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CHAPTER VII. LEVEL CHANGE AND HORIZONTAL
DISPLACEMENT OF THE GROUND CAUSED BY
THE SAKURA-JIMA ERUPTION OF 1914,

52. Precise leveling. The first Mﬂitaiy Survey precise leveling
in the S.W. part of Kyushu, from the tide gauge station of
Hososhima (province of Hyuga) to the cities of Kagoshima (pro-
vince of Satsuma) and Sashiki (province of Higo) were carried on
20 to 22 years before the recent Sakura-jima outburst, namely,
between Dec. 1891 and Jan. 1895, and was supplemented with
the measurements at the N.W. coast of Kagoshima Bay in 1900.
After the eruption, to investigate the phenomenon of the apparent
elevation of the sea-level which became manifest in March (1914),
the Imperial Farthquake Investigation Committee requested the
Military Survey to make a new determination of the heights of
the different bench-marks about Kagoshima Bay. This was readily
~ responded to in a very complete manner, and the re-examination
of the levelings was executed in 1914-15, in the following
order :—

(i) July and August, 1914. A distance of about 22 km from
Tjuin (B.M. 2457) at the middle of the Satsuma peninsula to the
city of Kagoshima (B.M. 2468); then a distance of about 104 km
along the coast of the N. part of Kagoshima Bay (B.M. 2468 to
B.M. 2794, and thence to B.M. 2512).

(ii). Dec.1914 to Jan.1915. From the N.E. corner of
Kagoshima Bay (B.M. 2794) along the total distance of 157 km,
through the city of Miyasaki up to the tide gauge station of
Hososhima, in the province of Hyuga.

(i) Feb. 1915. Again, through the distance of 49 km from
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the city of Kagoshima (B.M. 2468) along the coast to the N.E.
corner of the bay (B.M. 2794).

(iv) TFeb. to May, 1915. From Ijuin (B.M. 2457) along the
N.W, coast of the peninsula of Satsuma, throﬁgh a length of about
83 km, to Sashiki, in the province of Higo (B.M. 2865).

According to the first leveling survey, in which the B.M.
2457, at the town of Ijuin in the middle of the Satsuma peninsula,
was assumed to have suffered no height alteration, the B.M. 2469,
in the city of Kagoshima, was found to have been depressed
0.24 m. The tide gauge reading at the Kagoshima harbour, how-
ever, indicated already in March-April 1914 an apparent increase
in the height of sea-level of 0.4 metre over that in the cor-
responding months in 1903-1905, or about 0.16 m greater than
the amount of the depression of the ground above mentioned. Hence
the Tjuin B.M. 2457 could not be regarded as a steady point, and
the 2nd leveling measurement was resumed in Dec. 1914 and Jan.
1915, connecting Kagoshima Bay with the tide gauge station of
Hososhima far up on the E. coast of Kyushu. As the result of
this extensive survey referred to the old measurements in Dee.
1894 and Jan. 1895, it was established that, in July and August,
1914, the depression of the Ijuin B.M. 2457 itself amounted to
0.166 m, and consequently the depression of the B.M. 2469 in the
Kagoshima city to 0.407 m. The 4th series of leveling obser-
vations connected Ijuin with Sashiki on the W. coast of the
province of Higo. The results: of the 1st, 2nd, and 3rd surveys
are given in Tables XXXVIII and XL.

53. Works done by Government Kyushu Railways. At the present
author’s request, Mr. H. Nagao, Director of the Kyushu Imperial
Government Railways, also instituted the re-examination of the

heights of the different bench-marks set up along the railway
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lines about Kagoshima Bay; the surveys having been carried on
between April 4th and May 15th, 1915, for a length of 41 miles
on the main line from Yoshimatsu to Kagoshima, and of 19 miles
from the latter city to the Yunomoto station on the Sendai line.
The dates of the previous leveling measurements, with which the

results of the new determinations have been compared, are as

follows :—-
Yoshimatsu-Kokbu Section........July 1899 to May 1900.
Kokbu-Kagoshima » eeeeeaen Sept. 1897 to May 1898.
Kagoshima-Yunomoto ,, ........July 1912 to July 1913.

The new levelings of the bench-marks along the length of 6
miles between Yoshimatsu and the next southward station of
Kurino indicated only a height difference under § inch (=14 cm)
when compared to the results of those made in 1911, which
amount may be regarded to be within the error of the survey.
Consequently the station of Yoshimatsu may be regarded to have
been praetieally unchanged in height before and after the recent
eruption of Sakura-jima.

It will be observed that the Kyushu Government Railways
survey between Kokbu and Yoshimatsu supplements the works
of the Military Survey for a length of about 27 miles northwards
~from the north coast of Kagoshima Bay. As will be seen from
the following table, which ‘gives the amount of the depression
of the different railway stations within the region under con-
sideration and the neighbouring bench-marks, the results obtained
by the Kyushu Gov. Railways, though probably inferior in accuracy
to those of the Military Survey, are fairly trustworthy. The

graphical illustrations are given in fig. 45.
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TABLE XXXIV. HEIGHT CHANGES ALONG KYUSHU
RAILWAY LINES.

- .Amount of Depression* accord-
Railway ing to Leveling Survey of
. Bench-Mark or Station.
Line. ]
Kyushu Gov. R. Mil. Survey.
Mil. Survey B.M., 2481 —620™™ —577m™ .
Kajiki Station. —600 —
Mil. Surv. B.M., 2480 —565 — 560
’ 2479 —b5b4 — 536
' 2477 - —630 —608
Shigetomi Station. —685 —
. Mil. Surv. B.M., 2476 —715 —703
Main
. ' 2475 —761 —776
Line.
’ 2474 —852 - — 894
’ 2473 — 745 770
' 2472 —649 — 658
’ 2471 —496 — 527
. 2470 ' —402 ' —446
Kagoshima Station. —353 —
Mil. Surv. B.M., 2469 — 347 —407
Take Station. —231 —
Manjuishi Station. —103 —
Sendai | Ijuin Station. + 9 —
Line. Kyushu Gov. Railways B.M., 29 - 3 —
Mil. Surv. B.M., 2456 — 49 —126
’ 2455 — b5 —150

* _ when depressed; -+, when elevated.

54. Discrepancy between amounts of ground depression and apparent sea-
level elevation. According to the leveling measurements of the Mil.

