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During the Gemini, Apollo, and Skylab flights, orbiting astronauts collected valua­
ble information by means of observations and photography of Earth. Strengthened 
by the experience gained on these flights, the Earth Observations and Photography 
Experiment was carried out as one of the American objectives of the Apollo-Soyuz 
Test Project in July 1975. The main goal of the experiment was to utilize the special 
capabilities of trained observers (namely, the American astronauts of the joint mis­
sion) in visually studying and photographing specific Earth features and dynamic 
phenomena. These special capabilities include the sensitivity of the human eye to 
subtle color variations (e.g., to desert sands or sea water), and the speed with which 
the eye-brain interaction results in interpretation of the scene and recognition of 
important features. This latter capability allows instantaneous selection of important 
sites for photographic documentation at any moment, which in turn, enhances the 
quality of photographic data from space platforms. Another goal of the experiment 
was to establish the role of human observers in future space programs, particularly 
the Space Shuttle. 

This book contains a detailed account of the experiment objectives, training of 
astronauts, preparation of aids for their use, and the results of experiment perform­
ance. These details serve as a historical-archival record and as a guide for conducting 
similar projects in the future. 

The scientific objectives of the experiment included the collection of data in 
support of ongoing research in the fields of geology (particularly desert studies), 
oceanography, hydrology, meteorology, and environmental science. A summary of 
significant results is given; however, detailed scientific analyses are currently being 
performed by a number of investigators in various fields in the United States and 
abroad and their results will be published later, as a special publication of the 
National Aeronautics and Space Administration. 
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Foreword 

It gives me great pleasure to introduce this new monographic series, Smithsonian 
Studies in Air and Space, which will deal with the history of, and advances in, air 
and space flight and planetary exploration. An earlier series, Smithsonian Annals of 
Flight, although successful since its inception in 1964, was the product of the National 
Air Museum before "Space" was added to its name, and thus did not reflect the 
expanding horizons that the space age has opened to research. This new series of 
the National Air and Space Museum joins other series publications, begun several 
years ago, of the National Museum of History and Technology and the National 
Museum of Natural History. Smithsonian Studies in Air and Space will present 
volumes of archival value as well as scientific research papers and monographs that 
review the state-of-the-art. The overriding theme will be that the publications of this 
series, based on scholarly research, will provide a better understanding of past accom­
plishments and a possible guide to future ventures in air and space exploration. 

I am pleased to introduce the first volume in this series a short time after the 
opening of the new National Air and Space Museum in July 1976. The present 
monograph and future volumes will be dedicated by the museum staff and contribut­
ing colleagues from other institutions of learning to the "increase and diffusion of 
knowledge" in the dynamic, ever expanding fields of air and space. 

This first volume is an outgrowth of the "Earth Observations and Photography 
Experiment," which was successfully performed during the Apollo-Soyuz mission in 
July 1975. The astronauts' view from orbit turned out to be not only beautiful but 
also extremely useful. 

The author, Dr. Farouk El-Baz, was Principal Investigator of this experiment. His 
responsibilities included the selection of sites for observation and photography and the 
integration of the experiment's requirements into the flight plan. In addition, he pre­
pared my former colleagues, astronauts Thomas P. Stafford, Vance D. Brand, and 
D. K. Slayton, for the flight by means of an extensive scientific training program. 
The elaborate preparation paid off, and Dr. El-Baz is now coordinating a scientific 
data analysis program involving several government agencies and academic and re­
search organizations in the United States and abroad. 

I hope that this book and future volumes in Smithsonian Studies in Air and Space 
will serve as a useful source of knowledge and that these publications will inspire 
future generations to continue exploring the unknown. 

MICHAEL COLLINS 

Director 
National Air and Space Museum 

VI 
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ASTRONAUT OBSERVATIONS FROM THE 
APOLLO-SOYUZ MISSION 

Farouk El-Ba\ 

Introduction 

Despite achieving great advances in international 
space cooperation, the highly successful Apollo-Soyuz 
Test Project (ASTP) marked the end of an era in 
American spaceflight. It was the last flight of an 
Apollo spacecraft and will be the final American 
manned space activity until the Space Shuttle begins 
routine flights in the 1980s. As such, the Apollo-Soyuz 
Test Project, which was launched on 15 July 1975, 
provided the last opportunity in this decade for 
American astronauts to systematically observe and 
photograph the Earth from space. 

The Apollo-Soyuz astronauts agreed with all others 
who have flown in space that the Earth is very 
beautiful. Whether it is seen from the vicinity of the 
Moon or from an Earth orbit, the Earth appears so 
breathtaking that astronauts can neither forget it nor 
adequately describe it. As astronomers see Mars as a 
red planet, the astronauts see Earth as a blue one; 
ocean water covers nearly three-fourths of the globe. 
In spite of this generalization, Earth displays to 
orbiting astronauts an unending array of beautiful 
colors and cloud patterns. Variations in patterns of 
land and sea unfold like a map of the world that has 
suddenly come alive. 

To observe the Earth in wonder or to contemplate 
its beauty is all an untrained observer can do. How­
ever, during the Mercury, Gemini, and early Apollo 
flights, it was quickly realized that orbiting astronauts 
could expertly photograph significant features. An 
additional fact was more slowly recognized; the 

Farouk El-Baz, Research Director, Center for Earth and 
Planetary Studies, National Air and Space Museum, Smith­
sonian Institution, Washington, D.C. 20560. 

astronauts, because they could see more than expected, 
were able to make visual observations that increased 
the information value of their photographs. 

As the Apollo missions progressed, it became feasible 
to undertake a program to test the observational 
capabilities of astronauts. This program paid hand­
somely and provided us with a plethora of scientific 
information that was otherwise not available. The task 
of observing was then called "visual observations from 
lunar orbit." The Principal Investigator's responsibili­
ties for this task included training astronauts to per­
form the work and selecting sites for observation and 
photography. 

When the Skylab program (1973-1974) began, 
astronaut observations from Earth orbit were estab­
lished as an objective. A training program was im­
plemented for the three Skylab crews. However, the 
best results were obtained on the last of the three 
manned missions (Skylab 4 ) . Observations made by 
the Skylab crews added a new dimension to Earth 
resources investigations. 

Based on previous experience, a proposal was sub­
mitted to the National Aeronautics and Space Ad­
ministration (NASA) to conduct an "earth observa­
tion and photography" experiment on the Apollo-
Soyuz mission. The proposal was accepted and 
planning activities began nearly a year-and-a-half 
before the mission. The magnitude of the job proved 
to be much more than foreseen, for the simple reason 
that interest was voiced by many more scientists from 
more fields of specialization than expected. Further­
more, this interest was not limited to investigators 
from the United States, and solutions to Earth science 
problems were sought for many parts of the world. 



Scientific Objectives 

Historical Background 

Photographs of the Earth, used chiefly for land 
surveys and geological mapping, are usually obtained 
from airplanes. During the past decade, however, 
earth scientists have recognized the contribution of 
space photography to scientific investigations. For 
the purpose of photographing Earth, orbiting space­
craft have three advantages over airplanes: (1) a 
spacecraft travels at higher altitudes (several hundred 
kilometers) and can, therefore, view a larger area 
and depict broader features; (2) since spacecraft 
travel above the atmosphere, they avoid gusts of 
wind and air pockets that make aircraft relatively 
unsteady; and (3) a spacecraft follows an orbit around 
the Earth with a precision that increases the value of 
the photographs. 

During the United States' first manned space flights, 
several types of imaging systems were successfully 
used to photograph the Earth from orbit. Some of the 
first truly orbital photographs were taken with 70 mm 
Hasselblad cameras during Project Mercury. Accord­
ing to Cameron (1965) the scope and sophistication of 
scientific experiments on these missions was restricted 
by the limited space and weight capacity of the 
Mercury spacecraft (about one-fourth the weight of 
the Apollo command module). 

An informal surface observations and photography 
experiment was conducted on the four manned orbital 
missions, Mercury 6 through 9. The most valuable 
pictures were obtained on Mercury 9 by astronaut 
Gordon Cooper, who also made several unusual ob­
servations. From an altitude of over 160 km, Cooper 
reported seeing individual buildings on the Tibetan 
plateau, the wake of a boat on a large river, and even 
the smoke of a steam locomotive moving along its 
track. Photographs and visual observations on Project 
Mercury generated considerable interest among the 
scientific community and encouraged plans for more 
formal experiments on future missions. 

During the ten manned Gemini missions, a number 
of valuable pictures were taken as part of the Synoptic 
Terrain Experiment (Lowman and Tiedemann, 
1971). These included photographs of unmapped 
geological structures such as a volcanic field in 

northern Mexico. Strikingly beautiful photographs 
of the Sahara Desert in North Africa were also ob­
tained (Figure 1), providing a regional view of one 
of the most remote and inaccessible areas in the 
world. Three types of cameras were used on Gemini: 
the Hasselblad 500C, the Maurer Space Camera, and 
the Hasselblad Super Wide Angle Camera. By the 
end of the Gemini program, over 1000 color photo­
graphs were available for study. 

Visual acuity tests were performed during Gemini 
missions 5 and 7. Orbiting astronauts were asked to 
observe white markers (50 to 200 m long) laid out in 
patterns on the ground near Laredo, Texas, and 
Carnarvon, Australia. The astronauts were successful 
in observing and describing these patterns, proving 
that the human eye could detect more than the avail­
able cameras. Orbiting astronauts sometimes had dif­
ficulty interpreting the view, however. For example, 
astronaut James McDivitt was not able to recognize 
familiar landmarks during the flight of Gemini 4. He 
was unable to locate El Paso, Texas, although he had 
flown over it hundreds of times as a pilot. Similarly, 
as he approached the delta of the Nile River (Figure 
2) , he momentarily thought that the dark bluish tri­
angle was an immense field of lava (Lowman, 1966: 
645). This indicates the importance of pre-mission 
training. 

Although the Apollo program was dedicated to 
lunar exploration, Earth photographs were taken on 
the Apollo 7 and 9 Earth orbital missions. The Multi-
spectral Terrain Photography Experiment on Apollo 
9 provided the first orbital photographs of the Earth's 
surface in three spectral bands; green, red, and infra­
red (Kaltenbach, 1970). For this experiment, four 
Hasselblad cameras, each with a different film/filter 
combination, were mounted on the command module's 
hatch window. Photographs were taken simultaneously 
at fixed intervals so that the same scene would appear 
in all four multispectral pictures. A wide variety of 
terrain in the southern United States and northern 
Mexico was photographed (Figure 3) . The pictures 
taken on Apollo 9 helped establish the value of multi-
spectral orbital photography and paved the way for 
the development of imaging systems for the Earth 
Resources Technology Satellite (ERTS; now called 
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Landsat) and the Skylab missions. 
Because of the success of astronaut observations and 

photography from Earth orbit, similar tasks were per­
formed during the Apollo lunar flights. The potential 

value of astronaut observations was recognized after 
the first circumlunar flight, Apollo 8. After observing 
lunar surface color, the crew of that mission stated 
that "regional variations in lunar surface colors are in 

FICURE 1.—This Gemini photograph of the Sahara Desert shows the vast, circular, Marzuq 
Sand Sea of Libya. Al Haruj al Aswad, a Quaternary volcanic field, appears as a dark mass 
between the yellowish sand sea and the blue Mediterranean. (NASA photograph S66-54525) 
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FIGURE 2.—A Gemini photograph of the triangular-shaped Nile Delta with the Mediterranean 
Sea to the left and the Sinai Peninsula toward the top. During the flight of Gemini 4, astro­
naut James McDivitt momentarily identified the dark blue-green triangle as an immense field 
of lava. (NASA photograph S65-34776) 
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shades of gray, possibly with faint brownish hues 
similar to the color of dirty beach sand" (Anders, 
Lovell, and Borman, 1969:1). 

On Apollo 10, the astronauts also paid some atten­
tion to lunar colors and reported "definite brown 

tones on the gray lunar surface features, except near 
the sunrise and sunset terminators . . . the mare 
surface was generally brown, highland areas were tan, 
and the bright halos and rays around some craters 
were a chalky white like gypsum" (Stafford, Cernan, 

FIGURE 3.—An Apollo 9 color infrared photograph of the Imperial Valley of California, 
the Colorado River, and the Algodones sand dunes. The Salton Sea is just visible at the center 
left of the photograph. In this view, healthy vegetation appears red. (NASA photograph AS9-
26A-3698) 
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FIGURE 4.—Stereoscopic view of the northwest sector of the 70-km diameter crater King on 
the lunar far side. The black rocks near the center of the photographs were first observed by 
astronaut John Young on Apollo 10; the nature of these rocks remains an enigma. The elevated 
peaks at the bottom of the stereo pair are part of the central mountains within the crater floor. 
Beyond the white and black rocks of the crater's northern rim is a relatively smooth deposit of 
either impact or volcanic origin. (NASA photograph AS10-30-4351 and 4352) 

and Young, 1971:1). On the same mission astronaut 
John Young discovered and photographed what 
seemed to be black rocks within a crater (King) on 
the lunar farside (El-Baz, 1969). To this day, these 
rocks continue to be a matter of scientific curipsity 
(Figure 4) . 

The first attempt to test the observational capabili­
ties of astronauts began with the training of the Moon-
bound astronauts of Apollo 13. Because this mission 
was aborted, however, the crew of Apollo 14 was the 
first to perform visual observations from lunar orbit, 
with encouraging results (El-Baz and Roosa, 1972). 



FIGURE 5.—Photograph of the southeastern part of the Serenitatis basin on the Moon's near 
side. The photograph is taken obliquely, looking westward from a 100-km lunar orbit. The 
arrow shows the direction of flight and indicates the Apollo 17 landing point. The astronauts 
landed in the dark, blue-gray unit that is surrounded by mountains over 2 km high. (After 
Evans and El-Baz, 1973:28-24) 

The systematic acquisition of scientifically relevant 
visual observation data from lunar orbit began with 
Apollo mission 15. A program was developed to train 
astronauts for the task, then considered a detailed test 
objective. The author was Principal Investigator for 
this activity on Apollo 15 and the succeeding two 
missions. Detailed descriptions of the accomplishments 

were published in the mission reports of Apollo 15 
(El-Baz and Worden, 1972) ; Apollo 16 (Mattingly, 
El-Baz, and Laidley, 1972) ; and Apollo 17 (Evans 
and El-Baz, 1973). 

On Apollo 15 it was realized that "man must be 
trained to be a good observer, and the task of look­
ing must be planned before flight and conducted sys-
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tematically. Otherwise, man will look but he may 
not see" (El-Baz, Worden, and Brand, 1972:103). 
Another valuable result of the Apollo 15 mission was 
the observation of cinder cones in the Taurus-Littrow 
area (Figure 5) . This was partly responsible for the 
selection of the area for the Apollo 17 landing. 
Analysis of Apollo 17 samples confirmed the existence 
of volcanic glass, probably resulting from pyroclastic 
volcanic eruptions (El-Baz, 1975:511). 

Apollo 16 orbital observations resulted in the recog­
nition that the lunar light-colored plains must be of 
varying, rather than uniform, ages. Also observed 
were "high-lava" marks at the boundaries of lunar 
maria, suggesting that lavas rose to higher levels on 
the Moon than their present levels (Mattingly and 
El-Baz, 1973:55). 

By the time Apollo 17 circled the Moon, orbital 
observation techniques had nearly been perfected, 
and a handsome amount of scientific information was 
gathered. Among the significant results was the recog­
nition of numerous subtle colors that characterize 
lunar surface units (Figure 6) . All recognized colors 

were indicative of both the composition and age of 
observed materials (Schmitt, 1974; Lucchitta and 
Schmitt, 1974). One exciting find, made by two 
astronauts on the surface, of orange soil on the rim 
of crater Shorty (Figure 7) was investigated during 
the mission by their orbiting crewmate. This resulted 
in the first discovery of orange-tinted, volcanic mate­
rials on the rims of other lunar craters elsewhere on 
the Moon (Figure 8) . The exercise proved beyond 
doubt, the value of concurrent investigations on the 
surface and from orbit (El-Baz and Evans, 1973), 
a process that later was to be successfully used dur­
ing the Apollo-Soyuz mission. 

After the Apollo lunar program was terminated, 
the Sklab program began. Skylab provided the first 
opportunity since Apollo 9 to pursue a systematic 
study of the Earth from orbit. In support of this 
objective, an extensive remote sensing investigation, 
the Earth Resources Experiment Program (EREP), 
was carried out. The EREP facility onboard Skylab 
included six instruments that sensed the visible, infra­
red and microwave regions of the electromagnetic spec-

FIGURE 6.—Sharp color boundary between two mare (vol­
canic rock, basalt) units in southern Mare Serenitatis. The 
darker, blue-gray unit in the bottom half of the photograph 
is older than the lighter, tan-gray unit north of it. Observable 
color differences of this type have been used to substantiate 
a relative-age scheme for the Moon's surface units. (NASA 
photographs AS17-150-23069) 
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FIGURE 7.—A view of the area on the rim of crater Shorty 
showing the highly publicized orange soil that the Apollo 17 
crewmen found at the Taurus-Littrow site. The tripod-like 
object serves as a reference to establish local sun illumination 
angle, scale of photograph, and lunar surface color. This 
orange-tinted soil was also observed from lunar orbit during 
the same mission. (NASA photograph AS17-137-20990) 
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FIGURE 8.—Orange-tinted soil was observed from lunar orbit 
in the Sulpicius Gallus region, over 600 km west of the 
Apollo 17 landing site. This photograph shows two craters 
similar in size (500 m diameter), one exhibiting a light-
colored ejecta and the upper one orange-tinted ejecta. The 
difference is due to the fact that orange materials occur in 
the dark unit but not in the light-colored hills. (After Evans 
and El-Baz, 1973:28-23) 

trum. These included: (1) a multispectral array of six 
cameras each with a film/filter combination sensitive 
to a specific spectral band; (2) a high resolution 
Earth terrain camera; (3) an infrared spectrometer; 
(4) a multispectral scanner; (5) a microwave radi-
ometer/scatterometer and altimeter; and (6) an 
L-Band radiometer. Handheld 70 and 35 mm cameras 
were also used by the Skylab astronauts to acquire 
photographs. At the end of the program, thousands 
of pictures of land, ocean, and weather features had 
been taken (NASA, 1974a). 

A visual observations program for the Earth was 
also performed for the first time on Skylab 4. This 
program combined pre-mission crew training with 
helpful onboard aids, such as maps and photographs, 
to obtain photographic and observational data of 
specific Earth features. Because of the long duration 
of that particular mission (84 days), it was possible 
to conduct repeated observations of the same area 
(Figure 9) . Observations on Skylab 4 and their docu­
mentation with photographs proved to be a very 
worthwhile effort and resulted in significant findings 
(Kaltenbach, et al., 1974). 
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FIGURE 9.—Skylab 4 photographs of California showing 
San Francisco area, the Sacramento Valley, and the Sierra 
Nevadas. These two photographs, taken on different days 
and under different viewing conditions, reveal a number of 
interesting features: snow caps the Sierra Nevadas (above) 
and a low sun angle enhances faults and fractures. After the 
snow had melted (below) a higher sun angle emphasizes 
color while topography is subdued. (NASA photographs, 
(top) SL4-138-3843, (bottom) SL4-142-4532) 
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Detailed Objectives 

The aforementioned experiences of the United 
States' manned space flights proved that scientifically 
interesting features on the Earth and Moon could 
easily be studied from orbital altitudes. Space photo­
graphs and astronaut observations have provided 
scientists with a new way of exploring and studying 
the Earth and have become basic tools in Earth re­
sources investigations. 

As previously stated, one of the most obvious char­
acteristics of orbital photographs is their large areal 
coverage. A single orbital photograph permits direct 
study of large structures, such as the San Andreas 
Fault system in California, and of broad distributions, 
such as snow-cover patterns in mountainous regions. 
Orbital photographs can also provide coverage of 
remote and inaccessible parts of the globe, like the 
Sahara Desert or the Pacific Ocean, where size makes 
conventional surveys impractical. Space pictures are 
particularly suited to a number of applications, in­
cluding updating and correcting maps, monitoring 
Earth resources, studying dynamic geologic processes, 
and surveying ocean features. 

The Apollo-Soyuz Test Project (ASTP) was ap­
proved as a joint US/USSR venture in 1972. During 
the same year, the first of a series of satellites, then 
known as the Earth Resources Technology Satellite 
(ERTS) , was launched. The second in the series, 
now known as Landsat, established its orbit half a 
year prior to the flight of Apollo-Soyuz. These satel­
lites can provide repetitive coverage of the entire 
globe every 18 days. The sensors on board the satel­
lites generate images that are exceedingly useful in 
land and resource surveys, and particularly in studies 
of seasonal or annual variations (Williams and 
Carder, 1976). For this reason, the photographic 
objectives of the Apollo-Soyuz mission were limited 
to the documentation of astronaut visual observations, 
and the acquisition of oblique and high-resolution 
vertical color photographs that could not be obtained 
by the Landsat systems. 

On ASTP, the Earth Observations and Photography 
Experiment (designated MA-136 by NASA) pro­
vided the first opportunity in two years to reexamine 
selected Earth features studied in the Skylab 4 visual 
observations program. Human observers possess several 
unique capabilities, including the extensive dynamic 
range and color sensitivity of the eye, and the speed 
with which the eye-brain system can interpret what 

is seen and distinguish what is significant. In fact, 
human observers in space can often see more color 
and textural variations than will be recorded on the 
best available photographic film. Therefore, the main 
objective of the Earth Observations and Photography 
Experiment was to use these unique capabilities of a 
trained observer to identify, describe, and photograph 
scientifically interesting features on the Earth's surface. 

Early in the planning phase, a team of experts was 
assembled to assist in the planning and execution of 
the ASTP Earth Observations and Photography Ex­
periment. The team membership comprised 42 in­
dividuals (Table 1), including myself as Principal 
Investigator (PI) and twelve co-investigators (CI ) . 
Many of the team members had participated in the 
Skylab 4 visual observations program and, thus, were 
familiar with the considerations involved in planning 
the experiment. The responsibilities of this group of 
experts included: (1) suggesting problems in the 
various disciplines that could best be solved with the 
help of orbital observations and photography; (2) 
participating in crew training with the aim of famil­
iarizing the astronauts with the types of Earth features 
they would observe and photograph; (3) supporting 
realtime mission operations; and (4) analyzing the 
results of the experiment. 

Because of the short duration of the ASTP mission 
(only 9 days), the detailed objectives had to be speci­
fied ahead of time. It was not practical to expect the 
astronauts to select investigation sites in realtime. 
Nor was it possible to conduct lengthy discussions 
between the astronauts and the Mission Control Cen­
ter at Houston, Texas, as was previously done on 
Skylab 4. The crew had to follow specific instructions 
to observe each of the sites that were selected for 
detailed investigation. These sites were chosen on the 
basis of their value to ongoing research in the fields 
of geology, oceanography, hydrology, meteorology, 
and environmental science. 

GEOLOGY 

Features of interest to geologists were given the 
highest priority among the experiment objectives 
because most geological features are static and, there­
fore, can be more reliably specified before the mission; 
hence, they are easier to recognize and locate from 
orbital altitudes. Another reason was that since color 
and texture are important factors in studying geo­
logical features, the human eye can deal better with 
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TABLE 1.—Earth observations team (from El-Baz and Mitchell, 1976) 

Name 

Apel, J. R. 
Barnes, J. C. 

1 
Black, P. G. 
Borstad, G. 

Breed, C. S.1 

Brill, N. S. 
Campbell, W. J. 
Citron, R. 
Cousteau, J. 
Dietz, R.1 

Dunkelman, L. 

? 
El-Baz, F. 
Ewing, G. 

Holz, R. K. 
Hovis, W. A. 
Junghans, R. C. 
Kaltenbach, J. L. 
Lenoir, W. B. 
MacLeod, N. H. 
Maul, G. A.1 

McEwen, M. C. 
McKee, E. D.1 

McLafferty, S. 
Mitchell, D. A. 
Muehlberger, W. R. 
Murphy, J. A. 
Nagler, K. M. 
Odell, D. K. 
Pirie, D. M. 

Pisharoty, P. R. 
Pitts, D. E. 
Ramseier, R. 0. 

Sherman, J. W. 
Silver, L. T.1 

Stevenson, R. E. 

Suliman, F. M. 
Swann, G. A. 

Vonder Haar, S. P. 

Wilmarth, V. R. 
Wolfe, R. 
Yentsch, C.1 

Youssef, M. 

Discipline 

0c eanography 
Snow mapping 

Meteorology 
Oceanography 

Deserts 

Red tide 
Hydrology 
Short-lived phenomena 
Sea farming 
Marine geology 
Atmosphere 

General 
0c eanography 

Demography 
Oceanography 
Environment 
Skylab results 
Skylab results 
Deserts and agriculture 
Oceanography 
Skylab results 
Deserts 
General 
General 
Geology 
General 
Weather patterns 
Oceanography 
Oceanography 

Hydrology 
Color science 
Hydrology 

Meteorology 
Geology 

Oceanography 

Deserts 
Geology 

Oceanography 

Skylab results 
General 
Red tide 
Deserts 

Affiliation 

NOAA 
Environmental Research and 

Technology, Inc. 
NOAA 
Bellairs Research Institute, 

McGill University, Canada 
Museum of North Arizona and 

USGS 
Commonwealth of Massachusetts 
University of Puget Sound 
Smithsonian Institution 
Cousteau Society 
NOAA 
University of Arizona and 

GSFC 
Smithsonian Institution 
Woods Hole Oceanographic 

Institute 
University of Texas at Austin 
GSFC 
NOAA 
JSC 
JSC 
American University 
NOAA 
JSC 
USGS 
Smithsonian Institution 
Smithsonian Institution 
University of Texas at Austin 
Smithsonian Institution 
NOAA 
University of Miami 
Army Corps of Engineers, 

California 
ISRO 
University of Houston 
Department of the Environment, 

Canada 
NOAA 
California Institute of 

Technology 
Scripps Institute of 

Oceanography 
College of Education, Qatar 
USGS 

University of Southern 
California 

JSC 
Smithsonian Institution 
Bigelow Laboratory, Maine 
Ain Shams University, Egypt 

Co-Investigator 

"Principal Invest igator 
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them than can photographic film. Following are the 
specific geological features selected as objectives of 
the Apollo-Soyuz observations. 

Desert Colors and Landforms 

VARIATIONS IN THE COLOR OF DESERT SANDS.— 

Norris (1969) and others have indicated that desert 
sands become redder with time as the sand grains are 
coated with iron oxides. Several regions were studied 
to explore the possibility of establishing a color/age 
relationship within deserts of North Africa, the Ara­
bian Peninsula, Australia, China, and the south­
western United States. 

SAND MOVEMENT AND RESULTING LANDFORMS.— 

Sand movement and its effect on the desertification 
of land was studied. Emphasis was placed on the 
drought-stricken areas of sub-Saharan Africa. Dune 
shapes were studied as possible terrestrial analogs to 
wind-blown features on Mars (El-Baz, 1976). 

VEGETATION VERSUS MOVING SANDS.—Patterns of 

vegetation in desert areas were studied in the Lake 
Chad region and also in Algeria where a "Great 
Barrier" of trees was planted preventing shifting sands 
from encroaching on fertile soils. 

FEATURES OF THE WESTERN DESERT OF EGYPT.— 

This desert was selected for detailed investigation be­
cause "the free interplay of sand and wind has been 
allowed to continue for a vast period of time, and 
here, if anywhere, it should be possible in the future 
to discover the laws of sand movement, and the 
growth of dunes" (Bagnold, 1933:121). Also the area 
was selected because groundtruth data would be pro­
vided by a team of Egyptian geologists. 

