
Alkali Silica Reactivity:

A Problem on Earth, A Solution on Mars
Abstract: How Alkali-Silica may be helpful in identifying 

Specific Time Periods, and/or Erosional Features on Mars: 

Because ASR occurs under very specific conditions it might become a 

valuable tool in determining the time period during which specific 

geologic events occurred. Additionally, if ASR, or more properly, its 

bi-products are found to be wide spread on Mars, it is possible that 

ASR may have been significant in the weathering [3] and Erosional 

process. 

It is our opinion that there may be substantial deposits of silica gel [4] 

and hydrated silica and opaline mineralization by-products in 

hydrothermal metamorphic and weathering locations [5] in the 

Martian regolith, which were formed in the following manner; 

During the pre- and early Noachian Epoch, Mars was "resurfaced" by 

lava flows. These lava flows contain virtually no quartz. Mars 

subsequently underwent a substantial impactor period. During this 

period the surface was shattered which mined up material from the 

subsurface. As the basalt, at depth, weathered, it likely created alkali 

solutions in the subsurface water. These solutions then move 

preferentially along fracture zones associated with the impact craters 

[6]. In the areas of an impactor a great deal of heat was likely 

generated locally. As a result, local groundwater would potentially be 

heated to near or beyond the typical hydro-thermal temperatures. 

In addition to warming, fracturing, and materials brought to the 

surface, the impactors also imply a certain amount of "glassification". 

These newly formed glasses, along with the likely presence of alkali 

solu-tions in the subsurface water, are likely to produce varying 

quantities of silica gel. The amount of gel produced would be 

dependent on the amount of silica pre-sent, the amount and degree of 

alkalinity of the subsur-face water, and the temperature of the 

materials under-going the ASR reaction. 
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Introduction/ Discussion:
Introduction/Discussion: While working in the private sector some 30 years ago, the Authors were introduced 

to the concept of Alkali-Silica Reactivity hereafter referred to as ASR. On earth ASR is manifested in concrete 

made after 1970. Analogous situations may have occurred in geologic history on Mars. 

What is Alkali-Silica Reactivity: ASR is basically a pozzolonic reaction, which is a simple acid-base reaction between calcium 

hydroxide or (Ca(OH)2), and silicic acid (H4SiO4, or Si(OH)4). This reaction [1] [2] can be schematically represented as following 

Ca(OH)2 + H4SiO4 → Ca2+ + H2SiO42− + 2 H2O → CaH2SiO4 · 2 H2O 

On Earth the mechanism of ASR causing the deterioration (of concrete) can be described as having four basic 

steps as follows: 

The alkaline solution attacks the siliceous material (generally aggregate), converting it to viscous alkali silicate 

gel. 

1. Consumption of alkali by the reaction induces the dissolution of Ca2+ ions into the pore water. Calcium ions 

then react with the gel to convert it to hard C-S-H. 

2. The penetrated alkaline solution converts the remaining siliceous minerals into bulky alkali silicate gel. The 

resultant expansive pressure is stored in the aggregate. 

3. The accumulated pressure cracks the aggregate and the surrounding cement paste when the pressure exceeds 

the tolerance of the aggregate.

Alkali/Acid Reactivity and Silica Gel Products:

Introduction/Discussion: While working in the private sector some 30 years ago, the Authors were introduced to the 

concept of Alkali-Silica Reactivity hereafter referred to as ASR. On earth ASR is manifested in concrete made after 

1970. Analogous situations may have occurred in geologic history on Mars. 

What is Alkali-Silica Reactivity: ASR is basically a pozzolonic reaction, which is a simple acid-base reaction between calcium 

hydroxide or (Ca(OH)2), and silicic acid (H4SiO4, or Si(OH)4). This reaction [1] [2] can be schematically represented as following 

Ca(OH)2 + H4SiO4 → Ca2+ + H2SiO42− + 2 H2O → CaH2SiO4 · 2 H2O 

On Earth the mechanism of ASR causing the deterioration (of concrete) can be described as having four basic steps as 

follows: 

The alkaline solution attacks the siliceous material (generally aggregate), converting it to viscous alkali silicate gel. 