Survey, the depression since Feb. 1892 of the B.M. 2469 on the
strand street of Kagoshima amounted to 0.407 metre in July
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1914, which was increased to 0.411 metre in Feb. 1915. Accord-
ing to the tide gauge observations, however, the mean sea-level in
the latter month was 2.25 shaku, or 0.682 metre, higher than in
the corresponding month in 1903-1905. (See §46.) Similarly,
the apparent elevation of the mean sea-level during the four
subgsequent months, March to June, 1915, was 0.185 shaku, or
0.561 metre. Again, the height increase of the spring-tide flood
1eve1 in March to December, 1914, varied mostly from 1.5 shaku
=0.455 metre to 2.9 shaku =0.85 metre (§45), with the
average of 1.68 shaku or 0.51 metre, which may be régarded as
approximately representing the amount of increase in the height
of mean sea-level for the two middle months of the yéar, namely,
July and August, 1914. Tt thus seems that the height increase of

the mean sea-level, which,

BM 2469 )
T e Ground level in 19034, OL course, — might have
id, . been influenced by various
T - Ground level in 1892, circumstances, was some
E 0.15 metre greater than
ECLI the amount of the depresb-
|

II [

Actual ground level sion of the ground brought
(after Eruption). ;

out by the leveling survey.

o Sealevel .
= """ As, however, the tide range

after the eruption was
identical with that before
it (§45), there is to be

assumed no special irre-

Fig. 40. Diagram illustrating the relation of
the heights of sea-level at Kagoshima after and

?mrixggintely before the eruption of 1914 to that gu]arity of the tidal motion
m .

in the bay, which might
produce such an elevation of sea surface over the amount due to

the depression of the ground. On the contrary I believe the
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apparent elevation of the sea-level to be entirely due to the
depression of the ground, the discrepancy in the results of the
two measuring processes being caused by the gradual elevation of
the ground level for several years preceding the recent eruption.
Thus, the ground surface (B.M. 2469), which was in the level II
(fig. 40) in 1892, occupied an elevated position I in 1903-4, bub
was lowered to the position IIl after ‘the recent eruption. If d» be
the clevation of the ground since 1892, and d; be the depression of
the ground after the eruption compared to the position in the
same year, and if 7 and 7 be the tide gauge reading respectively
after the eruption and in 1903—4, we have :—

ry—ry=d+d,

In other words, the apparent elevation of sea-level (=m—mn), is
greater than the depression of the ground (=d,) referred to 1892 ;
the difference between these two, namely, d., denoting the amount
of the elevation of the ground between 1892 and 1903-4. (See
also §49.) In the following table, the means of the daily highest
and lowest tide levels during the 31 days, from May 12th to
June 12th, in 1909, when the tide gauge readings were made for
some special purpose, are compared with those in 1903 and 1904.
It follows that the apparent May-June sea-level in 1909 was about
0.2 shakuy =0.06 metre lower than that in 1903-4, tending to

indicate that the ground was being elevated before the erup-
tion.
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TABLE XXXV. MEAN DAILY HEIGHT OF SEA-LEVEL
AT KAGOSHIMA.

May-June, in 1903-4 and 1909.

1903. | 1904. | 1909. 1903. | 1904. | 1909.

May 12 shglau sIgJ:Iéu shg.kzu May 28 shaku 371,50,2& slgb.lic)’n
13 5.5 5.3 5.6 29 5.0 5.3 5.2
14 5.3 5.0 55 30 5.0 5.3 5.4
15 5.2 5.0 5.7 31 5.1 5.2 4.9
16 5.1 4.9 6.1 June 1 5.2 5.1 5.0
17 5.1 50 55 2 5.6 5.3 4.8
18 5.4 4.8 5.4 3 5.8 5.5 4.8
19 54 4.9 54 4 5.8 5.8 4.9
20 5.5 5.2 5.0 5 5.5 6.0 49
21 5.7 5.4 4.8 6 5.3 6.3 4.8
22 5.6 5.4 47 7 5.3 6.4 4.8
23 54 | 56 47 8 5.1 6.4 5.0
o4 5.3 5.7 48 9 5.1 5.8 5.1
25 5.0 55 5.2 10 51 | 56 5.2
26 5.0 5.5 5.5 11 5.0 5.8 5.3
o7 4.9 5.4 5.5 12 5.0 5.7 5.9
Mean....... \’5\5;/._/ 5.18

55. Depression of ground about Sakura<jima. In fig. 42, which em-
bodies all the results of the leveling surveys made by the Military
Survey contained in Table XL as well as those of the Kyushu
Gov. Railways for the Yoshimatsu-Kokbu section, the curves of
depression of 50, 100, 300, and 500 mm, have been drawn by
interpolations. In the first place, it will be noticed that for a
time interval of 21 years between 1894 and 1915 there was no
change, or there has been a slight depression of the ground less than
50 mm, for a length of about 135 km from the tide gange station
of Hososhima on the coast of Hyuga till within the N.E. boundary
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of the province of Osumi, at a distance of only about 15 km from
the N.E. coast of Kagoshima Bay. On the contrary, to the N.W.
of Sakura-jima there have been depressions of the ground to the
amount of about 100 mm along the N.W. coast of Satsuma,
and continued to the town of Sashiki, in the province of Higo,
where the leveling re-examination ended ; it being likely that the
‘depression extends further some distance to the sea bottom area to
the west of Kyushu. The entire amount of the depression in the
last mentioned region may not be due directly to the recent
eruption of Sakura-jima.

The two depression lines of 300 and 500 mm run close
to the coast of the N. portion of Kagoshima Bay, having a com-
paratively greater landward extension in the N. and W. direc-
tions. These two curves have more or less definitely two axes of
symmetry in the directions respectively of E.-W. and N.N.E.-S.S.W.
The point of their intersection, which may be regarded as in-
dicating the position of the locality of the greatest depression of
the ground, is under the sea to the N. of Sakura-jima, off the
coast of Shirahama.

The dimensions of the different lines of equal depression are
as follows :—

500 mm Curve: Min. Diameter=13} km; Max. Diameter=20 km.

300 » ¢ Min. Diameter=19 km ; Max. Diameter=25 km.
100 5, : Min., Radius=14 km ; Max. Radius=232 km.
50 5, ¢ Min. Radius=17 km.

Again, the areas enclosed within the different lines of equal
depression are as follows :—
Area within the 500 mm Curve=477 sq. km.

Area between the 500 and 300 mm Curves=236 sq. km.
" » » 900 and 100 mm ,, =2610 ,, (appre.).



160 F. Omori :—

The total area enclosed by the 100 mm curve is about 3370 sq.
km. The form of the deformed earth surface along the E.-W.
diameter will be approximately as is illustrated in fig. 41, in which
the maximum amount of the depression is assumed to be at least
3 metres, this supposition being probable enough according to
what has been stated in §58. The approximate volumes of

depression are as follows :—

Dépression Volume within the 500 mm Curve......... ...0.64 c. km.
’ ’ between the 500 and 300 mm Curves. ...0.11 ,
’ ’ " ,, 000 and 100 mm ,, ....0.52

The depth of the depression considered above, which is based
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Fig. 41. Level ‘Change caused by Sakura-jima Eruption of 1914: Section representing
the amount of Depression of the ground in an E.W. direction at varying radial distances
(R) from the centre. Depression is measured downwards along the axis oz. '




Curves are lines of equal depression respectively of 500; 300; 100;
and 50 mm. The figures in red denote the height change :
(=), depression; (), elevation. The number
enolosed in brackets is that of a B.M.

*-*+-%—*  Bench-Mark.

|

! .

|

Fig. 42. ?To showing the Differences in Height of the mmwﬁrn?mﬂvnm in Pl XXIX.

S. Ry
EH ® —~

(Results of the

sm,?c. before and after the Sakura-jima Eruption of 1614,

,m\u\m:mﬂm.mmwm%mmﬂﬁwr

\recise levelings carried on by the Military Survey, supplemented
wit1 that by the Gov. Kyushu Railways.)

i

MR BT e &

N A TR a S B

Boundary of provinces.

10 20 30

Seale.



P

|

uu.m@. 43 ZWU mSOﬁld@: the Um@wmm.mm.Ow.u WDQ.. mum./wgwoa Ow. the Ground The closed curve covering the central and greater y -tion of Sakura-jima marks the PL XXX.
produced in Sakura-jima and Vicinity after the {Eruption of 1914, bounday of the elevatic . aren.

