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Gemini spacecraft were built at the McDonnell Air-
craft Corp. plant in St. Louis, Mo. Two are shown
here undergoing tests in the plant’s “white room.”

The Gemini V crew, Gordon Cooper and Pete Con-
rad, acknowledged the good wishes of the pad crew
as they walked toward the gantry for their flight.

The Gemini spacecraft were launched from the
Kennedy Space Center on the east coast of Florida.
The countdowns were heard throughout the world.

Gemini VI and Gemini VII were the first two to
rendezvous in space. Gemini VII also set an en-
durance record of 14 days during its mission.

6

An Agena target was photographed from Gemini
XII while connected to it by a Dacron tether. This
permitted stabilization by the gravity gradient.

The first two-man crew in space, John Young and
Gus Grissom, were photographed inside the cabin
of Gemini III just before their flight in March 1965.

Astronaut Ed White’s “walk in space” was the first
extravehicular activity by U.S. astronauts. Some
photos were taken with the hatch open.

Gemini astronauts landed on the sea. A recovery
carrier and rescue swimmers are seen here attaching
a flotation collar before opening the hatch.
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FOREWORD

Puorocrapus of terrain and weather taken during Gemini flights
showed that both geological and manmade landmarks and storms in
the Earth’s atmosphere could be viewed advantageously from orbital
altitudes. The many spectacular color photographs of the Earth
brought back by the astronauts have both heightened men’s appreci-
ation of their environment and increased scientists’ knowledge of it.
This Special Publication contains a mere sampling of the photo-
graphs available.

The Gemini program was approved in November 1961 to develop
long-duration manned flight and rendezvous capabilities. In 1963 the
program goals were broadened to encompass four more objectives:
precise reentry control, attainment of flight and ground crew pro-
ficiency, extravehicular capability, and scientific experiments. When
this program was completed in November 1966, the astronauts had
acquired nearly 2000 man-hours of space-flight experience and all
six objectives had been achieved.

The two-week flight of Gemini VII in December 1965 was the
culmination of a series of progressively longer missions, and demon-
strated that men could survive and work in space effectively for longer
periods than a lunar voyage would require. A further requirement
for the journey to the Moon is rendezvous and docking, and this was
accomplished repeatedly by a variety of techniques. In postdocking
maneuvers the Gemini astronauts used the thrust of the Agena target
vehicle to set new altitude and speed records, thus increasing confi-
dence that their successors will be able to proceed farther into space.

When the Apollo spacecraft returns from the Moon, its high veloc-
ity requires that its flight path into the Earth’s atmosphere be con-
trolled with great precision. The Gemini astronauts used aerodynamic
lift generated by their spacecraft and an onboard computer to guide
their vehicles to preselected landing areas. Their successes, and early
Apollo flights, provided increased assurance that the men going to
the Moon could return safely.

Both flight and ground crews demonstrated great proficiency
during the Gemini program. On rendezvous missions, the Gemini
spacecraft had to be launched after the target vehicle with precision
measured in seconds. This was done with complete success. Dual
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launching made a rendezvous possible in less than one orbit after the
liftoff of the Gemini spacecraft on the 11th mission. The Mission
Control Center in Houston, Tex., repeatedly controlled missions in-
volving more than one space vehicle, and controlled a dual mission
in which both vehicles were manned during the Gemini VII/VI
mission.

Extravehicular activity by Gemini astronauts showed the need
for body restraints, and on the final mission numerous planned work
tasks outside the vehicle were performed without difficulty. The tech-
nological experiments also included tethering a target vehicle to a
spacecraft, as an aid to station keeping and a means of inducing a
small artificial gravity field by rotation.

The scientific experiments undertaken at the same time as these
unprecedented demonstrations of what men can do in space yielded
information that was hitherto beyond the reach of scientists. A total
eclipse of the Sun was observed from space for the first time and the
airglow and zodiacal light were photographed.

The personnel, equipment, and facilities employed in the Gemini
program have since been integrated into other NASA and Department
of Defense manned space flight programs. The technological legacy
of the Gemini flights lives on. It is a harbinger of greater achievements
both in space and on Earth, achievements with more beneficial
results than our generation can now foresee.

GeEorGE E. MUELLER
Associate Administrator for Manned Space Flight, NASA



PREFACE

Tue photographs in this volume resulted from two of 22 scientific
experiments that were part of the Gemini program. These were the
experiments in Synoptic Terrain Photography (S-005) and Synoptic
Weather Photography (S-006). Many of the pictures obtained in these
experiments already have been put to geologic, meteorologic, and
oceanographic use. Historians and directors of human affairs, as well
as students of physical phenomena, have found the perspectives af-
forded stimulating, and the value of such portraits of the Earth in
agricultural, urban, and other kinds of research is becoming increas-
ingly evident.

The Gemini science experiments were a continuation and expan-
sion of work begun during the Mercury series of flights. These experi-
ments were designed to take advantage of man’s presence in space.
The astronauts acted as the sensors, manipulators, and operators of
the equipment, and exercised judgment based on their understand-
ing of the objectives. Their interest, imagination, and ingenuity con-
tributed greatly to the success of the program.

Jonn E. NAUGLE
Associate Administrator,

Office of Space Science and Applications, NASA



The first rendezvous of two space vehicles is shown here
in fine detail as photographed by Tom Stafford in Gem-
ini VI. Gemini VII’s thruster ports appear as dark,
round spots from 40 feet away. The yellowish cover-
ing on the right end is a thermal shield that protected
various subsystems mounted in the adapter section.
The trailing straps covered an explosive cord that sev-
ered all connections between the spacecraft and its
launch vehicle when they separated. Gemini VI was
starting its sixth orbit when this picture was taken.

GEMINI VI DECEMBER 15, 1965 565-63204

Gemini VII appears balanced on the horizon as the two
spacecraft orbit the earth. Its rendezvous and the recov-
ery section in the spacecraft nose, which housed the par-
achute and other recovery aids, is shown in this picture.
The small white objects to the left of the words “United
States” are horizon scanners that measure spacecraft at-
titude. The command pilot’s window is directly above.
The two protrusions from the white, adapter section are
cryogenically cooled radiometers, part of the Gemini in-
flight experiments program. Cloud formations seen be-
low the spacecraft result from convective clouds pushing
up through broad areas of cirriform clouds.

GEMINI VI DECEMBER 15, 1965 S65-63188

viii

The rendezvous target for the Gemini XII mission was
the Agena space vehicle, shown (on the next page) be-
fore docking over the Pacific Ocean near the end of the
third orbit. The naillike object in the foreground is a
heavy metal bar that is attached to the nose section of
the Gemini spacecraft to facilitate docking. When
docked, the Agena was able to propel the two space-
craft to the highest altitudes achieved by man up to
that time. This was done during the Gemini XI mis-
sion when Astronauts Pete Conrad and Dick Gordon
looked down at the Earth from 741.5 nautical miles.

GEMINI XII NOVEMBER 15, 1966 S566-62756

Gemini IX rendezvoused with an augmented target
docking adapter (shown at the far right) that was
launched as a replacement for an Agena target which
had failed to achieve orbit on an earlier attempt. Dock-
ing with this spacecraft was not possible because its plas-
tic nose fairing did not separate and it was quickly named
the “angry alligator.” “Early in the first daylight after
rendezvous,” Astronaut Thomas P. Stafford wrote of
this picture, “our suspicion that something was amiss
was photographically confirmed. The ‘angry alligator’
appeared to be nibbling at Roques atoll.” This hap-
pened over the Caribbean, north of Caracas, and the
Isla Orchila can be seen. Clouds in the upper right
hide the coast of Venezuela.

GEMINI IX JUNE 3, 196 8566-37923
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Part I. Introduction

THIS is a companion volume to Earth Photographs from Gemini III, IV, and V,
which was issued in 1967 as Special Publication 129. This one presents photo-
graphs taken on seven later flights, those of Gemini VI-A, VII, VIII, IX, X, XI,
and XII. The crews, the dates, durations, and altitudes of these flights are listed
in table 1, which also shows the cameras and films that were used on each flight.

In these seven flights, Gemini spacecraft orbited the Earth 421 times and the
astronauts took nearly 1900 high-quality color photographs of its surface from above
the atmosphere. Those reproduced here are a representative sampling of them,
chosen with the current interests of earth scientists in mind.

In the previous volume, SP-129, the pictures taken on each flight were separ-
ated and presented sequentially. In this one they are juxtaposed, to group them
geographically. This was done for two reasons: To enable a person interested in
a particular geographic area to turn quickly to the photographs of that area, and
to enable the reader to imagine himself circling the world and seeing it in some-
what the same way that it appeared to the astronauts.

