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Bacterial Bioweathering of K-feldspar and Biotite in Granite
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Graduate School of Natural and
Technology, Kanazawa University
Kakuma, Kanazawa 920-1192 Japan

Abstract

Microorganisms are influential in environmental earth materials. Elemental circulation, environmen-
tal changes and the Earth evolution have been associated with microorganisms. In this study, bio-
mineralization of clay minerals and biodegradation of K-feldspar and biotite in granite were identified by
XRD, optical microscope, SEM-EDX, TEM and atomic absorption.

Bioweathering experiments were carried out using thin section of granite in freshwater with iron
bacteria (Toxothrix and Gallionella) at Omma Formation, Ishikawa Pref., Japan. Microbial mats were
formed on the surface of the thin section after 3 and 10 days. Cavities and chaps with bacilli and
filamentous bacteria were observed on the surface of feldspars and biotite. Si content was reduced at flake
materials (Si:Al=3:2) with bacilli on the surface of K-feldspar. K and Si release was recognized in the
solution of both K-feldspar and biotite immersed in the freshwater after a 2 months aging. TEM
observation and electron diffraction analyses revealed that kaolinite formed on the surface of K-feldspar
immersed in the freshwater after 2 months, suggesting K and Si were released from K-feldspar by bacteria to
form kaolinite. The results suggest that the weathering of granite were accelerated by microorganisms to
offer the nutrients such as K-ion.
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Table 1 Starting materials for natural cultivated
experiment under room temperature.
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specimen
Feldspar 3 g + freshwater 150 ml
Biotite 2 g + freshwater 150 ml
Control (only freshwater 150 ml)
Feldspar 3 g + sterilized freshwater 150 ml
Biotite 2 g + sterilized freshwater 150 mi
Control (only sterilized freshwater 150 ml)
Feldspar2 g + 0.1 N Oxalic acid 150 ml
Biotite 2 g + 0.1 N Oxalic acid 150 ml
0.1 N Oxalic acid 150 ml
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Table2 The results of bioweathering experiments.
Experiment Sample Aging time fnt?:‘;?ag: phenomena & products (method) expect
3 days Both microbial mats (OM)
; ; . 2 months K-feld. cavities, Al increase (SEM-EDX) K & Si release
Field Thin section — : e
Simonths Biotite cavities, K decrease & Ca increase substitution Ca for
(SEM-EDX) K
K-feld.+FW G K-feld. microbial mats, Toxothrix sp. Breeding nutrients from
Biotite+FW Biotite (OM, SEM) minerals
kaolinite & halloysite (TEM)
y K increase in solution. (AA) K & Sirelease,
Room KAl BV el K-feld. peak decrease & kaolin peak kaolinization
2 th increase (XRD)
Nonts deteriorated particle (TEM) .
K increase & Ca, Mg decrease in degra_dat_lon,
Biotite+FW Biotite ; ; substitution Ca,
solution (AA) Ma for K. illtizati
10A peak broadening (XRD) Sl eation
kaolinite (TEM)
K-feld. K-feld. K increase in soln. (AA) K & Sirelease
N Gibbsite, Boehmite (XRD)
Oxalate 2 weeks membranous particle (TEM) Mg and K
Biotite Biotite wCreaRa (V) Mg, K & Si release

clay minerals, Gibbsite, Boehmite

(XRD)

OM; optical microscope, AA; atomic absorption analysis, FW; freshwater.
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Fig. 1 SEM images and its EDX spectra of thin sectioned pristine K-feldspar (A),
and K-feldspar immersed in the freshwater for 2 months (B), showing
reduction of K and Si peaks as compared with Al peak in the presence of
bacteria (arrow in B).
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Starting biotite

Fig. 2 SEM images and its EDX spectra of thin sectioned pristine biotite (A), and biotite
immersed in the freshwater for 2 months (B), showing reduction of K peak and
increase of Ca and Fe peaks in the presence of bacteria (Arrow; analytical point).
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A Freshwater with bacteria
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Fig. 3 EC measurements of experimental water with
bacteria (A) and without bacteria (B). Result of
EC in A solution indicates that K is released from
K-feldspar and biotite by bacterial activity.
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Fig. 4 The pH measurements of experimental water
with bacteria (A) and without bacteria (B),
showing lower pH in the presence of bacteria
with minerals from 3days to 8days aging.
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Table3 Atomic Absorption analyses of experimental solutions after 2 months aging.

