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Characteristics of Stable Isotopes in Precipitation at South Slope of Mt. Tsukuba
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Abstract

We analyze monthly precipitation samples collected at six sites on south slope of Mt.

Tsukuba from January to December in 2006. Precipitation amount is relatively large at

an elevation of 450 m. Seasonal variation of stable isotopes of oxygen and hydrogen in

precipitation at all sites show similar tendencies. In July and October, 6'*O and 8D values

are relatively lower because of amount effect. In January, low 6'°O and 8D values are

caused by a snowfall. The d-excess values of precipitation are lower at summer period

and higher at winter period. The local meteoric water line is expressed as 6D = 7.78 6”0
+ 12.6 ( = 0.939). The altitude effects of the precipitation of §"*0 and 6D were calculated
to be —0.1%0/100 m and —0.9%,/100 m, respectively. The altitude effects at Mt. Tsukuba are
relatively lower than the common values those have been observed in Japan.

I (FUOIC

MR DR - RFLEFMARE, FKEO®EN
RAEE - BRE, EEBLUORIROEVREIZLD
EAEZ 5 2 O HIR T & IZEE DR T A L
TWwh, 29 L7F#E, N FE CloH PSS
HIEDFH R Z DO IKIEER DT % 1BV T
ZLCHWHENTBY, TOFMEIRENT Y
5. BERDOEEFNAEDFEHO— DI EERN A
FIFH5ND., EEMEEZ, EEOBEOEITICE
% BEIK O AR FAS AR IS < (B AL AT
), BEE OIS BKIE SRR

AR 25 (BVFEAAEDSZ ) Ln)
H&Thsb, Thid, KREHOKEZDER L
TR 7 B BRICIE,  FOTH IC B [FAALAR DS A
L, SANZIEBECRMASE E S 2 EITER LT
W5, 20X REMAEGHAA L B HEZEIE

L 41— (Rayleigh process) (Z# 1L T\ 5

mmkmdnm1%ﬂ BARI RS &, ik
IZBWTE, EESOBRCIGITIZRE S BEKRIT LD
@%@h*f%étb%ﬁm FHEVFEMEL?S
CEEINTBY, ZIHhLEH L72WEOFEA
WS ICE < =B85, oKD 72 £ FREH
DHEME T B IZHEV RS & B AR A R 2

T IR
T B REFE R G B R g R



ENTWL 20, #ERE LT BPoKELSS
B gk L CIERE & N o RN AR IZ o b
DERNTEL A2 5.

LorL, A XY MEKORMAELIZERT S
&, BkoRE L % HKREKDOMWEIRIIEA TH
5. B2, BEKOFRMAARLIEISRE T 5 H 1
EDLFEFTILZOKRELZDENZ EDREKEFESE
TELDODNEV) BEOERRIKFELTEY, [F
UHHTICBWTH KA N2 b CRADFEMARIZ
WERKELRENELL. LaL, BARIPIHNIZIRE
LCHAKENICBWTESRATAZLICLD,
% Ot WTKORMARIE—EMHE %5
(EE - &, 1999). T L2 ehn, HoH5
T2 B 5 BoK ORI AR R RS & 22 i
W, LRI BT 2 1T KR K ORI OHEE
AT BICER R EMER Y ELEEZOND.
Z 2T, AWETE, FEILOMER O R H S
WCBWTBIHIZAT, O E o 72BRKOLE
AR DOFHIZ LB X OB ERIH 2 & DS
DWTHET .

I BRSO E

WEFERT G Hds T & 5 FLPE L IKIEIE DO FFVE LIS
oL, PHENCBAL (BEE 871 m), MM
il (B 877 m) @ 2 DDWEH & 7 HIET
H5H. WEIZILTE. S 400 m (B WS
7%, 400 m LU I3 AE R R R HERE Y A3 ) 0
RIZIEA o TV B, FUEILOTERNZ IR, A
WA AR CB Y, IR Z G 5 35K R
Ho R PE A R0, SRR 1 2858 ) 1~
UL, RTE s #HANCWB LTS, UTE
FHECIZBOEH O o N TB Y, Mg
T DIEFR 200 m L2 5 1B CTRENE
LLTWD, F7o, IWEHOTE - 7 - BHIHHE O
—EBIIE R E DD ), FICHAP AR T
TWw5, HEE 50 m LT OFEERIZIZKHDZ
Lo TBY, KROEHE L THHMOENTVDS,

