climation times for the series—that is,

the delay times before onset of degra-.

dation—always fit the following order:

GLY = SARC = IDA < NTA <NMIDA

Of these substances, IDA, SARC,
and GLY were readily used by micro-
organisms in the river water and began
to degrade within 2 days. The length
of the acclimation period for NTA, 7
to 14 days, was unaffected by the
presence of IDA, SARC, and GLY
and indicated that enzyme induction
was required for degradation of NTA.
In water acclimated to NTA (runs 4
and 5), IDA, SARC, and NTA were
degraded within 3 days. We therefore
conclude that any buildup of IDA and
SARC as a result of NTA breakdown
is impossible. ‘

In runs 1 to 3, in which mixtures
of all five amino acids were used,
NTA was completely degraded long
before the system had acclimated
to NMIDA. On the other hand, NTA
alone (run 10) was degraded with no
accumulation of NMIDA. Therefore,
NMIDA appears not to be an inter-
mediate in the biodegradation of NTA.
The question of whether IDA, SARC,
and GLY are such intermediates is not
settled (16).

Unlike our analytical procedure, the
microorganisms present in river water
were able to differentiate IDA from
N-nitrosoIDA; the former compound
was always rapidly and completely de-
graded (runs 1, 2, 3, 5, and 6), while
the latter was not degraded in our sam-
ples of river water (runs 7 to 9). The
presence of N-nitrosoIDA, however,
did not hinder the degradation of NTA
(compare runs 4 and 5 with run 7).
If nitrosation of IDA had occurred
during any of our biodegradation runs,
we would have observed an apparent
accumulation of IDA. Such an ac-
cumulation was never observed (17).

When NTA was added to Meramec
River water (run 10) or sequentially
added to Detroit River water (Table 1)
it was always completely degraded.
There was no accumulation of NMIDA,
IDA, SARC, GLY, or N,N-dimethyl-
GLY, and there were no new peaks
in the chromatograms. So efficient was
NTA degradation by microorganisms
present in our river water samples that
no clues were obtained about its bio-
degradation pathway.

CRAIG B. WARREN
EpwARD J. MALEC
Monsanto Company,
St. Louis, Missouri 63166
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Abstract. Analysis of the Mariner 4, Mariner 6, and Mariner 7 photographs
shows that Mars has at least two distinct types of lineament systems. The most
prominent is a well-developed global-type system. The second consists of radial
and concentric lineaments associated with the Hellas and south polar basins.

An investigation of the Mariner 6
and Mariner 7 photographs has estab-
lished the existence of a well-defined
set of lineament systems on Mars.
[rior to these missions the presence
of a martian lineament system on the
scale of 100 km was suggested by Kat-
terfel’d (7), who based his conclu-
sions on a study of the Martian canals.
Using the Mariner 4 imagery, Binder
(2) showed that, on the scale of 1 to
10 km, the cratered terrain in Mare
Sirenum and Amazonis contains a
lineament system whose characteristics
are similar to those of a plane-wide
system as theoretically investigated by
Vening Meinesz (3) and to those of
the lunar lineament system, known as
the lunar grid system, empirically de-
fined by Strom (4). The more exten-
sive coverage and better definition pro-
vided by the Mariner 6 and Mariner 7
imagery has allowed a more complete
and definitive study of the martian
lineaments than could be made with
the Mariner 4 data,

The photographs used in this study
include the final Mariner 4 photo-
graphs as well as the new Mariner 6
and Mariner 7 photographs. The for-
mer were rectified photographically and
the coordinates and orientation of each
image were obtained from the Mariner
4 final progress report (5). The latter
are the computer rectified versions of
the maximum discriminability imagery
provided by Jet Propulsion Laboratory.
The coordinates and orientation of
each of the 1969 images were obtained
from the Pegasis (6).

