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Cover Photograph 
(S17- 120-056) 

Seen from an a l t i t u d e  o f  350 km (190 n. mi.), the Levantine R i f t  Va l ley s l i c e s  
north-south through the Middle East. R i f t  f a u l t i n g  connects the Dead Sea and 
Sea o f  Galilee, but northward i n  Lebanon the r i f t i n g  splays ou t  i n t o  a ser ies  
o f  north-northeast t rending fau l t s .  East o f  the r i ft are two la rge  lava  
f i e l d s  about which l i t t l e  i s  known. This region was a lso  photographed by the 
Large Format Camera tha t  f l e w  on the 41-6 mission, as we l l  as by the Linhof 
camera t h a t  took t h i s  p ic ture.  
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FOREWORD 

The crew nf the S?S 41-6 m4ssioii took more than 2400 photographs of Earth with 
their Hasselblad and Linhof cameras. 
and character of the photography o f  Earth and its environment as captured by 
the crew, cine photographs have been selected and reproduced on the following 
pages with brief descriptions of geologic features and various phenomena. 

To illustrate the distinctive quality 

Although the photographs are reprndwed i n  black and white, the originals are 
in natural color and provide a wide range o f  hue, saturation, and brightness. 

c 
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S17- 121- 169 

Photography from the Space Shuttle missions is increasing our knowledge of the 
frequency, extent, and duration o f  very large trans-Atlantic duststorms. 
Those dust palls emanating from the Sahara Desert and the Sahelian regions of 
Africa sweep westward as far as North America. 
duststorm from Algeria and Morocco is moving offshore across the Canary 
Islands (28" N . ,  17" W . )  into the Atlantic. 
dust shield have been noted in previous photography on the west sides o f  both 
the Canary Islands and the Cape Verde Islands (16" N., 24" W . ) .  

In this instance, a large 

Recently, the lee wakes in the 
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S84-17-33-043 

Aniakchak caldera (56.9" N., 158.2" W . )  is an 11-km-wide, steep-walled volcano 
midway along the Alaska Peninsula. The original cone collapsed to form t h e  
caldera approximately 3500 years ago, and a broad ashflow sheet traveled 
outward nearly 50 km. This Hasselblad view, which was taken with the 250-rnm 
lens, clearly shows both a cinder cone and a lake on the caldera floor. The 
last certain eruption in May 1931 deposited 0.6 cm of dark ash as far away as 
200 km. 
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S84-17-34-098 

This photograph captures a set of internal wave forms progressing through the 
Strait of Gibraltar into the western Mediterranean Sea. 
reflectance are a perfect indicator of changes in sea surface roughness. 
These internal "solitons" are induced by the main ternperature/density 
discontinuity at a depth of 50 m. 
on the order o f  tens of meters, yet there is negligible surface amplitude. 
The variations in surface texture allow us t o  see these waves transiting at 
depth. 

The changes in 

It i s  estimated that their amplitudes are 
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S17-120-010 

The almost unexplored region of the northwestern Tibetan Plateau (34.5" N., 
81.5" E,) was photographed with the Linhof Aero Technika camera using the 
90-mm lens, The broad regional view provides evidence of the geological 
complexity of Tibet. 
and the Cholpanglik portion of the Kunlun Mountains form the northern boundary 
of the plateau. 
internal drainage which contained very large lakes during the last ice age, as 
indicated by paleoshorelines at altitudes more than 100 rn above the present 
lake surfaces. O f  tectonic interest is an unnamed strike-slip fault that runs 
diagonally across the frame parallel to the base of the Kunlun Mountains. The 
colors of the original photograph indicate several areas of possible volcanism 
and hydrothermally altered surfaces. These areas in the region are poorly 
mapped. 

In the upper left corner of the image, the Tarim Basin 

Across the 5000-m-plus high plateau are many basins with 
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584-17-47-059 

The Precambrian shield region of northeastern Canada (56" N.,  68" W.)  
preserves an example of ancient mountain-building perhaps resulting from the 
collision of two ancestral continental plates. The Labrador fold belt is an 
important zone for mineral exploration and a major center for the mining o f  
iron ore. A low sun elevation and frosting o f  snow serve to accentuate the 
folded sedimentary strata and younger faults disrupting the tectonic fabric. 
This photograph was taken with a 250-mm lens. 

xi i 



This 100-mm 
cloud sh ie ld  
enhances the 

S84-17-45-114 

ow-oblique view (looking west from 56" S., 21" W . )  was taken o f  a 
as i t  passed over the South Sandwich Islands. The low sun angle 
k e l v i n  wakes seen here f o r  4 o f  the 11 is lands i n  the group. 

