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Introduction: Streamlined islands (teardrop-shaped 

features) on Earth [1, 2] are typically associated with rivers 

as constructional longitudinal river bars or erosional 

floodplain remnants. Streamlined forms in outflow channels 

on Mars have been compared to megaflood islands on Earth 

[3, 4]. In general, streamlined morphologies form in erodible 

materials as a response to minimizing drag or resistance by 

the flow. They have distinct length, width, and area 

relationships [5, 6]. Mars has numerous streamlined island 

forms, resulting from a variety of origins [7]. To better 

understand the origin and distribution of these landforms, we 

have surveyed Mars globally and mapped channel-associated 

streamlined forms (“islands”)  using CTX and THEMIS Day 

IR filler images. Some are located within channels, while 

others are not (Fig. 1).  

 

 
Fig. 1. Global distribution of 4298 channel-associated streamlined 

forms on Mars. 

Streamlined islands formed by flowing water are 

generally produced by higher magnitude discharges. This 

explains why these streamlined forms are most common in 

outflow channels that were formed by catastrophic floods. In 

contrast, Martian valley networks display very few 

streamlined forms.  

Islands of the Cyane—Gordii–Olympica Region: We 

have identified a region particularly rich in streamlined 

forms, located Northeast of Olympus Mons (Fig. 2) and 

mapped this region in greater detail, in CTX images. The 

central channel system of the Olympica region was first 

described as fluvial by Mouginis-Mark [8] and was 

interpreted as fluvial-volcanic-tectonic by Plescia [9]. Sutton 

et al [10] mapped the Gordii channels in detail and 

interpreted them as fissure-fed lava channels where dikes 

generated fractures and heat transfer mobilized groundwater 

or ice. 

This area has three subregions that are distinct in-

channel morphologies and likely each represent a particular 

kind of channel activity.  

 

 
Fig. 2. Distribution of 1439 streamlined forms East of Olympus 

Mons. Yellow dots: streamlined forms; red dots: low shields, purple 

lines: rilles, brown lines: lava flow fronts. Background: MOLA 

topography. 

The Olympica Plains [8,9] are characterized by a central 

deep fossa with adjacent narrow channels and pits, and 

channels within lobate lava flows more distant from this 

central trough. There are 5 subparallel, East-West trending 

systems, each and approximately 500 km long with a 2 km 

wide central channel. Upslope of these channels are dozens 

of low shields.  

The Gordii Plains [10], exhibit 17 short (~50 km long) 

systems that originiate from short fractures that are generally 

surrounded by a larger collapse or erosion basin. The 

approximatley 600 meter wide sinuous channels, are 

commonly anastomosing and are associated with or 

transform into rows of pits or straight fractures. Longer rille-

fracture-pit systems are located between the Gordii and the 

Cyane Regions. 

The Cyane–Pavonis Valley channel system, first 

described here, is situated in a straight topographic valley 

between Alba and Olympus Montes. The valley is filled with 

overlapping lobate lava flows that could be traced from north 

of Cyane Sulci, to the plains between Pavonis and Ascraeus 

Mons. Similar flows with channels have also been ideintified 
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East of these plains, south of Fortuna Fossae, which likely 

formed by similar processes. The Cyane–Pavonis Valley 

includes a segmented chain of up to 9 km wide channels. 

The total length of these channel and island systems from 

Cyane to Fortuna is approximately 2200 km.  

Ages: We have determined the crater retention ages of 

several areas of the channels and their overbank deposits. 

The results range from 3540 to 18 million years. The oldest 

channel age is  373 Ma, and all units that are older than this 

are located in the overbank areas. We have identified 

evidence for both waxing and waning stages of these flow 

activities (Fig. 3). Most of the  sampled channel ages are 

between approximately 80–120 Ma. We interpret this to be 

the age of the most active phase of channel-forming activity 

in the region. Channel ages younger than about 50 Ma are 

rare and no channel floors are younger than 23 Ma. The 

contamination from secondaries may be significant, and the 

channel actual ages may be younger. A second active phase 

around 160–190 Ma, suggests that there was probably a first 

episode whose geologic record may be partially buried by 

the younger flows.  

Fig.3. Crater retention ages of the Cyane-Gordii-Olympica channels 

Morphologies: Islands in this region are associated with 

two channel types: 1) few-100s-m-wide channels that merge 

with straight to curvilinear cracks forming wide, 

anastomosing channel belts, and 2) 1–2 km-wide channels 

located on lobate lava flows that exhibit irregular to rounded 

island forms. We have determined similarities between 

different channel and island features using numerical 

comparative analysis, which calculates the correlation of the 

occurrences of the features within the individual systems. 

Unlike in the circum-Chryse channels, no crater-cored 

islands were observed in the Cyane-Gordii-Olympica 

channels. The most similar occurrence patterns were 

identified for the following sets of features:  

1) Layered islands, anastomosing channels, multilevel 

channels – characteristics of wide channel belts adjacent to 

fissures, likely formed by several episodes of water outbursts 

2) Irregular islands, island rows, rocky/irregular channel 

walls – likely formed in lava channels 

3) Scouring, channel deposits, low islands, interior 

channels, island rows – unique traits of Olympica Fossa that 

likely produced the highest discharges  

4) Pits, collapse-produced remnant islands, merged 

fissure-rilles – formed or initiated by by tectonic processes  

5) Lava flow with ogive, slab terrain, ghost island, 

circular islands, negative islands – likely features of drained 

perched lava channels.  

The least similar features, those that had the highest 

anticorrelation, are channels formed in lobate lava flows and 

layered islands: Perched channels on lobate lava flows are 

monogenetic lava channels, while layered islands likely 

formed by repeated fluvial activity.   

Conclusion: The observed morphologies suggest that the 

Cyane-Gordii-Olympica channels formed by a complex 

series of volcanic, tectonic and fluvial events. Crater 

counting results suggest that all these three processes 

occurred during the last 200 million years, and peaked 

around 100 million years ago on the plains and the valley 

between the Olympus and Alba Montes. These results 

suggests that significant volumes of ground water or ground 

ice may have been available at equatorial latitudes, between 

15°N and 25°N, in the middle of the Late Amazonian but 

activities might have ceased by now.  
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