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Hydrogeology of Yonezawa Basin, Yamagata Prefecture
Kazuo KisHi, Toshio Kanno and Shigeru Nacar
Abstract

The Yonezawa Basin is located in the headwaters area of the Mogami River and the
basin is formed of a central alluvial plain and many alluvial fans. The rocks of the surrounding
mountains are mainly comprised of granitic rocks and Neogene Tertiary tuffs except the north-
western portion, where is hilly lands consist of Neogene Tertiary formations named the
Nakahara formation and the Tenoko formation, and Diluvial deposits. The Nakahara formation
is a permeable formation in general and hydrogeologically effective as an aquifer.

Annual average precipitation over the area is about 1,500 mm, 30 to 60 percent of which
is snowfall in winter season. There are seven tributaries flowing into and through the basin and
high-water period of them is during May to July. Streams at the fans have infiltration reaches
and effluent reaches thus change water volume.

Thickness of the water bearing bed in the basin is 60 to 80 m at points of 500 to 1,000 m
distance from the flank of the mountains and over 150 m at the central portion. The bed con-
sists of gravel, sand, and clay. The size of the sediment is coarse at fans and gradually becomes
finer towards the alluvial plain.

Groundwater of the basin is recharged by stream water, irrigation water, and precipita-
tion. Total amount ranges from 5.2 to 12.5 X 10% cubic meter per day (m?/d) and yearly average
is 9.2 X 10* m3/d. The detail of the amount is, from surface water; 6.3 X 10* m?/d at over-the-
average months base except May to August, irrigation water; 4.5 x 10* m?®/d, precipitation;
1.3 to 6.2 x 10* m®/d.

The level of free ground water changes concordantly in pararell to the topographic slope
at the fan bottoms and the alluvial plain, and it becomes more gentle to the slope at the fan
heads and central part of them. Confined water level is more gentle than the topographic slope
with some exceptions at points where large amount of pumpage is being done. The annual
change of the ground water level shows local characteristics and categorized into five types,
A to E. Specific resistivity of free ground water ranges 3,000 to 15,000 Q-cm and the value
increases toward the each fan heads except the Matsukawa Fan. The ground water moves down
to the bottom part of the fans part of which forming shallow confined water there. Specific
resistivity of confined ground water ranges 3,000 to 14,000 Q-cm showing higher value at the
southern part and lower at the northern part of the basin. Several wells of the northern part of’
the basin are characteristic in terms of high temperature gradient and low specific resistivity of
ground water.

Until 1950s to the early stage of 1960s, there had been many springs of artesian type
and flowing water zones, however they are limited today. Number of wells drilled in the
Yonezawa Basin is about 350, 60 percent in the Yonezawa City and 30 percent in the Takahata
Town. Total annual pumpage is about 3 X 107 m?/d and the consumption rate is, 39 percent for
industrial use and 30 percent for agricultural use. Industry consumes constantly through out
a year with daily average of 3.5 x 10* m3/d. In case of agricultural use, the pumpage is limited
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from May to September thus the daily average attains 7.4 X 10* m3/d. Another seasonal usage
of ground water is for snow melting. The total is only 7.4 X 105 m?/d but the pumpage is done as
snow falls so that the hourly consumption is very large.

The water quality of stream water at upper streams is low in chemical contents except
the Matsukawa River and good. The water of the Matsukawa River is CaSO, type and rich in
chemical contents at the upper reaches then diminishing toward the lower reaches. The water
quality of the free ground water is CaSO, type or NaHCO; type. That of the confined water
is in general Ca(HCOj), type at the southern part of the basin and NaHCO; type at the
northern part, however, some CaSO, types at the Matsukawa Fan.
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I ERR B BT 5KEHE (B B - EHER - xH &%)

