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Introduction:  The numerous features that are ob-

served on the surface of Venus on Magellan radar im-

ages can be divided into four groups, according to their 

origin – volcanic, tectonic, impact and exogenous (the 

results of weak weathering processes). Of particular 

interest in this study are features with an impact origin. 

Cosmic bodies (bolides) constantly collide with 

Venus, but the size of most bodies is too small to have 

any noticeable effect. Small objects – meteoroids rang-

ing in size from a grain of sand to 1 m – usually disin-

tegrate and burn up in the atmosphere. Fragments of 

the largest of them can reach the surface as meteorites 

do on Earth and produce impact craters.  The presence 

of a large number of impact craters on Venus makes it 

possible to estimate the average age of its surface, with 

current estimates ranging from 300 to 500 million 

years [1]. 

[2] characterized impact craters on the surface of 

Venus based on how they have been modified by vol-

canic and tectonic processes, dividing them into sever-

al main classes: pristine, embayed and fractured. The 

authors [2] presented a morphological classification of 

Venus impact craters, dividing them into 6 main 

groups: multi-ring basins, double-ring basins, central 

peak craters, structureless floor craters, irregular cra-

ters with central peak and multiple craters. In addition, 

they identified an intermediate complex of dark and 

bright surface patterns resulting from interactions be-

tween impacts and the atmosphere, including splotch-

es, dark margins, streaks, enormous parabolic patterns, 

and halos bordering craters. 

In this work, we focus on the so-called "splotches", 

which, as suggested by [2] are closely related in origin 

to impact craters. Their shape is predominantly circu-

lar, sometimes oval or elongated. They typically con-

sist of an inner dark splotch (which may or may not 

include a crater) and an outer bright or dark annulus.  

The inner dark circle can vary in diameter from a 

few kilometers to about 70 km, with an average value 

of 20 km [3]. Moreover, it may or may not include 

classical impact features. The dimensions of the bright 

outer ring vary from ≈70 to 200 km or more, and its 

boundaries are often quite blurred. The outer ring can 

be either bright or dark, depending on the effect of 

shock waves generated during the destruction of the 

impact body by the atmosphere, which can affect the 

surface in different ways. In some cases, this leads to a 

sufficiently strong pulverizing of the material, reducing 

its backward radar scattering, and producing dark 

splotches. In other cases, it contributes to surface dis-

turbance (fracturing and roughness), which increases 

the radar brightness, and produces bright splotches [3]. 

Origin of splotches:  In the course of our research, 

we considered two main hypotheses for the origin of 

the splotches in the study area. The first hypothesis is 

that the splotches have a volcanic origin and are related 

to volcanic activity in the region and a possible pyro-

clastic footprint from the action of the volcanoes. 

However, the absence of any central features of vol-

canic origin in the region argues against such a hy-

pothesis.  

The second and preferred hypothesis is that the 

splotches resulted from the interaction of an impact 

body and the dense atmosphere at the location of its 

penetration, leading to explosion (airburst) of the body 

in the atmosphere. The shockwave from such an air-

blast could affect the surface in different ways, leading 

to both radar darkening and brightening [2,4]. Where a 

fragment(s) of the impactor reaches the surface, a 

small crater (or cluster) is created in the center of the 

splotch. The type of splotches largely depends on the 

characteristics of the bolide itself – its size, mass, 

speed, angle of incidence, etc. Depending on these 

parameters, various scenarios for the entry of a projec-

tile into the atmosphere can be inferred. The absence 

of craters at the centers of the splotches is a good indi-

cator that the projectiles were destroyed in the atmos-

phere and did not reach the surface. However, the 

shockwaves from these bolides were sufficient to form 

large features on the surface.  

The discovery of a round dark halo surrounding 

small bright craters (mainly 2 to 6 km in diameter) [1], 

which resembled irregular blemishes in shape, served 

as convincing evidence in favor of the impact origin. 

According to the hypothesis of [3] the spots can be 

formed by bolides, ranging in diameter from several 

hundred meters to several kilometers. Thus, this raises 

the question, why are we not seeing numerous such 

spots on the surface of Venus? 

Geological mapping of the Phoebe Regio on Ve-

nus: On the basis of our mapping in Hinemoa planitia, 

NW of Phoebe Regio in the southeastern part of the 

Beta-Atla-Themis region, we have identified a NNE 
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trending cluster of at least 12 multiple bright splotches 

(Fig. 1).  

 

 
Figure 1 – The distribution of the splotches in the 

Phoebe Regio on Venus: a – the dashed line is the pre-

dicted trajectory of the cosmic body; the solid line re-

stricts the approximate area of scattering of the bo-

lides; points marked the places where the splotches 

were found; b – different types of splotches. 

 

The centers of these splotches are dark and they are 

surrounded by wide radar-bright annuli. Only two 

splotches have faint central craters, which indicates 

that, on the one hand, these impactors were not com-

pletely destroyed by the atmosphere and, on the other 

hand, these splotches tend to be confined to surfaces 

with low backscatter (more radar dark), in contrast to 

those in which a crater is not observed. This may indi-

cate that we are not recognizing faint central craters in 

areas which are already radar dark before impact. The 

diameters of the splotches vary from 70 to 180 km. 

The diameter of the inner, dark center varies from 10 

to 35 km, and that of the bright annulus, from <50 to 

80 km or more. Note that because of diffuse bounda-

ries these numbers are approximate. The concentration 

of splotches in this area is anomalously high [1]. 

The most interesting aspect is the elongate NNE 

distribution of the splotches (2 000 km long, 500 km 

wide) and our hypothesis is that a single cosmic body 

was responsible for it. It exploded in the atmosphere 

and its fragments formed similar "splotches" along the 

flight path of the body.  

Approaching a planetary body, a projectile of suffi-

ciently large size and sufficiently low strength can be 

destroyed by tidal forces, breaking into several frag-

ments that move along closely-spaced, parallel trajec-

tories. The entry of a cosmic body into the atmosphere 

of Venus at high speed creates colossal aerodynamic 

and thermal loads on the body. There is ablation of the 

material from the surface of the body, and possibly its 

complete destruction. If the debris fragments are large 

enough to penetrate through the atmosphere, their fall 

can create adjacent structures of the same age. On 

Earth, a famous example of paired falls is the Chelya-

binsk meteorite [5] and of airbursts, Tunguska and Tall 

el-Hammam [6].  

 Further analysis of the elongate splotch cluster in 

this study is focused on assessing whether the body 

was incoming from the NNE or SSW, and estimating 

the altitude(s) at which the interpreted airburst oc-

curred. 

The observation of such bright splotches allows us 

to make an assumption about their relative age. As in 

the case of the halo observed in some impact craters 

[7], we consider “splotches” as one of the youngest 

units on the surface of the studied region. Our interpre-

tation is based on the fact that the material of the 

splotches is rather heterogeneous, is not very thick and 

would be easily covered with other materials or re-

moved by wind. 
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