Because of the comparatively low
quality of the Mariner 4 imagery only
about 160 lineaments could be posi-
tively identified on the eight frames
studied. These lineaments consist of
linear wall segments of polygonalized
craters found on most frames, graben-
like features on frame 11, and linear
albedo boundaries such as those found
on frames 13 and 14,

In contrast, the Mariner 6 and Mari-
ner 7 imagery contains a great number
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of readily discernible linear features,
such as polygonal crater walls (found
on almost all the frames showing cra-
tered terrain), linear rilles (frames
6N19, 6N21, and 6N23), linear ridges
(on almost all the high-resolution
frames), linear albedo boundaries
(frame 6N13), and possible fault
scarps (frames 6N6 and 6N14).

Over 5000 lineament strikes were
measured on certain frames of low and
high resolution. All these lineaments
are of the above types, and with the
possible exception of some linear al-
bedo boundaries they are probably
structural features. While the albedo
boundaries that we counted may not
all represent true structural lineaments,
we counted only the boundaries that
- are obviously related to other linear
structural features in their vicinity. Al-
though the lineaments in each of the
above categories were counted sepa-
rately, a discussion of the differences
in the azimuthal frequency distributions
of the various lineament types is be-
yond the scope of this report. How-
ever, the majority (approximately 90
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percent) of the lineaments are polyg-
onal crater walls and ridges. Since
the lengths of these linear elements
vary by only about a factor of 3 for
each resolution (approximately 20 to
60 km on the low-resolution frames
and approximately 2 to 6 km on the
high-resolution frames), no weighting
scheme was used in the construction
of the azimuthal frequency or “rose”
diagrams given in Fig. 1. The azimuth
count interval is 10° for all areas. Also,
the data were checked for possible sys-
tematic errors resulting from the en-
hancement of certain trends by the
digitizing process or from solar illumi-
nation effects. We found no significant
biases in the data.

The Mariner 6 and Mariner 7 data
demonstrate that the lineaments are
expressions of real elements of surface
structure that have systematic, prefer-
ential trends. If this were not the case,
there would be virtually no reason for
the rose diagrams obtained from the
same regions at the two different reso-
lutions to be the same. The low resolu-
tion—high resolution pairs of rose dia-
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grams, C-D and H-I, in Fig. 1 were
taken from the cratered terrain, and a
comparison within each pair shows that
the diagrams are strikingly similar.
Over a change of an order of magni-
tude in resolution, the lineaments
within each pair have the same trends,
and hence they are real. Also, since
these two pairs indicate that, over a
difference of a factor of 100 in area be-
tween the two resolutions, the linea-~
ment patterns are very similar, devia-
tions from the general lineament pat-
terns are significant and are due to
real variation in the sample area.
Two and possibly three distinctive
types of lineament systems are visible
on the Mariner pictures, and the fol-
lowing paragraphs discuss each type
separately. The first is thought to be a
planet-wide system, as originally sug-
gested by the earlier studies (I, 2).
The rose diagrams C, D, E, F, H, and
I in Fig. 1 apply to the cratered terrain
and illustrate the following character-
istics of the system: (i) the major
trends are, theoretically (3), shear di-
rections that are present in all areas;
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Fig. 1. Rose diagrams depicting the azimuthal frequency of the lineaments for several different areas on Mars. The number en-
closed by the E-W marker and the arc at the right of each rose diagram give the radial scale for each diagram, that is, the
number of lineaments per 10° count interval at that radial distance from the origin. The strike of each of the significant trends
is indicated. In diagrams G, J, and K the radial and concentric directions to the associated basins are designated by lines R and C.
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(ii) the minor trends found in several
areas are north to south (N-S), east
to west (E-W), 20° to 25° northeast
(N20-25E), and 20° to 25° northwest
(N25-25W); (iii) the angle between
the shears (A) increases with latitude.
The latter characteristic is illustrated
in Fig. 2, which includes values of A
from the cratered terrain at different
latitudes, as well as values of A from
rose diagram B (which applies to the
chaotic terrain and which shows a nor-
mal pattern, as discussed below) and
from diagram G [here A is estimated
to be twice the angle between the trend
55° northeast (N55E) and the north
direction since the corresponding north-
west (NW) trend is not evident]. From
Fig. 2, A increases from about 90° at
10° latitude to about 130° at 75° lati-
tude; this result is in general accord
with the theoretical calculations of
Vening Meinesz (3). This planet-wide
system could be the result of a de-
crease in the rate of rotation of Mars
(2), a suggestion that is supported by
studies of the angular momenta of the
planets (7). Alternatively, it could be
a result of martian polar wandering
(3). When more complete photographic
coverage of the planet is available from
the Mariner 9 orbital mission, it should
be possible to distinguish between these
two possibilities: if the first suggestion
is correct, A would vary only with lati-
tude; if polar wandering is the cause
of the lineaments, A would vary with
latitude and longitude (3).

