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ABSTRACT 

The soft landers Venera 9 and 10 transmitted information to Earth about 

conditions on the surface of Venus. Temperature measurements in both 

locations ranged from 730° to 740°K, and pressure measurements ranged from 

88 to 94 atm. Wind velocities were 0.5 to 1 m/sec. The radioactive content of 

material below the spacecraft was similar to that of Earth’s basalt. The hardness 

of some of the formations was estimated to be comparable to Earth’s hard rocks. 

The density of a hard formation was measured by Venera 10 to be 2.8 ± 0.1 

g/cm3. 

Panoramic television cameras provided photographs of the landing areas. 

The types of computer enhancements to which the photographs were subjected 

are briefly discussed. 

Venera 9 landed on a slope composed of slabs and a fine-grained matrix; 

Venera 10 landed on a plain composed of scattered outcrops separated by a fine-

grained matrix. Detailed descriptions of the landing areas are presented. 

The available chemical and dynamic information about the conditions at 

the surface of the planet indicates that the atmosphere has a high efficiency in 

lifting and transporting loose small particles but that very little ablation of hard 

material is to be expected. 

                                            
1 Permanent address: Department of Geology, Wayne State University, Detroit, Michigan 48202. 
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Assuming thermodynamic equilibrium between atmosphere and surface 

materials, solid-gas interaction may occur and produce some disintegration of 

hard rocks and (or) some lithification of loose material, respectively by the 

increase in volume of newly formed minerals and by the formation of films or 

crusts. A vertical thermal gradient and vertical movements of gases or rocks are 

necessary. It is concluded, however, that the scale of chemical changes may be 

limited. 

The photographs show that at least two types of geomorphic degradation 

occur. The slabs of Venera 9 appear to be mass wasting downhill, and the 

outcrops of Venera 10 show evidence of rounding of corners and smoothing of 

surfaces. The mass wasting is likely to be caused by gravity and perhaps 

activated by quakes or other geologic processes. The rounding and smoothing 

processes are probably due to some atmospheric action. 

Six possible origins of the slabs and outcrops are discussed: (1) surface 

lava extrusion, (2) igneous intrusion later exposed by erosion, (3) pyroclastic 

fall, (4) impact lithification, (5) sedimentary rock lithified at depth and later 

exposed by erosion, and (6) lithification (or metamorphism) of loose material by 

atmospheric action at the surface. 

A model of the surface geology of Venus is presented in which fine 

material is gently moved by Venusian winds. Hard material is occasionally 

formed at the surface, either by lithification through atmospheric processes or by 

volcanic falls. Removal of loose material by winds will cause some of the 

lithified units to stand out as positive relief features and be subjected to rounding 

of corners and smoothing of surfaces. If a slope exists, the lithified units will 

break into slabs and mass waste downhill. 

INTRODUCTION 

In October 1975, the automatic landers Venera 9 and Venera 10 

successfully landed on the surface of Venus and transmitted to Earth panoramic 

television pictures of the areas of landing and their vicinities (Vinogradov and 

Geol Soc of America Bull 88  2 



others, 1976a, 1976b). Both spacecraft landed near the edge of and probably 

within area Beta, an area of high radar reflectivity. Venera 9 landed near the 

northeastern border of area Beta; Venera 10 landed about 2,000 km distant, near 

the southeastern border. 

The picture in both cases was taken by a panoramic televison camera 

looking from a view-port at about 0.9 m above the gound. The direction of sight 

was inclined 50° from the spacecraft’s equator so that the center of the picture 

shows the ground in front of the spacecraft, while the left and right sides of the 

picture show progressively higher views until at the extremities of the picture 

the horizon becomes visible. Figure 1 schematically shows the optical geometry 

of the camera. 