Fracture Patterns and Earthquake Zones 

SAN ANDREAS FAULT SYSTEM.—As one of the most 

interesting systems of continental crustal fracturing, 
information was gathered on parts of the San Andreas 
Fault and its subsidiary fracture systems in southern 
California. Included in this effort were attempts to 
locate traces of older faults and rock units, difficult 
to recognize in ground investigations, in the foothill 
metamorphic range of the Sierra Nevadas. 

RED SEA AND LEVANTINE RIFTS.—Structures were 

studied and photographed along the Red Sea Rift 
starting with the Afar Triangle in eastern Africa. 
Of particular interest was its northern extension 
known as the Levantine Rift. This extends over 700 

km from the Gulf of Aqaba northward into Turkey. 
CENTRAL AMERICAN STRUCTURES.—Several fault 

lines were investigated in Central America. Among 
these were faults in Guatemala and Mexico, which 
have been the sites of recent earthquakes. 

ANATOLIAN AND ALPINE FAULTS.—Similar investi­

gations were conducted of the Anatolian Fault in the 
Caucasus Mountains region and the Alpine Fault of 
New Zealand. Information was collected on these 
fracture systems for a better understanding of the tec­
tonic patterns of the Earth's crust. 

Growth of River Deltas 

Photographs of river deltas were required to com­
pare with others taken a decade ago. Comparison of 
these photographs would help determine the rate of 
growth of the river deltas in question. Establishing 
the rate of growth is economically important since 
ancient deltaic sediments are often a site of gas and 
oil accumulations. Photographic targets included 
deltas of rivers, such as the Mississippi, Nile, Niger, 
Danube, and Zambezi. 

Mineral Alteration Zones 

As a test of the ability of a trained observer to 
search for mineral deposits from orbit, several mining 
localities were selected for observation. These included 
the Lake Superior mining district and the Bingham 
copper mine in the United States, the Sudbury mining 
area of Canada, and the El Teniente mining district 
in the Chilean Andes. 

Plumes of Active Volcanoes 

The distribution of volcanic ash and dust is a 
matter of great interest to volcanologists. Plumes 
emanating from volcanoes can be observed clearly 
from Earth orbit. The Apollo-Soyuz astronauts were 
alerted to the possibility of observing and photograph­
ing plumes from Kilauea, Vesuvius, and Mt. Baker 
volcanoes. 

Circular Features of Impact Origin 

The final objective of geological interest was the 
search for circular structures that may be ancient 
meteoritic impact scars or astroblemes (Dietz, 1961). 
Photographs of astroblemes increase our knowledge 
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of the interaction of the Earth and meteoritic bodies, 
and aid in the location of new areas for possible eco­
nomic exploitation. (The Sudbury astrobleme in 
Canada supports a one-billion-dollar per year nickel 
mining industry.) Particular attention was given to 
little-known circular structures in Brazil. 

OCEANOGRAPHY 

Ocean features were also given considerable atten­
tion on the Apollo-Soyuz mission. Skylab observations 
and, to a lesser degree, some Landsat imagery indi­
cated that the ocean surface displays a plethora of 
features. Many of these, such as ocean currents and 
eddies, are important to the shipping and fishing in­
dustries. The ocean observations listed below were 
made in support of investigations by the National 
Oceanic and Atmospheric Administration (NOAA), 
the U.S. Navy, and a few private research orga­
nizations. 

Ocean Currents and Their Boundaries 

G U L F STREAM OF THE NORTHERN ATLANTIC.—The 

Gulf Stream was one object of study from the Apollo-
Soyuz orbit. Of interest were its start at the western 
Caribbean Sea, the Gulf Loop Current and its con­
tinuation as the Florida Current, the main part of 
the Gulf Stream off the east coast of the United 
States, and the confluence of the Gulf Stream with 
the Labrador Current in the Northern Atlantic. The 
Gulf Stream was recognized by the difference in 
color from the surrounding water due .to its higher 
temperature. 

FALKLAND CURRENT OF THE SOUTHERN ATLANTIC. 

—The Falkland Current was observed and photo­

graphed on Skylab mission 4 (Figure 10). It was 

obvious to the eye and also on film because of a 

greenish color due to a high concentration of plankton. 

The current was selected for additional observations 

because of its significance to both the shipping and 

fishing industries. Of interest were its boundaries off 

the coast of southern South America and its conflu­

ence with the Brazil Current farther north. 

CURRENTS OF THE PACIFIC OCEAN.—Several cur­

rents that ring the Pacific Ocean were the object of 

study on the ASTP mission. These included the Hum-

boldt Current off South America, currents off the 

islands of New Zealand, the Kuroshio Current off the 

Japanese islands, and the California Current off the 

southwestern United States. 

CURRENTS NEAR AFRICA.—The Guinea Current 

was also selected for observation on the Apollo-Soyuz 
mission. The Arabian Sea, where no specific currents 
were previously observed, was selected for observation 
to look for any visible current boundaries. 

Internal Waves in the Oceans 

Internal waves are interesting features that have 
puzzled oceanographers since they were first recog­
nized in Landsat images (Apel and Charnell, 1974). 
They are not related to surface waves, but occur deep 
within the ocean. These waves extend for hundreds of 
kilometers. They are believed to occur at temperature 
or density discontinuities between water layers, and 
characteristically have a wavelength of a few kilo­
meters. They appear to be visible from above due to 
the accumulation of scum lines atop their crests. Areas 
selected for internal wave investigations included the 
Mediterranean Sea, the Atlantic Ocean west of Spain, 
the waters between the two islands of New Zealand, 
and the waters of the Gulf of California. 

Ocean Eddies and Gyres 

EDDIES.—An eddy is usually a circular mass of 

water that is either colder or warmer than the sur­

rounding waters. Location and characteristics of 

eddies are important to fishing and to studies of 

sound propagation through waters (and thus for 

submarine navigation, hiding, and detection). A semi­

permanent, 200 km wide eddy off the east coast of 

Australia was the subject of investigation during the 

Apollo-Soyuz mission. This study was in support of 

a joint research program by Australia, New Zealand, 

and the United States (thus the nickname ANZUS 

Eddy). Smaller eddies were sought in the Caribbean 

Sea, the Coral Sea, and the Mediterranean Sea. 

Eddies that were first observed on Skylab 4, were 

visible either because of a different water color or 

because clouds usually encircle them, both due to a 

difference in water temperature (Figure 11) 

GYRES.—These are small bodies of water that 

usually spin off a fast moving current. Gyres were 

observed off the California coast, in the Gulf of 

Mexico, off the Gulf Stream, and in the Mediter­

ranean Sea. 
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FIGURE 10.—The Falkland Current off the coast of Argentina was easily observed by Skylab 4 
crewmen because of the vividly colored plankton blooms. These blooms often occur along 
current boundaries where water upwelling brings nutrients up from the ocean depths. (NASA 
photographs, (left) SL4-138-3843, (right) SL4-142-4534) 



NUMBER 1 15 

FIGURE 11.—Skylab photograph of a cold-water eddy in the Atlantic Ocean east of the 
Bahamas. Convective cumulus clouds encircle the eddy and make it easily observable. (NASA 
photograph SL2-81-225) 

Upwellings and Bow Waves 

Around several islands in the Pacific Ocean two 
phenomean were previously observed. The first is that 
colder water rising from the ocean depths brings 
nutrients and often appears darker than the sur­
rounding water. The other phenomenon is that of 
bow waves that indicate the direction of water motion 
where no current boundaries are visible. Islands 
selected for observing water upwellings and bow 
waves include the Galapagos, the Azores, and the 
islands off the California coast. 

River Sediments 

Major rivers discharge sediments in varying quan­
tities into the oceans. The water of one river in par­
ticular, the Orinoco, which drains parts of northern 
South America, is usually saturated with humic com­
pounds. The observation program on the ASTP 
mission included investigation of the color, texture, 

nature, and extent of the yellow-tinted water near 
the mouth of the Orinoco River. 

HYDROLOGY 

Problems of interest to hydrologists include several 
that could be investigated from Earth orbit. Among 
these problems are the extent of snow cover and the 
nature of snow melt patterns; the circulation of water 
within closed basins; river sinuosity and drainage 
patterns; and the quality and distribution of icebergs 
that break off the Arctic and Antarctic ice packs. 
The following items were considered for observations 
and photography on the Apollo-Soyuz mission. 

Snow Cover Mapping 

T H E HIMALAYAS.—The Indian Space Research 
Organization (ISRO) participated in the Earth Ob­
servations and Photography Experiment by request­
ing the acquisition of data on the amount of snow 
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cover in the northwestern Himalayas. The informa­
tion was required to estimate water runoff during 
the summer for both flood control and water use in 
irrigation. 

T H E CASCADES.—Information was sought on the 
amount and extent of snow cover on the Cascade 
Mountains in the northwestern United States. The 
information was necessary to conclude studies related 
to the utility of snow cover as the source of fresh 
water in that region. 

O T H E R MOUNTAINOUS REGIONS.—To allow com­

parative studies, snow cover was observed and photo­
graphed in the regions of the Wasatch, Alps, and 
Caucasus mountains. 

Attempts were also made to photograph the edge of 
Antarctica and, if possible, to study large icebergs 
that break off from the Antarctic ice pack. 

METEOROLOGY 

In support of ongoing investigations of the atmos­
phere of the Earth and its weather patterns, meteoro­
logical objectives were considered for the Apollo-
Soyuz mission. Two items of interest to meteorologists 
were emphasized: cloud features and tropical storms. 
Photography of the very bright clouds was inten­
tionally underexposed to increase contrast and make 
cloud textures more visible. 

Closed-Basin Water Circulation 

Utah's Great Salt Lake was selected for study of 
water circulation, or lack of it, within a closed basin. 
The construction of a railroad causeway in 1956 
virtually divided the lake into two bodies (Figure 12). 
The northern half of the lake received no fresh 
water and its increased salinity resulted in the growth 
of an algae that tinted the water with a reddish color. 
Drainage from the nearby Wasatch range drastically 
increased the water level fluctuations in the southern 
half. The circulation of water within the lake, which 
might be indicated by sediment plumes, was an 
object of study on ASTP. 

River Sinuosity in South America 

The sinuosity of major rivers in central South 
America and the patterns of their tributaries was 
selected for visual study on the Apollo-Soyuz mission 
because of importance in predicting future river 
courses. Also photographs were requested of a region 
recently chosen as a site for constructing a dam along 
the course of the Parana River. 

Icebergs and the Edge of Antarctica 

Icebergs have received considerable attention in 
the past few years as a possible source of fresh water 
if "towed" to arid regions (Campbell, et al., 1974). 
This is rather significant when one considers the fact 
that 88 percent of the fresh water on Earth is frozen 
at the North and South Poles. Information was 
obtained on the size, number, and characteristics of 
icebergs, particularly in the Southern Hemisphere. 

Cloud Features 

Although clouds can be a nuisance when they 
inhibit observation of what is beneath them, they 
display interesting patterns that shed some light on 
the nature of the Earth's atmosphere, hydrosphere, 
and even lithosphere. Of special interest were: (1) 
Benard cells that form over the open ocean; (2) Von 
Karman vortices that occur over isolated topographic 
highs on land and particularly over islands in the 
ocean; (3) cloud waves over mountainous regions 
that indicate wind direction and velocity; and (4) 
convective cloud features that are usually associated 
with thunderstorms. 

Storm Centers 

Causes for the development, circulation, and dis­
sipation of tropical storms (hurricanes in the Atlantic 
and typhoons in the Pacific) are not yet fully under­
stood by meteorologists. The Skylab 4 crew provided 
the first photographs indicating that storm centers 
are not cylindrical but conical in shape; the base of 
the cone being at the top of the cloud mass (Figure 
13). Additional observations and stereo photographs 
were required for use in the construction of com­
puterized models of severe storm development and 
dissipation. 

ENVIRONMENTAL SCIENCE 

Environmental scientists concern themselves with 
changes in our surroundings. These changes can be 
natural (such as sediments in rivers, or red tide 
blooms in coastal sea waters) or man-made (such 
as pollution from chemical industries and oil spills). 
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FIGURE 12.—Utah's Great Salt Lake showing the difference in color between its northern and 
southern halves, which are separated by a railroad causeway. Most of the fresh water drained 
from the Wasatch Mountains on the east side of the lake reaches the southern but not the 
northern half. The increased salinity in the northern half encourages the accumulation of a 
red-tinted algae, giving it a distinct color. (NASA photograph SL3-116-1996) 
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FIGURE 13.—Near-vertical Skylab photograph of Hurricane Ellen taken on 21 September 1973. 
This photograph provided the first evidence that the eye of a tropical storm is conical with 
the diameter of the eye much larger at the top of the storm than at the bottom. (NASA 
photograph SL3-122-2602) 
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Natural Pollution 

RED TIDE.—The term "red tide" describes the 
reddish tint in coastal waters resulting from the pres­
ence of a microscopic dinoflagellate, particularly the 
poisonous variety (Yentsch, 1974). This organism 
contaminates fish and shellfish, and affects the respira­
tory system of humans that ingest it. Therefore, it 
constitutes a major health hazard, particularly off the 
coast of New England. Investigations of red tide were 
conducted primarily in support of research at the 
Bigelow Laboratory, Boothbay Harbor, Maine. Similar 
work was conducted in cooperation with the Depart­
ment of Public Health of the Commonwealth of 
Massachusetts. Observations of possible red tide in­
festations were also made off the west coast of Florida 
and near California. 

SEDIMENT PLUMES.—Rivers unload their sediments 
in bays, channels, and sounds. Sediment boundaries 
and dissipation rates were studied in Puget Sound, 
the Chesapeake Bay, and the English Channel. 

Pollution by Human Activities 

INDUSTRIAL AND HUMAN WASTES.—Effects of 

chemical pollution are very obvious from orbital al­
titudes. Astronauts are usually able to locate and 
trace these effects to the source of pollution plumes 
in the water or in the atmosphere (such as gas fires 
in oil fields). Water pollution was investigated in the 
Potomac River and in the Boston and London 
Harbors. 

O I L SLICKS.—The International Maritime Com­
mission cooperated in reporting oil slicks in the 
northern Atlantic along major shipping routes. Local, 
small oil spills were also described and photographed 
on the Apollo-Soyuz mission. 

beds are extremely flat, the areas is used for testing 
and racing automobiles, with a single track being 
favored. The astronauts were requested to locate this 
track against the Lake's bright background as a test 
of their ability to discern linear patterns from orbit. 

Glaciers and Firn Lines 

Another test of the eye's sensitivity to a bright scene 
was that of glaciers in snow-covered areas. Glacier 
ice, since it is denser, is less reflective than snow. 
If glaciers were recognized the astronauts used an 
enlarging telescope to see if they could detect the 
firn line separating exposed ice from snow-covered ice 
of the same glacier. 

Nazca Markings 

The markings left by ancient inhabitants of the 
Peruvian coastal plain were also the object of visual 
acuity tests. These Nazca lines were interpreted by 
some to have been constructed for use by "ancient 
astronauts" (see Mclntyre, 1975). If so, "modern 
astronauts" should be able to recognize these mark­
ings (as will be discussed later they did not, although 
the viewing conditions were not very favorable). 

Pyramids of Giza 

The three Great Pyramids of Giza, southwest of 
Cairo, are the largest buildings of ancient man. They 
have never been seen from Earth orbit, most probably 
because the reflectivity of their materials is nearly 
identical to that of surrounding rocky plains. With 
this in mind, and with hints as to where to look, the 
ASTP astronauts were asked to find these structures. 

VISUAL ACUITY 

To determine the limits of visual acuity of orbiting 
astronauts, the following targets were selected for 
visual observation under varying conditions. 

Lake Bonneville Racetrack 

Utah's Lake Bonneville is a dry lake that is covered 
by highly reflective salt deposits. Because the salt 

Bioluminescence 

Certain biota, including microscopic organisms and 
a type of jellyfish, luminesce in the dark. High con­
centrations of these biota exist in the Red Sea and 
the Persian (Arabian) Gulf. The astronauts were 
requested to attempt observing patterns of bio­
luminescence during nighttime in the two sites. This 
was a test of the sensitivity of the human eye to a 
faint glow on the Earth's surface. 



Astronaut Training 

As stated before, the experience gained during 
previous space missions showed that astronauts did 
significantly better in Earth observations when they 
were thoroughly familiar with the details of the 
specific tasks. Therefore, to insure the scientific rele­
vance of astronaut observations, an extensive train­
ing program was initiated one year before the mission. 
Crew training was divided into two separate but 
complementary parts consisting of classroom lectures 
and aircraft flights or "flyover" exercises. 

Classroom Instruction 

Before the ASTP training program started, the 
American members of the Apollo-Soyuz crew attended 
the Skylab 4 visual observation debriefings. The 
debriefings were held from 12 through 20 March 
1974 and covered observations of oceanographic, 
atmospheric, and terrain features and phenomena. 
These debriefings proved very helpful in familiarizing 
the ASTP crew with the scope of Earth observations 
from orbit and allowing them to make their own 
judgments on the relative merits of observations in 
each of the various scientific fields. For example, 
following the Skylab 4 debriefings, the ASTP crew 
indicated that studies of vegetation patterns and 
cultural features ought to be given lower priorities on 
their mission. The crew recognized that studies in 
both fields are best made through the use of repeti­
tive gathering of data by unmanned satellites, such 
as Landsat. 

Due to the short duration of the ASTP mission 
(and the resulting limited ground coverage), all 
observation tasks had to be scheduled in the Flight 
Plan, leaving relatively little potential for selecting 
"targets-of-opportunity" in realtime. For this reason, 
it was important to familiarize the astronauts with 
the details of the observation tasks and to train them 
to be good observers. The objectives of the classroom 
instruction program were as follows: (1) to review 
visual observations programs conducted on previous 
Earth orbital missions, particularly Skylab 4; (2) to 
instruct the crew on background information and 
basic theory in the fields of investigation: geology 

(including desert study), oceanography, hydrology, 
meteorology, and environmental science; (3) to 
familiarize the astronauts with the scientific termi­
nology used in each of these fields so that they would 
be able to enhance the content of their communica­
tions during the mission; (4) to discuss details of 
observation sites and their importance to ongoing 
investigations in the earth sciences; (5) to familiarize 
the astronauts with the mission groundtracks and the 
use of landmarks to minimize the time required for 
site recognition; (6) to explain the scientific and 
operational requirements for each observation site 
and photographic target. These objectives were dis­
cussed in detail with the crew and a mutually ac­
ceptable schedule was set up (Table 2). This schedule 
divided the allocated classroom training time into 
two parts, one for each half of the training year. 

During the first six months of classroom instruc­
tion, the first three objectives listed above were ac­
complished, namely, Skylab 4 results, background 
information, and terminology familiarization. Experi­
ment team members who briefed the crew were 
familiar with manned space missions in general and 
with astronaut training in particular. To assure the 
continuity of the briefings and to make a complete 
record of what the crew learned, either I or one of 
my staff attended the briefings. 

To reinforce knowledge gained from these train­
ing sessions, a training booklet was prepared for the 
astronauts. This "Earth Observations Training Book" 
was issued for internal NASA distribution on 22 April 
1975. Its contents were based on the classroom train­
ing sessions and were assembled by Robert Wolfe, 
Smithsonian Institution, and Ron Weitenhagen, John­
son Space Center, Houston. The booklet contained 
sections dealing with background information on 
four fields of study: geology (fault systems and drain­
age patterns) ; deserts (arid lands, sand seas, and 
dune types) ; oceanography (coastal and open ocean) ; 
and hydrology (snow cover and glaciers). In addition 
to the definition of terms and explanation of theories, 
the training booklet included numerous illustrations 
and orbital photographs of the Earth (Figure 14). 

During the second half of the year, classroom train­
ing was dedicated to the study of specific targets. 

20 
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TABLE 2.—Classroom training sessions (from El-Baz and Mitchell, 1976) 

Date 

5 Aug ?4 

16 Aug 74 

10 Oct 74 

18 Oct 7 

6 Nov 

15 Nov 

3 Dec 

20 Dec 

7 Jan 

31 Jan 
5 Mar 
18 Mar 

74 

74 

74 

74 

75 

75 
75 
75 

19 Mar 75 
1 Apr 75 
9 Apr 75 
20 May 75 
2 Jun 
20 Jun 
8 Jul 
13 Jul 

75 
75 
75 
75 

Subject 

Plan for Earth observations 
and photography 

Global tectonics and astro­
blemes 

Background, terminology, and 
Skylab 4 results (oceano­
graphy) 

Snow and ice 

Southwest U. S. tectonics 
Site selection procedures 
Ocean currents and eddies 
Sites for observation 

African rift system and 
Central America 

Deserts and sand dune patterns 

Cloud features and tropical 
storms 

Groundtracks and sites 
Onboard site book 
Visual observation sites 
Ocean observation tasks 
Groundtracks and sites 
Groundtracks and sites 
Review of observation tasks 
Review of observation tasks 
Review of observation tasks 
Review of observation tasks 
Review of observation tasks 

Lecturer 

El-Baz, F. 

Dietz, R. 

Vonder Haar, 

Barnes, J. C 
Campbell, 
Raraseier, 

Silver, L. T 
El-Baz, F. 
Maul, G. A. 
Stevenson, R 

Ewlng, G. 
Muehlberger, 

McKee, E. D. 
Breed, C. 

Black, P. G. 

El-Baz, F. 
El-Baz, F. 
El-Baz, F. 
Oceanography 
El-Baz, F. 
El-Baz, F. 
El-Baz, F. 
El-Baz, F. 
El-Baz, F. 
El-Baz, F. 
El-Baz, F. 

S. P-

i 

W. J., and 
R. 0. 

E., and 

W. R. 

and 
S. 

team 

The first three months of this period included dis­
cussion of sites by several team members. However, 
the crew preferred that the last three months of the 
training program be devoted only to briefings by the 
author. This made it possible for the crew to "stabi­
lize" the terminology, and to discuss only the observa­
tion tasks that were included in the flight plan. 

The first 18 sessions were held in Building 4 of the 
Johnson Space Center (JSC) in Houston, Texas. 
The 19th session was held while the crew was 
quarantined at JSC (Figure 15), and the final review 
session was conducted at the Kennedy Space Center 
(KSC) in Cape Canaveral, Florida, two days before 
launch. 

The training sessions were usually attended by both 
the prime and backup crews. Some of the support 
crew members who would later serve as capsule 
communicators (Capcom) attended a number of the 

sessions, particularly the reviews of observation tasks. 
It was necessary to familiarize the Capcom with the 
experiment objectives and scientific terminology; the 
Capcom served as the only link between the scientists 
and the astronauts during the mission. One session 
was normally given in the morning with either the 
prime or the backup crew in attendance and a second 
was given in the afternoon for the other crew mem­
bers. Each session had an average length of two and 
one-half to three hours. 

Because of the nature of their job, the astronauts 
were used to briefings. They were most attentive when 
the briefings were rather informal and when there 
was an exchange of comments and questions between 
briefer and crew. At the beginning of the program, 
some crew members questioned the value of Earth 
observations on such a short duration mission and 
were skeptical of their ability to make significant con-
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COLORADO RIVER MISSISSIPPI RIVER 
FIGURE 14.—Three types of river deltas. When a river flows into a standing body of water, it 
loses its energy by friction. The suspended material carried by the river is deposited to form 
a delta. The coarser material settles first in dipping layers or beds and builds the delta seaward. 
Finer material is carried further and deposited in thin, horizontal beds. (From the "Earth 
Observations Training Book") 
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FIGURE. 15.—The three American ASTP prime crew astronauts during an Earth observations 
briefing by the author (wearing face mask). They are (left to right) Apollo Commander 
Thomas P. Stafford, Command Module Pilot Vance D. Brand, and Docking Module Pilot 
D. K. (Deke) Slayton. The briefing was held while the astronauts were quarantined in Building 
5, JSC, and thus the face mask. (NASA press release photograph S-75-28230; photo courtesy 
of A. R. Patnesky, JSC photographer) 

tributions to satellite imagery. Thus, it was important 
for the briefers to explain the reasons for doing 
research in their fields of study and to relate how the 
crew could make specific contributions to this research. 

A summary was prepared after each of the ses­
sions that dealt with background information and 
terminology familiarization. These summaries were 
mailed to each of the crew within a week to serve 

as memory-joggers and a permanent record. They 
also were distributed to crew members who were not 
able to attend a particular session. 

SUMMARY OF INDIVIDUAL SESSIONS 

The author gave the first lecture to the crew to 
introduce the Earth Observations and Photography 
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Experiment. Examples of Skylab photographs were 
shown to illustrate the five fields of study planned for 
the experiment. The lecture was followed by a dis­
cussion of an astronaut's ability to perform visual 
observations and photography. A plan for crew train­
ing was presented that called for about 60 hours of 
classroom training, in addition to at least two flyover 
exercises. 

The second training session included a two-hour 
lecture on global tectonics and a one-hour lecture on 
astroblemes. Both were given by Dr. Robert Dietz of 
NOAA. The global tectonics lecture covered the 
theories of continental drift and plate tectonics. It 
was stated that the Earth's crust is made up of dis­
crete, rigid blocks that move relative to each other 
and to the Earth's spin axis. The products of plate 
motion (transform faults, subduction zones, and sea 
floor spreading) were also discussed. It was stressed 
that the ability of the human eye to trace similar 
rocks, colors, and structures across different conti­
nents, and to observe rift zones from Earth orbit 
would further enhance the study of plate tectonics. 
The last hour of the session was devoted to astro­
blemes and meteorite craters. The discussion included 
many known and several possible examples of astro­
blemes, such as the 1.7 billion year old Sudbury 
structure of Canada. Dietz also noted that most known 
astroblemes would be visible from orbit, and that a 
trained observer would have an opportunity to dis­
cover unknown locations. 

The topic of the third lecture was "background 
terminology and Skylab 4 results in oceanography." 
The lecture was given by Stephen VonderHaar of the 
University of Southern California. He first discussed 
examples of ocean features in Skylab 4 photographs; 
specifically, sediment patterns in the Gulf of Cali­
fornia, and plankton blooms, eddies, and internal 
waves around New Zealand. The background and 
terminology briefing was divided into two segments: 
coastal zones and the open ocean. The discussion of 
coastal zones covered the topics of sediment patterns, 
surface waves, and types of coastlines. It was em­
phasized that coastal processes have a direct impact 
on navigation, fishing, pollution, and coastal living 
conditions. The phenomena of upwelling, ocean cur­
rents, and cold water eddies were explained during 
the discussion of the open ocean. 

Snow and ice were the topics of the fourth session. 
Mr. James Barnes of Environmental Research and 
Technology, Inc., Lexington, Massachusetts, dis­

cussed the importance of snow and ice in affecting 
the albedo of the Earth (which influences changes in 
both short range.weather and long range climatology) 
and acting as a hydrological reservoir that, when 
released, affects conditions of flooding, irrigation, and 
hydroelectric power. The synoptic view gained from 
Earth orbit and the astronaut's ability to distinguish 
clouds from snow cover would greatly aid in deter­
mining the extent of snow cover and snow melt 
patterns. These factors have direct impact on the 
knowledge of how much, when, and where water is 
released from snow. 

Dr. William Campbell of USGS, Tacoma, Wash­
ington, briefed the crew on glaciers and icebergs 
(Figure 16). Using the Southern Cascades Glacier 
as an example, he explained how glaciers form and 
move, and how to distinguish glacier ice and snow 
from Earth orbit. He stated that a team of five 
scientists planned to provide groundtruth on the 
Southern Cascades Glacier during the ASTP mission. 
Data were to be collected to correlate with orbital 
photographs of the glacier and provide a frame of 
reference for distinguishing glaciers in remote areas 
of the world. 

Dr. Campbell also covered the study of floating 
icebergs near the polar regions. Ice, which is the 
most common "rock" on Earth, is also the least used 
natural resource. He discussed the economics of 
"towing" floating icebergs from Antarctica for use as 
fresh water supplies. For example, an iceberg 4 X 10 
km would lose 20 percent of its mass in the 7000 km 
long trip from Antarctica to Australia. It would cost 
0.001 dollars per meter width for delivery. Sightings 
of large icebergs on the ASTP mission were, therefore, 
expected to provide much needed information on size, 
abundance, and distribution of tabular icebergs. 
Finally, Dr. Rene Ramseier of the Canadian Depart­
ment of Environment discussed the need for photog­
raphy of the ice sheet and ice pack of Antarctica, 
especially near the ice edge. 