S ILLTE (HSLHILHEEERT, 5 868 m) T
Bl SN 728 57— 712X (1982 ~ 2000 4E
T —%), ERKEIL 1230 mm, FFHRMEIE
9.7CTH 5. MAKEIZS5~6 ADMHEHREE, 9
~ 10 H OFKF RO FE ARG 19124 { 7% % @
2RO LD, HPFERIEE T~ 8 HOEZFIZ
Z20C%2HA, 1 ~2 HOAF|ZIZ0C A2 TH 5
ZENLv. —T, FEIL L) ETER 13km O
FE (EE 20 m) 128155 1979 ~ 2000 4F D55
T — % TlE, FEREKET 1217 mm, FEFHRIR
2 137CTH 5.

N HERAE

FLE I ORI O 6 #rilZ BT, 2005 4F 12
A6 H I & ORKIRIZ T - 72, PRI E % 7%
BT HEI2IE, TE2MYBAROEEDO DY
e A, FREGhSIE, (HER2 S TP-1 (30
m), TP-2 (160 m), TP-3 (275 m), TP-4 (450
m), TP-5 (640 m), TP-6 (878 m) & L7 (41
). ZNENOMmOMELFEST &, TP-1 (LM
FHE D ATALEZEFT B 5 BEE O — 1,
TP-2 I ZIHFH IR 2 & Lk 1Lt~ & &) HiE
DR, TP-3 1ZFPILAFE & D R RdLE ST E -
723501, TP-4 & TP-5 Xk Ltk 2> & 152 o &
A& BB, TP-6 IZB AL ILTHIZ S
% S ILRMBERT O Bl (BITE X 0k K7 A S
AT—a VPREBINTNE) Thh.

FNETNOMEIINZ, BFPIEEE 2 F L 72K
FEZHE L7z BARBRKEBIZIND) 1720 —
MIEZE 15 em, FEFESLOR)ZFL V8 o
box Wz, BRAKIIERMIZIEEA 1R, AE
WZERICL 72, Bidh TlER/KkO8IE, pH, EC %
W L7z, FKMEoRKkEElToRICL)
K7z

P=S/(3.14 x r}) x 10 (1)

2T, PldkokE (mm), SIFRKE (ml),



f,t!k.l“ Tsukushi Yubukuro-touge
M. Tsukuba
Nantai-sanNyotai-san
TP-6+
ey Tsutsuji-gaoka
m-  TP-4 > ¢
. Kazekaeshi-touge
TP-3
£ o TP2*
.];,'_‘(0’. = IP-2
NP ™
T
C=—=""1 [e mpan

%1 REZRERIUHL 1T

rl3EE ISR AT 20— FOEE (em) TH 5.
PRI L 727K 14 100 ~ 1000 ml DR 1) =F L »
HOFEIME L TIRZBICFR bR 728, —f#
KEB L OBFE - KFELRER M AREE % L
72, —#AKE»H B, Cl, SO, NO;, Na*,
K", Mg*, Cd'licowCif+rrua~xhr3
7 (HIC-SP/VP Super, 7 = 7 Vit A7 A,
Shimadzu #:#2, 3 X 0" DX-120, DIONEX ##4)
%, HCO, 122\ TId pH48 7V h ) i ER: %
AW T aiTo 72, Bk - KFELERMARLIX
H B P58 12 & 2 L 2 20 L 7o 1%, 2N
NARE w5 Hr##E  (Finnigan MAT 252, Thermo
Electron fH#¢) (2 X ) 74T L7z, WAL, B
HEPHEEK (V-SMOW) 225 @ 1000 43 Z4R# T
H5HOETRLT.

%72, 45 H ORI E B THME IO,
WK, EEKEOBRID HEN % E L T3 25,
CORERIZOWTIEERIET 5T ETH 5.

vV #HR-=%
AFTIE, I LZBERKT—2 D955, 2006

FEIAPS RAFTO1IESOFT— ¥ % HWT
ERPTHOIEET D, B, TP-2 Tl&, Bk

FRIGEEOBIEICLY, 8§~ 12 HDOTFT— 5 1dXK
HWeZoTns.