The pictorial journey in the pages that follow begins at the launching site of the
Gemini spacecraft, the Kennedy Space Center in Florida. It proceeds eastward
between the latitudes of approximately 30° North and 30° South. Photographs
taken on different flights and different revolutions, at different altitudes and times
of day, and in different seasons of the year are intermingled in this presentation.
The first and the last pictures in the book are both of Florida, but they are separated
here by pictures taken at various times between December 15, 1963, and November
16, 1966, on many journeys around the world. The dates given below the photos
are in Greenwich mean time.

The nine groups into which the pictures are divided in this volume correspond
approximately with ways in which the Earth is often divided in an atlas of the type
readily available in many homes and in most libraries. This facilitates use of com-
mon maps while examining these photographs. Attention is called in many of the
captions both to geological divisions of the Earth and to national boundaries.

The explanatory notes beneath the pictures suggest some, but by no means all,
of the ways in which scientists concerned with features of the Farth are finding high-
altitude photography helpful. The objectives of the Gemini flights included a
variety of scientific experiments for investigators representing numerous distinct
scientific disciplines. These are listed in table II.

A Hasselblad 500C camera and a Hasselblad super-wide-angle camera, mod-
ified by NASA, were used on the Gemini flights. On the last four flights a speci-
ally designed 70-millimeter camera built by the J. A. Maurer Co. also was used.
The pictures chosen for this book are presented in the square format of the original
film.

Overlapping photographs were taken of many areas and can be used to obtain
stereoscopic views. NASA can provide either transparencies or photographic prints
of these pictures to members of the academic and scientific community who have



specific professional uses for them in mind. Researchers should address specific in-
quiries, indicating their requirements, either to the National Aeronautics and Space
Administration, Manned Spacecraft Center, Science and Applications Directorate,
Houston, Tex. 77058, or to the National Space Science Data Center, Code 601,
Goddard Space Flight Center, Greenbelt, Md. 20771.

Persons having commercial or industrial applications in mind should address
their requests for such photographic materials to Technology Applications Center,
University of New Mexico, Post Office Box 181, Albuquerque, N. Mex. 81706.

TasLE 1.
Gemini Flights VI-A Through XIT

Flight Crew Date GMT Duration Orbit (approx) Camera Film 2
VI-A1 | Capt. W. M. Schirra, Jr. Dec. 15, 1965 | 13:37 | 25 hr 51 min, 100 by 161 Modified Hassel- | Eastman
Maj. T. P. Stafford, Jr. Dec. 16, 1965 | 15:28 16 revolutions miles blad 500C, Kodak
(statute) 80-mm Zeiss Ekta-
planar lens, chrome
/2.8 MS
(8.0.
217)
VII. . .| Lt. Col. Frank Borman Dec. 4, 1965 | 19:30 | 330 hr 35 min, 100 by 204 | Hasselblad 500C | S.O. 217
Comdr. J. A. Lovell, Jr. Dec. 18, 1965 | 14:05 206 revolutions miles w/80-mm Zeiss 8443
planar lens (infra-
f/2.8 and red)
250-mm Zeiss 3400
sonnar lens, 2475
fl45
VIII. .| N. A. Armstrong Mar. 16, 1966 | 16:41 | 10 hr 42 min, 100 by 161 Hasselblad 500C | S.0. 217
Maj. D. R. Scott Mar. 17, 1966 3:22 7 revolutions miles w/80-mm :
planar lens,
FI2.8
IX....| Lt. Col. T. P. Stafford June 3, 1966 | 13:39 | 72 hr 21 min, 99 by 166 Hasselblad 500C | S.0O. 217
Lt. Comdr. Eugene A. Cernan June 6, 1966 | 14:00 45 revolutions miles w{80-mm
planar; Hassel-
blad super-

wide-angle-C
w/38-mm Zeiss
Biogon, f{4.5;
J. A. Maurer
70-mm space
camera
w/Schneider
80-mm lens,

f/2.8




Persons wishing such pictures for other purposes should address their inquiries to the
Audio-Visual Branch, Public Information Division, Code FP, NASA, Washington,
D.C. 20546 (telephone: Area code 202, 96-21721).

Additional information regarding the Gemini program will be found in NASA
SP-138, Gemini Summary Conference, priced at $2.75 and for sale by the Super-
intendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402.
NASA SP-129, Earth Photographs from Gemini 111, IV, and V, may be purchased
for $7 from the Superintendent of Documents.

TasLe I (Continued)

Gemini Flights VI-A Through XII

Flight Crew Date GMT Duration Orbit (approx) Camera Film 2
X Comdr. John W. Young July 18, 1966 | 22:20 | 70 hr 46 min, 100 by 167 | Hasselblad super- | S.0O. 217
Maj. Michael Collins July 21, 1966 | 21:07 44 revolutions miles and wide-angle-C,
excursion Zeiss Biogon
to 475 38-mm lens,
miles flA45; 1. A.
Maurer 70-mm
w/Schneider
80-mm lens,
F/2.8
XI....| Comdr. Charles Conrad, Jr. Sept. 12, 1966 | 14:42 | 71 hr 17 min, 100 by 177 | J. A. Maurer 5.0. 368
Lt. Comdr. Richard Gordon, Jr. | Sept. 15, 1966 | 13:58 44 revolutions miles and 70-mm space
excursion camera w/80-
to 850 mm Schneider
miles lens, f/2.8;
Hasselblad
super-wide-
angle w/38-mm
Biogon lens,
Fl4.5
XII...| Capt. J. A. Lovell, Jr. Nov. 11, 1966 | 20:46 | 94 hr 34 min, 100 by 175 | J. A. Maurer S.0. 368
Maj. E. A. Aldrin, Jr, Nov. 15, 1966 | 19:21 59 revolutions miles 70-mm space
camera w/80-
mm. Schneider
lens, f/2.8;
Hasselblad
superwide-angle
w/38-mm Zeiss
Biogon lens,
f145
! Gemini VI was rescheduled to follow Gemini VII and was
renumbered “Gemini VI-A.” 8443 Eastman Kodak Ektachrome,
% Films used for synoptic terrain and synoptic weather photo- infrared. . ....... ... .0, 70
graphy experinents were: 3400 Eastman Kodak Panatomic X
Name Type Size mm (ASA-80). .. 70
S.0. 217 Eastman Kodak Etkachrome 2475 High Speed (ASA-1200).......... 70
transSparency. . .« v .o evnnnnnn 70
S.0. 368 FEastman Kodak Ektachrome
transparency (improved)........ 70



Tasre 11
Gemini Science Experiments

+, experiment successful; —, experiment incomplete

) L NS Flights
No. Title of investigation Principal investigator T v v VT T VIL | VIIL T 1% X X 1 XII
S001..| Zodiacal Light and E. P. Ney, University of
Airglow Photography Minnesota............|ooooiifoinns + | - + + L
S002. .} Sea Urchin Egg Growth | R. S. Young, Ames
—Zero-G Research Center....... — e
S003. .| Frog Egg Growth— R. 8. Young, Ames
Zero-G Research Center.......f.oeo oo oo oo — oo + ...
S004..| Effect of Zero-G and M. A. Bender, Oak Ridge
Radiation on Blood National Laboratory...{ -+ |......]ccooii]ovenifoeiid]oein o]t 4+ ...
S005. .} Synoptic Terrain P. D. Lowman, Jr.,
Photography Goddard Space
Flight Center. . .......|...... + + - 4+ e e + -+ +
S006. .| Synoptic Weather K. Nagler and S. D.
Photography Soules, Environmental
Science Services
Administration. ... ....0...... + + -+ 4 + + +
S007..! Spectrophotography of F. Saiedy, Environmental
Clouds Science Services
Administration. .. ..... |- oo o0 4+ | — e e
S008. .| Visual Acuity in Space S. Q. Duntley, Scripps
Institute.........cocoilien oo + ... Fo e
8009..| Nuclear Emulsion M. M. Shapiro, Naval
Research Laboratory,
and C. D. Fichtel,
Goddard Space Flight
Center....coueveeeei]eee oot — e + |......
S010..| Agena Micrometeorite C. L. Hemenway, Dudley
Collection ObServatory. . ... coovv|oeeev o a)oeeiigoe ot + + — —
S011..| Airglow Horizon M. J. Koomen, Naval
Photography Research Laboratory...|......0..... oo ool + ... -+ ~+
S012. .| Gemini Micrometeorite C. L. Hemenway, Dudley
Collection Observatory. .« ...ooo ool + — oo -+
S013. .} Ultraviolet Astronomical | K. G. Henize, Dearborn
Photography ODbServatory. . . . ..oowofevneofoeeeefoeoea ool + + +
8026..| Gemini Ion Wake D. Medved, Electro-
Measurement Optical Systems. ......J.cooofoeeec oo + i P
S029..| Libration Regions E. C. Morris, U.S.
Photography Geological Survey. . .. .{.o oo eeeveifeere o oo -
S030..| Dim Sky Photography/- E. P. Ney, University of
Image Orthicon Minnesota and
C. Hemenway, Dudley
Observatory . ... ..oooeloeenefoneeni]oen oo 4+ .
S051..| Sodium Vapor Cloud J. Blamont, University
Photography of Paris. . . ooee]evme]ee e -
S064. .| Ultraviolet Dust C. L. Hemenway, Dudley
Photography Observatory. . .....ooofoneeeifooee b -




Part II. Across the Atlantic

| 299 put a girdle round about the world in forty minutes,” said Puck in 4 Midsum-
mer-Night’s Dream. The pages that follow show the Earth as one might see it from
such a girdle.

