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EARLIER EXPLORATION OF MARS
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THE SEARCH FOR LIFE
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MARS FROM ORBIT

AL PAGE

COLOR PHOTOGRAPH

ars s pear-shaped, lke Earth. Viking s radw-
| pocultation expenent tound that most of
L~ the goutherm hemisphere is higher than the
average surface, and most of the northermn is

fwar, Thors are exceptions: the large, deep bosing cofled Arvgyre and
Heling i e gouth Be far balow the mpar surface. The aorth has theee

raisotf areas:

# The region wast of Syetis
Muajor Plaritin, where old, e
tered terrain extonds to 45 de-
grees nocth of the sguetor b
twesn fongitudes 290 and 20,

# The wolparg provings
ground Elvsium Mong at 28 north
fatitude, 213 longitude.

& The enormous crustal bulge
catled Tnarsis Ridge, southeast of
Olympus Mong. The center of
Tharsis Fudge i at lotitude 14
south, longitude 1G1. The bulge
extends at least 2,800 miles
porth o south and 1,900 wmiles
east o woest. \What some scien-
tists call the Tharsis Provinee
covers about oiip-fourtl of the
ontie surtaes of Mars, The Thar
six Bulge probably Lsgan to rise
abonit 3.3 o 4. 1 bithon years
ago, but its volcanves formed
mricch fater. Olymipus Mons Legan
to arupt 2.8 to 3 billon years
agu. All the dates are inferred
from the density of cratering on
ditterant greas of the surface.

Wnpasite page) The yant
valiane Kveessws Mows is
wisible it thiz visw of Moy
Jeom Yiking Orbiter 2. 8o
fow e valeens, the pan
yon Vallos Barinss
stratehes seross the Ridged
Pigins.

Wi Unmputers s siom
photegrammetry vontribite”
to the erestion of thie
whligun visw of Arsie

Mooy, ong of the Towe gravt
vekeanons wn Mors. 4 grost
it rone cuts the
mauntain's Hank, providing
oxcapn Yor swighniy ks
suif Tova thet poured feom
the summit orater. The
white hues in the calders it
¥ whowd thet wex progent
whin the pietyres wery
tohen Viouds thet form
wronwd Saey high wown:
toing have hon ahyerved
for ahnoat 3 contury from
Earh. Porcival Lowsil zolh
wd tham W vhowty, " and
he watched tham chsnge
on & duily baviz for many
ywars. The stripes on Avvly
Mong” Havks wre many
smal fave Hows
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The rgrthers and southen
hupngpheres of Marg ohffer also in
st tha noeth S prisoarily pliing
dreed the mouti mmostiy sratersd,
The boundary 15 tfistingt, & great
wirgle cutting across the eguitor
a4t 35 gegress, shcite throuph
Iniddin Plaritiy and passing north of
thy Tharsis Bulge.

yhid patiet’s surface featuroy
rarge i siw Trorn those loige
asrpugh o be seen from Earth,
dlevwns 1o others that coan b seen
oy by a Viking tander. The polp
W vaps and e grest wolcanoes
are the most conspicuous fea
fures of Mavs,

Astronomers observed the
oAy caps for more P two
certuries amd boteved they werk
water dop. Then Mariner 4 mus.
sured the temperatiees of the
cang and found therm to ba
w P13 degreas Fabronhelt, 1o 106
okt ty be froren water. That
ternperature wlivated dev ice,
frozen carbon diokide - partipl
truth, Bolentity would fearn from
Viking,

iy bl ;awa?%‘?

Muoasurempnits by the Viking
srpstens of the tempisratine gt
Burvidity of the Martian poles re
wealed an importars dittorence
bearwesn them. The goutheei cap
e, atheed, frogen carbors dioxide
g yiar o, But the sumimer
tune et of the north polar
Cop s water 0, covered sach
wirter by favers of carborn divside
that fregres put of the
atnusphere.

PEIE pope Yhewg Hroni amd topssrinhy,
Sepwrnd dopority sowe the Bopbt wrwks wee Tenip:
mrth poi. The eyt vovergd, wyhirver the duk
Bk partiolly voverd by #rey vy mostly bt i

Feoue 49 20 be wes v Y
Hght Balf of thy image, Ve
IR BOPRIIOE B |

Burtaen wer bu wttvibuind 1o
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EEPEESTESTEIRSUTeRSRRRY
Might/ Thas type of loparsd
twerain w Bars polar ve
grons represents iBrers of
xe sd durt 1hat have been
deposited by the Bartian
iy rmmw
pest & rapetitive history of
hmatic chaages. Sentinss
Bultove suoh (et mey
Dokt iy 10 the mechs
mm{fm“‘”
on Eacth

g
Bolowi Rt mulsummat
the aarthern semiaghere of
Bars. the mottmg north
polas wecap has recaded 1o
A3 smallpst vire la this
#ro8 towerd the top Inorthi
B we vonipining bath fro
o8 cecbon torwtls snd fro
sow water. The dark bends
#re devend of ke sad spivel
# towerd the cap’s teater.
The reeson 1o litthe ie ¢
cirs i thess bants
wncertuin birl way be 19
fated tv winds dowing
pny fram the epnme of
the tap
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BLACK AND WHITE pi