 
The bottom supporting ring of the spacecraft is visible in the bottom 

center of the photographs (Fig. 2). The rake-like instrument appearing on the 

bottom right of the pictures is a gamma-ray densitometer; the transverse element 

is about 40 cm long. In the center of the photograph taken by Venera 10, the 

discarded cover of the view-port is visible, about 40 x 10 cm in size. The sizes 

of these objects were used in determining the sizes of Venusian surface features. 
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Images of the surface were obtained by optical-mechanical television 

cameras, operating on the same principle as the cameras used on Luna 9, 

Luna 13, Lunokhod 1, and Lunokhod 2 (Selivanov and others, in press; 

Florensky and others, 1976a; Anonymous, 1966, 1969). The panoramic image is 

constructed by a scanning mirror capable of rotating both around a vertical axis 

(horizontal motion) and a horizontal axis (nodding motion). The nodding motion 

builds the vertical lines of the image and the horizontal motion adds the 

horizontal scanning, making a panoramic view. The nominal field of view is 

40° x 180°. The width of one element of the picture (camera resolution) is 21 

minutes of arc. 

The operating program was for the transmission of one panorama only, 

but in reality, the time of survival of the equipment was longer than expected, so 

that part of a second pass is also available, taken in reversed direction. The 

transmission of the image was performed in 64 levels of quantization. The first 

raw pictures had a strong mosaic appearance and wide photographic density 

range. The video signal was interrupted every 64 lines for the transmission of 

other telemetric data, which caused the vertical bands present in the first pictures 
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that were widely circulated by the press. Irregular bands caused by noise are also 

present. 

It was commonly believed that the natural illumination would be low. For 

this reason, artificial sources of illumination were mounted on the spacecraft. 

The sensitivity of the camera was automatically controlled by a light meter. It 

was discovered with great surprise that natural light completely overwhelmed 

the artificial lights. This phenomenon, primarily meteorological, is not discussed 

in this paper. 

The pictures were subsequently treated by what is generally called 

computer enhancement. This was done partially by the Institute of Problems of 

Translation of Information, USSR Academy of Sciences. The aim of 

enhancement was to suppress the telemetric and noise bands, to obliterate the 

mosaic character and to emphasize small details by the proper amount of 

contrast. Because most of the panoramas were taken twice and the bands did not 

coincide, essentially complete panoramas are obtained by combining the two 

runs. For the portions for which only one run was available, interpolations 

between the tonal values in the adjacent bands were used. In this case, the 

enhancement is cosmetic. The suppression of the mosaic character is also 

cosmetic. It was obtained by raising the number of quantization levels to 512 

and decreasing the size of each picture element to one-eighth the size of the 

original. The tones of these new elements were obtained by interpolation of the 

surrounding values. Surface details of low contrast were enhanced by analyzing 

only the high-frequency part of the signal and minimizing the low-frequency 

variations. Figure 2 shows the enhanced pictures with a tonal contrast 

considered to be the easiest to interpret. In addition, together with the Institute of 

Geodesy, Aereal Surveying and Cartography, of the Main Department of 

Geodesy and Cartography, the Venusian photographs were rectified, so that the 

horizons became horizontal. Although the resolution in these pictures has been 

lowered, the more familiar view allows a better understanding of spatial 

relationships. Figure 3 shows such pictures. 
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In addition to the television cameras, other detectors were operational in 

the spacecraft. Temperature and pressure, directly measured, were almost the 

same in both landing places, and ranged from 730° to 740° К and from 88 to 

94 atm (Avduevsky and others, 1976a). These data indicate that the landing 

places are essentially at the same elevation. 

Of particular interest for surface geological processes are the dynamic and 

chemical characteristics of the lower atmosphere. Anemometric measurements 

at a height of about 1 m above the surface indicated a wind velocity of between 

0.5 and 1 m/sec (Avduevsky and others, 1976b). Doppler measurements at a 

height of 30 to 40 m gave approximately the same wind velocity (Antzibor and 

others, 1976). Photometric profiling at 25 to 45 km above the surface showed 

that the volume concentration of H2О is about 0.1% (Moroz and others, 1976). 

Venera 5 had previously determined a composition of 97 (+3 –4)% CО2 for the 

lower atmosphere (Vinogradov and others, 1970; Kuzmin and Marov, 1974). 

