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Hiroshi Shigeno (2008) Various alteration environments studied through making a rock-alteration
database for geothermal wells, and modeling of six case-study areas in Japan. Bu/l. Geol. Surv. Japan,
vol. 59 (1/2), p.71 - 107, 12 figs, 10 tables.

Abstract: Various alteration environments and their controlling factors have been studied, using ex-
ploration-well alteration data obtained by NEDQO's Geothermal Development Promotion Survey, through
(1) electronic database construction for the purpose of wide advanced utilization of rock alteration
data, and (2) data processing and conceptual modeling of six case study areas.

(1) The alteration data (the depth-mineral distributions) for each of the 271 wells in the reports
of 14 and 21 areas in Kyushu and Honshu, respectively, have been transferred to tables using spread-
sheet software (Microsoft Excel) for the database construction. However, it will take years to make
the database open to public due to the difficulty of data integration, because, in the Geothermal De-
velopment Promotion Survey, the methods and configurations of obtaining and presenting the alter-
ation mineral data have been rather varied area to area (also the data from seventeen areas in Hokkaido
and some other areas have not been edited yet). In this article, the differences of the alterations
among the areas have been discussed preliminarily based on summaries in tables for wells, and in
regional maps for the areas using sixteen mineral species strongly indicative for characteristics of the
alteration environments.

(2) For conceptual modeling of the alteration environments, two high-temperature areas, Asosan-
Hishikari (Kagoshima Pref.), Hongu (Wakayama Pref.), Otaki (Nagano Pref.) and Mogami-Akakura
(Yamagata Pref.) areas have been studied. For each area, detailed typical columnar figures, a parallel
columnar figure, and columnar presentation on a map of the well data (temperature, geology, and
alteration) have been produced using well-logging data processing programs in Digital Geoscience
Map, GT-3 (Geological Survey of Japan, 2007). The results of the conceptual modeling show that
various alteration zones have been developed underground even at the low-temperature areas, be-
cause of various causes including characteristics and distributions of heat sources and hydrothermal
systems, inhomogeneous fluid flow structures due to distributions of topography, fracture systems
and lithology, and chemical differentiation due to liquid-gas separation, and others. Rock alteration
survey could be one of the powerful methods for understanding subsurface environments of non-
volcanic areas.

The above study has been conducted as a part of the Study on Assessment Methods for Thermal
and Hydrothermal Effects (FY 2003-2005) concerning geologic storage of nuclear wastes (HLW). In
surveying potential storage areas, rock alteration survey is important for the purpose of understanding
and assessing the past-present-future thermal and hydrothermal environments, and the above results
could be effectively utilized as one of the basic information. Also, information on rock alterations is
very important for various subjects in geoscience and engineering fields, i.e. resources development,
environmental protection, hazard mitigation, underground space utilization, and others. Hence, fu-
ture construction of electronic database integrating not only hydrothermal alterations, but also ther-
mal, diagenetic, weathering, and other alterations, as one of the fundamental earth-science informa-
tion, and its easy, wide and advanced applications will be expected.

Keywords: alteration, geothermal, well, database, integrated map presentation, Geothermal Development
Promotion Survey
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Fig. 1 Outline of various origins and distributions of rock alter ations
(especially of hydrothermal alterations).
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List of reports of NEDO's Geothermal Development

Promotion Survey used in this study.
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Table 2

List of characteristic alteration minerals (sixteen species in Table 4) reported by well sample analysis

in NEDO's Geothermal Development Promotion Survey (Kyushu District, 14 areas) (temporal version, 1/2)
(data are after corresponding survey-area reports in Table 1; abundance of minerals is temporally classified

into five levels).
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Table 2 Continued (temporal version, 2/2).