(Based on the precise levelings and triangulations carried on by thie Military Survey.) . The other curves are the depression lines of 2 and 1 metres.

)
=

[

= ———
~— =
l“\\"u\\«! =—

WSS
V \\\\%\r Ng




The Sakura-jima Eruptions and Earthquakes. II. 161

simply on the results of the leveling surveys, must be increased
by about 0.15 metre (§54), at least for the 500 mm curve, to
bring the estimation up to the condition immediately previous to
the eruption of 1914. This gives 0.82 c. km for the total depression
volume within the 300 mm curve, and 1.35 c¢. km for that within
the 100 mm curve. As a portion of the depression between the
300 and 100 mm curves may be supposed to be also the effect of
the eruption, we may take 1 c¢. km, in round number, for the
approximate total depression volume due to the latter. This is
within a quite reasonable limit, being a little less than half of the
aggregate volume, =2.2 c¢. km , of the lava outflows and the
pumice and ash ejection in the recent eruption.

The position of the point of the maximum depression, which
lies under the sea to the north of Sakura-jima, probably coincides
with that of the principal centre of the underground lava reser-
voir. The lé,tter, as a whole, may extend under the area including -
the northern part of Kagoshima Bay and the swrrounding tract,
where the depression of the ground has been more or less marked,
or an irregular circle about 45 km in diameter. It is likely that the
particular portion of the lava reservoir, which supplies magma to
the two active volcanoes of Sakura-jima and Kirishima, are situated
not necessarily under these volcanoes themselves, but rather at the
region midway between them, which thus ought to be a place
specially sensitive to the subsidence. The existence of the lake
of Toya behind Usu, of the lake of Shikotsu behind Tarumai,
(both in Hokkaido), and of the lake of Ikeda behind Kaimon
(Satsuma) seem to be the result of some analogous relation of the
position of the lava reservoir and the actual eruptive vent.

56. On the limit of subsidence. Ior thé sake of reference, let us’
see first what took place, in connection with the subject of the
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subsidence, on the occasion of the several recent outbursts of
Oshima (Izu) and Asama. In the case of the latter volcano,
the molten lava mass at the bottom of the crater, whose previous
dépth was 120 m, was gradually elevated thrdugh a vertical dis-
tance of about 100 m, until at the end of 1911, when the eruptive |
action reached its climax, it was almost on the point of flowing
out and running down the mountain slope. Since then, in
consequence of the decline of the volcanic activity, the crater
bottom began to be depressed, so that at the pfesent time it is at
a depth of some 80 m. Again, in the Oshima eruptions of
March—-April and Sept.—October, 1912, the lavas which flowed out
at the crater bottom, accumulated to heights respectively of 33
and 63 m above the original plane of the latter. After the end of
these eruptive epochs, however, remarkable subsidences took place,
whereby the central portion of the lava area fell down through
the vertical distances of 30 to 60 m, leaving behind terraces along
the inner base of the crater wall. From examples like these, it
seems natural that a settlement of the Sakura-jima district should
follow the exceptionally abundant recent outflow of lava and emission
of ash and pumice, whose aggregate amount is equal to 1/12th of the
total volume of the island, and which, if distributed uniformly over
the whole area of the latter, would have a thickness of about 31 m.
Even supposing the extension of the lava reservoir to be great, it
seems inevitable that there should be formed a vacant cavity under-
neath, or, at the least, a space filled with comparatively loose rocky
material, such that the volcanic region in question would form vir-
tually a sort of a rocky arch or bridge over the inside magma ; its
vertical deflection, which constitutes the subsidence phenomenon,
reaching a certain limiting amount, after which a recovery ought to
take place, provided the volcanic force happen again to be augmented.
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57. Triangulation: horizontal displacement. The triangulation surveys
in 1398 and in 1914 (see § 58) also revealed remarkable effects of the
recent eruption in the production of the considerable horizontal dis-
placements of the different trigonometrical points in Sakura-jima
and along the coast of Kagoshima Bay. As will be observed from
Table XXXVI and the map (fig. 44), the displacements at the three
places of Atago-yama, Gohonmatsu, and Hatane, in the S.W. part
of Sakura-jima, were 2.04 to 3.62 m, and directed towards the south
or S. slightly W. On the contrary, at the three places of Hakama-
goshi, Isodaira, and Kamano, at the W. and N. parts of the island,
the displacements, which varied from 1.08 to 4.52 m (absolute
maximum), were directed toward the N. approximately or toward
the N.E. Thus the N. and 8. portions of Sakura-jima have after
the recent eruption been displaced outwards in contrary directions,
"~ and it appears that the disturbance, whether horizontal or vertical,
probably attained the maximum intensity along an axis AA situated
between the two series of stations at distances reciprocally pro-
portional to the amount of the displacement at the latter. This
zone, so far as is indicated in the map, practically coincides with
the western half of the ¢ figsure line” of the present eruption
(the line II II, in fig. 2), suggesting the following process in the
topographical change: (i), previous to the eruption, the upheaval
was most marked along the zone AA and its eastern pro-
longation, the different points on the N. and S. portions of the
island being pulled inwards or centrally; (ii), at the outbreak,
causing the formation of several craterlets and * eruptive cracks,”
the stress along the zone AA was partially relieved, and the dif-
ferent places on both sides of the latter rebounded back outwards ;
and, (iii), the subsequent partial settling down of the mountain mass,
and the formation of the principal centre of maximum depression
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to the N., and of a secondary centre to the S.W., of Sakura-jima,
have augmented the above-supposed outward motion and resulted
in the formation of the horizontal displacement in question.

Along the coast of Osumi, to the S.E. of Sakura-jima, the
displacement was slight and less than 0.34 m. On the other hand,
the displacements at different places along the N.W. coast of the
bay, from Kagoshima to Kajiki, were much larger, varying from
0.53 to 0.95 m. These, as well as the large displacements at the
W. and N. parts of Sakura-jima, converge more or less toward an
elliptical area BB, which may be taken as roughly indicating the
area of the greatest depression. A secondary area of depression
seems to exist to the S.W. of Sakura-jima. The position of the
area BB is fairly in harmony with fig. 42, which indicates the
results deduced from the precise levelings.

To sum up:—Sakura-jima and the neighbouring districts
underwent after the eruption a general depression from the up-
heaved level attained before the outburst, in such a way that the
inner area of the island did not fully regain its original height,
but retained a certain amount of the elevation (when compared
to the state in 1898), separating the two centres of depression on
the N. and S. sides.

58. Triangulation: height difference. 'The alterations in height in
Sakura-jima itself, where there is no bench-mark net, can not be
ascertained by the method of precise leveling. Much light has, how-
ever, been thrown on the vertical as well as horizontal displacements
in the principal area concerned from the measurements carried on by
the Military Survey in Oct.~Dec., 1914, which relates to the 1, 15,
21, and 1 trigonometrical points respectively of the 1st, 2nd, 3rd,
and 4th orders, in the island of Sakura-jima and the neighbouring

coast districts. The height differences between the new determina-
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tions and the old ones, made in 1898, ave given in Table XXXIX.
Amongst the others, the height differences suffered by the 7

third-order trigonometrical points in Sakura-jima are as follows.

