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ABSTRACT

Keywords: Tatun Volcano Geoup, magma, geotherm, hot spring, genesis of hot spring

1. Introduction

The bathing of hot spring becoming so popular was resulted from the Tourism Bureau
promoted the usages of hot springs for increasing the populations of tourism in Taiwan in past
several years. However, increasing the usages of hot spring also faced the crisis of shortage and
pollution of them in several famous hot-spring spots. For sustainable development of hot spring in
Taiwan, the government made a law to manage it. Accordingly, it should to understand the
distributions, chemical characteristics, origins and the using statuses of them in Taiwan for the
purpose of sustainable usages. Based on the aforementioned understandings, the Yingmingshan

National Park made a plan to detailedly study the hot springsin the areas of National Park.

2. Methodology

(A) Literature collections

All of the data and research reports of geology, structures, hydrology and geomorphology
related to the hot springs in the Yingmingshan National Park were collected. These data and reports

were published by the governments, academic institutions and private research departments.

(B) Survey in sites and sampling
(1) Surface geology:
To collect the data of outcrops, distributions, lithology, rock units and regional structures of

hot springs.
(2) In situ water analyses:
To measure the temperature, total dissolved solid, pH value and conductivity of hot spring in

situ.

(3) Usages of hot spring:

To survey and record the using statuses of each hot spring.

XI
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(4) Sampling:

To collect the samples in field for laboratory analyses.

(C) Laboratory analysis

The samples of hot spring collected from the field were to analyze the anions and cations in

the laboratory. Dissolved anions (F", CI', Br’, NOs, PO43', SO42') and cations (Na", K", Ca2+, Mg2+,

Si*" ) were measured with an ion chromatographer (IC, Type Dionex DX-100) and an inductively

coupled plasma-atomic emission spectrometer (ICP-AES, Type Jobin-Yvon ULTIMA 2),

respectively. Samples from the same spring were measured in duplicate to confirm the precision of

the measurements. Analytical uncertainties in the absolute concentrations were less than 3% for all

of the anions and less than 5% for all of the cations.

3. Results

1.

~

At least 25 hot springs have been found in.the Yangmingshan National Park where are
predominantly distributed along the Chingshan fault.

The geothermal energy resources. in. the Yangmingshan National Park are also
predominantly distributed in the areas'of 18 km long and 3 km wide along the Chingshan
fault.

The distributions of:hydrothermal area are related to the outcrops of hot springs and
fumaroles in the Yangmingshan National Park.

Three kinds.of hot'spring can be identified in the Yangmingshan National Park. They are
the acidic sulfate hot spring, acidic sulfate-chloride hot spring and neutral bicarbonate hot
spring.

Based on the monthly data of water qualities, cations and anions, they show large
variations in the 9 hot springs of the Yangmingshan National Park. However, we still
don’t know what their meanings are due to the limited data. It needs more monitoring data
to clarify the factores controlling the variations of hot springs in the future.

The origins of hot spring in the Yangmingshan National Park are controlled by the heat
and gases from the underneath magma chamber, the pyrite and formation water of

Wuchihshan sandstones, the meteoric water circulations and the overlying andesites.

. The usages of hot spring included bathing, geothermal power plant, green house to plant the

flowers and vegetables and dried timbers in the past. However, most hot springs are used

in the restaurant, bathing, SPA and hotel in the Yangmingshan National Park now.

4. Suggestions

XII
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The Yangmingshan National Park should hold the good opportunity of exercising
hot-spring law to make a plan for sustainable developments and managements of hot
springs.

The temperature and resources of geothermal energy of the Yangmingshan National Park
are the highest in Taiwan. Therefore, under the non-impacted the environment and
overcoming the corrosion of acidic solution on pipes and power plant, it can re-consider
constructing a electric power plants using geothermal energy to provide the electric
powers for the people lived inside or near by the Yangmingshan National Park.

The education is the best way for sustainable developments and managements in natural
environment and ecology. We, therefore, suggest that the-Yangmingshan National Park
should set more explaining boards up near the outcrops and workshops of hot springs. The
purpose is to educate the publics to understand and. protect the hot springs and natural
environments.