During the fifth training session, Dr. Leon Silver 
of the California Institute of Technology discussed the 
tectonic setting of the southwestern United States. 
His briefing included the major fault systems of 
Southern California and Baja California, as well as 
the geologic problem of desert varnish in the Mojave 
Desert. He emphasized that no "great discoveries" 
were expected, but that little bits of data would be 
integrated with current knowledge in order to 
augment the constructive growth of models of plate 
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FIGURE 16.—Alpine glaciers on Mt. Olympus in Washington State. The approximate limit of 
firn lines is easily distinguished as a color boundary. (Photograph Washington 1-B, USGS 
Professional Paper 590) 

tectonics. For practical applications during the train­
ing flight over California, Dr. Silver also discussed 
how faults may be recognized by the presence of a 
scarp, or by differences in color, vegetation, or rock 
and soil on either side of a lineament. During the 
remainder of the session, I discussed with the crew 
the rationale of site selection, the onboard orbital 
charts, and the problem of selecting colors for the 
color wheel. 

Ocean currents were the topic of the second session 
in oceanography. Dr. George Maul of NOAA dis­
cussed the dynamics of the Gulf Stream, internal 
waves, the Coriolis Force, and the Pacific Equatorial 

Zone. Dr. Robert Stevenson of the Office of Naval 
Research's Scripps Institute briefed the crew on the 
significance of sun glitter or sunglint and the utility 
of water color in recognizing boundaries in the ocean. 
He discussed using sediment, plankton, and ice as 
current tracers; and distinguishing clouds that form 
around cold water eddies from Benard cells. For the 
purpose of ocean observations during training flights, 
Dr. Stevenson also discussed the interactions of ocean 
currents along the coast of Southern California. 

The seventh training session, given by Dr. William 
Muehlberger of the University of Texas at Austin, 
covered the tectonic setting of two areas: the African 
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Rift zone and the fracture systems of Central America. 
East Africa is significant to the theory of plate tectonics 
in that it is one of two places in the world where 
rifting can be observed on land. His detailed discus­
sion of this area included the down-dropped, lake-
filled valleys of the southern zone; the Afar Triangle, 
which is an area of spreading and crustal buildup in 
three directions; the sense of movement of the Arabian 
subplate; and the extension of the Red Sea Rift north 
of the Sea of Galilee. Central America represents a 
complex tectonic setting, which, as Dr. Muehlberger 
discussed, includes the line of volcanoes that parallel 
the offshore trench along the Pacific coast; the north-
south valley on the Istmo de Tehuantepec, and the 
east-west trending line of volcanoes west of that valley; 
and the Bartlett Fault running from the east end of 
Cuba across the Caribbean Sea and through Guate­
mala. 

Deserts and sand dunes were the topics of the 
eighth training session. Dr. Edwin McKee of the 
USGS in Denver, Colorado, discussed the processes 
of dune formation and the resulting internal struc­
ture of dunes. Carol Breed of the Museum of Northern 
Arizona, now with the USGS, briefed the crew on 
the geographical locations of world deserts and on a 
classification scheme of dune types based on the 
number of slip faces. Observations during the ASTP 
mission were to include changes in type, size, spacing, 
and color of dunes within dune fields, character of 
interdune areas, any barriers such as lakes or moun­
tains, and color comparison between individual 
deserts. 

The final session of the general background and 
terminology series was on meteorology. Dr. Peter 
Black of the Pennsylvania State University (now with 
NOAA) briefed the crew on the structure of hurri­
canes and tropical storms, and the requirement to 
obtain photographs of scientific value. The need for 
stereophotography was emphasized for the purpose 
of viewing features in three dimensions. The ability 
to map the topography of a storm would allow 
meteorologists to improve theories and build better 
computer models of how storms form and dissipate. 

Because the short duration of the ASTP mission 
meant a limited number of passes over each site, 
the remaining eleven sessions were used to train the 
crew members on how to recognize the sites on first 
approach. This was accomplished by careful review 
of the groundtracks and through use of maps and 
displays of previously obtained photographs of these 

sites. During the first three sessions I discussed the 
groundtracks, the selected sites, and the "Earth Ob­
servations Book" (Appendix 3). During the fourth 
session, Drs. Maul and Stevenson joined in discussing 
the ocean observation tasks with the crew. Alex 
Maelenhoff of the Office of Naval Research, Scripps 
Institute, was also present and reviewed the broad 
aspects of plate tectonics and emphasized the need 
for photography of the Himalayan and Atlas moun­
tain ranges. 

The remaining seven sessions were devoted to re­
views of observation tasks. During most of these ses­
sions, the crew was divided into three groups—Apollo 
commanders (AC), command module pilots (CP) , 
and docking module pilots (DP)—to allow discussion 
of individual tasks. These review sessions recapitulated 
the specific observation requirements, elucidated the 
language of questions in the "Earth Observations 
Book" that was to be carried onboard the spacecraft, 
and increased the astronauts' knowledge of the sites 
and their surroundings. 

The ASTP classroom training program was very 
successful. Its scope satisfied both the crew and 
Principal Investigator. At the end of the training pro­
gram it was possible for any crew member to dis­
cuss all the important questions relative to a site 
assigned to him without referring to any of the on­
board aids. This made it easier for the astronauts 
to perform their tasks during the mission when 
there was little time to read the instructions or to 
check the maps. 

GROUND MOTION SIMULATIONS 

Every astronaut who has orbited the Earth has 
always been amazed by the speed at which the 
scenery goes by. They are amazed regardless of 
how much training they receive and how many 
postmission crew debriefings they attend. We at­
tempted to prepare the Apollo-Soyuz crew by making 
films of the Earth's surface to simulate the exact 
motion of ground scenes on their flight. This was 
done in cooperation with Mr. John Massey, Concept 
Verification and Test of the Special Projects Office, 
George C. Marshall Space Flight Center, Huntsville, 
Alabama. The films simulated the appearance of the 
Earth from orbit, using as a base either photographs 
or maps, with the approximate velocities and view­
ing angles of seven ASTP orbital revolutions. The 
16 mm films were shipped to Houston, but unfortu-
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nately, the crew never did get to review or use them 
due to lack of time. These films might have proved 
useful to the crew, particulary since during the flight, 
they had difficulty recognizing some targets due to 
the ASTP's low (fast) orbit. 

Training Flights 

The most realistic simulation training is from high­
speed, high-altitude aircraft. Astronauts have access to 
such aircraft and use them in connection with other 
aspects of their pre-mission training to round out 
their total training effort. 

Aircraft training flights, known simply as "flyovers," 
are the best way of providing an astronaut with ex­
perience in making meaningful observations. During 
the Apollo program, astronaut training for visual ob­

servations from lunar orbit included a few flyover 
exercises in both low-flying and high-altitude aircraft. 
These were undertaken by the command module 
pilots, particularly of the last three Apollo missions 
(El-Baz and Worden, 1972; Mattingly, El-Baz, and 
Laidley, 1972; Evans and El-Baz, 1973). The flyovers 
significantly increased both the knowledge of the 
astronauts and their confidence in their own abilities 
as "scientific observers." 

The task of performing Earth observations on Sky­
lab 4 was accomplished without the benefit of flyover 
exercises. This was because the observations program 
was implemented only a short period before the mis­
sion and, thus, the Skylab astronauts received only 
classroom training. However, self-taught, on-the-job 
training was accomplished during the first two or three 
weeks of the 84 day mission. 

A program of training flights was established mid-

TABLE 3.—Flyover exercises (see Table 5 for explanation of site numbers) 
(from El-Baz and Mitchell, 1976) 

Flyover 

Houston to Los Angeles 

California 

Gulf Coast 

Florida 

East Coast 

Southwestern United States 

Northwestern United States 

Observation targets 

Texas coastal plain 
Karst topography 
Basin and range topography 
Volcanic features 
Sonora and Mohave deser ts (site 2A) 
San Andreas Fault system (site 2A) 

San Andreas Fault (site 2A) 
Garlock Fault (site 2A) 
Desert varnished hills (site 2A) 
Sand dunes in the Algodones Desert 
Ocean features in waters off California (site 2A) 

Coastal sediments 
Mississippi River Delta 
Gulf Loop Current (site 5A) 
Red tide off the western coast of Florida (site 5E) 

Gulf Stream (site 5B) 
Red tide (site 5E) 

Gulf Stream (site 5B) 
Sediment and pollution in Chesapeake Bay (site 5G) 
Internal waves 
Sand dunes on Cape Cod 
Red tide off Massachusetts and Maine (site 5F) 

Dune patterns at White Sands and Great Sand 
Dunes National Monuments 

Circular s t ructures in the San Juan Mountains 
Copper mines 

Fault systems in northern California (site 2<A) 
Metamorphic foothills of the Sierra Nevadas 

(site 2A) 
Snow-covered peaks in Washington (site 4A) 
Blue Glacier and Southern Cascades Glacier 
Sediments in Puget Sound 
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way in the ASTP crew training cycle. The program 
aimed at giving the crew practical experience in 
target recognition and photographic site selection; 
allowing the astronauts to practice describing and 
interpreting observed features and phenomena; famil­
iarizing the crew with the types of features that they 
would be expected to observe from orbit; and allow­
ing the astronauts to practice utilizing flight books, 
cameras, lenses, and other observation aids that they 
would use in the spacecraft. 

Planning flyovers for the Apollo-Soyuz astronauts 
involved a number of steps, including (1) selection of 
a suitable locality and identification of sites for 
specific observations; (2) preparation of a flight man­
ual (Appendix 2) that included the flight plan and the 
questions to be answered during the flight; (3) brief­
ing the astronauts by experts on the selected locality, a 
task that was usually accomplished as part of the class­
room instruction; (4) performing the flight over the 
preselected sites in high-flying jets piloted by the 
astronauts themselves or their crewmates; (5) de­
briefing the astronauts following the flight to elucidate 
the highlights of the exercise; (6) repeating the fly­
overs if necessary with some modifications and addi­
tions to the objectives. 

The concept and format of the flyover exercises 
for the ASTP crew were based on those conducted 
during the Apollo lunar program, with improvements 
and changes where necessary. Table 3 lists all flyover 
exercises prepared for and performed by the ASTP 
crew. Due to difficulty in scheduling and lack of 
funds, no low-altitude (2000 m) flights (where both 
astronauts and teacher could observe together) were 
conducted during the ASTP training program. 

DESIGNING THE FLYOVERS 

All flyover exercises of the ASTP crew were de­
signed for T-38 aircraft (Figure 17) flying at an 
altitude of about 12.5 km (41,000 ft.). However, the 
astronauts occasionally flew their aircraft at 8 km 
(26,000 ft.) to simulate the apparent terrain speed 
as would be seen from the ASTP orbit. Each flyover 
exercise consisted of one to four "legs" or flights. A 
flight leg involved one to one and one-half hours of 
flight time, and about one hour of ground time for 
refueling and take off. Thus, a maximum of four legs 
could be made during the daylight hours of one day. 
The optimum length of each leg was 1100 to 1300 km 
(600-700 nautical miles). On a flight leg 1480 km 

long (800 nautical miles) little fuel was left in reserve. 
A distance of approximately 185 km (100 nautical 
miles) was required to climb up to and down from 
cruising altitude. Cruising speed was approximately 
1000 km per hour (about 500 knots). 

Flight routes were planned using the Enroute High 
Altitude U.S. maps, which are available as U.S. 
government flight information publications. The 
routes ran in a straight line from one VORTAC to 
another (a VORTAC is a V H F / U H F radio aid to 
navigation) and restricted areas were avoided where 
possible. Long straight lines were much easier to 
navigate and consumed less fuel than zigzag flight 
lines. It was preferable to land and refuel at military 
bases rather than commercial airports since service 
and maintenance for the aircraft were more readily 
available at government facilities. 

Two approaches were used in designing the fly­
over exercises. In the first approach, visual observation 
sites were chosen along flight routes frequently 
traveled by the crews, such as the route from JSC, 
Houston, to KSC, Florida. The second approach was 
used where specific features such as sand dunes or 
ocean currents were to be studied. In this approach 
it was necessary to determine what area of the coun­
try and what flight lines would best suit the observa­
tion of the selected feature. The selection of observa­
tion sites for any given flight was based on what the 
crew had learned from classroom training, what types 
of observations were required during the ASTP 
mission, and what could be seen from the aircraft 
altitude. 

Aids that were most useful for terrain familiariza­
tion included the Landsat mosaic of the United States 
at 1:1,000,000 scale, international maps of the United 
States at 1:1,000,000 scale (supplied by USGS), 
physiographic maps of individual states (from USGS), 
operational navigation charts from the Defense Map­
ping Agency at 1:1,000,000 scale, geological maps 
from USGS, Skylab photographs, selected aerial 
photographs of geological features in the United 
States (USGS, 1968). 

Due to the variable nature of ocean features, maps 
were of little use. The prime source of information 
concerning ocean observation sites were the oceanog-
raphers of the experiment team. The following 
references also provided much useful information: 
Shepard and Wanless (1971) on ocean sites; Norris 
and Norris (1961) and Norris (1966) for the Cali­
fornia land flyover; Pirie and Steller (1974) concern-
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FIGURE 17.—The T—38 jet aircraft that were used by the Apollo-Soyuz crew for the training 
flight exercises (flyovers). (NASA photograph S-72^-1386) 

ing the California ocean flyover; White (1958) for 
the Florida flyover; and Rocky Mountain Association 
of Geologists (RMAG, 1972) and McKee (1966) 
concerning the Southwestern United States flyover. 

Once the location of possible observation sites was 
determined, the process of establishing flight lines 
(if not already predetermined) began. Two factors 
influenced the decisions. First, for optimum viewing, 
observation sites were selected several kilometers on 
either side of the subvehicle point, because of diffi­
culty in seeing straight down from a T-38 aircraft. 
(One crew member turned the aircraft upside down 
to better see and photograph some snow-covered 
peaks below him, Figure 18). Second, observation 

FIGURE 18.—Photograph of the Cascade Range taken by 
astronaut R. E. Evans during the Northwestern U.S. flyover. 
Evans turned his T-38 aircraft upside down (Figure 17) 
to observe and photograph these snow-covered peaks. 

sites were evenly and widely spaced. Generally, one 
site between two VORTACs allowed enough time for 
acquiring and describing any feature. 
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After flight lines had been finalized and sites 
selected, the questions for each site were prepared. 
Close contact with the experiment team members 
allowed selection of questions to be as similar as 
possible to those that would be prepared for ASTP 
observation targets. 

PREPARING THE FLYOVER BOOKLETS 

For each flyover exercise a booklet outlining specific 
tasks was prepared (Appendix 2). These flyover book­
lets contained photographs, maps, sketches and proce­
dures to guide the crew in observing each site. No 
booklets were larger than 21 X 28 cm (8J/2 X H 
in) in size with pages mounted on hardboard to facili­
tate easy handling in the cockpit. The first page 
usually showed a physiographic map or a sketch of 
the entire route of the flyover. 

The first page of the booklet provided a summary 
of each leg of the flight including the end points, 
distances covered, and features to be observed. If 
photography was planned during the exercises, the 
second page contained a table of camera settings, 
film type, lens, time of day, and types of features to 
be photographed. This information was obtained from 
the Photographic Technology Laboratory at JSC, 
Houston. Occasionally an additional reference page 
was included giving scientific terms that might be 
helpful during the exercise. 

The remainder of each flyover booklet was divided 
into sections corresponding to each leg of the flight. 
The first page consisted of a summary map of the 
flight route with the location of the VORTACs and 
the features to be observed. The map was usually 
oriented in the general direction of the flight. The 
succeeding part comprised the actual "site" pages. 
Each page included a sketch and/or photograph of 
the area to be observed, and the questions to be 
answered. (All questions were typed in large bold­
face type for easy reading). Usually an individual 
page covered a segment of the flight between two 
VORTACs. This allowed the crew to make the 
necessary "pilot conversations" at each VORTAC 
center while turning the page in order to begin ob­
serving the next site. 

Sketches of the coastline were usually used for 
ocean routes, and polaroid photographs, mostly of 
Landsat imagery, were used for land flights. Smaller 
scale photographs or sketches of specific observation 
sites were sometimes used to supplement the regional 

views; the VORTACs were plotted on the regional 
view for reference. The scales in kilometers and the 
north arrow were plotted near all sketches or photo­
graphs. 

These flyover booklets were prepared with such 
detail that they could be used by an astronaut, or 
anyone else for that matter, without prior experience. 
These booklets are reproduced in Appendix 2 to 
serve as a guide in training the Shuttle astronauts. 
They may be used in conjunction with the only avail­
able book on Earth observations from an airplane, 
that by Wood (1975). 

BRIEFING AND DEBRIEFING THE CREW 

The astronauts were briefed for about an hour 
prior to each flyover. The briefings included a dis­
cussion of the general geologic and /or oceanographic 
setting, and the details of the flight route and the 
observation sites. Briefing aids included maps, Land­
sat images, and Skylab and aerial photographs, many 
of which were reproduced in the flyover booklets. 

Before flying, the crew members had to file a flight 
plan which included points of take-off and landing, 
time of take-off, distances covered, and overflown 
VORTACs. This could be done shortly before the fly­
over exercise. In some cases, however, special per­
mission had to be granted for flying over restricted 
areas and for using landing fields during off hours. 
These arrangements were best made a few days before 
the flight. Last minute preparations included check­
ing the batteries on the Sony tape recorders used to 
record voice descriptions, the color wheel, if needed, 
and the camera, lenses, and film if photography was 
planned. 

The debriefing, which took place immediately to 
several days after the flyover, allowed the crew and 
the author to convey their impressions and to criti­
cize and comment on the operation. Tape cartridges 
were returned to the Principal Investigator for evalua­
tion and transcription, if necessary. Film was sent to 
JSC's photolab for development and subsequently re­
turned to the author for evaluation and cataloging. 

DESCRIPTION AND RESULTS OF TRAINING EXERCISES 

Houston to Los Angeles Flyover 

This exercise served as a study of the different 
types of terrain between Houston and Los Angeles. 
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The flyover booklet contained four maps of the South­
western United States: (1) a geographic map; (2) 
a tectonic map showing the major escarpments and 
faults; (3) a physiographic province map showing 
the major plains, plateaus, and mountain ranges; and 
(4) a geologic province map that emphasized vol­
canic and intrusive units. The choice of which map 
to use was left up to the individual crew member. 

The flight route, plotted on each map, was divided 
into four segments. The major features were labeled 
on each segment with a short description printed 
beneath. The Houston to Austin segment contained 
the Coastal Plain. The Austin to El Paso segment 
included the Balcones Escarpment, Llano Uplift, 
Edwards Plateau, Central Basin Platform, and Diablo 
Platform. The El Paso to Blythe segment covered the 
basin and range province including many volcanic 
areas. The Blythe to Los Angeles segment included 
the Sonora and Mojave deserts, the San Andreas Fault 
system and the peninsular ranges. 

This first package was sent to the crew at the be­
ginning of November 1974. Since no specific observa­
tions were requested, there was no feedback from the 
crew about the flyover. 

California Flyover 

The California flyover consisted of two legs: a 
land route, which was usually overflown in the morn­
ing, and an ocean route, which was normally covered 
in the afternoon. Both legs originated and terminated 
at the Los Angeles airport. 

The land leg involved a study of faults, rock types, 
and sand dunes. The flight path covered most of 
southern California, from the San Joaquin Valley to 
the Imperial Valley and from the Pacific coast to the 
Arizona border. Five segments of observations were 
as follows: (1) Santa Barbara to Bakersfield included 
east-west trending valleys along the San Andreas 
Fault (North) ; (2) Bakersfield to Palmdale included 
the intersection of the Garlock and San Andreas 
faults; (3) Palmdale to Twenty Nine Palms included 
the San Andreas Fault (South) and its intersection 
with the San Jacinto Fault; (4) Twenty Nine Palms 
to Blyth included four desert-varnished hills; and (5) 
Yuma to Imperial to Thermal included sand dunes 
in the Algodones Desert. 

The ocean leg involved a study of currents, inter­
nal waves, gyres, eddies, sedimentation patterns, up­
wellings, island wakes, and refraction patterns. Also 

included were sites of sand dunes and faults. The 
ocean flight path covered Pacific Ocean waters from 
Pt. Conception to San Diego, over 350 km to the 
south. Santa Catalina Island and the Channel Islands 
(San Miguel, Santa Rosa, and Santa Cruz) were 
also overflown. The 10 observation sites were as 
follows: (1) San Diego Bay, (2) the coastal current 
between San Diego and Oceanside, (3) Dana Point, 
(4) Santa Monica Bay, (5) Santa Barbara Channel, 
(6) offshore currents off Pt. Conception, (7) textures 
of San Miguel Island, (8) Channel Islands, (9) 
Santa Catalina Island, and (10) fault scarps between 
Oceanside and Thermal. This was the first full-fledged 
flyover complete with a preflight briefing and a post-
flight debriefing given by Dr. Leon Silver and the 
Principal Investigator. 

The prime crew and one member of the backup 
crew (Capt. Alan Bean) flew the California flyover 
during the period of clear weather on 22-24 Novem­
ber 1974. On the first day Vance Brand and Alan 
Bean ran low on fuel and had to land short of Los 
Angeles in Ontario, California. The first route was 
subsequently revised and shortened. The remaining 
flyovers went smoothly, although several procedural 
problems were revealed. The main problem was the 
crew's difficulty in orienting themselves and locating 
observation sites. It was solved in part by improving 
the flyover booklets. Several sketches, maps and photo­
graphs were added to provide regional views of each 
site. All illustrations were oriented parallel to the 
flight lines, and a scale and north arrow were also 
added to each page. 

Another problem concerned the question of whether 
two crew members should fly in one aircraft. When 
a crew member flew alone, he would have to fly the 
aircraft, handle radio communications, and make 
visual observations. If two flew together, one could 
handle the operation of the aircraft including radio 
communications while the other could devote his 
attention to visual observations. However, this meant 
that the pilot would have to fly some other time in 
order to make his own observations, which was done 
in several cases. 

In spite of the various problems, the crew's response 
to this flyover was enthusiastic. Although the astro­
nauts had flown over southern California many times 
before, they expressed surprise at how many interest­
ing features they were able to see when they looked 
for them. After the flyover, there was a marked in­
crease in their active participation during the class-
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room training sessions. 

A study of the crew's taped comments on this fly­
over revealed that they needed further practice in 
making visual observations. The two primary criti­
cisms were that some specific questions were not 
answered (instead, there were discussions of related 
or even unrelated topics) ; and that many comments 
could have been more precise, especially with the 
proper use of terminology. 

In spite of these criticisms, the crew members made 
many astute observations; for example, recognition 
of subtle faults, description of the local mountain 
ranges and valleys, and discussion of how these physio­
graphic features fit in with the regional geology. 
Stafford made the following comments in answer to 
the first question: "Where do the eastward trending 
valleys (between Santa Barbara and Bakersfield) 
terminate?" 

The hills on the river, the Ventura River, those hills that 
run east and west totally stop, possibly truncated by a fault 
that runs 90 degrees into the Ventura River. These east-west 
lineations do stop right in that area about 20 to 30 miles 
east of Ventura where you have the east to north-south 
lineations. The ridges of these mountains run all the way 
right to the point on the Pacific Ocean, then kind of dip 
in right at the point and disappear. In fact, from here, 
the whole thing tends to dip at that point. Again those are 
east-west ridges, and you can see upthrusting and fault lines 
parallel to the ridge itself. Something like the back of an 
ancient dinosaur! 

Through observations of land features, the crew 
members learned the importance of sun angle illumi­
nation. High sun angles were best for observing varia­
tions in color while low sun angles were required for 
observing topographically related features such as 
fault scarps and sand dunes. Even the direction of 
viewing with respect to the sun was important. For 
example, the following description of sand dunes in 
the Algodones Desert (Figure 19) was made by Capt. 
Alan Bean while flying toward the southeast: 

The dunes were mainly more in the center of the Algo­
dones section. . . It sort of looks like the dunes on the 
north side are rather linear, in the center they have that 
rather pock-marked appearance. Almost giving the impres­
sion that 1000 bombs have fallen down there or something. 
I cannot from this direction really say that they are star 
dunes, though. 

Compare this with the description that he himself 
later gave when flying toward the north: 

We have a much better viewing situation for the dunes. 
You see the shadows with the sun coming from the east 

making the dunes show up nicely. And on top of the major 
swells, especially, I see the barchan type dunes. The north 
to south ridges on the southwest side show up very well. 

The crew also learned how important sun angle 
and sunglint were in observing ocean features. When 
flying in one direction an astronaut would see nothing 
on the ocean surface; but while flying in another 
direction he would be able to discern surface tex­
tures and ocean features through the use of sunglint 
(the sun's reflection or "glitter" off the water's sur­
face). The crew reported seeing a variety of features 
in sunglint, including: boat tracks, wave refraction 
patterns, current boundaries, island wakes, and gyres. 
Following is a discussion of a phenomenon seen in 
sunglint in the area between Santa Barbara and Pt. 
Conception: 

BEAN : Yeah, look at those little kind of blobs out there. 
There is one out there that could be upwellings or some­
thing. It is a completely different color water and it does 
not appear to be any reason it should be. A localized 
patch. Maybe that has oil on it or something. 

BRAND: It is kind of sparkling. A little bit as if it is a 
sparkling of a flock of ten million birds on the water. 

BEAN : Maybe a spill, may be oil or a spill that is giving 
us a lot of reflection per amount of light that hits it. 

A few minutes la ter the same p h e n o m e n o n was 

observed out of sunglint : 

BRAND: Hey, look at the color change now. Hey, those 
look like oil spills. 

BEAN : Yeah, look at that. You bet, I'll bet they are. A 
pollution of some sort in the water. 

BRAND: The same thing that we saw that was shimmering, 
now we see out of sunglint, and it is a light-colored blob 
sort of, could be oil spills. 

BEAN: I bet they are. They just have the kind of edges 
and the color. It is not too far fetched for the sheen you 
see, that is kind of pearl gray, more fluorescent color to it. 

Although there were no sediments from the rivers 
with which to trace ocean currents, two of the crew 
members observed patches and streaks of reddish 
brown discolorations, which hugged the coastline from 
San Diego to north of Los Angeles. The crew mem­
bers later identified this phenomenon as red tide when 
they were shown examples of red tide, sediment, and 
kelp in low-altitude photographs. 

An excellent example of the observer's ability to 

FIGURE 19.—Apollo 9 color infrared photograph of the 
Algodones dunes east of the Imperial Valley in California. 
These dunes were described by astronaut Alan Bean on the 
California flyover. (NASA photograph AS9-26A-3799A) 
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discern unfamiliar features occurred during the ocean 
route on the California flyover. From the air, San 
Miguel Island is characterized by a series of alter­
nating light and dark colored stripes which run in a 
northwest to southeast direction. The light colored 
stripes are actually linear sand dunes (Figure 20). 
Without having seen the island before, and not being 
told what the features were, the crew were asked to 
observe, describe, identify, and interpret these fea­
tures. The following is the ensuing discussion between 
Vance Brand and Alan Bean: 

BRAND: Oh, yeah, on San Miguel? Horizontal stripes. What 
were those? 

BEAN : We do not know. They just wanted us to observe 
and see what we thought and describe them and then 
make an observation—whatever it says there. 

BRAND: Okay, I was out of the room when you talked 
about that. Okay, they look like different color rocks. 
Sand-colored compared to dark brown. Finger-like, they 
seem to be oriented all in one direction. 

BEAN : All along the fault lines perhaps. Maybe those are 
exposures of the faults that run, which would look like, 
into the west of the rest of the island. 