TABLE XXXVI HEIGHT CHANGEHE AND HORIZONTAL DISPLACEMENT
OF TRIGONOMETRICAL POINTS IN SAXURA-JIMA DUE
TO THE ERUPTION OF 1914,

Height ) Horizontal
Trigonometrical Point. Locality. DE&Z%E}E:& 32;3‘;%?{5;§
in 1898, |in 1914, Direction.)
melrsa. ‘metre., metre, melre,
Hakamagoshi (¥ [E) Hakamagoshi. 7197 | 7165 -0.32 1.08 N6°W
Atago-Yama  (Bg1l) | W. part of Island. 167.05 | 166.16 ~-0.89 204  823°W
Gohonmatsn  (TAKR) {S‘Zezfr‘{fnf(f Island, | 930.83 | 230.03 | —080 | 362 SUOW
Hatane Gm#R) {S‘ Jpaxt of Islind, | 16776 | 16695 | —0.81 | 307 SW
Tsodaira (7 {an?;sgffr Sland, 48| g0mr | —1m1 | 262 N6m
Sono-Yama (B 1) {mefagnﬁfefiﬁd 7890 | 7740 | —150 | — —
Kamano (B% B 0F) N.W. part of Island. | 37421 | 374.38 +0.14 452 N6°E

(*) —, when depressed; +, when elevated.

All of the trigonometrical points (stone marks) in question were
not injured by the voleanic eruption, but found intact under
cover of pumice and ash, whose thickness reached the maximum
amount of 1.4 m at Kamano. The trigonometrical points on the
summits of the Minami-dake and Kita-dake were unfortunately
destroyed dufing the outburst, their sites having been broken off
by the strong earthquake shocks. |
The topographical surveys have also brought to light marked
height differences of some hill tops and capes in Sakura-jima and
several neighbouring islets, as indicated in Table XXXIX.
According to Table XXXVII, the Oko-jima station (5), is a new

3rd class trigonometrical point set up close to the old one destroyed
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TABLE XXXVII. HEIGHT CHANGE OF SUBORDINATE SURVEY STATIONS
IN SAKURA-JIMA BEFORE AND AFTER THE ERUPTION of 1914.

Locality * oo Diizigzllie

in 1898. in 1914, )

metre. metbre. metre.

(1) Top of Hikinohira (#]27) 553 562.7 + 97%

() , 5 Gongen-Yama, near Nabe-yama.} 340 350.4 +104 1
(3) Top of Nakano-shima (fh ) ). 6.6 3.9 - 27
4) , , Moe-jima (BRE). 44 -43.2 - 038
(5) Flat top of Oko-jima, off the S.W. coast of Island. 40.2 38.7 - 15
(6) Moe-zaki promontory, S.W. part of Island. 19 17.1 - 19
(7) EKwannon-zaki promontory, S.W. part of Island. 79 76.8 — 22

* (8) and (5) are mew trigonometrical points whose sites are slightly different from the
former ones.  } Including the accumulation of pumice and ash. See the text. .

by accident some time previously. As the site, however, is the
flat top of the islet,” the height difference between the two points
must be slight, and the discrepancy of 1.5 metres between the new
and old height measurements may be regarded as approximately
represénting the amount of the dépression of the ground. Again,
the position of the new Nakano-shima station (3), is slightly different
from the former one, but like the latter refers to the highest point
in the islet; the difference of 2.7 m between the old and new
heights may therefore denote also the approximate amount of the
depression. The stations of Moe-jima (4), Moe-zaki (6), and
Kwannon-zaki (7), are not trigonometrical points, but are the
highest sites in the localities concerned, where the precipitation of
ashes on the occasion of the recent eruption was from a few inches
up to about 1 foot; the amounts of the depression at these three
places are consequently to be regarded as being roughly accurate.

(1) Used as a battery ground by Prince Shimazu, daimyo of Satsuma, in the engagement
with the British fleet in 1863. '
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The measurements on the Hikinohira (1) and Gongen-yama (2),
which relate also not to trigonometrical points, but to the summits
of the respective hills, indicate each an apparent height increase of
about 10 metres. For these stations, sufficiently near to the
- craterlets, it is of course necessary to take into consideration the
amount of the precipitation of ash and pumice. Now, on the
N. flank of Nabe-yama and at the base of Gongen-yama opposite
the latter, the accumulation of the volcanic ejecta, chiefly pumice,
was about 3 metres in thickness, being probably greater than
that on the top of Gongen-yama itself, which stands northwards
and a little out of the way of the main course of the zone of
ash-precipitation. Making a due allowance in this connection, the
summit of the last-named hill seems to have been elevated

at least some 7§ metres. As regards Hikinohira, it is true

that the hill is quite near to No.1 craterlet on the W., or Yoko-
yama, side. But the total amount of the ash and pumice emitted
from the craterlets on this side must be much smaller than that
given out from the craterlets on the E. or Nabe-yama, side,
and I am inclined to believe the accumulation on the top of
Hikinohira to be a few metres. From this it follows that the hill
in question must have been elevated also at least a few metres.

The errors in the height measurements of the trigonometrical
points given in Table XXXVI are believed to be less than 0.1
metre. Those in the topographical measurements given in Table
XXXVII may be much larger, but probably under 1 metre. On
the whole, the results contained in these two tables are mutually
consistent. Thus the depression in the N. and N.E. parts of
Sakura-jima are 1.50 to 1.71 metres, while that of the Anei islets
of Moe-jima and Nakano-shima are 0.8 to 2.7 metres. Again, the
depression at the S. and W. parts of the island was about 0.8 or
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0.9 metre, while that of the two S.W. promontories and of Oko-
jima off these latter was from about 1.5 to 2.2 metres.

That the districts about the new craterlets, more especially
the tops of the side cones or domes like Hikinohira and Gongen-
yama, should suffer an upheaval in consequence of the powerful
eruption is probable énough, as noted in §57. The trigonometrical
point on the top of Kamano-yama, 374 m in height, in the N.W.
part of the island, also indicates a slight upheaval of 0.14 m. As
ig illustrated in fig. 43, in which the curves have been drawn by
interpolations, there lies a submarine area of the depression greater
than 2 metres to the N. of Sakura-jima, while the depression
lines of 1 and 2 metres cover the S.W. corner of the island and the
adjacent sea-bottom portion. The line, along which neither upheaval
nor depression took place, is an oval, 74 km in diameter which
runs at an average distance of about 14 km from and inside the
coast, except at the S.E. part where it touches the latter. Inside and
along this curve of no height change, which includes Nabe-yvama
and Gongen-yama on the east, and Hikinohira, the 400-metre hill
(above Akobaru), and Kamano-yama on the west, the ground
seems to have been more or less upheaved, representing the residual
effect of the elevation, whose amount had probably been much
greater just before the volcanic outburst and maximum at the
immediate neighbourhoods of the new craterlets. On the other
hand, there is no positive fact indicating an elevation of the central
peaks or main old craters. ,

59. Well-water at Futamata. In connection with the phenomenon
of the depression of the ground is of interest the difference which
came to exish in the level of water of four wells in the village of
Futamata at the N. coast of Sakura-jima, situated about 70
metres from the beach and about 7 metres in depth. Before the
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eruption, the wells used to be dried at low tide times, while since
1915 there is water to a depth of 5 or 6 feet even on such
occasions. Again, the wells at the village of Saido have still their
water level some 5 feet higher than that before the eruption. It
is probable that these wells have a communication with the neigh-
bouring sea, the apparent elevation of their water level being in
reality the effect of the depression of the ground.