1. k8, EC, pH DEAHER

TP-1 ~ TP-6 O #iSDOFEKE, EC, pH Dl
ET—FEH 1 RITRLT.

BEKEIZWI oSBT 7THE 10 A
EHIRTYICZ <, 1~ 3 B3R %< 2o
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1R FHAICBITEKED L OERMVAELT—% (2006 F1 H~12 1)

TP-1 (30 m) TP-2 (160 m)
Month Precipitation EC pH "0 8D d-excess Month Precipitation EC pH 5”0 8D d-excess

amount mm  pS/cm %60 %60 amount _mm___ pS/cm %60 %0
January 343 2838 6.7  -12.9 87 162 January 293 2438 6.7 -132 93 12.7
February 544 208 47 938 61 18.0 February 637 196 54 98 60 182
March 30.9 293 49 7.1 -38 18.6 March 41.3 26.7 45 -7.8 -45 17.5
April 73.0 244 6.1 -6.8 -39 152 April 812 293 6.1 -1.0 -41 153
May 085 187 61 63 40 101 May 872 453 6.1 63 39 115
June 1255 282 6.0 6.1 41 79 June LT 142 55 7.5 -51 85
July 2324 115 71 -105 4 96 July 2299 9.2 77 -107 77 8.6
August 86.6 19.9 6.6 74 -52 7.1 August - - - - - -
September 943 10.7 54 6.0 34 138 September - - - - - -
October 227.0 8.9 66 -108 76 104 October . . . - - -
November 69.1 11.2 52 -84 46 208 November - - - - - -
December 1234 189 57 97 63 148 December u u - - - -
TP-3 (275 m) TP-4 (450 m)
Morith Precipitation EC pH 3o 8D d-excess Month Precipitation EC pH 80 5D d-excess

amount mm__ pS/em %0 %60 amount _mm___ pS/cm %o %o
January 409 129 63  -13.1 90 142 Tamuary 320 263 62 135 3 148
February 995 113 49 104 64 187 February 738 202 47  -106 66 189
March 480 203 43 80 -6 179 March 399 304 43 -84 50 176
April 1057192 56 75 43 1700 ppg) 810 304 53 76 43 177
May 1212 13.4 52 70 -44 117 May 103.5 167 57 68 43 110
June 1362 21.0 48 80 54100 June 1190 141 53 78 -53 9.9
July 2958 113 63 -108 .77 9.0 July 2265 145 56 -115 82 103
August 1013 17.0 6.2 8.0 =55 83 August 838 183 53 80 55 93
September 183.2 7.0 52 63 34 160 September 1090 284 54 69 40 149
October 2848 2.9 61 -10.8 75 115 October 2655 53 61  -113 78 124
November 1127 8.1 5.0 93 54 2L November 745 143 51 92 52 218
December 178.3 71 45 -100 62 1738 December 146.1 9.6 54 -10.0 62 181
TP-5 (640 m) TP-6 (871 m)
Month Precipitation EC pH 8”0 8D d-excess Month Precipitation EC pH §'%0 D d-excess

