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Abstract: The stratigraphy and hydrothermal alteration around the Okuaizu geothermal system
were studied in core and cuttings from geothermal wells drilled by NEDO and Okuaizu Geothermal
Co., Ltd.

The basement is thought to be composed of a pre-Tertiary granodiorite and/or sedimentary
rocks. Early to middle Miocene formations (Oh-hizawa, Takizawagawa, Ogino and Urushikubo
Formation) consist mainly of rhyolitic to dacitic lavas, pyroclastic rocks intercalated with clastic "
rocks, and minor basaltic rocks, which are considered to unconformably overlie the basement. The
late Miocene caldera-related formation (Iriyamazawa Formation) consisting of dacitic ash flow
tuffs, debris avalanche deposits and lake sediments, unconformably overlies the early to middle
Miocene formations. Pleistocene lacustrine sediments and rhyolitic lava domes (Sunagohara
Formation), formed in a caldera environment, unconformably cover the Miocene formations.

Five alteration zones can be distinguished using clay minerals assemblages : chlorite+sericite
zone (PR), chlorite/smectite or sericite/smectite mixed clay zone (ML), smectite+/-zeolite zone
(SZ), kaolinite+ /-sericite zone (K) and sericite zone (S).

Based on the stratigraphy, present temperature and the spatial distribution of each alteration
zone, three stages of hydrothermal alteration can be recognized in the Okuaizu geothermal district:
1) middle Miocene submarine hydrothermal alteration, 2) late Miocene caldera related hydrothermal
alteration, and 3) hydrothermal alteration associated with the present geothermal system. 1) is
characterized by a widespread PR zone in the early Miocene formations. 2) is limited to the
Iriyamazawa Formation deposited in a 7 Ma caldera. The PR and ML zones are seen in the lower
part, and the SZ zone in the upper part of the caldera, separated spatially from similar alteration
zones in the early Miocene formations. 3) has a spatially zoned distribution of the alteration zones
depending on the present temperture in addition to some other alteration zones. A zonal distribution
of the SZ zone in the upper low-temperature portion, the PR zone in the lower high-temperature
portion and the ML zone in the intermediate portion is observed. In addition, the sporadic K zone,
which was probably formed by acidic fluids generated by the interaction of oxidized underground
water with H,S and CO, gases released from the geothermal fluid during boiling, and the S zone
around a high-temperature reservoir and adjacent to the K zone are observed. Anhydrite is found
in the high-temperture portion (>100 to 150 °C) and various carbonate minerals are also common
within the system.

VIRABRWTEE L TXESREFIC L D EBEFOE
E = BHEMEREL, HEMBEAIOLEREXS Lz, &
5z, BFLEER L OBE, BEQHIEBR/RE - 2EF
BEERESEMBHIR CHEE S W32 TodHD EDOREZ CWXOWTIHREIT 5 2 Lic kY, FAMETE
BEARCESWIHME 2K L, AMROBFEE2E U7z 3 EDEAEE A N> b 2#IIL, ZHERDOE
BEtLlc. Elzhe0yifpoBonzar, 1 v 74 BEPER LT,
o~ — - SEMBAMIBOBF L, TV, TEHEHHAR
B Gapy i (Mineral and. Fuel Resources oy Raupitugyll |8, sapebgietiier, upe
“EHSEEEWE R AL (Mineral and Energy FORBER, LIPEAILIE, SEFERE, E

Resources Department, Mitsui Mining and Smelting - -
Co., Ltd; 2-1-1 Nihonbashi-Muromachi, Chuo-ku, Tokyo Keywords: Oku-aizu geothermal system, Stratigraphy,
103 Japan) Hydrothermal alteration, Well logging

— 365 —




WEFEMARGBLE 715

M FIRED» 5% 5, HZAGRAROIFEE BRE W I KGR E
CRIRIEDS, HBR O LERHERMTICIDFEL VT
T PIEET AW TFEES, 7, MERORICHEL T
AURA VT Z 2R T 2 AURBXSH T 5.
HIBHIEGTI T, 2 REUKEESRD sh, it
FYICEETAEUTOEBV W TES, SZH T AR
754 P EREHEL, ELTHAL PRV LE ST o
FEMED “ARXT 54 b BERT, MLE | @eha-X X
794 VIBERBEY, 732V A4 M-A X754 B
BB 2 L 3 2 " BEBM LYW, PR | &R
ALV, PERFHET S "SI 4 bR, S
VYA REHETE ")V A VE, KE:H4V
FA4NEREBBETS A4 ) A MR

