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Chibanian tephra distributed in the Sotoyama Plateau, Kitakami Massif

The Sotoyama Plateau, which undulates gently from 650 to 1,000 m, is located in northeastern Morioka City, Iwate
Prefecture. In the Sotoyama River, which drains the plateau, a tephra layer with a thickness of 80 cm is exposed
above a >1 m-thick peat layer for a distance of approximately 100 m. Despite being adjacent to a national highway,
this exposed tephra layer has not been reported previously. The tephra was named the Yabukawa Tephra by Uchino
et al. (2022) in this issue, and their zircon dating dated the tephra to the late Chibanian. The horizontal holes visible
in the tephra layer shown in the photo are nesting burrows constructed by Brown dippers.

(Photograph and caption by UCHINO Takayuki)
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ISHIHARA Takemi and ODA Hirokuni (2022) Preparation and release of gravity data collected by R/V
Hakurei-maru No.2. Bulletin of the Geological Survey of Japan, vol. 73(2), p. 29-48, 16 figs and 2 tables.

Abstract: One-minute interval high-quality gravity data were prepared for the Hakurei-maru No.2 cruises
carried out by Geological Survey of Japan from 2000 to 2010. An 8-th order Butterworth low-pass filter
with the cutoff frequency of 1/480 Hz (period of 8 minutes) was applied to 1 Hz gravity raw data to make
high-resolution free air anomaly data. The RMS CODs (root mean square crossover differences) of the
gravity data for the intersecting survey lines are 0.86 mGal for GHOO and GHO1 cruises, 1.02 mGal for
GHO02, GH03, GH04 and GHO6 cruises, and 1.30 mGal for GH08, GH09 and GH10 cruises.

It is suggested that the following two factors are the possible sources of 3 to 5 mGal differences
observed between the two free air anomalies obtained by Hakurei-maru No.2 and satellite altimetric data,
i.e., 1) free air anomaly data collected by Hakurei-maru No.2 have short period anomalies which are not
observed in the satellite altimetric data, and 2) the accuracy of altimetric data decreases near the coasts.
The gravity data files, which include data after free air gravity anomaly calculation will be released as an
open-file report of Geological Survey of Japan.

Keywords: Hakurei-maru No.2, marine geophysical survey, free air gravity anomaly, low-pass filter, data

release
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Table 1  Hakurei-maru No.2 cruises around Hokkaido and Okinawajima Is. and off Tohoku and Hachijojima Is.
Cruise |Survey area Period Port of call and dates
GHO00 Off Esashi 2000/08/03-09/01 (30) 08/16-18 Wakkanai
GHO1 Off Abashiri 2001/07/04-08/02 (30) 07/17-19 Abashiri
GH02 Off Tokachi 2002/05/29-06/27 (30) 08/14-16 Tokachi
GHO3 Off Kushiro and Hidaka 2003/05/29-06/27 (30) 06/11-13 Kushiro
GHO4 Off Nemuro and Hidaka 2004/07/12-08/10 (30) 07/25-27 Kushiro
GHos  |Off Tohoku and Hachlioima 5005/06,/13-07/12 (30) 06/26-29 Funabash
GHO06 Off Hidaka 2006/08/31-09/29 (30) 09/13-15 Muroran
GHoy  |OfF Tohoku and Hachlioima 5097 ,/06,/19-07/18 (30) 07/03-05 Onahama
GHO08 Okinawajima Is. North 2008/07/28-08/29 (33) 08/12-14 Naha
GHO09 Okinawajima Is. South 2009/07/16-08/17 (33) 07/31-08/02 Naha
GH10 Around Kumejima Is. 2010/10/27-11/25 (30) 11/09-11 Naha
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Fig. 1 Track lines of Hakurei-maru No.2 with different colors for different cruises.

GPSD 1 SO T — 2 BHEENTNWEDTT 4 L2 =
KOO HROCEOENFHHTIE T P RAHIER %KD
5Z L ERAT.
HoAmADENETF - 21237 v 2 — e iz,
SPRING TENSION & AVG. BEAM (¥ — 2D | F DO &)
DB 5 (Al - /N, 2021). ZThEDfE%E, Zh7
NSEBTET L, HENFHHUWEGIE, DTERIIRT LS
!Z, SPRING TENSION SIZZ#ifR o # L, T 51—
20 _E L EBO R 55 12 B ERBK % 3 U 72 36 % I
HLTHIETAZETHLNS.

G = coS + KdB/dt ()
RBKDOMWE A BT 272012, FIRIAT LS
HHIHEUEGA* 5 SPRING TENSIONDSIZZE {ifR $ico & 5>
72 E AT 72l (G-coS, XIHE#E) & 3FEHDHREK
Dl (205, 305, 40s) & ¥ — 4 _E A EBO R IZ 5

F7M (K x dB/dt, I3 D D) & Lk L 7. ko
B, R KO A 40 s TR & 1 5 IRB) O IRIE A K
ETE20sTIINESTE 30sAROHETH B Z &EDDh >
7z,

HIFHEGIZ RIS 5 (T P RAFIEA & 2V &
T DMt go 13 P b o> B i xHiiga & Z OB O E JJFE
DFHUEGs, THEHO F Y 7 b Edea i 21E

go=ga+ c(G—-Ga—dt) 3)
EERED. 7)) - T REAR
f=go—gn+ d’z/dt’ —ge 4

LB, ZZ CaldMEMIE, gld T b RZMHIE, &z
A FEREIEETH S, (2), 3), WEFLHD L

f=c(coS + KdB/dt) + d*z/dt*—ge—gn + ga—c(Ga + dt)  (5)
ELTRDBZENTE S, H2HEOFENEEd z/dE
&, A EEDEHI A ROERTE 2 LR 5 —E



WEFHAMIZWE 2022 BT73& H2H

Fok  AMGHEH R O T SL2 B EEHUE & T 1 - meter zero

Table 2 SL2 readings, gravity values and meter zero at Funabashi and other ports

Port Cruise  Year JDT Gravity Reading Meterl” Meter2"
FunabashiA  GHO0O 2000 216 979788.6 4199.2 975589.4 975618.8
Wakkanai GHO00 2000 231 980637.9 5055.4 975582.5 975617.9
FunabashiA  GHO0O 2000 245 979788.6 4200.5 975588.1 975617.5
FunabashiA  GHO1 2001 185 979788.6 4198.0 975590.6 975620.0
Abashiri GHO1 2001 199 980592.7 5007.7 975585.0 975620.1
FunabashiA  GHO1 2001 214 979788.6 4198.1 975590.5 975619.9
FunabashiA  GHO02 2002 213 979788.6 4199.5 975589.1 975618.5
Tokachi GHO02 2002 228 980390.4 4807.1 975583.3 975616.9
FunabashiA  GHO02 2002 242 979788.6 4200.7 975587.9 975617.3
FunabashiA  GHO3 2003 149 979788.6 4204.4 975584.2 975613.6
Kushiro GHO03 2003 162 980601.4 5024.9 975576.5 975611.7
FunabashiA  GHO03 2003 178 979788.6 4205.7 975582.9 975612.3
FunabashiB GHO04 2004 194 979788.2 4215.4 975572.8 975602.3
Kushiro GHO04 2004 207 980601.4 5035.6 975565.8 975601.0
FunabashiA  GHO04 2004 223 979788.6 4216.1 975572.5 975602.0
FunabashiC  GHO05 2005 164 979789.4 3195.5 976593.9 976616.3
FunabashiC  GHO05 2005 177 979789.4 3198.0 976591.4 976613.8
FunabashiC  GHO05 2005 180 979789.4 3196.2 976593.2 976615.6
FunabashiC  GHO05 2005 193 979789.4 3196.1 976593.3 976615.7
FunabashiA  GHO06 2006 243 979788.6 3198.0 976590.6 976613.0
Muroran GHO06 2006 256 980462.6 3877.4 976585.2 976612.3
Muroran GHO06 2006 258 980462.6 3877.9 976584.7 976611.8
FunabashiA  GHO06 2006 272 979788.6 3198.3 976590.3 976612.7
FunabashiC  GHO7Y 2007 170 979788.4 32175 976570.9 976593.4
Onahama GHO7 2007 184 980008.8 3438.1 976570.7 976594.8
Onahama GHO7 2007 186 980008.8 3438.6 976570.2 976594.3
FunabashiC  GHO7Y 2007 198 979788.4 3217.4 976571.0 976593.5
FunabashiC GHO0S8 2008 210 979789.4 3219.5 976569.9 976592.4
NahaA GHO08 2008 225 979113.5 2539.9 976573.6 976591.4
NahaA GHO08 2008 227 979113.5 2540.4 976573.1 976590.9
FunabashiA  GHO0S8 2008 242 979789.4 3219.2 976570.2 976592.7
FunabashiB  GHO09 2009 197 979787.9 3249.1 976538.8 976561.5
NahaB GHO09 2009 212 979109.4 2566.7 976542.7 976560.6
NahaB GHO09 2009 214 979109.4 2566.6 976542.8 976560.7
FunabashiB  GHO09 2009 229 979787.7 3250.0 976537.7 976560.5
FunabashiA  GH10 2010 300 979788.3 3251.3 976537.0 976559.7
NahaC GH10 2010 313 979109.7 2568.6 976541.1 976559.1
NahaC GH10 2010 315 979109.5 2569.8 976539.7 976557.7
FunabashiA  GHI10 2010 329 979788.2 3251.8 976536.4 976559.2

FunabashiA: east wharf A of Funabashi port ; FunabashiB
FunabashiC: Base of Hakurei-maru No.2 in Funabashi port

NahaA: Urazoe wharf of Naha port ; NahaB: No.3 wharf of Naha Aja New port
NahaC: No. 6-1 wharf of Naha Aja New port

TJulian day; *Meter zero for scale =1.0; **Meter zero for scale =0.993.

: east wharf B of Funabashi port
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Fig.2 Dirift of the SL2 gravimeter on board Hakurei-maru No.2. Gravity values and meter zero values with the scale of 0.993 at

ports are plotted at the bottom and top of each figure, respectively. Values at Funabashi port are shown in red (or brown for

meter zero with the scale of 1), while those at other ports are shown in blue (or green for meter zero with the scale of 1).
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Fig. 3 Ten-hours long data collected in GHO6 cruise including three course changes. Above) Gravity reading G-Spring tension S x ¢,
(blue line) and beam velocity dB/dt multiplied by 20, 30 and 40 s (3 red lines). Below) ship’s speed (red line) and ship’s course

(blue line).
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Fig. 4 Power spectra of gravity and E6tvos correction data collected in GHO6 cruise.

T B LRPEEAIHOBNT — 2 OFEADHE L TR
RRENNE L 5B H, FEFRIIFEL ZWERROA
B BB EELERY S 5. RETOMBE, HEROE X
EDELS B VEEEWS ZETHY YT ya—I32
T 4N E—DEETH 5 60l (old 7 2 BE O 4E i
) ELTCoMMAERMTAZ &2 Lz AFx—Y 2D
T = 2R L TE 2 Mo D B UAIERH R X > TRMS
COD#% 0.86 mGalf T/NEL 52 LNTELN(FE6X
ADT), ik Tl3 bR AR T2 MO DR L
FHHT1.02 mGal (BE6XIBO ), Wil &K < 50
DD IR LEHH T 1.30 mGal (55 6KICH T) &RMS COD
ERDNELSTHBIENTE RN -7.

5. BHERERIETIVFAPMIICED
EHERE LD

Fokd> a7 -2 cRohzT ) — 27 EHJRE

F=RIZDONWT, AHENTWBEALHEETLF ALY
TRLON®E - BE1LABRO7 ) — 7 RED S
1) w R 5 — & (Sandwell et al., 2014) L L TH7z. Z
DTy BT — S RWEFEOILHIP &+ 577 % THEEIC
HAN—FRHEOMET — 2o EHINZEDT, &
7405~ 2 mGalDIEEDO RO EEHEIOF -2 LDtk
0 5 KSR 2 mGalf2 g L 2 ST\ 5.

FIK, $FeX, FHIXNF, KAdwEMAF—v s
g, JLiE R T, MEEIO T L F A P )IZkB T ) —
I7EFELH2AMMABTHONZE DA LKL TR
L723DThb. KRELMEMIEILS —HLTWBE2, 7
AFAFVIZLDEDA)IFERER D EL KD 2
L= AV A —=TRENTNBEDIZH LT, H2HEH
A CTE LN G D B) IFEHREOEEN LD £ 1
RTEH LB, FCHENNESKREWEHSOLEE
BT 5.



WEFHAMIZWE 2022 BT73& H2H

0.8

Filter Response
&
1

o
'S
1

0.2 1

SL2 (Gaussian)

8th-order Butterworth

1 —
0.000 0.001 0.002

T T v r ' ' I ' v v v
0.003 0.004 0.005

Frequency (Hz)

B HAEH T —2Da— 327 4 L& —-OREERIRE. SL2 (F#), & v b+ 7 EHE1/480 HzD 8k

DButterworth — /32 7 4 L& — (Fi#R).

