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Martian Valley Networks

 The networks occur over
much of the southern
highlands and are generally
thought to be ancient features =
(90% are >3.7 Ga).

— a few dissect younger
volcanoes

 They remain the best
evidence for widespread liquid
water at the Martian surface

— groundwater vs. surface runoff



Viking MDIM and Carr VN MGS data and newly recognized VN
Hynek and Phillips, 2003, Geology
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Drainage density maps: Hynek - Carr
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Increased density in nearly all locations;

generally by a factor of 2 to 10



South Meridiani Planum




Carr, 1995 this study

16 valley segments 462 valley segments
1,492 km in total length 6,031 km in total length
drainage density of 0.034 km-! drainage density of 0.14 km-!



Connection to Other Datasets
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Carr, 1995 This study
# valley segments 11,336 81,227
total length (km) 398,935 797,083
highest stream order 4 7
highest network drainage 1 1
density (length/area) 0.009 km 0.16 km
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age breakdown

90%, 5%, 5%

90%, 6%, 4%

Noachian units’ avg.
drainage density

0.0041 km-

0.015 km-




Valley Network Age Distribution



Noachian (>3.7 Ga)




Noachian + Hesperian (3.0-3.7 Ga)




Noachian + Hesperian + Amazonian (<3 Ga)
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Valley network
ages reveal
differences!
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4 { X Roughly 120 m.y.
passed between
fluvial episodes
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Martian Valley Network .
open symbols = reactivated valleys

Most larger valleys formed between 3.80-3.65 Ga ago
(after large impacts had formed)




Valley Network Formation Timescales*

1) Determine flow Velocity Darcy-Weisbach depth- and width-averaged flow velocity
= :,-

fr_om m.easurements of Va”ey Friction f|'.|4r|c:t'|crr| [10]

dimensions, slope, and other E 8™

factors r )

Settling velocity [13]
W, =—1 410,367 + 10400 —10.36 |
)
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2) Plug into
physically-based
sediment transport
models
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U, = Gu, +\1—-8Ch_ . _u"-h‘f'h"'[_*

u,, =85%*062*D, " logll2h/3D,,)

3) Calculate sediment
discharge and use actual
sediment volumes to infer
formation time and
precipitation rates.

" Following pioneering work by Maarten Kleinhans
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Likely took 104-106 years to form




aIIey netw orks require a change in
'f etter conditions.
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Globe courtesy : M. Carroll

Did early Mars have a global hydrosphere?




ossible test for the martian hydrosphere: Rationale (1/2
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We use global distribution
of currently known

- martian deltas
and

- valley networks (from
Hynek et al., 2010)

in conjunction with

- MOLA data and all
available imagery




A possible test for the martian hydrosphere: Rationale (2/2)

Elevation
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variation/errors
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Data: Deltas

Database compiled
from

- Literature

- Cabrol and Grin, 1999 k% ‘Jq .
(179 paleolakes) S PN

» Ori et al, 2000

* Irwin et al. 2005 (33
deltas)

MOLA Topography (m)
o
8208 21249

> Possible Deltas

- Updates from
HRSC:

« Di Achille et al. 2006

and 2007
» Hauber et al., 2009

- Continuing survey

. a few previously |
unreported candidates '

3

TOTAL of 52 possible
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The highstand levels of all

the 92 deltaic deposits

show a mean value of about
-1848 m with a standard
deviation of 1126 m
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Contact S0 =-1848 + 1126 m

SO
0% T

Ocean Land

- effectively determines an enclosure
- encompasses Holden and Eberswalde craters, as well as Meridiani

- is consistent with the revised Meridiani shoreline (Fairen et al., 2003)

However its variation is too high for this kind of test
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17 open deposits (33% of
total) show a mean value of
about -2540 m with a
standard deviation of 177 m
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e This putative shoreline implies 36% of the surface of
Mars was covered by an ocean in the Early
Hesperian (the time of peak delta and valley activity).

— ~10% of Earth’s ocean volume

e The standard deviation of these deltas is smaller than
variations in Earth’s geoid.



Tying it all together

 The deltas and valleys show characteristics
requiring a vigorous hydrologic cycle.

— Significant precipitation and standing bodies of water
were needed.

 The vast majority of these features formed around
the same time, ~3.8-3.6 billion years ago.

— Valley formation became more localized as time went on.

e |nvoking an ocean is the easiest way to explain the
location, elevation, and character of the valleys and
deltas.
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Valley network database completed, released to PIGWAD or available on request.
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