[BFE L 28 L OE R & NCIREDHIERSE L 28
HeoBEBECEIL b, B cRon 228
X, 2 EbLUITO3EOERRSEBKEERCL > TE
Rahi-eFzonsd, 1) @RIIBHEBERORTHFH
it (16-17Ma) OJR#iIFH 2 ¥BEZCKIER) & 5] &k < Ferk
fEfw & %, BRJIEFERENR 7074 MLk
BE, BEBRECEONDIAA 754 MVE. 2) Al
WA NT 7 EEEOBRIARHH (7Ma) DA VT T HEL
KIEENC L B, AWLRBEIOAX 754 FEERBT
OO EI4 MR BLXU3)WDFEINT ZAL0.3
Ma) 2> & BIFEIC W72 2 BOKIEENC & 5, HEEROERER
TO/uEI A Vi, MRMIOERETOAR Y ¥4
N, 05 OFEETORS B EYE. < O
OEERC I E T, HBAREMEEET L DORER®
BETLIERIVELCREEZONDZ Y YA N
R, WEETOEEL -SSR S T RIS &AL Z
Lk o TEUTBERECL VBRI NIEEZ 5N
ZAhZF VT4 VED, HiFEDL SHT1000mIZET 5 4L
FEESGHCRFNCED 5NE, S5, FEERAZIOD
BESRTEIEOECEEBNEC TR EDL, YV T VR
BIEgY % S L O KBEGYNILERE RS> 5,

1. L ®»IC

BB IR R AT 1 i A7 3 % A B T
&, 1970 B IRRAE LRSS LT LURII204E
b7z 5RE - BRI 2R T, 199545 Ach s E R
OB TDH 565000kWDEBEBLR L /T2 HES 2 WL
BB OSEEE 2 A L 72 (BTHIZ 0, 1995). [EiHbiS
RFE=RE2EHR L T 2 LB O I AIE
L, AZIEERESRMECER I NIz VT Z KR
BREXIUMNEET S B 1K),

SEAMRESLM T, 8RIZ> (1951) OBAIEN
W e bl L LT, dbhhiEs (1968), MREEEZEA (1969,
1970, 1972), /NZE (1978), #rANF¥ —REFIFMEE
(NEDO) (1985), #KiE# (1977, 1986), #HHIE»

NkAA .
Bn

Aizu Basin

] 37°30N
. Lake ———
Aizuwakamatsu |Inawashiro
<
- T
- N
1] ‘\

kuaizu

.
Fuzawa Basin AN o
N .
" A
| Os™ 4
Tajima
140:E
Quaternary Quaternary at », Late Miocene
Stratovolcano Caldera L ___.’ - Pliocene Caldera

0 20 km After Yamamoto (1992a,b)

Bl REMER (U7 (1992a) & 3)

Bn:#k 1L, NkIEREXIL, Uw: EHENLVTZ, Nm:
BIRKIL, Sn:WFEINTS, It AIRAVTS, Hw FIH
ANTZ, TkigNANVTZ, T/ ANTo, Fti KL,
Osi KA
Fig. 1 Regional location map (after Yamamoto, 1992a).

Bn: Bandai volcano, Nk: Nekoma volcano, Uw:
Uwaigusa caldera, Nm: Numazawa volcano, Sn: Sunagohara
caldera, Ir: Iriyamazawa caldera, Hw: Hiwada caldera, Tk:
Takagawa caldera, Tn: Tonohetsuri caldera, Ft: Futamata
volcano, Os: Oshiramori volcano.
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Fig. 3 Geologic map of Okuaizu and the surrounding area (compiled from NEDO, 1985; Yamamoto, 1992a;

Mizugaki, 1993).