A D HIRRZK FIZEE Sz 2 A DS W KD B3k T
HTAPHERENTRY, BkdboESNZRMTKE
MIKATIRI bFrTcdhd. KEUSOHSILERE
Mk bR SIS b0 L LAKEDSOEEIZ2EDH
20% & L7z. B OHE /KB KPR SN TR &1, fiifa
FAKED, KEUAOHS SFECETLD LD EREL
7. CoOHFITER R L BARERE VBT OREL N
BETHY, ZOK0%BLDOHFEE THEE L LTHRE
3. ILEHREEEOKREIRZ OHBOBKED40%
&Lz, DOHBRZOBOBE, BKkLlbicCoH
FITRENHEE D L ORRHTRE L THRSh
3. Bib Z oo MREEEOKER Z OHEOBEAK

E+DOHBOBAEDOOY% L Lic. kBZhi 1 HE
BOKECHEST S L 8-16mm ThH 5. MEEHIIE
BIRMOFERE S REESE L, B L & EIEmTE
DY, ZZTRHREREOARE 39 km? L L.

PLEDRBIZE SN T2 LOMTRAERELFHE
+% & ADHIREITH13,000 m3/ B, B o HIRIZH30, 600
w?/ B, COHM XML, 700m®/ A, Do HHE X
62,000 m3/H 7%,

KREHO M TARDOHEIR L HHEIT EROBY TH
503, EEHEEETA ORI A 5103,000 m*/ H, B0
#2394, 000 m®/ H, C D HAfEIH352,000 m®/ H, Do#H
45 125,000 m®/ BCH Y, FFHL 92,000 m?/H L 72
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WRRRRERIZ ST 2KEHBE (B B BFEEK - kH %)

5.

5.2 #TFKEE&HTREOERE

BT KEORRIZKRRICANE, HFEFmHEL, 1
B cEm IO K BB R K 8-> Ty
%. HHEETAOKEFEZ K L EHRE T, 3
WRAECE B> CRER T, BMRAEL VD
375, HEMTAOEAEAR KRNI ITHES
BE VDBV, KEOHKIThLI T3 HE T,
R HEAE L b &2 BRABED bh 5. $14EE
SRIRTET AT IC 38 1 3 BgAb 5 A O R IEH T /K D FE /71
ERLTCVWB R, mfgHo TRl caxairsys<, Lk
MRCTRAIRR>TNSE, L CAFBOHETICHTKE
ZRICHKTEHMICIZ, ZOEMPRE->TWS, #
TARMOEEIE, RIREHOBEKRD S BD &4 71T
KHlcx s,

AZAF M- 0OAMBRIETS BETETF L&
FTHLrHINEFEILCTHY, SAPLALAL,6-7A
EREE L5 (BISKOG).

BaA 7 FRALEDTLOEMES S0, EROE
fLER D (BIROO®).

Cra47:11-128 oAz AMIMET L, 2-3 A
KRELRY, Zo®BMCEEYTS (FI6H).

Dy A7 :5BEX VKMAMET LIk, 8-9 Blick
Keky, zoHEIETS. 1-2 AELTP»OEKTEZA
EHLELHD (FEITRA).

Exqf7: ®iz2mE, 2HE8BlcR&HAMET2
ELTWS (§18, 19K).
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bhH 5.

B & 4 73 RREORIRAED B HEH T AROET
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WIRWHIR D, HITFRMEGERERRF L7225,

CrAFRBRETICABT 52, Fmicr BT
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DEERFHFHOBKIC X HHEIE, ZLAEZT RN
ZLEERLTWS. RBID LS RERESDRN.