|

[ 1) I — 15 Bm ZH LWCESKCDGAKAPDS Z
ﬁ#ﬂi“ﬁmﬂﬁmﬁt#ﬁ FRE BE O#f aahpefaoynalyiuu
&S (m) (°C) % uil irellphouralmn
56 7B, LMPaap fcks |87-88 N62-FS—1 | 1,000 65 25 | |4 3 4 |4 | | |3
57_ IN62-FS-2 | 1,000 42 25/ | |4 4 4 | | |2
58 IN63-FS-3 | 1,500 82 38 | (4 (3 4 | | 3
59 IN63-FS-4 | 1300 63 34 | 3 |3 4 |
60, T-1 400 26/ 18 | 4 4 3 3|
61 _ _ T-2 400 36 18 | 4 4 4
62 T-3 400 45 18 3 138 |5
63 2N BR & 87-89 N62-HK-1 | 1,000 73| 26 | |3 .3 |4 ]
64/ _ _ IN62-HK-2 | 10000 99 27 | (5 3 5 '5
65 IN63-HK-3 | 1,000 67, 30 5 4 5 [2]
66 IN63-HK-4 | 1500 114 44 = 5 4 |5 |4 |5
67 N63-HK-5 1200 102] 375 4 |4/ 55 4
68 N-HK-6 | 1500 118] 34 2 4  4]4|4
69 INIFHK-7 | 1500 107, 33 @ 4 455
70| HK-T-1 400 42 26 5
n HK-T-2 400 30/ 20 | | | | ||| ]
HK-T-3 400 50 245 4 3 4 3
?3 ELN Eﬁ_sz -05/N4-ST-1_ | 2,000/ 201 1422/ 2/1 |1 3] | 3.1 2 |
74 INa-ST-2 | 2,000] 203 122/ 1/1/1/1[1] |2| [2[2] [2[1] |2
?5 _ IN5-ST-3 | 1,200/ 195/ 89 1 1/1 1 I
N7-ST-6__ 1,400 216 43 1 1 2.1
17%5 E3 E B 93-94|N55-KT—1 | 1,500] 191] 75(2] |11 | 12 | [1] [1]
IN55-KT-2 | 1,200 88 60 | |1 [2] [ [1]2
19_ IN55-KT-3 | 1,200 87 60 | 1]
80 IN55-KT-4 | 1,320 185 66/ 2 |1 2] | 3]
81 IN55-KT-5 | 1,200/ 282 60 |2/ 1 1 1 | 2|
82 INS55-KT-6 500/ 208  0- - - - |- - - -|-[-[-]-]-]-]--
83 IN56-KT-7 | 1,000 217, 50/2 (1| (1| |2| | | | | |
84 N56-KT-8 | 1,000 298 51 2/ 1 1| |1 | 1.3/12 2
85 Ak ﬂss -02/N12-SZ-1 | 1,500, 286, 30 12/ 1, 21 |1 | 2/ 1 |
86 IN12-SZ-2 | 2080 261 30| |11 (1 1| | |2[1]1]
87 IN12-SZ-3 | 1,800 229 26| |11 (1| |1 | [1] | |
88 _ IN12-SZ-4 | 2000] 252 40| | [1| [1] [1] | [2[ [1]
IN13-S7-5_ 1,800 243 36 1.1 1 1 1
90 St A | EEE 83-84/N58-ID-1 | 1,500, 116 75 |3/ 4 3 3 3 255 5 4 4
IN58-ID-2 1,000 44 46| | (3/3323 | | | | | ||
92, IN58-ID-3 1500 147 77/3/3/3] (4 3] (254 4 4 |
93 IN58-ID-4 1000 79 50| | 3] [3/33 | | | | | ||
94, ‘ ‘ IN59-ID-5 1,700 141 88 | |43 433355544 3
95 IN59-ID-6 1,500 123 50 3] 4] [3] [3[5/4[5 [3
96tz BB 97-99N10-TD-1 | 1,700 135 41 | |1, 1.1 |2 1.1 2 1
97, IN11-TD-2 2000 217 42| 11 1 111 |12
98 N11-TD-3 1,800 176, 39 INENERE

WA EBT T — 2= 2DAMLOER T, &
ROBEFIZONTDTF = A DHF = v 7 BB EE
D, I R X (o WA AR Rl 5 I I
P Eo2iioME S SEO EIRIZ DO W TIE K X 597
h%#ET 280 TH D, B 2B TH %O
AR TH S,

3. EAGSEARERAE (JUN - AM) IS H T B BIRED
RIS ki

3.1 EEMAERYEEHRE

b U=k 5, BB EEREOHIHLE T —
ADTF =24 X=2{LI2Oo0TiE, HIRTIE AN
THEZIRBUTIZE L TeWy, 20728, T2 Tl

W YOFEBAL L L2zfimg b L2, Lid2003 ~
2004 £ OHLD £ L (KEF, 2004b, 2005a) 125D
WTHTORZEE LTHITT 5.

(1) 2k (1) ~ (2) &%3%& (1) ~ (3) DKL
R 53 120, U (2003$ WVER) & AN 5
(2004 4F-JEPR) 125503 C, 7 — & X — 2{L L 7= Hhigk &
HiHko—EERERT.

(2) /AR, FRICERBKRIZK T 2 2R ALE
BRE GRE - 1L%) 28R T 2 B S 16FHOZEE
S A BT, 2O~ M)y AkERLE, Z
i, UTo (3) - (4) ONHlEBE28DTH .

(3) kb L =52& (uINHTT) L553% (A TT)
D &AME 12, RiT (2) OFFEN & 16 §RfE 12 D
W, i mo MBEOFR - FERN LB O—E



W AE 7 — 54 X — 2R L BleHIRE 7 AL — 2B BRI RGT (K8F)

3%  NEDOMFAGHEMMER L (AINHTT, 213bik) OHUFFHAZE 01 & 2 R8s (4%,
1676) OMIER (BER, 1/3) (F— 23S RoMmES B1R) 12Xk, SHOHFMEEL

BRI 5 BEREIX o)) .
Table 3

List of characteristic alteration minerals (sixteen species in Table 4) reported by well sample analysis in NEDO's

Geothermal Development Promotion Survey (Honshu District, 21 areas) (temporal version, 1/3) (data are
after corresponding survey-area reports in Table 1; abundance of minerals is temporally classified into five

levels).