Tk: Takizawagawa Formation, Og: Ogino Fm. (Mm: Miyashita mudstone member, Mj: Myojingatake An-
desite), Us: Urushikubo Fm., Ir: Iriyamazawa Fm. (Irt: ash flow tuff and debris avalanche deposit, Irl: lake
sediment, Iri: intrusions), Sg: Sunagohara Fm. (Yr: Yunotake Rhyolite), Ns: Numazawa ash flow tuff, LN: Lake
Numazawa, CFZ: Chinoikezawa fracture zone, SFZ: Sarukurazawa f. z., OFZ: Oizawa f. z.
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Fig. 4 Map showing the distribution of the Sunagohara Formation and location of wells (Geology of the

Sunagohara Fm. after Mizugaki, 1993).

TKF: Takiyagawa Fault, ONF: Onogawara Fault, NHS: Nishiyama hot spring, r: rhyolite, AA’, BB’, CC’ and
DD’ :Cross-section lines shown in Figs. 7-1 to 7-4. The other abbreviations are the same as in Fig. 3.
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Fig. 5 Map showing well head locations and traces of the
geothermal exploration, production and reinjection wells
around the productive area of the Okuaizu geothermal
system.

TF: Takiyvagawa Fault, KF: Kitanosawa Fault, SF:
Sudaresawa Fault, OF: Onogawara fault. The other abbre-
viations are the same as in Fig. 3.
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Fig.6-1 Columnar sections of geothermal wells in the Okuaizu area (northern part).

tf: tuff, pumice tuff, Ip.tf: lapilli tuff, tf.br: tuff breccia, volcanic breccia, rhy: rhyolite, dac: dacite, and:
andesite, bs: basalt, ss: sandstone, siltstone, ms: mudstone, cgl: conglomarate, no rec.: no sample recovered. The
other abbreviations are the same as in Fig. 3. ‘
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B-1K HENER (A-AMHE) WMEREE4R E5EE3IKERFL.
Fig. 7-1 Geologic cross-section along line AA’ shown in Fig. 4.
Abbreviations are the same as in Fig. 3.

F72K HENER (B-BEHE) WMEFIIFE4IR B5REIKEFHL,
Fig. 7-2 Geologic cross-section along line BB’ shown in Fig. 4.
Abbreviations are the same as in Fig. 3.

F7-30 HEER (C-CHm) WHEHIEZE4IN, BEREIKERECT.
Fig. 7-3 Geologic cross-section along line CC’ shown in Fig. 4.
Abbreviations are the same as in Fig. 3.
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Fig. 7-4 Geologic cross-section along line DD’ shown in Fig. 4.
Abbreviations are the same as in Fig. 3.
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Flg 8a Rhyolitic lapilli tuff. Takizawagawa Formation (84N-2t, depth 1346.0- 1346. lm)

£ WINIBORSCEEEARKE (N57-0A 4, HET07.1-707.2m)
a 7E OIFIF5.5em, BEA - VI3 A MEUIBER L DPEOREXLULV X5 5,
Fig. 8B Rhyolitic pumice tuff. Takizawagawa Formation (N57-OA4, depth 707.1-707.2m).
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IR B ORACEE RIS (N57-0A 4, %EE884.4-884.5m)
a2 7 BE O IE5.5cm.  HIk: &k OBIKEDS 2 - 3cmBEA CHET 5, #IRERIIE < BB Ak 5.
Fig. 8c Fine to medium grain rhyolitic tuff. Takizawagawa Formation (N57-OA4, depth 884.4-884.5m).

Z8c

HdM wWIRIBOWAESE (86N-12t, #EE1532.4-1532.5m)
a 7 W DI 135.5cm,  REE % b OTEUEES.
Fig. 8d : Rhyolite with fluidal structures. Takizawagawa Formation (86N-12t, depth 1532.4-1532.5m).
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IR B OFAsE (86N-12t, EEE1560.4-1560.5m)
2 7 WE OE 135, 5cm, FHmm- 2 cnDEREEEE % b DFEUE S,

Fig. 8¢ Rhyolite with spherulitic texture. Takizawagawa Formation (86N-12t, depth 1560.4-1560.5m).

B8t

ETVRETE (N57-0OA 1, ZEEE460.0-460.1m)
a7 OIEE5.5cm, EHOFKET ARELEBKES NV N EE» 635,
Fig. 8f Alternation of mudstone and tuffaceous siltstone. Miyashita mudstone member (N57-OA1,
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ETREHE (N57-0A 4, ¥EEE247.2-247.3m) .

