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Water circulation at subduction

Magmatic fluid: 100-1000C, pH 0-2 Where does non-
Non-magmatic fluid: 20-300C, pH 3-9
Amounts of CO2 degassing at 2000m-deep
Stagnant water: 10-80C, pH 8-9

volcanic thermal fluid
come from?




Non-magmatic thermal water:

Isotopically categorized as “Arima-type”
brine (Matsubaya and Sakai 1976)

Origin and genesis IS unknown



Arima-type thermal brines

The location where Arima-type thermal brine found
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Chemical and isotopic evidence
for origin and genesis of

Arima-type water
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island arc
magmatic
water

Arima-type
thermal water -
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Comparison between Arima-type thermal
fluid and island-arc magmatic water

Arima-type magmatic
Cl (wt%) 4 1~3
D/H (%0) H-0O -35 -35 ~ -15
180/°0 (%o) H-O +6 +5 ~ +10
BCI2C (%eo) CO, -5 -8 ~ -4

3He/*He He 1 x107° 1 ~12x10°




Origin of Arima-type fluid?

MC



But has similar chemical and isotopic composition

The same genetic nature and origin?
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Water budget in the solid earth (Ito et al., 1983)

source (101gly)

mid ocean ridge 1.1 (0.8-1.4)

hot spot 0.13 (0.06-0.26)

arc magmatism 1.0 (0.05-3)

subtotal 2.2 (0.9-4.6)
sink (10"g/y)

hydrated basalt 8.8 (5.9-11.7)

sediment 1.3 (0.4-2.2)

Total: 6.6 net subduction (1.3-11)

Mean retention time for seawater is 2 Ga

Fig. 11. Summary of water circulation budget in the
solid earth (Ito et al., 1983).



A Question

Arima-type fluid come from subducting slab?
Arima-type fluid is the answer for the missing water?

To answer the question

Flux measurement of Arima-type fluid

and compare with missing water flux



Photos showing wells and self-spouting outcrops

at Arima, Gosha and Ishibotoke
In Kinki district, Central Japan









1)Self-spouting from cracks of rocks

Ishibotoke 2)CO,-bearing

3)Higher than river water level
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Flux measurement of Arima-type fluid
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Table 1 Arima-type fluid flux from Ishibotoke, Arima and Gosha

Flow rate Arima-type Arima-type

Location of river contribution fluid flux
(L/sec) (%) (L/sec)

[shibotoke 33 3.5 1.2
Arima 136 1.2 L5
Gosha 215 0.25 0.5
Kobe area (06)
MTL 'y

after Morikawa et al. (2005)



2
F
ana compare with missing water




Subducted water flux "F" at kinki district

arc length 36000 km

Kinki 100 km

Philippine sea plate 3 cm/y

(1/3 of worldwide avg.)

global missing water 1.3-11 x 10" g/y

F=1.3-11 x10"x 100/36000 x 1/3
=1.3-11 x 10" g/y

- 4-35 liter/sec




Table 1 Arima-type fluid flux from Ishibotoke, Arima and Gosha

Flow rate Arima-type Arima-type
Location of river contribution fluid flux
(L/sec) (%) (L/sec)
[shibotoke 33 3.5 1.2
Arima 136 1.2 L5
Gosha 215 0.25 0.5
Kobe area (06)
MTL 'y
Missing water: 4-35 I/sec



Arima-type water has similar chemical and
ISotopic composition as magmatic water has.

—Slimilar genetic process
—“Originated from, slab dehydration

Arima-type water flux agree well with that of
missing water of water circulation in the solid
earth.

— Strong evidence for the model of
Arima-type fluid genesis



Arima-type has only found at
southwest Japan!
Especially in Kinki district!

Why?
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Philippine Sea Plate is
young, thin and hot

Easy to dehydrate?

Effective dehydration occurs at Philippine Sea Plate



Summary

Wide distribution of Arima-type thermal brine is found.

Flux of Arima-type fluid Is consistent with amount of
missing water estimated from water circulation in solid

earth.

Arima-type fluid likely occur by dehydration of
subducting slab and upwell through tectonic lines and

faults.



Future study

Reveal relation of Arima-type activity with geological
structure and seismic activity

Proceed measurement of Arima-type regional flux in
different area

Compare chemical and isotopic difference between the
fluids from different Plates



Spatial distribution of Arima-type

After Masaaki Takahashi
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