60. Comparison of eruption of Sakura-jima with that of Usu. On the oc-
casion of the Usu eruption in 1910, nearly 50 craterlots were
formed on the northern flank, the outbursts ‘consisting in the
explosive emission of ash and rock fragments, attended by no
exposure or outflow of red hot lava. The eruption was accompanied
by remarkable disturbances of the ground, which not only produced
a new mountain elevated to the height of 600 feet above the level
of the adjacent Lake Toya, but also aftected the whole district about
- the volearo, causing a rise of 0.36 m even at the coast of Volcano

2

Bay.® Tt is likely that the mountain mass including the two old
domes of O-Usu and Ko-Usu also acquired somo height increase :
in fact, the level change was mainly a phenomenon of upheaval.
In the Sakura-jima eruption of 1914, there were formed a great
number of craterlets, whence issued a vast quantity of ash, pumice,
and molten lava ; followed, ab the cessation of the active outbursts,
by a general depression of the ground of Sakura-jima and adjacent
districts, to the maximum amount of at least 1.7 m at the northern
part of the island and of 1m or more at the N. W. coast of
Kagoshima Bay (§ 58). The opposite manifestations of level change
in the Usu and Sakura-jima eruptions, which are by no means
incompatible to each other, are to be regarded as expressing the

two principal successive phases in the process of an energetic

* See the Bulletin Vol. V, Nos. 1 and 3.
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outburst from a small volecano. Thus, in the case of Usua the
elevation was probably the result of an application of an up-
ward pressure from below in consequence of the volcanic effort to
force up the magma. The long accumulated volcanic force of
Sakura-jima, however, had probably been -causing, for several
decades of years, a continued upheaval of the neighbouring districts
(§49), until the outflow of lava in the great eruption of 1914
created a sort of vacant space below the latter and induced the
settlement of the ground. Both Usu and Sakura-jima, which are
very small in volume and height, are powerful in volcanic efforts ;
this being the reason of the occurrence of the remarkable eleva-
tion or depression accompanying their outbursts.

TABLE XXXVIII. HEIGHT CHANGE OF BENCH-MARKS BETWEEN
JULY-AUG., 1914 AND FEB. 1915.

# Minus, when depressed ; plus, when elevated.

Bench-Mark. ~ Height in
Difference.®
Locality. No. Jul{gﬁl_lg" :1[1;)61]95

[Aira County, Province of Osumi) st oo e
Fukuyama. 5% I K #% W B B | 2793 | 380744 | 380.744 +0.000
. . . gF e | 2794 | 337.010 | 337.008 ~0.002
” ” " WwykAs | 2795 | 9254205 | 254195 —0.010
’s ' th ) 7~ 2796 164.267 164.249 -0.018
Shikine, B A % & sk | 2097 88.223 88.205 —0.018
. ., . seogm | 2488 56.847 56.826 —0.021
» ” | » gimm 2487 3.002 2.974 - 0.028
Hi. Kokbu.  JES#H % ms w2486 2.624 2.585 —0.039
» »” 7 7O 2485 4.862 4.813 —0.049
Ni. Kokbu,  PEEGH M4 & 2484 2939 2.890 —0.049
» » AT 2483 11.610 11.561 —0.049
" ” A M 2482 15.434 15.386 —0.048
Kajiki. IEART Bl % O | 2481 46.258 46220 |  =0.038
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TABLE XXXVIII. (Cont.)
- Bench-Mark. Height in
' R b Difference.
o July-Aug., €n.,
Locality. No. 1914, 1915,
metre nmetre metre
Kajiki. MEBAN Kk m ETET | 2480 2644 | 2612 —0.032
» » » AAEN 2479 9.361 9.329 - 0.032
Chosa. W b Bk 2478 9.694 9.661 —0.033
Shigetomi. & & M W 6 UE Mg | 2477 4.586 4.549 —0.037
. . . E W5 | 2476 11441 11.401 —0.040
[Kagoshima County, Province of Satsuma)
Yoshino. = U A ¥ 0P skes | 2475 5.244 5.201 —0.043
. . . % OIF | 24T4 6.198 6.143 —0.055
» » » » 2473 5.180 5135 —0.045
. . " . 2472 11.027 10.984 —0.043
» » ) » 2471 9.807 9.780 —0.027
» ” ” ” 2470 7.525 7.512 —0.013
[Kagoshima City]
Ogawa-machi. /s i} By 2469 2.340 2.336' —0.004
Hirano-machi. Z& BF §y _ 2468 4.360 4.370 +0.010

TABLE XXXIX. HEIGHTS OF TRIGONOMETRICAL POINTS OF 2ND,
3RD, AND 4TH ORDERS IN SAKURA-JIMA AND VICINITY,
BEFORE AND APTER THE ERUPTION OF 1914.

T Minus, when depressed; plus, when elevated.

* Trigonometrical Point set up at a new site near the old one destroyed by the eruption.

Trigonometrical Point. Height in ' Dit.
Order. Tocality. 1898, \ 1014, | O
[Sakura-jima and Neighbouring Islets.] ete _— metre
101 Hakamagoshi. #53 (%1l) 7197 | 7165 | —0.32
. Atago-yama. 25 167.05 | 166.16 | —0.89
v Islet of Kanze. i 7.10 2.89 *
I Oko-jima (Off Moe-zaki). h/vEy (BAIFHIE) 4017 | 3865 *
. Heta-Kojima. 2H/PE 124.33 | 123.27 | —1.07
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TABLE XXXIX. (Cont.)

Trigonometrical Point.

Height in

Dif-
Order. Locality. 1898, | 1914 |
metre metre metre

Ir Nakano-Shima. Hi 2 g 6.59 3.94 *
T Isodaira (near Shirahama). BEZ(EEMEE) 51.48 49.77 | —-1.71

. Take-yama (Maruzuka, near Komen). 47l (FLiR) 78.87 77.38 *
. Kamano (above Fujino). FEEF (FEIFHIE) 374.24 {g%gi +0.14

11 Kita-dake (Mitake), or N. Peak. 1HI% 1132.69 |1110.23 *

I Minami-dake, or S. Peak. Fji% 1069.58 | 1059.75 *

»s Inuzuka-yama (Yobinotsuka). HEE2, rF2 i, RIGL 328.42 | 12228 *
N Gohonmatsu (near Yuno). ¥L2, SEHAR 230.83 | 230.03 | —~0.80
” Hatane (near Furusato). (i HL, MR 167.76 | 166.95 | —0.81

[Kimotsuki County, Province of Osumi.]
II Sakkabira (Hayasaki). {8, R 32549 | 32477 | —-0.72
III Nishi-Kawatoko (near Fumoto). B, Fvv 2B 297.33 | 296.89 | ~0.44
s Yaguragi (near Kaigata). i, £Hik 568.06 | 567.77 | —0.29
v Terasono (near Knigata). giE, G 95.60 9529 | —0.31
” Takanohira (Ichiki). KegiiA, 57 3~ 574.80 | 57453 | —0.27
» Kamiseko (Ichiki). [k, 2 kiH 83.90 8376 | ~0.14
IL Takali (Ichiki). K%, T 123.40 | 12318 | —~0.22
I Otonokuchi (Ushine). 44, K8, KB O 319.82 | 34943 | —0.39
II Bisago-dake (Ushine). W&, F==F i 885.25 | 884.98 | —0.27
[Aira County, Province of Osumi.}
i Kawara (Shimizu-mura). SRR, K)E 229.38 | 22923 | —0.15
5 Sojinno-oka (Fukuyama). gy, Se4o iz 483.71 | 48343 | —-0.28
' Fukuchi (Fukuyama). [[E, g 563.49 | 56317 | -0.32
” Neko-dake (Kajiki). pnva-AnT, etk 189.59 | 189.04 | —0.55
[Kagoshima County, Province of Satsuma.]