The Yangmingshan National Park should collaborate with Taipei city and county
governments, academic institutions and private societies in monitoring the hot springs to

clarify the factores controlling the variations in the future..
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Electricity Generation Direct Utilization

Installed Annual Installed Annual

Capacity Output Capacity Output

MW, GWh MW, GWh
China 28 98 2,143 5,527
Costa Rica 60 447 -- --
El Salvador 105 419 -- --
France 4 24 456 2,006
Georgia -- -- 245 2,136
Hungary -- -- 638 2,795
Iceland 50 265 1,443 5,878
Indonesia 309 1,048 -- --
Italy 626 3,419 308 1,008
Japan 299 1,722 319 1,928
Kenya 45 348 -- --
Macedonia -- -- 70 142
Mexico 753 5,877 28 74
New Zealand | 286 2,193 264 1,837
Nicaragua 70 -- -- --
Philippines 1,501 5,470 -- --
Poland -- -- 63 206
Romania 2 -- 137 765
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Russian Fed. | 11 25 210 673
Serbia -- -- 80 600
Slovakia -- -- 100 502
Switzerland -- -- 110 243
Tunisia -- -- 90 788
Turkey 20 68 140 552
USA 2,817 16,491 1,874 3,859
Others 7 40 329 1,935
Total 6,543 37,952 9,047 33,514
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B4 s ABafoR RS AT A RaT A

Installed Capacity Production Per Year
MWe % GWh/y %
Geothermal 6,456 61 37,976 86
Wind 3,517 33 4,878 11
Solar 366 3 897 2
Tidal 261 3 601 1
Total 10,600 44,352

Source: WEC Survey of Energy Resources (WEC, 1995).
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FIR EABIRLE
ie I HBPLEARAFIP LA Kok £
LA T | pH C ™S [ F | CI' |SO4” |HCOy | Na" | K' | Mg™” | Ca” | Fe” | AI” | Si™| s
(C) (us/em) | (mg/L)
1| Fisg & 50-97 2.7 2200 1220 1.17 28.8 500 bdl | 7.44 4.88 4.80 21.0 13.0 68.0 103
2| FERE 56-85 1-2 721 650 1.04 30.6 635 bdl | 8.55 6.23 3.87 26.3 12.4 65.3 115
3|3k B 56-80 2-3 638 627 bdl 32.6 427 bdl | 17.5 4.60 24.3 53.6 8.38 11.3 64.7
4| BEE 42-65 6.0 505 2355 0.97 45.3 158 bdl | 22.1 6.31 18.1 42.7 bdl bdl 36.6
S| A E 45-60 6-8 1463 1145 bdl 109 123 456 | 67.5 21.3 87.7 150 2.54 4.68 122
AEES Vi 45-60 6-8 1301 1307 bdl 77.0 292 498 | 57.2 11.1 59.7 136 5.70 16.4 154
7| @ L ' 45-60 6-8 1763 1336 bdl 111 143 673 | 33.6 8.93 91.1 111 3.57 17.2 144
8| "2k 45-60 2-4 1176 918 bdl 688 561 bdl | 34.7 5.71 27.1 62.2 3.84 21.7 133
9| B i 50-65 2-4 2390 1374 2.11 558 919 bdl | 914 35.1 70.5 211 69.4 87.3 137
10| 7 L 45-65 2-4 1129 497 bdl 24.1 278 bdl | 13.0 5.27 15.2 24.8 3.65 22.1 111
11| BB P L 50-60 2-4 1764 1021 bdl 159 521 bdli| 433 8.55 27.7 81.1 10.7 44.6 126
12| w5 65-70 2-4 3170 916 bdl 514 586 bdl| 45.7 13.8 16.2 44.6 17.2 24.6 117
13|#"7%% 35-50 6-7 451 237 0.29 11.8 65.7 168 [+.35.1 8.21 14.9 58.3 4.42 bdl 67.4
14 | 4 k3w 35-45 5-7 790 519 bdl 14.5 157 139 |, 16.6 5.09 12.6 29.3 0.40 0.41 144
15| /] # 3w 65-99 2-4 4490 2256 bdl 462 1015 bdl [*96.9 18.2 85.6 381 47.3 37.2 209
16 | i& L 45-65 5-6 1805 1153 bdl 109 448 219 | 65.8 14.2 58.1 128 5.76 20.0 854
17 5 # 60-90 2-4 483 633 bdl 35.5 346 bdl | 16.2 6.02 19.0 55.9 9.54 9.38 152
18| = 3% 45-65 2-4 4680 2357 bdl 350 1508 bdl | 314 12.1 36.7 109 47.0 104 159
19| % % 40-55 2-3 5350 2860 2.22 664 1017 bdl | 44.5 244 46.4 104 28.0 2.92 47.9
20 | <~ @ i‘r‘u 65-98 1-2 1807 1076 bdl 534 225 bdl | 14.8 1.50 2.30 7.10 4.00 1.50 9.80
21 | A% 5570 | 23| 2536 bdl | 329 | 974 301 | 396| 451| 478 275| 370| 1161 | 451
22| 7= 45-52 6-7 2240 1333 3.38 49.3 1478 476 | 90.8 16.9 45.7 636 bdl bdl 63.0
23 | AN 60-85 2-3 2170 2665 bdl 15.5 344 bdl | 78.9 47.9 48.4 86.8 55.3 73.2 188
24 | v fF T 47-99 2-3 1291 357 bdl 10.2 184 bdl | 6.47 1.79 4.27 13.5 4.56 5.67 134
25 | (X R)F = 40-68 1-2 1213 1770 bdl 36.2 1158 bdl | 37.0 12.9 37.5 78.3 42.2 96.7 271
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25~ (X R)F EE A

