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Abstract

Wind streaks are albedo features created when wind interacts with elevated hardened

material, and are useful for understanding eolian and atmospheric processes as they indicate

wind direction. In this study, wind streaks created by craters in the Terra Sirenum region of

Mars were observed and studied. Images from the Mars Reconnaissance Orbiter (MRO) were

downloaded through the PILOT software created by the USGS and measured using the ENVI

program. Quantitative measurements such as crater diameter and area, primary and secondary

tail lengths, and coordinates were made in ENVI; qualitative measurements such as tail shape

and color, crater age and complexity, and wind direction were made without use of ENVI. It

was observed that an increase in crater diameter and/or area increases the likelihood of a

wind streak forming, all secondary tails had a dark color, the parallel tail shape was the most

common by far, and the dominant wind direction was to the southeast.

Introduction

“Wind streaks” form when dust and wind interact with hardened material such as hills

and, in this case, crater rims. When the wind interacts with a feature with higher elevation,

the feature will deflect the wind, causing it to spiral as it flows beyond the feature. This event

creates a bright or dark “tail” that contrasts with the surface surrounding the "tail”, which

indicates direction to the scientist. The “tail” aims in the opposite direction from where the

wind is originating, and it can also be measured. It is important to point out that the “tail” is

simply the material underneath the darker or lighter surface that has been exposed thanks to

the spiral the wind is creating.

P. Thomas et al. (1981) proposed a classification for these features utilizing a table

(Figure 1), which we used for our classification. For purposes of this study, we will only look

for these features on craters. The reasoning behind this is time restrictions and how easy it is



to measure these features on craters. However, these aeolian features can also happen in

troughs and scarps.

Our main objective for this research is to measure those features and obtain a basic

understanding of the aeolian activity occurring in the Terra Serinum region. This region is

rarely studied for these features, and although it has been studied for these features, an

inventory of the measured features is not available for future study. Therefore, we wanted to

provide this inventory with multiple measurements so that more research can be done in the

future. This research does not measure all of the features in craters in the region due to time

restrictions.

Figure 1: Classification table was proposed by P. Thomas et al. (1981) for the

features on Mars.



Methodology

The images used for this research were taken by the Mars Reconnaissance Orbiter

(MRO) from March 23, 2006, to May 5, 2023. The MRO has a spatial resolution of 4–20

meters per pixel (mpp), which works great for the purpose of our research when measuring

the fainting tails. The images were specifically taken by the Context Camera (CTX), which is

a powerful camera that provides big pictures of the terrain on Mars in high resolution.

Black-and-white images were used because the classification methods are made with

black-and-white images.

The images were obtained from the Planetary Image Locator Tool (PILOT), which is

a website provided by the USGS. The images taken by satellites are open to the public for

research. 69 images were downloaded from the website and were divided between the two of

us to make the mapping process more efficient. The mapping consists of looking for features

in craters and measuring their primary and secondary tails; the primary tails are the ones

inside, and the secondary are the ones that form outside. Area of crater, diameter of crater,

relative age, type of crater, color of the primary and secondary tails, and form of the tails

were some of the measurements done to provide more data on the features in the Terra

Sirenum region. All of this data was organized on a sheet, and an ID was given to every

category for further organization.

All of the previously mentioned measurements were done using ENVI, and the maps

created were done using ArcGIS Pro. To ensure that the measurements provided by ENVI

were correct, we decided to import the images to ArcGIS Pro and JMARS (Java Mission-

Planning and Analysis for Remote Sensing), which is a program specialized in working with

planetary data. Measurements were done in both of them of the same crater in order to verify

if the images were well georeferenced and the measurements provided were correct. As



mentioned before, ArcGIS Pro was used to create the images, such as figure 2. The decision

to use ArcGIS Pro was because it was easier and less time-consuming to make the maps in

this program compared with ENVI; therefore, it was a personal decision.

Figure 2: Example of a figure created using ArcGIS Pro in order to demonstrate the

features, in this case rectangular white wind streaks.

Results/Discussion

Sixty-three craters were observed and measured; the average crater diameter was 1.4

kilometers, the average crater area was 2.95 kilometers squared, 89.5% of the craters were



simple, and 63.5% of them were relatively young. Of the sixty-three craters, fifty of them had

wind streaks, and of these fifty, eighteen of them had secondary tails. Most primary tails were

bright, all secondary tails were dark, the most common shape for both was the parallel shape,

and the most common wind direction was to the southeast.

Several correlations between the data were found. First, as shown in Figures 3 and 4,

there is a relationship between the crater area and diameter and the presence of wind streaks.

This relationship is directly proportional, since an increase in crater area or diameter makes it

more likely that a wind streak will form at that crater. A possible relationship between crater

area and diameter and the length of the primary tails can also be seen, shown in Figures 5 and

6. There are, however, several notable outliers, so further studies and a higher sample size

would be needed to confirm a linear relationship between these variables. The geographic

distribution of both the primary and secondary tails and their colors were also observed, as

shown in Figures 7 and 8. The secondary tails had a smaller range of distribution than the

primary tails, found in only a few clusters in the region, but this could be a result of a small

sample size not covering the entire Terra Sirenum area.

Figure 3: Graph showing the relationship between crater area and presence of wind streaks.



Figure 4: Graph showing the relationship between crater diameter and presence of wind
streaks.

Figure 5: Graph showing the relationship between crater diameter and primary tail length.



Figure 6: Graph showing the relationship between crater area and primary tail length.

Figure 7: Graph showing geographic distribution of primary tails and their colors.



Figure 8: Graph showing the geographic distribution of secondary tails and their colors.

Conclusion

In conclusion, the main findings were that an increase in crater diameter and/or area

increases the likelihood of a wind streak forming, all secondary tails had a dark color, the

parallel tail shape was the most common by far, and the dominant wind direction was to the

southeast. This project was limited by time constraints and could be improved in several ways.

Mainly, a higher sample size would help with more accurate statistics and with defining if there

are clear mathematical relationships between the data obtained. It would also be beneficial to

verify the wind directions measured with independent data of Mars, as well as making a map

of the relative wind directions observed in this study. Finally, another aspect that could be

studied is the mineral composition of the Terra Sirenum region and try to see if there is a



relationship between the mineral composition of the surface and the color or behavior of the

wind streaks studied.
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Appendix

Here we provide the link to the google sheet so that it is accessible for the public:

https://docs.google.com/spreadsheets/d/1tggTu0N0jL_1bqO7rEzLHnG2rfcrk8to1z1fQtEqLj8/
edit?usp=sharing

https://docs.google.com/spreadsheets/d/1tggTu0N0jL_1bqO7rEzLHnG2rfcrk8to1z1fQtEqLj8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1tggTu0N0jL_1bqO7rEzLHnG2rfcrk8to1z1fQtEqLj8/edit?usp=sharing