Fig. 5 Responses of low-pass filters for gravity data. SL2 gravimeter (blue line) and 8-th order Butterworth low-pass

filter with a cutoff frequency of 1/480 Hz (red line).
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Distribution of crossover differences (CODs) of free air gravity anomalies obtained by Hakurei-maru No.2 cruises. A) Data collected
in GHOO and GHO1 cruises in the Okhotsk Sea off Hokkaido with RMS CODs of 1.36 mGal, 1.13 mGal and 0.86 mGal for the
line data including records near course changes (gray histogram), data excluding those records (blue histogram) and data after line
leveling (red histogram), respectively. B) Data collected in GH02, GH03, GH04 and GHO6 cruises south of Hokkaido with RMS
CODs of 1.68 mGal, 1.13 mGal and 1.02 mGal for the gray, blue and red histograms, respectively. C) Data collected in GH08, GH09
and GH10 cruises around Okinawajima Island with RMS CODs of 2.35 mGal, 1.55 mGal and 1.30 mGal for the gray, blue and red

histograms, respectively.
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Fig. 7 Free air gravity anomalies in the Okhotsk Sea off Hokkaido. A) Data obtained by satellite altimetry.
B) Data collected in GHO0 and GHO1 cruises after low-pass filtering and leveling correction.
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Free air gravity anomalies south of Hokkaido. A) Data obtained by satellite altimetry. B)
Data collected in GH02, GHO03, GH04 and GHOG6 cruises after low-pass filtering and leveling
correction.
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Fig. 9 Free air gravity anomalies around Okinawajima Island. A) Data obtained by satellite altimetry. B) Data collected in
GHO08, GH09 and GH10 cruises after low-pass filtering and leveling correction.
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ENZT—HDEDHGAM. A X 7T 4, B) P G. C) ETOPO1 E 7 )L (NOAA National Geophysical
Data Center, 2009) {Z & % [r]Hbisk o Hujiz.

Distribution of free air gravity anomaly differences between data collected in GHOO and GHO1 cruises in the Okhotsk
Sea off Hokkaido and those obtained by satellite altimetry. A) Histogram. B) Geographical data distribution. C)
Topography of the same area from the ETOPO1 model (NOAA National Geophysical Data Center, 2009).
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Fig. 11  Distribution of free air gravity anomaly differences between data collected in GH02, GH03, GH04 and GH06
cruises south of Hokkaido and those obtained by satellite altimetry. A) Histogram. B) Geographical data
distribution. C) Topography of the same area from the ETOPO1 model (NOAA National Geophysical Data
Center, 2009).
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Distribution of free air gravity anomaly differences between data collected in GH08, GH09 and GH10 cruises around Okinawajima

Island and those obtained by satellite altimetry. A) Histogram. B) Geographical data distribution. C) Topography of the same area
from the ETOPO1 model (NOAA National Geophysical Data Center, 2009).
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Fig. 13 Three E-W free air anomaly profiles of data collected in GHOO cruise in the Okhotsk Sea. Track lines are shown in black, whereas
anomaly values of line 108 are shown in red, and those of lines 107 and 109 are shown in blue.
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Fig. 14  A) Free air anomalies in the Okhotsk Sea off Hokkaido made by using output of digital filter of SL2 gravimeter

collected in GHOO and GHO1 cruises. B) Distribution of free air gravity anomaly differences in the Okhotsk Sea off
Hokkaido between output of the digital filter of SL2 gravimeter data and output of an 8-th order Butterworth low-
pass filter with a cutoff frequency of 1/480 Hz collected in GHOO and GHO1 cruises.
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Fig. 15  A) Free air anomalies south of Hokkaido made by using output of digital filter of SL2 gravimeter collected in GHO02,
GHO03, GH04 and GHO6 cruises. B) Distribution of free air gravity anomaly differences south of Hokkaido between
output of the digital filter of SL2 gravimeter data and output of an 8-th order Butterworth low-pass filter with a cutoff
frequency of 1/480 Hz collected in GH02, GH03, GH04 and GHO6 cruises.
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filter of SL2 gravimeter data and output of an 8-th order Butterworth low-pass filter with a cutoff frequency of 1/480 Hz collected
in GHO8, GH09 and GH10 cruises.



WEFHAMIZWE 2022 BT73& H2H

X ®

Childers, V.A., Bell, R.E. and Brozena, J.M. (1999) Airborne
gravimetry: an investigation of filtering. Geophysics, 64,
61-69.

Glicken, M. (1962) E6tvés corrections for a moving gravity
meter. Geophysics, 27, 531-533.

Gubbins, D. (2004) Time series analysis and inverse theory for
geophysicists. Cambridge University Press, 255p.

Herring, A. T. and Hall, M. J. (2006) Progress in dynamic
gravity since 1984. The Leading Edge, 25, 246-249.

Ishihara, T. (2015) A new leveling method without the
direct use of crossover data and its application in
marine magnetic surveys: weighted spatial averaging
and temporal filtering. Earth Planets Space, 67:11.
doi:10.1186/s40623-015-0181-7

AT (2021a) AT 7 — 4. PEARATIE F A
Bat v & -, No.714, PERATHVEHH
wetva—, 2p

A CTE (20210) FIFAER S 7 — 2 OB - AR, b
HHANIZERT, 72, 421-445.

A CTE - NI (2021) B2 AL 7 — 4. ERR
WHOEREAERS £~ & — W78 RRHE, No.725, PER
PHOE R R ALY % —, 2p.

Ishihara, T., Shinohara, M., Fujimoto, H., Kanazawa, T., Araya,
A., Yamada, T., IIzasa, K., Tsukioka, S., Omika, S.,
Yoshiume, T., Mochizuki, M. and Uehira, K. (2018) High-
resolution gravity measurement aboard an autonomous
underwater vehicle. Geophysics, 83, G119-G135. doi:
10.1190/GEO2018-0090.1

FISIEN - BANEAT - AEELFE (2007a) GHOS AL O it
¥, RO - @R, WERAERS Y & —H
#, 40, 63-75.

EMBIEA - N FE - BPEIE TS (2007b) Ak ) B
X - BEEEH X, WX, No. 63 (CD), PEAEAF
WERBtR S Y 2 —.

RUBIEN - BiEEIER (2011) S E R - BRI
X, WrEHUEIX, No. 73 (CD), PEARHTHVEL AR
vy a—,

USIEN - BEEIE K (2014) #EZEMH I E ) R - AR
WX, WEEHEIX, No. 83 (CD), PFERTHLE F 4
ety 44—,

WSIEN - LR b - 535 OE 5K (2012a) V& A0 e g S
HIX - BRI, W, No. 74 (CD), #E
AT E R RS Y & —.

EWSIEN - Lo i - 573 OE K (2012b) H IR 4
NEFEN - R AE X, WEREIX, No. 77 (CD),

PEASHVEL A AR B & v & —.

LaCoste, L. (1983) LaCoste and Romberg straight-line gravity
meter. Geophysics, 48, 606-610.

Moritz, H. (2000) Geodetic Reference System 1980. Journal
of Geodesy, 74, 128—133.

Nettleton, L. L. (1976) Gravity and Magnetics in Oil Prospecting,
McGraw-Hill, Inc., 464p.

NOAA National Geophysical Data Center (2009) ETOPO1
1 Arc-Minute Global Relief Model. NOAA National
Centers for Environmental Information. [Accessed:
2022-6-27]

ANHIEFS - PR — (2015) el s AL SR 20 e ol B ) S
X - BRI, WEEIX, No. 85 (DVD), PEAR
FEFAERS £ 5 —.

/INEERE S (2018) el 5 1 50 JE 52 Ul ) B IX] - T xR
WX, WEEX, No. 90 (CD), BEEARNIHYE AR
By a—.

ZINEETRES S (R vh) AOK 555 3 sk o SR X - R S TG
X, WEAEHE, No. 92, PEMHIEFARAE L
g —.

Peters, M.F. and Brozena, J.M. (1995) Methods to improve
existing shipboard gravimeters for airborne gravimetry.
Proceedings of the IAG symposium on airborne gravity
field determination, 39-45.

Sandwell, D.T. and Smith, W.H.F. (2009) Global
marine gravity from retracked Geosat and ERS-
1 altimetry: ridge segmentation versus spreading
rate. Journal of Geophysical Research, 114, B01411.
doi:10.1029/20087B006008

Sandwell, D.T., Garcia, E., Soofi, K., Wessel, P., Chandler,
M. and Smith, W.H.F. (2013) Toward 1-mGal accuracy
in global marine gravity from Cryosat-2, Envisat, and
Jason-1. The Leading Edge, 32, 892-899.

Sandwell, D.T., Miiller, R.D., Smith, W.H.F., Garcia, E. and
Francis, R. (2014) New global marine gravity model
from Cryosat-2 and Jason-1 reveals buried tectonic
structures. Science, 346, 65—67.

Valliant, H. D. (1991) The LaCoste & Romberg air/sea gravity
meter: an overview. CRC Handbook of Geophysical
Exploration at Sea, 2" Edition, Hydrocarbons, 141-176.

Wessel, P., Smith, W. H. F., Scharroo, R., Luis, J. F. and Wobbe,
F. (2013) Generic Mapping Tools: Improved version
released. Eos, Transactions, American Geophysical Union,
94, 409-410.

(%2 fF:20224E2 H15H 5 = P : 202245 H30H )
(FLHIZNEE : 20224F6 A28 H)



WE ARG, 9 73%, 2%, p.49-65, 2022

S - Article

REHIHtHAX CHEYl & h /- EHAE GS-SE-1 RUE);R GS-SE-3 a7 D
EHRERREEOFIR - BR{bAEE

&F &V -AN EHT-ER £°-HH EL'-HE B°

KANEKO Minoru, ISHIKAWA Hiroyuki, HARASHIMA Mai, NOMURA Masahiro and NAKAZAWA
Tsutomu (2022) Fossil foraminiferal and ostracode assemblages from the Pleistocene Tokyo Formation
in cores GS-SE-1, Kami-Yoga and GS-SE-3, Komazawa, Setagaya, Tokyo, central Japan. Bulletin of the
Geological Survey of Japan, vol. 73 (2), p. 49-65, 4 figs, 2 tables and 3 plates.

Abstract: Fossil assemblages of foraminifers and ostracodes were investigated in the Pleistocene
Tokyo Formation, Shimosa Group, which is distributed beneath the Musashino Upland in Setagaya,
southwestern Tokyo. Fossil foraminifers and ostracodes were collected from two sediment cores: GS-
SE-1, Kami-Yoga and GS-SE-3, Komazawa, Setagaya, Tokyo. Thirty-eight samples were obtained
from the approximately 25-m-thick Tokyo Formation in the cores for the analysis. Of them, 40 benthic
foraminiferal species belonging to 18 genera were identified from 18 samples, and 41 ostracode species
belonging to 21 genera were identified from 14 samples. Planktonic foraminifers were not detected. On
the basis of the fossil foraminiferal and ostracode assemblages, the Tokyo Formation is subdivided into
eight zones: Zones I-VI in the lower part and Zones VII and VIII in the upper part. They are interpreted
as an inner bay environment in Zone I, a middle bay environment in Zone II-1V, an inner to middle bay
environment in Zone V and an outer bay environment in Zone VI in ascending order. Zones VII and VIII,
which correspond to the upper part of Tokyo Formation, are considered as an outer bay environment near
a coastal area.

Keywords: benthic foraminifers, ostracodes, Pleistocene, Tokyo Formation, Musashino Upland
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Fig. 1 A: Geologic map of Setagaya and the surrounding area. Modified from the Seamless Digital Geological Map of Japan, 1:200,000

(Geological Survey of Japan, AIST, 2018). B: Geomorphic division map of the Setagaya area showing the drill sites. Modified
from Nakazawa et al. (2019).
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crispum, Pararotalia nipponica, Miliolinella spp.,
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S BRIB % B BRE B ILER (Matoba, 1970),
WURARNI (B, 1955), HfFRR LA MO LS (Tkeya,
1977) 1293454 5.  A. beccarii forma 1 & E. subincertum®
2ff A FE LT AEHEE, I (G, 1955) RIEL WD
JEEB (Ikeya, 1977) THE XN TS, Lzd->TAH
WL, BRBORESEL LN,

FEIE A (2019) 12, 35.54 m& 33.54 mA S HE LA O
WY E TR AR VR AR ~ UK A e A oD B 1 %P
T HFOMARFIZEETEZILEIPETZAF 2T Y —
B AHEE L. BRSO RE ZD0Z & 23T
5.

nE, Lk FROFRFISEL-32 (35.80 ~ 35.85 m) A
5 SE1-30 (34.80 ~ 34.85 m) D 3 i FHI A FLRIL A DEEH,
B 572D THE 2 5ERW &/, Dare MAFHE
DRBISE1-28 (33.75 ~ 33.80 m) & SE1-27 (33.20 ~ 33.25
m) D2FEHI DV T, HiEH» S RIFARDAE DA 1L
BLERE L, %E» SAILRILAITZEL 225 7.
BILREAIZIAL L T LU E 5 2 TREMED & 5 720 X 5)
Y 2RVl
113 [F#FISE1-26 (32. 75 ~ 32. 80 m) ]

DT, 1o FEEM TEIEER %2 R 3 Ammonia
beccarii forma 1 23> U, Elphidium clavatum, Ammonia
tepida, Buccella frigida’¥4Z 5. E. clavatum|3FEFH 75
FEAR D & HFATE TR TS K<RO 515 (OF
b, 1980). MEE TR BRI LR BRETL» 5B
1812 B Y U (Matoba, 1970), {I&BEOEEO L i
W HETd % (Matoba, 1976). B. frigida |3 Ba 2 g7k
Tr—F, FR=Y IWREKT + —F OTERTHE
THIAEL AT 5 GF L, 1980). dbiliE/E /RN F %
& (Morishima and Chiji, 1952) ¢, MEETIdKLIBHR
8% bR < VBAIKIZSM T 5 (Matoba, 1970). B. frigida L E.
clavatuml3 )| f& v O £ B T H 5 (Ishiwada, 1964).
A. tepidald, FIRILIVLHOVE O BLER & B < 4k (T3,
1969), 11L& 7 DDA, beccarii forma 1474k & D
7 OB E 5 ERBIZ A 1T T (Nomura and Seto,
1992), RS TIZWEYLER (MIHE, 1986) 12474 LT 5.
L7225 T, Ik AL, BREBOBIRANLZE
ftL, &7, BROEE D >l 5.

ks, NAg& M OEOFEISEL-25 (32.20 ~ 32.25 m)
7 5 SE1-20 (28.15 ~ 28.20 m) ® 6 ikHIA FLEAL A D
HBRBD 572, —BISKEBRIZE > 7Z2HLAR 2850,
BILREIZAL L T LS - 2R & 5 -0 X )
"5 RNz,

5 [E#ISE1-19(27. 78 ~ 27. 83 m) ~ SE1-15(24. 40
~24.45m)]

Buccella frigidal3 AR O D B RER K 7 + —F,
X R—Y 2 EEKT + —FOTERT, NBIZE B
BB AR IAL AT 5. MBEBOBIE AR
HEE A (Matoba, 1970) . Elphidium subgranulosum,

Elphidium kusiroense, Elphidium clavatum & B HER % B
SBREH,SEOMISHMT S, LT, THER
U< BREBOIRF TIHRRDO BN & > - L HEJllc 5.

