: 29.3 x 18.4 cm. By permission of Siileymaniye
Kitiiphanesi, Istanbul (Hekimoglu Ali Paga MS. 688).

It was mentioned in chapter 4 that Prolemy’s Geo-
graphy had been introduced into Arabic scholarly circles
at least by the time of the caliph al-Ma’miin (198-218/
813-33). The map scholars produced for al-Ma’miin has
been described and also the difficulty of deciding whether
this was based on Ptolemy’s tables or on the Iranian
kishvar system. According to al-Zuhri, whose text is built
up following the kishvar system, his work was based on
al-Ma’miin’s map. Al-Mas‘iidi also referred to this map,
considering it superior to all the other maps he had con-
sulted. It is therefore possible that al-Ma’miin’s map
already represented a synthesis of the Iranian and Prtol-
emaic traditions of cartography long before al-Idrisi
worked.

About the time al-Ma’miin’s map was constructed, al-
Khwarazmi compiled the coordinates of places in tabular
form in his book Kitab sirat al-ard. If he drew a map
apart from that of al-Ma’miin, this map is lost, but the
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tabulated coordinates have survived, and a map has been
reconstructed based on the data given in the book.%
Comparing this twentieth-century reconstruction with
extant maps in Ptolemy’s Geography shows a close
resemblance between them. Thus we can perhaps see
how the Muslims of that time may have perceived the
Ptolemaic world through the eyes of al-Khwarazmi.

It has been shown that several translations of Ptolemy
into Arabic were made at this time, particularly that of
Thabit ibn Qurrah,*” and references to Prolemy appear
in Islamic geographical works. Another table of latitudes
and longitudes was also compiled by Suhrab (fl. 340,/950)
in his book “Aja@’ib al-aqalim al-sab‘ah (Book of the won-
ders of the seven climates). Besides giving longitudes and
latitudes broadly similar to those of al-Khwarazmi, albeit
with some differences, this text gives instructions on con-
structing a map from the listed coordinates. Finally, it is
possible that the world map of Ibn Yiinus and al-Muhal-
labi was ultimately based on Prolemy,* so we find that
by the twelfth century when al-Idrisi drew his world and
sectional maps, a rich tradition of using Ptolemaic mate-
rial already prevailed in the western parts of the Islamic
world.

Al-Idrisi tells us that he used the Sirat al-ard (Map of
the earth), called al-Jughrafiya by Ptolemy, as the basis
of his description of the earth.*® It had been used by a
number of Islamic geographers and cartographers. Some
idea of the original source can be gathered from Kitab
strat al-ard of al-Khwarazmi and the world map men-
tioned above. We are therefore faced with the question,
Which of the Arabic versions of Ptolemy’s work did al-
Idrisi use? Al-Idrisi refers to Prolemy and his work several
times in the Nuzhat al-mushtaq, but none of these allu-
sions provide us with any clue which Arabic version of
Prolemy he used.’¢ It should be emphasized, however,
that his source was different from the Geography of Ptol-
emy and his maps as we know them today.

There are, for instance, variations between the Geo-
graphy and al-Idrisi’s maps owing to different calculations

46. Von Miik’s edition, Das Kitab sarat al-ard, and Razia Ja'fri,
“Critical Revision” (note 40).

47. See appendix 1.1 above, pp. 10-11. According to Aba al-Fida’
Isma‘il ibn “Ali, Kitab rasm al-rub al-ma‘mur (Book of the picture of
the inhabited quarter) was translated into Arabic for the caliph al-
Ma’miin. It was rendered into Arabic from Greek. Then, according to
the Fibrist of Muhammad ibn Ishaq Ibn al-Nadim, Kitab jughrafiya fi
al-ma‘mir wa-sifat al-ard, in eight chapters, was translated for the
philosopher Aba Yasuf Ya‘qab ibn Ishaq al-Kindi (d. 260/847), but it
was a poor translation; then, Abi al-Hasan Thabir ibn Qurrah al-Har-
rani (d. 288/901) rendered an excellent translation of it into Arabic. A
Syriac version was also available.

48. See above, p. 96.

49. Al-Idrisi, Opus geographicum, fasc. 1, p. 7 (note 5).

50. Al-Idrisi, Opus geographicum, fasc. 1, pp. 7, 17, 43; fasc. 2, p.
103; and fasc. 3, p. 221 (note 5).
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FIG. 7.20. CLIMATE 6, SECTION 9, FROM THE NUZHAT
AL-MUSHTAQ. This is the same region as figure 7.19 (note
that south is at the top in this figure).

of the climates and the arbitrary division of the climates
al-Idrisi adopted. Thus in Ptolemy the east coast of Africa
turns eastward at 15°S, 80°E; in al-Khwirazmi it turns
at approximately 14°S, 72°E; and in al-Idrisi it turns at
4°N. Or again, al-Idrisi gives two different figures for the
junction of the Indian Ocean with the Pacific in the east:
on the map it takes place between 1°S and 4°N, whereas
in the text he mentions the origins of the Indian Ocean
(in the east) at 13°S; in al-Khwarazmi it takes place at
14°30'S, 164°E. Such differences are inconclusive. It is
almost impossible at the present stage of research to iden-
tify the Arabic version of Ptolemy’s work used as a source
by al-1drisi. A more thorough analysis and a comparative
study of Arabic works on mathematical geography need
to be done before we can arrive at a definite conclusion.

Besides Ptolemy, al-ldrisi mentions a number of
sources in the preface to the Nuzhat al-mushtaq’' In
addition, he names a few other authors in other parts of
the work,*? but again a thorough analysis of these needs
to be undertaken. Generally speaking, for Europe and
the Mediterranean region, al-Idrisi depended on the
accounts and reports of the travelers and merchants that
were available in Sicily. But for Asia and Africa he
depended largely upon the written Arabic sources,

Size of each folio: 30.5 x 21 cm. By permission of the Bodleian
Library, Oxford (MS. Pococke 375, fols. 304v-305r).

51. The written sources that al-Idrisi mentions in his preface are:
Kitab al-‘aja’ib; al-Jayhani; Ibn Khurradadhbih; al-“Udhri; Ibn Hawqal;
Khanikh ibn Khagan al-Kimaki; Masa ibn Qasim al-Qurds; al-Ya‘qibi;
Ishaq ibn al-Husayn; Qudamah ibn Ja‘far al-Baghdadi; and Ursiyds al-
Antaki (Paulus Orosius). See al-Idrisi, Opus geographicum, preface, fasc.
1, pp. 5-6 (note 5).

Al-Idrisi attributes the Kitab al-“aja@’ib to two different authors (see
Opus geographicum, fasc. 1, pp. 5 and 43); for more information see
Ahmad, India, 15-17 (note 3). Aba “Abdallah Muhammad ibn Ahmad
al-Jayhani was the author of Kitab al-masalik wa-al-mamalik (written
ca. 310/922), which is not extant. On Aba al-Qasim ‘Ubayd Allah ibn
‘Abdallah ibn Khurradadhbih (d. ca. 300/911), author of Kitab al-
masalik wa-al-mamalik, see chapter 4 above. Ahmad ibn “‘Umar al-
‘Udhri (393-478/1003-85) wrote Nizam al-marjan fi al-masalik wa-
al-mamalik (not extant) and Tarsi® al-akbbar wa-tanwi® al-athar wa-
al-bustan fi ghard’ib al-buldan wa-al-masalik ila jami* al-mamalik (ed.
‘Abd al-‘Aziz al-Ahwini [Madrid, 1965]). On Aba al-Qasim Muhammad
ibn Hawaqal (d. ca. 367/977), see chapter 5 above. Khanakh ibn Khagan
al-Kimaki and Masa ibn Qasim al-Qurdi cannot be identified. On
Ahmad ibn Abi Ya‘qab al-Ya“qubi (d. 284,/897), see chapter 4 above.
Ishaq ibn al-Husayn (eleventh century) was the author of Akam al-
marjan, which is not extant. Qudamah ibn Ja‘far al-Baghdadi (d.
between 310-37/962-48) was the author of Kitab al-kharaj; see
excerpts in Kitab al-Kharadj, ed. Michael Jan de Goeje, Bibliotheca
Geographorum Arabicorum, vol. 6 (Leiden: E. ]. Brill, 1889; reprinted
1967). Paulus Orosius dates from the first part of the fifth century A.D.

52. See, for example, al-Idrisi, Opus geographicum, fasc. 1, pp. 50~
52, 66, 75-76, 93; fasc. p. 4, 419; and fasc. 6, p. 721 (note 5).
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namely the geographical works and the travel accounts
of merchants and explorers, as well as incorporating his
own experiences. For certain parts of Asia, such as Cey-
lon, India, and northern Asia, he also used Ptolemy, but
mainly for physical features.

THE INFLUENCE OF AL-IDRISI’S WORK ON
LATER AUTHORS

We can trace the influence of al-Idrisi’s text, and to a
lesser extent his maps, in a number of later authors. There
is strong evidence for the influence of al-Idrisi upon ‘Ali
ibn Miisa ibn Sa‘id al-Maghribi (d. 685/1286). Ibn Sa‘id’s
text, Kitab bast al-ard fi taliha wa-al-‘ard (Exposition
of the earth in length and breadth), is based on the text
of al-Idrisi, with the climates divided into longitudinal
sections, and this format was transmitted through Ibn
Sa‘id to later Middle Eastern authors. In addition to al-
Idrisi, Ibn Sa‘id used the work of al-Khwarazmi, Ibn Fati-
mah (twelfth century A.D., which is not extant), and the
Arabic versions of Ptolemy to complete his manuscript.
Ibn Sa‘id describes the works of all three authors as a
“map of the earth” (al-jughrafiya), and although Ibn
Sa‘id’s work contains no maps, it does give latitude and
longitude values similar to those of al-Khwarazmi.
Another clear case of al-Idrisi’s influence is on the Arab
historian Ibn Khaldiin (d. 808 /1406). This author evi-
dently had great regard for al-Idrisi in the fields of geo-
graphy and cartography and used al-Idrisi’s book as the
source for the geographic section of his world history,
Kitab al-‘ibar. Speaking of the seas and the rivers, he
says: “Prolemy has described all this in his book, and al-
Sharif in the Book of Roger. In al-Jughrafiya they
depicted all the mountains and the seas and valleys found
in the inhabited world.”*3 Ibn Khaldiin then drew for his
historical work, a “sirat al-jughrafiya {map of the world]
on the pattern of the map drawn by the author of the
Book of Roger.”’* The map is extant in at least three
manuscripts of Kitab al-ibar,*s and its similarities to al-
Idrist’s small circular world map, are evident (fig. 7.21).
Another historian who used the work of al-1drisi was
Hafiz-i Abra (d. 833/1430).56 One of the most important
historians of the Timurid period, Hafiz-i Abra wrote
copiously on world geography in his Ta’7ikh and quoted
al-Idrisi several times on general geography. He does not,
however, follow al-Idrisi in his maps. In the sectional
maps accompanying his history, he followed the Balkhi
school, and in the world map (as in his delineation of
the climates) he seems to represent the latest knowledge
on world geography, which is totally different from al-
Idrisi’s concept of the known world. The first climate
begins at 12°40'N and the seventh climate ends at
50°20'N, but the inhabitable zone goes up to over 66°N.
In his map there is no trace of the eastward extension of
Africa, which indicates al-Birini’s influence on him.5?