BRAND: The way they are oriented, I wonder—they look 
like a glacier, something scrubbed across there. Yeah. And 
they gouge the island in one direction, leaving. . . . Could 
it be vegetation patterns? It does not quite look like it, 
does it? Wind could govern vegetation patterns on that 
island. 

BEAN: Maybe. I'll tell you what it could be. We could be 
looking up the valleys and beach sand is being blown 
down the valleys and not on tops of the mountains. 

BRAND: Looks like we have a tremendous prevailing wind 
in the same direction as those cuts. That is one good 
observation site, I think. Could it be sand that is streak­
ing all the way across the island in that direction? 

On 24 January 1975, the backup crew flew the 
California flyover. Recorded observations were re­
ceived and transcribed from all three crew members 
for the ocean flight and from Jack Lousma for the land 
flight. This flyover went more smoothly than the first 
one as a result of the prime crew's experiences, and 
improvements later made to the flyover booklets. The 
observations made were similar to those of the first 
flyover, although the crew also observed occurrences 
of kelp, red tide, and sediments. They were able to 

FIGURE 20.—San Miguel Island as observed by Vance Brand and Alan Bean on the California 
flyover. Note the series of alternating light- and dark-colored stripes running in a northwest to 
southeast direction. These stripes are linear sand dunes. (Photograph California 35, USGS 
Professional Paper 590) 
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FIGURE 21.—Photograph taken by the Apollo astronauts Stafford and Slayton during flyover 
exercises of ocean features: a, sediment plumes along the southern California coast; b, tex­
tured water in the vicinity of San Miguel Island; c, kelp beds and textured water along the 
southern California coast. 
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FIGURE 22.—Photographs taken by Slayton and Stafford: a, the Mojave Desert, with a dark-
colored lava flow at the right; b, scarp of the San Andreas Fault near its probable junction 
with the San Jacinto Fault; c, the complex texture of the Algodones dunes east of Imperial 
Valley California. 
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use sediment and red tide to trace gyres and learned 
to look for textural changes in sunglint and color 
changes out of sunglint. 

On 15 March 1975, Tom Stafford and Deke 
Slayton repeated the California flyover, recording 
their visual observations and taking a total of some 
200 photographs. Examples of these photographs are 
shown in Figures 21 and 22. 

Gulf Coast Flyover 

This training flight came about as a result of the 
crew's frequent trips to KSC in Florida. The route 
followed a nearly straight line from Ellington Air 
Force Base near Houston to Patrick Air Force Base 
in Cape Canaveral, Florida. It included overflying 
Leeville, Louisiana, the tip of the Mississippi delta, 
Covia reporting point (27°56'N, 84°44'W) in the 
Gulf of Mexico, and St. Petersburg and Tampa, 
Florida. 

The observation sites between Ellington AFB and 
Leeville included (1) High Island, which is an oil-
producing salt dome, (2) coastal sediments and 
aggrading beach ridges between Sabine Lake and 
Vermillion Bay, and (3) offshore oyster reefs from 
Marsh Island to Atchafalaya Bay. The section be­
tween Leeville and Covia included observations of 
the (4) modern Mississippi River Delta and (5) a 
large eddy spun off from the Gulf Loop Current. The 
segment between Covia and St. Petersburg involved 
(6) an offshore shoal area, (7) red tide along the 
west coast of Florida, and (8) sediments in the 
Tampa Bay area. The final observation sites, between 
St. Petersburg and Patrick AFB, were over (9) central 
Florida and involved studying the texture of the 
terrain and the alignment of lakes. 

The Gulf Coast flyover was also combined with 
the Gulf-Florida or East Coast flyovers. In these cases 
a more simplified version did include (1) coastal 
sediments, (2) the Mississippi River Delta, (3) ocean 
current boundaries due to a large eddy, (4) Tampa 
Bay, and (5) central Florida. 

The first version of the Gulf Coast flyover was 
completed in early December 1974. The crew usually 
took the booklets along with them whenever they 
flew this route. They studied the questions carefully 
although they did not initially record their observa­
tions. Recorded observations and photographs of this 
route were received during the Gulf-Florida flyover. 

Gulf-Florida Flyover 

This flyover combined the Gulf Coast overflight 
and a U-shaped flight path around the Florida penin­
sula. The Florida loop began at Patrick AFB on Cape 
Canaveral, proceeded south to the Bimini Islands, 
west to Key West, and north to MacDill Air Force 
Base near St. Petersburg. A simplified version of the 
Gulf Coast flyover was used for sites between Elling­
ton AFB and Patrick AFB. The sites along the 
Florida flight route involved observation of (1) the 
Gulf Stream off the east and southern coast of Florida, 
(2) algae blooms in Florida Bay, (3) turbulence pat­
terns in the Keys, and (4) red tide along the west 
coast of Florida. The Gulf-Florida exercise was under­
taken by Vance Brand on 1 March, Deke Slayton on 
8 March, and the backup crew on 31 March 1975. 
Photography including a roll of IR film and tapes 
were received from Vance Brand and Deke Slayton. 

Along the Texas-Louisiana coast, sediment plumes 
were observed especially in the vicinity of Sabine 
Lake. The width of the sediment band along the 
coast between Galveston and the Mississippi River 
Delta appeared to be related to wind direction. During 
one flyover a wide sediment pattern was observed 
with the wind coming from the north. A week later, 
a narrow band of sediment was observed with the 
wind coming from the southwest. Sharply defined 
sediment boundaries in the vicinity of the Mississippi 
River Delta delineated three gradations of water; very 
muddy, less muddy, and very clear (Figure 23). 

No evidence of current boundaries off the Gulf 
Coast was seen on the first leg. However, on the 
return trip (third leg), one crew member observed 
two north-south trending boundaries about 16 to 24 
kilometers apart with marked changes in the water 
color. Another crew member observed a long dis­
continuity characterized by offset bands of color which 
he (Brand) described as "a lighter blue track that 
zigzags like a lightning flash." 

On the second leg, the crew members found that 
the best method for observing the Gulf Stream was 
through the use of clouds, which marked the warmer 
waters of this current (Figure 24). Changes in tex­
ture were reported when the sun angle was favorable. 
Color changes were observed but it was difficult to 
ascertain whether these changes were due to changes 
in water depth or to the boundary of the Gulf Stream. 

Over the Florida Bay, crew members observed both 
dark and light green patches of water; however, they 
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FIGURE 23.—Photograph taken by astronaut Vance Brand 
on the Gulf-Florida flyover showing the sediment laden 
waters of the Mississippi River Delta. 

could not determine if the changes in coloration 
were due to algae blooms or bottom topography. 
The turbulence patterns through the north-south 
elongated Florida Keys were described as looking 
like "meandering flow patterns" and "shallow chan­
nels in a flooded area." The direction of sediment 
flow was dependent on the tide; while one crew mem­
ber observed sediment on the north or bay side of 
the Keys and clean water on the south, or oceanside, 
another observed a sediment plume entering the 
ocean (Figure 25). 

No red tide was observed off the west coast of 
Florida. However, sediment plumes were observed in 
the Naples-Fort Meyers area and in Tampa Bay. One 
crew member observed that the sediments in Tampa 
Bay were aligned in the direction of the wind as indi­
cated by the direction of smoke plumes. 

FIGURE 24.—Sediment plumes in the Gulf Loop Current of 
the Gulf of Mexico. These plumes probably originate from 
the Mississippi River (Photograph by Vance D. Brand) 

East Coast Flyover 

This exercise followed the Gulf Coast route to 
Patrick AFB in Florida and then north along the East 
coast of the United States as far as Boothbay Harbor, 
Maine. 

The first leg of the route was the simplified version 
of the Gulf Coast flyover (p. 37) and the first leg of the 
Gulf-Florida flyover. The second leg followed a route 
from Patrick AFB to Dover, Delaware, passing over 
Wilmington, North Carolina, and Norfolk, Virginia. 
Observation sites on this leg included (1) the Gulf 
Stream and (2) a large eddy between Patrick AFB 
and Wilmington, (3 and 4) sediment patterns around 
Cape Hatteras, and (5 and 6) sediment and pollution 
plumes in the Potomac River and Chesapeake Bay, the 
latter being one of the observation sites of the ASTP 
mission. 

The third leg involved a route from Dover north 
to Suffolk, Long Island, then northeast to Nantucket 
Island, north to Boothbay Harbor, Maine, and a loop 
south to land at Pease AFB in New Hampshire. The 
sites included observations of (1) pollution in New 
York Harbor, (2 and 3) internal waves in ocean waters 
between Dover and Nantucket Island, (4) sediment 
patterns in Pleasant Bay, Cape Cod, (5) sand dunes 
on northern Cape Cod, (6) pollution in Boston Har-
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FIGURE 25.—Florida Keys on the Gulf-Florida flyover taken by D. K. Slayton. 

bor area, (7) Atlantic water color, and (8) the glacial 
coastline near Boothbay Harbor, Maine. 

The fourth leg followed the third leg in reverse 
and terminated at Andrews AFB in Washington, D.C. 
On 12 April, Deke Slayton completed the East Coast 
flyover. No visual observations were recorded but a 
number of photographs were taken over the New 
England coast (Figure 26). 

Southwestern United States Flyover 

This flyover exercise was designed primarily for 
observations of sand dunes and mining activities. It 

consisted of three legs following routes from Biggs 
AFB near El Paso, Texas, to Buckley AFB near 
Denver, Colorado, to Williams AFB near Phoenix, 
Arizona, to Los Angeles airport in California. 

The route of the first leg made a loop east, north, 
and then west to Truth or Consequences, New Mexico, 
and then followed a northeasterly path over Albuquer­
que, New Mexico, and Alamosa, Colorado, ending at 
Buckley AFB. Observation sites included (1) dunes 
at White Sands National Monument, New Mexico, 
(2) the Nacimiento Fault, (3) volcanics in the Los 
Alamos area, and (4) dunes at Great Sand Dunes 
National Monument, Colorado. 
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FIGURE 26.—Views of the Cape Cod area taken on the New England flyover and showing 
the green-tinted waters: a, central part of Cape Cod, Cape Cod Bay, and Barnstable; 
b, northern tip of Cape Cod, Provincetown. (Courtesy of D. K. Slayton) 

The second leg originated at Buckley AFB and ter­
minated at Williams AFB to the southwest. Observa­
tion sites were as follows: (1) Fossil Ridge, a tri­
angle of sedimentary rock near Gunnison; (2) cir­
cular structures in the San Juan Mountains; (3-5) 
sand dunes on Comb Ridge, the Kaibito Plateau, and 
the Moenkopi Plateau in Arizona; (6) linear features 
on the Coconino Plateau; and (7) copper mining at 
the Big Bug Mountains near Prescott, Arizona. 

The third leg followed a zigzag route between 
Williams AFB and Los Angeles. The observations in­
cluded a study of (1-4) copper mining at Little 
Dragoon Mountains, Bisbee, Sierrita Mountains, and 
A jo, (5) sand dunes in the Gran Desierto just south 
of the U.S./Mexican border, and (6) Indian intaglios, 
human and animal figures 30 to 50 meters in length 
scratched in the sand near Blythe, California. 

During 12-15 June 1975, the prime crew and 
Capt. Alan Bean flew the Southwestern United States 
flyover. Tapes were received from the prime crew 
although Stafford's turned out to be blank. Vance 
Brand and Deke Slayton took photographs but Slay-
ton's pictures were never received by the Principal 

Investigator. 
On the first leg, large parabolic dunes and smaller 

crescentic dunes were reported in different parts of 
the White Sands region. The Nacimiento Fault was 
distinguished by a line of upturned blocks along the 
edge of the volcanic field, and by a stream that fol­
lowed the fault and drained into the Rio Grande. 
The concentric and radiating features and individual 
flows of the Los Alamos volcanic field were difficult 
to observe because of vegetation; in fact one crew 
member did not realize that the area was a volcanic 
field. 

Dune forms and patterns in the Great Sand Dunes 
National Monument were also observed; Vance Brand 
described these features as "crescentic dunes. . . . 
Waves of them overlapping on each other. Aligned 
crests generally NW-SE direction. Big and small, 
typical crescentic dunes." 

Deke Slayton described the dunes in the following 
manner: "Call those crescent dunes, maybe star dunes 
on the southeast side. Farther to the west, are small 
crescent dunes that are getting larger and larger as 
they approach the mountains." 
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FIGURE 27.—Northward-facing glaciers of Mt. Rainier, photographed by astronaut R. E. Evans 
on the Northwestern flyover. 
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The observation that some of the dunes may be 
star-shaped is significant for it is thought that Great 
Sands may represent the transition between crescentic 
and star dunes. 

On the second leg, the Fossil Ridge was described 
as a series of about five ridges formed probably by 
erosion. The circular features in the San Juan moun­
tains were not observed due to snow and cloud cover. 
Observations of sand dunes in Arizona included 
descriptions of crescentic dunes and SW-NE trending 
linear dunes. Vance Brand described the dunes on the 
Moenkopi Plateau as looking like "knitting fibers 
stretched out on top of a table." The linear features 
on the Coconino Plateau were not easily distinguish­
able. In the mining area of the Big Bug mountains, 
an open pit and north-south trending faults were 
easily observed. 

On the third leg, Brand's tape recorder malfunc­
tioned and almost all observations were lost. Slayton 
was unable to obtain clearance to fly over the re­
stricted areas and thus had to fly north of the planned 
route to Yuma. He did observe the red and blue-green 
coloration associated with other copper mining areas 
and commented on the common association of volcanic 
areas with the mining locations. The types of sand 
dunes in the Gran Desierto were too far away to 
identify and the Indian intaglios did not have enough 
contrast to be seen at the aircraft altitude. On his 
return trip, Slayton was able to comment on the rela­
tionship between the Pinacates volcanic field and the 
sand dunes. He made the excellent observation that 
the sand was encroaching on the volcanic field from 
the southwest and that craters on the north side were 
partly sand filled. 

Northwestern United States Flyover 

This training flight was designed to familiarize the 
crew with U.S. sites planned on the ASTP mission 
and to study glaciers and snow-covered peaks. The 
flyover originated at Los Angeles and followed a route 
northward. It consisted of two legs with a midpoint 
at Klamath Falls, Oregon, and an end point at Fair-
child AFB near Spokane, Washington. 

The first leg included the route from Los Angeles 
to Santa Barbara, Avenal, Linden and Klamath Falls. 
The two observation sites were (1) faults west of the 
San Andreas in the stretch from Avenal to Monterey 
Bay and (2) the location of a metamorphic foothill 
range of the Sierra Nevada in the vicinity of Linden. 

The questions for both sites were taken directly from 
the "Earth Observations Book" used on the ASTP 
mission. The second leg followed a route from Kla­
math Falls northward to Portland, Hoquiam, and 
Abbotsford, and then eastward to Fairchild AFB. The 
observation sites included (1) the four prominent 
peaks of Mt. Hood, Mt. St. Helens, Mt. Adams, and 
Mt. Ranier; (2) the Blue Glacier on Mt. Olympus; 
(3) sediments in Puget Sound; and (4) the Southern 
Cascades Glacier near Glacier Peak. 

Vance Brand and Deke Slayton were scheduled to 
fly the Northwestern United States flyover the day 
after completing the Southwestern United States fly­
over. Vance Brand flew the first leg over California, 
although the remainder of the flyover was canceled 
due to cloudy weather in the Northwest. He took 
photographs of the faults west of the San Andreas. 
Over the Sierra Nevada foothills, Brand reported that 
he could not see gray outcrops of metamorphic rock; 
only the gray of roads, and where the soil was up­
turned from mining activities in the Linden area. 

Before the Northwestern United States flyover was 
designed, Capt. Ronald Evans flew on his own from 
Los Angeles to McChord AFB in Washington on 12 
May 1975. He photographed all of the major snow and 
glacier covered mountain peaks along the way. On 
the following day, he flew eastward to photograph the 
northward-facing glaciers of Mt. Ranier (Figure 27) 
and the reddened soil due to iron mines near Lake 
Superior, which were sites on the ASTP mission. 

CONCLUSIONS 

The flyover exercises gave the Apollo-Soyuz crew 
valuable practice in making visual observations and 
acquiring photographs. Specific accomplishments made 
during these essential training exercises include the 
facts that the astronauts (1) observed examples of 
some of the various types of landforms and of ocean 
features that they would view from Earth orbit on 
ASTP, (2) became familiar with some of the sites 
scheduled for observation during their mission, such 
as the San Andreas Fault and the Gulf Stream, (3) 
gained experience in using various lighting conditions 
for visual observations and photography of both land 
and ocean sites, (4) practiced verbalizing their obser­
vations and using the terminology learned in the class­
room training sessions, and (5) gained practical ex­
perience in handling the cameras, lenses, color wheel,, 
and the tape recorder during flight. 



Flight Planning 

Site Selection 

The selection of Earth observation sites was a con­
tinually changing process involving a number of con­
siderations. These included recommendations from the 
Earth observations team, particularly the co-investiga­
tors (Table 1), time available in the flight plan for 
experiment activities, spacecraft attitude with respect 
to the Earth, and optimum viewing conditions for the 
various features. 

The first preliminary site list was prepared in Sep­
tember 1974 and was based entirely on suggestions 
from team members. This list, giving the geographic 
coordinates of over 120 sites, was submitted to the 
Mission Planning and Analysis Division (MPAD) at 
JSC. A trajectory analysis was performed there to 
determine which sites would be overflown during day­
light portions of the mission. The resulting site acqui­
sition data were published in a JSC document (NASA, 
1974b) and were used to schedule sites in the ASTP 
flight plan. 

Because of flight plan restrictions, the time available 
for visual observation activities was limited, making 
pre-mission planning very critical. Flight planners 

attempted to achieve an Earth-looking attitude during 
sun-lit passes. (During "nighttime" halves of each 
revolution, the spacecraft was oriented skyward for 
astronomical observations.) If a crewman was avail­
able this allowed the undertaking of visual observation 
tasks. However, this was only worthwhile when viewing 
conditions were good, and if there was sufficient time 
to locate, identify, describe, and photograph a target. 
Important viewing conditions include exact space­
craft attitude, weather constraints, and sun angle. For 
example, color variations and contrast are best per­
ceived with high sun-angle illumination. On the other 
hand, topographic relief is enhanced by low sun angles. 
Sunglint is also useful for observing various ocean 
features, such as internal waves and oil slicks. 

Revised suggestions from the Earth observations 
team resulted in a number of changes to the site list 
and consequently in the flight plan allocations. Eleven 
photographic mapping passes (Table 4) and sixty 
visual observation targets (Table 5) were finally 
scheduled. For convenience in referring to each visual 
observation target, the globe was arbitrarily divided 
into twelve sections called sites (Figure 28). For 
example, site 5 encompasses the eastern United 

FIGURE 28.—Boundaries of the 12 sites of the Earth Observations and Photography Experiment 
on the Apollo-Soyuz mission. Specific observation areas within these sites are referred to as 
targets (Table 5) . 

43 
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TABLE 4.—Photographic mapping passes (from El-Baz and Mitchell, 1976) 

No. 

Ml 

M2 

M3 

M4 

M5 

M6 

M7 

M8 

M9 

M10 

Mi l 

Name 

Gulf Stream 

New Zealand 

Southern California 

Himalaya Mountains 

Arabian Desert 

Australia 

African drought 

Falkland Current 

Sahara 

Northern California 

New England 

Objective 

The Gulf Loop Current and the Gulf Stream 
from eastern Florida to its confluence with 
the Labrador Current 

The Alpine Fault in South Island and the 
coastal waters between the two islands and 
north of North Island 

Coastal waters off California, the San 
Andreas Fault system, and the Mohave 
Desert 

Ocean features in the Indian Ocean and 
Arabian Sea, the flood plain of the Indus 
River, drainage pa t te rns , and snow cover 
in the Himalayas 

The Afar Tr iangle , dune patterns in Ar-Rub 
Al-Khali, and coastal processes at Doha, 
Qatar 

Dune patterns and erosional features in the 
Simpson Desert , the Great Barr ier Reef, 
and eddies in the Coral Sea 

Vegetation and land use patterns in the Sahel, 
desert colors in northeastern Africa, the 
Nile River Delta, and the Levantine Rift 

The Falkland Current and its confluence 
with the Brazil Current east of South 
America 

Vegetation and land use patterns in the Salnel, 
desert colors and dune patterns in the 
Sahara, and the coastal waters off Tripoli 

Coastal waters off northern California and 
subsystems of the San Andreas Fault 

Eddies and gyres in the Gulf of Mexico, the 
Mississippi River Delta, Chesapeake Bay, 
and coastal waters off New England 

FIGURE 29.—Schematic of the five windows of the Apollo 
command module. At the time of launch, the Apollo com­
mander sat in the area of windows 1 and 2. The docking 
module pilot sat in the area of windows 4 and 5, and the 
command module pilot sat behind window 3. The latter 
has the largest window pane and was used most in observing 
Earth on the Apollo-Soyuz mission. 
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TABLE 5.—Visual observation targets (see Figure 28) (from El-Baz and Mitchell, 1976) 

Site no. 

1 

2 

3 

4 

5 

6 

7 

Target 

New Zealand 

Southwestern United States 

2A Southern California 
2B Baja California 
2C California Current 
2D Great Salt Lake 
2E Guadalajara 

Weather Belt 

3A Cloud features 
3B Tropical storms 
3C Hawaii 
3D Kuroshio Current 

Northern North America 

4A Snow peaks 
4B Puget Sound 
4C Superior iron 
4D Sudbury nickel 

Eastern North America 

5A Gulf of Mexico 
5B Gulf Stream 
5C Labrador Current 
5D Central American 

structures 
SE Florida red tide 
5F New England red tide 
SG Chesapeake Bay 

Northern Atlantic 

6A Oil s l icks 
6B London 

Northern South America 

7A Humboldt Current 
7B Nazca Plain 
7C Internal waves 
7D Peruvian desert 
7E Orinoco River Delta 
7F Galapagos Islands 
7G Caribbean Sea 

Site no. 

8 

9 

10 

11 

12 

Target 

Southern South America 

8A Falkland Current 
8B Chilean Andes 
8C Dune field 
8D Parana River 
8E Circular structures 

Africa and Europe 

9A Afar Triangle 
9B Arabian Peninsula 
9C Guinea Current 
9D Desert colors 
9E Oweinat Mountain 
9F Nile Delta 
9G Levantine Rift 
9H Niger River Delta 
91 Algerian Desert 
9J Tripoli 
9K Strait of Gibraltar 
9L Alps 
9M Danube River Delta 
9N Anatolian Fault 
90 Volcanics 
9P Bioluminescence 

Africa and India 

10A Great Dike 
10B Somali Current 
IOC Arabian Sea 
10D Himalaya Mountains 
10E Takla Makan Desert 

Australia 

11A Play as 
11B Coral Sea 
11C Simpson Desert 
11D ANZUS Eddy 

Antarctican ice 

12A Icebergs 

States; a specific target within site 5 is assigned a 
letter, eg., "5G" is Chesapeake Bay. The term "map­
ping pass" refers to stereo strip photography of a 
swath of the Earth's surface. The eleven mapping 
passes (Ml to M i l ) varied in length from about 
1500 km to over 6500 km. 

The final schedule required approximately 12 hours 
of inflight crew time. The plan called for three basic 
types of tasks. These were (1) visual observations of 
selected Earth features, (2) handheld oblique photog­

raphy to document observation targets, and (3) stereo 
mapping photography of areas of significant scientific 
interest. To perform these tasks, it was necessary to 
use two or more of the five spacecraft windows (Figure 
29). Ground coverage of each window depended on 
the use of two different spacecraft attitudes. In the 
first case, called the mapping attitude, the right side 
window, number 5, was oriented parallel to the Earth's 
surface at the subvehicular point (nadir). In that posi­
tion the mapping camera would take near-vertical 
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photography if mounted in window 5. If visual ob­
servations were scheduled during the mapping pass, 
the observer would have to use the hatch window, 
number 3, with coverage to the right of the ground-
track. In the second case, called the visual observation 
attitude, the spacecraft was maneuvered to a position 
that put window 3 parallel to the Earth's surface at 
the subvehicular point (nadir). This attitude was used 
if a mapping pass was not scheduled. It allowed 
observations from the three spacecraft windows 1, 3, 
and 5 (Figure 30). 

FIGURE 30.—Ground coverage of Apollo spacecraft windows 
1, 3, and 5 as the observer stands 15 cm (6 in) away from 
the window pane (A = mapping attitude, where command 
module window 5 is oriented parallel to the groundtrack; 
B = visual observations attitude, where the center of window 
3 is oriented at the spacecraft's nadir). 

Visual Observation Aids 

It was important to assemble books, equipment, and 
other items to aid the astronauts in making the best 
use of all the flight plan time allotted to the Earth 
Observations and Photography Experiment. Visual 
observation aids, referred to by NASA as the "flight 
data file," were assembled and tried during the astro­
naut training cycle. In addition to the flight plan, 
these aids consisted of the "Earth Observations Book," 
the World Map Package, a color wheel, a ground 
scale, and an enlarging telescope. 

FLIGHT PLAN 

All visual observation targets and mapping passes 
were marked in the ASTP flight plan that contained a 
detailed schedule of mission operations, crew tasks, 
and experiment activities. The flight plan advised the 

crew of upcoming Earth observations. However, for 
detailed information on specific tasks and camera set­
tings, the crew had to refer to the "Earth Observa­
tions Book" (Appendix 3) . 

The flight plan is a very complex looking docu­
ment. As a matter of fact, with all its acronyms, 
abbreviations, and cryptic signs, the flight plan is a 
masterpiece of utterly incomprehensible English. It 
was interesting, during the planning for the ASTP 
mission, to watch first-time Principal Investigators 
trying to decipher the unfamiliar document. Just as 
I did seven years ago, they remained baffled and 
looked mystified for a long time. After a while, how­
ever, one is able to learn enough of the seemingly 
foreign "NASA-ese" language to get by. This lan­
guage was developed to reduce a great amount of 
information in a small amount of space. 

The page from the flight plan shown in Figure 31 
includes Earth observations activities on revolution 
number 70/71. The two time-scales along the left 
side of the page represent Houston local time (CDT, 
Central Daylight Time) and the time elapsed since 
the Soyuz launch (GET, Ground Elapsed Time). 
Specific crew activities are listed in three columns, 
one each for each astronaut: CP (V D. Brand), AC 
(T. P. Stafford), and DP (D. K. Slayton). Therefore, 
on revolution 70/71, Vance Brand performed visual 
observation tasks, while Deke Slayton operated the 
mapping camera. The term "Earth Obs Book" told 
Brand to refer to the "Earth Observations Book" for 
more specific information on the upcoming sites 
(Mapping Pass M7, and visual observation targets 
9C, 9D, 9E, 9F, and 9G; see crew assignments of all 
Earth observation tasks in Table 6) . The approximate 
times for target acquisition are indicated along the 
GET column to alert the astronauts, who always have 
one eye on their GET time display on the spacecraft 
instrument panel. 

"EARTH OBSERVATIONS BOOK" 

The "Earth Observations Book" was the principal 
aid that was carried onboard the Apollo spacecraft 
(Appendix 3) . It contained detailed information on 
all visual observation tasks and camera configurations. 
This book was divided into three major sections. The 
first section contained a time line summarizing the 
visual observation tasks and mapping camera opera­
tions, and a stowage list and a summary of opera­
tional procedures. 
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APOLLO DETAILED CREW ACTIVITIES PLAN 

MCC 

CMP: 

DSE STOP 

ATS PUR AMP - OH 

CHO: 

DSE PLAYBACK 

UPDATE: 

HAPPING PA5S-M7 

CMP: 

DSE STOP 

CMP: 

ATS PWR AMP - ON 

DSE PLAYBACK 

CMP: 

DSE REWIND 

UPLINK: 

CSH S.V. 

ATS S.V. 