Water is troven in the M
i morth guler iow v
The dark provves wre
troughs snd © L gut
the s ‘? # punhmation of
eolpe Banting vod wind
wenuring. Thoy whow the
lepeving of durk sod Brght
#e thet tonising & reveed
of the planet's shmetic
Higtory.

“rheing & peologist, §have an tutovest n the arigin of Earth
ind the evolution of the Farth. But | cannot convider the
farth alane. | am concerned with the solar system, the arigin
aof the solar system and its evolution thraugh what we call
pealagre time. "

wRubers B Hagrase
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Lhvmmpun WMo s g great sl i

Yoleano, B lwoest volbuon
.
Hawan s Mavia Lo L) oty
Hivws g, Oliii Mons slone
Contoiws gonn v e e e
Mawana inland Lhinie, e suminn
Bt LG D mh shovd e e
Sittace e the Bartion vouivainnt
Gf Sen weel The wreal pouim
COvEeE ol s alinit A0 0 i
alrons. i ol cover the
Stare of Montana 0 Bouoin
beabuge eooinoiiind o o
Vol ol O e il Lo
Catedly Bowend v the il
Hlepows poarly fold oo 1t
Do belowe il splashel bae
Dovon Dl e slopes ot
Liteious Mund ore terioien by
the lava Thows, Pidaes tiar o
ol W b s cBaROG s o
rantedl ey Wi Biws v
down the Lvaer slopes. it
Lraters ave g breeosly B on
Chvmpies Monis, idivaling it
B viloano suis pitive o reoent
By e, 0 cover the otiter
Ly that surely wecurid lony aon,

“That is what exploration is. You don 't slways find what you
are looking far, but vou almost always find something of
vialue tu you even though the value may not be vecognized
wntih b mext gemesation o Ribaal 8 Yo
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A o of huge shield volpanoes
e showt 1,000 mites southesst
af Ofympus Mong: Arsia Mons,
Povonis Mons. and Ascrawis
Mong., Ther structure s siedlar 1o
that of Chvmpus Mons, snd thew
SLHPHTHLE A almost G ol sy
stand wtop »-huage lne o e
Martion crust more than six miles
Bah, Crater donsits on arid
ot sl the volpanaoes sugoest
4 lony history oF sruptions,
perbaps lasting bitlons of years.

Murs huos such groat voloanoss
because the planet’'s crust 15 tick
and rigid. Thiz thick Martian crust
dowy not it as Berih's conti-
nonts oo, svern wher the Martian
surtack his shove g poot of miol
ters roek. O Mars, the surfacs

gmoina

A {w Pt

PAGE &

OF POOR QUALITY

ghiwve greintorior pool remans
statiomary for bitions of yeors

whille magrg rises through vents
1o bdd frountaing. Avd the thick
Maitinn crust iy strong enoush 1o
support the went weght of these
massive voloarnoms,

Wppnsite pagei T Tiwrpiy
W in thy youopesr vl
wawic oginn v Mare, This
mpapic ot e sdpe s worth
HURE AT BROWE B0 8V0E
of intempn Byitiog #i the
i avd w pair oF volinnons
With prominent sumant
Eeatars ¢ th vight. Chin
#oly. prater ehainy, and
itividuwi fave Bows van by
wan g the ks of thy
woieanons.

Wbevel iy pompirter
pngvpiod mip thows the
g genlog - wnite of
Murs. Aihoogt ponralived
the map wiows & vt
wadwentening of thy distr
Busion pwd velutivnahin of
vl ook typs. Thy
sl vod apate wt Wit and
BE FighE raprosent e lrge
volpnons, Yy ywilow.
IR SIRRE BE ok
pluing; the Brown sny
shuw rogions of beavy
gratering.
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SOl e ivpe vt valley 1008 we iav sew wt M egpaator e

sesty that Mars siohd aow & sharting 1o 40 596 4 stage of piate

Loctonics, ur tn other words. that stige which the Farth vy

povienced hasdreds of mirthons o oven billions of years s
T 4. Andevun
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A, R

