Redox status of hot springs In
Taiwan and earthquake
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The basic question

1\What Is the better item
(geochemical) for
earthguake precursors?



The 1deal situation

1lons come from shallow aquifer:
dissolved oxygen, nitrate,
sulfate.... The oxidants

ilons come from deeper aquifer:
methane, sulfide, ammonium.....
The reducers



In hot spring water

1The natural reducers that
come from deeper aquifer will
be a better earthquake
precursor

1They carry information from
fault zone of a deeper part



However

1 Since the early scientific investigations by the
Japanese scholars, hot springs of Taiwan have
been studied for more than one hundred years.

1 Although the basic of geology, occurrence,
water temperature and chemistry of hot springs
have been reported since the last century,

1 however, the data of redox potential and
Important redox couples, e.g. sulfide and
ammonium are quiet few.



The purpose of this study

1 to explore the redox status of hot springs
iIn Taiwan by measuring Eh in the field and
to determine the concentrations of

com

monly found redox couples, I.e.

0,/H,0, NO,/NH,*, and HS/SO,2.

1T00

Iscuss the significances of redox

cou
and

nles for volcanological forecasting
earthquake precursors



1A total of 11 hot springs
located at 8 different areas
from the north to the south of
Taiwan were surveyed



1 3 sites are located
INn the Tatun
Volcano Group

14 In the Western
Foothill

13 In the Hsueshan
Range

11 In the Central
Range .
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Locations of the sampled hot
springs

Name

L.ocation

Type

X (m)

Y (m)

Tien-Lai

Elite
Tien-Hsyang
Future Town
Jin-Pin

Hu-Shan

Four Season
Bali Nature SPA
Kylin Peak
Atayal

Baolai

Taipe1 Chingshan
Taipe1 Chingshan
Taipei Beitou
Taipe1 Linkou
Hsinchu JienShin
Miaol1 Taian
Taichung Kukuan
Taichung Kukuan
Taichung Dakun
Nantou Pekangshi

Kaohsiung Baolai

Spring
Spring
Spring
WD* 1500m
WD 1000m
Spring

WD 80m
WD 150m
WD 2000m
WD 600m
Spring

309957
309997
302612
286097
270331
246763
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2787721
2787598
2781544
2774073
2729598
2707343
2677939
2677890
2676166
2663025
2554146

*WD: well depth




Values of temperature, electrical conductivity (EC), pH ,
dissolved oxygen (DO) and redox potential (Eh) measured

In the field

Temperature ()

EC {1 Sfem)

rH

DO (mg/L)

Eh (V)

68.5/75.6
8007560
5831551
476 1
41.3741.a
4617408
5771541
5827563
20.1/654
2390465
5907500

2750329
286 503
584074130
18500 f
5137803
2340/ 2350
430/ 496
5921 593
1216/ 1005
TEE 674
20407 2030

204252
2497260
1.3/ 1.65
714
8.55 /842
676 683
EREE AR
Foel o0
5.00 /862
8.1s/8.15
6.95/7.00

274 1306
2811255
559015584
045/
2537152
0.23/1.63
0.44 /054
Q.87 /078
1.10/ 382
0.4% /088
0327245

-145 195
65 493
-3/ 582
-216
-182/7-11

-2 -E36
~2b6 242
~245 F-231

-FPf-11%
“55 120
-240 /112

1 The former values were measured in the source of
outcrop or well head, the latter values were from the
outlet of tank




iThe measured Eh
values at hot spring
sources are all less
than O mV, which
Indicates a reducing
condition




Hot springs of the
Tatun Volcano Group

1 The field-measured Eh values of the Tien-
Lal, Elite and Tien-Hsyang hot springs are
-145, -65 and -23 mV, respectively, which
iIndicates a reducing environment.

1 The concentrations of dissolved hydrogen
sulfide In all the hot springs are larger than
5 mg/L, which suggest that hydrogen
sulfide should be one of the important
reducing agents in the water






1the concentrations of hydrogen
sulfide from fumarolic gases of the
Tatun Volcano Group are higher than
sulfur dioxide, the ratios of H,S/SO,
range from 120 to 167, we suggest
that hydrogen sulfide should be the
dominant reducer



Ammonium concentrations

EC*
Tien-Lai 400
Elite 388
Tien-Hsyang 8100
Future Town 19070

Jin-Pin

Hu-Shan
Four Season
Bali Nature
Kylin Peak
Atayal

Baolai




1 Hot spring or groundwater with
detectable concentration of
ammonium (NH,*) also indicated a
reducing condition.

1 The measured Eh value of the Future
Town hot spring is -216 mV and the
concentration of ammonium Is 54.8
mg/L, which is the highest value
among the 11 hot springs we studied



iThere are 9 of 11 hot spring
samples that contain ammonium

IThermodynamically, ammonium
exists in the Eh range of -200 to -
400 mV while pH Is between 7.0
to 7.5 (Brookins 1988).



Ammonium were found

1in minerals of metamorphic and
granitic rocks as gquite systematic,
suggesting that ammonium Is one
of the stable geochemical
components in high temperature
processes (Honma and Itihara
1981).



1A large percentage of hot springs that
we investigated during the last years
contain ammonium,

1e.g. Guanzihling 0.60, E}%%ﬁﬁ

1lushan 6.8-18.9, gl

1Dongpu 2.41, Fui]

1Jiaosi 5.70, ’g'%i’%

1 Jhihben 16.6, #[17 all in unit of
mg/L




Volcanological Forecasting

1 The concentration change of
hydrogen sulfide and its derivative
species Is found to be a good
iIndicator of changes in the fumarolic
activity in volcanic area (Zimbelman
et al. 2000, McGee et al. 2001,
Symonds et al. 2001, Chiodini et al.
2002, Tassi et al. 2003).



1 Ammonium may be used as another
useful indicator for geochemical
survelllance of volcanic activity.

1 A good correlation between vertical
soll movements and change of
ammonium had been observed
(Valention and Stanzione 2004).



1 Studies recommend that some of the
geochemical items of hot springs, e.g.
radon (Kuo et al. 2006, Yasuoka et al.
2006), chloride (Toutain et al. 1997,
Toutain and Baubron 1999), calcium,
sodium, sulfate, etc. (Biagi et al. 2001)
would be capable of serving as
earthquake precursors and fault activity
indicators.

1 However, case studies on ammonium and
sulfide are rare.



Earthquake Precursors ?



Liu 2007

1 ammonium concentrations in stream water
from upper reaches of Guandaushi Creek
iIn Nantou County increased by 20 to 40
times from August 1998 to September
1999 before the 921 Earthquake (7.3
magnitude).

Water Air Soil Pollut

DOI 10.1007/511270-006-3097-9

ORIGINAL ARTICLE

Effects of the 921 earthquake on the water quality
in the upper stream at the Guandaushi experimental forest

Chiung Pin Liu - Bor Han Sheu
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We suggest

ithe ammonium may come from
deeper anoxic aquifers and
discharged to the Guandaushi
Creek through an unknown fault
Zone.



i1Hot springs circulated from
deeper part of fault zone contain
dissolved reducing agents of
hydrogen sulfide and ammonium,
which will be the ideal monitoring
species for earthquake precursors




Thank you |
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