I 7 B DB 135, 5em., [RERERBHKERKE YV MBI AZ Y EV 7T 5, Ky MROFEE & Bekraye
LBED5N5,
Fig. 8¢ Mudstone with slump structures. Miyashita mudstone member (N57-OA4, depth 247.2-247.3m).

#8h

BERBOWEEKE (N57-0A 3, FEE685.0-685.1m)
a7 WE OIEIX5.5cm, 25 mmEiO Y 74 F BEie,
Fig. 8h Sandy tuff with accretionary lapilli. Usushikubo Formation (N57-OA3, depth 685.0-685.1m).
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258

AWLRRE OWiRkHEREY) (T-6, BRES84.1-84.2m)
a7 OER 6 cm. FITEHEP b ORERY, EKEHMDERCAS Y IT 5,
Fig. 81 Lake sediment with slumped mudstone. Iriyamazawa Formation (T6, depth 84.1-84.2m).

e AR OMIEHERY (T 6, ¥E217.6-217.7m)
27 OERE4L.5cm, VA EEKEBENDETCRERREETEARMEYF (B3cm, £ 5cm) XFEhns,
Fig. 8§ Lake sediment with carbonized fossil plant. Iriyamazawa Formation (T6, depth 217.6-217.7m).
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ST b oAV A, VIERERE, BKEY )V ME, KBRS, ROEKER L.

WFREBEEOTERAV FE (T5, ¥EE334.5-336.0m{TH) .
Fig. 8k Poorly sorted basal breccia. Sunagohara Formation (T5, depth 334.5-336.0m).

HOIM WFEBOML FEEKE (N58-OA7, ¥EES71.0-371.15m)

a7 WEOIEIS.5cm, FEHmm- 1 cmOMiA LV * L FKEOHRBEKEOEE» 5% 5, VIFERRECE, K-BEK
wmyRs, REEKER Y, KE (1993) WL 2BFEIVT 7 OKEREY.
Fig. 81 Lithic tuff filling the eruption vent of the Sunagohara caldera volcano. Sunagohara Formation (N58-OA7,
depth 371.0-371.15m).
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Fig. 9 Contour map showing the base level of the Ogino Formation.
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Base Level of Sunagohara Fm.

BN BrFEBEEEOREE (BHES) 26

EH L2 OFOBMER, FRCAVIZHHOME L 2 DB TOBFERBORERORE (BHRER).

Fig. 10 Contour map showing the base level of the Sunagohara Formation.
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Fig. 11-1 Cross-section showing the distribution of silica and feldspar minerals along line AA’ shown in Fig. 4.
Qz: quartz, Cr: cristobalite, Tr: tridymite, Pl: plagioclase, Kf: K-feldspar. The other abbreviations are the same
as in Fig. 3. : : ’ .
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Fig. 11-2 Cross-section showing the distribution of silica and feldspar minerals along line BB’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-1.
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Fig. 11-3 Cross-section showing the distribution of silica and feldspar minerals along line CC’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-1.
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Fig. 11-4 Cross-section showing the distribution of silica and feldspar minerals along line DD’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-1.
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Fig. 11-5 Cross-section showing the distribution of clay minerals along line AA’ shown in Fig. 4.
Smec: smectite, Kao: kaolinite, Ser: sericite, Chl: chlorite, S/S: interlayered sericite and smectite, C/S: inter-
layered chlorite and smectite. The other abbreviations are the same as in Fig. 3.
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Fig. 11-6 Cross-section showing the distribution of clay minerals along line BB’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-5.
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Fig. 11-7 Cross-section showing the distribution of clay minerals along line CC’ shown in Fig. 4.

Abbreviations are the same as in Fig. 11-5.
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Fig. 11-8 Cross-section showing the distribution of clay minerals along line DD’ shown in Fig. 4.

Abbreviations are the same as in Fig. 11-5.
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Fig. 11-9 Cross-section showing the distribution of zeolite minerals along line AA’ shown in Fig. 4.