o) T — 115# BB ZTH LWCESKCDGAKAPDS Z

ﬁ#mﬁm"ﬁ!ﬂmﬁ FE BE S aahpefaoynalyiuu

(m) (°c) % u il irellphouraln

1Tt #3i%F |83-84 N58-SK-1 1,500, 205 52 | |3 |3-44 |14 | |
2 IN58-SK-2 | 1494 112, 74, 4| |3 |3-3 4 | |3 |3
3 | _ IN58-SK-3 | 1,0000 89 52| | |2/ |3- |4 |44 |3
4 | _ IN58-SK-4 | 1,500 149 82/3| |4 | 4- 44| [4/3 |1
5 IN59-SK-5 | 1,200/ 121 58 2] |3 | 2-3 | | |
6 _ IN59-SK-6 | 1,700 220 42/4/4/3 [2/- 55 |s5/4 | | ||
7 N59-SK-7 | 400 121 0= = === - === |- == == ==
8 /\FRE7aap Wik |89-91 NI-HD-1__ 1.001| 106 45 | |3 3-8 5 | | |
9 _ . INI-HD-2 | 1,003] 111, 55 | |3 |a-|2/4 | | |
10, | _ IN\-HD-3 | 1,002] 126, 55/2 |4 3-|5 | | | |
1 _ . IN2-HD-4 | 1,003 122, 52| | |3 3-|s5/5 | |4
12| _ . N2-HD-5 1,501 176 79/4 4 3- 54 |5 3
13 | _ IN2-HD-6 | 1564 236 85/3 |53 3-|5/4 | |4
14 | _ IN3-HD-7 | 1,501, 193] 512 |3 2- 53 |4 | |
15 N3-HD-8 | 1,503| 220 39/2] 33 2-/33 2|2
16 758 [®7 |81-82N56-OU-1 | 500 57, 34| | (3| 2- 4 3
17, _ _ IN56-OU-2 | 500 52 26/ | | | | |-|2/4 | |
18| _ . 'N56-OU-3 | 1,200, 141 64/ 3 3 1/ 3-.3 | 1
19 . . IN56-OU-4 | 700, 149 37 4 2 13- 4 | | |

20| [ _ IN56-OU-5 | 1500 167 82/3 |3 2 2- 4 | |3
21 | _ IN57-0U-6 | 1,200 98 63/2/4 2 2 2- 4 |21
22 | . N57-OU-7 1,000 91 562 22 2-2 | |3
23 | _ IN57-OU-8 | 1,500, 167] 533/ 1 3/1 3-|4
24 N57-OU-9 1,000/ 144 303 31 2- 3
25 Bt EF 94-95N7-AR-1_ 1,781| 203 39 3 3 4 3 3- |3 [3[2] [ |4
26 N7-AR-2 | 1,738] 286 39/3/1.3 3 2- 3| 2
27\ WM&k =¥ |80-81 N55-HT-1 | 800 186, 40 |3/ 4 4- 2 | |3 4 3 3|
28 | _ IN55-HT-2 | 1,200 213 61 5 4 4 3/ 4- 3| 1
29 . IN§5-HT-3 | 1,500 218 68 |4 3 | a-.2 | | 3
30 | _ 'NS5-HT-4 | 1,350, 152 67| 4.4 | 5- 3 |4
31 | _ 'N55-HT-5 | 500 93 26/ 3 | 2-|1] ]
a2 . INS5-HT-6 | 1,000 135 50 4/4 4 |3- 3 2 [ 2|
33 | _ IN56-HT-7 | 700 121] 14 2/2 3] [1/-|4
34 I _ IN56-HT-8 | 400 86 11,2 3 | 1- 4
35 N56-HT-9 | 1,000/ 144 234 4 [1- 4
36 EFIUAE BF 89-01 NI-IT-1__| 1,004 135 47 | 2 |1-.1.4.1 4
37 | _ IN1-IT-2 | 1003 223 50/ | |2 | 1-|3/5/14 2
38| | _ IN1-IT-3 [ 1,005 114] 48] | [1] | [-1al2] | [1
39 [ _ IN2-IT-4 | 1202] 180, 58 | |2 |2/- 4/31 | |
40 | _ IN2-IT-5 1,202 284 58 | |3 |3/- 4 25313
41 | _ IN2-IT-6 | 1,203 125 58/ (4 4 |1- 4/3 |3

42 . IN3-IT-7 | 1,505 301 47 |4 3 |2- 44 |5
43 N3-IT-8 | 1705/ 317 61 1 4 | 3- 34 |52
44 MfOMMAh FAE | 88-00/N63-TZ-1 | 1,002] 91, 28 3 4] |4- 2|

45 IN63-TZ-2 | 1,002] 95 25 | 4 1 4-4 1
46 IN63-TZ-3 | 1,002] 63 25 | |4/ 1[1-]2 | | ||
47 IN1-TZ-4 | 1502 289 36/1/1 4 | 2-5/3 | |3
48 IN1-TZ-5 | 1,601 144 73] 11]/3| |3|-[4/4] | |2|

49 IN1-TZ-6 | 1,501 129 74 2/2/5 3/ 3- 4 3 3/ 4 1
50, | | IN2-Tz-7 [1501] 147] 26[1 [3] |al-[1] | |3
51 N2-TZ-8 | 1,501, 141| 14 1/1/3| (3~ 2
52 B EF 84-86/N59-YD-1 | 1,000 95 50 | |3 | 1-.3 | |4
53, IN59-YD-2 | 1,500 159] 77.2 |1/1/1- 3 | |3
54 | _ IN60-YD-3 | 1,500 134 37 4 4 43- 4 | 4
55 _ _ IN60-YD-4 | 1,000/ 81 25 4| 4 4 4-4 | | |

56/ _ | IN60-YD-5 | 1,500 137 39 4| 4 4/3-142 |4

57| IN61-YD-6 | 1,500, 121| 37/4| [3/3 2- 4 | |4

58| T-1 400 44 20 | 1] [1-

59, T-2 400 39 20 | |2 2/1-

60 T-3 400 50 19 1 1=
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WEARADIHGS 2008 4F 598 H1/2%

F3k OO (EE, 2/3).

