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Introduction: Yardangs are wind-carved linear 
ridges that are found selectively on Earth and 
extensively on Mars and other planets [1-4]. The history 
of the morphologic development of yardangs is not well 
known, but is thought to depend on the action of wind 
on the surface and the material properties of the 
substrate being acted upon [5-8]. In the Puna high 
plateau of Argentina there are ignimbrite deposits, many 
of which have been eroded into yardang fleets. 
Yardangs fleets are composed of roughly tear-drop 
shaped, evenly-spaced ridges with noses that to face into 
the dominant wind, that together resemble a fleet of 
boats sailing. A prominent fleet, known as Campo de la 
Piedra Pomez (CCP), was studied during the December 
2018 and 2019 field seasons to more fully understand 
their morphology and formation (Fig. 1) [6-10]. 

Figure 1. Map of field location. Transect walked through 
the CPP is marked by the blue line. Locations visited 
within the two other yardang fleets visited in 2019 are 
circled in blue. Numbers show locations of Fig. 3 rose 
diagrams. 

Methods: A 5.3 km transect was chosen to walk 
through in the northern end of the main fleet (shown as 
blue line in figure 1) as it was determined through areal 
imagery to contain representative spacing, size and 
morphology of the general CPP. This transect is thought 

to best represent the overall windward, leeward, and 
middle characteristics of the main CPP fleet. 
Throughout the transect, dedos, or finger-like 
protrusions off the yardang surface into the wind, were 
measured. Dedo length was used as a proxy for wind 
direction and erosive power. Dedos on 26 yardangs 
were measured for average length of forward and 
reverse dedos – forward dedos pointing into the 
dominant wind direction (NW-SE), and reverse dedos 
pointing >90° from the normal wind direction. The 
dedos on the 26 yardangs were interpolated in ArcGIS 
to show the relative forward and reverse wind erosive 
power though the transect. 

 

 
Figure 2. Location and direction of dedos on the solitary 
yardang. Arrows show the direction the wind eroding the 
dedos is going. Reverse dedos denoted in red. 
 

Three yardangs along this transect, and a solitary 
leading yardang farther south were measured in more 
detail, by obtaining the trend and plunge of 60-90 dedos 
on each yardang. The three yardangs on the transect 
were selected in the front, middle and back to 
characterize changes throughout this main fleet (Fig. 2). 
Rose diagrams were generated of numbers of dedos in 
each direction and average length in each direction. This 
was done to characterize the variations in the wind 
direction, frequency of dedos, and the wind’s erosive 
power according to direction (Fig. 3).  

It was noted while measuring dedos on the 
yardangs through the transect that the dip angle of the 
tops of the yardangs was consistent (Fig. 4). 29 
yardangs through the northern part of the main CPP 
fleet were measured to quantitatively evaluate this. 40 
yardangs, 79 ineryardang or near-yardang megaripples, 
and 49 periodic bedrock ridges (PBR) were measured 
on two nearby fleets (shown in blue circles in Fig. 1). 
Measuring of the tops of yardangs consisted of 3 sets 
of 2 to 3 strike and dip measurements. The first set was 
taken on the prow area, the second on the middle, and 
the third on the basal area. 
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Figure 3. Rose diagrams of number of dedos per 5°. 1-3 
are in the northern end of the CPP along the transect. 4 is 
a solitary yardang in the on the southern front end of the 
CPP. Locations shown as numbers on Fig 1. 
 

Results: Dedos in the main CPP were dominantly 
aligned with two main wind directions, one directly 
down the yardang field (NW wind) and the other 
coming obliquely from the S. Forward dedos stayed 
similar in length and orientation, within margin of error, 
through the field, and reverse dedos increased in length 
toward the back of the field. This further confirms that 
many reverse dedos are from a reverse wind that mostly 
heavily impacts the back of the field, rather than from 
flow separation and recirculation. The forward dedos 
through the fleet average 4.0 cm, and the reverse dedos 
average 3.3 cm. Similarly, there are more than twice as 
many dedos in the forward direction than in the reverse 
direction. Assuming that the length and quantity of the 
dedos is dominantly controlled by physical weathering 
and erosion parallel to the direction the dedo is pointing, 
this shows that the dominant wind is in fact from the 
NW, with a strong, but less erosive S-SW wind.  

The dips of the yardang prows through the CPP and 
two other nearby yardang fleets were measured to be 
consistently ~9-13° leeward. The measured tops of 
yardangs ranged from 5° to 33°, with the average in the 
three fleets being 20° ± 6, 11°±3, and 12°±5 
respectively. In order to better compare the tops with the 
angle of incoming wind these were normalized to the 
average slope of the ground around the yardang. In the 
main CPP field, the yardang prow had a normalized 
average dip of 14°. The other two fleets were 
normalized to average dips of 10° and 15°. This 
consistency of leeward dip from the ground though the 
fleets suggests that this is the equilibrium morphology 
of the tops of the yardangs.  

 
Figure 4. Image of yardang in the CPP fleet. This shows 
the gentle ~10 slope observed throughout the fleet. Dr. Jani 
Radebaugh for scale. 
 
 Megaripples and PBR’s were also measured. 
No correction was added for the megaripples because 
the surrounding terrain was nearly flat. Megaripples 
leeward dip range was 10° to 34° with an average of 
21°±6.. The prow of PBR’s leeward dip range was 
6-27°, with an average of 12°±4. The megaripples 
leeward side are steeper than both the yardangs and the 
PBR’s, and the prows of the PBR’s are about as steep as 
the prows on the yardangs. 

Conclusions: We found that the yardangs had 
increasing forward dedos toward the front of the fleet, 
and increasing reverse dedos toward the back of the 
fleet. This indicates a second wind direction from an 
opposing direction, rather than wind separation and 
recirculation. Rose diagrams of dedos show that this 
opposing wind is coming from an oblique 
west/southwest direction, rather than a complete 180° 
southeast. 

Future Work: Because very little is known 
about the rate at which erosion occurs in the fleet, 5 
samples were taken from the solitary yardang in the 
south of the main CPP field to preform Be-9/Be-10 
cosmic ray exposure (CRE) dating. Dates from the CRE 
dating will reveal erosion rates of the yardangs. The 2 
samples from the face will be able to tell us how fast the 
yardangs are being eroded (or “moving though the 
fleet”) laterally, while the 3 samples on top will be able 
to tell us the vertical deflation of an active yardang. 
Although this these are very limited data, these are the 
only known of their kind, and should constrain timing 
of the formation of yardangs. This will help place 
constraints on the formation of yardangs on Mars and 
other planets, where erosion rates are highly model 
based. 
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