K E A d LEW o F FA R AR 40~68C pH 5 1~20 i & AT (SOLY)

(~1200 ppm ) = & B % > ZPEEMEFipe A o
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B LEA S BRTRENY A

28 BPLRARLFPEALERL T L1785
I BPLRROFPEAS T FREH BLF

AFTFEAEEP DRFFIPN 9 BE AT BA F R LA P L Sk B
SO s A gy A rr B EL BEA O FE VR BiRA NERBP LR RS FIP 2
BRIV R B §(A L S e fod F)eh® it > NIFFBEE R A S DT F o
S AR A A FAeR D S o BRI D LA AF B AR FIT BT S ERIE
B~%%AR pHEf TDSenRE > ERIEA-KER -~ T %A ~pH Ef- TDS & > 21
Pk A& o fI S R RAITE AR RS > TR R k48 8 ’J\Av\’lwi & P
AR BT

2~ A H L LERRARY ERE

AR ARFNEAGE I HFNBRERE ST HEAR pH @40 TDS (hik B > £ 8
BARkAER CTHER SpHEFTDS £ » &% £p)- = » B2 %40k T » 2 53 hgil 4o
Bl-t=Z21RB=+- - FE /?']mfﬁifﬁfvﬁtﬁpm*‘*”“rv./?'lmp‘fi ORI Rt

Jo T4l i e i Tl & o ?5‘;#\%};@;;31%“ g R Y o
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B LGRA B BTRENY DS

2T CBPLRFAFP LRARS ZRER - THER pH Efc TDS i# 2 % %

p g BR KT R PH TDS
940124 46.9 246 5.37 154
940222 50.8 213 5.22 134
940314 53.2 225 5.50 142
940411 54.3 279 5.75 175
940526 57.0 220 5.75 136
940623 57.5 257 5.87 159
940726 50.5 240 5.70 150
940820 56.5 253 5.72 157
941026 57.8 228 5.60 132

;%ﬁ' ‘ff.)]ﬁ

p g B R wIT R PH TDS
940124 48.3 1400 6.36 948
940222 46.2 1400 6.65 955
940314 47.8 1390 6.60 950
940411 48.1 1397 6.35 948
940526 48.1 1390 6.97 951
940623 48.6 1405 6.87 948
940726 48.9 1381 6.61 936
940820 45.4 1347 6.31 918
941026 48.4 1401 6.37 891