% 5 A FISE1-18 (27.35 ~ 27.40 m) £ SE1-14 (23.37 ~
23.52 m) 2 5 G LRI ADER A L - 7. BfLRbA
IBVAERLTU E > TREMED B 5 720X 535 6 B 7z,
Vs [RFHSE1-13(22. 33 ~ 22. 38 m) ~ SE1-12(21. 41
~21.46 m)]

Ad D F YT & B Elphidium subarcticuml, Hr 81
REREART + —F - B —BERAEZE KT + —F DT
PR T, VRRIRIC £ 8I6 3 5 OF b, 1980). A
TIRBRE 2 5B L5 L (Matoba, 1970), 7z, il
BVBDNERBEM D T BHEKAE T » % (Matoba, 1976). 2
BB DE. subarcticum & B. frigida® 73 4ii % 4 5 L E.
subarcticum®DIE 5 75, K D BIERFRIEIZ L ET
% (Matoba, 1970). L7z TAHHZ, FEROHEEIK
EVWEBILHOBEE A HEE S, M &k DBk L 7
LHEEENS.

HYIE A (2019) 13, 32.33 ~ 19.59 m”» & HEEALA D
ARAFEE RO PE P B & D BB D BREL & HEE L 7=,
ZORBREBEAROI -Vt b 720, HILBRGHTOR
REZDZ L %775,

¥, NVit& VardBOSEL-11 (20,40 ~ 20.45 m)
75 SE1-08 (17.38 ~ 17.48 m) D 4 ikHIA fLE L E D
Hi23 25 72, ALRIEAIZER L TLU & - 2 mHetEs
FEiohsd. RO EDEBLRIETELVD THIX
Y IRVl
Vi [#SE1-07 (16. 45 ~ 16. 50 m) ~ SE1-06 (15. 55
~15.60 m)]

KA IR O T EREDBuccella frigidah ¥ 7, Vi
FHIEDEIphidium subarcticumlIPFEH Lk < 5. F7=,
IINZIE A (1991) O PNIE B FETE D Ammonia beccarii forma
1 R Valvulineria hamanakoensis?3FEHy 3 5. L7225 T,
TEFD BN KR E NBEIE H S BREBO BB HEE S h,
ViF & DB N L - EE I 5.

I IE 2 (2019) 13, TRIE 1575 mDEEEE M2 5 gk
TE TRBEROMIIC LD, BIRERE, 5 TRRE
IZELL 2B A SRR L T 5. BILROSH» 6 3
NEBRETER O PR S h, —ENREERH - 72
ZeaIHT 5.

VI [BA#ISE1-05(14. 82 ~ 14. 87 m) ~ SE1-04(14. 16
~14.21m)]

A T T b Elphidium somaenseld, MEBEDR S
BRE % R BARKR, FHOBEOEICZE (Matoba, 1970),
BAKE O ORHEOFERTE (Nomura and Seto, 1992), 2
JURR D RS A (EMN, 1955) IZpEH$ 5. Rosalina
spp., Elphidium crispum, Pararotalia nipponicald M %
U 72 BREGISEI0 U 72 ST & 5 (LM, 1986 5 /)
F21E 5, 1991). Quinqueloculina spp., Miliolinella spp.iZ.,
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WEE, WTHREE L EEmOREIC X DEKOR
WP AHERE T 2 IR A DRI WD U 72 NIBIR DS TE
B UM2IE2, 1991) TH B, Lizni->TARMNIE, whdL
DRCELEOEE,AE A 5N 5. VirE TOMHM K
WIBBREE 2 &, VI IR 23 A BRI 2 78 O 1R
DERBICE -7z F A2 605, HEIE» (2019) 1%, H
Jié FEBOHERUINZ BT 23 20 W5 & & TRk
WIEAZ & U, AFLHREFEIEEHTE Tl L icM
49 % VI DRI BRI R 2 B OBRBE AN L 28 L T
WozZ L #RET 5.

%5, ORISEL-03 (13.72 ~ 13.77 m) &, HuUkE FEfx
FEOEHIR T D 02T & 72 KRB R (I 2,
2019) 2 SERL 7z, Z DRSO RFIEIZH A B oV
WOHTEND & 512, EHBEGS-SE-1 2 7 TR
5 ENOWICHRTE I ENTEALND Z L5, il
EAEY YA
VIl [FFSE3-06 (15. 80 ~ 15. 85 m) ]

Pararotalia nipponica, Elphidium crispum, Glabratella
spp.i&, Ak O IR IC BOK T S WEIC A L TER
T AMECTHELIERTH 5 (LH, 1986 5 /MZIER, 1991).
F 72, WEMPICLET S (B, 1953 ; Harrington, 1960 ;
BPRHEAD, 2004 5 Bi#, 2006 ; Pilarczyk et al,, 2020). Tk
B TIX, P nipponica, E. crispum, Porosorotalia makiyamai,
Elphidium jenseni, Glabratella spp.iZ, BEIFRIZZ < T
% (Matoba, 1970). ML LD Z &2 5, HEREIIFHR %
BEOBIEOWRHET, EHEOESLD &6 3k
AILEBEEEZ 5N 5.

Villa [ & #SE3-05 (15. 15 ~ 15.20 m) ~ SE3-03
(14.39 ~ 14. 44 m)]

R I VW & AR IC & Eh 2 B LREET
H, HERGUIFHKN 2 EOEOEOWE R EE
Z 6N B, VI TldPararotalia nipponica?’, VI Tl
Elphidium crispum?¥ix & ZFET 5. BUEOURRE O
& £ N B P nipponica & E. crispum® FE L, Wi
K0HEED, GlAE, E7 - ER EED, 1953), OHE
TH (BAHE A, 2004) DR TIE. crispumDIE 5 A
%<, My ' R, 2006), Jut SLE I (Pilarczyk et
al., 2020) TP, nipponica®E > 3%, JLH (1991) 12
ST, EREOWEREICHE L Tn S A LRI, P
HEE» SPGB TIEP nipponica®mlZEAES
ETE crispumMZEL, —F, ZHPE» SERLE
IZH ) TP nipponica L E. crispum% GO ELRH D Z &
%GR L 72, BRGS-SE-3 2 7 DALEA, D2 DDk
HEDHAADERNEIZH 720, P, nipponicald L e 58
D LIZ, E crispumMD BRET AHENER S /- & F
AbNb. &k, FHBEGS-SE-13 7 OiKISEL-03 DR
H£13, ZOBEMEK D SE. crispumH % PE$ 5 VI AH 4
DG & Hathd MO EEICTER & M7= 3U% S
ALZEDEEZBNRS. 7272 L EABGS-SE-1 5T

13, VIR ISR T 2 iR s b 5722, 50
BHERERICHIR SN2 7201I2RML T 5.

5.2 BEH{tLALPSHEINIHIRE

HotlER PR 1A BB ba DN Y 25 52 7272
DERNLAKT 5.

I — Vi 1 Bicornucythere bisanensis s. L. M8 5 U CEEH
LU, Cytheromorpha acupunctata, Spinileberis quadriaculeata
EREfES 5. Zho3MIEHARONBEZ RO T 5L
STk, mEpEH LB, bisanensis s. 1.\ZEASHIN
EOEIEEIZAER L, KEKS ~9m, KES~ 8 Mdd,
155520 ~ 30 PSUIZIR & & <G L T2 (Mg - M,
1993). U724 5T, I -VaiZBS#EMNE OB RIEBD
BREI7Z >t h, GHHACAEL SHEE XN 5 dER
itk Lt —H7 5.

VIar Tk, WEB DI L & 5B bisanensis s. 1., C.
acupunctata, S. quadriaculeata® FEHy BRI P> L, Sk

BT OGRS IS4 B3 % Aurildg (] 21E,
Kamiya, 1988 5 [LAR, 1998) R [ 2 &5 IR F i IEIZH
B ¢ 5 Loxoconcha optima (Ishizaki, 1968 ; 34§ % - (LI H,
2014) DEMABHMT 5. K> T, VIHHIZEASHMN & A
BREL A & 0 5 T AR AT T B BRI 20 3B ~NZE AL
LizeHtEehs, ZoZidafldfbaroifiesh
LSBT TSH 5.

FntE EEBICDWT, VIFHE I b A o Y E R B
eftk & IEFIC DAL, WEREHEEZITS 2 enfiL
WBAKT 5.

VI (X Aurila corniculata® FEH, 5 i & % <, Aurila
disparata ) UFPontocythere subjaponica% ¥ 5. Aurilalg
BHNERDOZETICH 2 B8 AEIC AR LA
¥, Kamiya, 1988 ; IR, 1998), Pontocytherelgid ¥

WETNOBREDRIZERL TS Z Eh,56 (il 213,
Ishizaki, 1968 ; #§85 - (LM, 2014), WFFISEL» S 5
BRI 2 BIR R OB HE 2 h 5B,

F72, KEI0~ 15 mPEORIETHENICH SN
% Amphileberisl&, Kritheld sz & O BHIEH (H] 21F, 1L
MY, 1998 ; Irizuki e al., 2018) SPEH L s 5722 &5,
BHOKFIELS TEI0mEE Th > &l 5.

5.3 HIREDEE

AREKCHBERICAHEDZEEL S, FEhEo iR
BAEBZROLIIZ L LLEZEZ OGNS,

WG T O ik, WAKED EAIZEVRTSIC
WAKDPMRA L, BREIZSA69 5 Ammonia beccarii forma
12 FLTHHERR I 20%, BEISETL
O-IVHICH T TUIBERROBRIE TR L. —F, ®
WS T D LIV O fFLEFHE BRI~ B 4R
BU, MHRICISC 22 EAE SN, ZOFHEDHE
ST, WAKYEE TIRIREREOPE N A 5 BRI » 5 T
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IREREICEAL U 2wl (FPisE 2, 2019) s & hC
w3,

BOE T O R EE R ORERE LSS 4 5 VI-VI
WO ANBREHEE Ehbd Ze» 6, BUNE
HEITE U 2 Z VR e h 5. AR B RILATHE
AU TR RIS RE Y 9 B VIR O R BRI E L
DRV ZBOBRBEANEELL T 722 &2
Ehb.

H kg FEOVI-VIAZ & 5 12k o i kic &k > TA
KPR B SR, Z OBEOWRMNIETIT ®E L
T kitEahad., Z20%, FWERICEKCTLET
bru—s@PREREE 2. DF D HEREFOHEREM
(MIS 5e) 12id 208l (I - Vg & VI-VIHR) O - R4
HotzZENHEEINS.

6. &

I GS-SE-1 2 7 & BiRGS-SE-3 2 7 O H i Hift
TR R O L - BRI BT & AT 5 7285 R
ROES B ZEBMHENTE 7.

(1) 3870k 2 ALEE U 18730k 2 & HfLiRIL A A BE M, L 7=.
JEA A LT 18R 40TE N R & h 7z, FbEEA fL
HIZRRD SN h -7z

() PEML-AILHbAREIc TS, wrEof Lk
b L Tk, I VIS5 L 72,

(3) 38Rk AMEE L 14506 & HIERIb A v i L 7=,
HERLGIZ 21 B 41 FEARD 5 h iz,

(4) BB fLEICAERED S H#ll X h 3 HERBIDOZ1L

FRDBY Th 5.
I A IS UE A OB IES, T -V Ids sl Vi
TR AN LIS YA & EREBO BB A R S h
VI TEBIA AR LIBIEBOBRIC A 5725 1 5
h5. VIHFE VIS, B A BoE O ot
T, WHEOES LD 726 Shi-HILREHE» 5
5.