Wppesits poge) The saatorn  (Abuvel Avelsmde dabiis
partion of Vables Merioorls  covcaded down ihig 2,
outs through the Ridged  which marks the cdiw of o
P S e Mortion plavesu. Tos hind
suhanzed srbitar viow. The  of evasios is similer % ter
foukts fying just sowth of  restris] erosion usdr vx-
ihe vadley are bofiaved o Yramely dry conditinns.
Buve rpnyived from slump:

iy of the easyon wells.
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4 Awtet Ruthoy webitpr
The wrigin ot Baetinn eop- pivas & brawdor ok
s by Tewtong e waat 0 wtien sad ol the
pmewat i Woetiy Labpr somplor o wpuwiasisl
wthyn w1t the wastrs sk LRy

ot Vullos Whavinaris, 4o

Wiy tnyony the upleod

pwin srtaee i proverved

s the vty Bone, Diber

CBIPATE W 0L ey

vt furwe wad bive vough

Honry. Vo Joupe- un e

WPESIIE B SRR a0

i in the worthwost of
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The lowest point on Mears is the
bottorn of 8 great, circular impact , ' . T ———
basine called Mellas Flanitis, cor !
tered at 45 degrees south gt
tude. The floor ties 3.7 mides
betow the mean surfece. Hellas is
surrounded by covoentrc yngs.
gienilar 10 the 1 ountain rings
around major impact basing on
the Moon. The Moon's ringed
basing have chaaged very Hittle
gver time, white Hollas' rings are
heavily eroded. Geologists believe
& mwpteor or asteroid crashed into
Maors and vreated Helloy shout 4
biltion years ago.

Might! The groat drgyre
Bosin i Blery’ wouthers
Bemisphers dommates this
sossk thet stretehes 1o
i fims 5f Wwrs il
hows vhily bigh in the
stmpsphary In the e
ground impect craters sewr
s pucwnt vplend sarfecs.
Meny loalt volieys show
the srwet broken by tev
tonic movement shng
Toults. The smell sinwous
wnileys wars corved by
water that Howed vvar the
surfocs. The Argyre Bavis
furmpd whev & huge pises
of space el smushed in-
e Mars viop after the
Fhe chouds sre probably
eeystals of froven corbos
gapnils a0 are showt 75
iy whow the swriens.

thy vanter of thie imsge of
e dewn sl of the
planst The bright south
poinr rogion fs distingwished
by the lorgs imprit bewis
Argyre Planitio,
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AL the nwar wod of the geologic
tunig scale are frosh craters that
ware muade i Baivly recent teres,
Al the wnier planets- Mercury,
Ve, Farth, and Marg - dmngd
their satelltes have these impact
craters, and thoge on the Moon
are studivd s the prolotypes.
Frosh vearars on Mors are, how:
evor, distingtly different from
those on the Moo, The major
differsnice is i the materisl
thrown out of the orater to blan:
kot the syrroundg terram. On
thie Moon, the soil is sxtremsly
dry. Bt on Mars it contans

water or-wwe-that provides lubri
cation and alfows the rock e
soif to How Fir great distances.

Whiewal Parmulvans fomssing . ravity, 8oy sonlt inpact
v Whpaing syehes vy wratgry wihow poiiopits e
brvhen the Mariien sartuse ety the swfom weintive g
wlong Taulty that iteron e wge of stbar vegivny
Fivy grwivnd voil i the o Hevs

vllepy hun probubly dosn

virripdt wvny by wond

Bk lovdstioen vontpin

watweinl bavisy dowahill by
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One or more layers of sjected
material are visibie, each with its
own distinct outer edge or ram
part. These rocky ramparits
prompted the name tampart
craters. Geologists believe the
ramparts formed when rock that
was saturated with permafrost
blasted out of the new crater,
then tlowed great distances after
hitting the ground

Another strange type of crater
has been seen over much of
Mars’ northern hemisphere. Fach
crater sits atop a pedestal, a
small platform that stands asbove
the surrounding terrain. The soil
at the base appears 1o have been
stripped away by wind

ORiGia: pa
m‘«.ﬂﬂ p.’ ; if

Below! hese aocmat pravathng wnd hex beso
plaing have besa 30 hasvily  comsiant In sther sress,
#raded by wind thet 1 & the wind How bes boen
ditficult to ascerisin thew fess congistent

origingl nature. Jn one

regian oil the grooves vl
by the wind run in sne &
rection, indicating that the

N po

3=

CE
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Fhe wand is a mipjor cause of Suritar; thin, horizontal lavers of
erosion on Mars. 5. continues o varying thickness that stretch
alter Mars’ appearance. Seasonal  across huntireds of miles. Both
changes in the plarit’s colory, poles are nearly uncratered and
which Earth-bounid astronomaprs rest on glder terrain, The upper
used to cite as evidence for life, layers are the ice caps
appear o be coused gntively by themselves,
the wind. Some of the effects of