D ¥ 4 7i3H gl X O LR EERHFF o8&
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W EKRRERC BT 5KkEHE (B B - BHHEK - xH &)
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SHIX A3 N2 BB RER L v, £ 2 OHITK
1%, &b IERROBVHERTAOBRIRE 2oTWn
5. BIRRHO B BEH#T KL 8,000 Q-cm L Eok
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mEAEF AR (B29% £95)

v, FKEEH I 6,000-8,000 Q-cm ¢, FRESEICED D
- CEDENAIEL 5. dbBogRERET
FEZERBRERXHONT, BWEERTAREMELT
W3 X 57, BABRREHRRALhRY, BEJIERFO
B HEE# Tk 4,000 Q-cm AT OKEEREZRL, &
FEHEOMTAREZT I,

5.4 BWITEHTKOKEIER EKE

PREHTF A D K HIERL i 3,000-14, 000 Q-cm %5R L,
BRUhAMBESTE B TENMEZR 3. BRI
FRBOEER TROK BTSN TR b & <,
10,000-14,000 Q-cm #5R4. ®W)IERBOBERES, B
IR RGO REM T ADO KIS, BVWERSR
4,000-6,000 O-cm, PEVERSYHS 7,000-10,000 Q-cm %
Y. E MU AT AME S EEARE W H | & R
5.

SR FRREL TR T /K 25 4, 000-7, 000 Q-

cm F R LEEL 725 & 8,000-11,000Q-cm % 7R3 HiIgkih
CIEEE ERWERE T Y. Sdtio BRI - FE
e RJi - BJIl, SRR EEMT KL 4,000-7,000
Q-cm %R LFHIAIZ 3,000 Q-cm LT &R H T AR
FET 5. B L)ERE OB ER T A D K IEH R E
JIE R OIE I SEVWHIR AL 8,000-10, 000 Q-cm %
R L, FOEPDOHUE G 4,000-7,000 Q-cm & 72T
W35,

KRG HOPEEH T AROAR L 12-19CERT SO0
BLEVR, EETREMAE FHERMAE JIEETX
BARE CRAFRECH L TKEAESDLDTEL, &S
BEE 150m31.5CERT. £l Zh BAKBDOEWH
TFADAK S % 400-4,000 Q-cm LRV, ZDED,
2 S T P EREE T L/KIE 28 LBy m W M T K 23
BETS.

EBTRSICE, B A00mOERHERD Y RERE

100%

100%

EBE KBERR (F—F 1Y 75 L0)
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WERRRER BT 5 KEBE (B B - EHHEE - kHF &)

ki, #E30m (BERAE) ©36°C, BREE1S0m (AR
HRIRE) T6LC, EEE400m (FiEhrE) T0CERL T
5. FEBEHTAROKBERE DX, ZOHTAS
THRMOBREEREPOZIT TS ELOND,

5.5 % W

FREMIC BT BT AROPEHRIT, HRAOHEH - A%
B 55, BROTEHIZFI~0 TRV & 3
R¥EDD. NBWLBHEHFcEsb0T, BEICE
2L0LBPAKRICEZbDLEHTENS.

TN ~O R T APER 13 4 TR~ 72 W) Fi A 8
Bitk-oTREND. KREHD 5 b, BEHOF)IZ>
W T IRFN384E L 47 -484RIZ|ITE LT W 3203, #EIK
i, BENEL LI KERIEERIIR LTV, BRITH
FI4OMEEE £ <1k, RRTEHAZICIOL g ERE LT
Wi, EO#%, BiRkBED L, BT S OBk
AIRER, RENBRHOBRAZES, 4 4Lz T
W5,

KRBT 3R> HIRHF L BEE L, Bid0
R E CRFIRICRT X 5 REHEO gEH SR L
TWe, ZOHBAFOHEIME L biz, BEFOMER
W LBEETEIABPWEICIZAEN I AEMEIEL,
e ABVEIICE W T L RRTEEME RENED—
EXE, NETREE—TEBMEDAD, bTFii
HE+3RBELR-TNS,
CORRAHITI Y DT ROBAKZ, —RREMRKE L
TOEFT FTRALIHF - \BHFRE) oBKcEsb
DE, FEM (TEMH, BERARY) LTI H
(BHICHERTAR) KX 2BkBH 5. —FERAD
BARER, BEAOBAEICL bR5LELHTHTH
TH5. KREMO & S HBITAFHUOB0KTHY, £
D 5 HR60% KIRTTIT, 0% BEEETICEE LT
%.