CMP: 
DSE RECORP/LBR 

ATS PUR AMP - OFF 

H O U S T O N D A T E 

JULY 2 0 , 1975 

REV 

7 0 - 7 ] FURN (MA 131) 

CDT 
UHI20—i-v 

I 
I 
TS 

I 
I 
I 

1 

GET 

(61111.)_ 

( 01111 ) . 

CP AC DP 

(61101 

( 0 1 1 1 1 ) _ 

|REV 71 f-

REST PERIOD 
( 8 . 0 HOURS) 

ICSM SYSTEMS CHECKLIST I 

POST-SLEEP CHECKLIST, 

Pg S / l - 4 9 

VTR PUR OFF 
TELEMETRY PHR - OFF 

_ 02 FUEL CELL PU RGE 

UASTE WATER DUMP TO 6 0 1 , Pg S / l - 2 5 

118:00— , =t, 
bm - IFARTH OBS B O O K I 

MAPPING PASS - M7 
VISUAL OBS 
SITES: 9C,9D,9E,SF,9G 

N M 7 

I 

TERMINATE JET-ON MONITOR 8 
ENABLE HGA EMP 

V37EO0E 
V25N26E (10001 ) (01412) ( 66105 ) 

CMC MODE - FREE PREP FOR URINE DUMP, Pg S / l - 2 8 

V48 (61101) (01111) 

CMC MODE AUTO 

P20 OPT 5 MNVR TO HAPPING ATT 
(BY 1 1 7 : 5 2 ) 

V25H78 ( *05335 ) (+02592) (+13830) 
V2ZH79 (+00050) 
V21II70 (00047) 
( 1 2 9 , 3 2 8 / 0 0 0 , 0 0 8 ) P( 

ACO ATS HGA: MAN. HIDE 
P 0 , Y 336 

S-DO AMT INO > l / 3 SCALE 

HGA: REACQ, NARROW 

URINE DUMP. Pg S / l - 2 8 

9E -1 
: | * 
-I 
- X 98 

EARTH OBS 

(VISUAL OBS) 

EARTH 08S 

(MAPPING) 

EAT PERIOD 

X 
M I S S I O N 

ASTP 

E D I T I O N 

FINAL 

P U B L I C A T I O N D A T E 

MAY 1 5 , 1975 

P A G E 

4 . 3 - 9 

FIGURE 31.—Example of the ASTP flight plan. For description of entries refer to the text. 
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TABLE 6.—Planned assignments of experiment tasks to Apollo astronauts (see Table 4 
for mapping passes, Table 5 for visual observations targets, and abbreviations list for 
crew members) (from El-Baz and Mitchell, 1976) 

Revolu-

15 
17 
39 
40 
42 
45 
46 
64 
71 
72 
73 
74 
78 
79 
88 
90 
104 
106 
107 
108 
123 
124 
134 
135 

Mapping passes 

No. 

Ml 
M2, M3 
M4 
M5 

M6 
M7 
M8, M9 

M10 

Mil 

Crew-
member 

AC 
DP 
DP 
DP 

AC 
DP 
AC 

CP 

DP 

Visual observation targets 

No. 

5A, 5B, 5C 
12A, 1, 3A, 2A, 
10A, 10B, 10C, 
9A, 9B 
8A, 3A, 9H, 91, 
50, 5A, 5B, 5F, 
2E, 4D 
11C, 11B, 3A 
9C, 9D, 9E, 9F, 
12, 8A, 9H, 91, 
3A, 9K, 9L 
7B, 7C, 6A, 6B 
3C, 4A 
11A, 11B, 3A 
8B, 8C, 8D, 8E, 
50, 5A, 5B, 5G, 
7A, 7D, 7E 
3B, 2B, 2E, 4D 
2C, 2D 
3C, 4B 
11D 
4A, 4C, 4D 
7F, ?G, 6A, 6B, 

3B, 5A, 5G, 5F, 

4C, 
10D, 

9J 
5C 

9G 
9J 

3A, 
5F, 

9M, 
6A, 

5C 
10E 

9K, 9L 
5C, 6A, 9P 

9N, 9P 
%, 90, 9P 

Crew-
member 

DP 
CP 
DP 
DP 
DP 
DP 
CP 
CP 
CP 
DP 
AC 
AC 
DP 
DP 
AC 
DP 
AC 
CP 
CP 
CP 
DP 
CP 
AC 
CP 

"""Listed i n o rde r of miss ion performance. 

DP-* 
CP-D Rev. 71 M7 

i 

•MAPPING CAMERA CONFIGURATION: 
CM5/BLACK/60/CT04-BRKT, IVL 10 (f5.6.1/125). 84FR 

•USE VOICE RECORDER FOR VOICE COMMENTS 

|]_*9C START ("8:'2:00) I I I I'l I I'l 1 1 
i H - r 

- > _ *MAPPING EXP CHG A: ( f5 .6 .1 /250 ) AT 118:16:00 

- 0 9D 

-an 

- • 9 F 

•fi 
MAPPING EXP CHG B: ( f 5 .6 .1 /125 ) AT 118:24:00 
9G 
M7 STOP (118:26:00) 
LEAVE BLACK HOC IN WINDOW 

FIGURE 32.—Example of the experiment time line from the 
ASTP "Earth Observations Book." For description of entries 
refer to the text. 

Figure 32 gives the t ime line for exper iment activi­

ties on revolution 71 . I t includes all the information 

needed to operate the m a p p i n g camera—if you read 

NASA-ese, t ha t is! Visual observation targets are 

listed, a l though specific details on observational and 

photographic tasks are given in the second section 

of the book. O n the revolution 71 time line, all 

starred comments refer to the m a p p i n g pass, M 7 , 

which was the responsibility of the D P , Deke Slayton. 

T h e mapp ing camera configuration is given as : 

C M 5 / B L A C K / 60 / C T 0 4 - B R K T , I V L 10 (f5.6, 

1 /125) , 84FR. This told Slayton the following: 

CM5 Use spacecraft (side) window number 5 
BLACK Use the black-painted (mapping) camera 
60 Attach the 60 mm lens to said camera 
CT04 Attach film magazine labeled CT04 to camera 
BRKT Camera should be attached to a bracket-mount 
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IVL 10 Automatic intervalometer should be set at 10 
seconds 

f5.6 Lens should be set at f/stop 5.6 
1/125 Shutter speed is to be 1/125 of a second 
84FR The camera will use 84 frames on this pass 

The time to activate the mapping camera is given 
as "M7 START." If all goes well the mapping 
camera would then continue to take pictures auto­
matically every 10 seconds, until turned off at the 
time marked "M7 STOP." If the camera settings 
need to be adjusted during the pass, the time of 
change and the new exposure settings are indicated. 

Information in the second section of the "Earth 
Observations Book" pertains to specific visual obser­
vation targets and is arranged according to site num­
bers. For each site, a summary page with a map dis­
played the revolution groundtracks of all visual ob­
servation passes over that site. These groundtracks 
are vertical projections onto the Earth's surface of 
the spacecraft's flight path. For example, on revolu­
tion 71, all the visual observation targets were in 
"Site 9: Africa and Europe." The summary page for 
Site 9 (Figure 33) shows the revolution 71 ground-
track (solid lines) and the location of visual observa­
tion targets (broken lines). It also shows the center 
line of viewing from spacecraft window 3, in the 
mapping attitude. (While the spacecraft is in Earth 
observation attitude, the center line of the same 
window, CM3, would be identical to the revolution 
groundtrack (Figure 30). 

One of the visual observation targets on revolution 
71 was "9E: Oweinat Mountain" (Figure 34). This 
mountain is located in the extreme southwestern 
corner of Egypt in a remote and almost inaccessible 
desert region. To help the crew locate the target, the 
revolution 71 groundtrack was plotted on an oblique 
Skylab photograph (SL3-115-1887) of the area. 
Observational and photographic tasks were listed at 
the bottom of the page. In this case, the crew was 
asked to obtain photographs and to look for struc­
tural features and oxidation zones on the mountain. 
The handheld camera data are given in the same 
format as the mapping camera data described above. 
The next visual observations target, 9F, is also indi­
cated so that the astronaut does not have to refer 
back to his flight plan or summary timeline to figure 
out what comes next. As the mission progressed, many 
notations had to be added to the original art of the 
book (Appendix 3) , particularly of those features 
that were not familiar to the crew. Therefore, the 

illustrations represent an evolutionary progression of 
notations superimposed on the original visual aids. 

The last section of the "Earth Observations Book" 
served as a reference. It included maps of the dis­
tribution of volcanoes, ocean currents, the anticipated 
July cloud cover, etc.; and diagrams of various Earth 
features such as drainage patterns, ocean phenomena, 
dune types, and faults. Although it was never used 
during the mission, it was practical to include this 
data as a memory jogger. 

ORBITAL CHART 

On previous missions, astronauts carried a map of 
the world with a transparent overlay of one orbital 
track that could be moved to any specific revolution 
position. For the Apollo-Soyuz mission, I recom­
mended a map with all orbital tracks indicated. The 
orbital chart was thus prepared and showed the sun­
lit parts of each revolution (Figure 35). Revolution 
numbers were placed on the corresponding tracks. 
This chart was useful during pre-mission training and 
during the flight. 

WORLD M A P PACKAGE 

A package of world maps was also included in the 
flight data file. The package consisted of seventeen 
1:10,000,000 scale geographical maps. These maps 
were photo-reduced from the "Global Navigation 
Charts" published by the Defense Mapping Agency. 
The Skylab 4 crew had found such a package very 
useful during their long duration mission. The ASTP 
crew, however, never used the maps; as a matter of 
fact, they did not even come across the package in 
flight, as it was "buried" beneath the rest of the items 
in the flight data file. 

COLOR W H E E L 

As previously stated, the human eye is more sensi­
tive to subtle color variations than any commercially 
manufactured film. Under laboratory conditions, the 
eye is estimated to be able to distinguish 7.5 million 
color surfaces, a precision that is two to three times 
better than most photoelectric spectrophotometers 
(Committee on Colorimetry, 1963:129). This capa­
bility has many important applications. For example, 
in oceanography, measurements of water color are 
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SITE 9: AFRICA AND EUROPE 

FIGURE 33.—Example of "site" pages of the ASTP "Earth Observations Book." The mission 
groundtracks in daylight are shown in solid red lines. The line-of-sight of command module 
window 3 in the spacecraft mapping attitude is plotted in dashed lines. Black lines indicate 
revolution groundtracks during nighttime with the corresponding revolution number in the 
margin. Circled letters indicate the approximate locations of specific observation targets. 
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9E OWEINAT MOUNTAIN 

•KS^E % 

&ILP KeOiC 
PLRTC«U 

Jfa O U C I N AT 
: M O U N T A I N 

71 

1 . OBTAIN 3 STEREO PHOTOGRAPHS OF OWEINAT MOUNTAIN AND ADJACENT DUNEFIELDS. 

2 . CAN YOU RESOLVE ANY STRUCTURES IN THE MOUNTAIN? 

3. ARE THERE ANY COLOR OXIDATION ZONES ON THE MOUNTAIN? 

REV 7 1 : C M 3 / S I L V E R / 2 5 0 / C X 1 2 ( f l l , 1 / 5 0 0 ) 3FR,[NEXT SITE: 9F] 

FIGURE 34.—Example of "target" pages of the ASTP "Earth Observations Book." The revolu­
tion groundtrack is shown in a solid red line; the dashed red line indicates the projection 
of the center point of command module window 3 on the ground. Instructions and specific 
questions are listed beneath the photograph in the order of their importance. Below the questions 
are the data for camera operation, which are described in the text. 
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FIGURE 35.—Orbital chart carried by the astronauts to facilitate identification of geographic 
position. The daylight parts of the mission groundtracks covered 16 zones. Areas in between 
were not overflown by the Apollo-Soyuz mission. Revolution numbers are indicated on each 
track. The circled areas mark the coverage of ground tracking stations. 
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important in identifying distinct ocean currents, ed­
dies, and areas of biological productivity (Jerlov and 
Nielsen, 1974:87). Also, in desert regions, a study 
of color variations could supply information on sand 
sources and the relative ages of sand seas (El-Baz 
and Mitchell, 1976:10-12). 

An important objective of the Earth Observations 
and Photography Experiment was to quantify desert 
and water colors observed by the crew. This was 
achieved through the use of a two-sided color wheel 
composed of carefully selected Munsell colors (Table 
7). Numerous versions of the color wheel were used 
by the crew on flyover exercises to obtain data on 
land and water colors. Actually, the colors of the 
wheel were selected on the basis of experience gained 
during the flyovers. 

The color wheel was fabricated at JSC, primarily 
by Mr. James Regan, in a "doughnut" shape with a 
20.3 cm (8 in) diameter and a 12.7 cm (5 in) cen­
tral hole (Figure 36). It was constructed of 3 mm 
(Yz in) thick aluminum with double rows of Munsell 
standard color chips fastened to both sides. Each 
color chip was identified with a row identifier ("A" 
or "B") and a numeral which identified its position 
in the row. A total of 108 different color chips were 
fastened onto the wheel. The doughnut configuration 
allowed the crew members to conveniently hold the 

device and to rotate it until the proper color in either 
row A or B matched the scene on the Earth's surface. 

GROUND SCALE 

It is difficult from orbital altitudes, and even from 
airplane heights, to estimate the size of observed 
objects, particularly where no familiar landmarks ex­
ist. A linear scale was designed, particularly with the 
help of Capt. Alan Bean (backup AC), to help the 
astronauts estimate object sizes and ground distances. 
The scale was manufactured at JSC and was tempo­
rarily fastened to the wall with velcro for handheld 
use at arms' length. 

ENLARGING TELESCOPE 

To assist the crew in locating small-sized targets, 
20-power binoculars were originally included as visual 
observation aids. However, after the crew tested these 
binoculars and other enlarging devices during flyover 
exercises, they preferred to use a 20 to 45-power zoom 
spotting telescope device with a 20-power wide angle 
eyepiece (Figure 37). This monocular, which was 
referred to as the "spotting scope," was believed to 
provide a more convenient means of locating targets 
and checking the eye's resolution. During postmission 

FIGURE 36.—Both sides of the color wheel used by the Apollo-Soyuz astronauts to determine 
(a) desert and (b) ocean colors. Color chips were selected from Munsell colors (Table 7). 
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TABLE 7.—Munsell designations for the ASTP color wheel (Figure 36). Each color designation 
indicates hue, value, and chroma in the form H V / C ; hue is divided into 10 groups (red, 
yellow-red, yellow, green-yellow, green, blue-green, blue, purple-blue, purple, and red-purple); 
each color is further subdivided by use of numerals (2.5, 5, 7.5, and 10); value is specified 
on a numerical scale from 1 (black) to 10 (white); chroma is indicated numerically from 
0 to 12 (from El-Baz and Mitchell, 1976) 

Color 

w h e e l n o . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

D e s e r t 

A 

2 .5R 6 /6 

2 .5R 5/8 

5R 4 /10 

5R 5/8 

5R 6 /6 

7.5R 6 /6 

7.5R 5 /8 

7.5R 4 /10 

10R 4 /8 

10R 5/6 

10R 6 /4 

2.5YR 7/6 

2.5YR 6 /8 

2.5YR 6/10 

5YR 5 /8 

5YR 6/6 

7.5YR 6/6 

7.5YR 5 /8 

10YR 5 /5 

10YR 6/6 

10YR 7/4 

2.5Y 8/6 

2.5Y 8/4 

7.5YR 8/4 

2.5YR 8/4 

7.5R 8/4 

2 .5R 8/4 

co lo r s 

B 

2.5R 7/8 

2 .5R 6/10 

5R 5/12 

5R 6/10 

5R 7/8 

7.5R 6 /8 

7.5R 6/10 

7.5R 5/12 

10R 5/10 

10R 6 /8 

10R 7/6 

2.5YR 8/8 

2 .5YR 7/10 

2.5YR 6/12 

5YR 6/10 

5YR 7/8 

7.5YR 7/8 

7.5YR 6/10 

10YR 6/10 

10YR 7/8 

10YR 8/6 

2.5Y 8 . 5 / 6 

2.5Y 7/4 

7.5YR 11' 

2.5YR 7/4 

7.5R 7/4 

2 .5R 7/4 

Color 
whee l n o . 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

Ocean c o l o r s 

A 

10BG 4 /4 

10BG 5/4 

10BG 6/4 

2 .5B 6/6 

2 .5B 5/6 

2 .5B 4/6 

5B 4/4 

5B 5/4 

5B 6/4 

7.5B 6/6 

7.5B 5/6 

7.5B 4/6 

10B 4 /8 

10B 5/6 

10B 6/6 

2 .5PB 5/6 

2 .5PB 4/6 

2 .5PB 3/6 

5PB 3/8 

5PB 4 /8 

5PB 5/6 

7 .5PB 5/8 

7 .5PB 4/10 

7 .5PB 3/10 

5P 2 . 5 / 4 

5RP 2 . 5 / 4 

5R 2 . 5 / 4 

B 

10BG 5/6 

10BG 6/6 

10BG 7 /6 

2 .5B 7 /8 

2 .5B 6/8 

2 .5B 5/8 

5B 5/6 

5B 6 /6 

5B 7/6 

7 .5B 7 /8 

7 .5B 6/8 

7 .5B 5/8 

10B 5/10 

10B 5/8 

10B 6/8 

2 .5PB 6/8 

2 .5PB 5/8 

2.5PB 4 /8 

5PB 4 /10 

5PB 5/10 

5PB 6/8 

7.5PB 6/10 

7 .5PB 5/12 

7.5PB 4/12 

5P 3 /10 

5RP 3 /6 

5R 3 /4 
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FIGURE 37.—The 20-power enlarging telescope used by the ASTP crew to spot small 
observation targets. (Courtesy of J. A. Taylor) 

evaluation, the astronauts indicated that the useful­
ness of the spotting scope was curtailed by the speed 
with which a target passed outside their field of view. 

Photographic Equipment 

The Apollo-Soyuz photographs of observation and 
mapping sites were taken with two 70 mm Hasselblad 
camera systems, a 35 mm Nikon camera, a 16 mm 
motion picture camera, and a television camera. De­
tailed information on these camera systems is given 
in a JSC publication (NASA, 1973). Following is a 
description of the photographic equipment as it re­
lates to the experiment. 

HASSELBLAD CAMERAS 

Two Hasselblad 70 mm camera systems were re­
quired to allow both automatic vertical strip photog­
raphy and astronaut-selected oblique photography 
simultaneously. Each camera was equipped with its 
own accessories of film magazines, lenses and filters 
(Figure 38). To distinguish between the two cam­
eras, acronyms had to be invented by NASA: HDC 
for the Hasselblad data camera (used mainly for 
automatic vertical photography) ; and HRC for the 
Hasselblad reflex camera (equipped with a single lens 
reflex mechanism and usually handheld by the astro­
nauts for selected-target photography). 

Because the HDC was equipped with a "reseau" 
plate (a glass plate, placed firmly against the film, 
with an array of 25 crosses to improve the geometric 

accuracy and facilitate construction of controlled 
photomosaics and photomaps), it was also referred to 
as "Hasselblad Reseau Camera" or HRC. Confusion 
of terminology ensued and the astronauts were frus­
trated. Since one camera was painted black (HDC) 
and the other was coated with silver-colored paint 
(HRC) , to avoid confusion, they were simply known 
as the "black camera" and "silver camera," respec­
tively. 

The black camera was equipped with 60 and 100 
mm interchangeable lenses. The choice between these 
depended on the required ground coverage and/or 
photographic resolution (Figure 39). The camera 
used film magazines that included approximately 150 
exposures. Nominally, it was mounted on a bracket 
that was fastened to the frame of spacecraft window 
3. An intervalometer was used to actuate the camera 
every ten seconds for the 60 mm lens and every 6.25 
seconds for the 100 mm lens. This provided stereo­
scopic coverage with at least 60 percent overlap of 
successive frames. Clicks of the film shutter were 
telemetered to the ground via the PCM cable to 
allow it to register the exact time of picture taking. 
This was necessary since the camera was used mainly 
to support photographic mapping objectives. 

In general, photographs taken with the black cam­
era are excellent, with the exceptions of a few short 
segments of unplanned photography that were out 
of focus, and one mapping pass over the northeastern 
United States on which the wrong lens was used. 

Photographs of the 60 visual observation targets 
were made using the silver camera. This Hasselblad 
system consisted of a camera body with reflex viewing 
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FIGURE 38.—Hasselblad cameras used by the ASTP crew: a, data or "black" camera used 
for vertical, stereo-strip photography; b, reflex or "silver" camera with a single lens reflex 
mechanism and usually handheld, used to photograph observation targets. (Courtesy of J. A. 
Taylor.) 
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FIGURE 39.—Sketch showing the vertical ground coverage 
of the 250, 100, 60, and 50 mm lenses in relation to Florida. 

capability, a prism viewfinder, a 50 mm lens, a 250 
mm lens, and 13 film magazines of approximately 70 
exposures each. The single lens reflex mechanism 
allowed the astronaut to see what he was photograph­
ing and to precisely aim the camera at his target. 
Naturally, frame footprint (ground coverage) de­
pended on the degree of obliquity, or how far the 
target was from the subspacecraft point (Figure 40). 
The crew reported that light loss through the 250 
mm lens made it difficult to locate the target and to 
center it within a frame; however, all photographs 
taken with that lens were excellent. 

NIKON CAMERA 

The 35 mm camera used on the ASTP flight was 
a modification of a commercially available Nikon 
camera. It incorporated reflex viewing and through-
the-lens light metering (exposure control) with motor­
ized film advance. This camera was basically used 
for the interior photography, that is, astronauts tak­
ing pictures of each other during the joint phase of 

the mission. When, however, the film for the Hassel­
blad cameras nearly ran out, the astronauts utilized 
the Nikon camera (with its 35 mm lens) to take pic­
tures of features on Earth. 

MOTION PICTURE CAMERA 

A Maurer 16 mm camera, dubbed by NASA "the 
data acquisition camera" or DAC, was used to take 
sequential film of land and sea to ascertain color 
variations. Of particular significance was photography 
of the Western Sahara of North Africa, taken to 
provide a record of color zone transitions in the larg­
est sand sea in the world. For this sequence, the 
DAC was handheld in window 3 and operated at 2 
m (6 ft) per second for 11 minutes. 

TELEVISION CAMERA 

A color television video system was used on Apollo-
Soyuz mainly for public broadcasts of mission ac­
tivities. The camera was also used for the acquisition, 
in realtime, of images of Earth features. In addition, 
the video tape recorder (VTR) , was used to record 
television images for later playback, particularly dur­
ing the daylight portion of revolution 124 over the 
Pacific Ocean. These color television images of the 
Earth provide new data on poorly studied areas 
or regions that are too vast for conventional surveys. 
The images may also give scientists an astronaut's 
perspective of target acquisition and tracking, and 
when re-formatted may possibly be used in stereo-
graphic and radiometric analyses. An added feature 
of these images is their adaptability for use in geog­
raphy courses and for training of the Shuttle crews. 

FIGURE 40.—Sketch showing the ground coverage of the 
50 mm lens at various degrees of obliquity, or tilt angles 
from the normal to the subvehicle point. 
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FILMS AND FILTERS 

The Hasselblad cameras constituted the most im­
portant photographic system used on the ASTP mis­
sion, basically because of the relatively large (70 mm) 
film format. Therefore, it was necessary to select the 
proper films and test them for adequacy. 

Seventeen magazines of color film were used in­
cluding Kodak SO-242 high definition aerial film 
for the black camera (mapping sites) ; and Kodak 
SO-368 Ektachrome MS for the silver camera (ob­
servation targets). Two magazines of Kodak 2443 
color infrared aerochrome were also used with the 
silver camera to facilitate identification of features 
such as volcanic rocks and red tide blooms. The 
required exposure for each site was calculated along 
with the system modulation transfer function ( M T F ) . 
This "system function" is the product of the indi­
vidual MTF's of the film and the lens (used at a 
specific aperture), plus an MTF due to image mo­
tion, calculated at the shutter speed required for 
each film. 

While Kodak SO-242 is far superior to SO-368 
and 2443 in resolution, it is over two stops slower in 
film speed. This low sensitivity necessitates the use 
of large apertures and/or slow shutter speeds. Evalua­
tion of these calculations was used in establishing the 
following guidelines for the use of each lens: 

50 and 60 mm lenses: The high definition film 
(SO-242) is superior to the moderate resolution films 
(SO-368 and 2443) at a shutter speed of 1/125 of 
a second or faster. 

100 mm lens: The high definition film is superior 
to the moderate resolution films at a shutter speed 
of 1/250 of a second or faster. 

250 mm lens: Image motion dominates system 
performance and the high definition film is unaccept­
able. Every effort was made to use the 250 mm lens 
at 1/500 second when the light level permitted. 

On the basis of these criteria, SO-242 was generally 
used for mapping passes and SO-368 for visual ob­
servations targets. The color infrared film was used 
for selected targets in which vegetation or lithologic 

discrimination was required. 
Photography of the Earth from very high altitudes 

necessitates considerations of the effects of the atmos­
phere on light traveling through it from the subject 
to the camera. These effects are well known, and 
numerous approaches to correcting them through the 
use of a filter have been demonstrated. The net ef­
fect is a predominance of shorter wavelength radia­
tion, which causes a blue veiling in uncorrected color 
photographs. 

Of the three films selected, Kodak SO-242 was 
especially manufactured with a yellow filter over-
coated on the film. Due to the false color rendering 
of the 2443 aerochrome infrared film, it was neces­
sary to utilize a blue-blocking filter with an approxi­
mate cutoff of 510 nanometers. Specific emulsions 
can benefit in terms of the interlayer sensitivities by 
selecting filters with cutoffs over a rather narrow 
range of 490 to 540 nanometers. A 520 nanometer 
filter was available in the approved flight hardware 
inventory, and sufficient film with various emulsion 
coatings was available to select an emulsion that 
exhibited the desired sensitometric properties when 
used with the 520 nanometer cutoff filter. 

Selection of a 2A (420 nanometers) filter for use 
with the SO-368 film created some initial difficulties 
as the 2A or equivalent short-wavelength blocking 
filters for the Hasselblad camera were not in the 
approved flight hardware inventory. Procurement of 
the proper filters and checkout for approval as flight 
hardware presented a difficult scheduling problem. 
An alternative to a lens filter was proposed which 
would produce the same photographic effect in the 
imagery. The alternative was to "coat" a filter di­
rectly on the film to be used. This proposal was 
accepted, thereby alleviating the filter scheduling dif­
ficulties, reducing the number of onboard items re­
quired to support the experiment, and simplifying 
the procedures required for the astronauts to conduct 
the experiment. The procured film was designated 
QX-807 emulsion 1-32 by Eastman Kodak. Addi­
tional information concerning this approach can be 
found in a report by NASA (1975a). 



Mission Operations 

Mission Profile 

The Apollo-Soyuz mission was the first manned 
space flight conducted jointly by two nations. The 
three primary objectives of this joint American-
Soviet venture were to develop and test systems for 
manned spacecraft rendezvous and docking that 
would be suitable for use as a standard international 
system; to demonstrate the capability of crew trans­
fer between two different spacecraft; and to conduct 
a series of science and applications experiments (Har-
dee, 1976:2-1). 

Because of the different pressures and compositions 
of the Apollo and Soyuz spacecraft atmospheres (5 
to 14.7 pounds per square inch, respectively), a cylin­
drical "docking module" (DM) was built. This 
tunnel-like body was basically an airlock that per­
mitted the crews to transfer between the two space­
craft. It had docking facilities on each end, permitting 
it to join the Apollo and the Soyuz (Figure 41). 

