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Abstract

Natural silica sol, whose composition excluding water is close to that of a ferrohypersthene, (Fe, ., Mg, ;)
Si0O; was found in dacite lava of the Miocene Nantaisan volcanic breccia in Daigo Town, Ibaraki Prefecture.
When a block of lava containing the sol was broken and exposed to the atmosphere, the sol transformed to
a gel state. The sol was transparent light green in color, but showed instantaneously changed to be opaque
upon exposure to the atmosphere. Several experiments on the sol/gel have been conducted to investigate its
physico-chemical character. The X-ray diffractogram of the gel-powder showed a broad halo, suggesting an
amorphous state. The sol contains about 50 wt% water. The gel was bleached by ascorbic acid and changed
to iron-free silica gel. The sol-gel transition is probably triggered by the dehydration and the iron-oxidation of

the sol.

Key words: silica sol, sol-gel transition, ferrohypersthene, color change, oxidation, water content, dacite,

Nantaisan volcanic breccia.
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Fig. 1. Geographical occurrence map of Takikura gel, Takikura, Daigo Town (from geographical map of Geospatial Information

Authority of Japan).
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Fig. 2. Geological map of the area of occurrence of Takikura gel (after Amano et al., 2011).
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Fig. 3. Photographs of Takikura gel. a: occurrence of black gel in dacite; b: thin section photograph (open nicol) of black gel

interstitially growing with plagioclase; c: thin section photograph (open nicol) of black gel; d: crossed nicols photograph of c, the

arrow shows a structure-boundary in the gel; e: the color change of black gel after the reduction reaction in MoO; oxalic acid solution; f:

bleached gel after the treatment by saturated solution of ascorbic acid. pl: plagioclase, cri: cristobalite, Si: silica minerals.
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Table 1. Chemical composition of Takikura gel and its normative minerals, and chemical composition of dacite as a host rock.

Or: orthoclase, An: anorthite, Cor: corundum, Hyp: hyper:

sthene, Qtz: quartz.

Gel: XRF analysis on glass bead (wt%)

Gel: EPMA analyses Bulk rock

id 100% atomic ratio on 18 points composition of
X1
oxides norm. cation 0=4 0=6 0=8 oxides Range dacite (wt%)
Sio, 49.53 50.40 Si 1.326 1.989 2.652 SiO, 37.33~40.11 SiO, 65.53
TiO, 0.02 0.02 Ti 0.000 0.001 0.001 TiO, 0.00~0.10  TiO, 0.62
ALO, 3.58 3.64 Al 0.113 0.169 0226  ALO, 3.71~4.28  ALO, 16.28
FeO 34.23 34.82 Fe 0.766 1.149 1.532 FeO 22.00~26.04 FeO* 6.13
MnO 0.31 0.31 Mn 0.007 0.010 0.014 MnO 0.00~0.25 MnO 0.10
MgO 8.94 9.10 Mg 0.356 0.535 0.713 MgO 5.41~6.17 MgO 0.79
CaO 1.66 1.69 Ca 0.048 0.071 0.095 CaO 0.65~1.03  CaO 4.58
Na,O 0.00 0.00 Na 0.000 0.000 0.000 Na,O 0.25~0.73  Na,O 3.44
K,0 0.01 0.01 K 0.002 0.003 0.004 K,0 0.09~0.35 K,0 2.27
P,0s 0.01 0.01 P 0.000 0.000 0.000 P,0; 0.00~0.04  P,0s 0.25
Total 98.28 100.00 Total 2.618 3.927 5.237 SO, 0.00~0.18  Total 100.00
Cl 0.00~0.12
Norm mineral (wt%) of gel Total 70.5~77.3
Or An Cor Hyp Qtz Total
0.60 0.79 0.55 94.29 3.77 100.00
29 %\
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Fig. 5. The weight change during the sol-gel transition o
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Table 2. The water content of sol measured by Karl Fischer method.

standardization to tandard
10 u1H20 (ml) factor (mg/ml) average deviation RSD
11.332 0.88246 0.87313 0.015087 1.7280
11.686 0.85572
11.348 0.88121
drip (ml) of K.F. reagent to water content (mg/ml) standard
8 ml anhydrous methanol in anhydrous methnol average deviation RSD
1.600 0.1746 0.1680 0.01518 9.036
1.370 0.1495
1.560 0.1703
1.530 0.1670
1.348 0.1471
1.736 0.1895
1.628 0.1777
drip (ml) to 8 ml of 10 ml
methanol containing water extracted water water content
extracted from 16 mg content (mg/ml) in (mg) in 16 water content
sample during 25 minutes methanol - mg gel %
6.442 0.5351 5.351 33.45
drip (ml) to 5 ml of 10 ml
methanol containing water extracted water water content
extracted from 15.8 mg content (mg/ml) in (mg) in15.8 water content
sample during 10 minutes methanol —+ mg gel %
4.170 0.5602 5.602 35.46
drip (ml) to 4 ml of 10 ml
methanol containing water extracted water water content
extracted from 15.8 mg content (mg/ml) in (mg) in15.8 water content
sample during 10 minutes methanol i mg gel %
3.248 0.5410 5.410 34.24
average (%) of 5 mland 4 ml cases 34.85
K.E.; Karl Fischer, RSD; relative standard deviation.
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Fig. 6. Interval photographs of the sol's color during the sol-gel transition (from Zero seconds to 39 minutes and 40 seconds) .
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Table 3. Chemical composition of bleached gel by XRF semi-
quantitative analyses on glass bead.

bleached gel 100 % normalize

No. 1 2 1 2
SiO, 53.8 53.9 99.4 94.7
TiO, 0.0 0.0 0.0 0.0
ALO, 0.0 2.7 0.0 4.8
FeO 0.1 0.1 0.2 0.2
MnO 0.0 0.0 0.0 0.0
MgO 0.1 0.1 0.2 0.1
CaO 0.1 0.1 0.2 0.1
Na,O 0.0 0.0 0.0 0.0
K,0 0.0 0.0 0.0 0.0
P,0; 0.0 0.0 0.0 0.0
Total 54.1 56.9 100.0 100.0
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