11T Goto (Take). PHFR K, KFik, 485 123.35 | 123.05 | —0.30
s Tempozan (Kagoshima). FE6d BT, R 4.44 4.09 | =0.35
» ~ Naka-Otsuka. PR BIHIFER, KFd0, FhAE 104.15 | 103.87 | —0.28
II Tagami (near Takeda). PHF BN, KFHL 12625 | 12611 | —0.14
» Inuseko (Ishiki-mura). Gk, KXEkin 190.25 | 189.92 | —0.33
1 Motona (Yoshida-mura). FmE&, KP4 486.50 —_
I Hirakamioka (Yoshida-mura). Jkae% ) i, KR 55252 | 551.64 | —0.88
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TABLE XXXIX, (Cont.)
Trigonometrical Point. Height in Dif
. ference.
Order. Locality. 1898. | 1914.
metre metre metre
TII Furuyashiki (Yoshino-mura). 5B, K2R 2 B2 HEN | 16240 { igi-gg —0.44
” Kami-Komegami (Yoshino-mura). Jefpi&i, b i 273.68 | 272.89 | —0.79
» Akiyama (Yoshino-mura). G =2 A 2 14541 {ﬁ%ié (é; { ——0*.50
IL Sakamoto (Yoshino-mura). |5 o=y 160.87 | 159.98 ‘ *
(1) Before the re-setting; (2) after the re-setting.
TABLE XI. HEIGHTS OF BENCH-MARKS BEFORE AND AFTER
THE ERUPTION OF 1914.
(The difference is minus, when depressed, and plus. when elevated.)
* Bench-mark re-set.
Before After
Bench-Mark. Eruption, Eruption. g
g o :
. -~ -~ &)
. 5 o = M =
Locality. No. | §% ® | B5 ) @ E
Al m | A o
[Province of Hyuga.} metre metre | metre
Hososhima.,  BEEIYFEREH ST, - EART 4 [ X,1804] 9526 L1915} 2526 0.000
Tomitaka. » Eak, Hag W # 41 1.606| 1.583( —0.023
' ’ ' ’ I B 42 3.692 ,, 3.690| —0.002
. ., . B, 7 ow | 2718 | 6.352) ,, 6.352]  0.000
Iwawaki. - o BERL, A A & OHE |19, 3436 3.435| —0.001
. ' ' ” =)k | 2720 » 18.558 ,, 18.559| 4-0.001
. ' ’ » A7 2T ’s 6.551] ,, 6.552/ +-0.001
. " ' = B, BB | 2722 47592 . 47.595] +4-0.003
Mimitsu. GE, s, B OB, dbAM 2723 5929 5931 +0.002
" ' v ’ BIoA | 2724 » 35.763 , 35.766) 4-0.003 .
Tsuno. ' HER, N odk, wwkm | 2725 ’ 28.454| 28.456| 4-0.002
» v ' » LREE | 2726 |, 21.484 ,, 21.486] +0.002
» » ” » Byea | 227 ” 36.030{ ,, 36.032 +0.002
» »” » » Hamny | 2128 |, 29.844 , 29.841) —0.003
Kawanami. » JIER, W T, sewmas | 2720 (0, 48.811 ,, 48,799 —0.012
' ' ' " OB | 2730 ’ 54.841 ,, 54,838 —0.003
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TABLE XL. (Cont)
Bench-Mark. Eraption. | Traption. |
= 3 g . o g
Locality. No. *§§ W | EE | m ag;‘
STl g AP E
[Porvince of Hyuga.] metre metre | metre
Rawanami.  Gu#, Sk, 2+ m, DGR | 2781 | X, 1804 | 52,988| L1915 | 52.987] —0.001
” ” ” 1 TE, fb OB | 2732 ,, | 24761 ,, | 24.761] 0.000
Uwae. , Tk, ¥ MW, &THh | 2733 |xXnise| 61412 ,, | 61.412] 0.000
” " . " o5 | 2034 | , | 465000 , | 46488 —0.012
» ” ” » Ao | 2735 |, 4833 4.827| —0.006
Takanabe. . IR, TEee. 4 2736 | 44420 4.434) —0.008
” ” ” ” MwEER | 2737 | ,, | 10536 ,, | 10.528/ —0.008
” . . " Ao | 2738 | ,, | 11.207] ,, | 11.153] —0.054
Tonda. o @i, H OB OREmM | 2739 | ,, | 10955 ,, | 10.940| —0.015
. » ’ EER, BEY | 2740 ’ 5541 5.522) —0.019
2 » » TEN, F OE 2741 | . 3481 3.466| —0.015
Hirose. EIE,  JEHEN, THEB B OB | 2142 3039 3.019, —0.020
” ” ” WFRm | 2743 , | 118340 | 11.836] —0.018
Hirose. . . TIRS, ET | 2744 | 8.753 8.698 —0.055
Sumiyoshi. , HEN, BoW, K OB | 2145 8077, 8.046) —0.031
. N . " WP | 2746 | L | 12405 , | 12.378 —0.027
” » » % ., SEoin | 2747 |, 9.759| 9.717| —0.042
» » REW, Er8, ROy | 2748 7936 7902 ~0.034
Miyazaki. ’ WIS,  JCEENT, 7O f | 2749 ’ 7.508 7.449] —0.059
» 0 ” ERURF, #F om | 2750 |, 5462 , 5.436 —0.026
Oyodo. . KUEk, A m, FEAM% | 2511 5.752/XT1, 1014 5.704] —0.048
- » » - )R |21 | 7.760, 7.742 —0.018
» » » X B E @B |252) 7.216] ,, 7.200| —0.016
Ikime, » EHN, A B, Do | 2753 [x1L1sy| 8548 8.529| —0.019
» ” » WOBE, & 1% | 2754 ,, | 22850 | 22837 —0.013
» ” ” B %, W F | emss | o, | 13509] ) | 13492 —0.017
Takaoka. AR, SR, 6 B, 4o | 2756 | ,, | 16539 | 16.508 —0.031
”» ” » » 3@ OWF | 2757 |, | 16260 ,, | 16.244| —0.016
» » » BT, BEAHE | 2788 ), 14.263 ,, 14.246| —0.017
» - " W24, WMEME | 2759 | 19.924 20.119 b
» » » b M4 2160 ,, | 19.365] ,, | 19.600, *
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TABLE XL. (Cont.)