These volcanic is lands w i t h  elevations t o  1395 rn per turb the otherwise 
unimpeded f l ow  of circum-Antarct ic cyclones i n  the l a t i t u d i n a l  band o f  55" t o  
65" S. 
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S84-17-36-037 

This Hasselblad photograph, taken with the 250-mm lens, illustrates the 
consequences of the continuing rift faulting of the Gulf of Aden upon drainage 
on the Hadramaut Plateau of South Yemen (15" N., 48.5" E.). 
courses (wadis), which during wetter periods flowed into the interior o f  the 
Arabian Peninsula, have subsequently become structurally reoriented by normal 
faulting parallel to the Gulf of Aden. 
seen along the ephemeral river eroding a course down a fault-bounded valley 
from the right of the photograph toward the.center of the frame. 

The dry river 

A fine example of stream piracy is 

xix 





PREFACE 

T h i s  document cataioys Space Shuttle hand-held Earth observations photography 
which was acquired during the Space Transportation System (STS) 41-6 mission 
in October 1984. 
Observations Project, Solar System Exploration Division, Space and Life 
Sciences Directorate, of the National Aeronautics and Space Administration 
(NASA), Lyndon B. Johnson Space Center (JSC) . Contractor support has been 

Houston, Texas, under Contract NAS 9-15800. 

This catalog is a product of the Space Shuttle Earth 

provided by Lcckheec! Engineering and Ya!?age!!!ent Services CGspany, Im., 

Contributors to this report include but are not limited to C. A. Wood, M. R. 
Helfert, K. J. Hancock, and G. L. Wells of NASA/JSC; W. T. Aldinger of USN; 

and B. S. Nowakowski and W. F. Palmer of Lockheed Engineering and Management 
Services Company, Inc. 

. 
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1, INTRODUCTION 

The Space Shuttle Earth Observations Project (SSEOP) was created to support- 
the acquisition o f  Earth observations photography by Shuttle astronauts. 
Early activity included the formation of an Earth science investigative team 
to aid in the definition of photographic requirements, 
coordinate and provide crew training in the Earth sciences, provide real-time 
support during missions, and catalog and disseminate data, 

Project personnel 

Before the launch of each Space Shuttle mission, the crew is trained in the 
use cf basic photographic techniques, provided with manuals depicting 
particular sites of scientific interest, and given general briefings on the 
Earth sciences, including geology, oceanography, and meteorology. In each 
phase of training, examples of previous manned-orbital photography play an 
important role. These photographs aid in the description and understanding o f  

significant physical features and also help crewmembers learn reconnaissance 
cues for the identification and location of noteworthy features viewed from 
orbit . 
During each mission, project personnel monitor the Earth for special interest 
events, such as hurricanes and other major storms, floods, ice packs, fires, 
active volcanoes, and pollution problems. Special requests are.forwarded to 
the crew through Mission Control. After the mission the geographic location 
and general quality of each frame are determined and reported in catalogs such 
as this. 
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2, ACQUISITION OF EARTH OBSERVATIONS PHOTOGRAPHY 

The photography described in this catalog was ce!!ected GS;-- 1~~~ two types of 

cameras. 
equipped with Zeiss 50-m CF Distagon 4.0, 100-mm CF Planar 3.5, and 250-mm CF 
Sonfar 5.6 lenses, Kodak Ektachrome 64 Professional 5017 film was used in the 
two Hasselblad cameras, A Linhof Aero Technika 45 camera {fig. 2-2) was 
equipped with intevehangeable Linhof 90-mm Super Angulon 5.6 and 250-mm 
Tele-Arlon 5.6 lenses. The film used for this camera was 5 - i ~ .  Kodak 
Ektachrome 64 Professional film 5017. All the windows of the Shuttle Orbiter 

NASA-modified Hasselblad 500 EL/M 70-mm cameras (fig. 2-1) were 

a (fig. 2-31 were employed in the collection of the photographs. 

FOCUSING RING 

DIAPHRAGM RING 

MANUAL FILM HUTTER SPEED RING 
ADVANCE 

FILM ADVANCE 
INDICATOR 

FILM MAGAZINE 

MODE SELECTOP SHUTTER RELEASE BUTTON 

Figure 2-1.- NASA-modified Hasselblad 500 EL/M camera. 
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E 

NOTE: INPUT POWER CONNECTOR IS O N  BACK OF CAMERA. 

Figure 2-2.- NASA-modified Linhof Aero Technika 45 camera. 

