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Mariner 9 (M9) and Mariner 6 and 7 photography of common regions of Mars
are compared, with appropriate attention to the photometric properties of the
camera systems. The comparison provides a 2.5yr time baseline for study of
variable albedo features. We find the development of bright streaks and patches,
a phenomenon unobserved through the entire M9 mission; the evolution of dark
crater splotches into dark streaks; and a planetwide increase in splotchiness.
Yet, a large number of splotches and albedo boundaries remain fixed over the
same period. Many of the observations are interpreted in terms of a global
fallout and subsequent local redistribution of bright fine particulates raised by

global dust storms.

Mariner 9 discovered that many classi-
cal dark markings on Mars appear to be
made of dark streaks and splotches, and
there is some evidence that many of the
seasonal and secular changes in the dark
markings are in turn due to changes in
constituent streaks and splotches—
changes produced by windblown sand and
dust (Sagan et al., 1972; Sagan et al.,
1973). The classical literature on variable
Martian surface features (see e.g., Antoni-
adi, 1930; Slipher, 1962) indicates that
seasonal changes evolve over major frac-
tions of a Martian year; in addition there
are secular changes which frequently
require years to develop. The relatively
short duration of the Mariner 9 mission
(less than half a Martian year) limits the
applicability of Mariner 9 data to general
discussions of seasonal and secular changes
on Mars. However, some information on a
21yr time baseline can be obtained by
comparing photographs obtained by Mari-
ners 6 and 7 in late Earth summer, 1969
with images obtained by Mariner 9 in early
1972. From their arrival times at Mars,
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we will call these two sets of missions
Mariner 69 and Mariner '71 respectively.
The areocentric longitude of the Sun, L,
is a convenient designator of Martian
season, with L, =0° at the beginning of
northern spring.

The M 69 close-encounter pictures were
obtained between July 30 and August 4,
1969, or at L.~ 200°. Thus, M 69 near-
encounter photography provides a glimpse
of the southern hemisphere of Mars during
its early spring, a season not observed by
M71.

Most M 71 photography covers L  values
from about 321°-360° (Orbits 100 to 240);
that is, late summer in the south. M 71
photography before orbit 100 is heavily
obscured by atmospheric dust, and even
so the range of L, is extended to only
L,~290°. The few extended mission
photographs provide glimpses of Mars at
L, ~ 40-50°, 70°, and 100°. Therefore, in
the search for seasonal changes a M 69/M 71
comparison provides areocentric longi-
tudes and a time baseline not available
from M 71 alone.
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In view of the different quality of the
M 69 and M 71 pictures, due to different
camera characteristics as well as to the dif-
ferent conditions under which the two sets
of pictures were taken, an immediate com-
parison is difficult. Generally, if one looks
at prints of an overlapping pair of M 69 and
M 71 picture, the scales and projections
are quite different, and the processing of
the two pictures is not at all comparable.
We have therefore chosen to carry out this
study using the image differencing system
developed at the Stanford Artificial Intel-
ligence Laboratory to process Mariner *71
photography (Sagan et al., 1972, 1973;
Levinthal et al., 1973). The M 69 picture
data are read in and converted to a M 71
format; thereafter the images can be
treated as M 71 pictures for picture com-
parison and differencing. Appropriate
first-order photometric corrections are
applied to both M 69 and M 71 data.

This procedure is very successful in
dealing with Mariner 6 photography. It is
difficult to distinguish between Mariner 6
and Mariner 9 frames when similarly
processed (cf. Fig. 24 below). Unfortun-
ately this is not the case for Mariner 7
A-frames—which always remain bland and
noisy compared to Mariner 6 and 9
images of similar locales. We believe that
Mariner 6 and 9 A-frames can be compared
meaningfully, but the comparison with
Mariner 7 photography is dubious, due to
the unusual performance of the A-camera
on that spacecraft.

We stress that it is not possible to
compare absolute photometry among M6,
M7, and M9. Our study is based on com-
parisons of relative photometry within
single A-frames. For example, consider
two nearby albedo features X and Y,
whose apparent brightness (in arbitrary,
but comparable units) we denote by b(X)
and b(Y) in M6 photography and by
B(X) and B(Y) in M9 photography.
Lacking accurate absolute photometry we
cannot attach any importance to findings
such as: b(X) > B(X) or b(Y) < B(Y). We
must rely on relative photometry within
a single frame, and work with contrast
ratios. Thus b(X)/b(Y) < B(X)/B(Y) would
be considered a meaningful change.
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In the following study we have carried
out an extensive comparison of all suitable
Mariner 6 and 7 near-encounter pictures
with corresponding Mariner 9 frames.
Mariner 7 frames of the south polar cap are
not included.

In our analysis we have generally chosen
scales which use the full resolution of the
M6 and M7 imagery, and which conse-
quently degrade somewhat the resolution
available in M9 A-frames. Two types of
products were often generated:

1. “contrast stretched,’ in which the
scene contrast is linearly enhanced ;
and

2. “high-pass filtered and contrast
stretched,” in which a two-dimen-
sional high pass filter is applied to
the picture data to remove low
spatial frequency changesin bright-
ness before the contrast is linearly
enhanced.

These two processes are described by
Levinthal et al. (1973).

For each picture difference the figure
caption gives the scale factor X in km/pixel
corresponding to the pixel scales shown. On
these scales the smallest division repre-
sents 5 pixels.

The paper is divided into four major
parts. In Parts I and I we given a detailed
account of our study of, respectively,
Mariner 6 and 7 low-resolution, A-camera
frames. Part III contains the details of
the study of B-camera frames; Part IV
comprises a summary of the findings
and a discussion of their implications.