Bench-Mark. S mption. |

H

Locality. No. :53 E '§° : ﬂé E '§° g

: =Ll - B LS A -

[Province of Hyuga.] " mtre metre | motre

Takaoka. HEKEIR, EEb, W24, BEiE | 2761 XILI4 25416/X1L1914 96,101 *

' ' ' ” G2 12762 ” 35.530| I, 1915 35.783 *
’ »s » ’ As mg ) 2763 ’ 31.254! 31.233| —0.021
» o » Ao, F N | 2764 » 43504 43444 —0.060
Takajo. RERERER, EMRE,  PUSE, ARAE | 2765 | L, 113321 , 113.304 —0.017
Takaoka. HSREZEE, EEEA, WO, A1 O/ | 2766 | ,, 204646 ,, [204.630| —0.016
Takajo. Jeskueae kA,  POSRN, AWy | 2767 |, 147595 ,, |147.583 —0.012
. , . . 2= oWy | 2768 | ,, |153.877] ,, |153.858 —0.019
., . , » 2769 | ,, 1170.432 ,, . |170.349| —0.083
. ., . Hokb, He oL | 2770 |, . |196.857] ,, |196.846] —0.011
. . ., . oW | 2771 | ,, |175.994] ,, |175.975 —0.019
., ., ) . B | 2772 ,, 143349 ,, |143.322 —0.027
. ) . Ak, BIEE | 2773 ,, (131178 ,, |131.128/ —0.050
. . . BRE | 2074 ,, 128652 ,, |128.616/ —0,036
”» » » mawe, B M| | 2075 | ,, (144201 ,, |144.168 —0.033
” » N BAR, BT | 2776 |, 140024 ,, | 140.000( —0.024
Okimizu. ” WokkR, EAR, Mmoo | 2777 | o, |136417] ,, |136.395] —0.022
» » » . KER | 27078 |, | 141.961XIL1914) 141,931 —0.030
» » ” DR, AR | 2779 |, 142631 142,601 —0.030
” . . ., WO | 2780 |, |144765 , |144731] —0.031
Miyakonojo. ” #MUREr, @y, o @y | 2781 | 11895 143905 , |143.870| —0.035
Isoichi. , HHhE, HART, @meork | 2782 |IL19111143171 0 1143.146] —0.025
” , ., . sE m | 2783 | 11895150964 | 150.938) —0.026

[Province of Osumi.]

Sueyoshi. WAAEE, ORERL W ML hay 2784 |, 192311 192280 —0.031
» ” ” » wHEAR | 2785 | ,, 231472 | |231.430| —0.042
» , » b gugok | 2786 | ,, |241.916] ,, |241.873| —0.043
» , » » Wivm |2787 | , |274:615 , |274.552] —0.063
» ” » ,, EERRF | 2788 | ,, 202737 ,. 1292665 —0.072
» » » WEhh, AmEsm | 2789 | ,, 1292235 ,, | 292146 —0.089
Fukuyama. SERR,  TRIN, Empl, %2 4 | 2790 |, |207.909) ,, |297.794| —0.115
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TABLE XL. (Cont)

Bench-Mark. E];’t;.af)ﬁgn. Erﬁfpffif)n. g

D

| g:| 5 (44| 5 | 8

Locality. No. | & :3? %" g8 e A

=27 H (= )
[Province of Osumi.] otr metre | motre
Tsuneyoshi.  WRWAZK, (EEN, P AR ML | 2791 | T 18% | 308.005/XI5,1914 307,862 —0.143
Fukuyama.  RSEZ. GRS, B, FEEEEE | 2792 |, |867.470 ,, |367.315] —0.155
. . . B oW, & mk | 2793 |, (380950, ,, |380.744] —0.206
. Y " ” wp e | 2794 |, | 337.254VIIL194 337,010 —0.244
” » » wykas | 2795 |, (254465 ,, |254.205 —0.260
. . . . dipoe | 2796 |, |164.605] ,, |164.267| —0.338
 Shikine. ” BARRr, BB, = sk | 2097 |, | 88592 , | 88223/ —0.369
. . . . s | 2488 |woasee| sroral | 56.847) 20437
. . . . g | 2487 | 3487 3.002] —0.485
Higashi Kokbu, ,, WEAH, - ¥ 4§ | 2486 Iv, 12 3940 2.624| —0.616
. ., . A, W W | 2485 | 5547 4.862) —0.685.
Nishi Kokbu. » ERAH ®*, — | 2484 3.620 ,, 2.939| —0.681
» . masmE, —— | 2483 | 12.300viL 19 11.610 —0.690
» b » A 8, —— | 2482 T 1000 16118 , | 15.434| —0.684
Kajiki. ’ makny,  HoRL, BE OO | 2481 ’s 46.835 , 46.258| —0.577
. . . 4 M, [ICEr | 2480 | 3204 2.644| —0.560
. Y . . sl | 2479 | 9.807 9.361 —0.536
Chosa. . WA,  ——  SRAEE | 2478 | | 102200 9.694] — 0.526
Shigetomi, v EEN, B e W O¥E | A ’ 5194, . 4.586| —0.608
. . . . B oW | 2476 | ,, | 12144 | 11441 —0.703
[Province of Satsuma.]

Yoshino. BEREE, SEHRL, % B, Kkr4 | 2475 6.020| , 5.244| —0.776
” » . . " 2474 | 7092 6.198/ —0.894
» ” ” ” ” 2473 v, 182 5950, , 5.180| —0.770
» ” , y . loara| | 11685\vT, 11 11027 —0.658
» ” » . ” 2471 | ,, | 10334 9.807| —0.527
” - ” » " 2470 | 7971 , | 7.525) —0.446
" Ogawa-machi. R B, ANEr, —  —— | 2469 [mis2| 2747 2.340, —0.407

Hirano-machi. PPNy,  ——  —— | 2468 | 4598 4360 %

Sonta-machi. . Bammy, — @ —— | 2467 7.449] 7395 ¥
Ishiki. BEGLIGER, GHECON, RfHEL mE-n | 2466 [V, 1892 142190 ,, | 13.917| —0.302
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TABLE XL. (Cont)

