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Abstract: Systematic forward and preliminary inversion analyses have been conducted by simplified-
model numerical simulations for macroscopic magma-hydrothermal systems based on vertical one-dimen-
sional transient ‘extended thermal conduction’ model by Shigeno (1999a) in order to contribute to under-
standing the deep geothermal environments that are closely related to promising future resources, but are
poorly known.

By the systematic forward analysis, the temperature distributions at 3 km depth changing with time
were compared on the basis of four models for reservoir distributions: (A) no reservoir, (B) two reser-
voirs (1.0 to 2.0 and 2.5 to 3.5 km depths), (C) one reservoir (1.0 km depth to magma chamber top), and
(D) one reservoir (2.5 km depth to magma chamber top). For each model, the top depth and thickness of
the magma chamber were changed from 3 to 6 km, and from 1 to 8 km, respectively. The reservoir direct-
ly attached to the magma chamber top and covered by a thick cap rock of Model D (possibly of concealed
nature) tends to keep high to very high temperatures (250° to 500°C) at 3 km depth regardless of the mag-
ma chamber conditions. However, the similar reservoir, but covered by a thin cap rock, of Model C can
hardly keep the 3 km depth temperature higher than 250°C, provided that the thickness of the magma
chamber is less than 2 km. The deep reservoir of Model B can hardly keep the 3 km depth temperature
higher than 250°C, provided that the distance between the bottom of the reservoir and the top of the mag-
ma chamber is greater than ca. 1.5 km regardless of the thickness of the magma chamber.

The preliminary inversion analysis revealed that many possibilities exist for hydrothermal-system de-
velopment at depth in actual situations, even if thermal conduction dominates at the shallow levels. These
results will be useful guidelines for exploration and evaluation of deep geothermal resources that will be ex-

ploitation targets in the future.
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Fig.1 Basic model used in this study:
vertical one-dimensional transient ther-
mal conduction model for macroscopic
magma-hydrothermal systems.
This figure is after Shigeno (1999a).
The * indicates that high ‘extended ther-
mal conductivity’ was applied to geother-
mal reservoirs (see the text).
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Fig. 2 Four models of macroscopic magma-hydrothermal systems used in this study.

Models, A, B, C and D were based on the basic model in Fig. 1 and used in systematic forward and preliminary inversion
analyses. For each model, 16 case simulations were conducted by changing the depth of the magma chamber top (3 to 6
km), and the thickness of the magma chamber (1 to 8 km). The * indicates that high ‘extended thermal conductivity’ was
applied to geothermal reservoirs (see the text).
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Fig. 3 Temperature contours of systematic forward simulation results for 16 cases based on Model A.

Refer to Fig. 2 for Model A. Four rows and four columns correspond to depths of the magma chamber top at 3, 4, 5and 6
km, and thicknesses of the magma chamber of 1, 2, 4 and 8 km, respectively. Each small figure shows temperature con-
tours (50°C intervals) on the depth (0 to 8 km) and time after the magma chamber emplacement (0 to 400 ky) plane.
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Fig. 4 Temperature profiles of systematic forward simulation results for 16 cases based on Model A.

Refer to Fig. 2 for Model A. Four rows and four columns correspond to depths of the magma chamber top at 3, 4, 5 and 6
km, and thicknesses of the magma chamber of 1, 2, 4 and 8 km, respectively. Each small figure shows temperature
profiles at 0 ky (solid line), 10 ky (dotted line), 50 ky (+), 100 ky (x), 200 ky (O) and 400 ky (O) after magma cham-
ber emplacement on the depth (0 to 4 km) and temperature (0° to 600°C) plane.
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Fig. 5 Temperature contours of systematic forward simulation results for 16 cases based on Model B.

Refer to Fig. 2 for Model B. See Fig. 3 for explanations.
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Fig. 6 Temperature profiles of systematic forward simulation results for 16 cases based on Model B.
Refer to Fig. 2 for Model B. See Fig. 4 for explanations.
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Fig. 8 Temperature profiles of systematic forward simulation results for
Refer to Fig. 2 for Model C. See Fig. 4 for explanations.
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Four rows and four columns correspond to models A, B, C and D, and the time after magma chamber emplacement of 50,
100, 200 and 400 ky, respectively. Each small figure shows temperature contours (50°C intervals) at 3 km depth on the
depth of the magma chamber top and thickness of the magma chamber plane.
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Fig. 14 Temperature profiles (0 to 4 km depth) of solutions obtained by inversion analysis.

