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Introduction: In early attempts of understanding
the time-stratigraphic relationships on the martian sur-
face by crater counting techniques and principles of
stratigraphic superposition, most of the geological units
and constructs came out as being rather old, in the range
of billions of years [1-10]. On the other hand, most of
the ages of the martian meteorites cluster at relatively
young values of around 175 m.y., 300-600 m.y. and ~
1.3 Ga, whereas very few old ages >3 Ga had been
found [20,21].

The early cratering age data were based on post-Vi-
king image data analysis. With the new data from MGS
(MOC) [11], MEX (HRSC) [12,13], and Mars Odyssey
(THEMIS) [14], it has become clear by now that the
apparent discrepancy between the two age sets and the
predominance of old ages was a selection effect due to
the limited Viking resolution showing predominantly
large, old features. Ages as young as a few 100s, a few
tens or even a few million years have been determined
since on the basis of the new high-res imagery with spa-
tial resolutions in the meter to tens-of-meters range [15-
19]. It has become clear therefore by now, that there is
no basic discrepancy with respect to the age ranges and
occurrence of age groups per se.

Areas investigated, measurements: We reported
on first preliminary results from investigation of a com-
bination of HRSC and MOC imagery previously [22]
where we believed to have seen peaks of activity tem-
porally coinciding with martian meteorite age groups
[20,21]. We have now been able to investigate a much
higher number of areas and have in particular map-
ped out and analyzed for their geologic evolution and
cratering ages two large outflow channel areas, Echus
Chasma/Kasei Valles [23] and Mangala Valles [24]. In
both areas we have found multistage geological histo-
ries with mixed volcanic, fluvial, glacial, and hydro-
thermal activity. The new data in combination with the
previous data have been analyzed by way of a refined
method of cratering age extraction [29] also giving fine
details of periods of resurfacing from the characteristics
of the measured crater size-frequency distributions as
they deviate from the production size-frequency distri-

bution due to resurfacing effects. This method was in
a rudimentary form already applied by [5], refined by
[19], and again refined in the course of our work [29].
In Fig. 1, examples of measurements showing such cha-
racteristic resurfacing effects and the way of extracting
resurfacing ages is shown. As here, most martian crater
size-frequency distributions do not follow the relative-
ly steep production distributions at smaller crater sizes
but show kinks and flatter distribution characteristics
due to resurfacing and recratering events. There are
only very few notable exceptions where the production
function can be measured directly. This particular issue
with the reconstruction of the function in pieces and for
the few direct measurements of the undisturbed func-
tion over a larger size range has been treated by [19,25]
and the function put forward by Neukum and Ivanov
[e.g., 6,17,18,26-28] has been confirmed in all aspects.
This function is used in Fig. 1 in the way of isochrons
for individual surface ages based on the Hartmann and
Neukum [17] chronology.

Episodicity in the geologic evolution of the mar-
tian surface: In Fig. 2 the dating results for Echus/Ka-
sei and Mangala on the basis of the mapping effort of
[23,24] and substantiated with a number of additional
measurements on geologic constructs from all over the
martian surface are compiled. All the ages from crate-
ring measurements are compared with the radiometric
ages of martian meteorites [21]. There is a striking ap-
pearance of peaking of the geological activity or episo-
dicity of resurfacing at certain times: ~3.5 Ga, 1 to 1.5
Ga, 300 to 600 m.y., ~200 m.y. ago, respectively. Even
more striking is that within relatively narrow limits, the
cratering ages of the different age groups fall together
with the age groups of martian meteorites. The martian
meteorite ages reflect both igneous events and aqueous
alteration events. So do the cratering ages. There is a
remarkable paucity of age occurrences in the 2-3 Ga
age range in the cratering data. This corresponds to a
paucity of meteorite ages in the same, even somewhat
more extended age range. This appears to be a hint to
either lower geologic activity in this time frame, or,
more likely, the covering up of more ancient activity by
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subsequent events <2 Ga ago, with the exception of the
residues from the time >3 Ga ago (the peak at ~ 3.5 Ga)
when the martian surface was thoroughly shaped at a
very high level of activity by gigantic volcanic, fluvial,
and glacial events which could not be completely erased
by later events.

Conclusion: We can demonstrate that there has
been geologic activity on the martian surface in terms
of volcanic, fluvial, glacial, hydrothermal activity at all
times from >4 Ga ago until today. This activity must
have declined in magnitude through time. This activity
was not continual but episodic. The episodes we find
on the martian surface in the crater frequency analyses
are remarkably well coincident with the age groups of
the martian meteorites found from radiometric dating. A
very consistent picture of the evolution of the martian
surface is shaping up in the comparison of two data sets
of very different origin, telling us that Mars was geo-
logically utterly active until 3-3.5 Ga ago but later has
been resurfaced at a lesser and lesser rate making pos-
sible to identify different episodes of activity in many
areas. The former apparent discrepancy between the
“youthfulness* of martian meteorite ages and the old-
appearing surface of Mars was an artifact from insuffi-
cient spatial resolution of the Viking imagery.
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Fig. 1: Examples of measurements showing characteristic re-
surfacing effects.

Martian Meteorite Ages
[}

I
Carbonate

l.lddingsite Naklites Acqueous alteration in blue
I ALHsa00n

fmsalts Shergoties
9

Igneous Meteorites in red

I I ALH84001)
) .
T T

Age Determinati of Additi
I | I

O—Kieserite/Gypsum Mountain - Juventae Chasma—Q = 3
(JJAres and Tiu Valles

oAres arJdTiu Valles edusae Fossae
I Libya Montes q“ | Libya Montes

Gusev Crater

Occurrence of ages

Echus Chasma and Kasei Valles
Red Symbols: Results flom MOC imagery
Green Symbols: Results fer HRSC imagery

85

80 I

75 |

70

65 |

60 |

55

50 |
I
I
I
I
I
|

45
40
35
30
25
20
15
10

5

0

45 Mangala Valles Middle Reaches'
40 |
35

30 ‘
25 |
20

15 ‘
10 |
5

]

Frequency of occurrence of cratering
ages, normalized to measurement area

0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5
Ages (Ga)
Fig. 2: Histogram of ages extracted from measurements on
HRSC and MOC imagery in the Echus Chasma/Kasei Valles
and Mangala Valles combined with cratering age measure-
ments on additional features in comparison with known radio-
metric ages of martian meteorites (from [21]).
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