(5) &40 IR LAREE D & HEH X h 5 HERBTDZ L

FROWBD TH 3.
EUJE A4 D RE B ARS8 5 5 72 T B OV
EBRE, - VAHZBIRES, VI ROV s
BORBN ZBIRROBRIRIC k> FEAb6h, f
LRHHE TR O N HEREEE L Bl K2 —T 5.
F7z, HEPRHELI D KEZI0mIXTH > &F
Abhs.

(6) FECOBRBIZZEIZLD, HERE O 14w (BHEE)
25 M (BIER) NZUEEIHELT U722 h, Vi (1B
JLER) 20 5 Vot (I~ B IER) (213 URIZH U 72
ZEMNHEEIND. —THERE oK B A
HORRE I 2 ¢ B VI-VIGH T BRI 25 S B
AR S h2Zen5, BOWREICEC 22 e
RNEENG. 2O, FMHRICECTHETH S

U—LBARREAE 7. Thbb RO
H (MIS Se) isid 2 M0k - VR H - 72 Z & A
EEND.

SR UNBEEREOILE PRI, AL AED
FIEZEIZOWTEIGIZhR) ZHEE W22, H
RRZFO/NRIEMBIZIZ L, HERIEAGORE & EIZD
WTEIEIZhH7- 0 g =720 7=, BEE BRRE
YIfEIC i, AEERE FHEMEIOMEHOFER 2 X > Tk
enie, BFHEORAKR FHBPIEER A & EHOERH
FOMREHLOMA BETISIIAERE T A Y P EWO
2%, FRARE SN BLUTEHHRL B 5. AKiF
FETITEE B KA R HITAE KR BT 2 B B O — 8 % fili
AL 7.
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Plate 1 Scanning electron photomicrographs of fossil benthic foraminifers from cores GS-
SE-1, Kami-Yoga and GS-SE-3, Komazawa, Setagaya, Tokyo, Part 1. Scale bars
= 100 pm

la,b,c: Buccella frigida (Cushman)

Sample SE1-26, depth 32.75-32.80 m

2 a,b,c: Rosalina australis (Parr)

Sample SE1-03, depth 13.72—13.77 m

3 a,b,c: Rosalina bradyi (Cushman)

Sample SE1-03, depth 13.72-13.77 m

4 a,b,c: Rosalina vilardeboana d'Orbigny
Sample SE3-04, depth 14.55-14.60 m

5 a,b,c: Cancris auriculus (Fichtel and Moll)
Sample SE3-06, depth 15.80-15.85 m

6 a,b,c: Valvulineria hamanakoensis (Ishiwada)
Sample SE1-07, depth 16.45-16.50 m

7 a,b,c: Ammonia beccarii (Linnaeus) forma 1
Sample SE1-26, depth 32.75-32.80 m

8 a,b,c: Ammonia beccarii (Linnaeus) forma 2
Sample SE1-26, depth 32.75-32.80 m

9 a,b,c: Ammonia tepida (Cushman)

Sample SE1-26, depth 32.75-32.80 m

10 a,b,c: Ammonia tepida (Cushman)

Sample SE1-13, depth 22.33-22.38 m

11 a,b,c: Ammonia japonica (Hada)

Sample SE-3-06, depth 15.80—15.85 m

12 a,b,c: Pararotalia nipponica (Asano)
Sample SE1-05, depth 14.82—-14.87 m
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Plate 2
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Scanning electron photomicrographs of fossil benthic foraminifers from cores GS-
SE-1, Kami-Yoga and GS-SE-3, Komazawa, Setagaya, Tokyo, Part 2. Scale bars
= 100 um

la,b: Elphidium advenum (Cushman)
Sample SE1-19, depth 27.78-27.83 m

2 a,b: Elphidium clavatum Cushmann
Sample SE1-26, depth 32.75-32.80 m

3 a,b: Elphidium crispum (Linnaeus)
Sample SE1-05, depth 14.82—-14.87 m

4 a,b: Elphidium jenseni (Cushman)
Sample SE1-03, depth 13.72-13.77 m

5 a,b: Elphidium kusiroense Asano
Sample SE1-12, depth 21.41-21.46 m

6 a,b: Elphidium reticulosum Cushman
Sample SE3-04, depth 14.55-14.60 m

7 a,b: Elphidium somaense Takayanagi
Sample SE1-04, depth 14.16-14.21 m

8 a,b: Elphidium subarcticum Cushman
Sample SE1-13, depth 22.33-22.38 m

9 a,b: Elphidium subarcticum Cushman
Sample SE1-13, depth 22.33-22.38 m

10 a,b: Elphidium subgranulosum Asano
Sample SE1-17, depth 26.36-26.41 m

11 a,b: Elphidium cf. subgranulosum Asano
Sample SE1-13, depth 22.33-22.38 m

12 a,b: Elphidium subincertum Asano
Sample SE1-29, depth 34.25-34.30 m

13 a,b,c: Porosorotalia makiyamai (Chiji)
Sample SE1-05, depth 14.82—-14.87 m

14 a,b,c: Cibicides lobatulus (Walker and Jacob)
Sample SE1-05, depth 14.82—14.87 m

15 a,b,c: Nonionella stella Cushman and Moyer
Sample SE1-12, depth 21.41-21.46 m

16 a,b,c: Pseudononion japonicum Asano
Sample SE3-04, depth 14.55-14.60 m
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Plate 3
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Scanning electron photomicrographs of fossil ostracods from cores
GS-SE-1, Kami-Yoga and GS-SE-3, Komazawa, Setagaya, Tokyo.
Scale bars = 100 um

1: Aurila corniculata Okubo

Sample SE3-05, depth 15.15-15.20 m

2: Aurila disparata Okubo

Sample SE3-05, depth 15.15-15.20 m

3: Bicornucythere bisanensis s. 1. (Okubo)
Sample SE1-19, depth 27.78-27.83 m

4: Cythere omotenipponica Hanai

Sample SE1-15, depth 24.40-24.45 m

5: Cytheromorpha acupunctata (Brady)
Sample SE1-26, depth 32.75-32.80 m

6: Loxoconcha optima Ishizaki

Sample SE1-05, depth 14.82—-14.87 m

7: Neomonoceratina delicata Ishizaki and Kato
Sample SE1-05, depth 14.82-14.87 m

8: Pontocythere miurensis (Hanai)
Sample SE1-05, depth 14.82—-14.87 m

9: Pontocythere subjaponica (Hanai)
Sample SE1-05, depth 14.82-14.87 m

10: Robustaurila ishizakii (Okubo)
Sample SE3-04, depth 14.55-14.60 m

11: Juvenile of Spinileberis quadriaculeata (Brady)
Sample SE1-04, depth 14.16-14.21 m

12: Spinileberis quadriaculeata (Brady)
Sample SE1-26, depth 32.75-32.80 m

13: Xestoleberis hanaii Ishizaki

Sample SE3-04, depth 14.55-14.60 m
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Bi#R - Report
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UCHINO Takayuki, KUDO Takashi, FURUSAWA Akira, IWANO Hideki, DANHARA Toru and
KOMATSUBARA Taku (2022) Late Chibanian tephra recognized in the Sotoyama Plateau of Yabukawa
area in Morioka City, Iwate Prefecture, mid-western Kitakami Massif. Bulletin of the Geological Survey
of Japan, vol. 73 (2), p. 67-85, 12 figs, 4 tables and 1 appendix.

Abstract: The Sotoyama Plateau on the mid-western Kitakami Massif, Northeast Japan, displays
a low-relief surface with an altitude of 650-1000 m. This topography is considered to have been
formed by periglacial phenomena. We discovered the 80-cm-thick pyroclastic fall deposit, named
Yabukawa Tephra in this study, from the Quaternary valley floor deposits along the Sotoyama River
on the plateau. This tephra is subdivided into four subunits on the basis of their lithofacies. The tephra
contains characteristically large amounts of vesiculated pumice and minor lithic fragments: andesite,
dacite, rhyolite, tuffaceous mudstone, tonalite, chert, etc. It also contains grains of beta-quartz, feldspar,
hornblende, orthopyroxene, ilmenite, biotite, etc. A geochemical composition of volcanic glasses from
the tephra shows relatively high SiO, and K,0, and low CaO, MgO and TiO,. Their refraction indexes are
1.495-1.498.

The Yabukawa Tephra is thought to deposit in the late Chibanian on the basis of the 0.24 + 0.04 Ma
fission-track age from zircon in its pumice. Furthermore, the tephra is possibly correlated with the Odai
White Volcanic Ash, which occurs in the eastern foot of Mt. Iwate, based on its petrography, refraction
indexes of volcanic glasses and the zircon age.

Keywords: Chibanian, Yabukawa Tephra, zircon, fission-track age, stratigraphy, correlation, Morioka,

Kitakami Massif
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Fig. 1 Geological map in the mid-western Kitakami Massif, Iwate Prefecture. The map was referred from the Seamless Digital
Geological Map of Japan (1:200,000) V2 (Geological Survey of Japan, AIST, 2019) on the GSI map of the Geospatial
Information Authority of Japan. Distribution of the river terrace deposits within the Sotoyama Plateau is painted based
on the geological survey for this study.

Abbreviations: O. M. (Ou Mountain Range); K. M. (Kitakami Massif); VG (volcanic group); V. (volcano).

AENZ I LRI S B, Lo T, B 3 ORI, KA 5 RO, G SO
I L O B HER L 72 7 7 5 ORI RIFOMES, L0 RS E AL ERIEORE, 0773
DU RO TS E R TS, THUE K-l BFS=7 VR ERE T LRt 2, 20
I A 20 % i 2= 500 - BHIEBOAL 5F, Bk MOS0, It IR CRikE R BT 7 7
ORAEMICIIL 75 F =5 25 EOBRNC 674545, LORILERAS:

S8, R RO S A & o B AL N
BT, AR E SR 5 S IR 5 2. s - HEEE

JEE 1 mBDENT 772 /L. ZOFT7 71T shiliglig, %‘%ﬂr’ﬁalﬂfﬁ%“ﬁ (IHE L) 12z LT
EALRTWGRICH D EH 6, IThETalldtish k0, fhlhix 4, &E*‘EFIJJ ORI A>T B (5
Thay, KT, 2077 70WREHL 2T LX) . ] & OBERICALE S % H5 ORI E i & i
%728, RPN - RN ET) L e 6, Y A Z ML RIS H AR AR [ ICHE TR D, [H



Je bl g,

HORHRGS (PHMLHGS) 213 L) &35 % < ORI D IE A,
/7ﬂﬂ%/#/#&&ﬁ(%@Rif%@ﬁf%hé
%MmEW£@émﬂﬁwﬁmmﬁiﬂm%m~@0m

TiEHBH, 1945F12I3KkRT3s CRilgtL 22 L
HERIN—FENEF L LTHIEh S, F72, # (2005
ARUZZAL Bt AR & L-EREXIZX S L, &
JIHiEkI 700750 C /H LRI TRITZR D 5L, &
FOKBNZ A AR LA FEL 2B B h T3

MRz, MU 700 mith R D 23 KA A
SWHDIMLE LIZIED > TER P IZHR, Lo Lol
AL 53 WREAHEZEALT, RLOWREREE
LA omEIsmN S, FHUIOFRETIE, Mh»
SERPICHENTL B RBEINBAWRT 5. —J5, K%
ihﬁ%?@ﬁmk‘%i%ht%ﬂﬁﬁ%lﬁfﬁx
n, HEREH» SPILEIC fLJ/)")'fﬂ‘E% llﬁ‘%“@ﬁ‘l wht
T3,

SHLEE, EEtEo BV, WWTE - L IcRET
BAERN, Wi, TEEY R SRR X N B 576 ksl
RN TH 5. BHEHE U TOMBKHIE, S,
KA, FHEN EFRBOORIEIZED NS,
I J6 ) 2 MERNEHE R IZ DV TiE, B (1971),
Higaki (1980), JF_LiZ4 (1981), %10 (1984), #&iH (1987)
HETEEN DD, ABFEO/NURIEIE, £EEHOMH

WA KA EEAEEE YV TS5 sy a Itk BENRD
M% FaDBRKIERNIZERT 5 52 60T 5.
* 7z, RERHEHE R im%@AmrkmA 50-30
kyr BP : T JF, 2000), /NI EA (KP, 13.5-12 kyr
BP : fIANE A, 1997) R OHIRFE4 (YP, 11.9-11.6 kyr
BP : FIANE A, 1997) s EFMRHABHIHL T 8T 7 7
DAL G fEGR E T 5 (Bl 21X, Higaki, 19805 H I
E2, 1981). ZDZ L5, AHkoFOkmHEREY &
D L BRMEHHLBERICER Eh7ZzEE L2 5h T
3.

SR -3~ v bk (B0 S K RT3 e O A A
PR~ PRI T, B 665 mPl iz TAEKH %
HIRG T 2 B IUACHERT I 3 p i L, DA< & & 2 O BB
THERE A A & T AR EHERM N 55 5. ZOBRE
HERED AR LI A i 2 PHENI T2 R0 b h,
(1973) 12 & % & EFiIc o\ CRhi B i B OMRA B T
~MO4BEPFHAN EhTWb. AETRETST 75
&, BEAHEEZRN SN0 TOLBEH L TED,
TSRO RRIE A > T 5.