‘}é” L

p g B R wITR PH TDS
940124 41.3 1584 6.20 1091
940222 42.5 1588 6.18 1098
940314 42.0 1574 6.14 1090
940411 419 1575 6.42 1092
940526 41.9 1573 6.39 1088
940623 42.5 1570 6.29 1086
940726 42.1 1570 6.30 1086
940820 42.7 1625 5.84 1125
941026 43.0 1601 6.10 1015

&k

p P B R HaR PH TDS
940124 38.6 1647 5.66 1149
940222 42.5 1642 5.73 1145
940314 42.6 1646 6.09 142




2

RIE BAKTR S

940411 42.7 1648 6.03 1148
940526 42.3 1698 6.00 1150
940623 43.6 1640 5.88 1135
940726 43.1 1625 5.84 1125
940820 33.8 1695 6.43 1248
940926 43.0 1601 6.10 1015
941026 43.0 1601 6.10 1015

p g B ®T R PH TDS
940124 44 4 444 6.22 291
940222 425 448 5.38 292
940314 41.5 437 5.36 286
940411 45.9 458 5.99 299
940526 433 450 5.84 293
940623 61.7 496 5.98 317
940726 67.2 473 5.94 300
940820 60.6 488 5.63 307
940926 51.0 536 6.14 345
941026 55.5 540 5.04 326

= AL

p g B E €T R PH TDS
940124 38.5 990 3.20 669
940222 35.5 969 2.77 643
940314 44 4 4042 1.68 3026
940411 42.8 2389 2.75 1712
940526 41.8 3798 2.40 2844
940623 42.8 3762 2.43 2808
940726 43.1 3787 2.35 2817
940820 43.5 3841 2.09 2860
940926 40.0 3922 2.35 2949
941026 43.0 3960 2.15 2733

< ¥ P

p P B R HaR PH TDS
940124
940222 69.8 8.68 1.30 6.69
940314 76.0 13.22 1.03 10.79
940411 74.6 13.24 1.74 10.59
940526 80.4 8.05 1.95 6.17
940623 80.0 15.03 1.71 12.90
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B LGRA B BTRENY DS

940726 77.5 16.40 1.72 13.83
940820 76.1 16.50 1.53 13.80
940926 63.0 13.82 1.77 11.58
941026 61.4 9.51 1.83 6.68
ANE

p oy B R HaR PH TDS
940124 79.4 1297 2.58 824
940222 70.2 1157 2.20 782
940314 77.0 1144 2.37 733
940411 83.0 1270 2.59 832
940526 69.4 3363 2:24 2414
940623 78.9 2057 247 1389
940726 79.6 1945 2.54 1353
940820 79.2 2733 2.26 1905
940926 78.3 1907 2.48 1336
941026 63.7 1971 2.44 1371

Ty ST

p P AR wRR PH TDS
940124 54.6 266 3.12 1674
940222 55.8 376 2.77 237
940314 57.9 289 2.88 177
940411 84.1 435 3.17 271
940526 85.1 1039 2.82 671
940623 61.5 330 2.97 207
940726 83.7 431 3.1 275
940820 78.4 418 3.1 266
940926 53.2 389 3.25 250
941026 49.8 555 3.11 335
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L Z R SR A TDS pH $T & ~ERfep & £ > 2005 & % L 454 F -

R

200
180 ~
160 ~
140 ~
120 +
100 ~
80 -
60
40
20

62 -

6.0 1
5.8 4
5.6
5.4 4
5.2 4

5.0 -
300

250 A
200 -
150 ~
100 ~

50 A

0_
60

58 -
56 -
54
52
50
48 ~

606 <

500 A
400 +
300
200 -
100 ~

O -
01/01/05

03/01/05

05/01/05

BRI 7

Date

07/01/05

09/01/05

63



A LR~ B RT RS A
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B LR B RTRET RS