I: MARINER 6 A-FRAMES

Of the Mariner 6 near-encounter A-
frames, 6N1, 6N3, 6N5, and 6N7 are
severely foreshortened, making a meaning-
ful comparison with Mariner 9 data
impossible. 6N9 and 6N17 cannot be used
since they are taken through a blue filter,
and cannot be expected to show albedo
markings well. Of the remaining six A-
frames, four (6N11, 6N15, 6N19, and
6N23) are taken with a green filter; two
(6N13,6N21) are taken with the red filter.
Part of 6N23 overlaps 6N21; the remainder
is very close to the terminator, and is not
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suitable for our purposes. We have there-
fore excluded this frame from our study.
We have also excluded 6N15, since most
of this frame is strongly foreshortened.
The small portion which is not severely
foreshortened reveals cratered terrain of
the type covered by 6N19. Pertinent
data, based on Collins (1971), for the
remaining four frames are given in Table I.
The pass-bands of the M6 and M7 camera
filters are given by Danielson and Mont-
gomery (1971). The M9 A-frames studied
here were taken with the equivalent of an
orange filter. Throughout this paper Mar-
iner 9 pictures are identified by the orbit
number on which they were taken followed
by the DAS time—a unique picture
identifier used during the Mariner 9
mission.

A. 6N11

This frame of the Aram/Meridiani Sinus
region taken with a green filter (G) has a
large amount of overlap with 6N13, taken
with a red filter (R). The overlap region can
be used to study the relative visibility of
dark splotches on R and G frames.

As Fig. 1 shows, although the contrast
of dark splotches is greater on the R-frame,
they are nevertheless quite visible on the
G-frame. Therefore, in the following dis-
cussion, it is fair to expect that splotches
and other albedo markings should be
visible on G-frames.

B.6N13

This red filter (R) frame of the Meridiani
Sinus region shows the highest contrast
differences of any M6 frame. The twelve
windows studied (A-L) are shown in
Fig. 2. These comparisons are shown in
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Figs. 3-14. The Mariner 9 season covered
varies from L =332° (Rev. 137) to
L, =343° (Rev. 180).

The major trends revealed by these
comparisons can be summarized as follows:

1. Large scale changes in major albedo
boundaries have occurred. (cf. C, F, K,
L.)

2. In 6N13 much of the intercrater area
in Meridiani Sinus was uniformly dark.
In 1972 many relatively bright patches
were present (C, D, E, G, H, I, J, K).

3. While in a given area some dark
splotches within craters have changed,
others have remained remarkably constant
(D, E, K, L).

4. However, there was a trend in 1969
for the craters on the western edge of
Meridiani Sinus to have uniformly dark
crater floors. In 1972, many of these show
splotches; that is, there is both bright and
dark material on the crater floors (D, E).

5. On a small scale, some dark albedo
boundaries intensified during the two-year
interval, and a few new ones appeared
(A, C).

6. Some bright, stubby crater streaks or
tails present in 1969 remained unchanged
in direction (trending south-west), and
probably in appearance. Others, trending
similarly, appear longer in 1972 (C, D).

7. Some new bright crater streaks, not
present in 1969, appeared trending south-
west (A, C, D, E).

8. A set of diffuse dark streaks, vaguely
present in 1969, intensified. They show a
south-westerly trend similar to that of the
bright streaks mentioned above (B).

9. One dark crater splotch, visible in
1969, extended into a darkish streak
(trending south-west) (A).

TABLE I

MARINER 6 A-FRAME DATA SELECTED FOR DETAILED STUDY (COLLINS, 1971)

Range Phase Lighting Viewing
Filter (km) angle angle angle Lat/long
6N11 G 4541 51° 51° 37° 3°S, 4°W
6N13 R 4331 52° 61° 40° 4°S, 354°W
6N19 G 3617 80° 59° 25° 17°8, 357°W
6N11 R 3501 80° 70° 17° 16°8S, 345°W
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Fic. 2. Frame 6N13, showing the various windows studied.

10. A new set of small crater-associated
bright streaks appeared, trending south-
east. These were definitely not present in
1969 (H, I, J, K).

C.6N19

This G frame covers the bright region
Deucalionis Regio and its boundary with
Sinus Meridiani. A few darkish splotches
are visible in the original frame. Five
windows contained in this frame were
compared with Mariner 9 data (Fig. 15).
Three of these comparisons are shown in
Figs. 16-18. The seasonal range covered

by the M9 pictures correspond to L, ~ 332°
to 343°.

The principal findings based on 6N19
can be summarized as follows:

1. Many dark crater splotches, not
present in 1969, are seen in the M9 pictures
(A, B, D).

2. Several dark streaky splotches out-
side of craters have appeared (B).

3. At least one small bright crater-
associated streak (trending north-east)
has appeared (cf. arrow in Fig. 17).

D.6N21
This R-frame covers Sabeus Sinus and




VEVERKA ET AL.

322

PRYP30I3s 38BI3UO))

§IEE99/1¥1 U Ynm v mopuipyy

(e)g

.

L




323

M 69 AND M 71 COMPARISON

(

(g9t
= 3]) 118} 911YM POJBIOOSSB-I01BIDSUO J5BI[ 18 Jo sourIvadde o)y pue ¢ yojords 109810 YI8P B JO N0 YBAIIS HIBP B JO Y1MOIT 813 { AI8pPUNO]G OPaq[B HIBD
8 Jo quouid 0[oASp 93 930N "9[qISIA 9I8 SoFUBYD SNOJOWN N ‘POY0IaI9s }sBIFU0d pue parafy ssed YSIH "¢1€€99/TFT H UM V MOPUIp|

qQ)g "o14




VEVERKA ET AL.