Islamic Cartography

In addition to the examples above, a continuous influ-
ence of al-Idrist can be noted in many other authors who
mention using his work in one form or another.’® By the
sixteenth century, al-Idrisi’s work was perpetuated largely
by the members of the al-Sharafi al-Sifagsi family of Tun-
isia. All of them were born in Sfax, and most of them
lived there or in El Qayrawin (Tunisia), or occasionally
in Cairo. The family took to teaching mathematics and
astronomy.’? At this time al-Idrisi’s works were preserved
in Tunisia, which would explain why the al-Sharafi al-
Sifagsi family was able to use them in compiling their
own maps. The surviving maps from this family pertain
mainly to the Mediterranean and Black Sea areas, for
which al-Idrist’s maps were likely the only Islamic maps
of reasonable detail available to the mapmakers, but there
are also some world maps.

Four examples of world maps produced by the family
between 1551 and 1601 have survived and all are partly
based on al-Idrisi. The first two are found in manuscript
atlases dating from 1551 and 1572 and are loosely copied
from al-Idrisi’s small circular world map. The second
two, dated 1579 and 1601, are planispheres that use al-
Idrisi as a source for the eastern half but employ Catalan
sources in the western part of the map (maps by this
family are illustrated below, figs. 14.21 to 14.25 and plate
24). The work of the al-Sharafi al-Sifagsi family is curi-
ously isolated. The maps reveal no influence either of
contemporary western European cartography or of the

53. Ibn Khaldon, 1:81 (author’s translation); lbn Khaldin, The
Mugqaddimah: An Introduction to History, 3 vols., trans. Franz Rosen-
thal (New York: Bollingen Foundation, 1958), esp. 1:103.

54. Ibn Khaldan, 1:87 (author’s translation); Ibn Khaldiin, Mugad-
dimabh, ed. Rosenthal, 1:109 ff. and the color reproduction opposite
the title page (note 53).

55. See Rosenthal’s edition of the Mugaddimah, 109 n. 43 (note 53),
and Ignatiy lulianovich Krachkovskiy, Izbrannye sochineniya, vol. 4,
Arabskaya geograficheskaya literatura (Moscow, 1957), translated into
Arabic by Salah al-Din ‘Uthman Hashim, Ta’rikh al-adab al-jughrafi
al-‘Arabi, 2 vols. {Cairo, 1963-65), 1:443.

56. ‘Abdallah ibn Lutf Allah al-Bihdadini, known as Hafiz-i Abra.

57. Ta’rikh-i Hafiz-i Abrii, Persian text edited by S. Magbul Ahmad
(unpublished). The world map by Hafiz-i Abra is illustrated above, fig.
6.12.

58. Abid al-Fida’, who wrote Taqwin al-buldan, used both the
Nuzhat al-mushtaq and the Rawd al-faraj wa-nuzhat al-mubaj. See
Géographie d’Aboulféda: Texte arabe, ed. and trans. Joseph Toussaint
Reinaud and William MacGuckin de Slane (Paris: Imprimerie Royale,
1840}, and the French translation, Géographie d’Aboulféda (note 12).
Other scholars include Sarim al-Din lbrahim ibn Muhammad, Ibn
Dugmagq (d. 809/1407?), Sir3j al-Din Aba Hafs ‘Umar ibn al-Wardi (d.
861,/1457), “Abdallah Muhammad ibn ‘Abd al-Mun‘im al-Himyari (d.
900/1494), Muhammad ibn Ahmad ibn lyas (852-930/1448-1524),
Leo Africanus or al-Hasan ibn Mubhammad al-Wazzan al-Zayyati (d.
ca. A.D. 1552), and Mustafa ibn ‘Abdallah Hajji Khalifah (Katib Celebi;
d. 1067/1657). For more on these authors, see Krachkovskiy, trans.
Salah al-Din, Ta’rikh, 2:471-72, 2:500-504, 1:447-50, 2:490-93, 1:453,
2:618-36, respectively (note 55).

59. Krachkovskiy, trans. Salah al-Din, Ta’rikh, 1:455-56 (note 5S5).
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FIG. 7.21. WORLD MAP FROM IBN KHALDUN’S KITAB
AL-IBAR. The map, which is nearly identical to the world map
from the Oxford Pococke manuscript (plate 11), is found in
only a few Ibn Khaldiin manuscripts. In the manuscripts that

Kitab-i bahriye of Piri Re’is. The latter would have pro-
vided the best representations of their native Tunisia but
would not have been circulating in Tunisia at this time.50

The last trace of al-Idrisi in the Islamic tradition is
found in the world map of Aba al-Qasim ibn Ahmad ibn
‘Ali al-Zayyani (1147-1249/1734-1833), a historian of
the Maghreb. In an account of his journeys titled al-
Tarjumanat al-kubra fi akhbar al-ma‘mir barran wa-
bahran (The great translator of news from the [inhabited]
world, by land and sea), he drew a sketch map of the
world following the sectional maps of al-ldrisi (fig.
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do contain the map, such as this one copied in 804/1401-2,
Ibn Khaldan’s text contains a lengthy description of it.

Size of the original: not known. By permission of the Siley-
maniye Kitiiphanesi, Istanbul (Atuf Efendi 1936).

7.22).6! The map has a grid of seventy squares, each cor-
responding to one of al-Idrist’s sectional maps, and
obviously derives from an al-Idrisi manuscript. Al-
Zayyani is the only Muslim author I know of who com-
bined the sectional maps in this way, but by this time the

60. The maps and atlases made by the al-Sharafi al-Sifaqsi family are
discussed in detail below, pp. 284-87.

61. Krachkovskiy, trans. Salah al-Din, Ta’rikh, 1:770-71 (note 55).
See also Evariste Lévi-Provengal, Les historiens des Chorfa: Essai sur
la littérature historique et biographique au Maroc du XVI< au XX¢
siécle (Paris: Emile Larose, 1922), fig. 3.
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FIG. 7.22. AL-ZAYYANI'S SKETCH MAP BASED ON AL-
IDRISI'S SECTIONAL MAPS. Found in al-Zayyant’s al-Tar-
jumanat al-kubra written in 1233 /1818.

Size of the original: not known. From Evariste Lévi-Provencal,

Prolemaic tradition had long given way in his own coun-
try to the newer techniques of cartography employed in
European maps.

Finally, there is the question of the influence of al-
Idrisi’s maps, if any, on Renaissance European carto-
graphy. In 1592, as [ mentioned, an Arabic abridgment
of al-Idrisi’s Nuzhat al-mushtaq was published in Rome.
This was perhaps the only geographical work of its type
that became current in Europe at the time. An engraved
map by Petrus Bertius (1565-1629), apparently influenced
by this 1592 edition, incorporates all of al-Idrisi’s sec-
tional maps into one map.6? Miller has suggested that al-
Idrisi’s cartography influenced the map of Marino Sanudo
(prepared by Pietro Vesconte, 1318-20) and also the
Catalan maps, but this is dismissed as unlikely by Krach-

Islamic Cartography

Les historiens des Chorfa: Essai sur la littérature historique et
biographique au Maroc du XVI¢ au XXe¢ siécle (Paris: Emile
Larose, 1922), fig. 3. Attempts to locate a manuscript of this
work have proved fruitless.

kovskiy.? If there was any influence of al-Idrisi in western
Europe, it was only indirect.

62. Chicago, Newberry Library, Nova orbis tabula, ex fide geographi
nubiensis delineata; M. A. Tolmacheva, “Arab Geography in ‘Nova
Orbis Tabula’ by Bertius,” unpublished paper delivered at the Four-
teenth International Conference on the History of Cartography, Stock-
holm, 1991.

63. Miller, Mappae arabicae, Band 1, Heft 2, p. 51 (note 16), and
Krachkovskiy, trans. Salah al-Din, Ta’rikh, 1:292 (note 55). But, for a
conflicting view, see the article by Lewicki, “Marino Sanudos Mappa
mundi” (note 33), and Fuat Sezgin, The Contribution of the Arabic-
Islamic Geographers to the Formation of the World Map (Frankfurt:
Institut fir Geschichte der Arabisch-Islamischen Wissenschaften, 1987),
33-35. For examples of European cartographers using al-Idrisi, see Ger-
ald R. Tibbetts, Arabia in Early Maps (Cambridge: Oleander Press,
1978), 26-30.



APPENDIX 7.1 MANUSCRIPTS OF THE WORKS OF AL-IDRISI

References
Location and Date? and _—
Catalog Reference Place Maps MA® OG® Additional Comments
NUZHAT AL-MUSHTAQ FI’KHTIRAQ AL-AFAQ
Paris, Bibliothéque 1300 1 world; not well preserved; curved climate P, P 26 x 21 cm; 352 fols.; 24 lines/page; Maghribi
Nationale, MS. Arabe boundaries script; oldest surviving; complete text
2221 (Suppl. MS. Arabe 68 sectional; missing climate 7, sections 1, 10, and
892) half of climate 9
All maps in color; drawn and colored with care:
ocean blue, waves white, mountains dark red
bands, rivers green, cities with “rosettes” of gold
Istanbul, Sileymaniye Beginning No world Co I 25.6 x 19.3 cm (20.2 x 13.8 cm); 326 pages, 23
Kitiphanesi, Ayasofya 14th centuryd 30 sectional (climates 1-3) lines/page; written in Naskh form; text not
3502 (Hagia Sofya 3502; complete
Gugrafiya 705)
Leningrad, M. E. Beginning No world Pe L 25 x 18 cm (map size 19 X 32 across two pages);
Saltykov-Shchedrin State  14th century 36 whole, 2 half sectional maps (most of climates manuscript torn, damaged at beginning and end;
Public Library, MS. Ar. 4-7—missing climate 7, sections 7, 10, half of was restored in the 19th century (before 1882,
N.S. 176 (Saint climate 8, and half of climate 9) noted on sheet 1); binding is light-brown leather,
Petersburg, Cod. Arab. All maps in color (seas in blue, mountains in 19th century (possibly prepared after restoration);
4,1, 64) brown); map size: 19 x 32 cm (each map on two manuscript given to the Public Library in 1897
pages)
London, India Office, Beginning No maps 10 Approx. 25.5 x 20 cm; 118 fols.; 27 lines/page;
Loth 722 (MS. Ar. 617)  14th century appended as supplement to another geographical
work, the Mukhtasar kitab al-buldan of Ibn
Faqih; fols. 109v-18r are the Nuzhat: section 9
of climate 6, all of climate 7 except section 1,
then section 8 of climate 6
Paris, Bibliotheque 1344 (Almeria)  No maps P, A 30 x 21 cm; 238 fols.; 29 lines /page; complete
Nationale, MS. Arabe text (fols. 2 and 3 have been redone); came to
2222 (Suppl. MS. Arabe library in 1741; used by Jaubert for French
893) edition; last fols. (236-38) contain chapter of al-
Birini, T@'rikh al-Hind
Cairo, Dar al-Kutub, 1348 1 world; no climate boundaries; in middle of Ca C

Jugrafiya 150 (Egyptian

Library, Gezira 150; Kat.