EROBBAEINS XI0Tm® thHY, 205 HbTHE
F39%, BERRKB0%, HAKKLI6%, LAEH
DH13%, HBY PEBERAKTHB. BERAKIFOI L
5-9 BlzgikEh, 1 HEH74,000m® ¢ 5. TEH
&K, MEFAK, B/AKERAKERBLEARSHh, | BE
BHOBAED = h Z 35,000 m?, 14,000 m3, 11,000
m® Liph, MERAOERBKEZ7-4x10°md L
WD, BAPAHOBRERICRONATEY, 1 H4k
DOBEKEL LTEPRYKEWY, SLRIEMKB
VMR DOHF 1L, BERICE/AREBEINL T HEIC
ERT2 b0OREEH 57, ERCHEERE LTHEK
SHEBEURENLYORIEOLO TERS. iz
EHAR A G 1 km? Y72 D OTEE B K E600 m?)

Rl B2 w3 K A8 1 4T,
HFHB.

400-600 m?®/B50 MK 25 4

6. &k &

%L RICAMNERFKOKESR, H2-3RICHTA O Kk

BaR L, EoKBOITRRIOREHE & & B # R
(F—FA X7 T K) &EAURELEBREITR L.

FHADKEMRRITIE L A EBHER I LY 7 AEICE
T%. BHEH TR RBILVY Y LBICBTS O
BEL, RBAKZEINVVY LB BTBLO B EET
5. FRERTARZEMFEESHERE D L L v LB, 2
RIRHIREATR I vy 2B, SHHLE N REEAKSE T b
VY ABIZBT 2 LDBEN

FNRFADOKE S, FEEFRS O LYEREER
L5epm AT D L, 2.0epm PLED LD 43T b
3. L5epm PAFOREJIEAIN, RN, KE), WNE
NTHB. 2.0epm PLEOFNNEER), BRI, Bl
L )by, bk SO2 360 ppm LLE,
Ca* »20ppm PAETHS.

HHEHTRONKE L, ZERFERS O SRBEEH
2.0epm PLEDOLDOBRKEThH B, & L ERJIFERH
DFREBO B HEH T AR, SO #356 ppm P |, Ca®*
18.6 ppm PLEER L, WIRFHADOKELIZLA LR
LThb.

WERMTARDOKE I ZEBRFROO L EWBEER 1.7
epm H512.5epm TH Y, AHOEHINE LR
K&V, BEHTARD SO2 ik, IR ©ix15-26
ppm TH Y, ZTOEHOHIFETIELS ppm PITRE .

BNBRBCB T 5 HEHTAD SOL 13, BRER
%<, BRBICESLREDRY. ERFEHm TR, #F
FORv—F—0OLBUBECENCLOBR T E R %
$, BNLDEFEDPRIBRS.

PLED KBRS X CHTFAKAL « HKE - 20fh
REPLIRREHOMTRIZONWT, BEREEZTHB
LEDO XS IR SRS,

WVERH CRmE)RRIO —E % &) OHTKIX
2o TiE, PENFEREBOMTK & BRI BERZ DD
BROHTRTH-EBbh3. HFEICE->T (20
FEERDS L Wb TWSR, EREREHERE) Wik
ARDKEH SOF DLW LDIZE L Le (EROFHL
DPMRBELL Licizd bR TWa) . WJIRIRHR
D EHEETAEEKRDIE, WINFRHAD B AKic X
STHBEENTRY, EFIoMROFHEE # T A 28
SO DHEVHITAKE -T2, Z 0B HEHTKITE L
L b I RIRTEEH S EICER - T o 7288, #EHT K
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hERERAR

ZDOWTIXIEBYE D A T, KIRTsFH ciEE 11X
B bhirb ol ZOBRKRGHEHRTOE A & 0 ¥

me &bz, EPRREEHEMROBRVE # T K 0

(5 29% #® 9 &)