The Apollo spacecraft was similar in most respects 
to those that were used on the Skylab missions. For 
the Apollo command/service module (CSM) some 
modifications were made to fit mission needs. Addi­

tional controls for the docking system and special 
DM umbilicals were added, together with experi­
mental packages and their controls. Also, the steerable 
high-gain antenna that was used for deep space 
communications during the Apollo lunar missions, but 
was not needed for Skylab, was reinstalled for the 
Apollo-Soyuz CSM. The antenna locked onto a com­
munications satellite, known as the "applications 
technology satellite" (ATS-6) , placed in synchronous 
orbit over the east coast of Africa. The combination 
of ground stations and ATS-6 provided communica­
tions (including scientific data telemetry) with the 
Mission Control Center at Houston, Texas, for an 
average of 63 percent of each spacecraft revolution. 

On 15 July 1975 at 12:20 Greenwich mean time 
(GMT) the Soyuz spacecraft was launched into 
Earth orbit in a northeasterly direction from the 
Baykonur launch complex in the Kazakh Soviet So­
cialist Republic. Seven and one-half hours later, the 
Apollo was launched from Kennedy Space Center, 
Launch Complex 39B (Figures 42, 43). 

The Apollo CSM separated from the Saturn S-IVB 
stage one hour and 14 minutes after lift-off and 
began proceedings for extraction of the DM from 

APOLLO DOCKING 
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FIGURE 41.—Schematic of the Apollo and Soyuz spacecraft in the docked configuration. 
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the launch vehicle. After the D M was extracted, a 
misrouted pyrotechnic connector cable hindered the 
removal of the docking probe until a corrective pro­
cedure was successfully used to remove the probe. 
During this "pre-joint phase" several science experi­
ments were conducted, including portions of the 
Earth Observations and Photography Experiment. 

On 17 July 1975, after the Apollo circularization 
and rendezvous maneuvers were completed, the first 

docking was performed. During the following two 
days the Apollo remained docked with the Soyuz 
for joint operations; there were four crew transfers. 
Joint activities included television tours of both space­
craft and views of parts of the United States and the 
Soviet Union, a press conference and commemorative 
ceremonies, and scientific experiments. 

The Earth Observations and Photography Experi­
ment was not considered one of the joint endeavors. 

FIGURE 42.—The Soviet Soyuz space vehicle (left), carrying cosmonauts Aleksey A. Leonov 
and Valeriy N. Kubasov, at time of launch from the Baykonour Cosmodrome in Kazakhstan 
(NASA press release photograph S—75—33375); and Apollo Saturn-I launch (right) on 15 
July 1975 from the John F. Kennedy Space Center, Cape Canaveral, Florida. (NASA press 
release photograph S-75-28550) 
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TABLE 8.—Apollo-Soyuz mission events and scientific data (from El-Baz and Mitchell, 1976) 

D*yTlght/dart 

ATS-6 coverage 

Sleep periods 

Mission event 
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Earth observations and photography 
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TABLE 8.—Continued 

Apollo revolution 

Day light/dart 
ATS-6 coverage 
Sleep periods 
Mission event 

Experiments: 
Soft X-ray observation 
Extreme ultraviolet survey 

Interstellar helium glow 

Artificial solar eclipse 
Crystal activation 

Stratospheric aerosol measurement 
Ultraviolet absorption 

Ooppler tracking 
Geodynamlcs 

Earth observations and photography 
Microbial exchange 

Cellular immune response 

Polymorphonuclear leukocyte response 
Light flash 
Bios tack 
Zone-forming lungi 

Killifish hatching and orientation 

Multipurpose electric furnace 

Surface-tension-induced convedion 
Monotectic and syntectic alloys 

Interface markings in crystals 
Processing of magnets 
Crystal growth Irom the vapor phase 
Halide eutedic growth 

Multiple materials melting 
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Crystal growth 
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Surface-lension-induced convedion 
Monotectic and syntectic alloys 
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FIGURE 43.—The Apollo spacecraft (left) and the Soyuz spacecraft (right) as photographed 
by each other after undocking in Earth-orbit. The wing-like extensions of the Soyuz are two 
solar-power panels. The Apollo command and service module is pointing the docking module 
towards Earth. 

However, many of the targets selected for observations 
and photography were to be overflown, under favor­
able conditions, only during the joint phase. The 
way to remedy the situation was to indicate in the 
flight plan activities related to the experiment prior 
to and after the joint phase as "Earth Obs"; during 
the joint phase, the same activities were labeled 
"Orbital Science." It is interesting to note that during 
a later Soviet Earth orbital flight of Soyuz 22 in 
September 1976, emphasis was placed on "Earth re­
sources photography" (Aviation Week, 1976). 

Almost 44 hours after the first docking, Apollo 
undocked from the Soyuz and served as a sun-
occulting body for the Artificial Solar Eclipse Experi­
ment. A second docking test was performed to exer­
cise the docking system in a different mode of opera­
tion. Final undocking occurred at 15:20 GMT on 
19 July (Figure 43). Forty-three hours after this 
last undocking, the Soyuz began its descent and 

touched down safely in Kazakhstan on 21 July at 
10:51 GMT. 

The Apollo remained in orbit for four additional 
days. On 24 July, after a flight of 217 hours and 28 
minutes, the Apollo command module splashed down 
in the Pacific Ocean only 1.3 km from the target 
point. Recovery operations were performed by the 
U.S.S. New Orleans. A detailed outline of major 
mission events and scientific data collection periods 
is given in Table 8 (from Hardee, 1976). 

Experiment Support Activities 

MISSION SUPPORT 

Science Support Team 

One of the responsibilities of the Principal Investi­
gator (PI) for each experiment is to provide scientific 
expertise during the mission. During the Earth Ob-
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servations and Photography Experiment, the astro­
nauts required answers regarding their observations 
from specialists. The PI served as the liaison. Further­
more, since weather conditions could not be forecast in 
advance of the mission, necessary adjustments during 
the flight had to be initiated and approved by the 
PI. As will be discussed below, several research parties 
were to conduct investigations (in the air, on land, 
and at sea) concurrent with crew observations. This 
also required the exchange, through the PI, of data 
from the astronauts to the research parties and vice 
versa. 

A science support team was established prior to 
the mission. This team included, in addition to myself, 
two geologists (W. Muehlberger and C. Breed) ; two 
oceanographers (R. Stevenson and G. Maul) ; three 
members of my staff and one research associate, all 
of whom are also geologists (R. Wolfe, D. Mitchell, 
S. McLafferty, and A. Walker) ; and four NASA 
personnel from JSC (G. Griffith, R. Weitenhagen, 
D. Incerto, and C. Nash). This large number of 
people was necessary in order to provide technical 
support on a 24-hour-per-day basis. Even while astro­
nauts slept, planning for the next day's activities 
required science support team participation. 

All team members had been briefed on the rules 
of mission operations. Many had also participated 
in mission simulations or "sims." Sims are usually 
conducted in a realistic fashion, including dealing 
with malfunctions, changing the flight plan, and fol­
lowing every conceivable alternate procedure and 
plan. As a matter of fact the tremendous success of 
NASA's flights is attributable in large part to these 
sims, where the simulation supervisor (affectionately 
called "sim-soup") attempts to go over every phase 
of the mission again and again. 

These simulations were quite thorough. They even 
included "fake" observations by the astronauts. The 
purpose of these was to test the system, crew, flight 
controllers, and science team alike. The sims were 
conducted on location at the MCC in Houston, Texas. 
This center includes the mission operations control 
room (MOCR) and a host of other support rooms 
on the second floor of JSC building 30. The simula­
tions that involved the Earth Observations and Pho­
tography Experiment were held during the four 
months that preceded July 1975: 4 March (Rev 15, 
16, 17), 3 April (Rev 72, 73, 74), 16 May (Rev 64), 
23 May (Rev 106, 107, 108), 4-6 June (Rev 90, 91, 
104, 106, 107, 108), and 24 June (Rev 15, 16, 17). 

Realtime Activities 

During the mission, the science support team 
operated in one of the support rooms adjacent to the 
MOCR that was dubbed "Earth Obs SSR" for the 
Earth observations and photography science support 
room. In communications during the flight the opera­
tion was simply referred to as "Vis Obs," for 
"Visual Observations." These communications fol­
lowed a rigid flow; as for everything else, NASA had 
a flow chart of who was to talk to whom, formally 
or informally (Figure 44). The "buck" stopped at 
"Flight," that is, whoever was serving at the console 
of the Flight Director at the MOCR. Flight was also 
the only person to talk directly to the Capcom (or 
capsule communicator, an astronaut usually from 
the support crew), who in turn was the only one 
to talk to the orbiting astronauts. 

The layout of the science support room (Figure 
45) included a console with two positions (one for 
the PI and one for a representative from JSC's Flight 
Operations Directorate), a televisor and a nearby 
large wall for display of maps and photographs, two 
mission status desk positions ("land desk" and "ocean 
desk"), and a general file area with a telephone link 
to ground support investigations. Figure 46 illustrates 
the working conditions of the science support room. 

The flight operations position was occupied by JSC 
personnel (G. Griffith, R. Weitenhagen, or D. In­
certo), who kept an experiment log. In that log all 
events, comments, and changes that affected the per­
formance of the experiment were kept. Figure 47 
shows that a significant change was made in the 
spacecraft's visual observations attitude. The new at­
titude allowed the astronauts to see the ground be­
neath them while they were right-side-up, rather than 
in the uncomfortable upside-down position that had 
been selected. 

The other console position served as a 24-hour-per-
day "command post" for the Principal Investigator or 
his representative. If the author was not serving at 
this position, Dr. Robert Wolfe, or another team 
member had to be there. My schedule at the console 
looked like this: 

Wednesday 16 July 
Thursday 17 July 
Friday 18 July 
Saturday 19 July 
Sunday 20 July 
Monday 21 July 
Tuesday 22 July 
Wednesday 23 July 
Thursday 24 July 

12 noon to 8pm 
7am to 5pm 
12 midnight to 3pm 
12 noon to 9pm 
3am to 8pm 
4am to 1pm 
5 am to 4pm 
3pm to 8pm 
6am to 2pm 
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FIGURE 44.—Flow chart indicating the lines of 
communications during the Apollo-Soyuz mission. 
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FIGURE 45.—Layout of the science support room of the 
Earth Observations and Photography Experiment at the 
Mission Control Center, Houston (a = Principal Investi­
gator's position, b = Flight operations position, c = co-
investigators for land observations, d = co-investigators 
for ocean observations, e = JSC's science and applications 
and NASA headquarters' representatives, f = mission sta­
tus desk, g = weather files and secretarial support). 

During these periods, the most significant mission 
activities were performed. In addition to these times, 
other responsibilities included daily PI meetings, daily 
report preparation and submission, planning meetings, 
press briefings, and preparation of a summary mis­
sion report at the end of the mission. 

The science press briefings were always lively and 
interesting. Science reporters who covered the Apollo-
Soyuz mission were knowledgeable and had the expe­
rience of many space missions to present a challenge 
to the Pis. On occasion, however, the reporting did 
concentrate on anomalies and controversies. 

The science support room console was equipped 
with plugs for listening devices to monitor relevant 
conversations at the Mission Control Center. Unfor­
tunately,, there were usually three to six "relevant" 
conversations at any one time, for example, conversa­
tions related to the flight plan, spacecraft attitude, 
weather conditions, experiments status, astronaut ob­
servations. The trick was to be able to pick only a 
few words from each conversation to keep up to date 
with what was going on, and to mentally filter out 
all the rest. 

It was also possible to push a button on the con­
sole's panel to activate the "talk-back" capability in 
order to take part in the conversations. A special 
"science conference loop" was established at my re­
quest to allow talking directly to both Flight and the 
Capcom. With this, however, came written instruc­
tions that PI utilization of the loop would be restricted 
to amplification of instructions, clarification of proce­
dures or techniques, initiating time critical instruc­
tions or queries, or for responding to crew originated 
queries relating to MA-136 observations or tech­
niques. Furthermore, discussion and coordination of 
MA-136 activities which might result in changes to 
documented procedures or to the flight plan will be 
conducted over the normal voice loops used for these 
purposes. 

In instances where talking through these "loops" 
was cumbersome and too time consuming for an 
urgent task, it was possible to pick up a badge that 
allowed one to enter the MOCR and talk to Flight 
or the Capcom "face-to-face." It all worked out very 
well—a tribute to the flexibility of the system. 

One of the most important activities of the Princi­
pal Investigator was the initiation of "mission notes." 
These notes were necessary to send instructions to 
the astronauts. They were prepared in quadruplicate. 
One copy was kept for the experiment log mentioned 
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FIGURE 46.—Activities in the science support room: a, seated at the console are (left to right) 
F. El-Baz, R. Weitenhagen, and G. Griffith, talking to members of the temporary mission 
support staff; b, W. Muehlberger (left) discusses an observation target with F El-Baz at the 
televisor table; c, science support team members during the "nighttime shift" of the Apollo-
Soyuz mission operations; d. F El-Baz points to the location of an upcoming visual observa­
tion activity while discussing applicable weather condition with A. N. Sanderson; e, the map 
and photo display being updated by Susan W. McLafTerty, while C. Nash looks on; /, Delia A. 
Mitchell at the mission status desk, recording visual observation comments in realtime. 
(Courtesy of A. R. Patnesky, NASA photographer) 
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OF THE CLOUDS NOW ARE OFF THE COAST. 
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GAVE EXP. BRIEFING ON REV 78 AND 79 USING WEATHER 00 . 

REV 78 ATTITUDE IS NOMINAL FOR VIS OBS. 

CREW COMMENTED - BASED ON CLOUD FEATURES PACIFIC IS FULL OF 

EDDIES HAWAII IS OVERCAST g DP - DUE TO CLOUDS TOO FAR NORTH 

FOR THIS PASS. CM3 ATTITUDE GOOD FOR ACQUIRING BUT SITE GOES 

BY SO FAST ( 5 SEC) FOR TAKING DATA. HOWEVER, DOES NOT WANT TO 

RECOMMEND A CHANGE AT THIS TIME. 

CREW IS RECOMMENDING CM3 TO BE POINTED AT NADIR AND NEXT PASS 

REV 7 9 . THEY WILL RUN THE PASS AT APPROXIMATELY 30° PITCH 

DOWN. PI CONCURS WITH CREW RECOMMENDATION OF PITCH DOWN 30. 

FAO WILL COMPUTE ANGLES FOR 30* FOR REV 79 VIS OBS PASS. 

CREW GIVEN UPDATES FOR VIS OBS PASS REV 79 ATTITUDE CHANGE. 

ISC FOIB I 

FLIGHT DIRECTOR'S HISSIO 

FIGURE 47.—Example page of the log book in which were 
recorded all events that significantly affected the conduct of 
the Earth Observations and Photography Experiment during 
the Apollo-Soyuz mission. 

above. Three copies were placed in a metal con­
tainer, which was transported through an elaborate 
air-pressurized pipe system to appear in front of the 
Flight Director, the Capsule Communicator, and the 
Flight Planner. 

Mission notes were written in a clear, concise 
language to make it easy for the Capcom to read the 
instructions to the astronauts. (Capcom would do so 
only after Flight's approval which came after the 
Flight Planner gave his blessings). The Capcom was 
supposed to give precise instructions to the astro­
nauts based on these notes. If he did not, confusion 
developed as in the following example. 

During the mission, Dr. Charles Yentsch, an ex­
periment Co-Investigator, reported to us from his ship 
at sea that he noted a red color (usually attributed 
to red tide blooms) in the area of Boothbay Harbor, 

Maine. Since an opportunity presented itself to sched­
ule additional photography of the area in realtime, 
we sent on the following Mission Note (El-Baz, 
n.d.a.) : "Revolution 105/106; New Item: New Eng­
land Red Tide; GET 173:09 to 173:13: Photograph 
New England Coastline from Boston to New Bruns­
wick: CM3/Silver/50 (f9.5, 1/500) Frame interval 
6 seconds." We also added the following explanatory 
sentence: "Our support ship at sea reported red tide 
discoloration at Damariscotta River in Boothbay (Site 
5F) ." 

Instead of reading the instructions that called for 
continuous photography of the coastline from Boston 
to New Brunswick, the following conversation oc­
curred between the Capcom Robert Crippen, and 
astronaut Slayton (from unedited mission transcript, 
NASA 1975b: 843-844): 

CRIPPEN: Incidentally, Deke, on our upcoming pass across 
the States, we are going to have an opportunity to look 
at the red tide. And I was going to get you some informa­
tion about that whenever it's convenient for you to copy 
it. 

SLAYTON: Okay. Stand by for it. 

CRIPPEN : What might be convenient for you, Deke, is if 
you can just get out your Earth Obs book on target 5 
Foxtrot,1 and I can just relate it to you on there. 

SLAYTON : Okay. Fine. Just a second—Okay. Go ahead. 

CRIPPEN : Okay. To describe to you where the ship spotted 
it if you're looking at 5 Foxtrot, right above where we've 
got the word "Boothbay" written in, you can see there's 
a river that looks like it's flowing—flowing south there 
that comes out. Well, it was right at the mouth of that 
river that the red tide was spotted. 

SLAYTON: Okay. Got you. 

CRIPPEN: Okay. And our recommendation on the camera 
is— Well, for the window, it should be visible out of 
CM—3. Want you to use the silver camera, of course. And 
use 50, with an f-stop of 9'/2 and a speed of 1/500. 

SLAYTON : Okay. Got that. 

CRIPPEN: Frame intervals should be about 6 seconds— 
every 6. And we should be passing over that, if you want 
to note it, at about 173:09 to 13. And we'll— can give 
you a call just before that if you'd like a reminder. 

SLAYTON : Okay. 173 : 09. And you want to shoot a mapping 
strip through there, essentially, huh? 

CRIPPEN : Negative. You can go ahead and just use it and 
take a shot about every 6 seconds or as you see fit. 

SLAYTON : Okay. 

Since Slayton did not know where the Damaris­
cotta River was, he waited to see red-colored water 

1 It is common practice in communications to verbally 
clarify the alphabet by expanding the letter into a word, 
e.g., "5F" becomes "5 Foxtrot." 
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to start his photography. It turned out that he waited 
too long and photographed the Bay of Fundy of 
Canada instead; thus information on New England 
was not obtained. The example illustrates the need 
for direct communications between the PI and the 
orbiting astronauts to diminish the possibility of 
giving them incorrect or incomplete instructions. 

A visit to the science support room by French 
oceanographer Capt. Jacques Cousteau resulted in the 
generation of numerous mission notes. Capt. Cousteau 
had talked to Brand and Slayton on an earlier occa­
sion concerning his idea of "sea farming." Because 
of time considerations he was able to supply us with 
his list of specific sites only during the mission. These 
"sea farming sites" are coastal areas of high produc­
tivity, which he considers suitable for fish farms 
(Figure 48). His campaign to save these regions from 
pollution has been gaining recognition. Therefore, it 
was necessary to obtain data on the characteristics 
of these regions. Several of the sites were scheduled 
in realtime to acquire the necessary data. 

The televisor was used to explain new activities or 
changes to the flight plan to the mission operations 
personnel, particularly Flight and Capcom. A televi­
sion camera with zoom capability was mounted on a 
properly lit table for televised transmission of charts 
and other material within the Mission Control Cen­

ter. Televised images could be seen by anyone who 
selected channel 78. 

The experiment team provided a way of making 
available to Mission Control depictions of the indi­
vidual groundtracks of all revolutions during which 
the Earth Observations and Photography Experiment 
was conducted. The ingenious device was a 12.7 cm 
(5 in) film-reel on which were rolled strips of a 
1:22,000,000 scale map. The strips straddled the 
groundtrack of the mission revolutions in sequence. 
With this device and the use of the television camera 
it was possible to televise the position of the astro­
nauts and what they were looking at throughout the 
mission. 

The televisor was extensively used for weather 
briefings. Changes in weather patterns and particu­
larly cloud cover were monitored at Houston through 
the use of data from NOAA's synchronous meteoro­
logical satellite (SMS). The satellite was geostation­
ary, since it had a geosynchronous orbit at 36,000 km 
altitude. An example of the satellite's photography is 
given in Figure 49. 

The weather experts supplied information as to the 
location of cloud cover based on the best available 
data. The percent of cloud cover (0-3/10, 4-7/10, 
8-10/10) was plotted on 1:40,000,000-scale charts. 
The forecast was usually given several hours ahead 

FIGURE 48.—Locations of sites that are considered by French oceanographer Captain Jacques 
Cousteau to be adequate for fish farming (1 = Alexander Archipelago, 2 = Strait of Georgia, 
3 = southern coast of Chile, 4 — south coast of Newfoundland, 5 = southern coast of Cuba, 
6 = Gulf of Honduras, 7 = coastal waters of Scotland, 8 = Adriatic Sea, 9 = Gulf of Gabes, 
10 = Red Sea, 11 = Persian (Arabian) Gulf, 12 = northwest coast of Madagascar). 
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FIGURE 49.—Image acquired by the Synchronous Meteorological Satellite (SMS) showing 
weather conditions over the North American continent. Image resolution is about 3.2 km. 
(NOAA photograph SMS-1 Pic. 52, 5/28/74) 

of the time of an Earth observations activity, and 
the most recent SMS images were received on a 
facsimile machine that did not provide high resolution 
data. This limited capability proved to be a handicap. 
There are several advantages to having realtime SMS 
sectorized images at the usual 30 minute intervals 
on a high resolution recording device. If an observa­
tion site is seen to be cloud-covered, the flight plan 
can be modified accordingly. 

In addition to weather briefings, the television 
setup was also used to display photographs and data 
from ground support investigations for the informa­
tion of mission support personnel. At one time when 
the crew indicated that they were using more film 
than anticipated and feared that they would run out 
of film before the mission was over, we jestingly tele­
vised the reply shown in Figure 50. It generated a 
few cheers from the challenge-seeking NASA engi­
neers. 

The mission status position in the science support 
room (Figure 45) was where all air-to-ground con-

HOW SOON CAN WE GET THIS UP WITH MORE FILM? 

FIGURE 50.—Artist's conception of the Space Shuttle orbiter 
vehicle. The picture and message beneath were televised 
from Houston's Mission Control Center. 
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Rev 57 (GET 95:42-96:28): TV transmission of undocking provided a tour 
of North African and Asian deserts covering the Central Sahara in Africa 
to the Gobi Desert of China. Algerian Tifernine Dunes, Irrarene Dunes 
and Erg Oriental (Great Eastern Erg) appeared much redder than the lighter-
colored desert to the south, in Mali and southern Algeria, and toward the 
north in Tunisia. Pass continued over the Mediterranean past Sicily to 
the Black Sea. Although over the South Altantic Ocean no significant 
deep ocean features were observed, between Sicily and Italy, a distinct 
oceanic feature was observed, probably caused by wind shadowing changing 
the albedo of the surface. Cloud cover over USSR, clearing over Mongolia. 
Several lakes were visible. Last part of pass over the Gobi Desert east 
of the Hai Ho (river) and west of the Hwan Ho (Yellow River). End of pass 
at the cloud cover over the Alashan and Holanshan Mountains at eastern 
edge of the Alashan Desert. 

Rev 64: Mapping pass - M6 Australia 
Vis. Obs. 11C Simpson Desert 

11B Coral Sea 
3A Cloud Features 

Weather: 11C - 0-3/10 over Simpson Desert 
From 144°E to about 147°E along groundtrack, a 
patch of 4-7/10 and 8-10/10. 

11B - 0-3/10 along coast and Great Barrier Reef. 
4-7/10 over Coral Sea. 

3A: 8-10/10. 

Crew Remarks: At 107:42 Brand reported that he was in the middle of the 
Earth Obs pass. Although the spacecraft might have been a few degrees off 
groundtrack because of the incomplete P52 maneuver, it is believed that 
the pass was accomplished as planned. 

The NASA B57 plane flew the New England pass today. 

It started with the northernmost site off the coast of Maine. The weather 
was clear, but the pilot reported some haze. They flew both lines as per 
flight plan. 

The flight over Cape Cod was also completed. The two flight lines were 
divided into four lines. The weather was clear. There was some cloudiness 
over Buzzards Bay. 

The plane also overflew one of the two Long Island passes, that was cut 
short by 40 miles because of cloudiness. Pilot reported that they estimated 
that they obtained 75% of requested data in clear weather. 

The B57 will fly the Florida Pass tomorrow per flight plan. 

FIGURE 51.—Example of the mission daily reports concerning the Earth Observations and 
Photography Experiment. This report covered experiment-related activities during 19 July 1975. 
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versations relating to the experiment were recorded 
on tape. (These tape recordings were later checked 
against the mission transcripts from two sources to 
compile the edited transcripts in Appendix 1.) The 
status of experiment performance was also kept on a 
chronological basis. 

In addition to participating in the aforementioned 
activities, the Co-Investigators had the responsibility 
of contributing to the daily report (Figure 51) and 
monitoring the groundtruth investigations. These con­
current support activities will be described below. The 
CIs also received and screened the daily reports that 
arrived from the Smithsonian Institution's Center for 
Short-Lived Phenomena, which provided information 
on transient phenomena developing on the Earth's 
surface. The center used its network of more than 
3000 correspondents in 148 countries to prepare the 
daily reports on short-lived events occurring during 
the mission and to transmit information on events 
observed by the astronauts. Significant reports in­
cluded those on an oil spill off the Florida Keys; 
volcanic eruptions in New Zealand, Costa Rica, and 
Hawaii; and earthquakes in Mexico and the Philip­
pines. 

CONCURRENT INVESTIGATIONS 

Prior to and during the flight of Apollo-Soyuz, 
numerous investigations were conducted in support 
of the Earth Observations and Photography Experi­
ment. This simultaneous groundtruth data collection 
program was the largest ever conducted in support 
of a manned space mission. Data collection was to 

complement the postmission interpretation of orbital 
observations and photography, and possibly to affect 
the conduct of the experiment in realtime. Data were 
collected through aircraft flights, land investigations, 
and ocean surveys in many parts of the world (Fig­
ure 52). 

Aircraft Flights 

ENGLAND (sites 6A and 6B) .—The Royal Air Force 
flew missions on three days over ocean waters off 
southern Ireland and England to support observa­
tions and photography of the English Channel. Ex­
pendable bathythermographs (XBT) were dropped 
from the planes to provide data on water temperature 
as a function of depth. 

N E W ZEALAND (site 1).—The Royal New Zealand 
Air Force flew P-3 airplanes along the revolution 17 
groundtrack starting from East Cape, New Zealand, 
then north-northeast over the Pacific Ocean to obtain 
photographic data and to plot cloud types and 
heights. A New Zealand Navy research vessel made 
a transit along the same line and acquired ocean-
ographic data, including water temperatures and 
sound velocity measurements. 

UNITED STATES (sites 2A, 4A, 4B, 5B, 5E, 5F).— 

Several high-altitude flights were conducted over the 
United States with WB-57 aircraft based at JSC, 
Houston, and U-2 aircraft based at the NASA Ames 
Research Center, Moffett Field, California. Photo­
graphs were taken using a metric RC-10 camera and 
a multispectral Vinten System A camera. Photo­
graphic sensor data are provided in Table 9. Photo-

•-— i\Cascades Ranged/ X Englis 
'er / ^ 3 Q Channel^ 

£&- New England 

.Mediterranean Sea 

Himalayas. 

FIGURE 52.—Locations of support efforts of the ASTP Earth Observations and Photography 
Experiment. (After El-Baz and Mitchell, 1976: 10-48) 

O aircraft support • oceanography support A ground support 
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TABLE 9.—Aircraft photographic sensor data (from El-Baz and Mitchell, 1976) 

Sensor type 

Vinten 

Vinten 

Vinten 

Vinten 

RC-10 

Lens focal length, 
cm (in.) 