Vs. 167)

introductory chapter
19 sectional (all of climate 1, and 9 sections of
climate 2)

aThere is great discrepancy in the dating of some of the
manuscripts. The dates in this column follow those given in
al-1drisi, Opus geographicum; sive, “Liber ad eorum delec-
tationem qui terras peragrare studeant,” issued in nine fas-
cicles by the Istituto Universitario Orientale di Napoli, Isti-
tuto Italiano per il Medio ed Estremo Oriente (Leiden: E. J.
Brill, 19[70]-84); discrepancies are noted in footnotes where
they are known.

This column gives the manuscript designation in Konrad

Miller, Mappae arabicae: Arabische Welt- und Linderkarten
des 9.-13. Jahrbunderts, 6 vols. (Stuttgart, 1926-31).

“This column gives the manuscript designation in al-Idrisi,
Opus geographicum (note a).

9The Suleymaniye Kiitiiphanesi dates the manuscript 924/
1518 (correspondence, 1990).

¢Rubinacci states that Istanbul, Ayasofya 3502, and Len-
ingrad MS. Ar. N.S. 176 were probably part of the same
manuscript and were almost contemporary with Paris, Bib-

liothéque Nationale, MS. Arabe 2221. Ayasofya 3502 and
MS. Ar. N.S. 176 were together in Egypt in 1456, where they
served as a model for Oxford, Bodleian Library, MS.
Pococke 375, but their paths diverged, probably not before
1518; see Roberto Rubinacci, ““Il codice Leningradense della
geografia di al-Idrisi,” Annali dellIstituto Orientale di
Napoli 33 (1973): 551-60.



APPENDIX 7.1—continued

References

Location and Date® and -
Catalog Reference Place Maps MA® OG* Additional Comments
Istanbul, Koprali 873/1469 1 world map Copied by “Ali ibn Hasan al-‘Ajami; 26.5 x 17.5
Kiatiphanesi, MS. 955 70 sectional mapsf cm (20 x 12.5 cm); 344 fols.; 25 lines /page
(Gugrafiya 702) All maps in color
Oxford, Bodleian 960/1553h 1 world on fols. 3v—4r; well preserved; curved 0O, O Copied by “Alf ibn Hasan al-Hafi al-Qasimi; 30.5
Library, MS. Pococke (Cairo) climate boundaries %X 21 cm; complete text
375 (Uri 887)s 69 sectional (missing climate 7, section 10)

All maps in color: seas and lakes dark blue, usually

with white wavy lines (lakes occasionally green);

rivers blue or green; mountains in pink, brown,

dark green, white, and gray; towns yellow, red, or

pink circles outlined in black, red, or brown
Sofia, Cyril and 1556 (Cairo) 1 world S Copied by Muhammad ibn Al al-Ajhari al-
Methodius National 69 sectional maps Shafi); 31 x 21 cm (23 x 14 cm); 325 fols.; 25
Library, MS. Or. 3198 All maps in color; ink is black, red, and rosy violet lines/page; writing in a clear, legible Naskh and
(MS. Or. 3180) Thuluth; complete text
Oxford, Bodleian Undated, end 1 world on fols. 1v-2r; partially destroyed; straight O, G 32 x 24 cm; 242 fols; 23 lines/page; Maghribi

Library, MS. Greaves 42
(MS. Greaves 3847-42;
Uri 884)

16th century

RAWD AL-FARAJ WA-NUZHAT AL-MUHAJ

Istanbul, Silleymaniye

Kitiphanesi, Hekimoglu

MS. 688 (Ali Paga 688)
Private collection

Istanbul, Silleymaniye
Kutaphanesi, Hasan
Huasna MS. 1289

8th/14th
century
?

Copied 1090/
16792

climate boundaries

30 sectional (climates 1-3)

Color: seas and lakes blue with white wavy lines
{lakes occasionally green); rivers green; mountains
drawn in segments of pink, purple, brown, red,
green, and gray, outlined in black, each segment
containing in white a shape resembling a horizontal
létter S accompanied by groups of white dots;
towns are gold rosettes with red centers

1 climate map
73 sectional maps (climate 1, 15 maps; climates 2-
5, 10 maps each; climates 6-7, 9 maps each)

1 climate map
73 sectional maps (same division as above)k

script; contains part of introduction and climates
1-3

29.3 x 18.4 cm (19.6 x 10.5 cm); 162 fols.; 16
lines /page

122 fols.; 21 lines/page

fRamazan $egen, Cevat Izgi, and Cemil Akpmnar, Catalogue
of Manuscripts in the Képrala Library, 3 vols. (in Ottoman
Turkish) (Istanbul: Research Centre for Islamic History, Art,
and Culture, 1986), 1:485.

€This designation refers to its catalog number and descrip-
tion in Joannes Uri, Bibliothecae Bodleianae codicum man-
uscriptorum orientalium, pt. 1 (Oxford, 1787), no. 887.

hAccording to the Bodleian Library, the manuscript is
clearly dated 960/1553 (correspondence, 1989 and 1995);
Uri, Bibliothecae Bodleianae codicum manuscriptorum ori-
entalium (note g) gives A.H. 906.

iDescribed in Uri, Bibliothecae Bodleianae codicum man-
uscriptorum orientalium, no. 884 {note g).

IThe Bodleian Library dates the manuscript late four-
teenth century (correspondence, 1990).

kA facsimile reproduction of both Istanbul manuscripts is
al-Idrisi, The Entertainment of Hearts and Meadows of
Contemplation/Uns al-mubaj wa-rawd al-furaj, ed. Fuat
Sezgin (Frankfurt: Institut fir Geschichte der Arabisch-
Islamischen Wissenschaften, 1984).



8 + Geodesy

RAYMOND P. MERCIER

INTRODUCTION

Essential to an understanding of the Arabs’ contribution
to mapmaking is their approach to geodesy—the mea-
surement of distances on the curved surface of the earth.!
Such distances can be measured either in linear units, such
as the Arabic mile, or in angular units—longitude and
latitude. To convert from one to the other one must
know the number of miles per degree or, equivalently,
the radius of the earth.

In the Greek classical period, before the general use
of latitude as an angular coordinate, the inhabited area
(the oikoumene) was divided into zones, or climates,
according to the length of the longest day in the central
part of the zone.2 Thus Ptolemy, in his Almagest, takes
seven boundaries in steps of one-half hour, running from
thirteen to sixteen hours. The practice continues in
Islamic mathematical geography.? For example, al-Birani
(362/973 to after 442 /1050), in his al-Qaniin al-Mas‘idi
(The Mas‘adic canon), draws up a table showing the sizes
of the successive climates in Arabic miles and farsakbs.
He defines the boundaries again in terms of regular half-
hour increments in the day length, but starting at 123
hours, the southern boundaries of his seven climates rang-
ing from 12;39 to 47;11 degrees.* The actual measure-
ment of latitude was a relatively straightforward matter
and could be carried out by observing the altitudes of
the stars or the sun. Such methods were well established
in the classical world, and the tradition continued among
Arab scientists.

Determining longitude raised far greater difficulties
than determining latitude. Here as elsewhere, Arabic
methods continued those of classical antiquity. In the
classical world longer distances were taken from trav-
elers’ reports, while shorter distances were fixed by some
device such as a waywiser.’

The first Arab astronomers and geographers began to
estimate longitude from a knowledge of earlier work—
Syriac, Greek, and Indian. Pre-Islamic astronomical tables
were drawn up for a particular reference meridian, such
as Alexandria or Ujjain.¢ In the earliest phase of Arabic
astronomy, handbooks of tables were brought to Bagh-
dad, and it was essential to recalculate them. In the sub-
sequent development of astronomy in the Islamic world,

many centers came to be used as meridians of reference.”
This necessitated knowing the correct difference in longi-
tude and so provided a strong motive for determining
accurate geographical distances and coordinates.

1. The spherical nature of the earth had been recognized long before,
in the classical world; and wherever Greek science went, in particular
in the Islamic culture area, the concept of a spherical earth went also.

2. Ernst Honigmann, in his very important discussion of the history
of Greek and Arabic geographical lists, sets the subject very much in
the traditional context of the division of the earth into climates; see
his Die sieben Klimata und die nokeig émionuor (Heidelberg: Winter,
1929).

3. The precise calculation of the corresponding latitudes depends on
the obliquity of the ecliptic. This parameter was frequently revised in
Arabic astronomy and was always less than Prolemy’s value of 23;51.

4. Abii al-Rayhan Muhammad ibn Ahmad al-Biraini, Kitab al-qanin
al-Mas‘adi ft al-hay’ ab wa-al-nujam, bk. 5, chap. 9; see al-Qananu’l-
Mas‘adi (Canon Masudicus), 3 vols. (Hyderabad: Osmania Oriental
Publications Bureau, 1954-56), 2:542-45, and Ahmad Dallal, “Al-Biriin1
on Climates,” Archives Internationales d’Histoire des Sciences 34
(1984): 3-18. Here and elsewhere, where magnitudes are expressed sexa-
gesimally, the division between the integer and the fraction is marked
by a semicolon. This mode, rather than the decimal fraction, was a
commonplace in Arabic texts and is a direct inheritance of Greek and
Babylonian astronomy. When it is a question of an angle, the first and
second numbers after the semicolon are the usual minutes and seconds.