The gamma-ray spectroscopy experiments gave the following values for 

the material below Venera 9: potassium, 0.47 ± 0.08%; uranium, 

0.60 ± 0.16 ppm; thorium, 3.65 ± 0.42 ppm. For Venera 10: potassium, 

0.30 ± 0.16%, uranium, 0.46 ± 0.26 ppm; thorium, 0.70 ± 0.34 ppm (Surkov and 

others, 1976a). These values are similar to those found in Earth’s basalts. It is of 

interest to note that Venera 8, which landed in a radar-dark area, gave the 

following contents: potassium, 4.0 ± 1.2%, uranium, 2.2 ± 0.7 ppm; thorium, 

6.5 ± 0.2 ppm. These values are similar to those of Earth’s granitic rocks 

(Surkov and others, 1974). 

The gamma densitometer of Venera 10 transmitted a density of 

2.8 ± 0.1 g/cm3 (Surkov and others, 1976b). Indirectly, the densitometers can 

also be made to yield data on the hardness of slabs and outcrops. The 

densitometers, which weighed about 2 kg, dropped on the Venusian surface with 

a velocity of 7 m/sec, hitting the target with a blow comparable to that of a 

sledge hammer. No effect of the blow is visible on the photograph of Venera 10. 

In the case of Venera 9, the boulder under the left side of the densitometer may 
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have been cracked by the blow. In both cases, it must be concluded that the 

struck material is hard. 

VENERA 9 PHOTOGRAPH 

Venera 9 came to rest on the surface of Venus at an angle shown by the 

in-board inclinometer to be about 30° from the horizontal. An analysis of the 

photograph indicates, however, that this angle is not produced totally by the 

slope of the surface on which the spacecraft landed. The gamma-ray 

densitometer, the rake-like instrument appearing on the bottom-right side of the 

picture (Fig. 2), is clearly more extended in the case of Venera 10 than in 

Venera 9. Figure 4 shows how the arm of the gamma densitometer had to be 

lowered below the level of the bottom of the spacecraft in the case of Venera 9. 

A study of the length of the arm of the gamma densitometer as shown in the 

photograph leads to a value of 15° to 20° for the ground slope, with the 

remaining 10° to 15° being caused by a local irregularity under the spacecraft, 

perhaps a boulder as shown in Figure 4. The down-slope direction is 

approximately 230° clockwise from the center axis of the television camera, as 

shown in Figure 5. 
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The photograph taken by Venera 9 shows a field of boulders lying over a 

darker matrix. The albedo of both elements is very low, similar to or lower than 

that of basalt; the light tone of the boulders is due to contrast enhancement. As 

the boulders appear to be larger in the horizontal than in the vertical dimension, 

and the upper surface is roughly flat and parallel to the ground, the descriptive 

term «slab» is given to them. The slabs have a horizontal dimension of up to 

70 cm, and vertical dimension of no more than 15 to 20 cm. 

The description of the photographs which follows is based not only on the 

photos reproduced in Figures 2 and 3 but on several computer enhancements 

mentioned earlier. Hand-drawn sketches are used to emphasize features under 

discussion. The sketches are to be used purely on locators and are not meant to 

depict the true features of the photographs. 

Figure 6 shows a sketch of some features appearing on the right side of 

the Venera 9 photograph. The apparent size of the slabs decreases toward the 

horizon because of perspective. However, the horizon itself, indicated by 

number 1 in the sketch, is not smooth, and slabs are still visible. This indicates 

that the horizon is local, no more than a few tens of metres from the spacecraft. 

The horizon is slightly to the right from the up-hill direction of the slope 

(Fig. 4). 

 
Whether the horizon represents a local convexity of the terrain or in truly 

the top of an elevation is, of course, impossible to say. At least three slabs show 
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evidence of layering approximately parallel to the upper surfaces of the slabs 

(Fig. 6, nos. 2 through 5). Most of the slabs have sharp edges, and the slab with 

the layering numbered 2 has a very sharp corner on the side away from the 

spacecraft. One boulder, in contrast (no. 6) appears to be rounded, irregular in 

shape, and with a different surface texture. Rounded features seem to occur on 

its surface, giving the appearance of an agglomerate or conglomerate. 