wirid were well known evern be-

fore Marines 4 visited Mars. Dust  ibevel This region o0 e rosult of sny of & nom
storms had been vhserved Murs iv o smsll paet oF the  bur of pravessss by which
through telescopes for decades. /990 tolled Cander rock is decomposed end
Chesms. Some towr depos.  pulied downhill by pravity
Wind appears to be primarily o2 adjocant 1o cangon The yrovve and the smosth
riesponsible for one of the wills of thusw yivsp Mar- tabloland represent & pra

tian hifls hove bewn desply  axisting surfecs that hes

faret’s mast interesting fea- 4
s . & g grooved by wind srozien, duen progressively seten

tures - the larminated terrain gt Sams seivatists beliove the  sway,
e polar caps. Layer upon 1ayer — gpasins mey be resmants
of ice and dust have boon faid of sncient Martian feke

down on the poles by global dust e The canyos welh
storms and the alternating sea- Z&W‘;ﬁ%@;’; fgg
sons. Depusits at both poles are ‘ ’

o



g&ﬁffﬁ AN W
e T sy
Enlow! The srosive powsr  Righti & torbulent, bright
of the wind & e ident in dust tioud mors then 188
grooved tarsin thet ey miles weross blows through
been sypiinid with levs the grest Argvre Basin,
Both the sider twrrsin end moving swsiward yndsr the
the younger lava How have  inlivance of strong winds.
Been scoured snd grooved This Orbiter } imuge was
iy the wind. Geclogists sy he lirst color phetegraph
# 15 simest impossible 1o #f # dust storm teken fram
1l wowther the ¢4t is & & spneocralt orbiting the
neswit of the Ieve or metivic  plaowt

ty slong #n anviant faul;
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Botwwan the tiry My 4
Hrkodt at Mars and saw oty i
gt crators gt Mariver 5% wr
ol Bin yones Titer, SEwtivts
barlisend Mars had stwavs bien
dey, that e g swatir hud ever
gramted on iy surlaey, But
Marwpr 9 found channels carved
95 terran, SRR et st
Bty soow e were cut by
weater flgwing across the surface,
Thant poges a probilery Mars® pt
srsaphiory s pxtresiely thin, angd
tha fowe prossvre will sot sllow
Hopand water. At iy fow prossore
wwr the surface of Mars, water
chariges divesily Troem e to
Vapor Without g heough the

Heperd ¢ vase. That was the pussie;

o water Canror exist as B bouid,
Berar care it How? A how can it
Howr w8l s ities as o
areate the huge Hoods that ap
gy 0 have swopt e surtsee?
Boipetists butieve that, gt some
tis i Maes” past, the platipt

ORICINAL PAGE
[ i

WE welteny, B BERISIBNG Was
dongnr, wrt wterconkd Howe o
thee s,

e dargost chaniwls are colled
autliow chanrels, because they
appead 1o haee Howed oot o the
o Tes soig subterraness
s anyf thern to have poired
witar sevoral vy doos hasing,
Other channels, stightly smaller,
Barrsdd o B Sienanes aesdd to bave
wigery Wibtaros. Th vy i
of sorew of those wid-sisd chan.
sl hvve demidod textures.

“Wehere dv the water nu Mare?™

HOTOenAE

Hugh B Biethor




The, look ke the stream beds in
Earth’s deserts that are carved by
tiash floods.

The smallest of the three kinds
of channels were barely visible in
Marniner 8's photographs. But Vi
king found that those channels
are the maost abundant of all Mar.
tian vaftley networks. At first,
scientists thought these smal
groups of valleys tocked like
channels that are formed on Earth
when ramitall runs down slopes.
However, long and carelul study
of their shapes and patterns led
scientists 1o conctude that they
had nothing to do with rainfall,
but were caused by underground

water flowing onto the surface.
The heads of these small vailey
networks are completely different
from the sources of raintall
causad tivers and Strea: s on

Earth.
f. e
Both old and youny fes water. [adsole shaped

tures are proset in the an  wndy in the chenne! teds
dent opiznds sad mors re show the direction in which
cant lowlsade of Mere i the weter flewed

the mossic on this and the

apposite page. traters dot »

leadveape cut By Howing
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Each Viking lander carried a
seismomaeter 1o measure quake
activity and to provide data on
the internal structure of the
planet. Lander 1's seismometer
had faled by the time it had land-

g,

¥ Yo g5
WOyl

BLACK 4.,

PHOTUGRAPY

concentration, a ragion where the
rock is denser than average, was
tound in 8 depression catted 1sidis

Planitia.