5. Heron of Alexandria describes a type of waywiser, a device in
which a gear train is driven by rolling a wheel over the ground, the
accumulated distance being indicated by a slowly rotating pointer
(Opera quae supersunt omnia, 5 vols. [Leipzig: Teubner, 1899-1914],
vol. 3, Rationes dimetiendi et commentatio dioptrica, ed. Hermann
Schone, 313). A simpler form is described by Vitruvius and seems to
have been used by the Romans when placing milestones; see Donald R.
Hill, A History of Engineering in Classical and Medieval Times (Lon-
don: Croom Helm, 1984), 122-23.

6. The prime meridian of Indian astronomy passed through Ujjain
(longitude 75;46) in Madhya Pradesh. It came to be referred to as Arin
in Arabic texts. The zij, or astronomical handbook, of al-Khwarazmi
was based on this meridian, in line with its close dependence on the
Brahmasphutasiddhanta; see Raymond P. Mercier, “Astronomical
Tables in the Twelfth Century,” in Adelard of Bath: An English Sci-
entist and Arabist of the Early Twelfth Century, ed. Charles Burnett
{(London: Warburg Institute, 1987), 87-118. On the demonstration that
the Indian observations were actually referred to this meridian, see
Raymond P. Mercier, “The Meridians of Reference of Indian Astro-
nomical Canons,” in History of Oriental Astronomy, Proceedings of
an International Astronomical Union, Colloquium, no. 91, New Delhi,
India, 13-16 November 1985, ed. G. Swarup, A.K. Bag, and K.S.
Shukla (Cambridge: Cambridge University Press, 1987), 97-107.

7. Among these, Baghdad, Damascus, Raqqa, Cairo, Samarkand, Cor-
doba, Ghazna.
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Lists of the geographical coordinates of places are
commonly found in Arabic astronomical handbooks.
These lists of coordinates are discussed thoroughly above
(chap. 4), and recently data from as many as seventy-four
such lists were collected and published.? Adjustments of
latitude and longitude were introduced from time to
time, but as a rule we are not told exactly how this was
accomplished. The geodetic researches of al-Biriini are a
notable exception, as we will see below.

Triangulation, as it is known to the modern surveyor,
appears to have played no part in determining longitudes.
In classical antiquity some form of the properties of sim-
ilar right triangles must have been used when it was
desired, for example, to drive a tunnel through a hill,
and for this purpose an instrument such as the dioptra
of Heron of Alexandria would have been used to deter-
mine angles in the horizontal plane, as Heron himself
explains.® There are no examples, however, where angles
measured in that way were incorporated into a piecemeal
accumulation of triangles resulting eventually in the
determination of the distance between points well out
of sight of each other. When we examine in detail al-
Biriini’s determination of the longitude of Ghazna (mod-
ern Ghazni in eastern Afghanistan), it will be clear that
he applies a trigonometric analysis to a succession of
spherical triangles, but in each case the triangles initially
known are found from latitude determinations and from
distances provided by travelers.

Simultaneous observations of a lunar eclipse in two
places provide in principle a means of determining the
difference of longitude between places. If the two observ-
ers note the eclipse according to their local mean times,
then the time difference between them is established, and
hence the longitude difference is known. But such an
approach proves to have no more than theoretical inter-
est. It would have been necessary to use records of past
eclipses, and in that case to reconstruct the features that
were observed—for example, the time of onset or the
moment of maximum obscuration. There were also dif-
ficulties in fixing the local time with sufficient precision,
or indeed in agreeing on exactly what was meant by local
mean time.!® In determining longitude differences, the
precision attained from the study of travelers’ distances
far exceeded what would have been available from the
study of lunar eclipses. Al-Biriini goes into the method
and its problems in some detail,!* but he makes no prac-
tical use of it, any more than others before him.

The conversion between linear and angular distances
may be expressed either as a ratio—the number of units
per degree of circumference—or as a proportion of the
radius of the earth. The values of both these important
ratios were known from various pre-Islamic sources, but
the principal difficulty in employing this information
arose from ignorance of the earlier units of measurement.

Islamic Cartography

Islamic astronomers knew, for example, of the ratio sev-
enty-five miles per degree of latitude, which in fact is very
accurate when the mile is the Roman mile of 1,480
meters. They also knew from Ptolemy’s Geography of
his measure of 500 stades per degree. They were evidently
confused about such earlier results, principally because
they lacked information about units such as the stade or
the Roman mile. This confusion was clearly the principal
reason early Abbasid astronomers, at the time of the cal-
iph al-Ma’miin (r. 198-218/813-33), undertook to repeat
the basic measurements, measuring off the distance in
terms of units familiar to them, as I shall explain below.
This illustrates the interaction between translation and
scientific observation that is strongly characteristic of
early Islamic scholarship. Each activity assisted the other.
It is important to understand that they were not simply
carrying out an a priori measurement; the measurement
was intended to clarify the received tradition.

Whatever geodetic investigations were carried out at
the time of al-Ma’miin were not universally used, or even
understood, by later scientists and historians. Attempts
to make sense of those investigations have not resulted,
for either medieval or modern scholars, in a clear and
convincing history. As we shall see, even the most author-
itative accounts are schematic and lack convincing cir-
cumstantial details, and they contradict one another.
They show confusion between traditions of pre-Islamic
measurements of the length of a degree and whatever
was determined at the time of al-Ma’miin. Many Arab
scholars continued to use, for example, Ptolemy’s 66%/3
miles per degree,'? plainly unconvinced by the earlier
Arab effort.

We are fortunate to have one example of the use of
the trigonometric conversion of travelers’ distances to
true coordinates, for this is well illustrated by the work

8. Edward S. Kennedy and Mary Helen Kennedy, Geographical Coor-
dinates of Localities from Islamic Sources (Frankfurt: Institut fur Ge-
schichte der Arabisch-Islamischen Wissenschaften, 1987).

9. Heron; see Schone’s edition, Rationes dimentiendi et commentatio
dioptrica, 215 (note 5). The dioptra is similar in concept to the modern
theodolite.

10. Although the local time in nonuniform hours is easier to fix, one
must convert this to mean time for purposes of the longitude difference.
There was not then, as there is now, an agreed definition of local mean
time; Raymond P. Mercier, “Meridians of Reference in Pre-Copernican
Tables,” Vistas in Astronomy 28 (1985): 23-27.

11. Al-Biriini, al-Qanan al-Mas‘adi, bk. 5, chap. 1; see the 1954-56
edition, 2:507 (note 4). '

12. Aba al-Fida’ Ismal ibn ‘Ali, Taqwim al-buldan; see Géographie
d’Aboulféda: Texte arabe, ed. and trans. Joseph Toussaint Reinaud and
William MacGuckin de Slane (Paris: Imprimerie Royale, 1840), and
Géographie d’ Aboulféda: Traduite de Parabe en frangais, 2 vols. in 3
pts. (vol. 1, Introduction générale d la géographie des Orientaux, by
Joseph Toussaint Reinaud; vol. 2, pt. 1, trans. Reinaud; vol. 2, pt. 2,
trans. S. Stanislas Guyard) (Paris: Imprimerie Nationale, 1848-83),
l:ccLxviuff. and vol. 2, pt. 1, 17-18.
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of al-Biriini. We have a number of his works bearing on
geodesy, and in the sections below summary accounts
are given of his attempts to determine the earth’s radius
as well as the difference between the longitude of Ghazna
and that of Baghdad. Ghazna served to define the merid-
ian of reference of al-Birani’s astronomical tables, al-
Qanin al-Mas‘adi. The strengths and weaknesses of his
work are apparent in these efforts.

ARABIC METROLOGY

In early Islamic work, the units in use were the farsakh
(Persian farsang), mile (Arabic mil, following Syriac mil),
cubit (dhira®), and digit (isba®). The farsakh equaled three
Arabic miles, while the mile was 4,000 cubits. As far as
geodetic work was concerned, it has been demonstrated
by Mahmoud Bey that the cubit, of 24 digits, was equal
to the ancient Babylonian cubit of 49.3 centimeters, mak-
ing the mile 1,972 meters, and the farsakh 5,916 meters.13

The cubit used for geodetic measurements, and other
scientific work reported in Arabic, was the “black”
(sawda’) cubit, which we are told was adopted by al-
Ma’miin. At that time another cubit was known to Arabic
scientists, the traditional Egyptian cubit.’* This was used
to calibrate the nilometer at Rawdah (Roda), an island
very near Cairo. Indeed, in the ninth century A.D. the
caliph al-Mutawakkil (r. 232-47/847-61) ordered a ren-
ovation of that nilometer, and among those involved
were the well-known scientists of the time al-Khwarazmi
and al-Farghani.1s

In his investigation of the cubit in early Arabic geodesy,
Mahmoud Bey initially considered the nilometer cubit,
then turned to other cubit measures he found in use in
Egypt, such as the canonical (shaf i) cubit. After some
remarkable and ingenious efforts to determine their met-
ric equivalents, he found that they had an average length
of 49.3 centimeters. That, according to Arabic writers on
geodesy, direct measurements of the length of one degree
gave 562/3 miles convinced Mahmoud Bey that the mile
of 4,000 cubits must have been based on this cubit of
49.3 centimeters, which he had established by other
means, and definitely not on the Egyptian cubit. Based
on this value, the length of the degree is then 111,747
meters, a close approximation to the correct value of
110,959 meters for the latitude of Baghdad.

The cubit of this length had been used in Mesopotamia
for a very long time. It is attested, for example, on each
of the two statues of the Sumerian ruler Gudea, in which
a remarkable measuring scale forms part of the plan of
a building.1® The mile of 4,000 cubits appears to be in
use in the pre-Islamic period,!” and indeed in a cuneiform
text of Nebuchadnezzar II (604-561 B.C.) it is stated that
“for 4000 cubits . . . to the westward of Babylon I con-
structed an enclosing wall,”*8 so we may believe that the
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Arabic mile is an ancient Mesopotamian unit, like the
Arabic cubit itself.