Figure 7 shows a sketch of the center and left sides of the photograph. On 

the left, there may be two horizons, indicated by numbers 1 and 2. The nearest 

horizon is clearly visible, rough because of boulders, indicating that it is very 

near. The smoother and less prominent second horizon is questionable because 

the original photograph has a considerable amount of noise in this section. At 

least two slabs are not in the usual horizontal position. The boulders marked 

with numbers 3 and 4 are at an angle with the terrain. Many slabs show evidence 

of layering — multilayering in some cases (Fig. 7, nos. 5 through 11). Figure 8 

shows some boulders which may have been connected and later broken apart. 

Boulder number 6, the «agglomeratic» boulder, may have been connected to a 

regular slab. 
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The surface between slabs is darker than slab surfaces with the same 

orientation and seems to be composed of particles smaller than the resolution of 

the camera. However, a few small fragments occur with a diameter of a few 

centimetres. Small «lumps» are also present, giving a textured appearance to the 

matrix surface. Because of perspective, more background matrix is visible in the 

center of the photograph than to the left or right, where the slabs hide the 

underlying matrix. In front of the camera, less than one-half of the area is 

covered by slabs. The upper surface of some slabs seems to be powdered by 

matrix material. Most of the slabs seem to be lying over the matrix, except for 

numbers 12, 13, and others which are partially buried. 

VENERA 10 PHOTOGRAPH 

Venera 10 came to rest on the surface with an inclination of about 8°. A 

study of the arm of the gamma densitometer, similar to the study done in the 

case of Venera 9, indicates that the inclination is purely local (Fig. 9) and that 

the area of landing is essentially horizontal. 
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The television panoramic camera showed that the area immediately in 

front of the camera view-port consists of a smooth, even material of relatively 

high albedo, surrounded by material of a relatively low albedo. In this case, the 

differences in albedo are also exaggerated by contrast enhancement; in reality all 

material is of very low albedo. On the right side of the picture, there appears 

what can be called a rock outcrop. As the albedo and general surface 

characteristics are the same as for the material just in front of the camera, it 

seems safe to conclude that Venera 10 landed on an even, flat-topped outcrop of 

no less than 3 m in horizontal diameter, surrounded by darker material, probably 

consisting of unconsolidated fines. Horizons appear on both the right and left 

sides of the photograph. No features are visible, suggesting that they are either 

far or, if near, are devoid of topographic features. The computer enhancement 

with the extreme contrast suggests that two horizons may occur on the right side. 

The area of landing is therefore either a flat plain or a plain with gentle 

undulations. 

The upper part of Figure 10 shows the outcrop appearing on the right side 

of the photograph. The outcrop appears to be composed of three parts, numbered 

1, 2, and 3 in the sketch. The most prominent is outcrop number 2. It terminates 

with a beak-like cliff and is clearly layered. It is impossible to describe the edges 

with certainty because of the distance, but they appear to be rounded (the 

sketches do not reproduce the rounding of the edges). The outcrop may consist 

of two upper horizontal layers and possibly a horizontal bottom layer. Between 

the upper and bottom layers, there may be a zone of dipping layers, 
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unconformably capped by the upper horizontal layers. Outcrop number 1 

appears to be an extension of outcrop number 2. An upper horizontal layer may 

unconformably cover dipping layers. Outcrop number 3 is clearly layered but, 

due to distance and possible effects of perspective, it is impossible to see 

unconformable relationships between layers. The lower part of Figure 10 shows 

a schematic representation of this possible interpretation of the outcrops. 

 
The upper part of Figure 11 shows a sketch of the outcrop immediately to 

the right of the center axis of the television camera, located under the 

densitometer. The outcrop is composed of one layer dipping away from the 

camera and being submerged, toward the top of the photograph, by the darker 

material. Faint indications of dipping layers under the top layer can be seen on 

the right side, unconformably under the top layer. A possible remnant of a 

dipping layer is visible to the left of the gamma densitometer. The bottom part 

of Figure 11 shows a schematic representation of the layers. The edges are more 

rounded than in the case of the slabs of Venera 9. 
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Figure 12 shows a sketch of some features on the left side of the 

photograph. In general, the layer of higher albedo appears to be submerged in 

the darker material except for the sharp break, indicated by number 2. As the 

shape of the sharp edges seems to match, the piece indicated by number 3 may 

be interpreted as having become separated from the main outcrop and having 

drifted away. The upper surface of number 3 clearly shows layering. The edges 

of number 3 and the edge shown by number 2 are the only edges which are not 

rounded. The top surface of the outcrop directly in front of the lander appears to 

be covered with spots of albedo similar to that of the surrounding matrix. In 

places, the spots appear to be aligned in a chain or to gather in larger areas. 