Table 3 Continued (temporal version, 2/3).

o) S BE ik B® ZTH LWCESKCDGAKAPDS Z
ﬁ#ﬂm%m;,*&ﬁ#ﬁ FE BE S aahpefaoynalyiuu
(m) (°c) BB u il irellphouraln
61 |PKE  86-88|N61-MS-1 | 1,000 77| 24 4[3/3[1/1-4 | | | | | | | |
62 [ IN61-MS-2 | 1,200 160 31/ 3/1/3 | 1- 3
63 [N62-mS-3 [1,500] 268] 39(4|2[1] [1]-]a] | [ [ [ [ 1 1]
64/ |N62-MS-4 | 1,000 207, 26 2221 1- 2
65 |IN62-MS-5 | 1500 187 38/4/2/2/2 1- 4 | | | | | | ||
66 |N63-MS-6 | 1,500 290, 13/2/1/2/2/1- 2 | | | |
67, |N63-MS-7 | 1,500 194, 38 2/2/2/3 2- 4 | [2/2 | | |
68 |N63-MS-8 | 700] 136] O-[-[-[-[-|-I-|-|-]=-]-]-|-I-]-1]-
69 -1 | 400] 37 18] [2(a3] [ [-12[ | [ ||
70| . T-2 | 400] 28] 18[4|3[3] [1]-]4] | [ [ [ [ 1 1]
7 T-3 400 74 19122 1- 4
72 SREERS | PAE  82-83N57-YO-1 | 1,000, 92 41 2 |2 1-. 4 | | |
73] . IN57-YO-2 | 1,500 228 62 2 |31 2- 2 [
74| IN57-YO-3 | 1,200 274 64 3|2/ 4/1 2- 4 |4/ 2/2 | | | |
75 [NS§7-Yo—4 [1000] 196] 41| | [4[2[2-|2[ | [3]2] | | [ |
76 IN57-YO-5 | 1,030, 193] 47 2| [4[1/2- 43| | |2 | | | |
77 [NS7-YO-6 | 350) 75| O-|—-|-|-I-|~|-|-|-|=|[-|-|-]-|-|-
78 |N58-YO-7 | 1,800 291 44 4/3/3/2 |- 4 | | |
79 [ [N58-YO-8 | 1,500 122] 35/3| (3] [2/-|4] | [ [2] | | [ ]
80 N58-YO-9 =~ 500 108 o= |- |=|=]=]=]=]=|= =l=l=1=1=1=1]=
81 B.Esr@m |ILW 87-88 N62-MA-1 | 1,002 61, 26 | 4 . 2- | | | | | | | |
82 | [N62-MA-2 [1002] 47 23] | [3] [2-] [ [ [ [ T 11 []
83 IN63-MA-3 | 1,501 97 34/4 4 23- | | |21 | ||
84, IN63-MA-4 | 1,304 76] 33| | [4/3/2-/3 | [4 | | | [ ]
85 T-1 | 403] 31| 18] | |4 [al-]2| 1
86 | [T-2 | 4021 45 18 | |4 13-/1 | | ||} |||
87 T-3 403 45 18 5 l4-1
88 JETCRMLAD LUFZ  88-89N63-OB-1 | 1,003 110, 24 | |3 2- .43 1 1 | | | |
89 | IN1-0B-2 | 1,703 142 84/1| |4/ 1 3-5 (554 | | | |
90, [N1-0B-3 [1360] 97 &7[1] [s] [Ss-[s] [1]3] | [ | [ ]
91/ loB-T-1 | 402] 38 5] | (2] [ =13 [ [ [ [ [ [ [
92, |oB-T-2 | 402 39 19 | |3 [2-/3 | | [ | || | |
93, [oB-T-3 | 402] 39] 19[1]2[a] [1[-[3[ [ [ | [ | [ ]
94 joB-T-4 | 401 40 9] | [t [1f-la [ [T T [ [ [1]
95 [OB-T-5 | 402] 44| 18| | |1 |1-14 |2 | | | | | |
96, | loB-T-6 | 402] 38 19| | [2] [1[-|4] [2[ | | [ | |
97 0B-T-7 402 44 16 1 [1-14
98 BALLJI o IUFZ  80-81 N55-DZ-1 | 1,500 134, 75 | |4, 2 3- 4 4 4 2 | | | |
99 | IN55-DZ-2 | 1,200 130, 602 |4 3-2/4 | | ||
100 |N55-DZ-3 | 1,000 110] 50| | |4 |3-[4/4 | | | [ [ [ ]
101/ IN55-DZ-4 (1000 94 50| | [3] [3-[4[4 [ [ [ [ |11
102 | IN55-DZ-5 | 1600 187] 8o | [4] [3-]4[3] [ [ | [ | |
103 N56-DZ-6 | 1,800 248 44 2| (31 2- 431 4
104 ZEILEP LU |83-84|N58-AZ-1 | 1,502 164 98 | |3 3 3-.4 | | | | | | | |
105 | IN68-AZ-2 [1,303] 182] 59(2 [4f [3[-[4] [ | [ [ [ []
106 IN58-AZ-3 | 1004 73] 55 [3/3/13-/4 (43 | | [ ||
107| IN58-AZ-4 | 603 67| 31| | [31.2-]2 | [ [ [
108 |N69-AZ-5 [1,150] 160] of-|-|-[-|-[-|-|--|-I-]-|-]-]-I-
109 IN59-AZ-6 | 1473 185 50/3/2(3/3/3-[3 | | | | [ [ ]
110 [N59-AZ-7 [1,289] 263] 73| [2[2[2[2]-[3] | | |2 | | ||
11 T | 400 94 ) B e N O O I
12 T-2 | 400 54 8 =11 EIHEEN
13 T-3 | 400, 51 ) 6 e < I I I
114 T-4 | 400] 49 8] [ [ [9f=[a [ | [a] [ |
115 T-5 400 34 8 1| [1]=11
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Table 3 Continued (temporal version, 3/3).