324

("09°'1 = 37) *(g *81q "30) yogords 199810 B 09 PajB[aI A[SNOIAQO SI SYBAIJS 9809 JO SU() ‘AIBPUNO( OPA][8 UB OJUI PUS[Q YOIYM ‘SHBAILS
I8P [BI0A08 Jo quswrdo[ossp oy smoys uosuredwoo SIYJ, “POY27919s 48BIJU0D puB poraq[y ssvd Y3

€IECFIO/THT H WM g MOPULM “§ *OIF




1

M G99 AND M 71 COMPARISON

"PONPIONIS JSRIIUOY) "ETEETIY/ T UMM ) Mopuip “(v)g "D1




VEVERKA ET AL.

326

(*09°T = ) "y30q ul Juesaid 01w S[18} POJBIOOSSB-I0JBID SJIYAN ‘MOIA G
ayg ur peaxojurax st 4301 aoddn oy 03 AjeuoTerp Juruunt Arepunoq op3qye ayJ, ‘padusio svy [ojoids HIBp SUO 9589[ 38 JO SUI[INO YT, ‘(IYS11 ToMmO])
USIWO[Q BIOWIBO ‘Y{JIBP ‘O3I8] B SUIBIUOD MOPUIM QI OYL "POY@Ia1ss 3sBIuoo pue pa1syry ssed YSIH "gIEEPIO/THTH Ym O mopuip (q)g "o1g




327

M 69 AND M 71 COMPARISON

“poYRYea)s ISBITUO)) "G TEEFOY/ TR UMM ([ MOPUIM *(®B)9 DL




EVERKA ET AL.

v

328

('09°T = 37) "3YS11 19MO[ 98 SIB} 199810 JYSLIq Y} JO JUSUILOUBYUS S} Piret
Aaspunoq opaqgpe oy} ut adusyd jusutwiord oy} 9j0N "¢96[ 9OUIS PaLINIDO0 sBY FUTUSIYSLIQ JOPBIIISIUT YONW ‘UOIIPPB UT *[LET Ul soyjords 1oog
0ABY ‘96T Ul {IBP A[WIOJIUN BI9M UDIYM SI9JBIO WO "POYDIaI)s 1sBIJU0D pur painy ssed YSI "¢1eeF99/TH1H UM (q mopurpy “(q)9 "OIf




M 69 AND M 71 COMPARISON

329

F1c. 7(a). Window E with R141/6642968. Contrast stretched.

Deucalionis Regio. The locations of the
various comparison windows are shown in
Fig. 19. Unlike 6N13 this Mariner 6
frame shows little albedo detail. The
eight comparisons are shown in Figs.
20-27, and the principal conclusions can
be summarized as follows:

1. Prominent and extensive albedo
boundaries have appeared in this area
(A, B, C).

2. No contrast changes have occurred in
some nearby areas (E).

3. Many dark crater splotches have
appeared (A, B, C).

Fi1c. 7(b). Window E with R141/6642968. High pass filtered and contrast stretched. This com-
parison confirms that there were many more relatively bright patches both in and out of craters in
1971 than in 1969. A number of craters which had unformly dark crater floors in 1969 now have
splotches. A set of stubby bright crater tails are present in both views (although perhaps more
developed in 1971) indicating the constancy of prevailing winds. (K = 1.62.)



VEVERKA ET AL.

330

-TpUl UB 9q ABW AIAYT,

‘solIEpuUNOq 0paq[e ut safuv

(08’1 = 3) *(199u99 Jo 9307) T8} OPYM © JO UOI}IOIIP Ul dFULYD ® JO UOIITD
o opvos o3uae] Jo djdurexo pood Y "payoje1s 1svIjuo)) ‘gGeTLSI/6€1H YA i MOPUIM ‘8 "DIy]




331

M 69 AND M 71 COMPARISON

("0Z°'% = 3{) "T[STWIA[q BIOWBD B SI MOPUIM Gy O[3 JO I9uI00 Y3t Joddn

oyg ut jods sqrep oyJ, 'PoLIndno sary sour[gno ynjopds ur soJueyH 199810 OYJ JO OWIOS UT *[LGT UI UBYYJ HIBP A[ULIOJIUN OIOW SBM BOIR I9)BIOIOJUI OUY)
6961 UT "O[qISIA I8 SOLIBPUNOQ OPOqQ[e Ul soZuByo 9318 "poyoslalss seIquod pue poroj[y ssed YSIH "gLI66F9/LETH UM ) MOpUIA\ 6 "OIT




VEVERKA ET AL.

332

‘payageass 15810y *§9LGF08/08 1 UYIM H MOPUIM

(e)or1

DI g




333

M 69 AND M 71 COMPARISON

("oL°T = ) "(109ua0) JySu o3 03 Surpuseay [re} 19981 Aqqnis JySriq 8 Jo juewrdo[eAap aY3 930N "[LET Ul UOISI I199BID-IOJUT UT BIB JYTLIq
o31e] B Jo eourreadde o) Jo sapdurexs 9saq oY) Jo SU( POYDIILIIS IsBIFU0D pur parely ssed YSITH "€9LGF08/08TH UMM H MOPUIA “(q)QT "OiI




VERKA ET AL.

VI

334

poyogo.

