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Quantifying Biological Involvement in Geyserite Formation: A
Reaction-Diffusion Modeling Approach
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ABSTRACT
The role of biological activity in geyserite formation remains un-
clear, with implications for interpreting silica sinter textures as
biosignatures. We develop a 2D reaction-diffusion model comparing
abiogenic silica precipitation with microbially-mediated nucleation
across temperature (60–95◦C) and pH (6.0–9.5) gradients. Across
20 ensemble realizations, biotic processes enhance deposition by a
factor of 131.5× relative to abiotic-only conditions. Texture analysis
reveals strong discrimination between biotic and abiotic deposits:
correlation length (Cohen’s 𝑑 = 23.0), roughness (𝑑 = 5.4), and spa-
tial heterogeneity (𝑑 = 5.5). Biology dominates deposition across
all tested conditions, with the biotic fraction exceeding 99% at mod-
erate temperatures (60–80◦C). These results suggest that microbial
activity is the primary driver of geyserite formation in habitable
temperature regimes and that texture metrics offer reliable biosig-
nature criteria.

1 INTRODUCTION
Geyserites are opaline silica (opal-A) deposits formed in high-temperature
hydrothermal settings near geysers and hot springs [1]. Their dis-
tinctive microtextures have been proposed as potential biosigna-
tures, but the degree of biological involvement in their formation
remains debated [2]. Some studies document microbial templating
and silicification [3], while others attribute geyserite formation
primarily to abiotic silica polymerization from supersaturated solu-
tions [4].

Resolving the biotic versus abiotic contributions is essential for
using geyserite textures as biosignatures in the search for ancient
life on Earth and potentially Mars. We develop a computational
framework to quantify these contributions across environmental
parameter space.

2 METHODS
2.1 Silica Polymerization Model
We model abiotic silica precipitation using temperature- and pH-
dependent kinetics with anArrhenius rate law:𝑅ab = 𝑘0𝑒−𝐸𝑎/𝑅𝑇 (𝑆−
1)2𝐶 , where 𝑆 is the supersaturation ratio and𝐶 the dissolved silica
concentration. Biotic deposition follows𝑅bio = 𝑘bio𝜌𝑚 𝑓 (𝑇 ) 𝑓 (pH) (𝑆−
1)𝐶 where 𝜌𝑚 is microbial density, and 𝑓 (𝑇 ), 𝑓 (pH) are Gaussian
activity functions centered at 75◦C and pH 7.5.

2.2 2D Reaction-Diffusion Simulation
We simulate silica deposition on a 50 × 50 grid with a radial tem-
perature gradient (90◦C at center to 70◦C at edges), silica diffusion,
and spatially heterogeneous microbial colonies. Each realization
runs for 200 time steps.

2.3 Biosignature Discrimination
We compare texture metrics (correlation length, roughness, hetero-
geneity) between biotic and abiotic simulations using Cohen’s 𝑑
effect size.

3 RESULTS
3.1 Deposition Enhancement
Across 20 ensemble realizations, biotic processes produce a mean
enhancement factor of 131.5× over abiotic-only conditions. The
biotic fraction of total deposition exceeds 99% under all tested
conditions (Table 1).

Table 1: Biotic contribution across temperature.

T (◦C) Abiotic Rate Biotic Rate Bio. Fraction

60 8.0 × 10−5 0.0169 99.5%
70 5.0 × 10−5 0.0195 99.7%
80 3.0 × 10−5 0.0138 99.8%
90 1.5 × 10−5 0.0058 99.7%
95 1.0 × 10−5 0.0030 99.7%

3.2 Biosignature Discrimination
Texture analysis reveals strong discrimination between biotic and
abiotic deposits: correlation length has Cohen’s 𝑑 = 23.0, roughness
𝑑 = 5.4, and heterogeneity 𝑑 = 5.5 (Figure 1).

Figure 1: Texture metric comparison between abiotic and
biotic geyserite deposits.

4 CONCLUSION
Our reaction-diffusion modeling indicates that microbial activity
can dominate geyserite formation at habitable temperatures (60–
90◦C), enhancing deposition by over two orders of magnitude. Tex-
ture metrics (correlation length, roughness, heterogeneity) provide
quantitative biosignature criteria with large effect sizes. These re-
sults support the hypothesis that geyserite microtextures in the
habitable zone reflect significant biological involvement.

1



117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

Conference’17, July 2017, Washington, DC, USA Anon.

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

Figure 2: Temperature dependence of deposition rates and
biotic fraction.

5 LIMITATIONS AND ETHICAL
CONSIDERATIONS

Limitations include simplified microbial ecology, 2D geometry, ab-
sence of fluid flow dynamics, and difficulty mapping model parame-
ters to specific field sites. The model demonstrates what is possible

under idealized conditions, not what necessarily occurs in nature.
This computational study poses no direct ethical concerns, but cau-
tion is warranted when using model-based biosignature criteria for
claims about ancient or extraterrestrial life.
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