Clp: clinoptilolite, Stl: stilbite, Md: mordenite, Ac: analcime, HI: heulandite, Wk: wairakite. The other abbrevia-
tions are the same as in Fig. 3.
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Fig. 11-10 Cross-section showing the distribution of zeolite minerals along line BB’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-9.
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Fig. 11-11 Cross-section showing the distribution of zeolite minerals along line CC’ shown in Fig. 4
Abbreviations are the same as in Fig. 11-9.
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Fig. 11-12 Cross-section showing the distribution of zeolite minerals along line DD’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-9.
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Fig. 11-13 Cross-section showing the distribution of carbonate minerals along line AA’ shown in Fig. 4.

Cal: calcite, Dol: dolomite, Kt: kutnohorite, Sid: siderite, Mag: magnesite, Rd: rhodochrosite. The other
abbreviations are the same as in Fig. 3.
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Fig. 11-14 Cross-section showing the distribution of carbonate minerals along line BB’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-13.
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Fig. 11-15 Cross-section showing the distribution of carbonate minerals along line CC’ shown in Fig. 4.

Abbreviations are the same as in Fig. 11-13.
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Fig. 11-16 Cross-section showing the distribution of carbonate minerals along line DD’ shown in Fig. 4.

Abbreviations are the same as in Fig. 11-12.

— 393 —

f




wERETMAK ERLE 75

ASLI A suifates & Sulfides cC Do FEPE ' Al

Yunotake 86N-13t . werwore B CORE NS7-08%
Hﬂlﬁ E B3 = E gL. ' . Ek,g}f}ﬁé _
i T Ir
Sg H

Oo 7]

5
1

Anh
Ba

500  Sg.

oL

-1000 |-

00 ey =1

m 1 I

F1-17  FRERHESIY B & UHALSRAAER (A-A’HiE)
Anh ! TERE, Gp: AF, Ba:@ EfA, Py #EE, Sp: Fﬁ@ﬁ"ﬁi, Gn: ﬁﬁéﬁi{ HROEHIERTCHIE-HE
B TRT., ZOMORSIIEIKEFAL.
Fig. 11-17 Cross-section showing the distribution of sulfate and sulfide minerals along line AA’ shown in Fig. 4.
Anh: anhydrite, Gp: gypsum, Ba: barite, Py: pyrite, Sp: sphalerite, Gn: Galena. The other abbreviations are the
same as in Fig. 3.
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Fig. 11-18 Cross-section showing the distribution of sulfate and sulfide minerals along line BB’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-17.
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Fig. 11-19 Cross-section showing the distribution of sulfate and sulfide minerals along line CC’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-17. o
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Fig. 11-20 Cross-section showing the distribution of sulfate and sulfide minerals along line DD’ shown in Fig. 4.
Abbreviations are the same as in Fig. 11-17.
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Fig. 12 Mineral assemblages for the alteration zones.
SZ: smectite-zeolite zone, ML: mixed layered clay
mineral zone, PR: propylite zone, S: sericite zone, K:
kaolinite zone.
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Fig. 13-1 Distribution of alteration mineral zones and present underground temperatures in geothermal wells in
the Okuaizu area (northern part). Thermal contours are based on NEDO (1985) and unpublished data from Okua1zu
Geothermal Co., Ltd. Abbreviations are the same as in Figs. 2 and 12.

ASL(m)
T6 1t 10T OA4 14T 6T 4ar 2t 23P 15T 21T 28P 27P 26P 22T 24P 9T 3t 12t 25P OAs

500

ca-1500 — ol NP P
LI ] Oh

Southern Part -

132K BHHOLEETSM EBEEOMBEE (B0

ERAMMIINEDO (1985) & MSEMBEARART -5 E I, HHAEOBRIMEE. BEEE 2K, F12M LR
C.
Fig. 13-2 Distribution of alteration mineral zones and present underground temperatures in geothermal wells in
the Okuaizu area (southern part).

Abbreviations are the same as in Figs. 2 and 12.
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Fig.14-1 Distribution of alteration mineral zones and
present underground temperatures at depth (ASL+200m).
O: Smectite-Zeolite zone, []: Mixed-layered clay
zone, @: Propylite zone, A: Sericite zone, A: Kaolineite
zone. Solid lines, broken lines and dotted lines indicate
thermal contours, formation borders and surface distribu-
tion of the Sunagohara Formation, respectively. The other
abbreviations are the same as in Figs. 2 and 3. Thermal
contours are based on NEDO (1985) and unpublished data
from Okuaizu Geothermal Co., Ltd.
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Fig. 14-2 Distribution of alteration mineral zones and

present underground temperatures at depth (ASL Om).