In some classical texts the Roman mile (ca. 1,480
meters) is given as 3,000 cubits, so that evidently the same
cubit was implied: 1,480/3,000 = 0.493 meter. Arabic
writers make references to the Roman mile, but it is not
clear how well they understood its relation to their own.
Cerrainly some assumed that the ancient and Arabic miles
were the same. For example, in the thirteenth century
A.D., Aba al-Fida’ states that the ancient cubit consisted
of 32 digits,'? in contrast to the Arabic cubit of 24 digits,
and so infers that the ancient mile, which he correctly

13. Mahmoud Bey has given the principal arguments underlying these
evaluations; see his “Le systéme métrique actuel d’Egypte: Les nilo-
metres anciens et modernes et les antiques coudées d’Egypte,” Journal
Asiatique, ser. 7, vol. 1 (1873): 67-110. His work was resumed by Carlo
Alfonso Nallino, who gave supplementary arguments leading to the
same results in “Il valore metrico del grado di meridiano secondo i
geografi arabi,” Cosmos 11 (1892-93): 20-27, 50-63, 105-21; repub-
lished in Raccolta di scritti editi e inediti, 6 vols., ed. Maria Nallino
(Rome: Istituto per I'Oriente, 1939-48), 5:408-57. Both Mahmoud Bey
and Nallino were very much concerned with the geodetic context.
Henry Sauvaire collected a mass of data from Arabic sources, related
to matters other than geodesy, which he presented without much effort
at critical evaluation in his “Matériaux pour servir a I’histoire de la
numismatique et de la métrologie Musulmanes, quatrieme et derniére
partie: Mesures de longueur et de superficie,” Journal Asiatique, 8th
ser., 8 (1886): 479-536. Many of Sauvaire’s reports gave the ratio of
one unit to another, or the difference between two similar units, as so
many digits. The survey by Walther Hinz, Islamische Masse und Ge-
wichte: Umgerechnet ins metrische System, Handbuch der Orientalistik,
ed. B. Spuler, suppl. vol. 1, no. 1 (Leiden: E. J. Brill, 1955), depended
on such relations quoted from Sauvaire, and the units were given an
absolute value by the assumption that the “black™ cubit was equal to
that of the nilometer at Rawdah, which is incorrect.

14. The Egyptian units are relatively well documented and are sum-
marized by Wolfgang Helck, “Masse und Gewichte,” in Lexikon der
Agyptologie, ed. Wolfgang Helck and Eberhard Otto (Wiesbaden: Otto
Harassowitz, 1975-), 3:1199-1209. The cubit, known to be 52.5 cen-
timeters in the New Kingdom, appears to have been somewhat longer
in the Ptolemaic period, when the cubit on the Ptolemaic nilometer
was 53 centimeters.

15. K. A. C. Creswell, Early Muslim Architecture: Umayyads, Early
‘Abbasids and Tualanids, 1st ed., 2 pts., (Oxford: Clarendon Press,
1932-40), pt. 2, 296-302.

16. Frangois Thureau-Dangin, “L’u, le qa et la mine: Leur mesure et
leur rapport,” Journal Asiatique, 10th ser., 13 (1909): 79-110; for an
illustration of one of the statues, see A. R. Millard, “Cartography in
the Ancient Near East,” in The History of Cartography, ed. ]. B. Harley
and David Woodward (Chicago: University of Chicago Press, 1987-),
1:107-16, esp. figs. 6.2 and 6.3.

17. Theodor Mommsen, “Syrisches Provinzialmass und rémischer
Reichskataster,” Hermes 3 (1869): 429-38, drew attention to a Syriac
text of A.D. 501 in which routes were measured in terms of a mile of
4,000 cubits.

18. Stephen Herbert Langdon, Building Inscriptions of the Neo-
Babylonian Empire: Part 1, Nabopolassar and Nebuchadnezzar (Paris:
Ernest Leroux, 1905), 65, 133, and 167.

19. Abi al-Fid®’, Taqwim al-buldan; see Géographie d’Aboulféda,
Arabic text, 15; translation, vol. 2, pt. 1, 18 (note 12).
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says has 3,000 cubits, is of the same length as the Arabic
mile of 4,000 24-digit cubits, and this leads him to a
wrong interpretation of the Ptolemaic length of the
degree, 66%/3 miles.

MEASUREMENTS OF THE LENGTH
OF A DEGREE

In converting from linear distances on the earth’s surface
to angular measurement, the equivalence of one degree
to 56%/3 miles was used by many Arab scientific writers.
Other values, however, were commonly found, namely,
662/3 miles and 75 miles per degree. The ratio 66%/3 miles
presumably arises from Ptolemy’s assumption of 500
stades per degree, assuming 7Y/2 stades to the mile.

The ratio 75 miles per degree is attributed to al-Khwir-
azmi by Ibn al-Faqth (fl. 290/903), and he is followed by
Yaqut (575-626/1179-1229) in his geographical
dictionary?0 and quoted by many other Arabic writers.2!
This is indeed a most accurate value if the mile is taken
as Roman (1,480 m), for then 75 miles = 111,000 meters,
while the true value at a latitude of 36° is 110,959 meters.
It presumably reflects estimates and measurements made
in the late Roman Empire. Certainly the figure of 75 miles
does not originate with al-Khwiarazmi but was presum-
ably taken from Syriac sources, as indeed was much else
in al-Khwarazmi’s geography.22 When converted to Ara-
bic miles, the ratio of 75 is replaced by 56Va.

One of the earliest texts reporting the ratio 56%3 is that
of al-Farghani: “We find in this way that to one celestial
degree corresponds on the earth’s surface 56%/3 miles, of
which each contains 4,000 cubits, called black [al-
sawda@’]. So it was determined in the time of al-Ma’miin
of glorious memory, by a number of scholars brought
together for this measurement.”23

The ratio 56%/3 miles was apparently based on direct
geodetic surveys first carried out early in the ninth century
by teams appointed by al-Ma’miin, although none of the
accounts of that activity gave precisely that figure. There
are various extant reports of this activity, and we may
quote directly from Habash al-Hasib (fl. 240/850), from
al-Biriini, who quotes him, and from Ibn Yinus (d. 399/
1009), who owes his account to those of both Sind ibn
‘All and Habash al-Hasib.

In his Kitab tabdid nibayat al-amakin li-tashih mas-
afat al-masakin (The determination of the coordinates
of positions for the correction of distances between
cities), al-Birani quotes at length from the account of
Habash al-Hasib, according to which al-Ma’miin directed
certain astronomers to a place in the desert of Sinjar
nineteen farsakhs from Mosul and forty-three from
Samarra, from which point two parties set out to the
north and south, respectively, each determining that fifty-
six miles were equivalent to one degree.?*

Islamic Cartography

A portion of Habash al-Hasib’s work Kitab al-ajram
wa-al-ab‘ad (Book of bodies and distances) is extant, and
a translation has recently been published.?S It confirms
al-Birini’s quotation in all its essentials. The passage is
as follows:

The Commander of the Faithful al-Ma’man desired
to know the size of the earth. He inquired into this
and found that Ptolemy mentioned in one of his books
that the circumference of the earth is so and so many
thousands of stades. He asked the commentators
about the meaning of “stade,” and they differed about

20. Shihab al-Din Aba ‘Abdallah Yaqit ibn ‘Abdallah al-Hamawi al-
Rami al-Baghdadi, Mu‘jam al-buldan; see Jacut’s geographisches Wor-
terbuch, 6 vols., ed. Ferdinand Wiistenfeld (Leipzig: F. A. Brockhaus,
1866-73), 1:16. As Jwaideh remarks (The Introductory Chapters of
Yagat's “MuSam al-buldan,” ed. and trans. Wadie Jwaideh {Leiden:
E. J. Brill, 1959; reprinted, 1987], 24 n. 2), Yaqut derives this from
Ahmad ibn Muhammad ibn al-Fagih al-Hamadhani: Kitab al-buldan;
see Compendium libri kitdb al-bolddn, ed. Michael Jan de Goeje, Bib-
liotheca Geographicorum Arabicorum, vol. 5 (Leiden: E. J. Brill, 1885;
reprinted 1967), 5.

21. Hans von Miik, “Ptolemaeus und die Karten der arabischen
Geographen,” Mitteilungen der Kaiserlich-K éniglichen Geographischen
Gesellschaft in Wien 58 (1915): 152-76, esp. 171-72; further quotations
by Nallino in “Il valore metrico,” 50-53 (note 13).

22. Hans von Miik has convincingly argued for this Syriac depen-
dence in “Afrika nach der arabischen Bearbeitung der Tewypagua
vefynotg des Claudius Ptolemaeus von Muhammad ibn Miisa al-Hwar-
izmi,” Denkschriften der Kaiserlichen Akademie der Wissenschaften in
Wien: Philosophisch-Historische Klasse 59 (1917), Abhandlung 4, i~
xii, 1-67, although the complications have been further discussed by
Hubert Daunicht, Der Osten nach der Erdkarte al-Huwarizmis: Bei-
trdge zur historischen Geographie und Geschichte Asiens, 4 vols. in §
(Bonn: Selbstverlag der Orientalischen Seminars der Universitat, 1968-
70), 1:203-14. Indeed, Jacob of Edessa (d. A.p. 708) adopts the same
figure for the geographical discussions in his Hexameron (see Etudes
sur PHexameron de Jacques d’Edesse, trans. Arthur Hjelt [Helsinki,
1892], 20).

23. Abu al-‘Abbas Ahmad ibn Muhammad al-Farghani, Elementa
astronomica, arabicé et latiné, ed. and trans. Jacob Golius (Amsterdam,
1669), 30 (Arabic and Latin). The “black” cubit is again referred to by
al-Biriini in the Kitab al-tafhim, “Each mile is a third of a farsakh, or
4,000 cubits, called black in Iraq, each of which equals 24 digits”
(author’s translation); see also Robert Ramsey Wright, ed. and trans.,
The Book of Instruction in the Elements of the Art of Astrology (Lon-
don: Luzac, 1934), 208.

24, Al-Biraini, Tahdid; see The Determination of the Coordinates of
Positions for the Correction of Distances between Cities, trans. Jamil
Ali (Beirut; American University of Beirut, 1967), 178-80. The distances
from Mosul and Samarra fix the town of Sinjar itself on the northern
edge of the desert.

Al-Biriini’s Tahdid is a work in twenty-five chapters giving a spe-
cialized treatment of fundamental geodetic questions such as the deter-
mination of distances on the earth and derivation therefrom of geo-
graphical coordinates. Some of the topics are treated again, more
summarily, in his later al-Qanan al-Mas‘adi (mentioned above). This
is a far larger treatise covering every sort of astronomical theme, includ-
ing geodetic topics, which are given in bk. 5, providing a sciemtific
foundation for the long table of geographical coordinates that follows.

