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OUTLINE OF STUDY AREA 
 
The Tateyama Caldera is located in the northern part of the Japan Alps, central Japan. 
Andesitic rocks and granitic rocks are distributed in the caldera and partly underwent 
hydrothermal alteration. These altered rocks include secondary minerals such as pyrite, native 
sulfur, quartz and smectites. In 1858, the large-scale landslide triggered by the Hietsu 
Earthquake occurred and formed a landslide dam. Debris flows by collapse of the landslide 
dam subsequently caused serious damage to the lower reaches of the Joganji River. Until now 
landslides and debris flows triggered by rainfalls have frequently occurred in the caldera. 
 
OBJECTIVES 
 
Watersheds in the caldera show one of the highest rates in sediment yield and erosion in Japan. 
Several investigators have recently reported that the chemical weathering rate is directly 
related to the rates of mechanical erosion in watersheds (e.g. Louvat and Allègre, 1997; 
Gaillardet et al., 1999; Millot et al., 2002; Lyons et al., 2005). Under the similar climatic and 
geologic conditions, high landslide frequencies or erosional potential are generally connected 
with high weathering rates and sediment yields. Here we focus on chemical fluxes in stream 
waters from watersheds and attempt to estimate the chemical weathering rates for eight 
watersheds of the caldera. These estimated data from each watershed allow us to assess the 
potential of landslide and debris flow occurrences in each watershed. 
 
HYDROCHEMISTRY 
 
Ca-HCO3 type waters showing low total ion concentration (TIC) are limitedly found in the 
caldera and extensively distributed in the outside of the caldera, and are formed by rock-water 
interaction consuming atmospheric or subsurface CO2 gas during the chemical weathering 
process. Ca-SO4 type waters are found in other watersheds and often show high TIC. Ca2+ and 
SO42- are predominant ions in the stream water from the Dashiwaradani watershed. The TIC in 
this water is the highest concentration in all watersheds. In addition, the pH value of water 
showing less than 4 is the lowest value in all watersheds. We recognized a characteristic 
process during chemical weathering under the oxidative environment in the caldera. Sulfuric 
acid (H2SO4) is easily produced by the oxidation of pyrite or native sulfur included in the 
hydrothermally altered rocks. Soluble minerals, especially Ca-rich plagioclase, in fresh andesitic 
and granitic rocks are leached with H2SO4, and Ca2+ is released to stream water. Ca-SO4 type 
waters of high concentration are formed through the unique chemical weathering resulting 
from the oxidation of pyrite or native sulfur. 
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ESTIMATION OF CHEMICAL WEATHERING RATE 
 
The rate of chemical weathering is represented as an integral function that consists of many 
parameters (e.g. climate, vegetation, topography, lithology, hydrology, etc.). However, several 
parameters can be excluded because of the following reasons. 
(1) Andesitic and granitic rocks predominate in the caldera. Such a monotonous lithology is 
useful for estimating the chemical weathering rate. 
(2) The caldera is small basin having approximately 26km2 in area. Therefore, the average 
atmospheric temperature, the annual precipitation and evapotranspiration, and the vegetation in 
the caldera are assumed to be similar.  
Ca2+ is the predominant cation in most of the stream waters and is mainly derived from Ca-rich 
plagioclase in andesitic and granitic rocks. Based on the mass balance equation between Ca 
fluxes of stream waters from each watershed and Ca loss comparing fresh and weathered rocks, 
we estimated the chemical weathering rates from all watersheds as shown in Table 1. 
 

Table 1  Estimated result of chemical weathering rate in each watershed 
Name of 
watershed 

Catchment 
area (km2) 

Ca flux
ton/km2/yr  

Sediment yield
ton/km2/yr  

C.W.R. 
(mm/yr) 

Shintani 0.62 10.57 871.88 0.39 
Nishitani 0.85 16.39 1279.49 0.57 
Dashiwaradani 1.15 151.24 11832.35 5.29 
Dorodani 0.77 115.74 8431.65 3.70 
Kanayamadani 0.54 49.54 3136.79 1.32 
Usagidani 2.85 50.52 3314.12 1.41 
Upper Yukawa 14.54 30.41 2179.97 0.95 
Yukawa 26.23 31.98 2311.69 1.01 
           C.W.R.: Chemical Weathering Rate 

 
CONNECTION BETWEEN CHEMICAL WEATHERING AND LANDSLIDE  
 
Due to intense rainfall unstable soils on the slopes erode down and unstable sediments in the 
stream valley are removed by the fluvial erosion. The continual removal of weathered and 
unconsolidated materials forms new slope surfaces or exposes bedrocks that are easily affected 
by chemical weathering. The removal of soils and sediments from watersheds is a preparation 
for the production of new material from bedrock weathering. 
The estimated rates of chemical weathering in the Dashiwaradani and the Dorodani watersheds 
were respectively 5.29 mm/yr and 3.70 mm/yr, and were considerably high values. The 
estimated sediment yields during chemical weathering in these watersheds were approximately 
11,800 ton/km2/yr and 8400 ton/km2/yr respectively. These watersheds show actually the 
highest frequencies of landslides and debris flows in all watersheds of the caldera. According to 
literatures, the large-scale landslide in 1858 occurred at the uppermost part of the 
Dashiwaradani and the Dorodani watersheds. The chemical weathering in the caldera is 
thought to be one of the most important factors for landslide and debris flow occurrences. And 
furthermore, solute fluxes from each watershed could be useful for susceptibility mappings of landslide 
and debris flow occurrences at each watershed in the caldera. 
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