The second type of lineament sys-
tem consists of radial and possibly con-
centric lineaments associated with the
Hellas basin and the basin situated near
the South Pole. Diagram G (Fig. 1)
represents the lineaments observed in
the cratered terrain (low-resolution
frame) immediately to the west of Hel-
las’ rim. While the identified trends
could all be part of the planet-wide sys-
tem, two facts strongly suggest that the
majority of these lineaments are not

part of this system. First, the N-S and -

E-W trends are more prominent than
the shear trend at N55E, and, second,
the corresponding N-W shear trend is
absent. Since the most prominent trend
(E-W) is nearly radial to the center
of Hellas and the next most prominent
trend (N-S) 'is nearly concentric to
Hellas, we suggest that these lineaments
are part of a basin lineament system
analogous to the lunar basin systems
discussed by Hartmann (8). Diagrams
J and K apply to the high-resolution
frames of areas on and immediately
adjacent to the rim of the south polar
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Fig. 2. Variations of A, the angle between
the shear trends, as a function of latitude.
The height of each box indicates the
spread in latitude over which the data
were taken. The width of each box is an
estimate of the uncertainty of the meas-
ured A. The stippled boxes are the A’s
derived from the Mariner 4 imagery; the
hatched boxes are the A’s derived from
the low-resolution Mariner 6 and Mariner
7 imagery; and the filled boxes are the
A’s derived from the high-resolution
Mariner 6 and Mariner 7 imagery.

basin, respectively. In both areas the
most prominent trend is nearly radial
to the center of the basin, and in the
case of K a possible concentric trend
(N40E) is identified. Thus, these linea-
ments must also belong to a basin sys-
tem. This interpretation is supported
by the fact that these diagrams in no
way resemble diagrams H and I; the
former represents the lineament trends
of the cratered terrain of the polar area
at low resolution, and the latter repre-
sents the trends in areas that are far
removed from the basin at high resolu-
tion.

In diagrams G, J, and K (Fig. 1)
the observed radial and concentric
trends depart, by about 10° on the aver-
age, from the true radial and concen-
tric directions of the basins. This dis-
crepancy might be an artifact of
averaging since the azimuth count in-
terval is 10°, it might be due to the
present uncertainties in the locations
of the pictures and the centers of the
basins, or it might result from a com-
bination of both effects. Alternatively,
it could be a real effect, since studies
of the lunar basin lineament systems
have shown that the radial and concen-
tric features tend to be parallel, or
nearly parallel, to the lunar grid system
where the trends of the grid and the
basin systems nearly coincide. Thus,
the lunar basin features rarely are truly
radial or concentric to the basin, and

we might expect the same effect on
Mars.

A third possible type of lineament
system is illustrated by diagram A
(Fig. 1), which represents the linea-
ment trends of the Sinus Meridiani
area. This diagram does not fit the
planet-wide pattern for this latitude. The
Mariner 7 CO, topographic data (9)
show that Sinus Meridiani is a small,
low domical feature that lies in a gen-
erally low area (I0). Thus, it seems
reasonable to suggest that Sinus Meri-
diani is the result of local tectonic
activity that has also produced a local
lineament system younger than and not
related to the global system.

Finally, a special study of the high-
resolution frames covering the chaotic
terrain was made, since this region has
probably undergone relatively recent
developmental activity (/7); diagram
B (Fig. 1) shows the results. We find
that the lineament pattern is similar
to that of the nearby cratered terrain
(see diagrams C and D). We therefore
infer that the chaotic terrain forms by
a passive process that utilizes the pre-
existing crustal fractures of the linea-
ment system. This conclusion is in
agreement with the concept that the
chaotic terrain is the result of subsid-
ence (11).
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