Bl =
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B LEA S BRTRENY A

Blo Lt~ mEk TDS pH- (5 R ~ A frp & £ > 2005 & § i 485 -
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i
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B LGRA B BTRENY DS

v A H A LFRREABREISLERE

EV BRI IR KR gaS (Nah) s s (KD > s
(Mg™) ~ 585 (Ca™) ~ 44t (Fe™) ~ g5 (Mn") ~ gri 5 (A1) fow 45 (SIH & B a5
1E &3S (F) s & (C) ~ 43 (Br) ~ A L4+ (NOy) ~ Fifid 35 (SO47) ~ BEFE 1242+ (POLY)
SHES o RFAITR R B T BRI E TR R R S RICP-AES)A 7 0 @ 1
PP AT R AT RAC)A T o I AEET (HCOs ) B EA1* BadkiF Tz Rl £ 2 o

FrREEME TR HMHEHRIET BT RPR T L RBOSTE R
TH PRI HERE AT BRI AR Bk SRR ER CERRFE 22 G
R LT O

AFPTRART AL L2 ETEH] (QC) etk & A 173 g F1F 0 ¢ 457
I~ @& 70 | AL ATRERREBREE RN RSB IR TEFLAIT LT
B 2 fodh BT d AER 2 9 MR DA TR R BT AR B pHELL T o
2 APRA D EREAITERY AP A FURE 23 B mER R ARE A
170 AT R AL PRI
3 EAHEA RELKEFCEBLF- BEERESBERA I rFTRI LT BT
éﬁbﬁ’bﬁﬁ%*%*}a¢@ﬁ°
BRI S BRI AR SR A A ok S 0 T E D gL AR 2 IWe 45

BRI R U 0 TR RIT AL R e I R IR T i 7]

e

’ ’ﬁ ?sb#\j\f@;;’}fpﬂ\—g\ﬁpmp_ /?'JFJ;Z °

22 HPLRROFPN LEAZKBRET SIS

PR B
P ¥ F Cl Br NO; | PO, | SO/ | HCOy
940124 0.10 19.1 0.43 3.16 -- 116 --
940222 0.11 16.4 0.43 5.52 -- 56.6 --
940315 - 18.3 0.25 2.96 -- 93.0 --
940412 - 20.8 0.29 1.28 -- 150 --
940526 - 17.7 0.28 2.02 -- 62.4 --
940623 - 17.9 0.22 2.84 - 148 --
940725 0.22 17.9 0.58 0.77 -- 87.5 --
940820 - 18.9 048 0.65 -- 88.2 --
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$IF EAPZRGHE
940923 0.07 14.0 -- 494 - 50.4 --
941026 -- 17.5 0.33 6.30 - 58.1 -
fﬁ' 3:7'%

L F CI Br NO; | PO,” | SO/ | HCO;y
940124 0.11 74.6 -- -- - 253 296
940222 - 70.6 -- - - 251 339
940315 - 71.8 -- - - 251 404
940412 - 153 -- -- -- 245 299
940526 -- 83.2 0.24 - - 256 436
940624 -- 71.6 0.29 0.80 - 244 129
940725 0.29 714 0.63 0.73 - 277 425
940820 -- 71.6 0.29 0.80 - 244 410
940923 -- 106 1.90 0.57 - 340 448
941026 -- 78.2 1.82 0.58 -- 285 454

i L

K F Crl Br | NO; | PO, | SO/ | HCO;y
940124 - 70.9 041 -- - 84.8 795
940222 - 80.2 0.24 -- -- 914 790
940315 - 173 0.30 0.76 -- 85.2 669
940412 - 178 0.35 0.72 - 84.1 703
940526 - 162 0.34 0.72 -- 84.3 796
940624 -- 853 0.21 0.89 -- 96.5 711
940725 - 80.7 0.58 0.70 - 99.1 578
940820 - 114 0.43 0.87 -- 122 830
940923 - 88.0 0.23 0.67 -- 90.0 817
941026 93.2 6.52 0.63 - 90.2 812