SO2 ML, BECEREENICEILFZ, BEMKC
BEWHA~NLER-TWE LD EEZBNS,

0 X5 RBEGRRENFERMO 5 BHEHS T A S X

L& ¥ R & # R
M7 »n
BB wom s | B pH RpH | %0 B o * | R0 ™ | Fop®
R Spm 8 ppm ppm ppm
Ai £ B i 0.6 6.4 6.6 10.0 8.0 30.6
Ce g £ N 1.3 6.6 6.9 21.4 16.1 19.3
Ec * il 0.4 6.6 6.7 9.9 8.1 5.8
Eo B /R I 6.4 6.7 13.0 11.7 14.0
Io & 7 5.0 6.6 6.7 9.5 7.4 4.1
Ke B oE 9.3 6.9 7.1 24.0 17.0 19.7
Lh 7 I 4.9 4.7 14.0 7.3 61.4
Li Hos o 4.1 6.7 7.0 12.5 6.6 10.0
Ll x E I 6.8 6.9 13.0 6.3 0.5 6.0
Nh W i 16.4 3.2 0.0 9.1 0.0 245.0
RIRT (1965) 12k 5
e foBiE (1974) kB
2% * R & # # T K
5 M7 v TvE
{:f‘ B HFFRE ?_i ﬁ;é X iR pH RpH ﬁ(%%)ﬁ 7 ;E ﬁ01—$ 51%'0:@ gﬁoﬁ‘i@ =7 R
= F (m) ) (oppm) | ©290s| pom | ppm | ppm | Nil
ppm ppm
If ® 14.9 5.8 6.0 34.00  14.7 4.1 17.00  0.00
Ih 120 70-114 15.9 7.1 7.4 6.51  32.00 19.1 16.5
hi3 95 20-89 13.4 6.7 7.0  7.68| 47.0, 20.4 26.0
Igt 40 29-40 12.2 7.0 7.20  0.04 59.0, 23.4 23.0
g 60 36-57 14. 3 6.5 7.0,  4.80 55.0, 15.8 13.5
Jht 150 57-145 13.1 7.0 7.4 49.0 5.9 11.0
Jh? 120 67-115 13.1 6.9 7.3 0.03 44.0 6.9 6.5
Jj 105 6.7 6.9 46.00  70.2 0.5 4.5 1.21
Kf & 17.2 5.4 5.6 1500  31.7, 40.0| 30.0, 0.00
Kg 120 70-115 13.2 7.1 7.4 43.0 5.9 13.0
Kh 49-48 12.1 7.0 7.1 5.37  38.0 5.2 8.00 0.08
Ki 50-60 13.0 7.1 7.20  0.98  42.0 5.9 2.2 0.32
Kjt & 6.1 13.4  16.0 18.5
Kj? & 11.3 5.4 5.6 10.0 9.8 5.2 5.5 0.00
Lf 4.5 16.4 5.8 6.0 17.0 5.9 0.8 4.00  0.24
Lg = 11.5 5.8 6.4 12.5 9.9 56.0
Lg 120 59-109 11.0 6.9 7.3 28.0) 6.6 26.5
Lj 21-79 6.3 16.4 16.7 16.8
Mg 4.5 15.7 5.6 5.8 16.0 6.3 1.5)  92.00 0.00
. Mh 7.0 14.1 4.9 5.0 2.0 5.6 4.00  76.00 0.34
Mi 61-78 13.9 7.0 7.2l 4.06) 48.0 6.2 3.8 0.45

* R (1965) itk B
- fEEs (1974) 12k 3
ek BEIES (1975) kX B
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¥, ThIER T 2 BROBWHERTKE, Z0ft
EDBENEEHTARICOWTOBEBRIZONWTYE, b
THhFEPTHEMNERD b b, ZHdbific 1k Nat 2350

W ERREMC BT 2 KERE (B P EFHE - kHF %)

ppm Bl b CABMRARBATET bV v AR R HE
HTARD, BARBOohE. ZhooHFED 5 5 3 &
i3, FESRBOBED A VZEREIZA hL—F—28