138 JSRIFUO))

mﬁﬁom\%i

qu

M1

mopurpy

(®)11 011




335

N

M 69 AND M 71 COMPARISO

I104S1y 3Bymewos 18 Inq ‘H

07 IB[IUIIS MOPUIM Y "POYd}dINs 9SBIJU0D pus porogy ssed yIr -

£9L8%08/0819

(

0g'1T=

M I mopuIp

37) "uonnjosax
(@11 v1g



VEVERKA ET AL.

336

poyo3exs 3

S8I3UO)) “§YLIGFO8/08TH UM  MOPUTM *(B)ZT "I




337

AND M 71 COMPARISON

M 69

‘ysrwerq Surssecoad © s1 mopuim gy oys jo dog oy
aeou 199810 o[d1gnur oy urjods {aBp oY, (*0G" T = ) "6961 Ul rueserd jou s[I8} 193810 931YM JO swe}shs o m3 Jo juewdoresep oys smoys amgord I
oY, "1ueplAe urede st Suruelydriq J01BI0-I91Ul [BIOUSS OY], ‘POY}0IIs 1seIIU0d puB peroNy ssed YSTH €9L9F08/08TH UM  mopulpy *(q)ZT “OL]

12



VEVERKA ET AL.

338

(*0%°T = T) "ygo1 Jomof 98 pedofeAep sBY AIBpUNO] OpPeq[8 Uy *JuUspIAd
oaw 9301 10ddn 98 (189 109812 69IYM B JO Y3mo0i3 oYy pue seyogo[ds J09810 Ul SEFUBYY) ‘POYDIRIYS ISBIJUO)) ‘£68F99/ [HTT UMM S MOPUIp €] "OIf




339

M 69 AND M 71 COMPARISON

‘payo3eays 18BIJUO)) "€685HII/THT H UM T mopuipy “(B)pT 0L

12*



VEVERKA ET AL.

340

("0%'T = 37) *1YSu1 JoMmO[ 18 199810 oY) ul sayojords oy ut o3uryo oYy st Suryserequr Aqperoadsy ‘s1e9eIo urym sedusyo yojords sB [[om sB ‘oFusyo
£Lrepunoq opaqre Ie[noejoads B syBosdl uostredwod SIYT, ‘PoysIedss 9sBIIUOD pus parey ssed YSIH "£68¢F99/TH1H Y T mopuip “(q)pT "OIg




341

M 69 AND M 71 COMPARISON

‘PoIpNYS SMOPUIM SNOLIBA 9UJ SUIMOYS ‘G NO OWRI ]

G DI




VEVERKA ET AL.

342

("0p"1 = 3{) 'ureirs} Surpunorms oy} U0 pue ‘I9jeId 93Ie[ 8y} JO I00f 9y} uo yjoq parsadde aaBy SOOULISHIP OPaq[B SAISUSGXF
*MOIA GIAL O3 UT S$7STXO 1SBIJUOD S[BISPISUOD ‘PUB[Q ST MOPUIM QY OY) SBOIOYAA "POYIIOIIS ISBIUO)) "€Z8TFI9/TF T YNM V MOPUIp "9 'OIF




343

M 69 aAND M 71 COMPARISON

(*08°T = J{) "YSIWuS[q BISWIBO B ST MOPUIM GIAl OY3 JO JOUI0D 1J9] 1omo] oy} urjods yaep ayJ, (758
-yjrou) reurod yJu zoddn oyg Jo uorjoaIIp 9Yj Ul JUTPULI} ‘S9PBUBWS {BAIS JYTLIQ S[qISTA ATIUIB] B ‘MOIA I OYJ UI ‘YOI WIOLJ J9YBID [[BUIS B 0}
squtod MoxIB YT, "TLET Ul 8I0Y3 10U SBM YOTUM ‘696 [ UII9)BIOSIY} 9AOQB UOITI 91} UTBIIB HIBP OAISUI)XO UB SBM OI0YT, 0[qBIS A[qB}IBUISI PaUTeUT
-a1 sBY 9Jo[ 1oddn 18 199810 Y} UTY}IM [230[dS HIBP OYJ, "MOPUIM § JOULIBIAL O3 JO IYILI JOMO[ UI s0y0j0[ds AIBOIIS HIBP [BIOASS §B [[OM SB ‘SI01BID
oy} Jo Ausw ur sayojords 103810 HIep Jo sourreadde oyj s[eesar uostredurod sIYJ, “PaY930I3s 98BIJUO)) "€ZISGHO8/08TH UMM g MOPUIA LT “OIT




VEVERKA ET AL.

344

oYL,

6961 Ul JUSPIA® j0U

(*0G'T = ) 'YsIuo[q BIOUIED B ST OWIBIJ T OY3 JO ISWIOD 939] Jomo] oyg ur jods punoa jrep
‘soyjoqo[ds 109810 HIBp AUBUI SMOYS OUWIBI} GI OUJ, 'POYQI0IIS 188IJUOY) "CHFHLITS/ZSTH UMM (I MOpPUIM 8] "OI]




M 69 AND M 71 COMPARISON

Fic. 19. Frame 6N21, showing the various windows studied.

4. In a few cases dark splotches against
crater walls, not present in 1969, have
appeared (H). ;

5. Two sets of small, bright crater tails,
not present in 1969, are seen in the M9
pictures (C). One group trends south-east,
the other east. Additional members of the
latter group are seen in F.

6. In the same region dark streaky
splotches trending south-east are present
in the M9 frames, but not in 6N21 (C).

I1: MARINER 7 A-FRAMES

Of the nonpolar M7 close-encounter At
frames, those up to and including 7N9
are strongly foreshortened, making theng
difficult to compare with Mariner
data.