# R

Py F Cl Br NO; | PO,” | SO/ | HCOy
940124 -- 285 -- - -- 460 --
940222 - 106 -- -- -- 212 241
940315 - 126 0.39 -- -- 196 239
940412 - 185 0.31 0.71 -- 291 166
940526 - 186 -- 0.72 -- 294 246
940624 -- 182 -- - -- 291 238
940725 -- 21.8 0.37 -- -- 120 200
940820 -- 192 0.34 -- -- 300 264
940923 0.06 181 0.15 -- -- 273 297
941026 - 209 0.45 -- -- 330 298

73



P LGk s BT

R

5 H#,
p F Crl Br | NO; | PO, | SO/ | HCO;
940124 - 9.14 -- - -- 216 --
940222 - 9.27 -- - -- 208 --
940315 -- 8.60 -- -- -- 159 --
940412 - 9.20 -- - - 143 433
940526 - 8.48 1.20 -- -- 109 --
940624 8.15 -- -- -- 162 433
940725 0.22 8.37 -- 0.69 -- 155 --
940820 - 12.5 -- 4.24 -- 226 --
940923 0.07 9.31 -- -- -- 144 39.5
941026 - 8.61 0.86 -- -- 96.2 196
= Z
P 3 F Cl Br NO; | PO, | SO, | HCO5
940124 1.00 361 -- -- 0.57 779 --
940222 16.39 3101 - - - 651 --
940315 - 365 - - - 1055 --
940412 - 173 - - - 741 --
940526 - 331 - - - 890 --
940624 - 327 2.78 0.82 - 880 --
940725 2.49 372 6.30 -- -- 882 --
940820 2.16 561 8.76 - - 1229 -
940923 2.30 283 9.85 -- -- 940 --
941026 1.05 375 7.33 -- -- 878 --
< 8 bu
p ¥ F Cl Br NO; | PO,” | SO~ | HCO5
940124 - 83.5 16.30 - -- 3806 --
940222 - 267 - - - 5919 --
940315 - 228 34.60 - - 5747 --
940412 - 126 33.80 - - 788 --
940526 - 46.3 - - - 3337 --
940624 - 466 - - - 3972 --
940725 - 251 20.18 - - 767 -
940820 - 114 42.05 - - 4041 -
940923 - 279 14.58 - - 544 -
941026 - 216 13.62 - - 2882 -
N J‘ﬁ_
p F Cr Br | NO;y | PO, | SO~ | HCO5
940124 -- 96.10 -- 0.74 -- 564 --
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$IF EAPZRGHE
940222 -- 60.80 5.42 - - 720 --
940315 -- 58.10 - 0.71 -- 374 --
940412 -- 90.94 1.29 0.68 -- 404 --
940526 - 14.18 1.65 0.85 0.64 1236 --
940624 - 48.06 1.90 - -- 558 --
940725 0.22 22.81 2.37 0.69 -- 634 --
940820 -- 56.75 6.80 - -- 1006 --
940926 - 72.75 3.62 - -- 641 --
941026 -- 28.30 5.18 0.66 -- 694 --
T f ST
P8 F Crl Br NO; | PO/ SO,/ | HCO5
940124 -- 7.68 0.54 -- - 100 --
940222 -- 6.42 0.40 -- -- 166 --
940315 -- 7.34 0.43 -- == 136 --
940412 -- 7.12 0.49 0.67 - 155 --
940526 -- 4.93 1.07 0.68 -- 450 --
940624 -- 7.68 -- -- -- 100 --
940725 -- 7.78 0.54 0.90 -- 112 --
940820 -- 7.17 -- -- -- 133 --
940923 -- 8.56 1.90 -- -- 102 -
941026 -- 10.3 3.78 -- -- 163 --

LCRRR WA RE AT

iR

<~
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B LEA S BRTRENY A
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B LR B RTRET RS
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B LEA S BRTRENY A
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B LR B RTRET RS

