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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
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Viking MDIM and Carr VN MGS data and newly recognized VN

Comparison of Viking and MGS data

Hynek and Phillips, 2003, Geology



Viking-based VNs

THEMIS-based VNs
Approach: Manual Remapping of all valleys on Mars

HynekHynek et al., 2010, JGRet al., 2010, JGR



Drainage density maps: Hynek - Carr

Increased density in nearly all locations; 
generally by a factor of 2 to 10
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South Meridiani Planum



Carr, 1995                          this study

16 valley segments 

1,492 km in total length 

drainage density of 0.034 km-1

462 valley segments 

6,031 km in total length

drainage density of 0.14 km-1



Connection to Other Datasets

paleolake basins deltas chloride deposits
Fassett and Head, 2008 Di Achille and Hynek, 2010 Osterloo et al., 2010



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 
density (length/area) 0.009 km-1 0.16 km-1

age breakdown
N     H     A   

90%, 5%, 5%
N     H     A    

90%, 6%, 4%

Noachian units’ avg. 
drainage density 0.0041 km-1 0.015 km-1



Valley Network Age Distribution



Noachian (>3.7 Ga)



Noachian + Hesperian (3.0-3.7 Ga)



Noachian + Hesperian + Amazonian (<3 Ga)



Older 
network

Younger 
network

Valley network 
ages reveal 
differences!

Arabia Terra
7°N, 30°E

4.3 Ga

3 Ga

Roughly 120 m.y. 
passed between 
fluvial episodes

Hoke and Hynek, 2009, JGR



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

open symbols = reactivated valleys



Valley Network Formation Timescales*

* Following pioneering work by Maarten Kleinhans

1)  Determine flow velocity 
from measurements of valley 
dimensions, slope, and other 
factors

2)  Plug into 
physically-based 
sediment transport 
models

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



Naktong Valles
Network Volume = 8.0 x 1012 m3

Channel slope = 0.0015 m/m
Channel width = 1400 m
Crater Age = 3.70 Ga

Likely took 105-107 years to form

7°S, 3°E
Network Volume = 7.0 x 1011 m3

Channel slope = 0.0041 m/m
Channel width = 1460 m
Crater Age = 3.65 Ga

Formation Times

Formation Times

Likely took 104-106 years to form



Most valley networks require a change in 
climate to warmer and wetter conditions.
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compare to Earth’s geoid 
variations of ~200 m







• 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

• 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.

• Invoking an ocean is the easiest way to explain the 
location, elevation, and character of the valleys and 
deltas.



References and Databases
Valley Networks
Hoke, M. R. T., G. Tucker and B. M. Hynek, Formation Timescales of Large 

Martian Valley Networks, Earth and Planetary Science Letters, (in review), 2011.
Hynek, B. M., M.R.T. Hoke, and M. Beach, Updated Global Map of Martian Valley 

Networks and Implications for Climate and Hydrologic Processes, Journal of 
Geophysical Research, 115, doi:10.1029/2009JE003548, 2010. 

Hoke, M. R. T. and B. M. Hynek Roaming Zones of Precipitation on Ancient Mars 
as Recorded in Valley Networks, Journal of Geophysical Research, 114, 
doi:10.1029/2008JE003247, 2009.

Hynek, B. M., and R. J. Phillips, New Data Reveal Mature, Integrated Drainage 
Systems on Mars Indicative of Past Precipitation, Geology, 31, 757-760, 2003.

Deltas
Di Achille, G. and B. M. Hynek, Ancient ocean on Mars supported by global 

distribution of deltas and valleys, Nature Geoscience, 3, 459-463, 
doi:10.1038/ngeo891, 2010.

Di Achille, G. and B. M. Hynek, Chapter 10: Deltas and Valley Networks on Mars: 
Implications for a Global Hydrosphere, in Lakes on Mars, Cabrol and Grin, eds., 
ISBN 978-0-444-52854-4, 2010.

Valley network database completed, released to PIGWAD or available on request.
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