This imaginary tour begins and ends at Cape Kennedy, from which the Gemini
spacecraft were launched. The astronauts turned their cameras in numerous direc-
tions while going around the world and photographed some sights from several sides
and angles. Pictures that they took are not shown here in the order in which they
were taken, but the date of each one is given below it.

Cape Kennedy is on Florida’s east coast, near St. Augustine, the oldest city in
the United States. The astronauts sped east from Florida, over steppingstones of
history that are still called the West Indies. On some of their many crossings of
the Atlantic, their first glimpses of the Old World were of the Canary Islands, from
which 15th-century explorers sailed south and west to discover a relatively small
planet’s immensity. Several of their photographs of the West Indies and the Canary
Islands have been included here because contemporary oceanographers and meteor-
ologists are finding them highly informative,

Gemini photographs already have been used to check interpretations of pictures
transtitted to Earth from unmanned weather satellites, and there is no longer any
doubt that a multitude of constructive uses will be found for photographs taken from
high altitudes. “Our unearthly satellites,” Edgar M. Cortright, Director of the
Langley Research Center, has written confidently, “will help us solve a host of
earthly problems.”



This nearly vertical view of Florida’s Atlantic coast in-
cludes both Ponce de Leon inlet at the far left and,
along the shore near the right edge, a row of pads. The
Gemini spacecraft were launched there. Taken with a
telephoto lens, the picture clearly shows the highway
through Titusville, buildings along it, lakes west of it,

GEMINI VII DECEMBER 6, 1965

and the bridges to the Kennedy Space Center on Mer-
ritt Island. Between a thin cirrus-cloud layer and the

bulge in the shoreline are two white circles. A promi-
nent roadway leads to crawlerways that end at the cir-
cles, which are the sites of launch pads built for manned
flicht to the Moon.




The Gulf Stream enters the Atlantic here. Its border
is marked in this photo by a cumulus cloud line extend-
ing northward from Florida’s east coast.
Edwin E. Aldrin, Jr., stood in the cockpit seat while
the spacecraft hatch was open to take this picture. It
includes a western part of Great Bahama Bank, Cuba,

Astronaut

and the Isle of Pines beyond Cuba in the upper center.

Smooth waters can be seen beyond the tip of Florida,
and an area of divergence shows parallel to its west
Such features denote water conditions that are
significant to the fisheries in the Gulf of Mexico and the
Caribbean Sea.

coast.

GEMINI XII EMBER 12, 1966 S66-63418




The Sun’s glitter pattern had shifted eastward when
this picture was taken, a minute after the preceding one.
Oceanographers can obtain information about the
changes in the sea’s surface from pairs of pictures such
as these. Cuba extends nearly all the way across the
top of this one. Near the center, to the left of Grand

GEMINI XII NOVEMBER 12, 1966 S§66-63423

Bahama Island, is Great Abaco Island. The islands of
Andros, New Providence, and Eleuthera also can be
seen despite the scattered clouds. A dark irregular spot
in the sea near the center, left of an intense reflection of
sunlight, indicates the location of the Little Bahama
Bank.
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Bimini Island is in the center of this eastward view from
over the Florida Keys in the foreground. South of Bim-
ini, U-shaped bars indicate the spillover of water onto
the shallow surface of the Great Bahama Bank. Similar
bars can be seen around the Berry Island group and the
northern end of Andros Island in upper center. In

each case the water spills toward a central portion of
the Great Bahama Bank during storm surges. A long
sandbar is formed where flooding waters meet. On the
ebb, water flows into a channel between the Great Ba-
hama Bank and Grand Bahama Island to follow the
Gulf Stream northward.

GEMINI XI1I NOVEMBER 12, 1966 86




The large mass of cirrus and cirrostratus clouds in this
northwesterly view of the sky over the Atlantic Ocean
is the western edge of tropical depression Celia, which
rapidly intensified and became a hurricane the following
day. Cuba is at the left edge of this photo, and the coast
of Florida, Georgia, and South Carolina can be seen near

GEMINI X JULY 19, 1966 S66-45692

10

the horizon. The cumulus-cloud streets at the left edge
of the cloud mass are alined with the low-level wind,
which spirals around and inward toward the storm’s
center. Pictures from operational meteorological satel-
lites, less detailed but covering larger areas than the Gem-
ini views, are used to track tropical storms.



From left to right above the spacecraft’s nose here are
parts of Abaco Island, shoals and flats around the Berry
Islands, and the tip of Andros Island. New Providence
Island, the site of Nassau, is in the upper center. Sand
flats and the elongation of spillover bars show the di-
rection of the currents. The net flow between the Ber-

ry Islands and Andros Island is from east to west. Lay-
ers of stratocumlus in the upper right are spread across
the deep waters of the Tongue of the Ocean. In those
clouds one can clearly see an unusual break. This kind
of pattern has been noted in other pictures of strat-
ocumulus over the sea.

GEMINI VII DECEMBER 11, 1965 S65-63753

11



Above the northern tip of Andros Island, in the center,
the sea off the Florida coast is light blue where it is
shallow and darker blue where the Northeast Provi-
dence Channel leads into the Tongue of the Ocean to
the south. Dunelike depositions of sand can be seen
in the shallows. The Berry Islands are in the fore-

GEMINI VII DECEMBER 5, 1965 S65-63825

ground, and New Providence Island at the upper left.
Patches of cumulus and stratocumulus cover some of
the view, and a band of cirrus crosses the upper part.
Although the Great Bahama Bank began to form in the
Cretaceous period, coral built up the present islands
after the sea-level rise that followed the last glaciation.




Tropical clouds camouflaged the islands bordering the
Caribbean Sea when this photo was taken. The Agena
target vehicle was tethered to Gemini XI, and Jamaica
lay directly above it in this northeasterly view. In the
upper left, cirrostratus covered a disturbed area con-
taining thunderstorms, and elsewhere cumulus and

cumulus congestus covered the region under a sparse
veil of cirrus clouds. Eastern and central Cuba were in
the top center and beyond them the Great Bahama
Bank was visible. Serrania Bank was left of center at
the lower edge, and reefs and cays of Bajo Nuevo were
to the right of the Agena.

GEMINI XI SEPEMBER 14, 1966 S66-54571

13



The roughly diagonal line here is Cuba’s north coast.
Cumulus and cirrocumulus clouds hover over its farms.
Caibarién is under the clouds at the lower left, and the
pouch-shaped harbor of Nuevitas is in the upper right
corner. Slight submergence of the land in recent geolog-
ical time has notched this shoreline, and left many is-

GEMINI VII DECEMBER 13, 1965 S$65-64025
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lands, reefs, and bays. The light-blue area offshore is
the Great Bahama Bank, where the sea is only about 30
feet deep. The darker, circular area at the upper left
edge is the Tongue of the Ocean, where it is about a
mile deep. One can see how submarine erosion has
notched the sea floor around this deep area.



At the left here is Cuba’s southern coast. The keys of
Jardines de la Reina, south of Camagiiey province, are
in the center. Santa Cruz del Sur is a short distance be-
yond the upper end of this strip of the coast, and Trin-
idad is below it. The keys shown are on the outer edge
of large shoal banks and are heavily ringed with coral

reefs. Submarine features of the area between the keys
and the mainland can be seen clearly enough to be
charted from this photograph. The geology is mostly
Tertiary sediments overlying folded Cretaceous and
Jurassic strata. Marine sediments are confined to the
coast and offshore areas.
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The eastern tip of Cuba is at the upper left here, the
U.S. naval base at Bahia de Guantdnamo in the center,
and Santiago de Cuba farther down the south coast.
Daytime heating of the land had caused typical cumu-
lus activity over Oriente Province. Above Guantianamo
Bay you see the edge of the Sun’s reflection in the Wind-
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ward Passage. Wave trains and slicks in the glitter pat-
tern indicate the general water motion. A shear in the
cloud line indicates low-level convergence over a shear
in the water. Water motion and waves often can be
seen best when a photo includes the Sun’s reflection
from the sea.