SRS I 3§ % b 5 kAo B L, FEicdk
WAL ITE T 5 Y 2 SRROMMETH 5 (N, 2019,
2021). AP, RESEEKRELT, 5 F v —
b BRE EELAOAKEEY - MR- LYy TRICED
CGEIX). MERE I - AEm R O R AER T H
D,%ﬁut@g@?&—bﬁeﬁé.%mm¢u¢ﬁ
B & 0 T CRDF-LIPE) TF v — b RYeE A AR IS

TR TR gD F o3 =7 V%R 7

7 (NBFIZ»)

F T 213, KANITE P T UACHERI I A
BN E AR TE 5. ShlEE LI
STV ko =i E O R IS 0 e R IS DR SR (b
(e k) Th 5.

3. WEDKH

BN s D 3 A 2 PR 3 5 SR DUSCHE R IS, B
@, 77k, RREsE»SHERENS. SN, fEk
DAL R GBS 2 5 %9400 m3) (552X) TR
X h-ZIEE, kAR (JeiRkkE), B (577 78),
chg (KK KINEERRE), Dig (BRg) DF{ 2= b2 5
5D, TheaRBOLENE > TWS (FE3X, F4X).
77 5k BE) &, FEBEPHK80 cmT, FIZREIHIZX -
TBl ~B4jgoH 72=y MM Ehs. ZO775
J& BIE) I\ Tid, AWFFRICTIE T 7 7 | & #Hiki%
5.2 %. #5735 (BRE) OAikdid ACEFREEZ LT
60 mfEETH 5 (2[Kb). R DB I&T 75 (B
&) O LR O KILK KW RS (CRg) % il - <
HEFEL T 5 (BE3X, $4X). ZODRE % &ir—H O
FEiE, SMUITRRANTIRHEMICRSh, ZhoidF
AP 2R LT 5. BYRERO& X%, AFHEN
VETIRIKRRA 534 mTh 5.

DIz =y MIDWTTMIA2 S IEIZFEL < Fl#ld
2. MEHORIFI2D0WTIE, KEE - S BEE L GRS
Y &L RO 725 OFKE (BR7E) & FERBEMEIC THI%
L7=#RIC X 3. kb U 228013kt - @85k o
BRICAR I N T B 728, BAREE R ORERIEE
ORI T OXBNT O, Lo T, BIEHRIIEN
KL G T 7 5 EBERORHREKMLZEDE 5>
T3, &P, KlH 7 2RI OV TIZNTH -
Wi (1992, 2003) 126t > 7=.

3.1 AE GRRE)

HIF 77 BE) OTMZIZEEL ml EOFEWE
B~WIKEDPRKIE P TAAET 5 (3K, H4X). R
BloidMibtarkBEICEZh, KEndoTidkay
30 cmiZ B 3 (5 5Ka). ZOPRKEREIZ, BT 7 T FEEk,
SIS 100 micb 725> TELBIFTE 3 (552X
b). YeRIEDTRRIGBIAIRHERT 2 R L Ty 3 22 0 ik
BTERN,

F3XaDFEIHOK 30 m Tl Tik, ek ks
5870 cm T OJFHEIZH T 7 7 BB 5 1L (5 5Kb),
ZHEFEIZTHRMNZ 20 mfHEFTE 2. 2077 7 %{#
HENZYT2IPT 7 J EFER. YTRIPT 7 513, B X232 ~6
em™C, PEARIEH OB L A 60 5 B2 54 5 78
B ORES RN TS 5 (E5Xb,¢). K77 713, Ml
ReKIEA B 75 R —Y 2 GO TERE, HRKILKS
LB IKEHP 5 72R—Y 280 L6, EHHE
Rifk GE#AL) LT3 (B5Ke). BREHOSMEIIE



WEFHAM WS 20224 ET73% H25

7_ '“Locatlonﬂbf /To -Of Teph ra

@ (Kudo an\d Uchino, 2021)
s Route 455 /

| - __Sotoyama 72

;f;; 72 Q 690 m sotO\‘ama Rive o

ne \

A =

:— ?97"\ 129.57°N | L N [ Tephra with peat |-

f&;;‘-;*»"_-\ LN\ (Y Peat som_ | |

F2X SR K, N7 7 F BRI ORIZN () L — F vy 7 (b)), HIXII BN % .

Fig.2 Topographic map (a) and route map (b) around the outcrop of the Yabukawa Tephra, Yabukawa area in Morioka City.
The topographic map is from the GSI map of the Geospatial Information Authority of Japan.
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Fig. 3  Outcrop of the Yabukawa Tephra (unit B). Straighten folding scale at the center of the outcrop is 1 m long.
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Fig. 4 Columnar section of the strata containing the Yabukawa Tephra.
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Fig. 5 (a) Wood fossil in the peat layer (unit A) underlying the Yabukawa Tephra. Hammer is 30 cm
long. (b) YT2iP tephra interbedded in the peat layer. (c) Expanded photograph of the YT2iP
tephra showing a pinch-and-swell structure by dewatering.

B BNF77RCETHEOZELI=y P OR. BEICEENDEMRISOVTEBVIEIZ[+++], [++],
[+], [*], Tel&iLTH 3.
B EmIAEEOFAE, Bt HERE, Cpx : HEVEHA, Ep: fNh AR, Fid: £A, Hbl - HaARA,
Ilm : F & V&5, Opx : B M4, Qz: A%, L: FEb, U: LE.

Table 1  Lithologic features of each unit of the Yabukawa Tephra and its lower and upper units. Symbols of “+++7, “++7, “+”,
“*” and “tr (trace)” are written in descending order of mineral content in residues.
Abbreviations: 8 (presence of beta-quartz); Bt (biotite); Cpx (clinopyroxene); Ep (epidote); Fld (feldspar); Hbl
(hornblende); Ilm (ilmenite); Opx (orthopyroxene); Qz (quartz); L (lower part); U (upper part).

: : Mineral in residue
Unit G.raln Color Thickness Remark
size (cm) Qz | Fid | Hbl |Opx | Cpx | Ilm | Bt |Ep
& d Grayish Laminated
c tcarse 35:“ green to 25 44 | +++ + * tr tr tr /abundant
O granule | pale green B spherulites
Pale
B4 |Coarse sand greenish 10 +H+ |+ + * tr * tr | Fine/greenish
to granule gray 8
Granule 4 | |+ * tr tr * tr
U Grayish 2 Abundant
B3 beie 40 coarse
L Pebble g +E+ |+ * tr tr * tr pumice
. Abundant lithic
B2 Pebble Beige 19 +E+ ++ + + tr * tr | = fragments
Pale ; S
B1 Pebble beige 10 +;+ ++ + + * * tr | tr | High argillation
A Silt to Pale to 5.6 Reverse grading
ipy| coarse sand | 9ravish = | % tr | ++ | tr * tr | tr /dewatering
(YT2iP) beige B structure
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Fig. 6 (a) Photograph of pumice samples from the horizon Ybtl in the subunit B3 of the Yabukawa Tephra.
(b) Photomicrograph of the pumice. (¢) Thin section image of the pumice, under open-polarized light. (d)

Volcanic glasses in residues from the upper part (horizon Ybt2) of the subunit B3.
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Fig. 7 Thin section images of rock fragments from the Yabukawa Tephra: (a) hornblende andesite; (b) basaltic andesite; (c) dacite
showing a spherulitic texture; (d) dacite; (e) rhyolite; (f) tuffaceous sandstone; (g) tuffaceous mudstone; (h) tonalite, and (i)

chert.

Only Fig. 7g is under open polarized light, while the others under cross polarized light.
Abbreviations: Bt (biotite); Hbl (hornblende); Gn (glauconite); Mf (pseudomorph of spherical microfossil); Mm (mafic

mineral replaced by chlorite).
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Fig. 8 Thin section image of spherulite grains from the unit C,
under cross-polarized light.
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Fig. 9 Harker diagrams showing the chemical composition of major elements of volcanic glasses from the upper
part of the subunit B3 and the subunit B4 in the Yabukawa Tephra.
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Yabukawa Tephra (Ybt3 in B4) (20181113L1-2b)
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Fig. 10

Refractive indices of volcanic glasses, orthopyroxene and hornblende from the upper part of the subunit B3 and

the subunit B4 in the Yabukawa Tephra and the YT2iP tephra in the unit A (peat layer).
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Table 2

Measurement condition of the instrumentation using

a quadrupole inductively coupled plasma mass
spectrometry for fission-track dating.

Laser ablation
Model

Laser type

Pulse duration

Wave length

Energy density

Laser power

Spot size

Repetition rate

Duration of laser ablation
Carrier gas (He)
ICP-MS

Madel

ICP-MS type

Forward power

Make-up gas (Ar)

ThO */Th (oxide ratio)
Data acquisition protocol
Data acquisition

Monitor isotopes

Dwell time
Standards

Primary standard (U content)

Primary standard (FT age)

CARBIDE (Light Conversion)
Femtosecond laser

224 fs

260 nm

1.6 Jiem?

40 %

10 pm

100 Hz

10s

0.6 L/min

iCAP-TQ ICP-MS (Thermo Fisher Scientific)
Quadrupole

1550 W

0.9 Limin

<1 %

Time-resolved analysis

25 5 (15 s gas blank, 10 s ablation)

ag) W2y 24 py, Wopy, 27 pp Wepy, 227y 28y
0.2 s for 26Pb, 207pp;: 0.1 s for others

Nancy 91500 (Wiedenbeck et al., 1995)
Fish Canyon Tuff (Danhara and Iwano, 2013)

filfl (& 123 CHiIERE &) 233 5 7z (B 44K).

7.2.2 H#JE DE)POREBD “CER
EERErh O RE R 5%, 50,340+ 710 yr BP (3"”CHli1E
FA) OEMRUELE S N7 GE4EK).

8.1

8. EE

SV OEmCHBEYDOER

) HUIRFEAR D SIS THERR & 7z BB b 4 1
Fd 5 B IUACHERI ORGP 12 DV Tld TR 5. 2

OENACHERIE, FRLE D 1.3 ml EOVRREE (AR),
80 cmD T 7 5 (BRE), 25 cmD KUK KILEETE (C
), ZLTH1.8 mDiEEE DE) {1 =y t 25k 3
(3, FaX). VeiRkE (AR T KREOMLG %5 A,
$72, FX2~6cmDYT2IPT 7 5 % HH T3 (F5K).
MR R OYT2iPT 7 S E_EDOJRRD “CHERIFZ & 81k
4 ~ 5 AR L XN B FERPEIRA & b o,

#7737 BE)IE FTRNLOBI~B4DH T 1=y
FIZHl & h, WEh 3 8Bh (BelXla—c) #Fhke L
YEONESR &0, KIIEORRZEAA3 cmPl T

HEARFM I el TTh 5. BAahicgEFhsora
Y OFTHEMIZH 024 Ma (F5=7 V%K) 2R L, A
JEh O BB R "CEROMBRETFIFL V. AE
HEE, RIS, TA YA N, R, BKERE, B
JREJeE, P—F A, Fr—baERRADLNh5 (G
TR). BIRKBEJREE, LW - LT, RO
MAEEDEDONH BT L5, WIS & 3%
ZI2< K, JEIAHERO D Ll x B, Lo
T, BT 7 7 b OAEE R Tl AR I Hk
FTHEFA B LD N —F I Wi A AE RS &
Fr—bTHB. Fr— ML, LI EHFOY 2 TNt
MARERTH D, LT 200 BRI R A A ER
AHEOBMERERICL28DEEALA5. £/, Ty
HEA MRRAERTIBUE S, T OGRS OB R
2 TC05, ThabbBEIL Rl 2T 20 E
MACAENR (EAEA, 1999 5 P - P, 2021) 2 JH &
THRAHEMEDS S B, BT 7 5 OFRE AR O KL
W ANKEIZEENSI1EL (B6Kd), ZOfth, iR
h¥, EmARG, EARG, Fx VLo RE TR
ffrehnsd. BT 7 5 3KRMICEKNARL, FBEL
R AEERE LY THE L, £72KF7 7 5
D N BB ERNEIZTEITTHHI NS, K
77 713 TR &I T B,

KKK EE B G (CRg) &, ke ~IKfkE s 2L,
HIDRE~ HEDRE 72 KUK & 288 U 7= KB & 3l < BRg L
72D LR EN S, KIIEIE, FEAENEHLT
Bt b L2802 5 %%, CRIZIIM»OIERAREL,
—HTEENDBRRTEH A EROENDE T 05 (5
1R, AFEIZk2BETFCOHBIREENS. i,
MRHEIR IRV U 7z IR R i s - B4
WO ARLG - ARG - F2 v ELAE R &
Mo (F1FK), Bll7 75 BRE) &HE L -RE D
—HT, 272N T4 PRFERKREIZELEOI RS
FHLTWSEESK). BT 7 30Ehicizz7o 0
T4 MIFERE N TRV, KT T7I5DFA ¥4 &
Ficid—#c27 20 ) 74 v 7HlESRD 515 (557
Kc). 727U, Af#EETRTTA 94 MaRFOEARKZ
BRI, CHOAT T4 FHRZOEIZHET
5D00ESDEIAHTHE. L LERHRTH 2T
3L, 272 T4 MRTOCREANDKEEER, HEM
DA & B 3RS 2 g d 5. £72
ZOWA, CBIEINF 75 BR) 2 FaiiE LY
T — 2 WRMITH Y, BREOHRMBZT IZZEEBAN
B2 FEZON5. BRI, BT 77108k
I HHIZKED AT 2L T4 b AFERIZEERT
WREWHAREME G B B 48, FOBERMIZIOVTIIEIR
TIEHIWT T & 2,

N7 7 5 BRE) KokilK kLR (CR) o B4
IZI3EERE (DRE) 2 HERE L T b, DREIIBRE - Cld % —i
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Table 3
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BINT750ORABIZEENZILAVDT 4y ay - Ty 2iER

Ns: HFE P T v 28, Nusp: KHGRHI B 2 PUOHBME SN2 o ¥ MY, Nusa: BEHERBO Y 7 v 0
VIR pst BIEN T w2, pusp t RAEARHI B 2 PP UORISHIIE S Nz h D v P B, pusa @ BEHEGORE
DI VDR VEE, Ulcer: 77 ViEE.