There are also straight lines that suggest fractures. 
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The material between the outcrops looks very similar to the 

unconsolidated fines of Venera 9 but, due to the fact that the area of the 

photograph where maximum resolution exists is devoid of this material, fewer 

details are visible. 

DISCUSSION OF THE DATA 

The following characteristics appear to be well documented by the 

evidence. (1) The surface is exposed to an atmosphere of low kinetic energy 

with a composition of 97 (+3 –4)% CО2 by volume, no liquid water, and only 

about 0.1% water vapor. (2) In both locations, both hard and loose material are 

present. In Venera 9, the hard material appears as «slabs»; in Venera 10, it 

appears as «outcrops». The outcrops have a high density. The radioactive 

content of both is comparable to that of Earth’s basalt. (3) The relative position 

of the slabs of Venera 9 indicates that they are unattached to any substratum. 

(4) Most slabs have angular and sharp edges, indicating that they may be 

«geomorphically young». (5) Some slabs appear to have broken from each 

other, indicating that some movement has occurred. (6) Several of the slabs 

show planar structures that are approximately parallel to their upper surfaces. 

(7) Some of the outcrops show layering. (8) Except for few cases, the edges of 

the outcrops are more rounded than the edges of the boulders. This indicates that 

the outcrops may be considered geomorphically «more mature» than the 

boulders. (9) The surface of the outcrops are pitted, and the outcrops are 

sculptured along the layers. Some layers are truncated at the edge of the outcrop. 

This suggests erosion, perhaps differential erosion. 

The following characteristics are not as well documented and are 

questionable. (10) One of the outcrops of Venera 10 appears to have one side 

which matches the side of a nearby outcrop, suggesting that it has moved away 

from its previous position. (11) Features resembling cross-layering and 

unconformable contacts appear to exist in some of the outcrops. (12) The 

«agglomeratic» boulder may have been attached to a regular slab. 
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Before interpretations are offered, a discussion of the expected properties 

of the atmosphere is necessary. Geomorphological appearance is determined by 

the complex mechanical and chemical interaction between atmosphere and solid 

rock. Mechanically the atmosphere may erode, transport, and deposit. Erosion of 

loose material will be referred to as deflation, and erosion of hard material as 

ablation. Chemically, the atmosphere may alter the chemical and physical 

properties of the surface material. It must be understood that these terms are 

only a convenience; in reality, all of these processes are interrelated. 

Possible geomorphic effects of mechanical interactions were discussed by 

Ronca and Green (1970). In almost all respects, the Venusian atmosphere is 

theoretically more efficient than the atmosphere of the Earth in aeolian activity. 

The minimum wind velocity necessary to lift a particle is at least one order of 

magnitude smaller on Venus (about 50 cm/sec or less) than on Earth (about 

600 cm/sec). Concerning transportation after lifting, all of the several 

mechanisms of transportation are a function of what Bagnold (1941) called the 

aeolian susceptibility. This quantity is on Venus almost two orders of magnitude 

larger than on Earth. 

Ablation, or the erosion of coherent material, is the only aeolian activity 

which may be minor on the surface of Venus. This process depends primarily on 

wind velocity and, as the surface of the planet seems to be subjected to only 

gentle winds, it would appear that ablation is an occasional process at best. 

Another process may occur that is capable of erosion. This is 

autosuspension. This process is relatively rare on Earth, where it occurs during 

dry-snow avalanches. A conceptually similar mechanism occurs in water and is 

known as a turbidity current. In this process, particles fall down a slope under 

the effects of gravity and are able to entrap and drag part of the medium. 