Most of Haiti is shown here with cumulus clouds piled
over the highlands. The large island in the center is the
Ile de la Gonéve. East of it, at the lower right end of a
nearly rectangular harbor, is Port au Prince. Near it are
two large lakes, between which the common boundary of
Haiti and the Dominican Republic runs; it ends left of

the prominent capes in the lower right corner. Coral
reefs border much of the coastline. The upper peninsu-
la is an extension of the Cordillera Central. It has a
core of Cretaceous and older rocks, flanked by Tertiary
and younger sediments. The lower peninsula’s structure
and stratigraphy are similar.
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The southernmost tip of Hispaniola is now in the fore-
ground. The large lake above the peninsula is Lago En-
riquillo in the Dominican Republic. The smaller lake
above it is the Etang Saumitre in Haiti. Lago En-
riquillo is 131 feet below sea level and contains a large
island. The Valle de Neiba is to the right. The big valley
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in the upper center is the Plaine du Cul de Sac, adja-
cent to the harbor of Port au Prince, Haiti’s Capital.
Graben faulting along a major wrench fault on the
south side of the island produced this coast-to-coast
valley and lake system. To the north, another mountain
mass is also bordered by a fault valley.




Crooked and Acklins Islands are in the center, and Long
Island above them in this photo taken north of Cuba’s
eastern tip. Part of Mayaguana Island is in the lower
right. Thin white lines along the northern shores of the
islands are surf from long waves coming from the open
Atlantic Ocean. Variations in color in the Bight of

Acklin reveal calcareous sand and spillover bars. The
small cumulus clouds are in lines parallel to low-level
northeast winds. Several large-scale cloud bands are
alined in northwest winds aloft. An upper air trough
moved through this area a few hours before the picture
was taken.
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Mayaguana Island is in the center, and Acklins Island
in the upper left of this photo taken as the spacecraft
proceeded east over the Bahamas. Abraham’s Bay is on
the left side of Mayaguana. Although no ocean currents
can be seen around the islands, strong surf and wave
action is visible off their northeastern shores. A heavy
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surf produced the white fringe on the eastern end of
Mayaguana. Surf also sharpens the image of the Plana
Cays that rise from the sea between the two large is-
lands; waves were rolling over a reef half a mile off-
shore, while the winds were from the east.



Guadeloupe’s twin islands, Grande Terre and Basse
Terre, are in the center of this photo of the French
West Indies between the Caribbean Sea and the Atlan-
tic. Marie Galante is to the left of the 583-square-mile
main islands. One also can see La Désirade, Iles des
Saintes, and Iles de la Petite Terre. The Dominica
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Channel is left of Guadeloupe and the Guadeloupe
Passage is to the north. Montserrat is in the upper right
and Antigua in the lower right. The cloud distribution
is typical of a fair-weather regime in the subtropics, and
the weak alinement of the clouds indicates light, low-
level winds from the southeast.
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Meteorology has been one of the first and greatest ben-
eficiaries of man’s recently acquired ability to view the
weather from high altitudes. This cyclonic circulation
over the Atlantic Ocean was photographed about 400
miles southeast of Bermuda, while a Gemini spacecraft
was docked with an Agena target vehicle. The storm’s
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center was near the circular clouds that you see around
the antenna of the Agena. Dense cirrostratus formed
the cloud shield at the left, north of the center. The
winds in the lower and middle troposphere were blow-
ing counterclockwise about this center.



This is a southeasterly view of the same cyclonic storm
over the Atlantic southeast of Bermuda that was shown
in the preceding picture. It covers the region to the right,
and again the center of the disturbance is shown near
the antenna of the Agena. Numerous cumulonimbus
clouds can be seen throughout the right half of this

photo. Their anvillike tops usually point with the wind
direction at their level. A few cellular-shaped lines of
cumulus are seen near the right center. Operational use
of data from cameras and other sensors in satellites has
become routine in the first decade of man’s exploration
of space.
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What appears to be a large break in these clouds, asso-
ciated with a cold front about 2000 miles east of Cape
Kennedy, is really a shadow cast by a high cloud deck
upon a lower one in early-morning sunlight. Such dark
bands have been seen frequently in pictures transmitted
from operational weather satellites and interpreted as
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shadows from higher clouds, often oriented parallel to
the upper wind flow. The Gemini astronauts were asked
to look for and obtain pictures such as this, and their
pictures have helped to convince students and skeptics
that the operational weather-satellite pictures can be
diagnosed correctly and beneficially.




This vast network of stratocumulus clouds lay near 20°
N and 20° W. These are open cellular-type convective
clouds in which air rises along the cell walls and sinks
in the centers. This is the opposite of what occurs when
a closed cellular pattern is formed. The surface wind in
the foreground here was from the northeast, right to

left, at 15 to 20 knots. Downwind the cloud openings
decreased, and in the background they tended to aline
themselves in rows parallel to the wind. This type of or-
ganized convection is typical of fields in which the
wind’s speed increases with height. The blue band along
the horizon is the Earth’s troposphere.
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These stratocumulus clouds organized in approximately
polygonal closed cells were seen southwest of the Canary
Islands. To produce this type of pattern, there is a gen-
eral weak rising motion below and in the cloud patches
up to a stable layer, perhaps 1000 or 2000 feet above
sea level. This stable layer inhibits further vertical mo-
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tion, so there is an outflow from the cloud area and a
descending and, hence, drying, motion in the clear
bands between the clouds. This type of mesoscale con-
vection frequently occurs in an oceanic anticyclone. The
large hole at the lower right was an eddy caused by wind
blowing past one of the islands.




Here, on a June day, the Canary Islands come into view.
The tiny one at the left is Hierro. Geographers once
drew the first meridian there because they knew noth-
ing of the world west of it. The dark circular spot as
your eyes swing to the right is Gomera. Above it is La
Palma. That big arrow in the sea is Tenerife. Below its

tip is Gran Canaria. The day that this photo was taken,
cumulus clouds were piled on the windward, northeast-
ern slopes of the three Canary Islands that lay closest to
Africa, and clouds connected with an upper-air, low-
pressure system were at the right near the horizon.
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This and the next picture of the Canary Islands were
taken in morning light, actually on the revolution before
the previous picture. The patch of cirrus and cirrostratus
clouds off the Morocco coast and the streaks of cirrus
over the land are alined with a southwesterly upper-
level wind. The large bright area in the lower left is
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sunlight reflected from the sea. Apparently the shelter-
ing effect of the Islands calmed the surface and greatly
reduced the reflection towards the camera southeast of
the Islands. The most conspicuous dark “tail” extends
from Gomera, which lies between Tenerife, the largest
island in this view, and La Palma and Hierro.



Centuries ago the Canary Islands were known as the
Fortunate Islands. They are less than 100 miles from
Africa, and this photo shows both the islands and the
coasts of Morocco and Spanish Sahara. The Sun rising
over Africa made the sea glisten and small lines of
cumuli at the left cast shadows on the water. The re-

flective pattern to the right of the Sun glitter was caused
by waves on the surface of the sea. The crest-to-crest
distance of the waves was about a nautical mile, which
is unusually long. The sea was smoother and darker to
the southeast in the lee of the islands.
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This and the next three pictures of the Canary Islands
and their environment were taken in December. They
reveal how such mountainous islands interrupt the flow
of air over the sea and create eddies downstream in the
lower atmosphere. Gran Canaria is in the center here,
and part of Tenerife is visible. Clouds cover the upwind
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slopes of Gran Canaria’s 6394-foot peak. Las Palmas,
the islands’ largest city, is on Gran Canaria. The climate
is warm and pleasant. Rainfall on the coast reaches 10
to 15 inches annually, and vegetation at the lower levels
includes the species found throughout the North Afri-
can Mediterranean littoral.




Tenerife is in the center of this view of the Canary Is-
lands. Its Pico de Teide crater is 12 198 feet high. These
islands rise from great depths and present precipitous
cliffs to the sea at many places. They consist of trachytes
and basalts erupted intermittently from the ocean floor.
They emerged toward the end of Cretaceous time and

subsequent volcanic activity has increased their size.
The last reported eruption was in 1909 on Tenerife.
The stratocumulus clouds seen here are typical of the
area. Dark, parallel lines in some of them are billows
caused by undulations in the wind flow at the altitude
of the clouds.
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“This beautiful vortex is typical of the varied weather
phenomena that can be seen from space,” Astronaut
Thomas P. Stafford wrote of this photo taken over the
Canary Islands. Tenerife is in the upper left here. When
northeast winds, under a temperature inversion layer,
blow past the mountainous islands, the air is frequently
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swirled into a chain of eddies similar to a Von Karman
vortex street. The eddies become visible when strato-
cumulus clouds are present. The center eddy here was
60 miles from Tenerife and its eye was 13 miles wide.
Alongside it, about 35 miles away, other eddies rotated
clockwise.