25. Y. Tzvi Langermann, “The Book of Bodies and Distances of
Habash al Hasib,” Centaurus 28 (1985): 108-28.
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the meaning of this. Since he was not told what he
wanted, he directed Khalid ibn ‘Abd al-Malik al-Mar-
warradhi, ‘Ali bin ‘Isa al-Asturlibi [from the cogno-
men evidently an instrument maker], and Ahmad ibn
al-Bukhturi al-Dhari® [al-Dhari‘ means surveyor] with
a group of surveyors and some of the skilled artisans
including carpenters and brassmakers, in order to
maintain the instruments which they needed. He trans-
ported them to a place which he chose in the desert
of Sinjar. Khalid and his party headed for the north
pole of Banat Na‘sh [Ursa Minor}], and ‘Ali and Ahmad
and their party headed to the south pole. They pro-
ceeded until they found that the maximum altitude
of the Sun at noon had increased, and differed from
the noon altitude which they had found at the place
from which they had separated, by the amount of one
degree, after subtracting from it the sun’s declination
along the path of the outward journey, and there put
arrows. Then they returned to the arrows, testing the
measurement a second time, and so found that one
degree of the earth was 56 miles, of which one mile
is 4,000 black cubits. This is the cubit adopted by al-
Ma’min for the measurement of cloths, surveying of
fields, and the distribution of way-stations.

Habash al-Hasib concluded by saying he had heard this
account directly from Khalid.
Another much less detailed account is given by al-

Biriini in his al-Qanian al-Mas‘adi:

Al-Ma’miin son of al-Rashid, wished to verify it [the

amount given by the Greeks], and for this appointed

a commission of scholars, who set out to determine

the amount in the Plain of Sinjar, who found the

degree to be 56%3 miles. Multiplying this by 360 gives

20,400 miles, the length of the circumference.26

Al-Biriini expressed his concern about the discrepancy
between the figures 56 and 56%/3, wondering if it arose
from the two early attempts in Sinjar or from some other
reason.

In his al-Zij al-kabir al-Hakimi (Hakimite tables),
chapter 2, Ibn Yinus writes:

Sind ibn “Ali reports that al-Ma’miin ordered that he
and Khalid ibn ‘Abd al-Malik al-Marwarridhi should
measure a degree of a great circle of the earth’s sur-
face. We left together, he says, for this purpose. He
gave the same order to ‘Alf ibn ‘Isa al-Asturlabi and
‘Al [sic] ibn al-Bukhturi who took themselves to
another direction [or region]. Sind ibn “Ali said, T and
Khalid ibn ‘Abd al-Malik traveled to the area between
Wasa [or Wamia] and Tadmor, and there we deter-
mined a degree of the great circle of the terrestrial
equator, which was 57 miles. ‘Alf ibn “Isa and “Ali [sic]
ibn al-Bukhturi found the same and these two reports
containing the same measure arrived from the two
regions [or directions] at the same time.

Ahmad ibn ‘Abdallih, named Habash, reported in
his treatise on observations made at Damascus by the
authors of the Mumtaban [Verified tables], that al-
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Ma’miin ordered the measurement of a degree of the
terrestrial great circle. He said that for this purpose
they traveled in the desert of Sinjar, until the noon
altitudes between the two measurements in one day
changed by one degree. They then measured the dis-
tance between the two places, which was 561/4 miles,
of each mile was 4,000 cubits, the black cubits
adopted by al-Ma’miin.?”

From these two quotations then, we appear to have

from Ahmad ibn ‘Abdallih, called Habash:

1. A survey along a southward path in Sinjar by ‘Ali
ibn “Isa al-Asturlabi and Ahmad ibn al-Bukhturi al-Dhari:
number of miles not stated.

2. A survey along a northward path in Sinjar by Khalid
ibn ‘Abd al-Malik al-Marwarriidhi: 56, or 561/4 miles (Ibn
Yinus).

And from Sind ibn “Ali:

3. Sind ibn ‘Al and Khalid ibn ‘Abd al-Malik al-Mar-
warriidhi, in the region of Wiasa/Wimia and Tadmor
[ancient Palmyra]: 57 miles.

4. “Ali ibn Tsa al-Asturlabi and Ahmad ibn al-Bukhturi
al-Dhari® in another direction/region: 57 miles.

These two accounts are inconsistent because Khalid is
said in one to have gone to Sinjar and in the other, to
Tadmor and Wisa/Wamia (see fig. 8.1). It is also odd
that Sind ibn ‘Ali is not mentioned by Habash.

This is not the only difficulty. The terrain between
Palmyra and Raqqa is unsuitable for this type of survey,
and Wasa/Wamia is certainly not recognized as an Arabic
place-name.2® Moreover, al-Birani in the Tabdid

26. Al-Birani, al-Qanan al-Mas‘ads, bk. 5, chap. 7; see the 1954-56
edition, 2:529 (note 4).

27. This passage is found in the manuscript in Leiden, MS. Or. 143,
pp- 81-82, and in the manuscript in Paris, Bibliotheque Nationale, MS.
Arabe 2495, fols. 44r-v; only the former has historical value, the latter
being merely copied from it. Tranlations of this passage were given by
J. J. A. Caussin de Perceval, Le livre de la grande table Hakémite (Paris:
Imprimerie de la Républic, 1804), 94-95; and by Nallino, “Il valore
metrico,” 54-55 (note 13). The Leiden manuscript appears to have
“Waisa,” which the copyist of the Paris manuscript read as “Wamia.”

28. Prolemy in his Geography (Claudii Ptolemaei Geographia, 2 vols.
and tabulae, ed. Karl Miiller {Paris: Firmin-Didot, 1883-1901}, 15.14.13)
lists a place named “Bepa,” with the coordinates longitude 71530, lat-
itude 35;30, which is on the same meridian as Palmyra and 1;30 due
north of it. It may have been misread as “oepa,” hence “Wamia.”

Alternatively, it has been conjectured that “Wamia” is a corruption
of “Famia,” that is, Greek “Apamea,” which was the name of a number
of towns, including not only the one near Hims, to the west of Palmyra,
but also that due north of Palmyra, near Zeugma. The former is wrongly
placed to be the correct reference, however, and it seems, moreover,
that the latter Apamea was known as Birejik (Biregik); Kurt Regling,
“Zur historischen Geographie des mesopotamischen Parallelogramms,”
Klio 1 (1901): 443-76, esp. 446.

The extensive studies of this region by travelers and scholars have
revealed nothing to clarify this difficulty. One should also note that a
Roman road, the Via Diocletiana, ran north-east from Palmyra and
then due north to meet the Euphrates at a point just west of Raqqa.
This road is represented by a track, which has been explored in modern
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FIG. 8.1. REFERENCE MAP OF THE REGION OF PAL-
MYRA AND SINJAR. According to the reports, the geodetic
survey at the time of al-Ma’miin was carried out along a line
running south from Sinjar. Here the terrain is very level and

remarks: “It has been transmitted in books that the
ancients found that two towns, Raqqa and Tadmor (Pal-
myra), are on the same meridian, and that the distance
between them is ninety miles.”?® He goes on to express
his own doubts about this matter, suggesting that the
manuscripts are corrupt. This remark may be linked use-
fully to two points. First, according to the coordinates
of al-Khwarazmi’s geographical list, Tadmor and Raqga
lie on the same meridian at the longitude of 66°, and at
latitudes 35° and 36°, respectively, whereas in fact Raqqa
lies 0;48 to the west of Tadmor, and 1;21 ro the north.30
Second, Jacob of Edessa reported that, according to
some, one degree was equivalent to 90 miles.?! From
these considerations it begins to appear that we are deal-
ing not with observations at the time of al-Ma’miin, but
with some pre-Islamic tradition of measurements near
Ragqga and Tadmor, a tradition that is recast in these later
Arabic accounts.

Without discrediting Sind ibn ‘Ali, who was, we under-

suitable for such a survey. The other reported survey was in
the region including Raqqa and Palmyra (ancient Tadmor),
which is generally less suitable.

stand, a creditable observer of the time,32 but regarding
only the report by Ibn Yanus as corrupt, we may appre-

times. Aba al-Qasim ‘Ubayd Allah ibn ‘Abdallah ibn Khurradadhbih,
Kitab al-masalik wa-al-mamalik; see the edition by Michael Jan de
Goeje, Kitdb al-masdlik wa’'l-mamalik (Liber viarum et regnorum),
Bibliotheca Geographorum Arabicorum, vol. 6 (Leiden: E. ]. Brill, 1889;
reprinted 1967), Arabic text, 73, translation, 53; Regling, “Des meso-
potamischen Parallelogramms”; Alois Musil, Palmyrena: A Topograph-
ical Itinerary (New York, 1928); Antoine Poidebard, La trace de Rome
dans le désert de Syrie: Le limes de Trajan a la coquéte arabe,
recherches aériennes (1925-1932) (Paris: P. Geuthner, 1934); and René
Mouterde and Antoine Poidebard, Le “limes” de Chalcis: Organisation
de la steppe en haute Syrie romaine (Paris: P. Geuthner, 1945).

29. Al-Biriini, Tahdid; see Ali’s translation, 176-77 (note 24).

30. Even al-Birani, in al-Qanan al-Mas‘adi (1954-56 edition, 2:567
[note 4]), places them on the same meridian, although with the correct
difference in latitude.

31. Hjelt’s translation, Etudes sur P Hexameron, 20 (note 22).

32. Ibn Yanus, in his Hakimite tables, gives details of important solar
measurements made by Sind ibn ‘Ali (Le livre de la grand table Hak-
émite, 56, 66, 146, 166 [note 27]). Aydin Sayih discusses the observa-
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ciate that pre-Islamic measurements involving Tadmor
had somehow come to be included in the account of the
Sinjar expedition.

Matters may be more secure regarding the survey in
the desert of Sinjar. It would be natural to read this as
describing two traverses, northward and southward from
the same starting point, each giving (approximately) the
same result, as Aba al-Fida’ believed.33 Nevertheless it is
the absence of clear circumstantial details that may give
rise to serious doubts about even this account. For exam-
ple, a competent astronomer would not advance along
the meridian until the altitude had changed by precisely
one degree. He would, of course, advance by any distance
and calculate the ratio between the change in altitude of
the celestial equator and the terrestrial distance. More-
over, the measurements along the two directions, north
and south, are bound to have differed somewhat, but we
are told nothing of this, nor why the generally accepted
figure was 562/3. In any case, the result 561/4 Arabic miles
may be derived from the 75 Roman miles by a simple
conversion of the units.