Fission-track ages for the zircon from the pumice in the Yabukawa Tephra.

Abbreviations: Ns (number of spontaneous tracks); Nu-sp (area-corrected total count of U on unknown sample); Nu-std
(number of counted uranium of standard); ps (density of spontaneous tracks); pu-sp (density of area-corrected total count of
8U on unknown sample); pu-std (density of counted uranium of standard); Uicp (uranium content).

Zeta value (cm’/yr): 44.9%1.8. Correlation coefficient between p, and p,., (1): 0.512. N, 12,659, py.qa: 3.165 x 109.
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Ak JeRkE (ARG) K OHERS (DRE) thOREO “CHERDY 2 b, FHER IR 41X 2 WS, pMC: BHEBIUK

R 2R R D C IRE D FIA.

Table 4 List of "*C ages measured for carbonaceous materials from the peat layer (unit A) and gravel layer (unit D). Horizon

names are referable to Fig. 4. pMC: percent modern carbon.

Horizon Sample no. Sample 32 C (%) (AMS) Libby age (yr BP) pMC (%)
Ltd1 20190903L3-1 Peat -28.63 = 0.39 50,340 = 710 0.19 + 0.02
Yp2 20181113L1-1 Wood fossil -26.63 = 0.36 >53,840 <0.13

Ypl 20190903L4-1 Peat -29,50 + 0,33 >53,940 <0.13

aiun

Juun

HNX CRHTHRS N 2R HERL

Fig. 11 Cross lamina observed in the Unit C.

Hl> T CGE3IX, HalX). B PR < PEST 2
FRBED “CHARIEHY 50,000 ~ 51,000 yr BP (5 15 Hr i)
Th 30, "CHEROPERBIGENMETDH 5720, K
WREEN4 ~5SHELDHVERERTEE L THL.
Z OB ISR R H T O KA TEBERIIZ A
SN, AHUEOEMBREZ2RL Th5. &k, KA
NITFWRE (FF 7 7 §EHA 559200 m¥ : 552 Xa) Ti3,
e L 5 Wit 50 MERIZE X 10 cmFEED 7
TINPAEL THE D, ZRhidH36 cal kyr BPO+FIH -
KRBT 7 Sl T3 (T - N%F, 2021).
DUEAFIC, KRk B EIKH A R4 2 Hg 0k e
BREEZHE1RKISR Lz 205, FHigon
NIRRT B it OMERE & Tk & 3 2 HER A MIKAL
BREEBRLTED, o Z<RshzKEIZk W
TGO FAR L LCF /=7 v L0 RE & 515
77RO T = s HEREREbET23 ml LOEX %
Lo THET D Z ENHE IR S 7.

8.2. 75Nt

T 7 512, JBIEH80 cm& JE VR T AHERIY T
b0 EE3X, HAX), FRAEES cmOBEL KUK
KERI cmOHBESER #8302 Lh 5, HERIEHED
Kl S RK L7z &Il S h 5, RIS B WT, B

JI17 7 5 OFTHAR (0.24 + 0.04 Ma) 1230130 ~ 20 5 4F
BTENSWREY L 7=kl e UCid, P IShiE 4 2 Rkl
B, AFxb(ESEF), EEALRE, e IChE
T3 EHERAL GBI 2 ERMSNTER D (K -
H, 1999 ; +JF, 2000; FiE - 3, 2005 ; OHigIE 2,
2006 ; BEHNIE A, 2019), Zh o MEEOBMHE &5
5THAD.
RPFBMIKOVE A, HEF LI, EidkbzEd
[k TR e 2R G BROSENUKLT 7 5 2%
LTS, ZOT 7 IRFIZOVTIE, ZhETicH
JINE 2 (1963) Zhad & LTE L DR THh, Thb
ORI LI 2000) 12 & > TAFERIZE LD 5T
5. ZhoDT7 75, BRIl QBRSNS DOTEE
%t,Fﬁih%%,imhﬁimn,ﬂmw,mﬁw
gy, A, Shl, R, 010 kKIZX 32 hT
W5 Bz, KEEA, 19805 13, 2000). &k, Z
oDk, SHELHET 77 ZOMIINET S
T 7 50 LR A L8 DTHD, ThT?
hokilk i, HEERIOEKIZK ST 7 7 & hiEkE
ODHBE»S B3 FICERILETHS. 205, 4
kR Bz ik, %910.9 4RO MR ALK (0T HHE
A, 1987 5 BE - BEIR, 2020) AR 5. EFR ALK
i, dLEEOWF A LT T EGIEE L, dEHAIZIEL &
g BIRBT 77T, KEEETIIEEEmm ~ 10 cm
FERE DMK KILIKRE & UCRES B (LFF, 2000). Z DIl
AR K D LT, BEEROIRET 7 7 780 6
hTkh, BREERPEEEShEZT 75 8£<, HiRN
FEA 2 R AR S Tn B (B A, I, 2000).
—Ji, ThED TREOHEMRIZO>NTIE, —E TR L
DORLED B HEEERAR EN T 5 300 (LI, 2000),
IS M AILIKE O BRI 63K 6 7z SRR
D7z, PHEELRPZIEEN TS, WThiZl
2, FEREIZHRB LFN T 7 7O REME 2D EHZD
iF, AaL L slFERALIKE D & TS HLAILK DL
TORBH¥IZHET 7L hs. Baikis, HIE
T ERIE R R A 5 0BA, KP, YPE EDH#T 7
TG SN TS5 (Bl 21, Higaki, 1980 ; J LiE»,
1981), EhgHMEHitEZRTLEDTHD, KT 7
FSOMMNRER BT 7 FIERYG726 &0,
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AFINLE T2 775055, HiEkilKkLD
L IMRBHEIZ BT, BT 7 5 LERRURHS A
R R LT 2 7 7 713, BAAKILK TEDKE
EEAIK (0dWA) (K EIEA, 1980) & IFFIEH 5 % Tk
WHER TH 5. 1H (2000) 12k B &, KEAGKAILIK
BUTOREAEETS. 1)AG~EAaGEE 235 L
TeMIRAILIK A 5 5, FiEABEHTIIABTE LR
WLRAPRD NS, 2)BOIERAE25 emT, &
GizoShgHkoMk e k5, 3)EAIE, FL BN
122 LR, #HRA - AEOEY, HERES & LTk
A, EJTER RO A&, 4) kil 5 2 ORI
1.496-1.498TH %, 5) a5k & LT, R, ANGE
ERHERS, BiESRD 615,

BT 77%8, AE~KHABEET5Z L, #FLL
MRMER IR L 2200 (B L eRROMIIRE 5 %) # &
DTl BRELTRIAER V-FLEEELZ L, #
B, A% Esampda, BARAG, 78 SR
ezl KT T ZADOMITEA1.495-1.498TH 5
ZERE, REAGKIIKE DRSS LW, HEb e
LTiE, #7779 83EER #&ATOAEWI LT
5. FFEL, BIKETEd 5D, RESAKIRIIF

IZEEEh T3, ZofioENe LT, BE
RN AABKREAGKIIIKS? S id@E S h Tk
WZEREITFSNE., LrL, BT 73 128Eh3 %
NoOEHEIIMMET, FHRhAGIRY A XTE/NE
W28, ZOAMEIZE LTI AR O ALE T e MLBR RIS
WEL TSNS & 5. HmALKELD FTREOT 7

FIZBWTIE, kiiH 5 2 DJEITRREN TNz T 7
SRS TBE 0D (LFH, 2000, DL A
HINT 7 7 LIBITEI—BT % DIFKEAEAKLIKD A
THb. kb, KUH T 2DOFRSEERIZ DN T,
5 & 0 B3RO F 7 1200 TG 5 1 75
WD 720, BURTITHEMEHIHW S Z L idTE A0,

Zml, G2 o 72 D IS KRB @KLK DO FREL A G-
ATz, BRHAEIZ B 2 BHPRNOBILIZ K D, 5%
REDORKIKEFRRLT IS Aoz 5, W

Late Pleistocene

Middle Pleistocene
(Chibanian)

-

- +—— Towada-Ofudo Tephra
(ca. 36 cal kyr BP)
(Kudo and Uchino, 2021)

Tm

I Soil

[ ] Mud-sand

o7 Gravel

Bl Interbedded ash and lapilli
[ ] Tephra

Il Peat

<@ Wood fossil

" Unconformity

. > ca. 50 ka [“C age]
<«—— rework deposit

Yabukawa Tephra
<« (pyroclastic fall deposit)
ca. 240 ka [FT age]

= B« > ca. 50 ka['4C age]

«~—— > ca. 50 ka ['“C age]

™ YT2iP tephra

FHEIEMEICKET 2 72912, ALK O #2584 sl L
FRE, Kb H 7 2O FERMCFHMBO T, GEla A
BEROIRE E2FE T ZENPMETHS. Ko7
KimTik, BT 7 73 kBAGKIIKIZHIEEh 0]
BEMER & 5 &) fahifIcil D Tk <. Fig. 12
BT 7 71%, BHIIBIB3ESH»5AT, KFHEDL
RETHML TSR H 0, ZBEm RIS OB
Bt R (RO 2 OHER) R K P-Hm 0K 7k &
@6$%73‘ﬂméhééwﬁ@méhézau+%
ZH 1G5, Matsu'ura et al. (2014, 2018) iZ, L5
%%@F KM OBEHEE T 7 (C9001C, ODP1150A,
ODP1151C) IZHRAET BMIS I8LIED 7 7 12D W01 T,
KA 7 2D ER AR & WS U, 5 2o b &

F12[%

1)1 sk D S L1 - KA TNESI 25464 5 55 DU
JE DREREIRK.  EEBEF O RIT L - N
(2021) 12Xk 3.

Comprehensive columnar section of the Quaternary
strata around the Sotoyama and Oishi rivers in
Yabukawa area. Date of the Upper Pleistocene was
referred from Kudo and Uchino (2021).
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FINT 7 50B3E EHRUBABIZE T A S KILH 5 2O FEITEMK.

AL Bl g s, SRR Mo F s =7 V% T 7 7 (NEED)

ABF20181113L1-2a ¢ Y

20181113L1-2bid B3JE D Ybi2 e, B4 OYb EHED 5 7 F NG5 hi-.
SD : HE¥E(RZE, FeO*: 4k% 2fHi CAIME L 7-{d.

Table A1l

Major element chemical compositions of volcanic glasses from the upper part of the subunit B3 and the subunit B4

in the Yabukawa Tephra. Samples 20181113L1-2a and 20181113L1-2b were from the B3 (Ybt2 horizon) and B4 (Ybt3
horizon), respectively. SD: standard deviation. FeO*: total Fe as FeO.

20181113L1-2b (Ybt3)

Point no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Average SD
SiO, 70.94 70.94 71.82 70.77 70.09 72.68 71.33 72.00 71.18 71.94 71.84 71.06 71.52 72.02 72.00 71.48 0.66
TiO, 0.13 0.13 0.09 0.10 0.10 0.10 0.16 0.08 0.09 0.07 0.00 0.08 0.09 0.14 0.13 0.10 0.04
AlLO3 11.44 11.54 11.70 11.34 11.39 11.85 11.40 11.65 11.53 11.66 11.58 11.43 11.66 11.72 11.56 11.56 0.14
FeO* 0.97 0.77 0.87 0.87 0.99 0.92 0.87 0.74 0.00 0.89 0.88 0.80 0.73 0.97 0.98 0.82 0.24
MnO 0.09 0.00 0.18 0.00 0.21 0.12 0.07 0.15 0.00 0.06 0.08 0.11 0.04 0.06 0.00 0.08 0.07
MgO 0.06 0.10 0.06 0.09 0.06 0.06 0.05 0.02 0.05 0.10 0.09 0.06 0.01 0.04 0.10 0.06 0.03
Ca0 0.65 0.57 0.61 0.53 0.63 0.64 0.62 0.61 0.64 0.58 0.58 0.60 0.56 0.58 0.63 0.60 0.03
Na,O 3.83 3.84 3.87 3.83 3.91 4.08 3.84 3.93 3.95 4.07 3.87 3.88 3.85 3.99 4.04 3.92 0.09
K0 2.55 2.47 2.50 2.60 2.41 2.48 2.57 2.49 2.52 2.53 2.50 2.47 2.64 2.62 2.50 2.52 0.06
Total 90.66 90.36 91.70 90.13 89.79 92.93 90.91 91.67 89.96 91.90 91.42 90.49 91.10 92.14 91.94 91.14
Sio, 78.25 78.51 78.32 78.52 78.06 78.21 78.46 78.54 79.12 78.28 78.58 78.53 78.51 78.16 78.31 78.42 0.25
TiO, 0.14 0.14 0.10 0.11 0.11 0.11 0.18 0.09 0.10 0.08 0.00 0.09 0.10 0.15 0.14 0.11 0.04
AlLO; 12.62 12.77 12.76 12.58 12.69 12.75 12.54 12.71 12.82 12.69 12.67 12.63 12.80 12.72 12.57 12.69 0.09
FeO* 1.07 0.85 0.95 0.97 1.10 0.99 0.96 0.81 0.00 0.97 0.96 0.88 0.80 1.05 1.07 0.90 0.26
MnO 0.10 0.00 0.20 0.00 0.23 0.13 0.08 0.16 0.00 0.07 0.09 0.12 0.04 0.07 0.00 0.09 0.07
MgO 0.07 0.11 0.07 0.10 0.07 0.06 0.05 0.02 0.06 0.11 0.10 0.07 0.01 0.04 0.1 0.07 0.03
Ca0 0.72 0.63 0.67 0.59 0.70 0.69 0.68 0.67 0.71 0.63 0.63 0.66 0.61 0.63 0.69 0.66 0.04
Na,O 4.22 4.25 4.22 4.25 4.35 4.39 4.22 4.29 4.39 4.43 4.23 4.29 4.23 4.33 4.39 4.30 0.08
K,O 2.81 273 273 2.88 2.68 2.67 2.83 2.72 2.80 2.75 2.73 273 2.90 2.84 272 2.77 0.07
Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00 _ 100.00  100.00  100.00
20181113L1-2a (Ybt2)