This photo shows clouds west of those in the preceding
picture. The island of Hierro was at the lower edge of
the eddy eye in the lower right center, but was almost
entirely obscured by stratocumulus clouds. The eddy
chain reaching from the top to bottom was a part of a
Von Kérman vortex street formed in the lee of the larger

Canary Islands. This phenomenon is also found fre-
quently near Guadalupe Island off Baja California. By
studying photos of these eddies, researchers can obtain
data to relate the physics of the natural vortex streets
to their laboratory experiments. This is the last view
of the Canary Islands area in this series.
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This unusually fine display of cirrus clouds was photo-
graphed during an approach to Africa about a dozen
degrees south of the Canary Islands. These clouds lay
off the coast of Senegal and Gambia. Cap Vert can be
seen jutting into the +Atlantic Ocean at the lower left
edge. A radiosonde ascent at Dakar, which is on that
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cape, indicated that the winds were east-southeast at 20
knots at an altitude of about 6 kilometers, and becom-
ing southwesterly at 25 to 40 knots above 8 kilometers
at the time this picture was taken. The clouds in the
foreground were probably 9 or more kilometers high.



Ilha de Madeira is north of the Canary Islands, and
about 535 miles southwest of Lisbon. On an approach
to this island, noted for wines and embroideries, the as-
tronauts found a cyclonic eddy in the stratocumulus
clouds at the right. The island is a tiny dark spot about

an inch to the left of the eddy. It is 35 miles long, up to

13 miles wide, and has a peak elevation of more than
6000 feet. It obstructs the broad northeasterly wind
flow, and thus can induce eddies in the low-level wind
similar to those caused by an obstruction in a wind
tunnel. In this case the result was a fairly simple vortex
in the sky near it.
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“Europe and Spain enjoying good weather,” Gemini X
reported on one approach to Africa, “but not for long if
that storm off Gibraltar is an indicator.” Actually, the
cyclonic circulation southwest of the entry to the Medi-
terranean was only an eddy on the edge of a large-scale

therly wind flow over the Atlantic, induced by the
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configuration of the land and revealed by stratocumulus
clouds. Portugal and Spain are at the left and Morocco
is at the right. The geologic unity of southern Spain
and Africa is suggested in this photo by the evident
continuity of the Sierra Nevada and related mountains
in Spain with the Riff Atlas in Morocco.




Part II1. Northwest Africa

A stronaur James A. Lovell, Jr., thought that the broad western bulge of Africa
was “truly the most interesting area of the world” to see from a spacecraft. Its dry
and desolate terrain was nearly always free of clouds, and he found it a delight to
photograph because there was so little haze to dim its beauty.

The atmosphere’s heat and aridity over the sands of the Sahara is less welcome
to travelers on the surface. For centuries this land was as hostile a barrier to ex-
plorers as the Atlantic Ocean. Men went around rather than across Africa to learn
about the world, and the chroniclers of their journeys dubbed it the “Dark Conti-
nent.” In photographs taken from very high altitudes, it now often seems to be
the most brilliantly lighted continent.

Photographs spanning vast areas can be obtained more quickly and frequently
from orbiting spacecraft than meosaics can be produced. They are increasing the
geologists” knowledge of the structure of Africa. They can help engineers estimate
the volume of flow in its watersheds. They can facilitate surveys of the distinctive
resources available to the people of Africa’s many ambitious new nations. Such
photographs, as you will see in the pages that follow, are also often remarkably
beautiful.
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Africa’s westernmost point, Cap Vert, is in the upper
center here. The camera was pointed west, the space-
craft was starting over the Sahara, and the view includes
part of Mauritania and all of Senegal and Gambia.
Here one can clearly see the transition from tropical
rain forests to open savanna and the desert. The Sene-
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gal River flows through the prominent valley in the
upper half of the photo. The escarpment in the lower
right is between the Aouker Basin and the barren land
of the Tagent Plateau. Senegal's glittering capital,
Dakar, on Cap Vert is an historic port, about halfway
between Europe and South America.




Here you see the Atlantic coast of Africa north of Dakar
and the most western part of Mauritania. There the
dunes of Azefal and Akchar extend far inland and cross
part of Spanish Sahara. The white spots in the upper
left are salt flats called Sebkha de Ndrhamcha. Toward
the right is the Baie du Lévrier, flanked by Cap Timiris

on the south and Cap Blanc on the north. Port Etienne
is on the latter, at the northern end of Mauritania’s por-
tion of the coast. Note the prominent fault in the right
center of this photo. You will see more of northwestern
Africa’s geological structure in the next few pictures.
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The Dhar Adrar in Mauritania is the broad ridge under
cirrus clouds in the lower center of this picture. Near its
center are the circular Richat structures that intrigue
geologists. One is more than 25 miles wide, the other
only 5 miles wide. These structures have been ascribed
to meteoritic impact, partly on the basis of a reported
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discovery of coesite, but volcanic rocks in the large
structure throw doubt on this theory of their origin.
Igneous instrusions such as laccoliths may have pro-
duced them. Under the clouds at the top of the picture,
vegetation darkens the view of the terrain of Mauritan-
ia and Senegal.




This is one of the best photos yet obtained of the Dor-
sale Reguibat. Geographers know it as the Yetti and
Karet Plain. The south limb of the Tindouf syncline,
at lower left, borders it on the north; and the Hank
and El Hank bluffs, at upper right, border it on the
south. The latter are a limb of the Taoudeni syncline,

of Hercynian age (Late Paleozoic), which has been list-
ed among the world’s largest. The apparent dip in the
horizon at the right was caused by the window of the
spacecraft. The long streaks at the left center are the
southwestern end of the Erg Iguidi, which extends into
Algeria from northern Mauritania.
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This view to the northeast over parts of Mauritania,
Spanish Sahara, and Morocco includes some of the
coast south of Agadir at lower left. A few cirriform
clouds are along Morocco’s southern coast. The view is
approximately along the axis of the Tindouf syncline.
Outcrops of rocks on each side dip inward, forming
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limbs of the syncline. The immense uplift of Precam-
brian rocks at the right is the Dorsale Reguibat. It may
have resulted from removal of Paleozoic and younger
rocks by erosion, or may have been a positive area that
did not receive a great volume of sediments. Faint dark
ridges show where it is cut by dikes.




A o Y s A Ty P Y

Morocco’s Cap Juby is near the lower center here. Light
spots near it are salt flats. Its annual rainfall is less than
10 inches and comes mostly in the winter, but the cool
Canaries Current produces summer cloudiness that re-
sembles California’s stratus. Note how the cloud-cell
size changes over the sea. Streaks of cirrus in the upper

left are over the Atlas Mountains. At the right is the
Hamada du Dra, a plateau underlain by the Tindouf
syncline. Discordant geologic structures on each side of
the Atlantic are often cited to support the theory of con-
tinental drift, but this photo of Morocco and Spanish
Sahara shows concordance to the African shore.
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This is part of the area shown in the photo on the pre-
ceding page. At the left is the Hamada du Dra’s western
end; in the center is the south limb of the Tindouf
syncline. These are Paleozoic (chiefly Devonian) sedi-
mentary rocks that have been folded, tilted, and eroded.
The broad desert at the right is the Dorsale Reguibat.
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It is a large eroded area of Precambrian rock in Span-
ish Sahara and Mauritania. The deflection of the Tin-
douf syncline is apparent here, but the reasons for it
are not clear. A major wrench fault may pass through
the area in the foreground and be partly responsible for
this deflection.




The Atlas Mountains extend southwest of Gibraltar to
Cap Rhir, at the top in this photo. The clouds near it
are over a major tectonic boundary, the south-Atlas line
coincident with the Agadir fault. This fault geologically
separates Mediterranean Africa from the bulk of the
continent. The Atlas Mountains were formed in the

Tertiary age with the Alps, Zagros, Caucasus, Himal-
ayas, and others on the site of the former Tethys geo-
syncline. The contorted ridges at right are eroded rem-
nants of older (Paleozoic) structures. Air flowing past
Cap Rhir from the northeast may have caused the eddy-
like pattern offshore.
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The bright lines across this photo are sand dunes of the
Erg Iguidi (an erg is a sand-covered part of the desert)
in western Algeria. They parallel the dominant north-
east trade winds and are formed by reworking of allu-
vial sands. The bands at the left are the topographic ex-
pression of Paleozoic sedimentary rocks in the south limb
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of Sebkha de Tindouf. The black areas above the dunes
are rhyolite intrusions of El Eglab, a Precambrian massif
composed chiefly of igneous and metamorphic rocks.
Photos taken of this part of Africa during a Mercury
flight in 1961 have increased scientific knowledge of
the area.