Frames 7N11 (G) and 7N13 (R) cover
the polar cap edge and provide the only
means of studying the high southern
latitudes not covered by frost. Unfortu-
nately, both frames have strong residual
images and are therefore not suitable for
detailed analysis. Of the remaining non-
polar A frames, TN23(G) and 7N27(G) are
discussed below; 7N25 is a blue frame,
and as such is excluded; 7N29 (R) shows
an essentially featureless region within
Hellas; 7N31 is too close to the terminator
to be useful. Information about some of
these frames is gathered in Table II (cf.
Collins, 1971).

A.7N11

This frame has severe residual image
problems, and is therefore not worth
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TABLE II

MARINER 7 A-FRAME DATA SELECTED FOR STUDY (COLLINS, 1971)

Range Phase Lighting Viewing
Filter (km) angle angle angle Lat/long
7N11 G 6381 35° 52° 45° 57°8, 27°W
7N13 R 5886 35° 56° 43° 65°8, 17°W
TN23 G 4431 80° 33° 47° 34°S, 339°W
TN27 G 3656 80° 59° 24° 46°S, 308°W
TN29 R 3633 80° 71° 26° 41°8, 291°W

processing in detail. Some useful informa- craters (30°W, 50°S; 27°W, 48°S; 22°W,
tion can however be obtained. The non- 45°S; and 17°W, 43°S). (Fig. 28). Mariner 9
frost covered area extends eastward of the frame Rev. 118/05812628 covers the region
Argyre basin, and shows several large of these craters, but only a crude compari-

F1c. 28. The area of TN11, compared with its appearance in M9 photographs (Rev. 118/05812628).
A few of the corresponding features have been identified by letters.
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son is possible, due to the low quality of
the M7 frame. The M9 frame seems to show
a number of dark splotches which were
probably not there in 1969.

B.7N13

Part of this R frame shows the frost-free
area near the cap’s edge, in Noachis. The
large crater in the upper left corner of the
windows in Fig. 29 is located near 52°S,
10°W. Again this frame has severe residual
image problems and cannot be processed
in detail. The area of interest is covered by
Mariner 9 frames Rev. 106/5382758 and
Rev. 106/5382688. There are clear indica-
tions of dark splotches in these craters on
the Mariner 9 photographs. Some indica-

VEVERKA ET AL.

tion of splotches in these craters is also
present in 7N13, but the splotches are
definitely more extensive and more streaky
in the M9 frame.

The conclusion that can be drawn from
7N11 and 7N13—the only M 69 frames of
frost free terrain at high southern latitudes
—is that splotchiness was much more
extensive in 1971 than at the Mariner 7
season in 1969.

C.7N23

This Mariner 7 frame (G) has a very
bland appearance. It shows the region of
Mars around (340°W, 35°S), in Noachis.
The entire right-hand side is washed out
and suffers from residual image problems.

F16. 30. Frame 7N 23, showing the two windows studied. The dark band running down the left side
of the frame results from residual images of previous exposures.
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The area is covered by M9 frames Rev.
110/5527028; 5527098 ; 5527168 and Rev.
108/5455208; 5455138; 5455068. A quick
examination of these frames shows that in
1972 the area, far from being bland, was
very splotchy.

Two windows (Fig. 30) in 7TN23 were
chosen for detailed study (Figs. 31, 32).
Due to its rather poor quality this frame
was not differenced extensively. Although
a few craters had dark crater splotches at
the Mariner 7 season (early spring) the
degree of splotchiness both in and out of
craters was considerably greater at the
Mariner 9 season (late summer).

D.7N27

This G-frame, centered near (310°W,
45°S), shows the boundary of Hellespontus
and Hellas. The clearing of Hellas shown
by this frame has already been discussed
by Leovy et al. (1972).

This area is covered by Rev.
114/5671018; 5671088 and by Rev.
116/05743118. The M9 frames show much
dark albedo material near the Hellas
boundary and within some of the large
craters. This material may have been
there in 1969, although this is difficult
to prove due to the poor photometric
quality of 7N27. Whatever evidence for
albedo changes there is in this frame
supports the conclusion of increased
splotchiness in 1971.

E.7N29

This is an essentially featureless frame
of Hellas. Although close to the terminator,
it is probably featureless because Hellas
was obscured at the time by dust
(Ls = 200°), as it was during much of the
Mariner 9 mission. Hellas finally began to
clear near Rev. 237 (L, = 359°) and was
clear on Revs. 430/431 (L ,=44°) (cf.
Leovy et al., 1972).

The main conclusions based on the study
of the Mariner 7 near-encounter frames can
be summarized as follows:

1. Judging from the region around
Noachis (50°S, 10°W), although some dark
splotches were present at the Mariner 7
season (early spring), the splotchiness was
significantly more pronounced at the time
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of Mariner 9. Many of the dark splotches
seen in this area on Mariner 9 photographs
are definitely streaky. Such splotches are
not evident on M7 photographs (7N11/13).

2. A significant increase in albedo con-
trast in Noachis and Hellespontus is
revealed. The region was rather bland in
1969; there are numerous dark crater
splotches, streaky splotches, and dark
albedo markingsalong topographicbarriers
in the 1971 photographs (7N23/27).

3. A clearing in the Hellas basin occurred
late in the Mariner 9 mission (L 2 0°).
The floor of Hellas was obscured during
southern spring (M7) and southern sum-
mer (M9).