od, but the one on Lander 2 1Bpposits pagsl Stroag avi [Bolow) Strawm chennsh in
worked well. It found not a single  %mee o ferge quantitis  Resei Volles have bowe
detinitely confirmed seismic of water fowing atvoes the  Nghlightod by wind srovinn
ignal in maore than 1,200 hours Wi et o
sign , : ‘ ; sxiats smong traters of gitudinal grooves formud by
of good deta. if Mars quakes, it widely varying sgee. Wind  fowing weter. After the
must do so infrequently. There. hes avodad the adges of channsis were cut the

fore all information abaut the in- :;* Haws, mﬁ:{ m {:‘:’ deoken by o
terior comes from other sources. i bisoningadindug et i
GHOr GO o SOUrCes 3 oposhed  Too Moae of s
Idissyncracies in the Martian frust activity. The izlends youngast chennel is
¢ : : e #ad groaves formed #fter coversd with festureless
gravity field exist around the five ; : ;
% & water cut the landscaps. dopowite thet i tum s
lorgast voicances and in Vel iy, wiay s bl detint wih wstirs fiore
Marineris. A *'mascon,”’ or mass . gt the tervain, recoatly st landshides

roscaded dows vale the
pouny chanas! surtece
Smah chanoels uffest the
youngest How depusits.

We may bave an opportunity to probe natural laboraty ves
that are wndergoing the type of evolution that almost certainly
miust have occurred on Farth nearly 4 billion years ago. "’

= Richard 5. Young
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it wars the gravity dets -
torived from changes in the or
Bty of the Vikings-and the vs
trioma glevations of the volcanoes
that indicated & vigid crust about
A1 oy thick . Mars' mantle ap-
pears cooler and thicker than
Earth's. A b, aolid vegion just
bensath the crust is about 1256
mides thick. Mars probably bas 8
deep, wesk région thatis subyect
te internal stress, o sfowly con.
vecting, everdy mixed mantly of
basalt. and & miolter core of on
aruf iron-sultur. The core's radius
s most lkely betwesn BOO rviles
anid 1,300 mites. Uncertainty
about 15 thickness is tue o our
fatk of knowiledye of the planet’'s
internal temperatures. it the core
s Bt i is smpller; i ool it s
farger,

ORIGINAL PAGE 18
OF POOR QUALITY

Bokow) The wastern fank  Wpposits pipn! Wity own
of Albw Pytsin is & volownic B voud s this mvsaie of
plsteae focsted i the a4 gacient upland ogies.
northorn lowlpnds of Mars. Yoy oM trotoy 90t the
Wurwrguy Twuits ook thy  wurtees. o vrsters suy
srwat ond oifset smll chan  the recks around them sie
nehs, showing thet the oot by yownger feull vol
whnly sy ohder then the ey, which contuin 4
Toulis. Soma of the impest  yuusger impeet sreters, The
srptery #ew oifor and some  Danke of ancient Bireem
W% yiimger than thi vhsnnsly My bown Wighly
foukts. moditind by craters and by
Pravitg p. 0 the vosks
downhitl
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Hetti This photomoswic
shuwy the front tide of the
moon Phobos, which
#hweys feoes Mars. The
goping crater 8t the Jower
dett i Stickney, the lergest
eraise oo Phobus, sod i §
miles o discapter. The
linowr grovves soming from
#nd paysing theough
Sticknry anpene 16 be sur
Tyee Fructomms ooy by
the dmpact that Tarmed ihe
sravar, The doep thedow »f
the tight in the zouthers
humisphory i tasr by
Kepler Ridpo. Phobos %
shout 4 milss in diswwtsr
s girohes Maex wvory 4.3
doys #1 i iitude of mors
then 5800 mites.
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Toh s ditwaty viges

B grnaves iy e
#iodt by vl WA,
praiint thy feukt Srwowy.
Hueky Bavki il B
th Bt tovewin thie ony
Wiy arw wine e et b
it sengien. Kimilee
Towtycws wrw Bounid s Vw
Koduis Dswrt. Yhs volors
WErE Y persEly vt
by e Vv ey a9
ot typws sharg howdi
i by waier Bowing

w the surlven, well vepnd
Wy Yorspd by # wt
wgpmniting wailn sy
G,

il Lowvwrs o varymg
g Bt the surieor of e
W ign v

pronven van b Seen sutting
BERORE Ty sty Hne
. . . S F =
Bawann i 7.5 miles in
dnrmitor wod vivvhes Wy
vy 1.8 days 9t e
witivasy of 15000 wiwy
T bwwtoath it shing
How pan s Tk, dnck g
e shaey oy wt O i
Wl o
st
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Wbgwt Piig sivenge fow
Sy, hnpwn 55 the Wive
Bk, dws inside & drgs
srgtor ihat b S8 wiler in
dapatir. Ne B Bk
Ronturs bey bown soen o
Boen, amd thy Toaty s
LOBERENE I8 waknm
Althph the Wi Bock i
By vellpctive: ¥ vpma)
B mpin of fon e v
Bocauwy oF bos sgpnrangt
e tion