Point no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Average SD
SiO, 70.45 71.49 71.81 70.49 71.52 72.55 72.46 71.58 72.33 72.21 72.89 70.91 71.19 71.02 70.53 71.56 0.80
TiO, 0.16 0.00 0.08 0.00 0.02 0.07 0.12 0.05 0.12 0.00 0.00 0.02 0.15 0.07 0.05 0.06 0.06
AlLO; 11.38 11.57 11.65 11.25 11.55 11.88 11.66 11.49 11.78 11.76 11.98 11.41 11.56 11.58 11.35 11.59 0.20
FeO* 0.95 0.87 0.98 0.85 0.83 0.95 0.85 0.92 0.79 1.07 0.91 0.96 1.13 0.97 0.91 0.93 0.09
MnO 0.13 0.11 0.18 0.11 0.21 0.05 0.11 0.08 0.08 0.03 0.02 0.07 0.10 0.13 0.18 0.11 0.05
MgO 0.08 0.06 0.08 0.09 0.07 0.08 0.04 0.05 0.05 0.00 0.09 0.04 0.05 0.00 0.01 0.05 0.03
Ca0 0.53 0.61 0.58 0.61 0.65 0.64 0.58 0.67 0.60 0.67 0.62 0.56 0.59 0.65 0.61 0.61 0.04
Na,O 3.73 4.04 3.98 3.88 3.93 4.00 3.99 4.04 3.99 412 3.99 3.76 4.03 4.05 4.04 3.97 0.11
K0 2.56 248 2.65 2.49 2.54 2.67 2.51 2.52 2.52 2.55 2.54 2.60 2.54 2.77 2.38 2.55 0.09
Total 89.97 91.23 91.99 89.77 91.32 92.89 92.32 91.40 92.26 92.41 93.04 90.33 91.34 91.24 90.06 91.44
sio, 78.30 78.36 78.06 78.52 78.32 78.10 78.49 78.32 78.40 78.14 78.34 78.50 77.94 77.84 78.31 7826  0.20
TiO, 0.18 0.00 0.09 0.00 0.02 0.08 0.13 0.05 0.13 0.00 0.00 0.02 0.16 0.08 0.06 0.07 0.06
AlLOs 12.65 12.68 12.66 12.53 12.65 12.79 12.63 12.57 12.77 12.73 12.88 12.63 12.66 12.69 12.60 12.67 0.09
FeO* 1.06 0.95 1.07 0.95 0.91 1.02 0.92 1.01 0.86 1.16 0.98 1.06 1.24 1.06 1.01 1.02 0.10
MnO 0.14 0.12 0.20 0.12 0.23 0.05 0.12 0.09 0.09 0.03 0.02 0.08 0.11 0.14 0.20 0.12 0.06
MgO 0.09 0.07 0.09 0.10 0.08 0.09 0.04 0.05 0.05 0.00 0.10 0.04 0.05 0.00 0.01 0.06 0.03
Ca0 0.59 0.67 0.63 0.68 0.71 0.69 0.63 0.73 0.65 0.73 0.67 0.62 0.65 0.71 0.68 0.67 0.04
Na,O 4.15 4.43 4.33 4.32 4.30 4.31 4.32 4.42 4.32 4.46 4.29 4.16 4.41 4.44 4.49 4.34 0.10
K,0 2.85 272 2.88 2.77 278 2.87 272 2.76 273 2.76 2.73 2.88 278 3.04 2.64 279 0.0
Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00 ~ 100.00  100.00  100.00  100.00  100.00 _ 100.00  100.00  100.00
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IGARI Shunichiro (2022) Measurement of non-methane hydrocarbon in water by purge and trap method
and water flow method: calculation of total concentration based on data obtained using water flow
method. Bulletin of the Geological Survey of Japan, vol. 73(2), p. 87-92, 2 figs and 3 tables.

Abstract: At National Institute of Advanced Industrial Science and Technology (AIST), research has
been conducted on changes in the concentration of non-methane hydrocarbon (NMHC) in tap water over
time, and on the preparation of NMHC-free water. In these studies, the water flow method was used to
measure the NMHC concentration. However, since this method detects only part of the NMHC in water,
although it can be used for comparing water samples and observing changes in the NMHC content over
time, it is not suitable for measuring the total NMHC concentration. In this study, we measured the
NMHC concentration in water samples using both the water flow method and the purge and trap method,
and compared the results. The findings showed that seven times the concentrations obtained by the water
flow method approximate the total values.

Keywords: NMHC, water, water flow method, purge and trap method, calculation, total concentration

E B (Igari, 2004 ; §&5F, 2012a).

PEEIS IR T, ThE TAEARPDIEA &
v RALKER (NMHC) IR ORFRFE(L R, FNMHCKDIE
ROWREFT > TE 2. T 6 O TIRIBEHRIEICK
WEEHNTE 2, KFEETIE, APFNMHCO—H 0 A
ERINLTOAE. 20728, KGR O R (b
OBNZ I HTRE T D 5 4%, IR Ol A THE T
H o7z Sl KRB ONMHCHEFRE % Ak THlE$
e, =V T VT THETEOERE G
fli L7245, KRR 6 NzIRE O 71528 2R O
HETHBZEBPE IR ST

1. FUCBHIC

PEEHFMHA G TiE, SICEhfboEdr><iE
MDDz HIEX & v RALARE (NMHC) DRFEZEL % B
LT3, F72, M i) & IR (K-
FER) O HPNMHACHRE % iR U, il - JEhim
WHOWFRIZEWTE, TFxV/EZFL VORIZITE
MERA RO, FARFIIAHE THLEDEELD
N30, WM TIZZ OEREGR,» 6 T 4 VIREDE
WHENZY 7 P 5ARBREEL, 2 AU aaflR{b AR
DAEPSEBMEHZADHETHZ Z LMoL

22 MNMHCOHIEIZ BT, YUFF TIRERELL 720k
B O X A AR SR THHAI L ZNMHCHEE 71 7 412
BlEAL Z L2 K DR IT > T 5 (JERF, 1995). 2
DEE, 25 %BIZAAZ 7T RBIE SIS KMF] 23R
INBEMEICL->TED, ZOKD» S B+ 5NMHC
Ik BPENMEE D, ZOERMEOMIEEED,
T3 KOMEBENTH B Z & EW 5212 L7 B,
2015). F 72w, BAERICHMAY Y 4% Ah, 5%
AFEN B AKEAKDAKTEA 6 ik & BNMHCOHE (5
1X 5 KGR 12X D, AGEARFONMHCO R X RS2
{LDOWFZE & 1T - 7= (JEFF, 2018). —HXHYIC I3 AP O
7 ZPRE DPEITIEAN v B 2= 23 (] 2 13 5 -
I, 1988) R/ S—Y 7V F b I v Tk (B 2 1XERIED,
2010) BV S B0, YT ORE A HH T, KM
DK E 7258 D22 FNMHC O JIE MG I 3 5 528
EMBZENTEL20, Y TERAKREEZHNTE
7z, I 6 O TAREEIZ K 0 E S N7z KFNMHCH
FE, M 25 SRR L OWFFRIZIZE T H 5 (J#
¥, 2015, 2018), —F, Zh 5 DWRTIEAKRPL2 L5
BEBE L Z-NMHCZHIE L Tl b, HIEEIZAFNMHCOH
BIRE T A2 o 72, RFZETIE, FUCAGBHZDWT,
AREETCNMHCIRE A ET S L L 31T —Y TV P b

'R A TSET B SRR A £ v 4 — HIERRTREREEIZE B (AIST, Geological Survey of Japan, Research Institute of Geo-Resources and Environment )
" Corresponding author: IGARI, S., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: s-igari @aist.go.jp
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Fig.1 Measuring system of nonmethane hydrocarbon in water by water flow method.

v THTCNMHCO ARG #5456 Z L2k b, Kl
BRI A B AUREE & 3R 5 FIEIC DV THRET 21T -5
7z.

2. AHRVBIEE
2.1 =8

T X 5 D AGE AKGORHZ BE S BT AW 2> < 13
R LEIFEHOAREAKERIL 2. ZOKEKEHO,
HEFEFHTHOGE D R LHERRD ) — X, —E
M, BECR CRIEL 72358 ONMHCIRFR AR5 7280
DORBDO Y Y =X, KEONMHCEIRE #5154 5729
DOFKBD T ) — XD =FE A UefR U 7=,

MG RO DR UHEIERB O ) — ZICEL
TiE, £, KEAK2LARY - — WL, Zh
71 7 ZBIEURFAR Y (B — LR (660 mL) D22 % )l % 450
CETh#L=¢ 0, HHAKIETZONE, HZT5.) 3
KIZAE L TmiAKIZE 2 ETHEATS. ZOHEEIZLD,
3ARDBEER PIZIZELFEUAREKRBAS. BB —
DU ST TR LLRT & 0 R’ A 2 0 4 A BARHEUFIH &
T 5 (B FEEREBAHEE, 1959). 20551
A1Z400 mLIZZ& 5 F CT—#BEEL, LEISHAY 7 A
EHEA%, F2ISRTIROKR (2D by T3
TB-CEiAZY VAV ITLKR) AL, 1MHEHD/S—D

TYF NSy THOREE Lz 5R0D 02K AKDIR
RETH I A% L, PTFET — 74 %< Z 212k &
L7z, ZH&HIEERNIZFE 400 mLIZ & % £ T—iH
L, EHICHiAY Y L2EAR, F2RNSRIERO
eaL, 2EBH -3EIHO/ =Y 7Y F 5y 7HOR
ke L7-.

BANR TIRIE L 2235 ONMHCIR TR A TR B 720D
AEDOY Y =L LTTES, KEK2LERY = —
IZERELL, ZhzEiRRAES2ARICEIL TMAizh 2 %
THATS. 205 H1AKI1F400 mLIZ%K 5 F T—5
FL, ESISHANY YL 2FEAL, B2XIIRTIERO
BE L, IMEBDOS=Y 7V F Iy FTHORBE L.
RO D1IAIT400 mLICZ & 5 £ T—IFFEREL, 2 HRkE
SPUZZREETHIE L, 20, IS~y YL 52FA
%, FRNCRTEROKRE L, 2BHO/ =D T7 VK
oy THOREE L.
NMHCEEEHEH DY ) — X & LTiX, KRR
BES—DT VP Ty TEARBEER L2, 99K
VE = —I22LOKREAREFKNL, ZhzE2ARKDOBIE
USRI AE S ETHATS. 205 B 1 RIF EHBOK
%20 mLIZEHEHE L, KRmEHRKBE L =Y 7V
F 5y ZHEBHZ DO TR ADIRETH 5 2 #ok
% LU CPTFET — 7' #%& %, WIEEAIZ400 mLIZ 7% % &
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Fig.2 Measuring system of nonmethane

THEFEL, EIRISHIANY w2 2HALTHE 2RISR TE
RokEL, HIRE -V T Y F 5y FTHOREE
L7z, HBIBBEO/S—=Y 7V R FJy THIZKBHEED
%, 2B A L ZIRECERE L, 2%, EIficH
AN LERALTHE2RIORNTBIROKRE L, F20hl
H)S=Y7 Y F b5y THORBIE L.