4. Although 7N25 is a blue frame, some
dark crater splotches are visible. This can
be confirmed by comparing the overlap
region of 7N23 and 7N25. A comparison of
7N25 with M9 photography indicates that
many of the large crater splotches in
Hellespontus have remained essentially
unchanged in outline during the 2-yr
interval betwen M7 and M9.

ITI. MARINER 6 and 7 B-FRAMES

Very few M 69 B-frames have M 71
B-frame overlaps. The search for such
overlaps was facilitated by using the
Stanford program NEWTRAN, which can
be used to show the footprints of all B-
frames in the vicinity of a particular

frame. Figure 33 shows an example of a
NEWTRAN output: the footprints of

Center Lat. *-15.0 W.Long.=25.0

1 174 BI3 7930058
2174 Bil 7829988
3022822 ZBO8SO
4 22820 2330780
5 6N08 |

U

|
|
|
)
1
|
]
1
1
]
1
I
|
1
|
1
1
]
i
]
j
]
1
[
1
]

i
b ]

S, J—

Fic. 33. NEWTRAN output showing M9
B-frame overlaps and near-overlaps with M6
B-frame 6N8.
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M9 B-frames in the vicinity of 6N8. It is
seen that only one Mariner 9 B-frame
(R174: 7830024) marginally overlaps the
area of 6N8. The footprint locations are
based on two separate programs PEGASIS
(M6 and 7) and POGASIS (M9). There is
often a mismatch between the coordinate
systems of the two programs, and such
plots as that shown in Fig. 33 can only be
used for guidance. In many cases the M 69
frames are of very poor quality, making a
meaningful comparison with M9 data
impossible.

Since the resolution of some Mariner 9
A-frames is only about four times less than
that of typical M6 and M7 B-frames,
useful information can be obtained by
intercomparing some M6 and M7 B-
frames with M 71 A-frames (see below).

The useful Mariner 6 frames include
6N6 to 6N22 (Table III). In the case of
Mariner 7 the list consists of 7N6, 8, 22,
24, 26, 28 and 30) (Table I1I). Note that
the polar M7 B-frames are not included in
this study.

A.6N6

This frame is best discussed in conjuction
with 6N14 which it overlaps.

VEVERKA ET AL.

B.6N8

This is a view of the partially collapsed
terrain of Margaritifer Sinus. The small
amount of overlap between this frame and
Mariner 9 B-frame Rev. 174/7930068 is
too marginal to be useful. The area is
covered by Mariner 9 A-frame Rev.
174/7830024. The only possible change is
the darkening (in the M9 frame) of a
portion of the floor of the large crater seen
in 6NS8.

C.6N10

This is a view of the cratered terrain in
the bright region Aram which separates
Margaritifer Sinus and Sabeus Sinus.
Again, no Mariner 9 B-frame overlaps are
available, but Mariner 9 A-frame Rev.
176/7902404 covers this area. The com-
parison is interesting in that a dark splotch
in the largest crater in 6N10 is observed
essentially unchanged in outline in the M9
frame.

D.6N12

There are no Mariner 9 B-frame overlaps
of this view of Sinus Sabeus, but Mariner
9 A-frame Rev. 139/06571358 covers this
region. Since there is little on 6N12 which

TABLE II1

MARINER 6 AND 7 B-FRAME DaTA (CoLLINs, 1971)

Range Lighting Viewing

(km) Phase angle angle angle Lat/long
6N6 5355 52° 17° 37° 10°S, 37°W
6N8 4778 52° 29° 25° 14°8, 26°W
6N10 4727 52° 46° 39° 1°8, 10°W
6N12 4428 52° 55° 38° 3°S, 0°W
6N14 4903 80° 19° 62° 13°S, 37°W
6N16 4105 80° 38° 42° 17°S, 18°W
6N18 3746 80° 52° 31° 16°S, 4°W
6N20 3546 80° 66° 21° 16°S, 351°W
6N22 3498 80° 76° 15° 15°S, 340°W
TN6 7552 44° 2° 46° 7°8, 359°W
N8 6774 44° 10° 36° 17°S, 353°W
TN22 4818 80° 24° 56° 28°S, 346°W
TN24 4154 80° 41° 40° 38°S, 331°W
TN26 3778 80° 54° 29° 44°S, 316°W
7N28 3679 80° 66° 28° 41°8, 298°W
7N30 3636 80° 77° 27° 39°8, 284°W
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is not evident as 6N13—an A-frame view
taken with a red filter—the intercompari-
son of the areas is best done at A-frame
resolution (Part I).

E. 6N14 (and 6N6)

These are overlapping B-frames of the
chaotic terrain in Pyrrhae Regio. There are
no Mariner 9 B-frame overlaps (after Rev.
100), although Mariner 9 A-frame Rev.
211/9161010 covers the area. No useful
information about albedo variations is
obtainable from the comparison.

F.6N16

A view of the cratered region of Margari-
tifer Sinus. There are no useful Mariner
9 B-frame overlaps; the region is covered
on Mariner 9 A-frame Rev. 176/7901914
(Fio. 34). A considerable increase in

i
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albedo contrast apparently occurred since
1969—including the appearance of dark
crater splotches.

G.6N18

A view of a large crater in Aram/Deuc-
alionis Regio. There are no overlapping
Mariner 9 B-frame (after Rev. 100). The
area is covered by Mariner 9 A-frame Rev.
180/8045624, which indicates some slight
splotch related albedo changes in the area
since 1969. This impression is confirmed
by an examination of 6N19.