Wopoaite pigw) Lomputeor
suhgsiompnt produced the
sodars wews i thig bty
sproech gt o By
duwn oy Bt the top B
twr piant vakwny Rpcrewiy
Blore, with wins won 2honi
Sy wn ity Waaiery
k. Dohe: disting? fen
s invivde Yaley
Barimprin sl Brgyrw
Plgnitin.
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ON THE SURFACE OF MARS

i Lapder | ronihad daen s g miboiis il
Lhbenud. e bving wilcanin Gl colipd
Lheyse Planim, the draimage region of & latge
vtliow channel. The lendine site 15 at 22 27
: 4 north latitude wod 47 57 degrees longitude in 4 baren desert
where %}s;é:& W St Beloernn b Sarid clunes ~ ~

%’ww Landse 2 sits w b Vikit simninty bl i e ted
. b s sagnifannt chunges i the
atrd ¢ a8 1A degions bl Lo B die fassed,
A sl o Qud wven Bedn Conianad e
LoD davave 0 onie Gateiy of 10w twen st s W
Gl B Lt tork Blenwie it wionl wnd it stors. Bt
st mﬁwfmwfy, Febannliing e camras rosorded only e
Landed 1 b IORE TDE Chahges Bhont vt
Lons 1 the Briubhineay andt colme
ol a tow places on the surfece
Whene the aonds oy oower ol
Llow dvay wntrenely B Livers
Gl dust: andd teen sinnll sl i
e suid b Lariir ] v
@1e ol adily saplinabiin. T
Kol and imos! sioeificant
whang was g thin e ard
winster of what sopeared 1o he
Wl brost an the ground tead
Lander 2 Ban i winier oo Mares
e slingapdiore ds So ondd sndd dry
thal ot catiint hold enough waler
vapor to produce visible frost.
the o 188l corcheded B
Wltar wapn had adbered 1 vust
gradis i e southo hemlspbices
TR UL s st g thiere
fare, warmer snd more moist
L hed Bowr cortiodd horth s
e eguaror by the wang Fiaity,
i the soeth, i hevime cold

v o0 Thi i the fwr . Bipbn Phis is the Bient
Bhatepet gver toiin op ol phetogianh tehm %f
s swduve of Mars Just Ve Lastur B aoil shows
isites sfter fonding on 3 veky a0 ek orienn
il T BBIE Ve verw math Dhe vhat phoms
Adater 1% commen phote.  graniedl by Lenoes * mor
peapind s own foviad Wan 4000 moies sy Tie
Hogtiog o8 cocky Murtioy. Gemark s liomg sanron
il melely st I
 hatugensh wis Libon
thy et stiwrnnon o the
 Bun s babind e sees.
 Bocwuse the simepivat
Hited sbout # degrowy
B the weut the
Surieon apmours tived by
Bl Moe bavizen s seniily
eel
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COLOR PHOTE:

sripugh for carbon dioxute 10 con-
dense onig the water-ard dust
particles, and they feil to the
grovnd around Lander 2. The
Beapnints st npticed a4 changy
it the color of the surface, anvd
then walched the frost sccumi
fate for 80 Mars davs. New frost
appeared at the wentical season
paih yeir.

The waeather o Mars 15 cold
The temperature deops to about
« 8@ dogrees Fahrenheit jiist
before dawn, and rises i
afternoon to about - 13 degroes

Fahrentwit. Throughout the Mar
Hatr surmengr, wogihier is repetitive
to the pont of boredom. I winter

it becomes variable. Cyclones and
anticyctones flow and high
pressure systems] passod both
landtees fairly froguontly, 1o b
regpions calied Memnonis - Fousan,
loss than 2.4 miles above the
mpan surface, the orbiters
watched frost form every

Balowi Vig Bartien hori
i gtenioRin wioss reptly
200 degreny in this som
posis of threg color phots
grephe teken by Vg
Londer 2 The runty 1od col
o of the surtace is eaed
by thin coatings of bonite
ihydratad dvais pridel

dats; Bisted vaks provieed
by vaknmigm g matved By
mptenrity impeets survound
Yiking Lander . The
{sutpr camuras scsnned
apsrhy torrwin Yor the bust
spits for samplng Martias
-
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“Kocks can be facoted by the wind with bighly polished faces
1o that to lovk at them one would swear that they were arti-
Jacts of some civdization. " Thomas A. Muich