Model types and parameter-value combinations, and temperature profiles of the solutions obtained by inversion analysis
for the conditions (1) in the text are summarized in this figure. The three-digit number after M at the top of each small
figure indicates the model type (1, A; 4, D), depth of the magma chamber top (km), and thickness of the magma chamber
(km) in order. It is followed by time periods after the magma chamber emplacement. Each small figure shows tempera-
ture profiles of the solutions obtained by inversion analysis on the depth (0 to 4 km) and temperature (0° to 600°C) plane.
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Fig. 15 Temperature profiles (0 to 20 km depth) of solutions obtained by inversion analysis.
See Fig. 14 for explanations. Each small figure shows temperature profiles of the solutions obtained by inversion analysis
on the depth (0 to 20 km) and temperature (0° to 1000°C) plane.

— 643 —




woH W & P A #t (20004 Z51% H12F)

M134, 0-400 ky

M144, 0-400 ky

148, 0-400 ky
H T T

Depth, km

20—

0 ‘ 0
<
SN 5
£ : : T € : :
;_10’;4...“}... 7. A4 ;.10\.,.‘...,5 ,,,,,,,, e .
£ N i £ NG~ &
3 | g | :
7] L RN , ........ :, ....... 15 ' ........
.20 i N
0 200 400 600 800 1000
o M434, 0-400 ky

i i
0 200 400 600 800 1000

Depth, km
3 '
Depth, km

20 N S

M452, 0-400 ky

ot S

Depth, km

ABE i Y

200 400 600 800 1000

M454, 0-400 ky

-20

Q 200 400 600 800 1000

0 T

{ . ; Bl ........
£ R\ £ | N £
£ -10f------ TN T e £ 10 : : £ -
& : I : 53 : : g
Q : ﬁ : ; o i 77 o

ABEeee .‘ ...... 3 ........ ’; ....... .‘ 15 J‘ ........ ...................... .

-20 ; : : i -20 ; ; : : -20 : i |

0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Temp.,°C Temp.,°C Temp.,°C

16X HBHTCTHONLBEOETNE - NS A—2EOHARIZOVTOERNT VI s U—Y s VILE ABRE/ 0

7 A VR L (& 0~20 km).

LN OFEEDO M LT 3HO%FE, HICETLE A, A; 4, D), <7/ <BOEFEE (km), </ <EDES (km)
R, ZAARTRERAERE (0~20 km), BEIARE (0°~1000°C) C, <7/ <EEEH 0, 10 ky #35 L U 50~400

ky % (50 ky [Hf@) OBET/ 0T v A VERT.

Fig. 16 Temperature profiles (0 to 20 km depth) changing with time calculated by forward simulations for the model
types and parameter-value combinations of the solutions obtained by inversion analysis.

The three-digit number after M at the top of each small figure indicates the model type (1, A; 4, D), depth of the magma
chamber top (km), and thickness of the magma chamber (km) in order. Each small figure shows temperature profiles at 0
and 10 ky, and 50 to 400 ky (50 ky intervals) after the magma chamber emplacement on the depth (0 to 20 km) and tem-

perature (0° to 1000°C) plane.
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Fig. 17 Summary of preliminary inversion simulation analysis results using two test temperature profile data.

The upper two rows show the inversion analysis summary based on the test data of this study: simulated temperature
profile, from 0 to 2.5 km depth and 400 ky after magma chamber emplacement based on Model A with an assumed 4-km
depth of the magma chamber top, and 8-km thickness of the magma chamber. The lower two rows show the summary
based on another test data: simulated temperature profile, from 0 to 2.5 km depth and 200 ky after magma chamber em-
placement based on Model D with an assumed 6-km depth of the magma chamber top, and 4-km thickness of the magma
chamber. For the each test data, distributions of the solutions are shown in ten small figures arranged in two rows and five
columns corresponding to the two solution models, A and D, and periods after magma chamber emplacement of 0-50, 50—
100, 100200 and 200400 ky, and 0400 ky, respectively. Each small figure shows distributions of the solutions on the
depth of the magma chamber top, and thickness of the magma chamber plane. Solid circles indicate solutions for condition
no. 1 in the text, and the associated numbers correspond to the nine small figures in Figs. 14, 15 and 16, from top to bot-
tom, and left to right, in order. Meshes show distributions of the solutions for condition no. 2 in the text. The three meshes
correspond to the continued periods of the solutions, <30 ky, 30 ky<= <100 ky, and 100 ky<=. The large circle indi-
cates that the thermal profile of the test data is included.
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Fig. 18 Comparisons of the temperature differences between systematic forward analysis results and test data at two
depths.

The upper two rows show the differences of the systematically-simulated temperatures using Model A and the test data at
1 and 2 km depth, and the lower two rows show the same differences using Model D. The test data have high linearity as
shown in Fig. 13. Four columns correspond to the time after magma chamber emplacement of 50, 100, 200 and 400 ky.
Each small figure shows contours of the temperature differences on the depth of the magma chamber top and thickness of

the magma chamber plane. The mesh shows that the temperature difference is in the range of ca. +8%.
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