Effectively, particles and entrapped medium behave like a new medium, heavier 

than the surrounding medium, which flows downhill and is capable of 

transportation and erosion. The physics of autosuspension is complicated, but 

Inman (1963) has shown that the occurrence of the process is primarily a reverse 
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function of the settling velocity of the particles in the medium. On Venus, the 

settling velocity is between one and two orders of magnitude smaller than that of 

the Earth’s atmosphere, so that turbidity currents may occur, provided that 

differences in elevation exist with sufficiently steep slopes, and unconsolidated 

fine-grained material accumulates in the right places. 

A satisfactory understanding cannot be obtained without giving attention 

to possible chemical reactions, which can drastically influence the mechanical 

properties of surface materials. The high temperature of the Venusian surface 

excludes the transport of petrogenic elements in the form of water-soluble 

compounds, but theoretically some gases, such as Fe(CO)5, SiF4, and others, 

could perform the same function. Venusian conditions, however, would make 

Fe(CO)5 unstable. Although this compound has a boiling point of 276°K, it is 

destroyed even in a nonoxidizing atmosphere at temperatures higher than 

303°K. Gases such as SiF4 are also improbable, as the halogens appear to be 

preferentially bound in the solid phase (fluorite, apatite, and so on). If transport 

in the gaseous form is unrealistic, a mechanism of weathering based on chemical 

transformations may be possible, assuming chemical equilibrium between the 

lithosphere and the atmosphere (Mueller, 1963; Lewis, 1970). Three main types 

of chemical reactions may then occur: carbonatization of Ca-pyroxenes, leading 

to the formation of calcite and quartz; hydration of Ca-Fe-Mg pyroxenes, 

leading to the formation of low-hydrated silicates (possibly with (OH) ≤ 2); and 

oxidation of Fe+2 silicates to magnetite, and sulfides to sulfates. However, 

concerning the last type of reaction, Florensky and others (1976b) have 

emphasized the lack of information about the reduction-oxidation conditions 

near the surface of Venus. 

In 1972 Marov and Rjabov calculated the vertical thermal gradient in the 

lower atmosphere to be 8.7 °K/km (Kuzmin and Morov, 1974). If air masses are 

circulating or minerals are made to change their elevation by erosion or 

tectonism, such minerals would thus be exposed to P-T conditions differing 

from the original. A possible consequence of this is shown in Figure 13. If 
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wollastonite is raised about 3.5 km from the datum or subjected to a descending 

atmospheric mass, it should be expected to change to calcite and quartz. Such a 

process would cause an increase in the molar volumes from a value of 

39.9 cm3/mole for wollastonite to 59.3 cm3/mole for calcite plus quartz, 

conceivably causing the disintegration of hard material. The opposite reaction 

may also be possible. The coexistence of calcite and quartz in material made to 

descend (or subjected to rising atmospheric masses) would result in the 

formation of wollastonite. This could result in cementation of loose grains and 

lithification. 

 
There may be other minerals which react according to any of the three 

types of equilibria previously discussed, resulting in disintegration of hard rocks 

and (or) lithification of loose material. Vinogradov and others (1976a) have 

discussed the possibility of such chemical cementations and (or) selective 

disintegrations. 

To conclude this discussion on possible mechanical and chemical effects 

on the morphology of surface features, it must be remembered that no seasons 

exist on the planet and that practically no daily temperature variations occur. 
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Even latitudinal variations seem to be absent (Kuzmin and Marov, 1974). Under 

these conditions, geomorphic stability should be present unless other 

mechanisms exist to force movement of matter on the surface of the planet. 

INTERPRETATION OF THE DATA 

From the nine well-documented characteristics listed at the beginning of 

the previous section, the following interpretation is made. In the case of 

Venera 9, we see an example of mass-wasting; that is the slabs are eroded from 

a source area somewhere uphill and have migrated or are still migrating 

downhill. The source area cannot be far, as transportation for any considerable 

distance would have separated slabs which were previously attached. The source 

material has one or more layers, the fracturing of which caused the slabs. A 

specific degradational process must have been operating, capable of breaking 

the source rock. Because of the scale, Florensky and others (1977) have called 

the process the decimetre-scale degradation.