1%



o

&ww‘WWw«w




T ST
Oppasite page! The viowds  Wight! Thiy pair of phote

soen in storm deonis ywoh
# 1his ere made vp o'
watyr o water io8, muth
Hike these on Eprch. This
cyplonic serm mesRuree
sbous 155 milsy perons.
False cotors heve baen
vsed 1o wnhpnce $tem
Tentures.

graphs tokun by Viking
iander | shows the suly
snsguivical chenge in the
Martian surlave woen by
sithgr londur. The vppwr
photegraph shows &
sneath, dustcovered slops
just 1o the fowsr vight of
thy §fewi high beuldsr
tnicknased “Big Joa i in
the lowsr photograph, stdi
tiensl unilarlying derk mats
nig! has bewn saposed Ap
parantly the suefece layor,
whieh iz betwenn 178 and
173 of sn wmeh thick, & hes
rohssive then the underly
ing materisl #nd shpped
downsiope. cresting ¥
smpll sculs slump festuee.
Pharegraphs taken belore
Octobpr 4. 1878, dv not
show the slump. The hest
photograph in which it ap-
pesry Was teken Jenusry
24, 1877 What triggersd
the shippage of material is
#ot kaown ht i could
have bean temperetury
yormiians. wnd putts, »
whmic svent, oy, allewmg
For » time deley, parbam
#van the lander's toueh
sown ua July 20 1878
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night -« even in iaidsummer - and
disappear soon after 3unrse.

The Viking landers stuthed the
chemistry of the atmoesphere and
found that it is 95 percent carbon
diaxide. To the surprise of almast
averyong, they found nitrogers, &
about 2.7 percent. (No earhier
gpacecralt had detected nitrogen,
one of the most important consti-
tuents of fife, in Mars” atimuo-
sphere.] The third most plentiful
Qa5 15 argon, about 1.6 percent,
That lzaves less than one pereant
total tor all the other gases. They
are, in arder of abundance’ oxy-
gen, carbon monoxide, neon,
krypton, xenon, and vzone. There
18 some water vapor i the atmo-
sphere, but the amount i3 highly
varigble. In summer it reaches 2
to 3 percent of the total; in
winter, because most of the
water is frozen out ard falls to
the surface, the percentage is
negligibie.

ORIGINAL PAGE i
AF POOR QUALITY

The atmosphere st have
been denser sometime in the
past. Scientists have deterrined
that Mars has lost about 10
tnes as much mitrogeén as (s
present today, and about 20
times as much carbon dioxide.
The scientists also deduced that,
throughout its tustory, Mars pra-
duced enough water (0 cover the
entire surface about 33 fee’
deep. The questions remaming
abicut Martian water are
fundamental.

“Light winds from the East in the late afternvon, changing to
light winds from the Southeast after mudnight. Maximum
winds weve 13 miles per bour. Temperature ranged from
minus 122 degrees Fabrenheit just after dawn to minus 22
degrees Fabrenbeit. . . . Pressure steady at 7,70 midlibars.’
o Fignt weather report (rom Mues, as given by Seymour L Hes
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1pgosite page] Dork rocks
#¢ highlghted by patehes
of Winawinter watsr frogs
o this wiew from Lander §
Tha coler ditfersneen by
twasn the white Trowt and
the reddish soit wers whst
fnitially onfirnnd thet the

Roft) This photograph aira
Bhows fnte wintue frust v
the groumd sreund Viking
ianter 2. mWM
SawE Temparatine mes
surnd 8t he northern Bend
ing sity was - 184 4
Fehranbsh,

hbuvei Fhe dynsmic svnly
thr o water yopor i the
Barvin stmesphore e s
a thix sarins of Merowtor
prajertions, Guing from fett
o vighy, ome can track
changee over time, 2% the
frumns change eveey 134
of & Mrrtian yvor lobout
ani wonth o Eerihi Red
devols of watw; blus, the
hewart: bk, rugions
when g e wary
tainad by the Ware vapor
mappnr showrd sach wbiter,
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Viking s soil scool was unsbie
to chip or scratch the rocks at the
twir fanding sites, Lut the landers
subyeoted the fiow soil 1o witerise
analysig. Silicon and won are the
maost abundant elements; about
A8 purcent silicon diox e arsd
Blisut T8 percent non oxie
frustl. Magnesium, calcwm,
sultur, aluronym, chionine. and
tHitaniurs are slsn prosent. Bulfi
1% about 100 times a5 sbundant
i the Martian soil as on Earth but
potassiam i at least five timps
loss abundarnt. The iron seems 1o
be mixed throughout the sol,
which ig an aon-tich clay. Soraw
Earth poils sro sivilar 1o the Mar.
tians s0il. but none s exactly jike
. The soi at the twe landing

iNAL PACE N
G0R r:g;mm

situg probabiy comes from
decomposition of a volcanic
regtorial such as -basalt. The hgh
Sromy et loow DOTBSEIYY cirent
suggests that ditferentiation, the
separation of materal over geo
logic time by inteenal heating, has
ot vecurred ore Mars 4%
thoroughly as it has on Earth,