Abbreviations are the same as in Figs. 14-1.
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Fig. 14-3 Distribution of alteration mineral zones and

present underground temperatures at depth (ASL-200m).

Abbreviations are the same as in Figs. 14-1.
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Fig. 14-4 Distribution of alteration mineral zones and

present underground temperatures at depth (ASL-400m).

Abbreviations are the same as in Figs. 14-1.
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Fig. 14-5 Distribution of alteration mineral zones and

present underground temperatures at depth (ASL-800m).

Abbreviations are the same as in Figs. 14-1.
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Fig. 14-6 Distribution of alteration mineral zones and

present underground temperatures at depth (ASL-1,200m).

Abbreviations are the same as in Figs. 14-1.
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Ogino mid. Miocene SZ - ML SZ - ML - PR PR
(sporadic S, K) | (sporadic S, K)
Takizawagawa | early Miocene PR PR PR PR
(sporadic S, K) | (sporadic S, K)
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Fig. 15 Relationship between stratigraphy, present underground temperature and alteration mineral zones.
T: present underground temperature (°C). Abbreviations are the same as in Figs. 2 and 12.
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VT I, MOMIRKE & EEREE & OfF.
<WFRE>

0-200m [JK-JK H-BEK - -k g K E -1 E S,
<IKEFIE >

200-220m JKH-IKEEIKEE.
<ETRELHE>

220-300m  EEK-IK H-IK By E B IR E A,
<#RJIE>

300-1,200m K H-B-B K- IK-RRIK BV 5 BB

1,200-1,860.3m SR[EIX.

87N-16T : #HDEGRR T DEFm414.5mMiR L v, &R
WO ICLVEELBSMET/ Ya7R—V 7, HOE
TREE, THTORKER K70 (F501256°). HLAAL
BB TERAINT TN, REREEILE.
<WBFERE>

0-60m R-BE-JK-FHB-IKH-FKALV FE-HE

Ly

a.
60-280m [K-IK - H-#-FE K- IK B K E .
<IKEFRE>

280-380m EEK-F-RRIK-IK HEORKE-RIKERE
.

380-400m EERRIK-BEIKET A ¥4 b,

400-420m HE-FIKOEIKES.

420-460m EERIK-IKE-HETA Y1 b,
<ETRELE>

460-480m [RK-RRIKEIREEIKES.
<ERNIBE>

480-1,460m & K-BERRIK-IK H- B - K-8 R K-8 K
By EEIKEA,

1,460-1,500m HEEHFRET A 94 VEA.

1,500-1,620m BEFRKIK-RRIK-IKEOBV F B@RIKES.

1,620-1,758.0m R[EIY, ‘

87N-17T : #IDBFIR A DEF414. 5mMi= L b, {EH
DL VEEL2mE T/ a7 R=) v, HOE
TREE, THTORKERIHT0(F61186°). HLOAL
BIRBFEINT W, BEARKEILA.
<WFEE>

0-80m MEHIK-IK-H-RERL-v 3 E-IHDEE.

80-260m [K-IKH-H-#kK G K E A,
<IKEFfE>

260-280m EBfypE A,
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B BHIROERF L H#KEE B BR - ZEER)

280-300m K H-H-Yik-BEEKES.
300-380m K H-#ik-EEIK- B EREEIKES.
380-460m fREMBET A I A b,
<ETRAELRE>
460-500m H-KEREEKES.
<@ERIIE>
500-920m B IKE BV FEEIKE S, BRI,
920-1,000m # v T 4 > 7 AREIL,
1,000-1,300m #iF-IKEEL FEREIKEE. EHEkL
1,300-1,662.0m & v F 4 > 27 ZAARMENL,
87N-18t : A BEERFOES412. TmiSR X v, {ER
D2 X D EEEEL 654.9m % THEY. MOETREE, T
BT ORAMERNIFIT70° (F5A1220°), HT O & D BEEI06m
T/vay, ThEIVHREE a7 R—Y v/, Ok
BRODTFEAINT TN, HREEOILE.
<WTEE>
0-20m H-JKA-KEVFE,
20-120m [KH-H-KEEKEE.