amount mm __ pS/cm 960 %60 amount mm_ uS/cm %o %0
January 36.1 20.7 63 -14.0 =97 153 January 315 263 47  -14.0 95 16.5
February 56.6 280 49 -108 -67 19.6 February 58.7 17.0 47 106 -65 19.1
March 37.0 31.8 52 9.2 -55 18.5 March 42.1 243 4.4 95 .56 19.9
April 85.7 298 5.1 -8.2 -48 17.5 April 89.1 229 4.9 8.4 .49 18.2
May 119.5 17.6 5.1 -7.7 -49 12.5 May 120.4 98 55 8.0 -50 13.4
June 127.4 14.8 5.2 -8.5 -58 10.0 June 136.0 165 44 90 61 11.0
July 293.6 103 81  -I15 -82 10.0 July 264.1 25.0 55 -118 -84 105
August 110.4 17.6 5.1 -8.3 -56 9.9 August 1025 163 4.7 8.5 -58 103
September 1902 11.0 55 -6.9 37 18.0 September 144.1 6.4 5.6 7.1 -40 16.9
October 2913 5.4 6.0 -11.2 -76 13.8 October 160.2 55 57 2103 68 14.4
November 97.4 13.0 53 -101 -59 22.0 November 88.9 109 48 102 -60 21.7
December 207.8 8.6 5.7 -10.3 -63 18.9 December 1373 76 57 -10.8 68 18.8
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Water Line : 6D = 8 60 + 10) & I(IIZF U TH
B, F72, FUERFREN TERIUL 72 K O KK
(6D =17.76"0 + 11.9(* = 0.90), Yabusaki et al,
2006) &b —FHLTWwWh. 10~3 AT — %13t
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ERLTWLEEZOND.
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T EBR A DS T ST 1A B \VWIZE ST 5
72 (RRTAR—LR=), Bl LS ZZE L
7o E IR TIEBEK DO RO SRR S & b
NRTWENETHDL I LD, ZOMOEEED
BOEFIERN LTS EEBEbN L. mERE
DAEMOFHMEIE, 60 13 —0.1%/100 m, 6D X
~0.9%/100 m Tdh 5. HARZHOREKDZEF
iRl OB B E ((RFEM) 13670 1k -0.2 ~
—0.3%/100 m, 6D £ —2.0%/100 m TH 5 & &
NTBY (FHEH - HIE, 1983), Ihoofis
R 2 L FREILOEERNROMEIE LN

fth o> M CELM S NS ERN RO —Bl AR &

ELIITIE6"™0 : —0.4%/100 m (FFEH - 3

1983), HFITIE6"0 : —0.23%/100m, 6D :
—2.0%/100 m (&R - 25, 1999), A7 {ETid
8"0 1 —0.29%0/100 m, oD : —2.33%/100 m (/&
B 25, 1994) 7% SR ER RS L D
LN TWAHIEDH 5 —FHT, Elulio 6°0 :
—0.19%/100 m, 8D : —0.4%0/100 m (/NI 2>,
1997) %, kil 6"0 1 —0.14%/100 m, D :
—0.95%0/100 m (FFAF1Z A, 2002) DFFFED L9
WCEBERNRAV NS WEZ R L TV 2 HIE b 5 5.
S o LB 12 B\ T 1987 4 9 H ~ 1988
8 HIZBUM S 7zf5 R (Sanjo, 1990) T,

2k KHIIBTABKORERMVAKLORE
JERhE (200641 H~ 12 H)

"0 3D
(%0/100m) (%0/100m)
January -0.1 -0.9
February -0.1 -0.7
March -0.2 -2.0
April -0.1 -1.1
May -0.2 -1.3
June -0.2 -1.3
July -0.1 -1.1
August -0.1 -0.5
September -0.1 -0.7
October -0.1 -0.7
November -0.2 -1.5
December -0.1 -0.5
Weighted mean -0.1 -0.9

BEKDEERF 1L 60 1 —0.14%/100 m, oD :
—0.68%/100 m T V), xHE L-WMIZRZ S
75, ARWFZER R TDH 5 FHIFHE O & (21EF T
EERLTW5, Fkilo Ko RO
FERNRAAHF NN S o TV B FEEFE LT
& FRICHKE 25 FE (k#ER) oME
R, FHEIC L A EBENOE:, F-WEEEO
BBENEM T o TV THILEEZD
M, LERMALOZTEMIZL 4 ) —\BED
ATHHT L EFE L. FHEILICBT 5K
KOBERNFEIZOWTHICERZED L7201
X, BKEL76LIEDONNY = Er g
THEZED TOLLENHLLEEZLNS.

V. EED

Sipk s #HE C AR Z R L, g - 9%

oMbk, UTOHERPHLrE o7

1) BEKE IS 640 m THIXMIZE L o> TH
D, BESGEIZZOMIICMVET S0 LR
bits.

2) BEKD 60, oD ® AZ LI T oH I
BUWTHFEBOMEZ R L TWw5bD. 2006 46
77 E 10 HORGARAE AT I %2 5
TBY, TNRBEKENE DL -12720THAH
(FNERE). T/, 1 HORMAKRILIZE O
BeZ b TRWEZRL TV,

3) d-excess DEHIEALE AL &, HHEIKL,
AFTIE L) FEIZEAHEEICH 5 b
TWwh., ZHUERKRZ 725 TR D@
H¥kLTwab.