W ok Kk B o W OB R
TvE| T MY gy o g IVY | TTE gy | B F
?\IH; .7Naﬂ‘-A ’ %{? total FeﬁgE Fe?* Mni; WCaZf idng (é%:g(}%:) /fs;(()? )P/ (%%lsﬁ) ke
ppm | ppm | PP™ | ppm | ppm | PP™ | ppm | ppm | PP™ | PPM | PPM | \oppy
6.2 | 1.3 | 0.38 10.5 | 3.9
6.2 | 0.9 | 1.97 12.0 | 9.1
7.0 | 1.0 | 0.57 3.3 | 2.1
120 | 2.0 | 0.05 8.4 | 3.2
48 | 03 | 0.04 50 | 2.3
022 | 90| 11| o011 | 000 | 00 | 140 | 1.9 | 406 | 12.0 | 0.0l 0.81 |*
53 | 1.0 | 0.15 | 0.04 | 0.19 | 20.0 | 2.7 ok
46 | 07 | 022 | 022 | 007 | 65| 10 o
0.00 | 45 | 0.5 | 0.08 | 0.05 45 | 1.9 | 19.7 | 11.0 3.16
0.45 | 7.5 | 1.9 [12.00 | 1.08 35.9 | 5.3 |112.0 | 37.0 2.56
K OB & WO R (x0l)
T hY R v V% ?7°$ y o | B R
7I\IL'a.\‘f 7:71){17 total Feﬁ Fe?* M:l]% C-:“ /Mﬁgﬁ ((%fgg“) %;E)? ’ P g E%%%) 1 %
ppm | PP | ppm | ppm | PP™ | ppm | ppm | PP™ | PPM | PP™ | oppm
8.5y 1.9 0.21 o.08 17.3)  "3.00  36.5 15.5 2.84 *
15.1 0.8 o0.06 o0.06 000 82 30 *ox
15.4 1.4 002 0.02 0.00 19.0f 5.0 ok
1.0, 1.4 131 0.6 1.60 20.4 5.5 ok
1.2, 1.0 o002 0.02 o0.00 179 5.0 ok
6.3 0.9 o001 o001 000 1.0 4.3 ok
8.2l 1.2 404 226 0.00 6.4 2.3 o
43.5 2.5 3.05 1.38 16.6] 4.4  60.5  60.0 3.67 *
16.1 9.8 o0.14 0.0 18.2, 7.0 75.2 24.0 3.05 *
53 0.9 o001 o001 o000 1.8 35 ok
5.8 0.8 0.0 0.06 0.0 9.1 2.7 33.8| 43.0 0.04 o0.19 *
6.9 1.1 116 1.100 0.0 7.4 2.6 291 485 0.03 0.46 *
9.9 6.8 tr 3.5 2.6 ok
5.5 0.7 0.08 0.02 5.3 L7 207 15.0 0.59 *
5.0 0.2l 0.57 o0.21 3.8 15 156 16.0 2.00 *
7.00 1.0 0.02 0.02 0.00 186 5.3 ok
58 1.0 0.48 0.0 o002 136 3.5 ok
5.6 1.8 tr] 9.7 3.3 ook
6.00 2.0 147 o0.14 32.6| 6.1 108.0f 28.5 0.98 *
5.6 1.7 0.0 o0.01 95.3 4.5 83.2 22.0 0.59 *
7.1 0.8 o0.08 008 00| 108 2.5 37.3 37.0 0.03 0.05 *
HARER B—BHPF CRETHOLO. BiirhlsmPlE.

