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Uplift in the Northern Wakayama Prefecture

Manabu HASHIMOTO

Synopsis

Imamura (1929) found an uplift between the Wakayama and Kainan cities in the

northern Wakayama Prefecture based on leveling data. Yoshida et al. (2011) also found

another uplift along the Kinokawa River, east of the Wakayama city. I reexamined

leveling data from the first survey in the 1890’s to the latest one in this region and found

that these two uplift episodes are not overlapped each other in space and time. Uplift

found by Imamura was rapid till 1960°s and decelerated afterward. This deceleration

may be correlated to the uplift at the Kainan Tide gauge station during early 1970’s -
mid 1990’s. Area of uplift by Yoshida et al. had subsided till 1980’s and turned to rapid
uplift then. Recent observations with InSAR reveal two spots of uplift in the Wakayama

city and south of the Kinokawa River. These observations suggest that at least 5

episodes of uplift occurred in northern Wakayama Prefecture during 130 years.
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Fig.l Uplift in the northwestern Wakayama area
detected by leveling survey during 1896 - 1928
[Imamura, 1929]. Thick solid line indicates leveling
route. Open circles are leveling benchmarks. Thin

solid and dotted lines are geological boundaries.
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Fig. 2 Epicentral distribution of shallow earthquakes
(depth < 30 km) in the northwestern Wakayama area
from the JMA catalog [Japan Meteorological Agency,
2014, 2015, 2016, 2017, 2018]
displacements (blue arrows) at GEONET site (red
triangle) relative to the Wakayama site (950369; red
circle) during 2014 -2018. GEONET F5 solution
2021) is

[https://terras.gsi.go.jp]. Green and orange squares are

with vertical

(Muramatsu et al., used

city center and leveling benchmarks, respectively.
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Fig.3  Quasi-vertical movement derived from
decomposition  of  stacked interferograms  of

ALOS-1/PALSAR-1 (P414) and
descending (P65) orbits. All images were acquired
during 2007 - 2010. Positive value indicates uplift. White

from ascending

squares are center of the city after Hashimoto (2016).
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Fig. 4 Distribution of leveling benchmarks in northern Wakayama area overlayed on the Seamless Geological Map of

AIST (2015). Orange rectangles are leveling benchmarks. Red rectangles are key benchmarks: K14, attached

benchmark at the Kainan tide gauge station; F33, fundamental benchmark #33; J273 and J271, junction benckmarks
J273 and J271; 1580, benchmark, 1580. Blue diamonds are GEONET sites. Legend of geology is given on the right
side. Numbers shows geological units defined by AIST. 156 is the Sanbagawa metamorphic rock.
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Fig.5 Index map of benchmarks, GEONET stations, and tide gauge stations in the northwestern Wakayama area.
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Fig. 6 Temporal variation in height changes of selected benchmarks relative to the benchmark at the Kainan
tide gauge station (K14 in Fig. 1) during the period from 1896 to 2007. Data was taken from Annual Report of
1%t order Leveling Surveys (Ittoh Suijunten Kensoku Syuroku) by GeoSpatial Information Authority
(https://vldb.gsi.go.jp/sokuchi/ level/ KENSOKUSYUROK/collection.htm).
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Fig. 7 Temporal variation in uplift at the Wakayama (Top) and Kainan (Bottom) tide gauge stations during 1955 -

2015. Result of the analysis with the method by Kato and Tsumura (1980). Orange lines for the Kainan tide gauge
station are regression lines for two periods: 1968 - 1994 and 1994 - 2015.
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Fig. 8 Temporal variation in height changes of four benchmarks along the Kinokawa River relative to J271
from 1932 to 2008. Data was taken from Annual Report of 1% order Leveling Surveys.
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Fig.9 Average rate of line-of-sight derived from stacking of interferogram of ALOS-2/PALSAR-2 from the ascending
orbit (P128) during September 2014 to June 2020: (a) ascending (P128) and (b) descending (P20) images. Positive value
means movement toward satellite. Red dot indicates reference point. Black and blue arrows show directions of flight

and emission of microwave, respectively. Green and gray squares are benchmarks. Benchmarks painted in green

corresponds to those in red in Figs. 4 and 5.
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Fig.10 Estimated error of rates of line-of-sight changes for Fig.7: (a) ascending (P128) and (b) descending (P20) images.

Red dot indicates reference point. Black and blue arrows show directions of flight and emission of microwave,

respectively. Green and gray squares are benchmarks.
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Fig.11 Quasi-vertical movement in the northwestern
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interferograms from two directions in Figs. 7 and 8. Red

dot indicates reference point.
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