2-2 



OVERHEAD WINDOWS 

-AFT WINDOWS 

LSIDE-HATCH WINDOW 
(OPTICALLY FLAT) 

c 

Figure 2-3.- Location of windows i n  the Shuttle Orbiter. 
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3. ORDERING PHOTOGRAPHY 

Earth-vieii ing photography may be obtained from the following sources: 

U.S. Geological Survey 
EROS Data Center 
Sioux Falls, SD 57198 
Telephone: (605) 594-6151 

Technology Applications Center 
University of New Mexico 
Albuquerque, NM 87131 
Telephone: (505) 277-3622 

NOTE 

The Hasselblad photography from the STS 41-6 mission was numbered using 
the year, STS flight number, and roll and frame numbers. 
S84-17-36-037 is the number for frame 37 o f  roll 36 from flight 17 which 
was flown in 1984. The data recording system frame number resets to zero 
for each new roll; therefore, frame numbers are not unique to a specific 
roll. The Linhof frames have roll numbers of 120 and 121 only, and the 
photography was numbered without the year included (e.g., S17-120-056) 
and must be ordered accordingly. 

For example, 

3- 1 



APPENDIX A 

STS 41-6 EARTH OBSERVATIONS PHOTOGRAPHY 



TABLE A-1.- MISSION DATA FOR STS 41-6 

iaunch: 

Land i ng : 

Orbits: 

Veh i cl e: 

Initial 
Orbi t  Altitude: 

Inclination: 

Crew: 

October 5, 1984, i i :O3:w GMT 

October 13, 1984, 16:26:33 GMT 

133 

Challenger (OV-099) 

190 n. mi . 
57 O 

Commander - Robert L. Crippen 
Pilot - Jon A. McBride 
Mission Specialists - 

Dr. Sally K. Ride 
Dr, Kathy D. Sullivan 
David C. Leestma 

Payload Specialists - 
Paul Scully-Power 
Dr. Marc Garneau 

A- 1 
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TABLE A-2.- EXPLANATION OF COLUMN HEADINGS USED I N  TABLES A-3 AND A-4 

ROLL 

Number assigned t o  each r o l l  o f  
f i l m  

FRAME 

Image number 

GEO-NAME 

Usually the country where the 
center po int  o f  the photograph i s  
located; may also be the name of 
an is land chain, ocean, sea, o r  a 
s ing le is land i f  t h i s  i s  the only  
land i n  the photograph 

FEATURE 
Feature of i n te res t  w i t h i n  the 
photograph (e.g., name of a 
spec i f i c  landform, cloud pattern,  
etc.) 

CENTER POINT LAT, LON 

Lat i tude and longitude o f  the 
center po int  o f  photograph 
determined t o  nearest h a l f  degree 

NADIR LAT, LON 
Coordinates, recorded t o  the 
nearest tenth o f  a degree by the 
data recording system, represent- 
ing  the point  d i r e c t l y  beneath 
the spacecraft ra ther  than the 
center po int  o f  the photograph 
(used only when center po in t  
cannot be p lo t ted)  

CC% - 
Percentage o f  cloud cover 

DR - 
Look d i rec t ion :  
N - North 
NE - Northeast 
NW - Northwest 

SE - Southeast 
SW - Southwest 
E - East 
W - West 

S - South 

TL 

T i l t  o f  the camera from Shut t le  
nadir:  
HO - High obl ique ( includes the 

hor i zon) 
LO - Low obl ique 
NV - Near v e r t i c a l  

- 

FL 

Focal length o f  lens used: 

50 mm 
90 m 
100 m 
250 mm 

- 

E - 
Photographic exposure: 
0 - Overexposed 
N - Normal exposure 
U - Underexposed 
F - Focus problems 

S - 
P o s s i b i l i t y  o f  a stereopair: 

Y - Yes 
N - NO 

A-2 



TARIF A-2.- EXPLANATION OF COLUMN HEADINGS USED IN TABLES A-3 AND A-4 

(Conc 1 uded) 

DATE 
Year and Julian day the 
photograph was taken 

- 

GMT 

Greenwich mean time 
photographic acquis 

- 

ALT 

Sf-,-ttle altitude in 
m i l e s  

- 

o f  
tion 

naut i ca 

AZ I 
Inertial azimuth of  Shuttle 
measured clockwise from north 

- 

E LE 

Sun elevation angle at Shuttle 
nadir 

- 

ORB 

Orbit number 
- 
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APPENDIX B 

STS 41-6 EARTH OBSERVATIONS PHOTOGRAPHY SUMMARY MAP 



APPENDIX 6 

STS 41-6 EARTH OBSERVATIONS PHOTOGRAPHY SUMMARY MAP 

The Earth Observations Photography Summary Map contains the center point 
positions and frame numbers, printed in red, for Earth observations 
photographs qquired on the STS 41-6 mission. 
coordinates are shown for photographs that could not be located. 
coordinates, printed in blue, reflect the position o f  the Shuttle Orbiter at 
the time the photograph was taken. Where a large number o f  photographs were 
acquired over a small area, the points are enclosed within a box with the 
frame numbers bracketed outside; the textual index must be used to obtain the 
center point latitude and longitude for each individual frame number. 

Nadir latitude and longitude 
These 

The scale of the map is 1:40,000,000 at the Equator. 
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