AbL—F—fER AP —F—ORIRLBETHRETRLLL O TEEISOMERBICAY TH-> Th 3.
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]

wRAEHNAR

(H29% # 9 %)

EIR * R & # #H TFT K
— — 7 !
S-SR Tlem % oy | pH | ReH Foe R T o ® o B
i (m) mg/! mlfl mg/! mg/l
Ai 54-120 13.3 6.6 7.8 4.18 1.54 22.2 0.61
Bh 51-65 15.4 6.6 7.8 1.92 9.7 0.09
Bi 61-78 15.0 7.2 7.8 2.95 18.9 0.01
Cd 60 17.0 7.3 7.8 0.49 1.53 6.8 0.00
Gj 200 27.4 9.0 8.0 2.07 5.4 0.00
Cm C 30.0 8.4 8.4 3.72 0.78 6.6 0.00
Dd 600 20.5 7.2 8.2 4.80 55.6 0.00
De 140 28.4 7.6 8.2 0.99 2.87 90. 3 0.00
Dg 70 20.0 6.8 7.6 2.26 12.7 0.00
Dh 95-135 20.5 7.1 8.0 0.33 2.17 50.0 0.00
Ed 45-78 14.5 6.2 7.8 2.40 10.2 0.00
Eg 142-158 23.0 6.8 7.9 2.49 6.5 0.00
Ei 140 19.2 7.3 8.0 8.42 1.33 36.1 0.00
El 33-89 14.5 7.0 7.4 2.68 5.16 38.3 0.00
Em 18-95 16.0 6.4 7.4 0.74 18. 1 0.00
Fc 35-95 15.4 6.7 7.6 1.09 2.04 14.4 0.00
Fe 76 17.0 6.9 7.8 2.04 10.8 0.00
Fg 130 16.4 7.3 7.8 3.76 1.37 8.2 0. 00
Fh 126-132 14.0 6.9 7.5 1.17 11.2 0.02
Fi 39-100 18.0 6.8 7.2 1.07 31.7 0.03
Fl 35-94 15.7 6.8 7.8 2.25 90. 5 0.00
Fn 10-42 12.6 6.1 7.2 0.46 6.9 0.00
Gl 90 13.0 6.6 7.6 1.76 12.8 0.00
Gd 71 13.4 7.0 7.8 2.31 2.99 12.7 0.00
Gg 28-118 13.2 7.2 7.6 1.27 14.4 0.00
Gj, 21-65 16.6 6.5 7.4 1.59 36.8 0.00
Gj, C 17.7 6.9 7.5 2.00 0.90 5.9 0.00
Hb 100 11.7 6.9 7.6 6.44 0.83 4.5 0.00
Hf & 12.0 5.8 7.2 2.16 0.66 42.7 0.00
Hg B’ 11.5 7.0 7.8 0.96 1.31 11.9 2.84
Hh 120-137 18.4 6.7 7.2 0.46 5.2 0.36
Hj C 14.0 6.4 7.4 1.94 0.84 10.1 0.04
H1 ﬁ 17.3 6.6 7.4 2.86 0.62 11.4 0.00
Ig & 19.5 6.6 7.5 5.34 0.61 6.9 0.16
In B 14.2 5.4 7.1 3.10 0.29 2.4 0.00
Mg 3345 14.6 6.6 7.1 0.47 5.2 0.21
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W RRRAZRC BT 3 KEHE (B B - EHEK - xH# %)
KX B H W OB R (202)