o) fe— i3 B® K LWCESKCDGAKAPDS Z

ﬁ#m&%iﬁnﬁaﬂt#ﬁ HE BE S aahpefaoynalyiuu
(m) (°C) % u il irel |l phouraln

116 &t 788 86-88N61-IN-1 | 1000 167 28 | |3] |2-.4 | | | | | | | |

17, . IN61-IN-2 | 1,000 132] 32 | |2| 1-.4 | 42 | 2

18, IN62-IN-3 | 1500] 227| 422 |2 [2- 4 | | 1

19 IN62-IN-4 | 1,300 179] 46 | |4 4- 4 |2 4

120 IN62-IN-5 | 1,000 124] 37 | |4 [4- 4 [12 | [ ||

121, [N63-IN-6 | 1500, 206] 12]2 |4 [2-12 | [ [ [ | 111

122 IN63-IN-7 | 1500 182] 14/3] (2 3a-.4/ | | | || |

123 T-1 400 45| 21| | [a 2=l [ [ I [ [ 111

124 _ | T2 400, 61 21 | |4 |3~ 4 1

125 T-3 400 41 21 2| [2]-[2

126 BE® | [82-83|N57-OA—1 | 1005 136 40 | |4 3-14 | | |1 | | | |

127 _ _ IN57-0A-2 | 1,004 104] 48 | [4] [3- 4.4 | [1| | | ||

128, IN57-OA-3 | 1500 156/ 72| | 4 4- 4.3 | |3

129 IN57-OA-4 | 1,305 267, 52 | |4 4-| 4 | |4 | | ||

130 IN57-OA-5 | 1,007, 121 45 | 4 | 4- | | | 1 1 ]

131] IN58-OA-6 | 1500 286/ 25| | 3 | 3-.3 | |4

132, IN58-0A-7 | 1,005 202 25 | |3 |2-32 |42 | | ||

133 T-1 200 56, 7 EESIEEEEEREE

134 [T-2 400 55 7] | ||| =1 T[]

135 -3 380 47| 7] | 2| | [=12[4a | I3 | | ||

136 [T-4 450 51 7| | (1] [11=] [ | [ | 2

137, _ -5 430 q08] 7| | 2l [2l=1 [al [ T2 |1 [

138 T-6 360 60 74 1 [1- 4

139 RAHE | [94-95/N6-SR-1__| 2000, 245 34 3 |3 |1- 3 13

140 N6-SR-2 | 1,800 194 433 (3| |3- 3 3

141\ % | ®m |89-91 NI-HJ-1 | 1000 57, 49 | |1, | - 4 |1 | | | | | |

142 _ _ [N1-HJ-2 |1300] 157 es|1] (3| | - a3 [ (1 | |||

143 INT=HJ=3__ | 1,000] e8] 50 | [1] | =118 [ | | [ [ ||

144 IN2-HJ-4 | 1500 182 71| (13 [a- | |4/5443 |

145 N2-HJ-5 | 511 251 23 4/3 | - 3 | 334 |

146 IN2-HJ-6 1000 81 s0/ | 1 | -4 | [s [ | ||

147 _ _ IN3-HJ-7 | 1,500/ 317 74 4. 3/3/1- 4 1.3 |2

148 N3-HJ-8 | 1200 305 653 3 3 3-.5 (1.5

149 )11 [$im- 94-96 HM-T-1 906) 121) 30 | |5 |4-.54 13 | | | ||

150 EF HM-T-2 805] 74| 30| | (4 |3-[a [ | | [ [ [ ||

151 [HM-T-3 | 603| 104 20/ | |3 [al-|s5/5 | s | | ||

152| INs-HM-1_ [ 15537] 171, 9 | [4 [1-[3[1 [ [ [ [ 111

153 N8-HM-2 | 807 102 8 al [3l-14[3 1

154 £ K% |85-86/N60-OT-1 | 1,293 64 30/2| |2 3-4 | | | | | | | |

155/ IN60-OT-2 | 1,203 48] 32 | |3 2- 4 |

156, IN61-OT-3 | 1,203 55/ 32 | 4 3-[3 1

157 IN61-OT-4 | 1,003] 51| 26 | (3 3-|2 | | | | | | ||

158, IN61-OT-5 | 502 21, 13 | |3 ' 2- 2 2

159, T-1 402 24| 212 [2] [2-]2]

160, IT-2 400 20 19| | |2[ [21-[2[1 [ [ [ [ [ []

161 T-3 401 21| 19 2| [2]-[2

162 A5 F0%k0 91-92/NA-HG—1__| 1,002 57 51, | |3 4-4 | |13

163 _ _ IN4-HG-2 | 1,002] 105 54 4 3 3-5 | | 3 | | | |

164, |HG-T-1 401 24/ 25 | 3] [3-|4

165 |HG-T-2 401 45 1) | 13| |3-14 | | L]