H.6N20

This B-frame view of the cratered terrain
of Deucalionis Regio is covered by Mariner
9 A-frame Rev. 182/08117518. The region
is marginally overlapped by two Mariner
9 B-frames Rev. 416/17/11443434 and

Fic. 34. Top: M9 A-frame Rev. 176/7901914. Bottom: A portion of M6B-frame6N16. Correspond-

ing craters are indicated by arrows.
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11443364. These frames cannot be usefully
compared with 6N20. No changes are
evident, and there are no strong albedo
features in the area.

1.6N22

Another view of the cratered terrain of
Deucalionis Regio, overlapped substanti-
ally by Mariner 9 B-frame Rev.
223/9592425. There are no albedo features
in the overlap area and no changes are
evident (Fig. 35).

J.7N6
This is a poor quality M7 frame of the

Ev‘ ¥ 00

F1c. 36. Section of Mariner 9
shown in Fig. 37.

Yo > s v

bt

A-frame Rev. 110/5
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cratered terrain in Meridiani Sinus. Ade-
quate overlaps are provided by Mariner 9
A-frames (Rev. 180/8045768) and B-
frames (Rev. 180/8045868; Rev. 533/
13165358), but no useful conclusions can
be drawn due to the poor quality of
7N6.

K.7N8§

No useful Mariner 9 B-frame overlaps
exist. The area is covered by some A-
frames, such as Rev. 182/8117518. At
least one dark splotch is visible on the
floor of the largest crater in 7N8, but it
seems that most of the dark splotches

N

¢

527098 covering the region of M7 B-frame 7TN24
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seen in the M9 pictures of this area were
not present at the Mariner 7 season.

L.7N22

Thisisa very oblique view of the cratered
terrain in Pandorae Fretum. Two Mariner
9 B-frames which overlap this region are
heavily obscured by dust (Rev.

118/5813918, 5813848), but the area is -

seen well on Mariner 9 A-frame Rev.
184/8189244. The comparison shows that
at least one dark crater splotch in the
overlap region seen in 1972 may not have
been there in 1969. However, 7TN22 is a
poor quality frame.

M.7N24

This frame of the cratered terrain in
Noachis is covered both by Mariner 9
A-frames (Rev. 110/5527098) (Fig. 36)
and B-frames (Rev. 192/8476864; 6934,
6794, 7004) (Fig. 37). It provides the best
case for an intercomparison between M7
and M9 B-frames. Note the appearance of
the prominent streaky dark splotch which
is not evident in 7N24. The A-camera
view of this region has also been compared
with 7N23 (Fig. 32, top center). This
confirms that this splotch was definitely
not visible at the time of Mariner 7.

N.7N26

This ridge area of Hellespontus is
covered by Mariner 9 A-frames Rev.
114/5671088 and 5671168. There are no
B-frame overlaps. No albedo markings
are visible in the overlap region on either
7N26 or the Mariner 9 frames.

O.7N28

This is a featureless B-frame of the
floor of Hellas. A Mariner 9 B-frame which
does not overlap but which is nearby
(Rev. 118/5815178) is equally featureless.

P.7N30

Another featureless B-frame of Hellas,
taken very close to the terminator (i = 82°).
A nearby Mariner 9 B-frame (Rev.
120/5887208) is also quite featureless.
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Q. Conclustons

The main conclusion of Part IT can be
summarized as follows:

1. An increased splotchiness in the
Deucalionis Regio, Noachis and Helles-
pontus regions at the M 71 season is
indicated (7N8, 22, 24; 6N16, 18).

2. Some changes in splotch outlines and
locations are evident (7N8).

3. A few dark crater splotches have
remained unchanged in outline for at
least 2yr (6N10).

IV : DiscussioN

The main conclusions of each section
have already been summarized. The one
striking trend is that the M9 images
generally show considerably more contrast
than the M6 and 7 views, despite the
great sand and dust storm of the M9
mission, the initial effect of which should
have been to decrease contrast.

In Meridiani Sinus the intercrater area
is of a uniform tone (presumably dark) in
the M6 picture (6N13), but is very patchy
in the M9 photography. The same is true
of many crater floors in the area. At the
same time, large-scale changes in albedo
boundaries have occurred. A similar pat-
tern emerges from the study of 6N19 and
6N21 which cover the boundary of Deu-
calionis Regio and Meridiani Sinus. The
M9 pictures show much more contrast
with several splotches (both in and out of
craters) evident in the M9 pictures, but
absent in 6N19 and 6N21. There are,
however, some crater splotches which
can be identified in both sets of data, and
whose outline has remained unchanged.
They generally appear more contrasty in
1972 than at the M6 season.

In the 6N13, 19, and 21 regions, certain
bright and dark streaks can be found in
1972 which were not present in 1969.
This indicates that the time scale for the
development of such streaks is <2yr.
From M9 photography alone we know that
the time scale for the development of
many dark streaks is less than 20 days
(Sagan et al., 1972), but no bright streaks
were observed to form during the entire
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M9 mission. Of the 2000 or so bright
streaks observed by M9 on Mars >4/2000
have been carefully examined for such
changes. In 6N13 there are both dark and
bright streaks which can also be identified
in M9 images—proving that the lifetime
of such streaks can exceed 2yr.

Figure 3 shows a significant extension of
a dark crater splotch in 6N13 into a dark
crater-associated streak in 1972. The
predominant streak direction in 6N13 is
the same as that in the M9 pictures of this
region, indicating the same wind patterns
at the two epochs.