We have no information about the methods used to
fix the latitude, and no details about the instruments or
the observations. Ibn Yiinus only considers the matter in
a general way and writes as follows, continuing directly
the passage quoted above:

These measurements are not without certain condi-
tions, and it is necessary in fixing the difference of one
degree in the meridian altitude, that the measurements
be always in the plane of this meridian. To attain this,
after having selected for the measurements two level
and open places, it is necessary to lay down the merid-
ian at the place from which the measurement starts,
to take two very fine and faultless cords [habl] of
about fifty cubits each. Run one of them out to its
end exactly along the meridian that was derived; then
put the head of the second on the midpoint of the
first and run it along the first. Continue always in this
way, noting the direction and the altitude in the merid-
ian. Then take the first cord and put its head at the
midpoint of the second, etc. Continue always in this
way, noting the direction, and the altitude in the
meridian that changes between the first place where
the meridian was derived and the second place, until
the change of altitude of the celestial equator in a day
is exactly one degree by two precise instruments in
each of which the minutes are shown, so measuring
what is between the two places. Then the [number of]
cubits is the [number of] cubits of one degree of a
great circle covering the sphere of the earth.

It is possible to maintain the direction by means of
three bodies instead of the two cords, one of them
hiding the others [in line of sight], and extended along
the direction of the meridian; one advances by fixing
the nearest one by sight, then the second, the third,
and so on.3
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Ibn Yiinus here might seem at first to show how much
care was taken with the work, but in fact this is very
much an “armchair” description, quite lacking in the vital
circumstantial details of an actual survey. The proposal
about the cords of fifty cubits stretched from midpoint
to midpoint might therefore not reflect the exact tech-
nique that was used.

Whether the result is 56, 56/4, 56%/3, or 57 miles, the
fact remains that, given the cubit of 0.493 meter, this is
an accurate result, indeed probably too accurate to have
been determined by the methods claimed. For every min-
ute of error in the measurement of the sun’s elevation,
the error would be approximately one mile, and even if
the instruments were calibrated to show minutes of arc,
as Ibn Yiinus said should be the case, the overall error
would be much greater. The measurement of the angle
of elevation of the sun involves many difficulties, not least
because of the large diameter of the disk. Yet it is true
that astronomers of the time had carried out new and
accurate measurements of the obliquity?’ involving sim-
ilar difficulties. Later generations would go to great
lengths to cope with this problem, such as the installation
of the aperture gnomon at Maragheh and Samarkand.3¢
The balance of likelihood here is that these geodetic
expeditions were intended to settle the choice among the
various received values, such as 75 or 66%3, rather than
to confirm the value of 75 miles, converted to Arabic
units.

tiona] work of these astronomers in The Observatory in Islam and Its
Place in the General History of the Observatory (Ankara: Tirk Tarih
Kurumu, 1960; reprinted New York: Amo Press, 1981), chap. 2 (50-
87) passim.

33. He found that one of the two traverses gave 562/3, the other 56:
Abu al-Fida’, Taqwim al-buldan; see Géographie d’ Aboulféda, Arabic
text, 14; translation, vol. 2, pt. 1, p. 17 (note 12).

34. Leiden, MS. Or. 143, p. 82; Paris, Bibliothéque Nationale, MS.
Arabe 2495, fol. 44v; see also Caussin de Perceval, Le livre de la grande
table Hakémite, 95 {note 27); and Nallino, “Il valore metrico,” 55-56
(note 13).

35. The value 23;35 determined at Baghdad was more accurate than,
and differed considerably from, Ptolemy’s 23;51.

36. At the observatories of Maragheh (thirteenth century) and prob-
ably also at Samarkand (fifteenth century), following the pioneering
work of al-Khujandi (below, note 58), use was certainly made of a
technique in which the sun’s light was admitted through a very narrow
aperture in the roof of a darkened chamber, and then fell on a meridian
scale, typically a sextant. This is a camera obscura in which the sun’s
image appears projected onto the scale as a well-defined disk, so per-
mitting very precise measurements of its altitude and so forth; see, for
example, Sayili, Observatory in Islam, 194, 198, 283 (note 32). The
instrument came to be called the Suds (sextant) al-Fakhri. On the con-
tinuation of this technique at the seventeenth-century Indian observa-
tories of Jai Singh in Delhi and Jaipur, see Raymond Mercier, “The
Astronomical Tables of Rajah Jai Singh Sawa’i,” Indian Journal of
History of Science 19 (1984): 143-71, esp. 161-63, 167, 170-71.
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AL-BIRUNI'S MEASUREMENT OF THE
RADIUS OF THE EARTH

In the Tahdid, al-Biriini told how he had devised another
method for measuring the circumference of the earth.
He explained that it did not “require walking in deserts™37
but involved determining the radius of the earth based
on the observation of the distant horizon from a moun-
tain peak.3® The angle of dip of that line of sight below
the local horizontal determines the ratio between the
height of the mountain and the radius of the earth. In
figure 8.2 the line of sight from the peak H grazes the
horizon at A. The peak is taken to be at a height b =
HJ above the plain JA. The angle of dip d is equal to
the angle subtended at the center of the earth by the arc
JA, and the formula that gives the radius R in terms of
b is
R = h cos d/(1 — cos d).

In al-Biriini’s observation, he stationed himself on a peak
in the Salt Range, a short mountain range situated west
of Jhelum in the Punjab. In figure 8.3, the peak is imme-
diately to the southwest of Nandana, a fort situated at
the southern end of a pass through the range.?® In the
Tahdid, al-Biriini explains that he was detained there, at

FIG. 8.2. DIP OF THE HORIZON MEASURED FROM THE
MOUNTAIN. From the top of the mountain H, the visible
horizon is in the direction HA, dipping below the local hori-
zontal by the angle d. If refraction is neglected (following al-
Biraini) then the angle at the center of the earth between the
mountain and the point A is also d. When the height of the
mountain b is known, the radius of the earth R can be found
from d and h. When refraction is included, the line of sight
HA is curved, concave to the earth, the angle at the center is
larger than d, and there is a different relation between d and
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FIG. 8.3. AL-BIRUNI'S OBSERVATION AT NANDANA.
Nandana, in the Jhelum district of Pakistan, is about 110 kilo-
meters south of Islamabad. About 1.7 kilometers south-south-
west of the fort at Nandana there is a peak from which al-
Biriini’s observation was made. This peak is at an altitude of
1,570 feet (479 m) above sea level. When the atmosphere per-
mits a view of the horizon to the south, the line of sight would
graze the horizon at a point whose latitude is smaller by an
amount approximately equal to the angle of dip, about 30 min-
utes, or about 55 kilometers to the south.

which time he came to appreciate that the site was suit-
able for such an observation. He had originally hoped
to employ the usual geodetic method by measuring the
length of the meridian line in the plains north of Dehistan,
in the Jurjan region, near the southwestern shore of the
Caspian Sea; there he was frustrated, apparently by lack
of support. According to his accounts in al-Qanin al-
Mas‘udi and the Tahdid, he proceeded as follows. As he
says:

I changed to another way owing to having found in

a region in India a mountain peak facing toward a

wide flat plain whose flatness served as the smooth

surface of the sea. Then on its peak I gauged the

intersection of heaven and earth, —the horizon—in the

37. Al-Birani, Tahdid; see Ali’s translation, 183 (note 24).

38. Al-Birani, al-Qanan al-Mas“adi, bk. 5, chap. 7; see the 1954-56
edition, 2:528 (note 4), and also in al-Biriini’s earlier work on geodesy,
Tahdid; see Ali’s translation, 188-89 (note 24). Syed Hasan Barani,
“Muslim Researches in Geodesy,” in Al-Birani Commemoration Vol-
ume, A.H. 362-A.H. 1362 (Calcutta: Iran Society, 1951), 1-52, esp. 35-
39, translated the passage in al-Qanan from manuscripts accessible to
him.

39. Locating this pass is assisted in that Sir Aurel Stein explored the
region in his successful effort ro determine where Alexander the Great
entered the Indian Plain just before his famous battle with Poros; Mark
Aurel Stein, “The Site of Alexander’s Passage of the Hydaspes and the
Battle with Poros,” Geographical Journal 80 (1932): 31-46.



Geodesy

prospect, and 1 found it by an instrument to incline
from the East-West line a little less than 1/3 /4 degree
[0;35], and I took it as 0;34. I derived the height of
the mountain by taking the summit in two places, and
I found it to be 652120 cubits [652;3,18]).40

He carries out the construction shown in figure 8.2 and
proceeds to derive the result above, leading eventually
to 56;5,50 miles per degree.*! This result, as he says, is
near that found in the report from the teams sent out by
al-Ma’min, 5623, that is, 56;40 miles. Al-Birani accepts
the earlier value because “their instrument was more
refined, and they took greater pains in its accomplish-
ment.”42

The most likely peak is one situated about 1.4 kilo-
meters south-southwest of Nandana, at an altitude of
478 meters above sea level, and about 265 meters, or 537
cubits, above the plain to the south. However, al-Biriini
gives the height as 652V/20 cubits (321.5 m), in marked
disagreement with this.#3 Rizvi, in his recent study, cer-
tainly seems to have this peak in mind (he worked from
a map on a scale similar to that shown in fig. 8.3) and
gave its height as 1,795 feet (547 m) above sea level, and
1,055 feet (321.5 m) above the plain, evidently not read
from the map, but designed only to agree exactly with
al-Biriini’s report of the height above the plain.44

As we would expect, al-Birini does not allow for
refraction.*’ Indeed, astronomers of that time were not
aware of refraction in astronomical observations,* and
one would imagine that, if questioned, al-Biriini would
have assumed that the atmosphere is uniform up to its
top, so that there is no refraction within it. On the
assumption that the peak is situated 321 meters above
the plain, the effect of refraction is to reduce the observed
angle of dip to about 0;32 and to increase the angle
subtended at the center of the earth to about 0;37. In
fact the peak is 265 meters above the plain, which makes
the dip, with refraction, about 0;29. Without refraction
it would be 0;31,20. We have little information about
his instrument and cannot judge whether he would have
been able to observe the dip angle more precisely.

The difficulty of actually seeing the horizon and fixing
the line of sight to it is considerable. Rizvi relates that
he sought to view the horizon from the same peak and
that after a number of unsuccessful attempts when it was
obscured by dust, and so forth, he finally found one day
that, after rainfall had cleared the air, he could see it
clearly.#” Unfortunately he does not report any measure-
ment of the dip of the horizon. In his analysis of al-
Biriini’s work he does not note the need to allow for
refraction.

When one considers the errors in al-Birani’s reported
observations of both the height of the peak above the
plain and the dip of the horizon, there can be no doubt
that, having found the observations excessively difficult,
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he worked out the angle 0;34 from his assumed height
of the peak and from the known length of the degree.
It would not be the first time in the history of astronomy
that fictitious results have been presented in lieu of true
observations.*®

40. Al-Birini, al-Qanan al Mas‘adi, bk. S, chap. 7; see the 1954-56
edition, 2:530 (note 4), and Tahdid, see Ali’s translation, 188 (note 24).