4.45 (1.75) 

4.45 (1.75) 

4.45 (1.75) 

4.45 (1.75) 

15.24 (S) 

Film type 

Panatomic-X, 
3400 

Panatomic-X, 
3400 

Infrared 
Aerographic, 
2424 

Aerochrome 
Infrared, 
2443 

Aerial color, 
SO-242 

Filtration 

Schott GG 
475 and 
Schott BG 18 

Schott OG 
570 and 
Schott BG 38 

Schott RG 
645 and 
Corning 9830 

Wratten 12 

2.2AV 

Spectral band, 
nanometer 

475 to 575 

580 to 680 

690 to 760 

510 to 900 

400 to 700 

Percent of 
overlap 

60 

60 

60 

60 

60 

graphic coverage was acquired over the East Coast 
(coastal areas of New York, Massachusetts, and 
Maine) ; Florida (coastal areas) ; the northwestern 
United States (Washington, Idaho, and Oregon) ; 
and the southwestern United States (from Kingman, 
Arizona, to Santa Maria, California). These photo­
graphs are very useful in providing an intermediate 
scale between spacecraft and ground investigations 
(Figures 53, 54) . 

Land Investigations 

CENTRAL AMERICA (site 5D).—Prior to the mis­
sion, geologists from the University of Texas at Austin 
conducted photogeologic investigations of the tectonic 
setting of the Yucatan Peninsula, particularly the 
Bartlett Fault system. This system was the site of 
recent earthquakes in Guatemala. 

EGYPT (sites 9E and 9F).—Following the mission, 
geologists from the Ain Shams University, Cairo, 
conducted field surveys in parts of the area covered 
by the mapping camera on revolution 71, including 
the Abu Rawash region and Baharia Oases. Ground 
investigations included studies of desert erosion pat­
terns and sand grain transportation. The major ob­
jective was to use the geological data in verifying color 
zoning and other features recorded on the ASTP film. 

INDIA (site 10D).—Hydrologists of the Indian 
Space Research Organization made surveys of the 
amount of snow cover and the drainage patterns of 
the northwestern Himalayas. These studies were per­
formed to acquire necessary data for water use and 
flood control. 

UNITED STATES (site 2A).—Geologists from the 
California Institute of Technology conducted field 
surveys that are related to astronaut observation of 
southern California. Emphasis was placed on fracture 
patterns that are related to the San Andreas Fault 
system, and the process of desert varnish in the Mo-
jave Desert. 

Ocean Surveys 

ANZUS EDDY (site 11D).—The Australian ship 
Bombard, stationed in the Tasman Sea, surveyed the 
warm water ANZUS (Australia-New Zealand-United 
States) Eddy. Oceanographic data indicated that the 
nearly circular eddy was 145 to 160 kilometers in 
diameter with surface temperatures 2° warmer than 
the surrounding water. Ship personnel also reported 
a cumulus cloud formation over the center of the 
eddy and a number of trawlers fishing for tuna within 
the eddy. 

CARIBBEAN SEA (site 7G).—To support crew obser­
vations and photography of the extent of organic acid 
outflow from the Orinoco River, the Bellairs Research 
Institute of McGill University, Montreal, sponsored 
three cruises from the island of Barbados on 21, 22, 
and 23 July. Observations and measurements were 
made of sea state, water color, sea surface tempera­
ture, salinity, chlorophyll content, cloud cover, and 
wind speed and direction. 

GULF OF MEXICO (site 5A).—The National Oce­
anic and Atmospheric Administration (NOAA) re­
search vessel Virginia Key made a transect of the 
Gulf of Mexico from Miami to the Yucatan Penin-



FIGURE 53.—Mosaic of two Apollo-Soyuz photos showing Los Angeles, the San Gabriel Moun­
tains, the San Andreas Fault, and the Mojave Desert. The marked-off area shows the coverage 
of Figure 54. (NASA photographs AST-14-881 and AST-14-882) 

FIGURE 54.—Aerial photograph 
taken from an altitude of 20,000 
meters by a U-2 aircraft based 
at the NASA Ames Research 
Center. This photo was taken 
during the ASTP mission to 
provide an intermediate scale 
between spacecraft and ground 
investigations. (NASA/JSC 
239-16-0040) 
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sula and obtained data on the location of the Gulf 
Loop Current. In addition, an ocean research vessel 
made measurements in the Gulf Stream north of 
Jacksonville, Florida, on the distribution, size, and 
velocities of eddies. The ship also released four drift­
ing buoys that had transmitters to the Nimbus-F 
satellite. The buoys were positioned about once a day 
throughout the mission and provided data on current 
direction and velocity. Approximately 20 NOAA ships 
were also stationed around the Mississippi River delta. 

N E W ENGLAND (site 5F).—In New England, two 
Bigelow Laboratory research vessels, the Bigelow and 
the Challenge, made a traverse of the Gulf of Maine 
from Portland to the Bay of Fundy and also south­
ward to Cape Cod. Data were obtained on the size, 
shape, and location of red water patches due to toxic 
phytoplankton and included measurements of sea sur­
face temperatures, salinity, chlorophyll content, and 
water color. In addition to the red tide observations 

off the coast of Maine, support ships and sampling 
stations of the Commonwealth of Massachusetts ac­
quired water color, salinity, and biological content 
data. A high chlorophyll content in the coastal waters 
off New England was reported and was possibly the 
result of abnormally heavy rains carrying an increased 
amount of biota into the sea. 

STRAIT OF GIBRALTAR (sites 9J and 9K).—The U.S. 

Navy research vessel Kane obtained oceanographic 
data along a line paralleling the revolution 73 ground-
track from the Canary Islands to Spain. These data 
were obtained to support crew observations of a 
current boundary extending north and south off the 
western coast of Portugal. The Navy also flew a P-3 
aircraft along this line dropping XBTs. East of the 
strait in the Mediterranean Sea, the carrier U.S.S. 
Kennedy obtained oceanographic and meterological 
data. 



Summary of Results 

This book was completed about one year after the 
Apollo-Soyuz mission; however, the scientific value of 
the Earth Observations and Photography Experiment 
have not yet been completely realized. A data analy­
sis program involving some twenty research groups 
is under way. These groups are affiliated with several 
government agencies, academic institutions, and re­
search organizations in the United States and abroad. 
The "Summary Science Report" is being prepared 
for publication by NASA as volume 2, special publi­
cation SP-412. 

Scientific Findings 

GEOLOGY 

Desert Colors 

Deserts occupy nearly one-sixth of the Earth's land 
masses; however, detailed descriptions of most desert 
regions are lacking because size, remoteness, and in­
accessibility make conventional surveys impractical 
and costly. Photographs acquired on the ASTP have 

added to existing data from Earth-orbiting space­
craft. These photographs include new information 
relating to both desert colors and dune patterns in 
several regions (Figure 55). 

Synoptic photography and astronaut observations 
provide valuable information on desert color. Desert 
surfaces and sand dunes often contain iron compounds 
which, due to weathering, oxidize into red-colored 
oxides (Norris, 1969). Therefore, photographs of 
color zoning within a desert where all the sand is 
derived from the same source can be used to deter­
mine relative ages of the exposed material; the redder 
the surface, the more oxides it contains, and the older 
it is. 

This property was studied particularly in the Sa­
hara Desert of North Africa, where, in addition to 
visual observations and color wheel readings, the 
ASTP data included two vertical stereo mapping strips 
over Algeria and Egypt (Figure 55), a motion pic­
ture film of color zone transitions in Algeria obtained 
with the 16 mm camera, and numerous handheld 
photographs. Of particular interest is the photography 
of the Western Desert of Egypt and the Great Sand 
Sea of the Libyan Desert. In the "silica glass" region, 

itagonian 

FIGURE 55.—Desert regions where observational and photographic data were acquired on the 
Apollo-Soyuz mission. Stereoscopic photostrips were obtained of the Simpson Desert (Australia), 
western and eastern Sahara Desert (North Africa), and the Arabian Desert. (After El-Baz, 
1976:238) 

76 
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FIGURE 56.—Vertical photograph taken with the Hasselblad camera as part of a mapping strip 
of stereo photography on ASTP. The displayed area is part of the Western Desert of Egypt. 
A sharp color change marks the boundary between the younger, yellow sands of the Great 
Sand Sea to the north, and the older, orange-red desert surface associated with the Gilf 
El-Kebir Plateau. The photograph covers an area of 195 km on the side. (NASA photograph 
AST-16-1246) 

these color photographs clearly delineate the boundary 
between the younger, yellow sands of the Great Sand 
Sea and the relatively older, reddish plains of the 
Nubian Sandstone (Figure 56). 

In the western Sahara, the crew noted the redden­
ing in a large expanse of the Algerian Desert from 
the Hoggar Mountains to the dunes of the Grand Erg 
Oriental (comments by astronaut Slayton in El-Baz, 
n.d.b.:22): 

We are now coming to the very dark, barren-looking hills 
with red areas interspersed between them and some very red 
sand to the north. In fact, it looks almost like a massive 
parabolic shape, black hills with red sands behind them to 
the north. North of that is an area with dunes a little 
better defined; they look like sand domes. And farther to 
the north we see the linear sand dune pattern. 

This sequence of redder and older sands accumu­
lating inland and away from the younger sands nearer 
to the coastline is duplicated in the Namib Desert 
of southwestern Africa (McKee and Breed, 1974: 
9-3) . 

Reddening of sand as it moves away from the 

source is exemplified in the Simpson Desert of Aus­
tralia. Apollo-Soyuz photographs of the Lake Blanche 
area show the lake as the sand source for closely 
spaced linear dunes. The color of the linear dunes is 
clearly zoned with darker (redder) colors away from 
the lake (Figure 57). 

The above indicates that in some cases desert color 
can be used as a relative-age indicator. The ASTP 
data are being analyzed to construct a relative-age 
scheme for the photographed deserts. Groundtruth 
data are also being collected in the Western Desert 
of Egypt to verify the patterns in orbital photographs. 
This relative-age scheme, together with studies of sand 
dune patterns, will help establish directions of desert 
growth particularly in the drought-stricken areas of 
northern Africa. 

Dune Patterns 

The Apollo-Soyuz astronauts photographed numer­
ous desert sand patterns that are reminiscent of wind­
blown features on Mars (Figure 58). For example, 
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FIGURE 57.—ASTP photograph of Lake Blanche (45 km in length) in southeastern Australia 
showing linear dunes emanating from the dry lake. The fine, subparallel dunes north of the 
lake show zones of color: brighter (more tan) near the sand source, and darker (more red) 
away fom the lake. (NASA photograph AST-16-1133) 
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FIGURE 58.—Dune patterns on Earth and Mars: a, sand streaks in the Oweinat and Arkenu 
mountain region near the southwestern corner of Egypt—arrow points to Hagar El-Garda 
volcanic cone (ASTP photograph 2-127); b, streaks emanating from craters in the Hesperia 
Planum region of Mars, 23°S, 241°W (Mariner 9 photograph 4155-84); c, sand ridges in 
the Western Desert of Egypt, southwest of Alexandria (ASTP photograph 16-1255); d, dark 
and bright streaks on the slope of Syrtis Major Planitia on Mars, 11°N, 283°W (Mariner 9 
photograph 4186-69). 
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photographs of the area of Oweinat and Arkenu 
mountains near the southwestern corner of Egypt 
clearly display the relationship between regional sand 
movement and topography (Figures 34, 58a). The 
pattern of bright sand streaks is controlled by the 
large basement ring complexes that form the moun­
tains. The sand streaks trend from northeast to south­
west. When compared to the north-to-south trending 
linear dunes of the aforementioned Great Sand Sea, 
the pattern of sand distribution in this part of the 
Sahara confirms the hypothesis (Bagnold, 1941:234) 
of a prevailing wind direction of clockwise rotation 
centered near Kufra Oasis in southeastern Libya. 

In the same area, the smallest elevation appears 
to act as a barrier to sand deposition; for example, 
the small volcanic cone marked by an arrow in Fig­
ure 58a. The cone must have acted as a barrier to 
the southwest shifting sands to produce a sand-free 
dark shadow in the lee of the cone. Arvidson and 
Mutch (1974) describe a similar setting in the Pina-
cate volcanic field of Mexico, where sand has been 
blown from the south against and around but not 
behind the cone. This pattern of a shadow zone was 
also produced in wind tunnel simulations by Greeley, 
et al. (1974) who concluded that some Martian dark 
streaks are surfaces that have been swept free of 
windblown particles. 

Light and dark colored streaks on Mars were pho­
tographed by Mariner 9 (McCauley, et a l , 1972; 
Sagan, et al., 1973; McCauley, 1973; Hartmann and 
Raper, 1974). These streaks (Figure 58b) appear to 
be "the result of deposition by strong winds, whose 
patterns are disturbed by craters and other topo­
graphic irregularities" (Hartmann and Raper, 1974: 
44). The similarity between terrestrial and Martian 
streaks in this case appears to result from disturbance 
of the wind regime by circular mountains in the 
case of Earth and by high crater rims in the case of 
Mars. 

Sand streaks emanating from dry lakes were also 
photographed in Angola (NASA photograph AST-
14-883) and Australia (NASA photograph AST-19-
1548). In these cases, the dry lakes, rather than 
mountains or volcanic cones, must have served as the 
wind-disturbing topographic irregularity (El-Baz, 
1976). 

In addition to broad wind streaks, the ASTP 
astronauts photographed linear sand dunes in numer­
ous deserts whose patterns are also similar to features 
on Mars (Figure 58c, d). Based on their bright color, 

the growth of linear features in the northern part of 
the Western Desert of Egypt (Figure 58c) appears 
to be from north to south. During aircraft flights 
over these same features, the author observed small 
sand "starlets" on top and sand domes at the end 
of some ridges. This observation was recently checked 
on a field trip during which the morphology of the 
dunes was examined and sand samples were taken 
for detailed study. The field check indicated that the 
irregularities on top of dunes are not due to the 
presence of sand starlets, but due to changing dune 
slipfaces by varying wind directions (Figure 59). 
However, the occurrence of star dunes atop linear 
dunes was described by the ASTP crew while ob­
serving the Gobi Desert of China (El-Baz, 1976). 

In addition to positive sand accumulation in the 
Sahara Desert, wind-etched semiparallel grooves oc­
cur. The ASTP mission photographed such grooves 
near the east edge of the Hoggar Mountain in 
Algeria (NASA photograph numbers AST-2-124 
through 9-552). These grooves, which probably origi­
nated as joints widened by wind erosion, have coun­
terparts on Mars. For example, McCauley (1974) 
described an occurrence at 5°N, 146°W in the 
relatively smooth uncratered plains of southern Ama-
zonis, where he ascribed the pattern to control by 
bedrock fractures. 

The ASTP mission also photographed an unusual 
and little studied dune field in the northern part of 
the Monte-Patagonian Desert of Argentina (Figure 
60). The dune field lies east of San Juan in a de­
pression bounded by mountains on three sides. It is 
approximately 55 X 35 km in size. It displays a fish-
scale pattern composed of numerous irregular crescen­
tic dunes and linear sand ridges. These ridges are 
probably caused by the elongation of the horns of 
crescentic dunes. The overall pattern is that of two 
sets of discontinuous and parallel lines trending ap­
proximately N70°W and N30°W, respectively. Super­
posed on the larger features are finer, linear dunes 

FIGURE 59.—Crest of a barchanoid dune, northeast of 
Baharia Oasis in the Western Desert of Egypt. Crests of 
barchan dunes are usually smooth, exhibiting a sharp line 
between the gentle slope of the windward side and the steep 
slope of the dune's slip face. The barchanoid dunes in this 
region show an unusual pattern. Here a 2-3 m segment of 
the crest displays grooves that form an angle of about 45° 
with the main direction of the crest. This pattern may be 
caused by multidirectional winds. (Photograph by the 
author) 
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FIGURE 60.—Two little-known dune fields photographed by the Apollo-Soyuz astronauts in 
the Monte-Patagonian Desert of Argentina. The larger of the two dune fields is 55 X 35 km 
and exhibits sharp boundaries with the alluvial fan at the base of the surrounding mountains. 
The major dune pattern is crescentic, with a superposed secondary linear pattern. (NASA 
photograph AST-27-2340) 
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whose trends generally follow the trends of the larger 
ones. This dune field is currently under investigation 
by a field party belonging to the National Geological 
Service of Argentina. 

The pattern of this dune field is nearly duplicated 
by another field that is enclosed within a crater in 
the Hellespontus region of Mars (Figure 61). The 
Mars dunes have been described by Cutts and Smith 
(1973:4142) as a "series of prominent subparallel 
ridges 1-3 km apart and trending N15°W to N35CW 
. . . . Ridges of this system are crossed by narrow 
apparently sharper-crested ridges trending N30°E." 
The Hellespontus dune field has been compared to 
other terrestrial dune fields by Breed (1976). Its simi­
larities to the Argentine dune field photographed by 
ASTP, however, are more convincing. The fact that 
the dune field in Argentina is surrounded by moun­
tains on three sides makes the analogy even more 
interesting. Furthermore, as in the case of the dune 
field on Mars, it displays sharp boundaries with the 
surrounding terrain. 

FIGURE 61.—Mariner 9 photograph of a suspected dune 
field (55 X 35 km) within a crater in the Hellespontus 
region of Mars. (After Cutts and Smith, 1973:4140) 

Levantine Rift 

The Apollo-Soyuz astronauts observed and photo­
graphed some areas of major continental crustal frac­
turing. Of particular interest is the Red Sea-Levan­
tine Rift zone, a pattern of fractures between eastern 
Africa and Asia Minor. Major fractures of the zone 
south of the Sea of Galilee are well known from 
both ground mapping (Dubertret, 1953; Freund, et 
al., 1970; Baker, 1970; McKenzie, 1970; Neev, 1975) 
and Skylab orbital photography (Muehlberger, et al., 
1974). The ASTP astronauts were asked to provide 
information regarding the northern extension of the 
Levantine Rift by studying all fracture patterns from 
the Sea of Galilee northward (Figures 62-65). 

The astronauts observed during the mission that 
the major fracture line of the Dead Sea/Sea of Galilee 
forks into three major faults: "one makes a bend and 
goes along (northward) parallel to the Mediterranean 
coast; two goes to the northeast and seems to be 
obscured and ends in a lot of jumbled country; and 
three could be traced clear up to the river (Eu­
phrates) eastward" (comments by astronaut Brand 
in NASA, 1975b). 

This fan-shaped complex of faults is shown in 
Figure 63. The Apollo-Soyuz observations and photo­
graphs of the area support the interpretations that 
fault number 1 continues in a north-northeast direc­
tion to the central part of Turkey near the town of 
Lice (the site of recent earthquakes) and that there 
is a strong northeast to east component of the frac­
ture pattern resulting in the fan-shape. This pattern 
may lend support to the possibility that the Arabian 
crustal subplate rotates counterclockwise in a north­
easterly direction. This plate, moving at an estimated 
rate of 6 cm per year (Bird, Toksoz, and Sleep, 1975: 
4415) may be pivoting at the point of convergence 
of the fan-shaped fractures just northwest of the Go­
lan Heights (Figures 63, 64) . 

Volcanoes and Volcanic Plumes 

The Apollo-Soyuz astronauts obtained excellent 
photographs of several areas that display volcanic 
structures and also observed an eruption of the Mt. 
Etna volcano. 

Among the studied volcanic structures are those 
that make up the Galapagos Islands. These islands, 
which straddle the equator in the eastern Pacific 
Ocean, are shield volcanoes with central caldera de-
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FIGURE 62.—Oblique view of the southern part of the Levantine Rift looking southward 
at the Sinai Peninsula and the Red Sea. (NASA photograph AST-9-560) 
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FIGURE 63.—ASTP photograph of the middle part of the Levantine Rift zone. Some of the 
fault lines are emphasized by black lines. Among these are major faults that form a fan-
shaped pattern. Fault number 1 continues in a north-northeast direction to the central part 
of Turkey, and fault number 2 continues eastward to the Euphrates River valley in Syria. 
(NASA photograph AST-9-564) 
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FIGURE 64.—A high resolution (250 mm lens) view of the area near the junction of the fan-
shaped faults shown in Figure 63. Note the large number of small-scale lineaments. (NASA 
photograph AST-2-141) 

pressions. The volcanoes are characterized by ring-
injection lava dikes rather than radial-injection as in 
the case of Hawaii (Macdonald, 1972:309). 

Figure 66 exemplifies one of several near-vertical 
photographs of the Galapagos volcanoes taken on 24 
July 1975. The islands appear wreathed in clouds 
and six volcanic craters project above the clouds. 
According to Dietz and McHone (1976:7), the two 
islands of Isla Isabela and Isla Fernandina offer an 
unusual opportunity for volcanic surveillance by 

spacecraft, because they lie in a remote and uninhab­
ited region of the world. The volcanoes are of the 
alkalic-plume type with their magmas originating 
below the asthenosphere. Eastward drift of the Nazca 
crustal plate over the Galapagos "hot spot" largely 
confines recent volcanic activity to these two islands, 
Isabela and Fernandina. 

Another volcanic area photographed by the Apollo-
Soyuz astronauts is the Transverse Volcanic Zone, 
which dominates the geologic structure of central 
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FIGURE 65.—Stereoscopic view of the northern extension of the Levantine Rift in Syria. 
(NASA photographs AST-16-1267 and AST-16-1268) 



FIGURE 66.—Near-vertical photograph of volcanoes on Isla 
Fernandina (left center) and Isla Isabela (island with three 
volcanoes) of the Galapagos chain. The unusual cloud pat­
terns are related to the orographic effects of the islands 
intercepting the southeast trade winds. (NASA photograph 
AST-10-579) 
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Mexico. This zone trends in an east-west direction, 
in contrast to the north-south trend of structures be­
longing to the "Ring of Fire" near the margin of 
the Pacific Ocean. The ASTP crew captured on film 
a remarkable view of the eastern end of this zone 
revealing a number of volcanic features east of Pue­
blo, Mexico (Figure 67). 

Among the features revealed in this photograph are 
extensive lava flows, rhyolite domes, maars, diatremes, 
vitric ash rings and volcanic collapse features (Dietz 
and McHone, 1976:8). In the central part of the 
photograph a dry playa is present, a remnant of an 
extensive lake that existed when the Spanish Con­
quistadors arrived in North America. 

One structure appearing in Figure 67, Tepexitl 
Crater, was recently visited (prior to the Apollo-Soyuz 
mission) by Dr. Robert Dietz, one of the experiment­
er's Co-Investigators. The visit was inspired by the 
suggestion that the feature is a possible meteorite 
impact site (Maupome, 1974:81). The field investi­
gation demonstrated that the crater is a rhyolitic ash 
ring formed by a volcanic explosion. According to 
Dietz and McHone (1976:9), 

. . . the ASTP photograph is detailed enough to firmly 
support the volcanic nature of the crater, thus making the 
field investigation unnecessary. Although a Landsat image 
of the same region was available and was used in connection 
with the field study, the details of the image were far 
inferior to the ASTP photograph, illustrating the value of 

FIGURE 67.—Volcanic features east of 
Puebla, Mexico. Among the features 
revealed in this photograph are lava 
flows, domes, craters, ash rings, and 
volcanic collapse features. (NASA 
photograph AST-24-2003) 
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supplementing electronically transmitted space imagery with 
true photography. 

On 24 July 1975, the Apollo-Soyuz astronauts 
photographed the 3240 m Mt. Etna in eruption. The 
volcano was emitting a cloud of ash that appears to 
have been visible for at least 200 km eastward (Fig­
ure 68) ; nearby cumulus clouds appear to have been 
generated by the action of volcanic ash particles 
becoming condensation nuclei (Dietz and McHone, 
1976:5). 

Mt. Etna, a basaltic shield volcano 30 km across at 
its base, is the most active in Europe; more than 75 
eruptions have been recorded since Roman times. Its 
lava flows and ash falls have caused damage to 
urban areas and crops on numerous occasions. Vol­
canic ash layers are frequently found in sediment core 
samples of the floor of the Mediterranean Sea; the 
layers are ash deposits from volcanoes such as Mt. 
Etna. 

It is interesting to compare the Mt. Etna volcanic 
plume with that observed at Sakurajima Volcano of 
Japan by the Skylab 4 crew (Friedman, Frank, and 
Heiken, 1974:8-2:8-5) . The Mt. Etna plume ap­
pears somewhat more coherent, diffuses more regu­
larly, and displays no evidence of a changing wind 
direction at higher altitudes. According to Dietz and 
McHone (1976:6), the Mt. Etna plume does not 
appear to break through the tropopause and carry 
ash into the stratosphere; hence the area of ash fall­
out remains limited. The usually inferred pattern of 
an ash fall-out in an elliptical pattern, however, ap­
pears to be an oversimplification of what actually 
happens. 

Astroblemes 

The term "astroblemes" refers to old circular features 
of impact origin (Dietz, 1961, p. 51). These features 
are of interest in comparative planetology since they 
constitute terrestrial analogues of impact craters on 
the Moon, Mars, and Mercury. 

The ASTP mission photographed two circular 
structures, one in Libya (Figure 69) and the other, 
previously unknown, in Brazil. The Libyan structure 
(at about 24°N, 24°E) lies near the Kufra Oasis and 
was named "the Oasis structure" by French, Under­
wood, and Fisk (1974:1425). The diameter, includ­
ing the outer ring of the structure, is given as 11.5 
km by French, Underwood, and Fisk (1974:1425) 

although a study based on Landsat images by Dietz 
and McHone (1976:5) suggests an overall diameter 
of 17 km. This last figure appears to agree with the 
findings of ASTP where a large outer ring is barely 
visible. 

The circular structure photographed in Brazil is 
4 km in diameter and occurs at approximately 8°S, 
47 °W, only 45 km north-northeast of the Serra da 
Cangalha astrobleme (Dietz and French, 1973:561). 
This newly discovered structure appears to be similar 
in geomorphic form and structural style to Serra da 
Cangalha, and the two could be twin impact events. 
Field investigations of the newly discovered feature 
are presently under way. Results of these detailed 
investigations are planned to appear in NASA's Sum­
mary Science Report, to be published later by NASA. 

From the Apollo-Soyuz photographs, however, 
Dietz and McHone (1976:3) believe that the circular 
feature confirms a domal structure for the entire 
ring with only a vague indication of a surrounding 
annular ring syncline. They believe that the dome 
consists of three formations: (1) a small central dome 
of resistant light-colored rock, possibly sandstone, with 
a central depressed dimple; (2) an annular ring of 
soft, topographically low, dark rock, possibly shale, 
eroded by a stream that breaches the outer ring along 
the northwest quadrant; and (3) an outer ring of 
resistant light rock that has been highly modified by 
agricultural activity, such as small-area farming and 
extensive grazing. Although topographically high, the 
outer ring has only moderate relief. 

OCEANOGRAPHY 

The Apollo-Soyuz astronauts collected a plethora 
of information in support of studies of the world 
oceans (Figure 70). Also, as stated above, research 
vessels obtained numerous data on sea surface tem­
peratures, salinity, water color, current directions, and 
types of cloud cover and cloud heights. 

Some of the Apollo-Soyuz data deal with ocean 
currents, such as the Humboldt Current off the 
western coast of South America, and the Yucatan 
Current, particularly its exit between Cozumel Island 
and the Yucatan Peninsula. Other data pertain to 
both the warm- and cold-water eddies. Excellent 
photographs were obtained of cold-water eddies in 
the Pacific Ocean and the Caribbean Sea. The astro­
nauts were able to identify these features and to 
photograph them because of the semicircular cloud 
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FIGURE 68.—Photograph taken on 24 July 1975 showing Mt. Etna (right center) on the 
island of Sicily in eruption. The volcano was emitting a cloud of ash that appears to have 
been visible for at least 200 km eastward. (NASA photograph AST-13-835) 
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FIGURE 69.—Two oasis astroblemes (arrows) near Kufra 
Oasis in southeastern Libya. The main ring of the structure 
to the south is 17 km in diameter. (NASA protograph AST-
16-1244) 

patterns that delineate eddy boundaries. Eddies are 
important ocean features for several reasons: they act 
as mechanisms of energy dissipation, as productive 
fisheries, and as hiding places for submarines because 
of their effect on sound waves. 