The Mariner 7 pictures studied here
cover the region of Noachis and Helles-
pontus. Again, the contrast seen in the M9
pictures is pronounced, whereas the M7
pictures are very bland. Numerous splotch-
es in craters and associated with topo-
graphic features are seen in 1972. This is
similar to the trend shown in the regions
of 6N13, 6N19 and 6N21 (above). This
trend towards increased contrast and
splotchiness in 1972 is confirmed by the
limited study of B-frames possible with
so few overlaps (Part III). These frames
indicate that there are a few splotches
which have not changed in location
between M6 and M9, although their
contrast is much higher in 1972. Generally,
however, there are many more splotches
in 1972. It cannot be that the M6 B-
camera is to blame, although it did
exhibit low intrinsic contrast—as the
high contrasts seen in the far encounter
frames demonstrate.

We have previously noted (Sagan et al.,
1973) that large dark particles (of the
order of 200pum radius) are more easily
moved directly by Martian winds than
small bright particles (several tens of
pm radius). The finding of the present
paper, that brightening events occurred
between 1969 and 1972, may be interpreted
as a particle size related effect. The two
sets of data are separated by the great
sand and dust storm of 1971 which by all
accounts represents one of the most
severe such storms on record. The picture
which emerges is of a Mars where the winds
are often adequate to move dark material
but where unusual meteorological events

VEVERKA ET AL.

are required to move significant quantities
of bright material over large distances.
We stress again (cf. Sagan et al., 1973)
that dark saltating particles eject bright
smaller particles into the atmosphere by
momentum exchange at the surface, and
that this is probably the primary cause
of motion of small particles except during
a major storm. This interpretation is
consistent with the observed greater pro-
minence of crater streaks-—especially
bright crater streaks—in Mariner 9 than
in Mariner 6 data. These more pronounced
crater streaks and sharper albedo bound-
aries may be a consequence of unusually
high winds in the 1971 global storm.
Future orbital missions to Mars may help
determine the lifetime of bright streaks
(which may well be positionally-variable
on Mars), thus allowing an estimate of the
frequency of anomalously high winds
necessary for the production of bright
streaks.

The study of visibility in Hellas between
the M 69 and M 71 missions clearly shows
that variations in the visibility of surface
features is positionally dependent. The
absence of detail in Hellas as observed by
Mariner 69 was first interpreted (Sharp
et al., 1971) in terms of special erosional
agents unique to Hellas. However Sagan,
Veverka, and Gierasch (1971) proposed
that the very high-speed slope winds
generally expected to be running around
the interior walls of Hellas can produce a
semi-permanent dust haze above this
region, obscuring surface detail. This
latter view seems to be confirmed by the
partial emergence of detail in Hellas later
in the Mariner 9 mission as discussed above.
Re-examination of the Mariner 1969 ob-
servations of Hellas (Leovy et al., 1972)
shows that some detail on the floor of
Hellas may have been visible even in
1969.

The above and other regularities found
from the comparison of M 69 and M 71
photography can be understood on the
following model, which we offer as adequate
to explain many of the observables but
not as necessarily unique: Near peri-
helion each Martian year, a global sand
and dust storm develops. Its severity
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varies from opposition to opposition. The
storm lifts fine bright sand and dust high
into the atmosphere. Larger darker par-
ticles fall out rapidly and are therefore
transported only relatively short dis-
tances laterally. Smaller brighter particles
require much longer times to fall out
according to the Stokes-Cunningham equa-
tion and are therefore capable of covering
dark material at great distances from their
sources. One consequence of global dust
storms will therefore be a brightening
of terrains. Locales which for reason of
topography or local roughness are not
well covered by the dust fallout, or which
are rapidly swept clean of fine dust by
winds, will emerge as areas of high relative
contrast. According to thisscheme, Mariner
9 photography shows considerably more
contrast than Mariner 6 and 7 photography
because many areas are still covered with
relatively bright dust. Eventually winds
will sweep the fine dust, lifted by momen-
tum exchange with larger particles, into
microtraps, so that half a Martian year
later (at the Mariner 6 and 7 season) the
contrast in such areas as Meridiani Sinus
will be low because little bright dust
covering remains. The term “microtrap”
is meant to include all crevices between
rocks, pebbles and large particles into
which smaller particles can be swept
and become shielded from ambient winds.
We stress that the bright dust described
in the preceding few sentences is bright
only relative to the surrounding dark
terrain; it may well be ‘“dark’ relative
to the multiple scattering albedo of a
yellow cloud or to the top of the Martian
dust storm at its maximum activity.

Global brightening requires in this
scheme anomalously high winds; a pro-
gressive decline in contrast requires more
generally available winds.

Areas which appear dark relative to
surrounding terrain in Mariner 9 photo-
graphy may be either those which were
inefficiently covered by fine bright dust or
those which are preferentially scoured
of fine bright dust by winds. Preferential
deposition and preferential deflation are
both topographically controlled.

This comparison of Mariners 6 and 7
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with Mariner 9 photography of Mars
suggests that important new information
about Martian seasonal and secular chan-
ges, dust storms, and local meteorology
can be derived from a future orbital
photography mission. Acquiring the full
range of areocentric longitudes as well as
a very long time baseline are equally
important. For example, surface brighten-
ing events may be ready indicators of the
times and places of the highest winds on
Mars. For the generation of sand and dust
storms and for eolian erosion (Sagan,
1973) the highest winds, even if very
infrequent, may be of the greatest interest.
The Viking 1976 orbiters can play a major
role in extending such studies. But the
ideal instrument is a long-lived orbital
camera system with an absolute photo-
metric accuracy of better than a few
percent.
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