Bench-Mark. E]Etfgzirgn. Erﬁgt?(.)n. 8

A

T2 2. = | 2

Locality. No. %E %‘3 % g f§° %

=1l - = LS -

[Province of Satsuma.) metre metre | motre
Ishiki. BERIBE, GUMOT, ROl mEem | 2465 [IV, 182 17.888 VL104| 17.597| —0.291
., . , AlE, Bioa | 2464, | 26805 ,, | 26.514| —0.291
. . . . »ram | 24631 | 66.070] , | 65.811) —0.259
” » » » A 2462 | . |105.638 ,, |105.413 —0.225
» » ” . o | 2461 ., |143587 ,, |143.337| —0.250
Shimo-Tjuin.  HE#R, Frusw, ZE4EH, {F [ | 2460 {11,102 101.299) ,, 1101128 —0.171
., » . FERR, sk Wb | 2459 | L, |104.868 ,, |104.683 —0.185
» » » ” o | 458 ,, | 82074 ,, | 81.893 —0.181
» ” » B ORE, K§ F | 2457 | ,, | 64514 , | 64.349) —0.165
” » ” B, B OH | 2456 |, 55.996/ 11,1915 | 55,870 —0.126
Higashi-Ichika, , maey, B HL, S5 )] | 2455 | ,, | 80053 | 29.903 —0.150
» » » % H| # T | 2454 31.625| 31.504) —0.121
Nishi-Tchiku. ’ milid, S H, kB | 2453 . 6.636] ,, 6.516] —0.120
» ” » ” WO a2 |, 4560111, 1915 4,476 — 0.084
» » » B W, N | 2451 | 2721 2.616] —0.105
Kushikino, ” mAEH, F %, WMWK | 24s0| ,, | 13135 ,, | 13.053 —0.082
» ” ” ” 27T | o449 | 5.828 5.734| —0.094
,, ” » F %, ¥FFD | 2448 | ,, | 38108 , | 38.020] —0.088
- » » » IR | 2447 | 1, 1802 | 75.950| ,, | 75.847| —0.103
Kumanojo.  BEEEER, mzsi, B F k ¥ | 2446 | | 852100 , | 85105/ —0.105
» » » ROF, ik | o5 | ) | 13481 ,, | 13.385 —0.096
» » » WP BPE ) 44| 9415 9.328) —0.087
”» » W B, ¥ B | 2443 |1r,1000| 5871 5.775| —0.096
Hi.-Mizuahiki. » WG, B N, W | 2442 | 1 1s:2] 5120] 5.001] —0.119
' » ,, » &R, AEFR | 2441 | | 13946) ,, | 13.850) —0.096
Nishi-Mizuhili. ,, mAsE, A B, M | 2440 5161 5.032 —0.129
» » » B OE, FFEF | u39 | 4.360 ,, 4.246) —0.114
» ” ” W oH, HERE 2438 | 4064 , | 3953 —0111
Takeld. »  TRE, ¥ m, KWL | 2437 | | 3864 , | 3736 —0.128
» » » W, HEFE | 2436 | | | 24.828 ,, | 24.747] —0.081
» » » B B | 2435 ] ,, 3.897, 3.787| - 0.110
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TABLE XL. (Cont)

BenCh"Ma’rkf E]rgsgggn. Eri%?if)n. g

g

? i : s g

Locality. No. % E %" “é § %ﬁ aé

A7\ |27 B
[Province of Satsuma.] raetre metre | motre
Akune. WokER, FaER, S i, BE s | 2434 | 18920 19.217/TIL 1915 19.139) —0.078
2 " » ” Biksrm | 2433 » 11.280 ,, 11.201; —-0.079
. Y . s @ | 2432 | . | 15324 | 15.248! —0.076
» » » BEA | 2431 | 5 6.322 6.212) —0.110
., - . W OH, Sz | 2430 | » 4818 4.690| —0.128
» » ¥ B oA | 242 . 2684 2.574| —0.110
» - RN, TFom | 2428 | ,, | 18858 | 18.772| —0.086
” » ” - KUIO | 2427 |, | 27.688 | 27.605| —0.083
” » oo, & Bho| 2426 ,, | 14959 | 14.873) —0.086
Noda. » wEN, T 4%, #H R | 2425 4661 4.545 —0.119
» » ” » mom | 2424 |, | 17.086/1v,1915| 16.896| —0.140
Naka-Tzumi., » sl , MR HWR | 2423, 7.020 6.748/ —0.281
Takaono. ” ERER, PN, TwIm | 2422, 5100, 5.002| —0.098
Naka-Tzumi. wike,  FAnEe THEURE | 2421 | 4.309, 4.203) —0.106
» ” » B OE | 2420 3.832 3.734 —0.098
» » TR, #oBm | 2419 | 7403 7.337| —0.066
” " ” » TEHE | 2418, 4.885 4.799| —0.086
- - - B R 2417, 9.525 9.458| —0.067
[Province of Higo.]

Minamata,  ZEJRER, JKERAT, 4%, —wiE | 2416 | | 43105 ,, | 43.037|—0.068
» » » » OB | 2415 | 57200 5.589| —0.131
» ” » A iE, B M | 2414 | | 14110 , | 14.017| —0.093
" » w0 W M| 2413 1976 ,, - | 1.897| —0.079
» » » P, fEomr | 2412 |ximas,|  3.9990 3.923) —0.076

” » 2 ’ S|rm | 2411 ’ 35.800| v,1915 | 32.618 ®
" » ” MEzk, B oom | 2410, 8.064|1v,1015| 7.952] —0.112

Tsunaki. ” ki, B OWR, B m | 2409 | ,, | 59.828 v,i015| 9.086] %
» » » WAk, W BT | 2408 | L, | 21.548{1v,1915| 21.469| —0.079
” ” s T R, FRE | 2007 | ,, | 73208 v,1915 | 73.124| —0.084
Yunoura, ” WN, oW, 2mi | 2406 |, [160.030 , 1159.955 —0.075
o, , . W | 2405 |, | 12.546|1v,1915| 12.477| —0.069
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TABLE XL. (Cont.)

Bench-Mark. Ell?xflf)(t)irc?n. Erﬁ%‘fifm ¢

I~}

T2 (4.1 2 | &

Locality. No. 55 E T§° ﬂé 8 %‘" E

27 &8 [P d
{Province of Higo.] metre metre | metre
Yunoura. SeibEE, A, B W, B va | 2404 |XIL1soll 67.030|1,1915| 6€6.948 —0.082
Sashiki, ” BB, 15 W, oA | 2403 | 8.540 8.469| —0.080
” ” , , g2 /| 2865 |IX 18] 79510 7.169| —0.082
[Province of Osumi.]

Shikine. INER, BEA, B | sk | 2797 | L18% | 88502VIiLions 88.223 —0.369
Fukuyama. ” FEE, R W, % m | 2489 |Inise| 2602 2.254| —0.348
» ” , . B4 | 2490 |, 6.060| ,, 5.759| —0.301
. ” . . TR | 2491 | 2928 2,622/ —0.306
Ushine. FEEEEE,  ZeHA, e, 24921 ,, 9.735| 9.302/ —0.433
” ” ” ” wog | 2493 6.672| 6.246| —0.426
” ” , ” 35w | 2494 |, | 14661 | 14.208 —0453
» » » = ), wWOz. | 2495 2516 ,, 2.160] —0.356
, , , Fi8 o | 2496 | | 8758 , | 8414/ —0.344
» » » ’ B\ | 2497 " 5.820(v1L, 1914 5.457| —0.363
» N . ,, . 2498 | 4449 4,048 —0.401
» » ” ,, B, | 2499 | 8708 8.240) —0.468

Tarumizu. ” [N, W B, A 4 2&0)0 ., 4961 ,, | 12276 ¥
» » ” Moo | 2501 6443 ,, 6.064| —0.379
,, ” » ” Kl | 2502 |, 3.334) 3.020| —0.314
» » 2 mof%, BET | 2503 3.188| 2.946) —0.242
" K, B, il w | 2604 | 4.355| 4.148| —-0.207
» » » B oA, BO¥g | 2206 , 3.190, ,, 3.016| —0.174
» ” ” ¥ OB, % 1y | 26508 , 5.671|1X,1914) 5496 —0.175
” ” » ” ko | 2507 3.936 3.785| —0.151
Shinjo. » TRAT, B W, B 5 | 2608 |v.isel 3781 3.637| —0.144
» ” » ” o7& (2509 4.270| 4.123] —0.147
» » » » EY | 2510 7.753{ ,, 7.641] —0.112
Hanaoka. » EME, & 4 % m | 2511 , | 17562 , | 17451 —0.111
” » ” » o | 12| 9, |128413] ,, |128.296| —0.117