2.2 HIEk

FE5F (2015, 2018) TIEAKH ONMHCHIE D 72 8 12K
EAHVWER TS, SRR A, RREE
DDV T VP M7y THEICKDPEET - 7.
AR TIIERE (2015) 12 & B 3E & — St R L 7= 3%
BEMWZEE1K). NMHCBEER# (—/%450 CE ¢
ML 728 = L) ISk v 2 2E AL, 2D 5400
mL& HZER Y FI2k D, $SSHE 2T TRIKRERT
WHIL 2NMHCIRRE 71 5 21251 & k&, 2Rz fEv 400
mL O ZKE KGR 2SNMHCHEBE A w3 1M AR & 72 - T
BlEIAENB. ZOKFEAS 5NMHCHBEEE L NMHCHR
BT LIRS NS, IR S5 DIZAREARFONMHC
D—EWThHb. TOHK, HERY TEEIEL, /NLTH
fEIC K ONMHCHESE S T 6% H A0~ b2 T 7 (Gas
Chromatograph, LA TGC) D F v V) 7 — # X HidsIZ /A
AB, WERBRESIMOKICY DB ANMACE & L
GCIZX DHIEEIT 572, GCOBIEELMFIX, HAru~w

hydrocarbon in water by purge and trap method.

oS T BEEERNTEI2014A, BT S FID, /Sy 2
K& 54 :GLY A TV 241 8Unipak S (B X :2m), F¥
V7 = A A AN T A (FEIES54 mL/min). GCO
7 L340 CTT10 0 RF%, 4 C /minT80 C & THI
B 2% 160 CTHEBEZ 217572, &k, NMHCIE
B 7 L3 AR (60-80 mesh) 2 g& FWIE L 72, N{E3 mm,
EBX30emDAF YL AINA TTHD. £/, T4V T
L—¥ g3 VIZE2 ppmvD AR AKR RS X &4 v &4 —
FEREARRACKIGRG A & v &4 — FEMBH LT, 85
(2012b) D F5ETHIE L 72356 O BB 5 O WA & ik
THZEIZKDITH

W=7V FbTy THETIEE2ROEEE 7=
RBLAR (450 C E THIFAL 72 ¥ — L) ISk E K
AkH400 mLE AN TR E, BNy v azddAL,
FoNRTIEROY Y avkeTRET S, Yy a vk
ICEFH LR OF 2 —73E FISRLTEE, 85
—HDF 2 — T EEBDOMAY T L EFITHNEGD D B,
NMHCURME /1 7 L B RARERTHH L Tl E, HERY
TEBRBEEEET F T =Ny ZFRICHAL 4N &
LH, EEMADOKREKRENT L &> TEBL, K
EAKHONMHACIE—EBAHMAY 7 AIZBITT 5. 20
NMHCIINMHCHR#E 7 7 ACIRE S D, T R =3y
FHOMANY T L2 LM L 2B T (964, LT
I X ONMHCIRHE S 5 2 %#GCDF v ) 7 — H A%

’
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BRI AA A, ARSI 2 FROAKIZY D B ANMHC %
Bi&E L, GCIZkDMEEIT- 72, A, WM& 54
AN LAOREE2 L EIZT S &, KIZk > TNMHC
TGN 7 LW DL BGEMNE D 5 7.

3. BRRUBE

3.1 N=PFURbIy TEORERZE

WE R R A OGBHI B LT, b L 24T,
3ARDE—DKEBEARRA > B B L, 2212210
FANY T L %2NT ) VX, KFEONMHCZHIE L 7=,
ZDWEfEE3Y ) — X757z WREFIXRIIRT. &
I, IREDOHA L L CppbvE HWT W B4, K1 LICH
T2 ARG BEEHEIRRET10” LOBA 231 ppbv T
HO, 1ppbv = 44.6pmol L' TH 5. FHIE - (R -
PRI UE R 22 & AR NN . ANMHCIREE OFHfiiE,
No. 1-1 ~ 1-3 < No. 2-1 ~2-3 < No. 3-1 ~3-3TdH» 7=
AGE A GRRHRE H 13No. 1-1 ~ 1-313KIEH TH D, No.
2-1 ~2-3&No. 3-1 ~331FHHEHTH%. ZOKRET
it A HOKEAREHOME, HAREHONMHCHEE
NEL KD ZENMENTIE D FEFF, 2018), ZORE
No. I-1 ~ 13 BMEVWIRE AR TEDEELZ 5N 5. No.
2-1 ~2-3 #No. 3-1 ~ 3-3 L DKW EHNIE, PIETIE &
WAMEKEETNCABE AR EZFEH L 220 & Bbh b, HIxHE
R 22 DO FEMEIZ, No. 1-1 ~ 1-37T0.13, No. 2-1 ~2-3
T0.09, No.3-1~3-3T0.03TdHH, NMHCIRE»E<
%51 EKL< 5%, NMHCIRE MRV EE, Ao 0
<2 b5 T OBMBROBES DORFUIZE D K 72 D i rH s
RENKEL BB EDEEZ OGNS,

3.2 FMRTREL -85S DONMHCREEE

EYREFRO-0I2E, FIHBKCR T—E R MEHE L
7B ITHRAE T ANMHCO RT3 p % KD B MED B 5.
Tk, e L THEYT 5L, LEBOREICINMHCAH EE
T35 &L I, EEMLANMHCOHEATIZRS Z &I
B570, AHEAEEECAS. 2. 13EOJEICKD, [
— OB A 2ARUEfG L, 1 ARZGURMRINERIZ, 914
kAR L T2 MEEER, F2XIORTHET/ -
CTVER LTy THEICEONMHCORIE EIT>72. 2D
MWEE23 ) — 1T 572 (Nod, No.5). FEREFH2RKIC
Y. E£72, E3RICHEERKPONMHCEREE &, 7
NS H B AKFONMHCIRE 279, KB ONMHC
IRE DRI, HARFES (1993) DF — 2 #HWTT -
7z, Ak, HIEEEKPONMHCIEEIZ DWW T, 1
HEIRRE T2 51 LIS BENMHCAY 10° LIFET 5354 %
1 ppbv& L7z, 7 F L v LSO KRR GRS I
ARENMHCHREHIEME & K<, iFE R s 225
W HRCHEES 22 0L TE S, TEFL VIR
SR AY0.505 ppby THIEFERNIZ 22K A & RHPIZAD
HEERIT TR S 0, FFHERB%ORIELEpDE

IS ATEETH S, 22 TTEF LY EROER
FREpD B A FE2LRITRLTH 3. No. 4DV ) —X
DRFLEDOEEIZ0.81 T, No. 5DV ) — XDEH
130.86, W#HDF¥130835TH - 7.

3.3 KFEEN=—ITFTUORNIIyvTHERERVELEE
DEHE

2. 1 BRICRLIR L 72 51T, Rl—0ilk & 2 AR¥Efi L, 1
A ERHRE AL B 1288 1 RSN R E TARRAIC & D
NMHCIRE 2l L7z, 3 5 1 RIXBERMAIRE TR
%, F2RNIRTHEBETS—V TV FFT 9 FBEICKD
NMHCHRE & fllE U, JE %Ok & FFRIRRE T 2 R
RIFEH, §9—E/S—Y 7V F by FHBICkDHlES
To7z. Tha2v ) —X{7-72 (2%, No. 6, No. 7).

AKREIC X BMEMACW, /S—Y 7V F b J v Tk
12& 318 H o MlE M %Cpl, 2EH o MlE s %Cp2 &
F3L, No.6DY ) — XDIPA, Cpl/Cw = 342TH
D, ZREAMEDEETTONS—V TV F Ty Tk
DOREEIKITED 302G THBHZ L EBHKL TS, &
72, Cp2/Cpl = 045Td 34, 2 BB EHE 23R
2 5ENMHCABEEES % 728, Z Ofl 2 1R1F&Ep%E T
WIET 2 0ERH 5. L7z hp = 0835TH 3
No, N=UF7 VT THEICED2BHOMUEE 1
Bl HOREDOERIAT - 72 RE L 258, ThabbEf
B D225 N ONMHCO Bl i 23 i & RGE L 72356
D20 BHNAEBHD M ArE § 5 £1r=045/0.835=0.539 &
5. ABHIEENBANMHCOERECtE £ T &, Ct=
Cpl + Cplr + Cplr® + Cplr' + - & KT I LM TZE, Cpl/
A-DIZPHEFT 5. No.6D ¥ ) — DA, Ct=Cpl/l-
0.539)=2.17Cpl & &, ZHIF/ =V TV F T 97
W2k B 1[0 B ORER D 2.17 152 50 NMHC O 4
EThrZELEBHLTWS, Lok, /-
TYFR LTy FHEOEEIKREDIRMGETH 505,
217x342=742L 750, KFEHIEMECWD 7.42 15 14
RECtE 5.

No.7dD ¥ Y —XIZFAL TE, RO EIZED, /59—
VT VRN T oy THEEAREBEDOREIE, Cpl/Cw=
375, BB L S—U 7 VR b Ty FELEHORIER
DiZC/Cpl = 1.76, AR & ARFRBEO B D i cy/
Cw=660L%5%.

4. £EO

No.6DY ) — X ENo 7D YY) — XDz LD, 1)
KFEDEHFETTO/NS=Y TV F +J o FHEOREIZ
RED3.6+025TH 5. 2) BIREIF/S—V TV F b
59 THED20+£ 0215 TdH 5, 3) BIRE I KFEEE D
700415 THhH 5. TabBIEN 2015, 2018) idAKF L
Z VTP ONMHCIRE 2 HIE L 7228, £ OJIEMw D
WIGEOMAEIRE TH D EZDIENTE S,
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FT1FER =V 7 VT FRICKBKPENMHCOME D R LHIE : JIERZEDGH.

Table 1 Repeated measurement of NMHC in water by purge and trap method: calculation of measurement error.

No. Outgassing method Storage time ir ethane ethylene propane acetylene isobutane n-butane propylene Average

open system

L)) (ppbv) _ (ppbv) _ (ppbv)  (ppbv)  (ppbv)  (ppbv) _ (ppbv)
No.1-1 He bubbling 0 1.89 1.06 1.67 0.59 0.34 0.66 0.23
No.1-2 He bubbling 0 1.57 0.86 1.33 0.51 0.25 0.52 0.22
No.1-3 He bubbling 0 1.55 0.87 1.42 0.67 0.35 0.67 0.27
Average 1.67 0.93 1.47 0.59 0.31 0.62 0.24
Standard deviation 0.19 0.11 0.18 0.08 0.06 0.08 0.03
SD/Ave. 0.11 0.12 0.12 0.14 0.18 0.14 0.11 0.13
No.2-1 He bubbling 0 4.01 5.09 2.82 0.79 0.49 1.24 0.60
No.2-2 He bubbling 0 3.33 4.28 2.35 0.73 0.46 0.95 0.45
No.2-3 He bubbling 0 3.55 4.89 2.55 0.74 0.45 1.09 0.54
Average 3.63 4.75 2.57 0.75 0.47 1.09 0.53
Standard deviation 0.35 0.42 0.24 0.03 0.02 0.15 0.08
SD/Avg. 0.10 0.09 0.09 0.04 0.04 0.13 0.14 0.09
No.3-1 He bubbling 0 6.98 14.58 5.29 0.85 0.77 1.5 1.28
No.3-2 He bubbling 0 6.87 14.81 5.17 0.79 0.83 1.4 1.15
No.3-3 He bubbling 0 6.98 15.13 5.25 0.75 0.8 1.44 1.27
Average 6.94 14.84 5.24 0.80 0.80 1.45 1.23
Standard deviation 0.06 0.28 0.06 0.05 0.03 0.05 0.07
SD/Avg. 0.01 0.02 0.01 0.06 0.04 0.03 0.06 0.03
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Table 2 Measurement of NMHC in water by purge and trap method and water flow method: calculation of total
concentration.

No. Outgassing method Storage time ir ethane ethylene propane acetylene isobutane n-butane propylene Average

open system without

() (ppbv) (ppbv) (ppbv) (ppbv) (ppbv)  (ppbv)  (ppbv) acetylene

No.4-1 He bubbling 0 7.27 13.04 5.82 0.68 0.94 1.21 1.56
No.4-2 He bubbling 2 5.95 10.92 4.81 0.61 0.83 0.92 119
No.4-1/No.4-2 0.82 0.84 0.83 0.90 0.88 0.76 0.76 0.81
No.5-1 He bubbling 0 1.35 18.64 5.50 0.86 0.78 1.32 2.06
No.5-2 He bubbling 2 6.50 16.92 4.91 0.94 0.72 1.07 1.50
No.5-2/No.5-1 0.88 0.91 0.89 1.09 0.92 0.81 0.73 0.86
No.6-1 water flow 0 0.79 1.20 0.74 0.16 0.24
No.6-2 He bubbling 0 2.92 4.73 2.63 0.64 0.45 0.74 0.44
No.6-3 2nd time He bubbling 2 110 1.95 1.09 0.28 0.21 0.37 0.22
No.6-2/No.6-1 3.70 3.94 3.55 2.81 3.08 3.42
No.6-3/No.6-2 0.38 0.41 0.41 0.44 0.47 0.50 0.50 0.45
No.7-1 water flow 0 1.86 5.38 1.46 0.19 0.40 0.36
No.7-2 He bubbling 0 6.31 18.40 5.08 0.69 0.78 1.53 1.53
No.7-3 2nd time He bubbling 2 2.29 5.99 1.88 0.50 0.37 0.57 0.35
No.7-2/No.7-1 3.39 3.42 3.48 4.11 3.83 4.25 3.75
No.7-3/No.7-2 0.36 0.33 0.37 0.72 0.47 0.37 0.23 0.36
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Table 3 NMHC concentration in the measurement room air and NMHC concentration in water in

equilibrium with the air.

Sampling time ethane ethylene propane acetylene isobutane n-butane propylene
of day (ppbv) (ppbv)  (ppbv)  (ppbv)  (ppbv)  (ppbv)  (ppbv)
Air laboratory 2018/1/25 13:50 2.05 0.69 1.48 0.55 0.50 0.83 0.21
Calculated
concentration in water 2018/1/25 13:50 0.087 0.074 0.050 0.505 0.009 0.023 0.035
at equilibrium
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