166 [HG-T-3 402 65 20| | (a3l [3]-|a[ [ [ [ | [ [

167, |HG-T-4 201 28] 0] | (a3l [a=[3[ [ [ [ [ [ | []

168/ |HG-T-5 201] 22| 10| | [3] [3=[a [ [ [ [ [ [

169, |HG-T-6 202] 23] 1] | (3] [a]=13[ [ [ [ [ [ [ |

170 |HG=T=7__ | 202] 25 10| | [3| [3=[3] [ [ [ [ [ [ [

171 |HG-T-8 202 200 11 | |4 [sl=18] [ [ [ T [ [ 1

172, |HG-T-9 203 20, 10| | 3 3- 5

173 HG-T-10 | 201, 17 10 4 [3]-13
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AR R & ERAUKE B O R (168, FERBREICL S~ M) v o 2 L),

Table 4  List of characteristic alteration minerals for high-temperature hydrothermal (geothermal) environments

(sixteen species; matrix arrangement for the formation environments).
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Fig.3(1) Summary map of major minerals reported by well

alteration survey in NEDO's Geothermal Development
Promotion Survey for fourteen areas in the Kyushu
District (temporal version). Refer to Table 4 for the
alteration minerals in the legend. The number of
squares of each area corresponds to the highest well
temperature there (the number increases one every 50
°C beginning from one for 50 °C>). Background geologic
map is based on GSJ (1995).
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Summary map of major minerals reported by well
alteration survey in NEDO's Geothermal Development
Promotion Survey for four areas in the Kinki, Chubu
and Kanto Districts (temporal version). Refer to Table
4 for the alteration minerals in the legend. The number of
squares of each area corresponds to the highest well
temperature there (the number increases one every
50 °C beginning from one for 50 °C >). Background
geologic map is based on GSJ (1995).
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Fig.3(3) Summary map of major minerals reported by well

alteration survey in NEDO's Geothermal Development
Promotion Survey for seventeen areas in the Tohoku
District (temporal version). Refer to Table 4 for the
alteration minerals in the legend. The number of squares
of each area corresponds to the highest well temperature
there (the number increases one every 50 °C beginning
from one for 50 °C >). Background geologic map is
based on GSJ (1995).
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Index map for the Asosan-Seibu, Hachijojima, Hishikari,
Hongu, Otaki and Mogami-Akakura areas of NEDO's
Geothermal Development Promotion Survey. Distribution
of Quaternary volcanoes (GSJ, 2000a) is also shown on
the map.
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Reference list to the figures and tables showing the results
of data processing and analysis for the six case study areas.
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Regional outlines of the Asosan-Seibu area. This
figure shows earth-sciences information in and
around the area (Fig. 5 (4)). The top, middle and
bottom parts show topography (elevation-sea bottom
depth, m) and hot-springs (temperature (°C) and
pH), geology and Quaternary volcanoes (solid
square), and Bouguer gravity anomaly (mGal) and
thermal gradient (°C/km), respectively (GSJ,
2000a, 2000b, 2004, 2005, 2007). Refer to GSJ
(1995) for legend of geology.
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Examples of single well logging and column data (temperature,
geology and alteration) for the Asosan-Seibu area. See Fig. 5 (3)
and (4) for the logging and column data of other wells. Refer to
NEDO (1995) for the well data, and GSJ (2007) for the drawing
software. Refer to Tables 8 and 9 for the geologic units and alteration
minerals.
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Fig. 5 (3) Compressed parallel display of well logging and column data for the Asosan-Seibu area. The wells are shown west to east (left to
right; refer to Fig. 5 (4)). Refer to NEDO (1995) for the well data, and GSJ (2007) for the drawing software.
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Fig. 5 (4) Integrated map of well logging and column data for the Asosan-Seibu area. Refer to Fig. 5 (1) for the outline of the area, and Fig.
5 (3) and main text for details.
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Regional outlines of the Hachijojima area. This
figure shows earth-sciences information in and
around the area (Fig. 6 (4)). The top, middle and
bottom parts show topography (elevation-sea bottom
depth, m) and hot-springs (temperature, (°C) and
pH), geology and Quaternary volcanoes (solid
square), and Bouguer gravity anomaly (mGal) and
thermal gradient (°C/km), respectively (GSJ,
2000a, 2000b, 2004, 2005, 2007). Refer to GSJ
(1995) for legend of geology.
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Fig. 6 (2) Examples of single well logging and column data (temperature,

geology and alteration) for the Hachijojima area. See Fig. 6 (3)
and (4) for the logging and column data of other wells. Refer to
NEDO (1993) for the well data, and GSJ (2007) for the drawing
software. Refer to Tables 8 and 9 for the geologic units and
alteration minerals.
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Fig. 6 (3) Compressed parallel display of well logging and column data for the Hachijojima area. The wells are shown west to east (left to
right; refer to Fig. 6 (4)). Refer to NEDO (1993) for the well data, and GSJ (2007) for the drawing software. Deficit temperature
data of the well HJ-8 are shown with 0 °C.
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Fig. 6 (4) Integrated map of well logging and column data for the Hachijojima area. Refer to Fig. 6 (1) for the outline of the area, and Fig. 6
(3) and main text for details.
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Fig. 7 (2) Examples of single well logging and column data (temperature,

geology and alteration) for the Hishikari area. See Fig. 7 (3) and
(4) for the logging and column data of other wells. Refer to NEDO
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Fig. 7(3) Compressed parallel display of well logging and column data for the Hishikari area. The wells are shown west to east (left to right)