This picture of the Oued Saoura, a wadi in western
Algeria, was taken through a longer focal length lens
than the photo that precedes it. This area is usually
dry and a source of sand for long dunes, but at the top
you see an ephemeral lake that was produced by runoff
from the Atlas Mountains northwest of this region. The

desert absorbs water before it can flow much farther
south. The bedrock structure resembles that of the At-
las Mountains, but is considerably older and is perpen-
dicular to the northeasterly Atlas trend. It consists of
sedimentary rocks with minor volcanics that were fold-
ed in the Paleozoic era.
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The Erg Iguidi dunes rule the foreground, and a dust-
storm farther east whitens the top of this photo. The
dark area at the right is the Eglab Massif. It is one of
northern Africa’s three major Precambrian highlands
(the others are the Ahaggar and the Tibesti). These
massifs were uplifted and erosion removed whatever
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Paleozoic or Mesozoic rocks had been deposited on
them. Volcanic activity often accompanies such uplifts.
Interpreters of earlier photos such as this believe that
the dark blotches at the lower right may be rhyolite
intrusions, with lighter toned microgranite aureoles.




Centered here you see a small dune field resembling a
cluster of tents. This photo was taken over central Al-
geria and shows the southern edge of the Plateau du
Tademait, which extends more than 600 miles from the
Dhar Adrar to the Libyan border. Its easternmost part
is called the Hamada de Tinrhert. The plateau is under-

lain by Cretaceous limestone. This dark rock has been
moderately deformed by basin-and-swell movement ac-
companied by faulting. The long, straight watercourses
that locally cut the plateau probably follow faults. Wind
erosion of sedimentary strata produced the closed basins
in the left foreground.
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Earth presented this colorful view when the astronaut-
photographer looked down on the central Tassili-n-
Ajjer, at the junction of Algeria, Niger, and Libya. The
broad, brushlike streaks across the photo appear to be
incipient wind-erosion features, and the prominent curv-
ing cuesta at the top is the western border of the Marzuq
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Sand Sea. Overlapping pictures of this area, taken from
spacecraft, are increasing knowledge of wind-erosion
phenomena. The physiography of this area reflects the
prevailing basin-and-swell geologic structure of this part
of northwest Africa.



This photo includes both the area shown on the facing
page and the Mediterranean’s southern shore. The Gulf
of Sirte is under the cumuliform clouds in the upper
left, Egypt is on the far horizon, and the Tassili-n-Ajjer
in Algeria is in the foreground. The vellowish circular
area in the center is the Marzuq Sand Sea. The dark

spot between it and the gulf is Al Haruj al Aswad, a.
200- by 100-mile Quaternary volcanic field. Few geolo-
gists outside of Africa are familiar with this impressive
field because such a thinly populated area has long been
difficult to visit. This picture clearly shows the basin-
and-swell tectonic structure.
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This view is along the southeastern end of the Tassili-
n-Ajjer in eastern Algeria. The Marzuq Sand Sea of
Libya is in the upper left corner. The black formless
feature in the lower center is the Telut, a large Quater-
nary basalt field. Its linear features extend toward the
upper right and are probably the reflection of structure
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in the metamorphic rocks of the Ahaggar Massif. The
ridges cutting across this structure nearly at right angles
are products of erosion and indicate the direction of the
prevailing winds. The rocks at the lower right consti-
tute the edge of the Ahaggar Massif and probably are
Precambrian.




This photo was taken as the spacecraft approached the
southern slope of the Ahaggar Massif in southern Al-
geria. The Ahaggar is a rugged mass of Archean and
Paleozoic rock that rises high above the Sahara. One
of its peaks is partly visible in the upper right corner of

the picture. A small outpost called Tamanrasset is just
below the spacecraft. The light area in the foreground
is part of the sandy wasteland known as the Tanezrouft,
or “Land of Thirst,” south and west of the mountain
massif,
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The Air mountain range in the north-central part of
Niger, Africa, is an outlier of the Ahaggar, and is un-
derlain by Precambrian igneous and metamorphic rocks.
The big, dark, roughly circular areas so prominent in
this picture of the range are plateaus of resistant masses
of granite, intruded as ring complexes. The curved,
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fracturelike feature cutting the plateau at the right is
shown on an unpublished map by R. Black and others
as a gabbroic ring dike. A crater in the lower left is
probably a volcanic feature associated with Quaternary
massifs. Niger is in a part of the Sahara where rain may
evaporate before reaching the surface.




Mali and Niger, south of Algeria, have no seacoast.
The Niger River flows through them on its way to the
Gulf of Guinea, and this photo shows it in central Mali.
The long dart above and to the right of the striated
area is Lac Faguibine. The city of Timbuktu, which
Christians formerly were forbidden to enter, is between

the lake and the river. The dark linear pattern south of
the river is the result of flooding of stabilized sand
dunes. El Djouf Desert at the upper right is still one of
the least known parts of the Sahara. A cuesta separates
this sandy desert from the Aouker region to the west.
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Parts of several African countries are in the foreground,
and Mali and northwest Niger are in the background
of this view. The area shown includes northwest Nigeria,
southwest Niger, northern Dahomey, eastern Upper
Volta, and northern Togo. This part of the world was
not explored in detail by Europeans until many years
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after America was discovered. The remarkably straight
lines of cirrus-cloud tufts are oriented east-west over
Nigeria, although their filamentlike structures are near-
ly perpendicular to this direction. The filaments in the
lower left corner of the picture extend for distances up
to 30 or 40 miles.




Cumulonimbi of various sizes dominate the center of
this view of the northern part of the Central African
Republic and the southern part of Chad. Both nations
are landlocked, and the rainfall in this region is pro-
duced mainly by thunderstorms. Several smoke plumes
emanate from the tropical savannatype forest in the

lower right quadrant of the picture. To the north the
desert land gives a reddish hue to the area between the
thunderstorms and the horizon. The blue band along
the horizon is the lower, more dense region of the at-
mosphere called the troposphere.
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This southwesterly view over Lake Chad shows the
sands of the Sahara encroaching on it. Chad is in the
middle of Africa between the desert and the Sudan
grassland. The lake is much smaller now than when
Europeans first saw it. Progressive desiccation has left
only a remnant of what was an extensive lake system in
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recent geologic times. Lac Fitri, in the upper left, is on-
ly about 20 feet higher than Chad. The Chari River, at
the upper right, drains a large basin ringed by the
Mbang, Chaine des Mongos, and Jabal Marrah Moun-
tains. Isolated, water-filled depressions can be seen be-
tween many of the sand dunes.




This northwesterly view includes most of Lake Chad.
Four countries—Niger, Nigeria, Cameroon, and Chad
—share its shores. In early June when this photo was
taken, the lake was shrinking as the flood waters from
December and January rains evaporated. The sub-
merged dunes show how it becomes progressively small-

er as the desert robs it of water. Its principal affluent,
the Chari River system, flows northward to enter the
lake below the spacecraft. The only other affluent of
significant size is the Yobe River, visible here at the
left, which drains a small basin in Nigeria. Few roads
lead one to its shores.
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These cellular clouds were photographed over Camer-
oon and the Central African Republic. The light areas
in the center of these large cells show where they are
thickest. They are from 5 to 15 miles wide. The air is
rising in the center of these cells and descending around
the edges. They are in a slightly unstable layer about
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2 to 3 miles high. Such cells have been seen more often
over the oceans and at lower levels. The ratios between
the width and the thickness of these cells are much
greater than those found when such phenomena are pro-
duced in laboratory studies. Vegetation and the humid
tropical atmosphere obscure the land’s features here.




Africa’s northern desert meets the continent’s jungles in
eastern Chad near the Sudan border. The transition
zone is either wooded steppe or savanna in which the
vegetation is mainly grass between scattered trees. This
probably accounts for the darker hue in the foreground
of this photo, which includes a large part of Chad.

