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Introduction:  Seven successful Soviet Venus 

landers reported compositional information on Venus 
surface rocks [1-3], and Magellan SAR discovered a 
wide range of familiar Earthlike volcanic landforms 
amidst a partially disimilar tectonic landscape.  The 
landers produced compositional data and surface im-
agery consistent with orbital views indicating or sug-
gesting volcanic landing sites associated with a variety 
of tectonic environments, including what appears to be 
boh rift and hotspot styles of volcanism [4].  The preci-
sion of the lander chemical analyses was poor [5]; only 
three landers reported major element compositions for 
most major oxides assessed by X-ray fluorescence, but 
not Na2O at all.  Some landers also reported K, U, and 
Th determined by gamma ray emissions.  Venera 8, the 
first successful lander, reported such high amounts of 
K2O that it was definitively concluded that Venus has 
an extremely differentiated crust, with K attaining a 
couple hundred times CI chondrite abundances.  Gran-
ite was the preferred interpretation. 

Reassessments of Soviet geochemistry data: 
Kargel et al. [4] provided a more complete assessment 
of the Soviet data in conjunction with RADAR im-
agery and concluded that alkaline volcanic rocks may 
be more common on Venus than on Earth, and the 
Venera 8 sample was possibly one of those (while not 
ruling out a granite interpretation). Treiman [5] pro-
duced the most complete assessment of the full impact 
of instrumental errors on the possible interpretations, 
preferring more conservative 2-σ errors (95% confi-
dence limits) as is standard in geochemistry.  Analysts 
of the Venus data agree that they indicate a silicate bo-
dy having a metallic Fe-rich core and FeO-rich mantle 
and that the crust is heterogeneous and includes parts 
that are highly differentiated relative to the mantle.   

I reiterate and support what Treiman stated about 
the limitations of interpretations due to large measure-
ment errors, but the figures below [from 4] use 75% 
error bars.  Certain conclusions are probable at 75% 
limits of confidence [4]; fewer things can be concluded 
at 95% limits of confidence [5] (Table 1).  

In fact some really profound things can be stated 
with 95% confidence (or greater); more things can be 
concluded with 75% confidence, which is not great 
confidence, but it is enough to start framing some hy-
pothesis for future investigation by new Venus probes.  
Among the findings is that at 75% confidence, Venus 

may have a far greater incidence of highly alkaline 
volcanism than on Earth, but overall, Venus seems 
Earthlike in composition [5] (Table 1). 

 
Fig. 1.  This important set of chemical parameters shows 
how 75% confidence limits of Soviet lander data relate to 
terrestrial volcanic rocks. The compositional range is related 
to degree of partial melting, volatile abundances in the man-
tle source, and fractional crystallization. Venera 14 (V14) 
and VEGA 2 (V2) data are consistent with the composition of 
common Mid Ocean Ridge Basalts and basaltic tholeiite 
shield volcanic rocks on Earth, whereas the Venera 13 (V13) 
sample occupies a sparsely populated field of rare alkaline 
hotspot volcanic rocks, kimberlite pipes, and other volcanics 
fed from CO2-rich mantle.  See Kargel et al. (1993) for de-
tails, but the bottom line is that, at 75% confidence,  V13’s 
sample is consistent with <1% partial melting of Earth-like 
CO2-rich mantle, whereas V2’s and V14’s rocks suggest 5-
30% partial melting of dry mantle.  All three rocks are con-
sistent with little fractional crystallization. Treiman [6] 
points out that with 95% error envelopes, especially on mag-
nesium, results could be very different. 
 
Geology of the landing sites from Magellan SAR: 
Kargel [5] provided an integrated geological and geo-
chemical perspective on the landing sites.  Venera 14 
(V14) and VEGA 2 (V2) reported Mid Ocean Ridge 
Basalt-like compositions; V2 landed on a vast effusive 
lava flow field associated with Sith Corona (Fig. 2), 
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Table 1.  Key conclusions about Venus [4,5] from geochem-
istry of rocks [1-3] 

Confidence:  75%  95% 
It is a silicate world   Yes Yes 
It has a Fe-rich core:  Yes Yes 
It has grossly basaltic rocks  Yes Yes 
It has MORB-like rocks  Yes Maybe 
It has highly alkaline mafic rocks  Yes Maybe 
Alkaline mafic rocks are abundant Maybe Maybe 
It has granitic rocks   Maybe Maybe 
It has Ca-Al-Ti fractionation  Yes Maybe 
Mantle role of CO2 or H2O  Maybe Maybe 
Mantle role of garnet  Maybe Maybe 
It resembles Earth overall  Yes Maybe 
It resembles Mars overall  No Maybe 
It resembles eucrite parent body No Maybe 
It resembles Earth’s Moon  No  No 
We have good geochem sampling No No 
 

whereas V14 landed 
on effusive flow field 
emanating from a 
large shield volcano 
(Fig. 3).  The ultrapo-
tassic V13 site is along 
a volcanic rift (Fig. 4) 
and includes several 
near-by “pancake 
domes,” which could 
be products of intra-
crustal differenti-ation.  
The other high-K rock 
(V8) is from a region 
near or with-in a field 
of small shields or cin- 

Figure 2. VEGA 2 site.                    der cones, which may        
                                                   have a nearest analog 
in terrestrial continental mid-plate hotspot volcanism.  
In all, a variety of volcanic/tectonic terrain types were 
analyzed, but many terrain types on Venus remain un-
sampled [4,5].   Future exploration could resolve the 
degree to which highly silica undersaturated or other 
unusual volcanic rock types (e.g., Figs. 1 and 5) really 
are common and why this might be. 
 

 
Figure 3. Venera 14 site on a large shield volcano. 
  

 
Figure 4. Venera 13 site along a volcanic rift. 
  

Figure 5. CIPW norms of Venera 13 and 14 and VEGA 
2 rocks, as described more fully by Kargel et al. [4]. 
Within 75% error limits, the samples plot as olivine 
normative, with Venera 14 and VEGA 2 being what 
would be considered basaltic tholeiites or olivine 
tholeiite basalts, and Venera 13 being a highly silica-
understaurated mafic rock.  If 95% uncertainty enve-
lopes on element abundances and unknown amounts of 
sodium are considered, all bets are off, as Treiman [5] 
has calculated and explained in detail. 
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