Experimental Study of the Alteration of Basalt on the Surface of Venus
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Introduction

Results

The surface of Venus is composed primarily of basalt, in plains, shield
volcanos and other constructs, that represent igneous activity since Venus’
major resurfacing event of 300-600 Ma [1-2]. Material on the surface of
Venus experiences temperatures of ~470⁰C and pressures of ~90 bars,
comparable to the terrestrial greenschist metamorphic facies. The atmosphere
of Venus, however, is composed mostly of carbon dioxide (CO2) with trace
amounts of sulfur dioxide (SO2). Therefore, basalts at the surface should
undergo chemical alteration via gas-solid interactions with Venus’ atmosphere
[3]. Electromagnetic data interpretations and in situ chemical analyses from
Venera 13, Venera 14, and Vega 2 landers using X-ray fluorescence
spectrometry [4] rely on an understanding of the processes, products, and
rates of basalt alteration. The oxidation state of the atmosphere of Venus is
near the magnetite-hematite buffer, while basalt should represent more
reduced conditions; near QFM for Earth and lower for Mars, Moon, and most
asteroids. Therefore, weathering of basalt on Venus is likely dominated by
oxidation reactions [5]. Spectral data from the Venera/VEGA landers and
from the VIRTIS spectrometer on Venus Express suggests that hematite coats
much of the material on the surface of Venus [6-8]. Previous work on the
oxidation of basalts at temperatures greater than 550˚C suggest that Fe2+,
Mg2+, and Ca2+ cations will likely migrate to the surface to form oxides
[4,9,10]. However, prior studies of basalt alteration have been conducted
under terrestrial atmospheric conditions making it unclear how applicable
their results are to the surface of Venus. Here, we present preliminary results
from laboratory experiments on alteration processes and products of basalts
under P, T, and atmospheric compositions similar to those at the Venus
surface. This will provide constraints on potential phase assemblages that will
be of great importance to future Venus lander missions.
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A. SEM-EDX element map of natural alkaline
basalt sample before alteration. Blue = diopside;
bright red = chromite; dull red = olivine; brown
= labradorite plagioclase
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Basaltic glass

B. BSE image of an alteration product on
sample VEN-1 (run conditions in Methods),
inferred to be graphite

Graphite?

D. BSE image of an alteration product on
sample VEN-4A (run conditions in Methods),
inferred to be an iron oxide
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Methods
— High-pressure alteration experiments on basaltic glasses of two distinct
compositions were done using cold-seal pressure vessels at Brown University.
The two compositions used can be described as either tholeiitic or alkaline, and
were chosen based on in situ measurements from Venera and Vega landers [4].
The tholeiitic basalt glass is a synthetic material that lacks any crystals prior to
experimentation whereas the alkaline basalt is a natural sample and contains
crystals suspended in a glassy matrix.
— Geochemistry of natural alkaline samples prior to alteration experiments were
characterized using a Cameca SX-100 electron probe micro-analyzer (EPMA)
at the University of Tennessee.
— Alteration assemblages were characterized using the Phenom Pro scanning
electron microscope (SEM).
— Fragments from each sample were sent to Rensselaer Polytechnic Institute for
Rutherford Backscatter Spectroscopy (RBS) analysis following alteration
experiments.
sample name
VEN-1
VEN-2
VEN-3
VEN-4A
VEN-4B
VEN-5A
VEN-5B
VEN-6

chemical type
tholeiite
alkaline
tholeiite
alkaline
tholeiite
alkaline
tholeiite
alkaline

run conditions
470 C, 92 bars
470 C, 92 bars
700 C, 90 bars
700 C, 90 bars
700 C, 90 bars
470 C, 90 bars
470 C, 90 bars
700 C, 90 bars

run time
15 days
15 days
15 days
15 days
15 days
15 days
15 days
15 days

buffer assemblage
pure CO2
pure CO2
pure CO2
hematite-magnetite
hematite-magnetite
hematite-magnetite
hematite-magnetite
pure CO2

C. BSE image of an alteration product on
sample VEN-3 (run conditions in Methods),
inferred to be an iron oxide

Basaltic glass
Basaltic glass

The surfaces of all altered samples were
decorated with discontinuous coatings of
iron oxide(s), despite the different run
conditions. We interpret these oxide
coatings as representing iron having
diffused from the glass to the surface,
responding to the chemical potential
gradient established by the differences in
oxidation state of rock and gas [9,10].
Deposition of carbon-rich species (Fig. B) is
attributed to both temperature and fO2
conditions. Textural differences observed in
the basaltic glass are attributed to starting
compositions (tholeiitic vs. alkaline, Fig.
B,C vs D). Results from Rutherford
Backscatter Spectroscopy (RBS) analysis
support this interpretation, as they show
nominally high concentrations of Fe in the
outer 10s and up to 1000 nm on most
samples.

Future Work
Altered samples are in the process of being analyzed by transmission electron microscopy (TEM) at the University
of Tennessee, Knoxville (UTK) and Johnson Space Center (JSC) to identify the alteration mineral(s), thicknesses of
reaction zone(s), and oxidation states of diffusion zones in the glass. This requires the use of Focused Ion Beam (FIB)
milling prior to TEM analyses, which is on-going (shown in image to the right). Weathering rind thickness is a
function of time [9,11], and data here and from future experiments will allow us to determine rate laws and constants,
and thus constrain the mechanisms of weathering. Parallel experiments are being run in the Goddard Venus Chamber,
and future experiments will include SO2 gas to better simulate the Venus atmosphere.
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