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Target:  Global surface geochemistry and atmos-

pheric chemistry from blimps located in the tropo-
sphere, beneath the cloud layer, between 10 and 16 km 
altitude. High-resolution radar imaging of the surface 
from an orbiter, which will also act as a relay for in-
formation from the blimps (Fig. 1). 

Science Goal(s):  In order of desirability: 
1. Surface geochemistry II.B.1; III.A.3; major and 

minor elements (Si, Fe, Mg, K, Na, Al, Ca, Ti), trace 
elements (e.g. Th, U), volatiles (C, H, S); major min-
eral identification. 

2. Atmosphere chemistry II.A.2; at primary meas-
uring altitude along path of surface measurement, and 
along path of descent. Major elements/compounds 
(CO2, H2O, H2S, SO2, COS, Ar, N2), isotopes (C, O, 
H, Ar, He, Ne, N). 

3. High-resolution radar imaging. II.A.1,4; I.A.1,2; 
I.C.4; III.A.1; III.B.(3),4; geomorphology: identifica-
tion and classification of tectonic, volcanic, erosional, 
and impact features. 

 
Figure 1. Schematic diagram showing the locations of 
the blimp (purple) and the orbiter (blue) in relation to 
Venus’ atmospheric structure, pressure and tempera-
ture (red line) [1]. 
 

Discussion:  Analyses of the surface and atmos-
phere will be carried out by a series of low altitude 
(10-16 km above the surface) blimps with instruments 
mounted on the bottom. Each blimp would be 
equipped with temperature and pressure sensors, radar 
(for imaging and location identification), a laser al-
timeter (for determining exact altitude), gamma ray 
and neutron spectrometers (GRNS, for surface analy-
sis), and a gas chromatograph (for atmospheric analy-

sis). High-resolution radar imaging would primarily be 
completed by an orbiter that would also act as a relay 
for the blimps’ information. 

The surface will be divided into five equal areas 
along the equator that will be 72° wide by 90° tall, and 
two areas at each pole approximately 90° by 90° (Fig. 
2), i.e. 9 blimps. Depending on the size of the footprint 
(between 65-100 km), and the speed at which the 
blimps fly, for example if they flew at 100 m/s, it 
would take about 100 days to systematically map a 
section at the equator (1-5), and about 120 days for the 
polar maps (6, 7, 8, 9). Areas would be mapped using 
parallel vertical transects, with an overlap of at least 5 
km. By starting in section 1, Beta Regio, the GRNS 
data could be “ground truthed” with the Venera 13 and 
14 landers compositional data. The first blimp would 
be released and operate until either the entire region is 
mapped, or until the instruments cease to operate, 
likely due to the ambient pressure and temperature 
conditions. At that point, depending on the amount and 
type of data collected, either all of the blimps would be 
released by the orbiter to their respective grid loca-
tions, or blimps would be released one at a time. This 
would lead to a total mission length of roughly 3 ½ 
years. Ideally, the blimps will operate long enough to 
map the entire planet. Placing the blimps below the 
cloud layer minimizes the path length from surface to 
detector, and should minimize heterogeneity from any 
potential atmospheric signal in the surface measure-
ments. The wind speeds below 20 km altitude are rela-
tively low (<20 m/s [1]), so the blimps should not be 
buffeted too much, which should enhance signal clar-
ity. However, at these elevations, the temperature and 
pressure are significant (T = 500-700 K, P = 2-5 MPa 
[1], Fig. 1) and accuracy of the instruments will need 
to be tested before deployment. 

 
Figure 2. Suggested surface analytical sections for the 
blimps. Basemap from [2]. 
 