ppm
No. Samples K Na Ca Mg

1 Feld.+FW 9.7 15.8 26.6 11.8
2 Biotite+FW 12.5 16.7 18.6 13.1
3 FW 9.1 16.6 30.9 14 .4
4 Feld.+SW 11.9 20.2 21.1 14.7
5 Biotite+SW 11.5 18.9 22.4 13.6
6 SW 14.0 18.0 32.2 15.0
7 Feld.+Oxalic acid 14.9 5.8 8.9 7.9
8 Biotite+Oxalic acid 85.6 2.2 26 2214
9 Oxalic acid 0.6 1.1 0.0 0.0

FW:; freshwater, SW,; sterilized freshwater.

. ; g < . i bioti
250 A: Starting K-feld. 4000 g ' A: Starting biotite.
1
200 3000
150
2000
100 <
2 ? p T
n 1000 '
> 0 = 0
2 B: K-feld with bacteria after 2months 2 B: Biotite with bacteria after 2months
o 250 . 9 250
= < E
N
200 | < 200
<
[¢]
150 1 150
100 100
50 50
0 - 0
2 10 20 2 10 20
CuK @ 2 6 [°)

CuUKa 26 (°)

Fig. 5 X-ray powder diffraction patterns of starting

Fig. 6
K-feldspar (A) and weathered K-feldspar

X-ray diffraction patterns of starting biotite

after 2 months aging with bacteria (B) indicat-
ing biodegradation of K-feldspar (6.4 A) and
biomineralization of kaolinite (7.1 A).

(A) and weathered biotite after 2 months aging
with bacteria (B) showing formation of vari-
ous clay minerals in (B).
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Fig. 7 Fluorescence micrographs of microbial mats in
the solution of K-feldspar (A) and biotite (B)
immersed in the freshwater respectively, show-
ing presence of bacteria after 2 days’ aging.
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Fig. 8 SEM images of microbial mat formed in the
freshwater and the solution of K-feldspar (A)
and biotite (B) immersed in the freshwater.
Toxothrix sp. (Arrows) are observed around K-
feldspar and biotite. SEM image of C shows
iron hydroxides without bacteria under con-
trol condition.
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K-feldspar

Fig. 9 TEM image of K-feldspar from the immersed
sample in the fresh water. Kaolinite (K) was
formed around a bacteria (B). Arrow shows
electron diffraction analytical point.

Biotite

—]
500 nm

Fig. 10 TEM image of biotite from the immersed
sample in the fresh water, indicating de-
terioration of mineral (arrow A) in poly-
saccharides (arrow B).
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Fig. 11 XRD patterns of K-feldspar (A) and biotite
(B) immersed in 0.1 N oxalic acid solution.
Strong peaks of gibbsite ( 4.8A) and boehm-
ite (6.0A) and weak peak of kaolin minerals
(7.1A) were recognized.
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K-feld with oxalate

Fig. 12 TEM image of K-feldspar immersed in 0.1 N
oxalic acid showing formation of kaolinite
crystals. Arrow indicates analytical point of
electron diffraction.

500 nm

Fig. 13 TEM image of biotite immersed in 0.1 N
oxalic acid showing formation of membran-
ous particle (arrow A) by biotite degradation.
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4H2C204 + 202 + 7H20 + 2NaA151303
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+6CO2
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4H,C,04+ 20,4+ 7H,0+ 2K AlSi30s
—AlLSi,05(OH)4+ 2Kt + 2HCO;3 +4H,Si0O4
+6CO.
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— AlSi;05(OH),+2K* +2HCO3 +4H,SiO4
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Fig. 14 Schematic elemental circulation around microorganisms. It was considered
that bacteria released ions from K-feldspar and then K-feldspar changed to

kaolinite.
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Fig.15 X-ray powder diffraction paterns of clay
minerals with ethylene glycol treatment ob-
tained around lichen hyphae (A), and collect-
ed from weathered granite (B) and fresh
granite (C) at the same rock sample, showing
bioweathering products of clay minerals.
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Fig.16 TEM images of lichen hyphae (A) and layered
silicate (B) around the hyphae, indicating
lichenous biomineralization of clay minerals.
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