Beiow! Shaliow tronches
thig by Lander 1'% s0dt

Bamphiy wint e sl i
the forsground. Sod sy
fos ware toliversd o the
Lander'y organi chomisiry
ngtrmmnt for pialyviv. Mo
widies of By was Tourd
i the sempley colsctsd

Wppasne pagel This 7 the
St photogesph taben by
Vibing Loader 1. Ton photy
Jraph way takea 3 min
wing #¥iwr bow! wovn
Hunder tims! on Kovember
% 1RBZ when the Myrting
Borhe byminplory wis
sbout huitway through is
autuinn. The ghatograph
FhOWE 1oERE, ImEBth gl
mptorinl wmd 4 teoneh duy
By the lander's soi sainpler
sem. Fhe dork apprsrsace
of the grownd svd the @i
Tuse witges of shatiws
Tront of the recky sugpest
that # dust storm, detected
w phutugraphs takan # fow
ki wabir, wag
continwing.
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VIKING INSTRUMENTS

hia

Murs Atmasphoric
Water Dotoctor

The Viking orbiters carried three scientific
mstruments:

* A pair of cameras with 1,800 -millimeter focal-
length lenses performed systematic searches for
landing sites, then looked at snd mapped almost
100 percent of the Martian surface. Cameras on
the two orbiters took more than 51,000 photo-
graphs of Mars.

* A Mars Atmospheric Wate: Detector mapped
the Martian atmuosphere for water vapor and tracked
seasonal changes in the amount of vapor.

#* An Infrared Thermal Mapper measuted the
tarriparatures of the surface, polar caps, and clowds
and mapped seasonal changes,

#* Although the orbiter radios were not science
instruments, they were used as such, By measutig
the tistortion of radio signals from the orbiters to
Earth, as the signals passed through the Martian
atmuosphere, scientists measured its density.

The Viking landers carried 11 nstruments;

« The Bivlogy nstrument consisted of throe
separate experiments designed to detect evidence
of microbial life iv the Martiar. soi. There was al-
Wavs a chance that larger lite forms could be pres.
ent on Mars. but the biologists thought the life
forms mpst bkely to be widespread on Ma's (as
they are on Earthl would be microbes.

* A Gas Chromatograph/Mass Spectrometer
{GCMS) searched the Martian cod for comple < or
ganic molecules that might be precursors or the re-
mains of living organisms.

* An Xray Fluorescence Spectrometer analyeed
samples of the Martian soif to determine its ~lemen-
tal composition.

* A Muteorology Instrument mpasured air ten:
perature and wind speed and direction at the land-
ing sites, and returned the first extraterrestriol
weather raports in the history of meteorology.




COLOR PHOTOGRAPH

A pait 0F slow s0an cameras mounted ghout & Accolerometers, a Stagnation Pressuro Instru.
ane meter apart on the top of each fander provided mwnt, and a Recovery Temperatine instrument
black and white, colar, and stereo phatogranhs af Yuiped determime the steuctuee of Mars lower stimn
Mars. sphere gy the lanaurs settied toward the surface.

* A semsmometer had heen desigoed o histen for * A Surtace Sampler Boom used s collector
“Marsguakes, ' 1o help determine the planet's mter. fieatt to scoop up bits of soil 1o feed the bislogy,
nafl structure. The seismomieter an Lander 1 it Grganic chenustey, antd inorganic-chemistry ni-
nat function after laading and the mnstrument on Steuments. {t also offered clues to the soil's physical
Lander 2 found no clear signs of internal activity. properties. Magnets attached (o the sampler arm
provided information on son n the sodl

® An Upper Atmosphiver Mass Specieomptin
miade (s prrary measiarements as each lander * The lander radios also were used to conduct
fashed through the atmosphere. Viking s first im sewnee experaeoents, Physicists relined their calcula
portant scientific discovery - minogen in the Martian tions af Mars' orbit by measunng the round-trip
atmosphe ¢ - came from this instrument tune tor cadwo sianals between Mars and Earth. The
Igaseee s accuracy wllowed physicists ta con.

* A Aetarding Potential Analyzer measured firen garts of Einsten’s Theory of Genwrsl Relstivity.

Mars ' nosphisre - the region ditectly abiove the
attmasphecs that contams oiseged particlos - dunng
ﬁﬂ‘&y;
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