We need global constraints on surface composition 
in order to describe more accurately the geologic his-
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tory of Venus; by measuring changes in lava chemistry 
through time, variation in lava chemistry between dif-
ferent features, e.g. coronae compositions and lava 
plain compositions, indicative of different formation 
mechanisms, possibly weathering products from 
changes in expected basalt chemistry with interaction 
with the atmosphere and potentially constrain weather-
ing rates through time. A lander can provide measure-
ments with smaller errors but it would be (necessarily) 
limited to discrete locations on the surface. Given the 
uncertainty in the (3) compositions measured by the 
Venera and Vega missions [3], there would essentially 
be only one additional data point from which we must 
constrain a global history. Major element abundances 
of the surface could be analyzed with gamma ray and 
neutron spectrometers, similar to that flown on many 
previous missions such as Mars Odyssey [4,5]. 
Gamma rays are produced from the natural decay of 
radioactive elements on the surface (Th, U, K). Cosmi-
cally derived gamma rays are of sufficient energy to 
pass through the venusian cloud banks, interact with 
the surface, and bounce back to the detector in high 
enough densities to be detectable at sufficient signal-
to-noise ratios. Given the closeness to the surface of 
the planet (~15 km), the fluxes of gamma rays should 
be higher than those measured by the instrument on 
Mars Odyssey (at ~400 km), needing less passes over 
the surface to build up a significant signal. However, 
the detector will have to be filtered such that it mini-
mizes potential signals from rays that are bouncing 
between the bottom of the cloud layer and the surface. 
By coupling an imager with the GRNS, the major ele-
ment differences of different surface features can be 
determined; for example, features on the scale of large 
lava flows to volcanic edifices. Differences in erupted 
compositions through time give clues to mantle proc-
esses, such as melting degree which is related to man-
tle temperature and melting depth, and if these parame-
ters have changed through time, i.e. if the interior of 
the planet cooling or warming. 

The placement of the blimps has the benefit of 
characterizing the atmosphere composition at a known 
altitude, aiding analysis of data from future (and po-
tentially previous) missions. The blimps would also 
take composition measurements of the atmosphere as 
they descend to the final altitude of ~15 km, creating 
vertical compositional profiles of the venusian atmos-
phere. Measurements would be accomplished with a 
gas chromatograph similar to that flown on the Pioneer 
Venus [6,7] mission, but with more updated technol-
ogy like that utilized for the Huygens Titan probe [8], 

and modified for venusian temperatures and pressures. 
This type of instrument can measure major compo-
nents of the atmosphere, but also should have a resolu-
tion to detect gases at 1-10 ppb level. This instrument 
could also detect isotopes such as 40Ar and 36Ar, which 
would give constraints on the volcanic outgassing his-
tory of Venus. 

The blimps would operate in conjunction with an 
orbiter. The orbiter would act as a relay for the infor-
mation collected by the blimp’s sensors to Earth. Also, 
the orbiter would contain a high-resolution radar imag-
ing system, similar to that flown on Magellan [9]. An 
updated version of this instrument should be able to 
image ~5-20 m/pixel. Higher-resolution images would 
aid in geomorphology determinations of the surface, 
such as evidence for non-volcanic or tectonic features 
like those produced by erosion and/or weathering by 
fluid flow, active volcanism, etc., which would better 
constrain surface history. The radar capability would 
also allow for sounding off of the blimps, which would 
give a secondary constraint (the first coming from sen-
sors on the blimps themselves) on the blimps’ altitude. 

This project has the advantage of repurposing in-
struments that have been tested on other planets; this 
should keep costs down. They will need to be adapted 
and calibrated to the high pressure and temperature 
conditions at the analysis location. The largest issue 
for many of these instruments will be the cooling of 
the detector, particularly under the high atmospheric 
temperatures at the operation altitude. Depending on 
size, weight, and monetary constraints, there is the 
potential for other instruments to be placed on the 
blimps. These instruments could include, but are not 
limited to, visible light imager, an infrared spectrome-
ter, or wind sensors. Also, depending on the cost and 
size of each blimp, the number of blimps could be in-
creased, which would minimize the amount of time 
required to map the surface completely. 

Characterizing the surface and lower atmosphere of 
Venus will greatly aid our knowledge of the geologic 
history of the planet.  
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