In the case of Venera 10, most of the hard material is in situ and has some 

sort of layering. The rounded edges and the pitting of the surfaces of the 

outcrops suggest that a degradational process has been operating which is 

different from that evident in Venera 9 photographs. This process has been 

called the centimetre-scale degradation.

If the questionable characteristics numbered 10 through 12 are also 

accepted, the interpretation can be expanded as follows. The outcrop which may 

have moved from an original position, breaking away from the main body, 

suggests that, given a slope of sufficient gradient, more pieces of outcrop would 

migrate downhill, making the slope look similar to the landing area of Venera 9. 

In other words, the source area of the slabs may be similar to the outcrops of 

Venera 10, except for the lack of sufficient gradient in the latter case. 

In the photograph of Venera 10, there is evidence of both degradational 

processes. The rounded edges and pitted surfaces show the centimetre-scale 
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degradation, and the breaking away of the slab from an outcrop shows the 

decimetre-scale process. 

The possible agents of the two processes have been discussed by 

Florensky and others (1977). The decimetre-scale degradation could be caused 

by gravity and activated by quakes or other geological processes. The 

centimetre-scale degradation is likely to be atmospheric, caused by chemical 

weathering or dynamic ablation or a combination of the two. 

It is possible that the slabs of Venera 9 are of the same nature as the 

outcrop of Venera 10, as the radioactive content and albedo are similar and they 

are both in area Beta. 

The slabs, outcrops, and fines have six conceivable origins. 

1. The hard material is surface lava, and the fines are lava fragments. The 

radioactive content, the high density, the hardness, and the example of the lunar 

maria support this interpretation. There are, however, objections. Although the 

layering could be due to horizontal rock cleavage, the cross-layering and 

unconformable contacts, if present, are not reminiscent of lava flows. No typical 

lava features like columnar jointing and flow patterns are present, although their 

absence does not constitute a compelling objection. An important objection is, 

however, the morphology of the outcrops. The presence of outcrops of positive 

relief with truncated layers implies that erosion has removed part of the layers. 

As mentioned before, the gentle Venusian winds may not be capable of such a 

degree of ablation. A continuous plain with occasional ventifacts may be a more 

likely result from lava effusions. 

2. The hard material is intrusive igneous rock, and the fines are regolith. 

Layering and even cross-bedding are present in few igneous rocks. The main 

objection is the same as for extrusive lavas; even more erosion must have 

operated to expose the intrusive body. 

3. The hard material is a lithified pyroclastic deposit. Layering and even 

the possible cross-layering can be explained by the aeolian intervention in the 

pyroclastic fall followed by sintering or selective chemical cementation. Most 
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important, this hypothesis explains the presence of the truncated bed without 

active ablation. Hardening may be local, and where it did not occur, the material 

is still loose and easily carried away by the wind. Speculations about possible 

explosive volcanism, however, tend to be against such a process. The high 

surface atmospheric temperature and pressure would, all else being equal, 

decrease the thermal and pressure gradients, thus diminishing the intensity of the 

explosion. In addition, the very low amount of water vapor in the atmosphere 

suggests dry Venusian magmas and therefore speaks against explosive 

volcanism. 

4. The hard material is impactite, that is, material which melted and (or) 

was ejected as a result of meteoritic impact. Even if the thick atmosphere was 

already present, large impacts could have produced craters and accompanying 

phenomena on the Venusian surface. If the material behaved like lava, the same 

comments apply as in the first case. If the material behaved as hot ballistic 

sediments, then the same comments as in the third case apply. Large impacts 

probably were rare during the past 3 b.y.; the chance that both spacecraft landed 

near one is small, unless the whole area Beta is an impact feature. 

5. The hard material is sedimentary rock, deposited in the geological 

past, buried by successive sediments, lithified at depth and now exposed to the 

surface by erosion. The outcrops have several characteristics reminiscent of 

sedimentary rocks; the layering, the cross-layering, and the unconformable 

contacts could be cross-bedding. The slabs could be a broken bed. On the other 

hand, however, it is difficult to conceive of Earth-scale erosional-sedimentary 

processes without liquid water. As in the case of lava flows, the outrcops with 

truncated layers constitute objections. The high density is also uncharacteristic 

of sedimentary rocks. 