41. The ratio between the radius of the earth and the height of the
mountain is cos 0;34/(1 — cos 0;34). Al-Biruni calculates cos 0;34 as
sin 89;26 = 0;59,59,49,2,28, giving the denominator 0;0,0,10,57,32. The
height of the mountain is 652;3,18, making the radius of the earth
12,851,369;50,42 cubits. The value of = is taken as 22 /7, making the
circumference 80,780,039;1,33 cubits, and the length of one degree
224,388;59,50 cubits, or 56;5,50 miles. The chief error in the calculation
arises from the smallness of the denominator, where the sine should
be 0;59,59,49,26. This would lead to 58;11,37 miles per degree, or
58;10,13 if a better value of = is used. It is only by accident, therefore,
that he gets a result so close to the received value of 56;40 miles.

42. Al-Birini, al-Qanan al-Mas‘adi, bk. 5, chap. 7 see the 1954-56
edition, 2:531 (note 4).

43. In his account in the Tahbdid, al-Birini says that the cubit in
question was used for measuring cloth, so it possibly is not the one
used for geodetic purposes (see Ali’s translation, 188 [note 24]). How-
ever, if his altitude was correct, this would mean a cubit of about 40
centimeters, very different from any value encountered elsewhere.

44, Saiyid Samad Husain Rizvi, “A Newly Discovered Book of al-
Birini, ‘Ghurrat-uz-Zijat’ and al-Birani’s Measurements of Earth’s
Dimensions,” in Al-Birani Commemorative Volume, Proceedings of the
International Congress held in Pakistan on the occasion of the Millenary
of Aba Raihan Muhammed ibn Ahmad al-Birini (973-ca. 1051 A.D.)
November 26, 1973 through December 12, 1973, ed. Hakim
Mohammed Said (Karachi: Times Press, 1979), 605-80.

45. None of the commentators on al-Birini’s work have realized that
refraction is in fact a substantial part of the observed angle of dip 4.
The refracted ray is curved concave to the earth, and the exact departure
from a straight line can be calculated only if one knows the pressure
and temperature, and the vertical temperature gradient, at all points
along the ray. In practice such detailed information is not available,
and surveyors tend to use a rule of thumb according to which the path
followed by the ray is an arc whose radius is seven times the radius of
the earth. This is the case when typical values of pressure and tem-
perature are assumed. Equivalently, one may assume that the angle of
dip is reduced by one-fourteenth of the arc subtended at the center of
the earth. This approximate rule is less secure for grazing rays, which
a modern surveyor would try to avoid.

46. Indeed, calculations of the height of the atmosphere by Mu’ayyad
al-Din al-“Urdr al-Dimishqt and others in the thirteenth century show
clearly that refraction at the top of the atmosphere played no part in
their argument; George Saliba, “The Height of the Atmosphere accord-
ing to Mu’ayyad al-Din al-‘Urdi, Qutb al-Din al-Shirazi, and Ibn
Mu‘adh,” in From Deferent to Equant: A Volume of Studies in the
History of Science in the Ancient and Medieval Near East in Honor
of E. S. Kennedy, ed. David A. King and George Saliba, Annals of the
New York Academy of Sciences, vol. 500 (New York: New York Acad-
emy of Sciences, 1987), 445-65.

47. Rizvi, “Newly Discovered Book,” 619 (note 44).

48. In the sixteenth and seventeenth centuries similar methods were
proposed by Francesco Maurolico, Johannes Kepler, and Giovanni Bap-
tista Riccioli, who either ignored or underestimated the role of refrac-
tion. The matter was settled finally by Jean Picard, the father of modern
geodesy. Writing of Maurolico’s suggestion that one should discover
from what distance at sea Mount Etna would be visible, he said (accord-
ing to a contemporary English translation of Picard’s 1671 work): “But
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FIG. 8.4. MEASUREMENT OF THE HEIGHT OF A MOUN-
TAIN USING TWO ALTITUDES. Al-Biriinr’s method made
use of the altitude of the mountain taken from two different
places, distance D apart. The height of the mountain, H, would
then be equal to D/(cot A; — cot A,).

E

z B H

FIG. 8.5. USE OF A QUADRANT TO MEASURE THE
HEIGHT OF THE MOUNTAIN. The quadrant ABGD is
arranged so that the lower edge BG, and also the alidade DT,
are in line of sight to the top E of the mountain ZE. The sides
of the quadrant are each 1 cubit (49.3 ¢cm). If the distance GZ
is, for example, 500 meters, and the height 320 meters, then
the interval AT is 0.041 centimeters. The angle ADT is arc-
tan(0.041/49.3) = 0;2,51.

As to the measurement of the height of the mountain,
in al-Qanin al-Mas‘idi al-Birini says he derived it after
taking its altitude in two places. That means that if the
altitude is taken from two places spaced apart by a dis-
tance D in a line leading away from the peak, so that A,
and A, are the altitudes, then the height of the mountain
is D/(cot A; — cot Ay) (fig. 8.4).%° This method seems
practical enough, but as we have seen, his result was
inaccurate.

In the Tahdid, on the other hand, al-Birini explains
how the altitude is determined with the use of a square
plate equipped with an alidade, as shown in figure 8.5.5°
He gives the side of the quadrant as one cubit. If, for
the sake of example, ZG is 0.5 kilometer, the mountain
being 0.32 kilometer in height, then the angle ADT is
0;2,51, and AT is about 0.4 millimeter. Even when the
scale is supplemented by transversals, as was the case in
the sixteenth-century version of the instrument (shown
in fig. 8.6), this is at the limit of precision. Besides, he
advises that the interval at the base GH, which is also
needed, is to be determined not by means of the instru-
ment, but by dropping a stone from the corner D! This
quite impractical proposal can only be intended as a jeu
d’esprit.

DETERMINING THE LONGITUDE OF GHAZNA

Al-Biriin?’s substantial treatise on geodesy, the Kitab tah-
did nihayat al-amakin li-tashih masafat al-masakin, was
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composed in the interval 409-16,/1018-25,° some time
before al-Qaniin al-Mas‘udi, which appears to date from
about 420/1030. In both works he gives an account of
his investigations into the longitude of Ghazna, the cap-
ital of his patron Mahmiid,’? and the meridian of ref-
erence of the tables in al-Qaniin. The chapter in al-
Qanan is a summary of the work described in the Tab-
did. In the Tahdid he follows a much more complicated
series of routes from Baghdad to Ghazna.’3

The city of Ghazna was taken by al-BiriinI to define
the meridian of reference of the mean longitudes in his
al-Qanan. He naturally wished to determine the differ-
ence in longitude between it and other cities such as
Baghdad and Alexandria, which had served as meridians
of reference for other tables, so that anyone using his

the refractions which are yet greater upon the sea than upon the land,
render this practice fallacious, because they enable us to discover objects
at a much greater distance than the convexity of the sea ought to permit,
and by consequence make the earth appear much greater than in effect
it is”; Jean Picard, The Measure of the Earth, trans. Richard Waller
(London, 1688).

49. In figure 8.6 this type of measurement is illustrated in the left
part of the lower border.

50. There are two pairs of similar triangles, DAT = EGD and EZG
= DGH, giving respectively the ratios AT/AD = GD/GE and ZE/GE
= GH/GD. Thus

GE = GD x AD/AT and EZ = GE x GH/GD.

The altitude of the mountain, EZ, is given by the final step. In practice
it is necessary to determine AT when the angle ADT is very small, this
being essentially the parallax over the line DG. The quadrant is equipped
to give AT but not, however, to give GH.

In figure 8.6 this use of the quadrant is illustrated in the center of
the left border. In the arrangement shown, only the interval AT can
be found, giving the distance EG, but not the height EZ.

51. Editions of the Arabic text of al-Birant’s Kitab tahdid nihayat
al-amakin li-tashih masafat al-masakin include one edited with an
introduction by Muhammad Tawit al-Tanji (Ankara, 1962), and one
edited by P. G. Bulgakov, verified by Imam Ibrahim Ahmad, in Majallat
Ma‘had al-Makhtatat al-Arabiyabh (Journal of the Institute of Arabic
Manuscripts of the Arab League), special no., vol. 8 {pts. 1 and 2) (Cairo,
1962). Translations include Ali’s (note 24) and a Russian translation
and commentary by P. G. Bulgakov, Abu Reihan Biruni, 973-1048:
Izbrannie Proizvedeniya (Selected works), vol. 3, Opredelenie Granitz
Mest dlya Utochneniya Rasstoyanii Mejdu Naselennimi Punktami
(Kitab tahdid nihayat al-amakin li-tashib masafat al-masakin) Geo-
deziya (Geodesy), investigation, translation, and commentary (Tashkent:
Akademia Nauk Uzbekskoi SSR, 1966); and see also Edward S. Ken-
nedy, A Commentary upon Birani’s “Kitab tahdid al-amakin”: An
11th Century Treatise on Mathematical Geography (Beirut: American
University of Beirut, 1973).

52. Al-Birani, al-Qanan al-Mas‘adi, bk. 6, chap. 2; see the 1954-56
edition, 2:609-16 (note 4), and al-Biriini, Tahdid, see Ali’s translation,
192-240 (note 24).

53. A number of other topics are treated in the Tahdid, including
an account of the determination of latitudes, and of the obliquity of
the ecliptic, of which many determinations by Arabic astronomers are
cited in circumstantial detail. The work ends with an account of the
determination of the gibla (the direction of Mecca). Al-BirGni gives
here, as well as in al-Qanin, an account of his determination of the
radius of the earth, which has been discussed above.



FIG. 8.6. SIXTEENTH-CENTURY QUADRANT WITH ALI-
DADE. The uses of the quadrant are illustrated in a series of
fine vignettes on the reverse of an early European example, the
sixteenth-century Quadraticum geometricum of Christoph
Schissler. Echoes of its Oriental origin are evident in these fine
pictures that decorate the four edges, showing the various tur-
baned observers. The history and use of the instrument, along
with descriptions of the extant examples, are given by Herbert
Wunderlich, Das Dresdner “Quadratum geometricum”™ aus
dem Jabre 1569 von Christoph Schissler d.A., Augsburg, mit
einem Anhang: Schisslers Oxforder und Florentiner “Quad-
ratum geometricum” von 1579 /1599 (Berlin: Deutscher Verlag

der Wissenschaften, 1960). The side of the inner, calibrated,
square measures approximately 30 centimeters. In this square
the scale along the edge is divided into two hundred parts, but
with the aid of the transversal subdivision each of these is fur-
ther divid