Some clearing and farming of the land, as well as the
increasing density of natural vegetation, may have con-
tributed to the pattern visible here, The area is chiefly
Precambrian igneous and metamorphic rocks and the
circular structure in the upper center may be a ring
dike or some similar intrusion.
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This and the next photo are overlapping views of the
mountains in western Sudan. Here one sees the north-
ern end of the Jabal Marrah range on the Darfur pla-
teau. These volcanic mountains form the divide be-
tween the area around Lake Chad and the Nile Basin.
In the lower left here, Jebel Gurgei rises 7864 feet. The
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town of Kutum is on a wadi near it and the provincial
capital, El Fasher, is 50 miles southeast of Kutum. Su-
dan is Africa’s largest country, and its boundaries touch
Libya, Chad, Central African Republic, the Democratic
Republic of the Congo, Uganda, Kenya, Ethiopia, and
the United Arab Republic.




This second view of western Sudan shows the southern
end of the mountains there. The volcanic crater of
Jebel Marra, in the center of this picture, is at an ele-
vation of more than 10000 feet and contains two lakes,
known as the Deriba Lakes. The town of Nyala is lo-
cated along the prominent stream that can be seen flow-

ing west at the left side of the picture. The clouds in the
lower right are high cirrus. These mountains stand be-
tween the area depicted in this section of the book and
the photographs of the countries arcund the Nile that
are presented in the next section.
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This photo was taken over the Congo on an approach
to northeastern Africa from its equatorial area. The
clouds at the top show thunderstorm activity near Stan-
ley Pool, the lake in the lower center. This area is main-
ly a broad plateau, from which water drops 900 feet in
215 miles, and the Congo River’s course can be traced
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here for about 100 miles. Stanley Pool is about 20 miles
long and contains a low marshy area called Ile Mbamou.
Upriver to the left, steep-faced hills confine the stream
to a width of 1 or 2 miles. Brazzaville is on one bank
and Kinshasa on the other at the right end of the pool.




Part IV. Northeast Africa

No other river has been as intently studied for as many centuries as the Nile, but
neither its source nor the reason for its floods was discovered until this century.
The Nile drains nearly 1 300000 square miles of Africa, and Aristotle thought that
its waters came from the Silver Mountains—that were later called the Mountains of
the Moon. Gemini photographs now enable one to see vast stretches of the Nile at a
glance.

They also show the whole of the 1450-mile-long Red Sea. At this sea’s north-
ern end, the Gulf of Suez and the Gulf of Aqaba are separated by the Sinai Pen-
insula. The Bible describes a parting of the waters thereabouts for the children of
Israel on their return from Egypt to the Holy Land.

The Red Sea occupies a huge crustal rift in the continental shield and its
swampy shores end abruptly in high tableland. Wind erosion has created distinc-
tive features in the terrain there that are not recorded even in recent maps, but that
can be seen clearly in the Gemini pictures.

The currents in the waters around the Arabian Peninsula are complex. Large
numbers of pelagic fish have long been found in the Gulf of Aden on the southern
coastline, and may be confined in certain areas by the ocean currents. Photographs
such as those in this section may be helpful to evaluators of both the inland and
marine resources of this part of the world.
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The contrast between western Egypt and the Nile Val-
ley is sharp in this photo. Libya is in the foreground,
and the Red Sea is above the river near the horizon.
The large elliptical feature in the upper center is the
Gilf Kibir Plateau. Gently dipping sandstones underlie
it and there is a V-shaped escarpment to the left. The
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larger of two dark circles below the Gilf Kibir is the
Jebel Uwaynat, which is bisected by the border between
Libya and Egypt. These jebels were formed by erosion
and are said to consist of Precambrian rocks with aeger-
ine syenites and granites dominant. The desert here gets
less than 2 inches of rain annually.



This is the eastern end of the Mediterranean. The Nile
River and its delta dominate the left half of the view;
the right half includes Israel, Lebanon, and parts of
Cyprus, Jordan, the Syrian Arab Republic, Iraq, and
Turkey. The Suez Canal is in the lower center, and the
Gulf of Suez in the foreground. The narrow body of

water on the right edge is the Dead Sea. The smaller
waterbody in the fault extending northward from the
Dead Sea is the Sea of Galilee. A lake, the Birkat Qarun,
is in the dark lower left corner of the picture. A light
northerly wind had alined cumuliform clouds over Egypt
in parallel rows when this picture was taken.
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“This picture, accentuating the blue of the Red Sea
separating Egypt from Sinai and Saudi Arabia, was
taken while inverted, pointing south and moving side-
wise in orbit,” Astronaut Edwin E. Aldrin, Jr., report-
ed. “The radar transponder pointing toward the Nile
River and the wire loop of the tether are on the Agena
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which was docked to Gemini XII at this time.” The
Gulf of Suez at the bottom of the photo extends north-
ward from the Red Sea, and the Gulf of Aqaba to the
left edge. A few cirrus clouds lay east of the Nile, and
cumuliform clouds can be seen over the Red Sea and
Saudi Arabia at the upper left.




North is at the left in this view of Egypt’s Nile Valley.
The dark triangle at the left is El Faiyum, a natural
depression 148 feet below sea level. It contains the lake,
Birkat Qarun, and a large irrigated area. Amenenhet I
of the XII Dynasty controlled the level in the lake to
attain some control of Nile floods. The pronounced

bend in the river under the antenna has been ascribed
to the same major fault system that probably influenced
the shape of the Gulf of Suez and the northern Red
Sea. The cirrus clouds in the foreground are embedded
in southwest winds from Libya and the cumulus clouds
at the left are in winds sweeping in from the north.
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Jetstream cirrus clouds extended across the Red Sea and
the Nile Valley when this high oblique view to the south-
east was filmed. These clouds are so named because
they occur near the strong core of the upper westerly
wind, the jetstream, at altitudes between 35000 and
45 000 feet. This photo also shows important lithologic
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and structural features trending toward the southeast.
Tertiary sediments underlie most of the area, but Pre-
cambrian igneous and metamorphic rocks comprise
most of the Sinai Peninsula and surround the Gulf of
Suez. Farms darken the valley in which the Nile flows
northward through Egypt from Sudan.



This photo of the Red Sea, looking south, was taken
from the same spacecraft but on a later revolution than
the preceding one. It shows the cirrus cloud bands still
over the region. They are parallel to the upper wind
and hence indicate its direction. Saudi Arabia is at the
left, and Egypt at the right. Sun glitter brightened the

water of the sea in the lower right. The Red Sea was
so named because occasionally a free-floating form of
microscopic algae “blooms” so profusely that it reddens
the water. Although this sea became a commercial artery
when the Suez Canal was built a century ago, most of
the ports along it are small communities.
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Only a few cumuliform clouds covered the northern end
of the Red Sea between Egypt and Saudi Arabia the
morning this photo was taken. The Nile can be seen
in the lower left. The spacecraft transponder points to
the tip of the Sinai Peninsula, the Gulf of Agaba, and
the Dead Sea in the upper left corner. The dark Pre-
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cambrian rocks on the far shore of the sea in this view
are part of the Arabian-Nubian Massif. An Nafud, a
large sand desert, is in the upper right. This photo shows
distinct dune trends that are alined in the dominant di-
rection of the wind.




At most points the Red Sea is less than 200 miles wide.
This is a closer view of part of the Arabian shore seen
on the preceding page. This photo shows the coast of
Saudi Arabia between Duba and Ras Bariji. The dark
massif towering above the blue water is a complex of
Precambrian igneous and metamorphic rocks that is

parted by graben faulting below the Red Sea. The
black, crablike feature at the far right is a Tertiary-
Quaternary lava flow. The lightly colored sediments
are stream deposits of alluvium and related surficial de-
posits of Quaternary age. The shadows of the clouds
indicate that they were at a great height.
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This is a photo of the Red Sea taken from east of it. near the shore in the right center. In the depths the
Yemen and Saudi Arabia are in the foreground; Ethi- water is 56° G and has 10 times normal salinity. Sub-
opia, Sudan, and the United Arab Republic are on the marine eruptions and ancient salt beds probably explain
far shore. Oceanographers have found gold, silver, zinc, these conditions. Jiddah had a west wind of 15 knots,
and copper associated with sediments in a 7000-foot- and Port Sudan, across the sea, a 10-knot southeast wind
deep part of the Red Sea northwest of Jiddah, a city when this photo was taken.
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Ethiopia is in the upper left and the Arabian Peninsula
in the foreground of this photo taken east of the Red
Sea. The dark area in Ethiopia is the Danakil Depres-
sion, a below-sea-level part of the Great Rift Valley.
Islands and reefs are visible off R’as Isa, the cape on
the near shore. Dark areas in the lower left are volcanic

rock. The prominent fault in the lower right is in Ye-
men. It brings granitic rocks into contact with Jurassic
sediments of the Amran Series in the light central part
of the photo’s lower half. There are batholiths of Meso-
zoic or Cenozoic age in the Amran Series which darken
parts of the picture.
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For this view of the Nubian Desert east of the Nile, the
camera was pointed east from over southern Egypt and
Sudan. The Red Sea waters at the top are in the north-
ern part of the Great Rift Valley of Africa, which has
been shown to be a graben or downfaulted block. The
dark areas bordering it are Precambrian igneous and
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metamorphic rocks. The dark linear depression at the
right is north of Kassala, Sudan, and is undoubtedly a
subsidiary structure related to the main Rift Valley
faulting. Thin cirrus filaments hide the nearby desert
and several cumulonimbi rise amid the cumulus clouds
at the right.