4) EEOM WIS OREKD d-excess THIZAH XS
ERWVEZRLTWES. § AT 7 I A
DOFER, S, WA & D RSO
HEHTRIE ST

5) TP-1 ~ TP-6 ®47 — % TR 75k
DEER DKL 6D = 7.78 6"°0 + 12.64(r* =
0.939) TH Y, Craig DRKMEE ITITME U



Ths.

6) BEKRDOEERIIL, 3~ 6 H THAMIZHH L
HoHbNTW7 (8”0 T-0.18%/100 m, 6D
T —1.4%/100 m). FEFHfEIX, 601 ~0.1%0
/100 m, 6D 1£-0.9%/100 m TH Y, il
HEROFHEL Y /NS WHE o T
5. ZOZRERE L TRAREMOFHIZ L 2:&
WRTHZFE DSBS M b o T 5
ZENEZLN, HAIZL A ) —BEICLD
FRARZEALD A TIEBITE 2w

SR, BoKOFRMARL & ILOERAK, 3

KEDOT— % % LB LT, IMRIZBIF A KDiEFE

HWIZOWTER LMD T X720,

Bk

KWZERATH 12720, BKEEDOKE % BT
L7233 wE LBREGED CIZdbE i s L O
S 0B S FHICLL ) EFLE L B
T, ¥, BHEBEBIORELON-ORY LT
TR IR L £

RFGEIE, FERFOFRNTEEFAN T O o
7 MRZE [HRILC BT 25K - KB O &
EE=5 ) Y 7L BRA - KIEBRSOH] ©
P&z b CEMLE L7

3Tk

EIEHE - HED - ARAEER (1981) @ [REF
AR 2 ERRIAK R KA WEKS
Wigs, 249p.

JEHEE - IEIEW (1994) @ K DK E R LA
W o HRN\r HOMTAROBESE - FEhH
. oA Food— (HAKIRHS &),
24, 107-119.

JERHEE - FEIEW (1999) @ HFAKILOHTF K
LB — ALK SCFER TS X 5 FEER
—. ATi#Ek, 21 (5), 290-295.

LABIT A — 25— URL : http://www.jma.go.jp/
jma/index.html

ANRIERE - b Z— - RS - AT - I
B (1997) @ HAULH A E — 77 OFEIK - 1]
NIKB L OH T KOKTE - BEEORMARL.
HAOKSCR A 43E, 27 (3), 143-150.

HRSORER - ek %5 - ZFIEW (2002) @ 5L
FHRAHE B 2 KAKDOEERD . HAKL
BHEaEk, 32 (@), 135-147.

HARRKS % (2000)  [Hak o] Gkt
578p.

vy A - HERIEE (2005) : > L EWIZBIT S
Rk D %2 52 FRLAR L D FEBLZ DT IR -
KEFFEE, 18 (5), 592-602.

PR - A EME - A - B -
i - AT EAREE (1985) @ [SUES: - SR HEL
“UEEE, 742p.

BARE - IEZ (1983) 0 HERHA - L
HARIZ B 2 KEAKO R A, HER(L
%, 17, 83-91.

Clark, I. and Fritz, P. (1997): Environmental
Isotopes in Hydrogeology. Lewis Publishers,
328p.

Craig, H. (1961): Isotopic variations in meteoric
waters. Science, 133, 1702-1703.

Dansgaard, W. (1964): Stable isotopes in
precipitation. Tellus, 16 (4), 436-468.

Sanjo, K. (1990): Environmental isotope hydrology
of Mt. Tsukuba. Ph.D dissertation, Doctoral
program in Geosciences, University of
Tsukuba, 101p.

Yabusaki, S., Tase, N. and Tsujimura, M. (2006):
Temporal variation of stable isotopes in
precipitation at Tsukuba City. Tsukuba

Geoenvironmental Sciences, 2, 31-35.

(2008 4 6 H 2 H3AF, 2008 4E 8 H 22 H#)