6. The hard material is caused by a process typically Venusian with no 

direct Earth equivalent. Hypotheses in this direction are, of course, very 

speculative, but we must remember that the surface of the planet is exposed to a 

very hot and very dense atmosphere containing perhaps low quantities of active 
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compounds. Lithification of aeolian sediments by atmospheric effects 

(Vinogradov and others, 1976a) may be the mechanism of formation of the hard 

rocks. Under extreme conditions involving perhaps also volcanic phenomena, 

the term «surface metamorphism» may also be appropriate. In this hypothesis, 

the layering and cross-bedding are actually aeolian features, later lithified (or 

even metamorphosed). The «drifting away» occurs easily, as the lithified 

material is «floating» on a loose substratum. The «agglomeratic» boulder (if 

truly present) which appears to have been attached to a regular slab may indicate 

that all slabs have an «agglomeratic» origin. The truncated beds of the outcrops 

can be explained, as in the case of pyroclastic welding, as products of local 

lithification. Loose material can then be carried away, leaving the hardened part 

as a positive feature. The main objection is the lack of any definitive mechanism 

of surface lithifications and the general ad hoc nature of these types of 

hypotheses. The high density also demands an efficient mechanism of pore 

filling or pore destruction. 

CONCLUSIONS 

It is difficult to reach firm conclusions from information received from 

only two points about 2,000 km apart. The following, however, can tentatively 

be stated. 

1. Both hard rocks and loose material are present on the Venusian 

surface. The hardness and radioactive content favors the interpretation that the 

hard rocks are lavas. 

2. The atmosphere has low kinetic energy, so that only deflation and 

transportation can be expected. Ablation may be minimal, unless augmented by 

geochemical reactions. 

3. From what is presently known about the chemistry of the lower 

atmosphere, disintegration of hard rocks and lithification of loose material are 

conceivable. It is also possible that neither occur. 
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4. The area of Venera 10 is geomorphically more mature than the area of 

Venera 9. 

5. At least two degradational mechanisms operate, one on a decimetre to 

metre scale producing the slabs, another on a centimetre or smaller scale 

producing the rounding of edges and pitting of surfaces. This point, together 

with number 4 above, shows that some geomorphic process is or has been 

operating. 

6. In many cases, layers occur in hard material. This property favors, but 

does not prove, the interpretation that the hard material was originally laid down 

in an unconsolidated form by some depositional process. 

7. The outcrops show evidence of differential erosion and truncation of 

layers. Either ablation occurs at a higher intensity than believed, or the outcrops 

follow the shape of the lithified portion, and the material previously around, still 

loose, has been deflated away. 

By making several assumptions, a working hypothesis can be presented. 

Fine material exists on the Venusian surface and is gently moved by the wind. 

This fine material is either the result of volcanic explosions, meteoritic impacts 

or ablation, and chemical weathering over a long period of time. Occasionally, 

hard material is formed by some surface process, such as lithification of the fine 

material or by volcanic eruptions. If the hard material is formed on a flat terrain, 

it will look like the outcrops of Venera 10. As the surrounding unconsolidated 

fines are blown away, the outcrops assume the character of positive relief 

features, subjected to slow ablation and perhaps chemical action. If the outcrops 

are formed near a slope (or conversely, if tectonics cause a slope near the 

outcrops), the outcrops break into slabs and mass waste downhill, perhaps under 

the effects of seismic vibrations. 

Independently from the acceptance or rejection of this model, the 

photographs and other data provided by Venera 9 and 10 show that some sort of 

geomorphic activity exists on Venus, and that this planet is not only 
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endogenously alive (Metz, 1976; Science News, 1976) but also exogenously as 

well. 

In the absence of sufficient data, the authors have wavered between the 

desire to propose new theories which may soon be proven wrong, and the 

prudence of avoiding mistakes by saying too little. This article is an attempt to 

be somewhere between those two extremes. 
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