120-160m
160-200m
200-260m
260-280m
280-300m
<BEE>
300-340m
340-420m
420-440m
440-500m

H-IKE- K BHiseE.
IK-IK BB E A,
[R-IKE A 7 A BRAUE.
K- ERE S K E A,
H-IKE- KK E A,

H-IK - K- K B I .

X - IK - R -k PK v S E B E .

BHRIKE T A F 1 b,

K 1 -BE K- K- IK B L E B E A,

<IKEF[E>

500-840m JK-JKH-BEIK-RRIK v S BEIKE A,

840-906m BEIK-IK H-ikIK g K EIRE 5.

906-975.2m HEREL X5, RE-BREXLAY
>, BEAVIEEKERSE. BYEZ L. 946.6-947.5
miZWiEA LV, —EEE(L, BEEE L. BAEEMIR BE
W I EL RS,

975.2-1,654.9m K B-BEF-RF-FEEKA LV *
&, RV F@EIKCE, BXLAY 38, FREKE.
—ERICATEH, WOES L. BEx UV VL, BAE,
PG MR % L. 1,082.0-1,082.5m 1% 59 &t 1b.,
1,083.2-1,084.0m i3 5% BE 1k, 1,075.8m, 1,082.2m,
1,083.6m, 1,083.8m, 1,083.9m, 1,243.7-1,244.0miZ
POERSASE « HGE+ /-~ v H v+ /AT A+ /-A%E
PR, 1,177.1mic H5IRA < BEAE - 3Rk - IR -
EPRPAIR, 1,331, Imiz J58045 - SRS - S ERSLMIR,

88N-19R : #DEH H DEF40ImMiE L D, ERHED
Wk DEEEL505.5mE T/ Ay K=Y v HIOET
BEE, THTORKERNIFI60" (FA18), HOAiE
WRDFEANT I, BRETEREEL

<WFEE>

0-60m H-JKEGYVNE-VFE-EE REY
=313

60-260m H-JKH-JK-BRREL 7 XA EERIKEE.

260-300m JKE-BR-IKELY T BERIKES.

300-320m EEIK-H-WikIK BB ERIKE A,
<BERE>

320-440m JKE-JK-BEIK-BERRIK L F B EBIKE A,
<IKFFfE>

440-480m #BIK-BEIK-HARIK IR E Bk E &,

480-520m fREGIEEZIE, HEREL.

520-540m IRAFIK-FEIK IR EEIKE A,

540-740m HAKIK-HEIK-IKH-[KEBV S BERIKEE.

740-760m WARIK EUREEIKE A,

760-780m PHRIK-IK AL FEEIKES.
<ETRALRE>

780-880m PARIK-HEIK LB K E YR E A,
<ERJIE>

880-1,000m ¥RARIK-IK AtV +EEIKE A, HEkHE.

1,000-1,020m & v F 4 > 27 ARENL,

1,020-1,060m ¥AFIK-IKOE LV 3 E-HBEIKES.

1,060-1,080m & v J 4 > 27 ARE,

1,080-1,120m HBIK-RFIKE v E- Mg K E
.

1,120-1,505.5m ZR[EIL,

88N-20R : DL T DES40ImM S L v, ERHED
WX DEEEEL A60mE T/ v a T R—Y 7 FIOE T Ik
HHE, T TORKERNIK60 (FA47). SLOMIER
BFEI VTN, BREEREE.
<BTFERE>

0-20m #V—7EfEfE+,

20-60m JKH-HERECE.

60-120m [K-JKH-KA Y — 7y FE-BE-v )V b
BE.

120-240m  BHRRIK-BERRIK-IK HEBBIKESE. 77 A
=8

240-360m  BEK-JK-JK H-BAARIK-F kL F HEIK
A,
<BERE>

360-440m [K-JK B-FEIK-BRRIK-B R BB IKE- R E
BIKES, VIERKES. —HNeESKg R, —F
REME L.
<IKEFFE>

440-480m EEK-1BIK-IK- K B A8 K B R E A

480-520m fR-EERKET A 1 MA.

520-560m  EEARRIK-BHRRIK-HEIK -IK B B8 KB S

560-780m  BERRIK-BARKIK-BE K- IK-F i L ¥ B
KESA. '
<ETRAELE>
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WEHFAEFTAREB8E BT 5

780-880m MEIK K - BARRIK B K E IR E S,

880-1,080m BEMRIK-#REK-IK AV F EEIKES.