for the northern and southern parts of the area (refer to Fig. 7 (4)). Refer to NEDO (1991) for the well data, and GSJ (2007) for the
drawing software.
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Fig. 7 (4) Integrated map of well logging and column data for the Hishikari area. Refer to Fig. 7 (1) for the outline of the area, and Fig. 7 (3)
and main text for details.
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Regional outlines of the Hongu area. This figure
shows earth-sciences information in and around the
area (Fig. 8 (4)). The top, middle and bottom parts
show topography (elevation-sea bottom depth, m)
and hot-springs (temperature, (°C) and pH), geology
and Quaternary volcanoes (solid square), and
Bouguer gravity anomaly (mGal) and thermal gradient
(°C/km), respectively (GSJ, 2000a, 2000b, 2004,
2005,2007). Referto GSJ (1995) for legend of geology.
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Examples of single well logging and column data (temperature,
geology and alteration) for the Hongu area. See Fig. 8 (3) and
(4) for the logging and column data of other wells. Refer to
NEDO (1994) for the well data, and GSJ (2007) for the drawing
software. Refer to Tables 8 and 9 for the geologic units and
alteration minerals.
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Fig. 8 (3) Compressed parallel display of well logging and column data for the Hongu area. The wells are shown west to east (left to right; refer

481X (4)

to Fig. 8 (4)). Refer to NEDO (1994) for the well data, and GSJ (2007) for the drawing software.
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Fig. 8 (4) Integrated map of well logging and column data for the Hongu area. Refer to Fig. 8 (1) for the outline of the area, and Fig. 8 (3) and

main text for details.
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Regional outlines of the Otaki area. This figure
shows earth-sciences information in and around the
area (Fig. 9 (4)). The top, middle and bottom parts
show topography (elevation-sea bottom depth, m)
and hot-springs (temperature, (°C) and pH), geology
and Quaternary volcanoes (solid square), and
Bouguer gravity anomaly (mGal) and thermal gradient
(°C/km), respectively (GSJ, 2000a, 2000b, 2004,
2005, 2007). Refer to GSJ (1995) for legend of geology.
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Examples of single well logging and column data (temperature,
geology and alteration) for the Otaki area. See Fig. 9 (3) and (4)
for the logging and column data of other wells. Refer to NEDO
(1988) for the well data, and GSJ (2007) for the drawing software.
Refer to Tables 8 and 9 for the geologic units and alteration minerals.
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Fig. 9 (3) Compressed parallel display of well logging and column data for the Otaki area. The wells are shown west to east (left to right; refer
to Fig. 9 (4)). Refer to NEDO (1988) for the well data, and GSJ (2007) for the drawing software.
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Fig. 9 (4) Integrated map of well logging and column data for the Otaki area. Refer to Fig. 9 (1) for the outline of the area, and Fig. 9 (3) and
main text for details.
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Regional outlines of the Mogami-Akakura area.
This figure shows earth-sciences information in
and around the area (Fig. 10 (4)). The top, middle
and bottom parts show topography (elevation-sea
bottom depth, m) and hot-springs (temperature,
(°C) and pH), geology and Quaternary volcanoes
(solid square), and Bouguer gravity anomaly
(mGal) and thermal gradient (°C/km), respectively
(GS1J, 2000a, 2000b, 2004, 2005, 2007). Refer to
GSJ (1995) for legend of geology.
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Fig. 10 (2) Examples of single well logging and column data (temperature,

geology and alteration) for the Mogami-Akakura area. See Fig.
10 (3) and (4) for the logging and column data of other wells.
Refer to NEDO (1990) for the well data, and GSJ (2007) for the
drawing software. Refer to Tables 8 and 9 for the geologic units
and alteration minerals.
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Fig. 10 (3) Compressed parallel display of well logging and column data for the Mogami-Akakura area. The wells are shown north to south
(left to right; refer to Fig. 10 (4)). Refer to NEDO (1990) for the well data, and GSJ (2007) for the drawing software.
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Fig. 10 (4) Integrated map of well logging and column data for the Mogami-Akakura area. Refer to Fig. 10 (1) for the outline of the area, and
Fig. 10 (3) and main text for details.
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Table 6 Outlines of the Asosan-Seibu, Hachijojima, Hishikari, Hongu, Otaki and Mogami-Akakura areas of NEDO's Geothermal
Development Promotion Survey (data are after NEDO).
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Table 7 List of survey-well information for the Asosan-Seibu,
Hachijojima, Hishikari, Hongu, Otaki and Mogami-Akakura
areas of NEDO's Geothermal Development Promotion
Survey (data are after NEDO (1995, 1993, 1991, 1994,
1988, 1990); Tokyo Datum is used).