The usefulness of some of the collected data is 
somewhat limited by the lack of information on their 
exact geographic locations. Much effort is being 
expended to specify the location of the photographed 
sites. Use is made of weather satellite (SMS) images 
in matching cloud patterns with Apollo-Soyuz photo­
graphs. For this reason, the review of significant 
oceanographic findings will be limited to a brief sum­
mary of internal ocean waves and the outflow of the 
Orinoco River. 

Internal Ocean Waves 

Internal waves are little-understood ocean features 
similar to surface waves but orders-of-magnitude 
larger, and they occur within the ocean. They are 
manifest at the surface by the accumulation of scum 
(slicks) above the wave crests. Because scum lines are 
their only manifestation from orbital altitudes, sun­
glint facilitates their observation; however, it was 
not known how and under what conditions they be­
come visible. 

The first orbital observation of scum lines associated 
with internal waves was accomplished in 1973 near 

FIGURE 70.—Locations of major Apollo-Soyuz observation sites in the world oceans (1 = Coral 
Sea, 2 = Tasman Sea, 3 = South Pacific, 4 = Gulf of California, 5 = Gulf of Mexico, 
6 = Caribbean Sea, 7 = northeast U.S. coast, 8 = Mediterranean Sea, 9 = Gulf of Guinea, 
10 = Red Sea, 11 = Persian (Arabian) Gulf, 12 = Arabian Sea). 
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the New York Bight and the east and west coasts 
of Africa (Apel and Charnell, 1974:1309). Apel, et 
al. (1975:865) used Landsat imagery to measure 
internal wave lengths, wave pocket velocity, and 
bottom topography reflection effects on the waves. 
The same authors also detected internal waves on 
Landsat imagery in the middle of the Pacific Ocean 
(40°N, 160°W) at great depths. 

The Apollo-Soyuz astronauts were asked to look 
for internal waves in both the Atlantic and Pacific 
oceans. Emphasis was placed on the coastal waters 
of western Spain, in which the U.S. Navy research 
teams were interested in locating internal waves. The 
waves occur at temperature or density discontinuities 
between water layers, and characteristically have 
wavelengths of several kilometers. 

Apollo Commander Thomas Stafford, who was 
charged with the task of observing the Strait of 
Gibraltar, first found it difficult to distinguish any 
surface features on the water surface (Figure 71), but 
they appeared at a given sun illumination angle and 
viewing direction (comments by T. P. Stafford 
in NASA, 1975c: 22) : 

FIGURE 71.—Oblique view looking eastward of the Strait of 
Gibraltar. The land mass on the left is part of Spain, and 
on the right, part of Morocco. The blue waters of the 
Atlantic Ocean and the Mediterranean Sea appear homog­
eneous and featureless. (NASA photograph AST-27-2362) 

I was looking for all these things and suddenly they popped 
out within a second right there. Just suddenly when the sun 
angle changed, everything was there. The waves and the 
boundary were all there and we just snapped a series on 
them. Before that, there was nothing but just solid blue 
water. Then they just suddenly popped. You have to be 
ready and the sun angle has to be just right. It's there for 
just a short period of time and then it's gone. 

The photographs of the region clearly display the 
internal waves (Figure 72). The area in which they 
exist is very deep, although there are sea mounts that 
are within 40 m (20 fathoms) of the ocean surface. 
These mounts probably influence the waves. How­
ever, the internal wave mechanism west of Spain 
may be due to the density differential caused by the 
denser, more saline Mediterranean waters that flow 
under the less dense Atlantic waters. The process of 
flow may be expedited by the decrease of fresh water 
intake to the Mediterranean following the construc­
tion of the High Dam on the Nile River, south of 
Aswan, Egypt. 

Internal waves were also observed and photo­
graphed by the Apollo-Soyuz crew west of Thailand 
(Figure 73). Again, the sun angle illumination and 
viewing directions were significant. Detailed study of 
the conditions under which these features were de­
tected on the Apollo-Soyuz mission will help in the 
planning of internal wave observations on future 
space missions. 

Outflow of the Orinoco River 

Waters of the Orinoco River carry a large amount 
of organic materials (including humic acids) into the 
Atlantic Ocean. This outflow was clearly visible near 
the Orinoco River delta from the Apollo-Soyuz orbit 
(Figure 74). 

The yellow-tinted waters of the Orinoco seem to 
extend to the area of Barbados Island and beyond. 
Dr. Garry Borstad of the Bellairs Research Institute 
of McGill University conducted three ocean surveys 
during the mission in the vicinity of Barbados. The 
cruises, which were performed on 21, 22, and 23 July 
included measuring the following: (1) sea state (wave 
height, sea swell direction, and percent white caps) ; 
(2) Forel Scale color (Forel in a standard scale for 
water color measurement) ; (3) chlorophyll concentra­
tion (bucket samples); (4) phycobilin (pigments that 
occur in the cells of algae) concentration; (5) tem­
perature (bucket sample and bathythermograph or 
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FIGURE 72.—Photograph of internal waves observed by astronaut Tom Stafford off Atlantic 
coast of Spain. The internal waves, which may be caused by a density differential, became 
visible only near sunglint and for a short period of time. (NASA photograph AST-27-2367) 

BT; an instrument for obtaining a permanent, graphi­
cal record of water temperature versus depth as it is 
lowered and raised in the ocean) to 150 m while 
cruising; (6) salinity of the water; (7) cloud cover, 
distribution, and type; (8) plankton cell numbers 
(bucket samples); (9) water depth (utilizing an echo 
sounder); and (10) wind speed and direction. Dr. 

Borstad reported that the cruises were approximately 
25-30 km long with samples taken at half or one 
kilometer intervals. The transects were performed west 
of the groundtrack of revolution. 104 during which the 
observations were made from orbit. The traces of the 
cruises are shown in Figure 75. 

During the cruises, 250 drift bottles were released, 



FIGURE 73.—Internal waves observed and photographed by the ASTP crew in the Andaman 
Sea west of Thailand. (NASA photograph AST-7-427) 

FIGURE 74.—The deep-brown, muddy water of the Orinoco River at ift mouth is laden with 
sediments and humic compounds. As it flows northward into the Atlantic Ocean the water 
becomes yellowish green. The color was observed by the Apollo-Soyuz crew as far north as 
Barbados Island. (NASA photograph AST-21-1685) 
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FIGURE 75.—Tracks of three ocean surveys conducted by a 
vessel of the Bellairs Research Institute of McGill University 
on 21, 22, and 23 July in the vicinity of the island of 
Barbados. (Courtesy of Dr. Gary Borstad) 

equally spaced along the tracks. Dr. Borstad stated 
(1975, pers. comm.) that he "had been talking to 
skippers of merchant vessels plying the Barbados/ 
Trinidad routes and will ask them to watch for the 
boundary of the 'green water', as they call it. They 
tell me it usually is seen about half way from Trinidad 
to Grenada." 

Preliminary results of these surveys include the 
following observations (Borstad, 1975, pers. comm.) : 

1. The weather was fine and the seas calm with 
no white caps on 21 and 22 July. On 23 July the 
seas were higher. The wind was easterly at 17 to 21 
km (11 to 13 mi) per hour. On 22 July the sky was 
clear (0-1 cloud cover) with few scattered cumulus 
clouds. 

2. There was a definite change in color of the sea 
south of Barbados from Forel II off the west coast to 
Forel IV-V beginning about 16 km south of the 
island. There may have been a reduction of Secchi (a 
white disc, 20 cm to 2 m in diameter, which is used 

to determine penetration of light) depth in this re­
gion, but the correlation between higher Forel num­
bers and lower Secchi transparency was not good. 

3. Bathythermograph (BT) profiles were taken to 
75 or 100 m on alternate stations. For the most part, 
the isothermal (equal temperature) layer was 20-25 
m thick, with some changes. 

4. From drift bottle returns, the residual current 
was to the northwest at approximately 29 km per day. 
Bottles released south of Barbados apparently passed 
St. Lucia to the south. (Data from BT profiles will 
be used in conjunction with data on drift of bottles 
to establish current patterns.) 

5. Phytoplankton members were low in the surface 
(bucket) samples. Oscillatoria cell numbers were 
higher in the lee of Barbados Island than elsewhere. 

During the mission, astronaut Thomas Stafford re­
ported that he could see discolored water from the 
Orinoco River much farther north than Barbados 
Island. He reported seeing that "muddy" color up 
to 170:06 GET, which corresponds to about 19°N, 
51 °W, at a distance of almost 1540 km (830 nm) 
from the mouth of the river. This is much farther 
north than expected. 

The understanding of the biochemical changes in­
troduced by the outflow of the highly colored river 
water into the Atlantic is important. Also, informa­
tion is sought on how fresh water and ocean water 
mix. The photographs obtained by the Apollo-Soyuz 
crew are now being investigated in light of the knowl­
edge gained from the aforementioned ocean surveys. 
In addition, the photographs are being quantitatively 
measured, by the use of a densitometer, to assess the 
concentration and degree of mixing of the discolored 
water. 

HYDROLOGY 

Snow Cover Mapping 

The Earth's snow cover is a resource that directly 
or indirectly affects most of the world's population. 
To illustrate the importance of snow cover, the Com­
mittee on Polar Research stated in a 1970 report 
(Barnes, 1974a: 1) : 

Snow forms a transient, sedimentary veneer on much of the 
Earth's land surfaces. The diverse economic effects of this 
snow layer are incalculable. It is a major and renewable 
hydrologic reservoir; in many areas of North America more 
than half of the utilized water is derived from melted winter 
snow. Flood damage from spring snow melt is a recurring 
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hazard in many river basins. The obstacles and hazards to 
ground transportation alone are formidable. . . . Snow in­
fluences a broad area of geophysical phenomena simply by 
its presence or absence. On a large scale the winter snow 
cover stores water, modifies surface albedo, insulates the 
ground, and modifies plant and animal habitats. . . . A large-
scale snow cover interacts with large-scale weather phe­
nomena. The sharp increase in surface reflectivity (albedo) 
which accompanies snow deposition completely alters the 
radiation regime at the Earth's surface. A change in surface 
albedo and emissivity over widespread areas of the continents 
modifies both local and large-scale weather patterns. 

Despite the economic and scientific implications of 
snow cover studies, existing data collection methods 
often cannot provide either the desired areal coverage 
or observational frequency (Barnes, 1974a:2). Except 
in limited areas where aerial surveys are used, the 
significant parameters are usually measured at ground 
stations or at widely scattered snow survey courses. 
Remote sensing from Earth-orbiting satellites now 
provides observations of snow that have not previously 
been available, and offers promise for eventually pro­
viding a more cost-effective means for snowpack 
monitoring. In fact, it was pointed out by Barnes 

(1974a:2) that "as long ago as 1960, snow could be 
detected in eastern Canada in the initial pictures 
taken by the first weather satellite, T I R O S - 1 . Snow, 
therefore, can perhaps be considered as the very first 
water resource to be observed from space." 

Since the time of the first T IROS pictures, an 
increasing use has been made of remote sensing from 
satellites to map snow extent. Of direct application 
were data from Landsat and the Skylab Earth Re­
sources Experiment Package (EREP) . One result of 
using these data was the recognition of certain prob­
lems in mapping snow from space. According to 
Barnes (1974a: 8-9) , these include the difficulties in 
distinguishing between snow and cloud, which may 
have nearly identical reflectivity, detecting snow in 
heavily forested areas and within mountain shadows, 
and estimating snow depth. 

To help solve some of these problems, visual ob­
servations from Earth orbit by trained astronauts were 
first attempted on Skylab 4 with encouraging results 
(Barnes, 1974b: 15-1). Additional observations were 
planned on ASTP, particularly of the Cascade Moun-

FIGURE 76.—ASTP photograph of the snow-covered Rocky Mountains in Alberta and 
British Columbia, Canada. (NASA photograph AST-19-1570) 
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tains in the northwestern United States, the Andes 
Mountains in South America, and the Himalaya 
Mountains in northern India. The Himalayan ob­
servations could not be made because of excessive 
cloud cover; however, excellent data were obtained 
of the Olympic and Cascade Mountains in Washing­
ton and the Canadian Rockies in Alberta (Figure 
76). 

The Apollo-Soyuz observations and photographs 
are being utilized to map snow extent and determine 
snowline elevation; to map observed changes in ap­
parent snow cover extent; and to compare the ASTP 
photographs with those of Skylab, Landsat and other 
data for establishing seasonal variations of snow cover. 

Major Lake Changes 

During the ASTP mission, excellent photographs 
were acquired of some of the world's major lakes, 
including Lake Chad, the Great Salt Lake, Lake Eyre 

(Australia), and the Caspian Sea. These photographs 
are being compared with previous Earth orbital data 
to document changes in lake size and water color, 
especially on Lake Chad in the Sahel region of Africa 
(Figure 77). 

Lake Chad, once one of Africa's largest lakes, lies 
in the Sahel region between the savanna land to the 
south and the sandy desert to the north. To the 
northeast, it is bounded by fossile dunes, and to the 
south, tropical rivers flow into the lake bringing sedi­
ment and fresh water. The rapid decrease in lake 
size has been attributed to three factors: the influx 
of sand from the Sahara, the accumulation of sedi­
ments deposited by inflowing rivers to the south, and 
the evaporation of surface waters. The possibility that 
Lake Chad might eventually dry up presents a prob­
lem since the southern part of the lake is biologically 
productive and rich in fish. Apollo-Soyuz photographs 
will be compared to Skylab data to determine the 
rate of change to Lake Chad's size in the past few 
years. 

FIGURE 77.—Lake Chad is the dark green area in the middle of this oblique photograph by 
the Apollo-Soyuz crew. Various factors, including the influx of sand from the Sahara Desert, 
have contributed to a significant decrease in the lake's size. Note the emergent dunes within 
older and larger boundaries. (NASA photograph AST-9-550) 



FIGURE 78.—ASTP photograph of circular irrigation patterns near Kufra Oasis, Libya. 
(NASA photograph AST-16-1244) 

Irrigation Patterns 

As stated before, no attempt was made on the 
Apollo-Soyuz mission to study irrigation and vegeta­
tion patterns. These patterns are best monitored by 
long-duration and repetitive-coverage satellites such 
as Landsat. One special example deserves mention 
however; that is, the pattern displayed near Kufra 
Oasis in southeastern Libya (Figure 78). 

The photograph reveals remarkable circular pat­
terns which are strung together to seemingly cremate a 
giant animal, or an insect complete with antennae 
but lacking the full complement of six legs as re­
quired for a class of arthropods. Dr. Robert Dietz 
(1976, pers. comm.) stated that "doubtless some fu­
ture parascientific archeologist will find reason to 
compare this figure to the markings on the Nazca 
Plain of Peru and infer that there must have been 
astronauts flying in the 20th Century, A.D." 

It is interesting to note that the development of 
these circular features could be traced in time through 
the use of Landsat imagery. Figure 79 shows succes­
sive stages of circle-addition, and illustrates the utility 

FIGURE 79.—Two Landsat images showing addition of irri­
gation fields at Kufra: a, taken in 1973 (ERTS E—1187— 
08250-702); b, taken in 1975 (ERTS E-2129-08131-701). 
These photos illustrate the utility of repetitive coverage. 



FIGURE 80. Photograph of Kufra area showing the circular patterns caused by huge rotating 
sprinklers 560 m in radius. (Photo courtesy of Derek Bayes, Aspect Picture Library Ltd, Surrey, 

England) 
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of repetitive coverage of the same area over a year's 
time. 

Of all the features observed on the Apollo-Soyuz 
mission, these patterns are perhaps the most curious 
and unusual to anyone who does not know what they 
indicate. They certainly imply the existence of an 
intelligent tool-maker on Earth. They are, of course, 
vegetation patterns (Figure 80) wrought by huge 
rotating sprinklers 560 m in radius (Allan, 1976:98). 
This method of irrigation is known as center-pivot 
irrigation (Splinter, 1976) and has been used in many 
arid and semi-arid regions, including the southwestern 
United States. 

METEOROLOGY 

Meteorological investigations included the study of 
cloud features and tropical storms. Photographs of 
cloud features showed Benard cells, Von Karman 
vortices, mountain waves (rotor clouds), atmospheric 
bow waves in the lee of islands, and cumulonimbus 
buildups (Figure 81). The crew also obtained photo­
graphs of a developing tropical storm in the Carib­
bean Sea that "doesn't seem to cover so much area, 
but it does have a rather swirling ' V appearance. 
I don't see an eye, but I can see where an eye would 
be" (comments by astronaut Vance Brand in NASA, 
1975b:1051). 

Photographs and visual observations will help 
meteorologists develop computer models of hurri­
canes and tropical storms. Stereo photographs of a 
dissipating storm were also taken and will be used 
in making a three-dimensional stereoscopic model of 
the storm to help decipher its topography. The stereo­
scopic model in turn will affect theoretical models of 
storm development and dissipation. 

Excellent photographs of thunderstorms and con­
vective cloud patterns were also acquired and will be 
used in studies of severe storm development. Figure 
82 shows 

convective turrets overshooting a thunderstorm anvil near 
Jerevan, Soviet Armenia. . . . The photograph was taken 
looking southeastward with the sunset terminator in the 
background. West is to the right and east is to the left. The 
anvil is about 200 km long and about 50 km wide at its 
western end. Shading of the anvil top indicates that it is 
dome-shaped with the overshooting turrets protruding above 
the dome. The strong anvil outflow toward the west opposing 
the strong westerly flow over the anvil top apparently is 
responsible for the shear-induced Kelvin-Helmholtz waves 
which emanate from each of the turrets in the westerly and 

northwesterly direction. These waves are similar to the waves 
observed in hurricane and typhoon circular convective clouds 
by Arnold (1975, unpublished) and Black (1975, unpub­
lished) using DMSP and Skylab imagery, respectively 
[Black, 1975, cover]. 

Photographs of unusual, large-scale, intersecting 
cloud streaks were obtained by the Apollo-Soyuz 
crew. During postmission debriefings, the crew re­
ported that these features were too large to be con­
trails and had a wedge-shaped appearance (Figure 
83) : 

SLAYTON : We saw an awful lot of contrails over the North 
Atlantic and it's nothing like that. They just don't get 
that big. 

BRAND: Contrails were lines; these are wedges practically. 

When the crew was asked: "Do you remember 
from Skylab, when they took a picture and they 
thought it was the hot air coming from a ship going 
through a very low scattered deck about like that, 
and there was a plume going across the apparent 
trend of the clouds. Do you think that maybe that 
was this same thing?" Vance Brand's answer (in 
NASA, 1975c: 103) was: "It's a possibility, I suppose, 
but at the time it looked natural." 

ENVIRONMENTAL SCIENCE 

Red Tide 

Attempts were made to visually locate and docu­
ment on film color variations in coastal waters that 
may be due to red tide blooms. Experts believe that 
these color variations can be used to determine 
changes in concentration of marine phytoplankton 
(minute floating plants) populations, especially the 
red tide dinoflagellate, e.g., Gonyaulax (Figure 
84). In addition, the color may reflect the presence 
of suspended sediments, dissolved solids, and other 
water pollutants. 

In the United States, red tide occurs in the coastal 
waters of Maine, Massachusetts, Florida, and Cali­
fornia resulting in health and economic problems. 
A variety of red tide is toxic to fish, and decomposi­
tion of fish can deplete the water of much of its 
oxygen. Toxic particles produced by the organism 
can cause human eye and respiratory irritations. (At 
times of heavy red tide infestations, every "iron lung" 
in New England is occupied by people who have 
respiratory problems.) The toxin also affects shell­
fish, which may store it in their bodies. As a result, 
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FIGURE 81.—Variety of cloud features observed by the ASTP crew: a, Benard cells over the 
Tasman Sea (NASA photograph AST-22-1754); b, mountain waves (rotor clouds) over New 
Zealand (NASA photograph AST-1-16) ; c, atmospheric bow waves over the San Nicolas 
Island, west of California (NASA photograph AST-14-878); d, cumulonimbus near Baja, 
California (NASA photograph AST-9-545) 
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FIGURE 82.—Thunderstorms near Jerevan, Soviet Armenia (NASA photograph AST-2-95). 

shellfish beds often have been closed for several 
months by local health authorities. A red tide out­
break in the spring and summer of 1971 was esti­
mated to have cost Florida $20 million or more, 
primarily in lost tourist business when dead fish were 
reported littering Florida beaches. 

Accurate analyses of various kinds of water colora­
tion in the ocean depend on data collections made 
by different means. For this reason spacecraft observa­
tions from ASTP were simultaneously supported by 
aircraft flights, open ocean water surveys, and sam­
pling of the water at the shorelines. 

In New England, two research vessels of Bigelow 
Laboratory made a traverse of the Gulf of Maine 
from Portland to the Bay of Fundy and another tran­
sect, southward to Cape Cod. Data were obtained 
on the size, shape, and location of red water patches 
due to the toxic phytoplankton and included measure­
ments of sea surface temperature, salinity, chlorophyll 
content, and water color. A zone of discolored water 
was located near the mouth of the Damariscotta River 
in Maine. The toxic level was low and much of the 
reddish coloration was attributed to sediments brought 
to the ocean from inland rivers. 

In addition to the red tide observations off the 
coast of Maine, support ships and sampling stations 
of the Commonwealth of Massachusetts acquired 
water color, salinity, and bio-content data. An un­
usually high chlorophyll content in the coastal waters 
off New England was reported. This was probably 
the result of abnormally heavy rains carrying an in­
creased amount of biota into the sea. High altitude 
metric and multispectral photography was also 
acquired during the mission over Cape Cod, Cape 
Ann, and Long Island. The photographs show the 
greenish color of the coastal waters (Figure 85). The 
data is being compiled and analyzed for the ASTP 
Summary Science Report. 

Oil Slicks 

Attempts were made to observe oil slicks in the 
North Atlantic ship routes, but none were located 
due mainly to much cloud cover. An interesting story 
developed during the mission, however, illustrating 
the significance of aircraft support photography in 
special cases. 

During the flight we had been alerted by the 
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FIGURE 83.—The ASTP crew obtained this photograph of unique wedge-shaped linear clouds 
over the Pacific Ocean west of Southern California. (NASA photograph AST-1-4-2) 
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FIGURE 84.—Scanning electron micrograph of Gonyaulax, a 
toxic dinoflagellate about 35 microns in size. (Courtesy of 
Alfred and Laura] Loeblich, Harvard Biological Laboratory, 
Cambridge, Mass.) 

Smithsonian's Center for Short-Lived Phenomena to 
an oil spill off the east coast of Florida. The astro­
nauts were asked to photograph it if possible, but 
cloud cover prevented them from locating the slick. 
In the meantime, the NASA WB-57 plane photo­
graphed the area from an altitude of 18,400 m (60,300 
ft) using a 6-inch Zeiss mapping camera with S O -
397 color sensitive film and a 2A filter. Simultaneous 
photographs using black-and-white and infrared film 
also recorded the spill. The NASA plane actually 
photographed the slick on two separate days while 
filming ocean currents. Figure 86a, taken the after­
noon of 20 July, shows the oil shimmering in the 
sun like a silver ribbon with a corduroy pattern. 
Figure 866, taken 23 July, shows the slick much 
closer to the Keys. 

Four months later, the master of an oil tanker was 
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FIGURE 85.—Two photographs of Cape Cod taken in July 1975, showing the greenish color of 
coastal waters, probably the result of abnormally heavy rains, carrying an increased amount 
of biota into the sea: a, from an altitude of 20,000 m by WB-57 aircraft based at JSC; 
b, NASA photograph AST-1-064. 
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FIGURE 86.—A large, highly reflective crude oil slick is visible as a silver ribbon with a cor­
duroy pattern. This slick was first reported on the evening of 20 July. At that time an esti­
mated 152,000 to 228,000 liters of oil were in the water, a, The slick is about 5 km offshore 
(NASA JSC 315 July 1975, 19-054); b, two days later the slick has moved closer to the 
Keys (NASA JSC 315 July 1975, 26-061). 

charged with violating the 1974 Federal Water Pollu­
tion Act by discharging 19,000 liters (5,000 gallons) 
of oil within 80 km (50 mi) of the United States 
coastline on 17 July 1975. 

To help in the ensuing investigation, the aircraft 
photographs were sent to Rear Admiral Austin 
Wagner, commander of the Coast Guard's 7th Dis­
trict, Miami, Florida. Detailed study of the photo­
graphs will shed further light on the extent of the 
discharge. The direction and pattern of the spread 
oil may help in establishing the conditions at the start 
of the spill. 

VISUAL ACUITY 

Of the five features that were selected for visual 
acuity tests on the Apollo-Soyuz mission, the astro­
nauts were able to see the Lake Bonneville racetrack, 
glaciers and firn lines in Canada, and the Pyramids 
of Giza. They were not able to clearly discern the 
Nazca Plain markings or bioluminescence in the Red 

Sea. It must be stated, however, that the condition 
under which these features were observed varied 
significantly, as discussed below. 

Lake Bonneville Racetrack 

During the postmission debriefings (NASA, 1975c: 
11-12), astronaut Vance Brand indicated that he was 
able to see the racetrack at Lake Bonneville because 
he knew exactly where to look: 

First of all, the picture I had pointed out the area, and 
I compared that picture to the ground, and I saw what 
looked like a fairly wide linear scratch or stripe on the 
ground. Right at this point, after all this time and without 
the benefit of that same picture, I can't tell you where it is. 
. . . At the time, I did see it. 

Glaciers and Firn Lines 

Visual observations of glaciers were performed 
under favorable conditions over the Canadian Rockies. 
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FIGURE 87.—Enlargement of an ASTP photograph of the Nile Delta. The Great Pyramids of 
Giza (arrow) are visible as three dark spots. (NASA photograph AST-1-49) 

T h e crew was also successful in distinguishing firn 

lines a n d remarked tha t this was a function of both 

texture and color. T h e following conversation occurred 

dur ing the postmission debriefings (NASA, 1975c: 

1 5 ) : 

BRAND: The best case, I believe, was in the Alberta-British 
Columbia area. I very easily saw a firn line on one big 
glacier up there. 

EL-BAZ: How did you make the distinction? Why do you 
think you were able to see that? Because of color or 
texture? 

BRAND: Texture and color and even shininess, you might 
say. Surface texture, I guess. 

EL-BAZ: The ice being more gray? 
SLAYTON: Kind of a gray compared to pure white. 
STAFFORD: Yes, it goes from white to gray. And the firn 

line wasn't just a straight line; it was kind of jagged. It 
wasn't a clear line. 

SLAYTON: But I thought I could see texture down below 
it also, that sort of looked like flow patterns going parallel 
with the glaciers. 

Nazca Markings 

W i t h o u t the aid of an enlarging telescope, the 

Apollo-Soyuz as t ronauts were not able to see the 

Nazca Plain markings in the Peruvian Desert . This , 

however, may be due to cloud cover on revolution 

74, and to unfavorable spacecraft a t t i tude on revolu­

tion 104 as discussed in the postmission debriefing 

(NASA, 1975c: 1 3 - 1 4 ) : 

EL-BAZ: All right, we had also something over the intri­
cate patterns of the Nazca Plains. Tom, you got pictures 
and I don't know whether you saw anything or not. 

STAFFORD: The first time the clouds went all the way to 
the mountains and we got nothing. This slide [not illus­
trated] was taken on the second pass. I can't say that I 
saw them. I remember this little bay in here and Vance 
was helping me lead in. I saw this little bay up here and 
I thought I saw a white streak in here, but I snapped 
the picture and I couldn't really say that that was it. I 
thought I saw something but I sure wouldn't say that was 
positive. 

BRAND: I didn't see anything. 
STAFFORD: And so, I couldn't say that I saw them. No. 

Now whether it was a white field or something in that 
area, I just don't know. 

BRAND: This is one case where being upside down hurt us. 
The identification problem was very hard here. 

STAFFORD: Can you see them on that photograph? 
EL-BAZ: I couldn't, really. I know where they are, but I 

have not enlarged this or looked at it in detail. But this is 
exactly where you would expect them. This is that region. 