1. Consumption of alkali by the reaction induces the dissolution of Ca2+ ions into the pore water. Calcium ions then 

react with the gel to convert it to hard C-S-H. 

2. The penetrated alkaline solution converts the remaining siliceous minerals into bulky alkali silicate gel. The resultant 

expansive pressure is stored in the aggregate. 

3. The accumulated pressure cracks the aggregate and the surrounding cement paste when the pressure exceeds the 

tolerance of the aggregate. 

4. In long term (geological) time frames, depending on chemical and pH factors, silica gel migrates, then converts to sol-

form minerals, such as Opal A or Opal C. veins or bulk masses of this material may act as structural replacement or 

cement, and would exhibit a hydrated silica spectrum in CRISM or other spectroscopic data.
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Conclusions:
It is acknowledged that it is too early in the study of the conditions on Mars to draw 

any definitive conclusions as to the presence or absence of  ASR on Mars.

This being acknowledged, it seems likely that some form of this reaction does occur 

on Mars, given the chemical conditions thought to exist in the subsurface and 

near surface of the planet.

It may be possible to relatively date events such as impacts using quantity and 

characteristics of ASR and it’s byproducts.

ASR may be responsible for limited break down or re-cementation of rock 

materials.

Perhaps most interestingly, the gel created during the ASR reaction will migrate 

relatively long distances along fractured material.  This migration may allow for 

contact and transport of chemical and physical, evidence of life.

The ASR reaction will tend to take place in similar conditions as life; warm, wet 

conditions.  This similarity may make ASR Gels and products a good place to 

find evidence of life.
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Martian Hydrology:

How Alkila-Silica may be helpful in identifying Specific Time Periods, and/or 

Erosional Features on Mars: 

Because ASR occurs under very specific conditions it might become a valuable tool in 

determining the time period during which specific geologic events occurred. Additionally, 

if ASR, or more properly, its hydrated silica bi-products are found to be wide spread on 

Mars, it is possible that ASR may have been significant in the weathering [3] and erosional 

process. 

It is our opinion that there may be substantial deposits of silica gel [4] and hydrated silica 

and opaline mineralization by-products in hydrothermal metamorphic and weathering 

locations [5] in the Martian regolith, which were formed in the following manner; 

During the pre- and early Noachian Epoch, Mars was “resurfaced” by lava flows. These 

lava flows contain virtually no quartz. Mars subsequently underwent a substantial 

impactor period. During this period the surface was shattered which mined up material 

from the subsurface. As the basalt, at depth, weathered, it likely created alkali solutions in 

the subsurface water. These solutions then move preferentially along fracture zones 

associated with the impact craters [6]. In the areas of an impactor a great deal of heat was 

likely generated locally. As a result, local groundwater would potentially be heated to near 

or beyond the typical hydrothermal temperatures. 

In addition to warming, fracturing, and materials brought to the surface, the impactors also 

imply a certain amount of “glassification”. These newly formed impact glasses, along with 

the likely presence of alkali solutions in the subsurface water, are likely to produce var-

ying quantities of silica gel. The amount of gel produced would be dependent on the 

amount of silica present, the amount and degree of alkalinity of the subsurface water, and 

the temperature of the materials undergoing the ASR reaction. 

There exists a body of engineering science and literature on ASR in human construction 

and civil engineering, which we feel may prove useful toward under-standing potential 

ASR reactions and their signatures in the Martian environment. . 
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Important Notes:

Reactions similar to ASR have been noted in aggregates not comprised of silica.

Amorphous silica is subjected the greatest reaction, while crystalline silica is least reactive

THREE CONDITIONS WHICH MUST BE MET FOR ASR TO OCCUR 

The reacted material contains reactive forms of minerals

The pore solution has a content of sodium and potassium ions

Sufficient moisture is present in the material.

ASR gel found even in the 

entrance to our homes
Yellow opal (left),  Atacama Desert, Chile

Blue opal (right), Andes Mountains, Peru