i B |TyveE=TFrovalwueal & |prves T zmE|ram|ym| B F
SO,2- NH,* Na* K+ Fe Caz* ‘ifng CaCO,| S0, | PO, | HEER
gl | mgll | mgn | mel | mel | wmegl | ME | mgl | mefl | mal | S0P
14.8 0.00 18.7 2.5 1.5 22.0 | 85 | 90.0 | 15.1 | 0.05 0.41
1.7 0.02 19.4 1.3 13.4 127 | 7.2 | 61.6 | 23.4 | 0.09 1.76
1.7 0.05 45.6 1.6 2.3 19.3 | 0.3 | 746 | 17.9 | 0.44 2.64
0.0 0.89 22.6 2.9 0.71 70 | 3.0 | 29.7 | 27.4 | o.21 0.70
2.9 0.00 51.0 1.0 2.2 8| 00 | 20| 188 | 0.07 0.70
13.2 0.00 26.6 0.6 0.05 2.7 | 0.04| 6.8 | 11.6 | 0.02 0.6
2.1 1.2 91.4 1.6 4.0 21.0 | 8.6 | 8.1 | 23.5 | 0.71 3.00
2.1 1.01 93.2 2.1 0.84 149 | 3.9 | 53.1 | 21.9 | 0.21 1.83
0.0 4.4 23.1 8.6 8.3 13.2 | 7.2 | 62.5 | 27.0 | 0.49 4.04
0.0 2.16 47.2 2.5 1.7 1.0 | 6.1 | 57.4 | 27.3 | 0.35 2.89
1.2 5.0 31.6 4.1 18.3 2.7 | 5.9 | 3.0 | 26.4 | 0.08 3.48
3.3 3.8 2.1 1.8 3.1 14.4 | 58 | 59.6 | 25.2 | 0.17 2.46
0.8 0.39 35. 1 1.2 0.37 9.5 | 3.5 | 380 | 16.2 | 0.12 0.99
0.8 3.12 98.0 1.7 3.8 19.1 7.2 | 77.4 | 17.7 | 0.19 5. 50
18.9 0.00 16.0 0.6 0.18 120 | 58 | 53.7 | 89 | 0.23 0.15
0.2 0.72 41.6 8.5 2.8 3.3 1.4 | 141 | 3.1 | 0.36 1.72
2.1 0.93 94.5 0.4 1.8 13.4 | 5.0 | 541 | 20.9 | 0.56 1.76
1.7 0.09 17.2 1.0 1.2 9.3 | 3.5 | 37.5 | 17.2 | 0.14 1.05
2.5 1.2 16.1 1.3 3.8 6.8 | 4.0 | 33.5 | 21.2 | 0.18 1.4
2.1 0.82 26.3 1.3 4.9 8.8 | 0.2 | 35.1 | 26.9 | 0.5 0.98
17.7 2.4 65.0 1.7 6.6 25.2 | 6.4 | 8.2 | 19.4 | 0.13 2.86
11.9 0.00 7.4 0.4 0.09 1.4 | 1.7 | 854 | 50 | 0.08 0.08
1.2 1.4 93.7 0.6 | 12.8 9.1 7.2 | 522 | 19.9 | o.11 0.93
L2 1.29 38.0 1.6 3.7 13.6 | 81 | 17.2 | 189 | 1.20 1.47
2.9 0.03 10.2 0.2 1.2 155 | 50 | 59.1 | 15.7 | 0.49 0.31
2.1 1.4 30.3 2.1 0.96 6.6 | 6.2 | 4.9 | 29.0 | 0.19 3.06
2.9 0.00 15.5 0.6 0.07 53 | 1.9 | 20.9 | 16.3 | 0.02 0.29
3.7 0.00 9.8 0.8 0.21 54 | 3.0 | 25.8 | 23.9 | 0.04 0.11
17.3 0.01 | 10.1 1.1 0.00 18.0 | 1.4 | 50.6 | 13.1 | 0.03 0.10
10.7 0.01 9.9 1.0 0. 00 172 | 5.4 | 65.3 | 18.3 | 0.04 0.16
23.5 |° 0.00 6.6 7.0 0.09 12.8 | 4.5 | 50.2 | 15.7 | 0.09 0. 05
1.7 0.00 1.11 0.7 0.09 9.0 | 3.0 | 350 | 1.2 | 0.02 0.35
10.7 0.01 9.0 1.3 0.00 1.7 | 57 | 3.5 | 13.7 | 0.01 0.30
10.7 0.25 5.3 1.9 0.18 128 | 0.89] 35.5 | 6.9 | 0.05 1.69
6.6 0.01 4.5 1.1 0.01 6.4 | 0.98] 20.0 | 10.4 | 0.03 1.81
28.3 0.00 7.9 1.1 0.09 6.2 | 47 | 59.4 | 12.9 | 0.05 0.15
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