Bloe L 0w sg A aS kR > 2005 0 R AREE -

- g LT
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- THBPLERRSFIPN

B2 BT A%

I~
s
Rg

A &

P Si™ Na® Ca” Mg* K" Fe' Mn" Al
940124 23.6 14.4 28.5 7.00 9.50 -- -- --
940222 20.4 13.7 24.6 5.60 9.30 -- -- --
940315 22.1 14.0 45.0 11.1 6.80 -- -- --
940412 25.4 16.3 59.4 15.2 7.70 -- -- --
940526 21.4 13.8 45.4 11.0 7.20 -- -- --
940623 25.4 12.1 23.6 5.70 3.70 -- - -
940725 234 6.8 12.7 5.50 6.10 -- -- --
940820 23.6 10.2 15.3 7.80 6.80 -- -- --
940923 19.7 -- 15.5 3.60 3.50 -- - -
941026 185 -- 21.2 4.2 3.8 L3 - -

;Eﬁ' %:1%

p 2 Si™ Na" Ca"” Mg ™ K' Fe' Mn* Al
940124 77.6 64.1 231 85.4 21.9 -- 1.38 --
940222 76.6 62.1 188 85.0 21.3 1.10 1.43 --
940315 76.1 96.2 336 149 26.8 1.40 0.69 --
940411 78.6 98.6 318 154 27.8 1.40 0.69 --
940526 76.6 94.2 295 147 27.2 1.40 0.69 --
940623 62.8 41.0 154 68.6 18.8 2.00 1.41 --
940725 86.5 26.2 70.4 62.0 13.1 -- 1.46 --
940820 82.3 35.0 94.4 82.0 16.6 4.00 1.44 --
940923 84.2 24.4 203 81.2 13.3 1.60 1.42 --
941026 82.6 10.5 142 65.5 11.3 0.50 1.42 -

7

P Si™ Na* Ca™ Mg ™ K* Fe' Mn™? Al
940124 73.2 56.6 206 111 22.9 -- 0.22 --
940222 72.7 59.7 270 118 23.0 - 0.33 -
940315 72.6 81.9 300 189 28.0 - 0.35 -
940412 71.6 89.9 336 202 29.5 -- 0.20 -
940526 71.4 78.9 359 155 25.9 -- 0.28 --
940624 53.4 37.9 158 85.0 20.6 -- 0.10 --
940725 83.3 27.0 81.5 92.2 154 -- 0.33 --
940820 80.5 33.5 106 115 19.1 -- 0.42 --
940923 76.5 11.3 152 77.2 11.1 -- 0.33 --
941026 78.8 9.2 173 89.7 12.7 0.53 0.37 --

Aok B
B ﬁP Si+4 Na+ Ca+2 Mg+2 K+ Fe+2 Mn+2 Al+3
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940124 63.4 54.3 238 87.2 22.4 17.7 1.90 --
940221 65.3 55.7 280 88.2 22.5 18.3 1.98 --
940314 63.2 84.7 356 161 30.5 20.1 2.13 --
940411 62.3 84.4 417 156 30.1 19.7 2.15 --
940526 64.9 85.3 436 157 29.8 20.0 2.18 --
940623 50.1 37.6 180 68.6 19.4 15.1 1.95 --
940725 72.4 26.1 96.3 71.3 14.3 18.0 2.05 0.2
940820 69.0 26.1 87.4 70.8 15.8 17.7 2.10 -
940923 71.1 10.2 143 61.8 10.1 18.2 1.88 --
941026 70.5 6.38 186 66.7 12.6 15.9 1.88 --
5,

p 2 Si™ Na" Ca" Mg ™ K" Fe'? Mn™ Al
940124 52.9 18.3 64.1 19.8 10.5 - 0.41 --
940222 49.8 17.9 60.8 18.6 10.3 1.5 0.43 --
940315 52.4 21.1 110 34.5 9.60 -- 0.44 --
940412 54.6 23.5 123 38.6 10.5 -- 0.21 --
940526 52.1 21.9 118 36.8 9.80 0.3 0.23 --
940624 52.3 18.5 48.4 15.1 7.20 -- 0.40 --
940725 51.8 10.5 21.6 15.6 6.40 0.4 0.52 --
940820 48.4 12.4 27.1 21.0 7.20 1.8 0.50 --
940923 61.8 13.2 49.0 17.0 4.90 33 0.62 --
941026 60.4 -- - -- 2.90 4.3 0.61 --

