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Abstract

Laboratory tests of accelerated artificial weathering compared the effects of seawater and acidified
distilled water on rock weathering. The experiments simulated chemical and physical weathering of
five different types of volcanic rock by applying 45 freeze-thaw cycles using seawater and acidified
distilled water (pH 3), both at 70°C. The physical properties and uniaxial compressive strength (UCS)
of the rocks were measured after 15 and 45 cycles of artificial weathering. Most of degradation of
physical properties appeared within the first 15 cycles, and acidified distilled water had a greater effect
than seawater. Analysis of variance (ANOVA) statistically evaluated the differences in UCS of the
different rock types during the tests. The rate of UCS reduction after 45 cycles was similar across the
samples, being independent of the rock type and the trend of changes in physical properties. In cont-
rast to the changes in the physical properties, the UCS was more affected by seawater than by acidified
distilled water.

Keywords: accelerated artificial weathering, seawater, acidified distilled water, volcanic rock, physical
properties, UCS, ANOVA
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Fig. 1. Geological map of the study area (KIGAM, 1983).
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Fig. 2. Thin section photomicrographs of (a) hornblende granodiorite, (b) andesitic breccia, (c) andesite, (d) rhyolitic tuff,

and (e) rhyolite.
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Table 1. Modal analysis results for thin sections

Rock type Qtz Pl Or Mu Bi Ser Chl Hbl Cal
Hornblende granodiorite 32.9 432 - 2.1 - 3.9 8.9 6.4 -
Andesic breccia 11.3 56.8 16.5 1.9 2.2 35 42 - -
Andesite 10.2 51.2 - 7.9 - 2.8 42 20.5 -

Rhyolitic tuff 27.8 54.6 - 2.7 - 3.1 3.6 - 4.5

Rhyolite 62.4 27.2 - - 2.4 3.6 - 3.1

*Qtz: quartz, Pl: plagioclase, Or: orthoclase, Mu: muscovite, Bi: biotite, Ser: sericite, Chl: chlorite, Hbl: hornblende, Cal: calcite.
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Fig. 3. Initial quick absorption ratios. Box in the box-and-whisker plot is drawn from 25" percentile to 75" percentile and
has a horizontal line inside to denote the median. The horizontal line at the top and the bottom of the whiskers represent
100" and 0" percentile, respectively.
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Fig. 4. Initial P- and S-wave propagation velocities.
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Fig. 7. Rock samples treated with acidified distilled water before the weathering test, and after 15 and 45 cycles: (a)
hornblende granodiorite, (b) andesitic tuff, (c) andesite, (d) rhyolitic tuff, and (e) rhyolite.
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Fig. 8. Rock samples treated with seawater before the weathering test, and after 15 and 45 cycles: (a) hornblende grano-
diorite, (b) andesitic breccia, (c) andesite, (d) rhyolitic tuff, and (e) rhyolite.
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Fig. 9. Progression of the quick absorption ratio during 45 cycles of accelerated weathering by (a) acidified distilled water
and (b) seawater. "GR: hornblende granodiorite, AT: andesic breccia, AN: andesite, RT: rhyolitc tuff, RH: rhyolite.

Table 2. Average change of quic absorption ratio during accelerated weathering tests

Acidified distilled water Seawater
Rock type
15 cycles 45 cycles 15 cycles 45 cycles

Hornblende granodiorite +57% +152% +47% +101%
Andesitic breccia +49% +100% +45% +23%
Andesite +187% +365% +224% +219%
Rhyolitic tuff +43% +74% +37% +28%
Rhyolite +38% +53% +34% +72%
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Fig. 10. Changes of P- and S-wave propagation velocity during 45 cycles of accelerated weathering by (a) acidified distilled
water and (b) seawater. "GR: hornblende granodiorite, AT: andesic breccia, AN: andesite, RT: rhyolitc tuff, RH: rhyolite.



Table 3. Average change of P-wave propagation veolocity during accelerated weathering tests

Acidified distilled water Seawater
Rock type
15 cycles 45 cycles 15 cycles 45 cycles
Hornblende granodiorite -71% -11% -7% -9%
Andesitic breccia -1% -10% -31% -62%
Andesite -10% -11% -8% -4%
Rhyolitic ruff -8% -12% -6% 2%
Rhyolite -8% -10% -12% -1%

Table 4. Average change of S-wave propagation velocity during accelerated weathering tests

Rock type Acidified distilled Water Seawater
15 cycles 45 cycles 15 cycles 45 cycles
Hornblende granodiorite -3% 0 -1% +2%
Andesitic breccia -4% +2% -27% -59%
Andesite -4% 2% 2% -1%
Rhyolitic tuff -5% -3% -71% 2%
Rhyolite 2% +2% -4% 0
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Fig. 11. Progression of Shore hardness during45 cycles of accelerated weathering by (a) acidified distilled water and (b)
seawater. “GR: hornblende granodiorite, AT: andesic breccia, AN: andesite, RT: rhyolitc tuff, RH: rhyolite.
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Table 6. ANOVA results of granodiorite UCS between the control and acidified distilled water test groups

Group Source of variation SS df MS F P-value F crit
Control vs. Between groups 3205.442 1 3205.442 1.444 0.315 10
15 cycles Within groups 6659.016 3 2219.672 - - -
15 cycles vs. Between groups 5.954 1 5.954 0.0024 0.964 19
45 cycles Within groups 4776.945 2 2388.472 - - -
Control vs. Between groups 3515.246 1 3515.246 3.471 0.159 10.128
45 cycles Within groups 3038.071 3 1012.690 - - -
*SS: sum of squares, df: degree of freedom, MS: mean square, F: MS; ups/MSithi

Table 7. ANOVA results of granodiorite UCS between the control and seawater test groups

Group Source of variation SS df MS F P-value F crit
Control vs. Between groups 5883.893 1 5883.893 4.183 0.133 10.128
15 cycles Within groups 4219.562 3 1406.521 - - -
15 cycles vs. Between groups 5212.912 1 5212.912 5.722 0.139 18.513
45 cycles Within groups 1822211 2 911.105 - - -
Control vs. Between groups 24273.086 1 24273.086 28.865 0.013 10.128
45 cycles Within groups 2522.791 3 840.930 - - -

*SS: sum of squares, df: degree of freedom, MS: mean square, F: MSp

Table 8. Average change rate of UCS statistically analyzed using ANOVA

Acidified distilled water Seawater
Rock type
15 cycles 45 cycles 15 cycles 45 cycles
Hornblende granodiorite - - - -64%
Andesitic breccia -16% -41% -24% -55%
Andesite - - - -58%
Rhyolitic tuff -30% -30% -58% -58%

Rhyolite - - - -52%
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