Before flowing north into Egypt, the Nile curves south-
ward in northern Sudan. To the right of the antenna
rod, where the river is relatively straight and there are
no clouds, is its third cataract. Most of the area in the
foreground is underlain by Nubian sandstone. Circular
features here are similar to those of the Jebel Uwaynit.

Vegetation increases from left to right as the color of
the landscape darkens. To the east the main structural
features of the Nubian Ramp, the Precambrian high-
lands bordering the Red Sea, are visible. Some cumuli-
form and cirriform clouds are shown drifting over the
desert on both sides of the Red Sea.

GEMINI XI SEPTEMBER 14, 1966 S66-54531




This and the next three pictures were taken only min-
utes apart from altitudes of more than 300 miles. Lake
Tana in Ethiopia is in the lower right. Beyond is nearly
the whole southern end of the Arabian Peninsula. The
bare orange expanse there is the “Empty Quarter” of
Saudi Arabia and Yemen. Showers apparently were fall-
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ing on the lava-covered Abyssinian plateau from the
clouds in the foreground. This plateau’s average eleva-
tion is more than 6000 feet. Dark areas below the cum-
ulus clouds along the Red Sea’s far shore are part of
the Arabian shield, which the Red Sea rift separates
from the African shield.



The Red Sea is at the left. From it the Gulf of Aden
extends to the Indian Ocean on the horizon. Between
the spacecraft and the Y-shaped Tadjoura Gulf in the
lower center of this photo is Lake Abbe. The boundary
between Ethiopia and the Somali Republic crosses that
lake. Yemen occupies the left part of the Arabian Pen-

insula shown here, and Aden is along the shore to the
east. Major structural lineaments of the Arabian shield,
and the dendritic wadi system of the Hadramawt Pla-
teau, can be observed in this and the next picture. The
spacecraft was ascending when this and the next photo
were taken from an altitude of more than 350 miles.
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The resolution of this photo, showing some of the same
area as the preceding two, is greater because the view is
more nearly vertical. In the upper center the gently dip-
ping Paleozoic and Mesozoic sediments that form the
arcuate central interior homocline of the Arabian Pen-
insula can be seen emerging from below Ar Rab al
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Khali. In September the Red Sea’s warm waters pour
into the Gulf of Aden over the sill of the strait you see
beneath the spacecraft’s transponder. A portion of that
flow, about 150 miles long and 75 miles wide, can be
detected by a difference in the water’s hues, caused by
its relative roughness.



The Red Sea and the Gulf of Aden are in a geologically
important area. The Gemini photos show several major
structural lineaments which traverse Precambrian and
Cretaceous rocks in this area. The view includes the bi-
furcation of the Great African Rift valley—to the east
under the Gulf of Aden and to the southwest under

Africa to form the Abyssinian rift. The Afar depression
in Africa, in the foreground, consists largely of volcanic
rocks. It appeared to be raining on Ethiopia’s highlands
when this series of pictures was taken; air temperatures
reached 100° F along the Red Sea coast 3 hours later.
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Now our view is to the east across the dry lands of the
horn of Africa toward the Gulf of Aden. The Indian
Ocean shore between Eil and Garad is visible in the
upper left. The cumulus-cloud streets shown here are
parallel to the southwest wind and the clear swath
is over the valley of the Nogal River which flows across
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the Somali Republic. A narrow Precambrian ridge ex-
tends eastward from the bottom of the photo and rough-
ly parallels the coast of the Gulf of Aden in the fore-
ground. The dark areas on the right represent Mesozoic
deposits.




Ethiopia is dotted by large lakes south of Addis Ababa.
They are in the northern part of the Great African Rift
valleys that extend from Syria to South Africa, and are
thought to be graben; i.e., large blocks of the crust that
have been downdropped along fractures. The parallel
lines northeast of Zeway, the northernmost dark lake

here, are indications of these fractures. The three center
lakes are Shala (left), Hora Abyata (middle), and
Langana (right). Cumulus clouds partially hide Awusa
lake at the lower left. The sharp brown marks at the
upper right and a curlicue on Langana’s shore are defects
in the photographic film.
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Lake Tana in northwestern Ethiopia is the source of the
Blue Nile. It is on a plateau more than 6000 feet above
sea level, and its water flows to the southeast (lower
right) before curving west to irrigate farms in Sudan
and Egypt. Monasteries on the islands in Lake Tana
date back to the 14th century. Extensive lava flows of
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late Mesozoic or Cenozoic age overlay the plateau. The
lineament left and above the lake may be the expression
of a fault, suggesting that the lake is of tectonic origin.
Mountains rise nearly 13 000 feet in the region near the
pancake-shaped cumulus clouds to the right of the lake.
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This photograph shows the Sun brilliantly reflected in
the immense swamp called As Sudd through which the
White Nile flows in Sudan. During Mid-Tertiary time
the Sudd region was an enclosed drainage basin. Then
tilting of the east African plateau during Pleistocene
time changed the direction of drainage of Lake Victoria

and additional waters were supplied to the lake here.
This lake soon overflowed, draining off most of the
water and leaving the swamp which exists today. Smoke
from clearing operations on farms is visible at the bot-
tom of the picture.
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Lake Victoria extends southward from the Equator.
This is its southern shore in Tanzania, where it has
many deep inlets and steep bluffs. The rows of cumulus
clouds running northward direct your eye to Speke Gulf
in the upper center of the picture. The large island at
its entrance, called Ukerewe, rises 650 feet above the
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lake water and is densely populated. The town of
Mwanza is at the head of the inlet below the gulf. There
were thunderstorms northeast of Speke Gulf when the
spacecraft passed over this tropical region in December
on its way to the Indian Ocean shore of the continent.



Thunderstorms had generated a canopy of cirrus, pen-
etrated by turrets from upward currents of air, when
the astronauts took this picture of Africa’s east coast
south of the Equator. The spacecraft was over the
northern end of the Mozambique Channel. The view
extends from south of Vila do Ibo, Mozambique, to

north of Mtwara, Tanzania. The boundary between the
two countries is the Ruvuma River, which can be seen
entering the Indian Ocean to the right of the center of
this picture. High rocky headlands and steep cliffs on
this part of the coast consist of marine sediments, and
tiny coral islands stud the sea near the shore.
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For this photo of eastern Africa, the camera was point-
ed west from off its shores. Kenya’s coastal lowlands
are in the foreground, and Tanzania’s famous safari
lands are near the horizon. Mount Kilimanjaro is the
dark object left of center, flanked by Lake Eyasi on the
left and Lake Natron on the right. The clouds suggest
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how the mountains disturb air flowing from the south-
east. Several isolated cloud patches to the right lay near
high peaks; the one farthest right is around 17 050-foot
Mount Kenya. Although these volcanic mountains are
close to the Equator, ice fields and glaciers are found
on their summits.




This view is similar to the preceding one, but the coastal
strip shown is farther north and is part of the Somali
Republic. The Equator crosses this area from the upper
left to the lower right. Here the sea-surface temperature
in the Somali Current is about 79° F in June, and you

see fewer clouds over the water than over the land. The
convective cloudiness covers the coastal lowlands and
extends into northeastern Kenya, but over the highlands
at the upper left—the region between the Indian Ocean
and Lake Victoria—the sky is mostly quite clear.
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Several cloud decks are discernible in this picture of
Africa’s Indianp Ocean coastline. East-west banding has
occurred in the highest deck of cirrostratus, while cumu-
lus-cloud streets have been embedded in a southwesterly
airflow parallel to the coast at a low level. The camera
was pointed northwest and a strip of the coast of the
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Somali Republic near Eil is visible in the clear zone at
the right. Beyond the cloud field, the mainland has a
reddish hue because the landscape is arid here. Eil is on
the Baia del Negro at the mouth of the Nogal River,
which flows eastward from higher areas inland.
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South of Ras Hafun and just north of the city of Moga-
dishu, the capital of the Somali Republic, this vivid
image of the Indian Ocean shore of Africa was record-
ed by one of the astronauts. The sand dunes extend in-
land and show a typical increase in red co