T

P ﬁP Si+4 Na+ Ca+2 Mg+2 K+ Fe+2 Mn+2 A1+3
940124 59.0 27.6 134 31.8 11.8 7.40 1.20 20.4
940222 54.7 242 115 27.0 11.4 8.30 1.10 22.3
940314 68.8 48.4 216 83.4 21.9 36.2 1.90 102
940411 65.8 43.4 223 69.8 17.1 22.6 1.60 51.4
940526 66.1 49 .4 219 81.5 21.3 32.6 1.80 85.4
940623 66.9 49.5 221 83.6 19.4 30.1 1.80 86.4
940725 65.4 18.1 39.8 38.7 11.1 28.0 1.65 75.4
940820 65.5 22.2 49.1 47.8 13.3 44.2 1.88 122
940923 75.8 3.80 86.6 354 8.00 429 1.64 71.5
941026 701 - 85.5 33.2 7.83 33.0 158 63.0

< ¥ I

p#p Sit Na" Ca™ Mg+2 K" Fe™ Mn"™ Al
940124 76.5 24.7 40.9 15.1 54.7 360 0.26 468
940222 74.1 16.7 30.3 8.30 22.6 133 0.19 216
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940315 79.7 29.2 68.8 25.5 70.7 196 0.32 339
940421 90.2 25.5 70.0 24.8 49.5 155 0.36 294
940525 76.6 17.9 286 23.0 26.5 209 0.20 174
940624 76.0 18.0 29.0 23.0 27.2 210 0.21 175
940725 110 14.2 17.0 11.1 35.2 215 0.35 386
940820 106 17.6 20.4 14.8 51.2 216 0.37 508
940923 111 15.6 28.0 9.60 14.4 159 0.41 200
941026
NI

Py Si™ Na® Ca” Mg ™ K" Fe™ Mn™ Al”
940124 50.9 223 47.4 18.2 1.10 9:3() 0.60 7.85
940221 415 18.7 33.1 12.8 1.10 7.20 0.40 7.17
940314 422 21.8 68.1 23.8 7.50 7.30 0.44 6.36
940421 51.5 20.1 55.2 18.7 8.10 10.1 0.34 11.1
940525 70.2 17.3 31.2 12.5 112 18.8 0.18 36.4
940624 43.1 23.5 69.1 24.5 8.10 8.60 0.45 7.23
940725 81.4 12.2 20.1 12.8 6.30 9.50 0.63 24.0
940820 100 12.9 16.8 131 6.70 25.5 0.67 67.6
940923 86.1 11.6 34.1 15.1 4.40 15.5 0.70 17.8
941026 47.1 -- 21.5 7.3 3.8 1.5 0.32 16.0

.y s

o Si™ Na’ Ca™ Mg ™ K Fe' Mn*> Al
940124 | 14.5 119 563 9.50 1.40 22.6 -- 1.39
940221 14.4 13.4 588 9.70 1.50 6.60 -- 3.34
940314 | 13.3 10.0 977 6.00 2.90 1.80 -- 1.36
940421 | 22.1 11.0 167 6.60 6.00 3.80 -- 6.42
940525 | 22.5 112 163 7.80 5.60 54.9 -- 17.3
940624 | 14.4 12.0 110 7.00 3.50 2.00 -- 1.50
940725 | 204 8.20 7.50 2.40 5.10 3.00 - 2.00
940820 | 19.3 10.9 12.4 8.70 5.50 4.00 - 6.30
940923 | 16.6 12.8 5.20 1.70 3.50 5.50 0.02 0.70
941026 141 - 5.8 1.21 3.1 9.8 0.03 6.8

7

*7__C LR R K Mm R BEE W R2 o
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