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Fig. 2. Color-color diagram 
shows a distinct region 
where exoplanets with 
sur faces that suppor t 
extremophiles on Earth 
would fall. Colors are based 
on observed reflectivity of 
characteristic surfaces on 
Earth, plots show model 
exoplanets with 10% to 
70% of surface oceans.
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Abstract: Several rocky planets and planetary candidates have been detected with minimum masses consistent with rocky 
planets in the Habitable Zone of their host stars. Detailed information in regard to the habitability of Earth-sized extrasolar 
planets or “exoEarths” can be achieved by studying the atmospheric and surface properties of the planet in contention. A low-
resolution spectrum in the form of a color-color diagram of a planet is likely to be one of the first post-detection quantities to 
be measured for the case of direct detection. A color-color diagram, distinguishes giant planets from rocky ones for solar system 
objects (see, Traub, 2003). Using a similar strategy, we explore potentially detectable surface features and their connection to 
and importance as a habitat for extremophiles as known on Earth, thereby providing a link between geomicrobiology and 
observational astronomy. We use filter (or 3-color) photometry in the visible as a first step in the characterization of rocky 
exoplanets to prioritize targets for follow up spectroscopy.

Extremophiles on Earth
• Extremophiles (literally “lovers of extreme environments”) are organisms that live 
and thrive in very harsh environments and provide us with the minimum known 
envelope of environmental limits for life on our planet.

• To explore a wide definition for the limits of life on exoplanets, we focus on 
extremophiles. Environmental “extremes” are defined in terms of physical and 
geochemical parameters (see, Table 1).

• Similar environmental factors should be dominant on rocky exoplanets.

• We explore the detectability of such extreme environments as well as known 
extremophiles using a color-color diagram (Fig.1).

                                

                                                                                                                                                                                                                                                              
	



	

Discussion
• Exploring surface features of exoplanets only becomes possible if either no cloud 
cover exists on an exoplanet or the SNR of each observation is sufficiently high to 
remove the cloud contribution from the overall detected signal.

• Further in-depth characterization can be obtained by modifying the bandpass 
definitions to distinguish certain surfaces or use narrow-band filters to distinguish 
known near-similar environmental signals as well, provided a high enough SNR is 
available.

• The characterization of surface features for Earth-type rocky planet environments 
using a color-color plot alone is not a reliable detection of life on an exoplanet, but 
can prioritize targets for follow up spectroscopy.

	

Conclusions	

                                                             
• Many surface environments on Earth have characteristic albedos and occupy a 
different color space in the visible waveband (0.4 μm - 0.9 μm) that can be 
distinguished remotely  using standard Johnson-Cousins broadband filters.

• A simple low-resolution color-color diagram can be used to remotely 
characterize different types of rocky planet environments (Fig.1) that support 
extremophiles on Earth (Table 1). 

• Different surface environments group in the color-color diagram e.g. salt and 
snow (Fig.1). Bacterial mats, lichens and red algae in acid mine drainage are shown 
as examples of extremophiles, that have measured surface reflectance.  Trees are 
shown as reference to relate our work to the Vegetation Red Edge feature of 
terrestrial land plants. The figures in the inset (Fig.1) show which classes of 
extremophiles can be potentially distinguished in a simple color-color diagram. 

• The method can be used in prioritizing targets for follow up spectroscopy. An 
Earth-type rocky planet placed outside the contour region (Fig.2) should receive 
lower priority for follow up. The priority should increase towards the lower left 
corner in the color-color diagram due to higher probability of liquid water being 
indicated on the surface.

• Detailed spectroscopic studies will be needed to learn more on the potential 
habitability of rocky exoplanets.  

 

Table 1. Classification of extremophiles.

Fig. 1. Color-color diagram based on observed reflectivity of characteristic surfaces (like oceans, snow, rocks, etc) that support extremophiles on 
Earth. The figures on the inset show which classes of extremophiles can be potentially distinguished for aerobic and anaerobic atmospheres. 
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