;8 O#HE HE aE ®o @M NEER P R s
(WE) (degE) (degN) #M% HE HAE ST AX JH ST #O)
m) m) (€)W () (m)

(1) FIELTE e (ERAS00 muzmmmﬂm

1 N3-AS-1 1310225 328689 5200 10000 773 120 773 1000 120 0
2 N3-AS-2 1310242 328547 4750 12000 1083 120 1083 1200 120 o
3 N3-AS-3 1310236 328767 6200 18000 1540 120 1540 1800 120 o
4 N4-AS-4 1309928 328475 4450 12000 857 120 857 1200 120 0
5 N4-AS-5 1309486 328678 1850 12000 778 120 778 1200 120 o
6 N5-AS-6 1310333 328692 7090 17000 1914 120 1914 1700 120 1
7 N5-AS-7 1310314 328639 6300 17000 1976 120 1876 1700 120 1
(2) J\SL i isk
1 NI-HJ-1  139.7836 331153 1210 10000 562 120 562 1000 120 ]
2 NI-HJ-2 1397936 330725 1100 13000 1478 120 1479 1200 120 ]
3 NI-HJ-3 1398533 330864 1500 10030 688 120 GBS 1003 120 1]
4 N2-HJ-4  139.8242 330839 567.2 15000 1816 120 1816 1500 120 ]
5N2-HJ-5 1398158 330714 2188 5109 2500 120 2508 520 120 0
6 N2-HJ-6 1398411 330733 1783 10000 813 120 @813 1000 120 [}
7 N3-HJ-7 1398111 330736 257.0 15000 2093 120 3166 1200 120 o
8 N3-HJ-8  139.8061 330689 1614 12000 2638 120 2980 1200 120 o
(OF 3005
1 HK-T-1 1306908 320550 3180 4000 421 721 421 400 721 1]
2 HK-T-2 1306686 320378 2360 4000 295 720 295 400 720 0
3 HK-T-3 1306911 319908 2370 4000 493 724 497 320 724 0
4 N62-HK-1 1306683 320181 1970 10015 730 120 730 1000 120 0
5 N62-HK-2 1307031 320081 2950 10020 990 409 990 1000 408 ]
6 N63-HK-3 1306897 320208 3550 10015 670 120 670 1000 120 ]
7 N63-HK-4 1307138 320022 4500 15016 1136 120 1136 1500 120 ]
B N63-HK-5 1306836 319939 2400 12010 952 120 9894 220 120 ]
9 NI-HK-6 1307181 320075 4700 15015 1182 120 1182 1500 120 1
10 N1-HK-7 1306833 319978 2280 15026 1063 120 1063 1500 120 ]
(@) X EHhE
1 HG-T-1 1357272 338144 1450 4000 236 720 236 400 720 /]
2 HG-T-2 135.7450 338497 2350 4000 451 720 451 400 720 0
3 HG-T-3 1357658 338381 650 4000 648 720 648 400 T20 o
4 HG-T-4 1357372 338375 1650 2000 256 720 256 200 720 o
5 HG-T-§ 1357161 338528 2600 2000 222 720 222 00 720 o
6 HG-T-6 1357225 338708 1550 2000 228 720 228 200 720 o
7 HG-T-7 1357733 338644 850 2000 250 120 250 200 120 o
8 HG-T-8 1357911 338806 2350 2000 203 720 203 200 720 1]
9 HG-T-8 1357925 338542 2550 2000 187 720 197 200 720 ']
10 HG-T-10 1357950 337989 1200 2000 168 720 169 200 720 V]
11 N4-HG-1 1357819 338250 650 10020 565 120 565 1002 120 1]
12 N4-HG-2 1357514 338497 1300 10020 1048 120 1048 1002 120 o
(5) il
107-T-1 1374644 358314 14250 4015 243 734 243 401 734 0
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307-T-3 137.5331 358086 10150 4011 209 786 208 401 786 1]
4 N60-OT-1 1374606 358497 16500 12930 642 1680 642 1203 1680 0
5 N60-OT-2 1374767 358144 12800 12000 483 125 483 1204 125 0
6 N61-OT-3 1375311 358369 12450 12030 553 7200 553 1202 7200 o
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(6) ll*!iﬁ!
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4 N62-MA-1 1405422 387084 3100 10020 605 120 605 1002 120 1]
5 N62-MA-2 1405256 387136 3000 10020 472 120 472 1000 120 ]
6 N63-MA-3 1405639 38.7075 2550 15013 973 120 973 1510 120 1]
7 NBI-MA-4 1405775 386969 3250 13035 760 120 760 1306 120 ]
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Table 8 List of major geologic units in wells of the Asosan-Seibu, Hachijojima, Hishikari, Hongu, Otaki and
Mogami-Akakura areas of NEDO's Geothermal Development Promotion Survey (simplified from NEDO
(1995, 1993, 1991, 1994, 1988, 1990)), and their commonized codes (temporal version).
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Table 9 List of major alteration minerals in wells of the Asosan-Seibu, Hachijojima, Hishikari,
Hongu, Otaki and Mogami-Akakura areas of NEDO's Geothermal Development Promotion
Survey (simplified from NEDO (1995, 1993, 1991, 1994, 1988, 1990)), and their
commonized codes (temporal version).
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Table 10 Comparisons of geographic, geologic, geothermal and
Hishikari, Hongu, Otaki and Mogami-Akakura areas

(data are after NEDO (1995, 1993, 1991,1994, 1988,

alteration environments of the Asosan-Seibu, Hachijojima,
of NEDO's Geothermal Development Promotion Survey
1990)), and their estimated hydrothermal environments.
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Fig. 11 Conceptual-model cross-sections for the (1) Asosan-Seibu, (2) Hachijojima, (3) Hishikari, (4) Hongu,
(5) Otaki and (6) Mogami-Akakura areas of NEDO's Geothermal Development Promotion Survey.

Various distributions of geology, alteration and hydrothermal systems (down to ca 2.0 km) estimated
through this study are shown.
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Fig. 12 Rock alteration provinces of Japan proposed by Utada
(1995). Fig. 12 from Utada (1995) is attached with the
legend copied from its main text.
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