1,080-1,460m FR[EIIX,

8IN-21T © HRHE T DIEE400. 4mMti R & 0, EEHED
Wk DBEE2,01lmE T, S ravR—Y >, HIOET
BEE, TR TOREAMERNIHG60  FLOAIE TR
VTS, MOMRKE LIEERWE & OfF.
<WFEE>

0-210m H-KE-K-BKEWES, REKES.
<ETVREEE>

210-280m  EEIK-[K R E A,
<ERNIBE>

280-300m JKH-IKEIREEEKES.

300-1,260m [KH-JK-BARIK-REIK-H L FEEIK
B, EHREL. :

1,260-2,011m ZRENX,

89N-22T : MBI 7 DR 443mit = & 0, ERHE
DIk VEE2 610mE T/ ya v R—) v/ HIOETF
FEE, T TORAMERHIHI60° (5A1207) . FiOAE
BDFERANT W, BEREE L ZRWBOM, B
TOMRITE R E <.
<WFEE>

0-20m 1+,

20-60m JKH-JK-FEKE LV FERES.

60-140m fF-RiF-EIK-IKA-BRIKEBRIKES, 7
I RHE,

140-160m [K-EigaiEmE S,

160-260m K H-IK- By BRI E A -BIKE A,
<FKEFIE > -

260-300m EHRIKGELLE, HEAVE.

300-340m SR EREIKE A, HIREL.

340-380m FERREK &L,
<ETRELE>

380-480m [KH-EIKFARES.

480-520m  BARRIK LI,

520-540m HEXKEIREAE.

540-600m  BARRIK-BSHRIK &1L,
<FERJI[E>

600-880m K H-F&RIK-FARRIK BBEIKE &, BEREE,

880-1,420m HHRRIKE LV FEHEIKES. HEkL.

1,420-1,440m JKE-KB-RKEAHV FERIKEE.

1,440-1,700m  #FPK-BEARIK-IK 5 - Sk CLBE K E A,
FEHRAL.

1,700-1,740m [KRKEBEIKER, RiUER 1.

1,740-1,780m RENY,
<KEBRE>

1,780-1,840m BERIX-IK BB EWES,

1,840-1,880m FRENY,

1,880-1,945m HERREZI1IHA,

1,945-1,980m JK-#RIK-IK HEBEIKEWEE.
1,980-2,000m FERFELLE,
2,000-2,060m FRIK-BERKIK-IK BB K E A,
2,060-2,100m HHREZ 1A,
,100-2,160m  FRIKEEEIKES.
,160-2,240m  BERRIK B AR ILE.
,240-2,306m  SR[EIX,
,306-2,315m  JKEGIKEWES.
,315-2,416m  SRENK,
,416-2,418m  EEIKEEEIK ERE A,
,418-2,610m  SR[EN,

90N-23P © YRR OERE400. 4m#R L 0, ERHE D
Wk DEELIMET, /YT R=D) VY, FIOET
BEE, FHToRAMERNIRK60 (F01263°). FOME
BRTRA VT I, MOHIRETE L EEREE & O,
FEEcoOMmRKEEE <.
<WFEE>

0-100m [K-IKH-REK-#FEv v N E-IWES.

100-220m  [KE-IK-BE K- ESKE - RIKEWEE.
<ETRAELHE>

220-300m EEFIK-JK AR E A,
<ERNE>

300-1,280m K H-JK-HE K-BARKIK-RRIK L L F BB
KBS, —EBEIKES. &L —EAaEt.

1,280-1,910m ARENY,

90N-24P : #iDBFEEF OEF443mMi A & D, HEHE
DIZ X DEEE2,610mE T/ Y ayR—1 7, FIOETF
BEE, FEHTORKERIZFI60° (H011927), OfE
WRFIERANVT I, BRERKE L ERMEOM. w5
THOMRKEEE L.
<WFEE>

0-20m Ft.

20-260m EEIK-IK-IKE-BEEY IV NE-BEE, K
K - B IK - K- F e R B G K B S - B K A,
<HERE>

260-280m EERIK-IKEEIKE A, HEERL.

280-300m  HERRKEZILA.

300-320m  EERRIK-IKEBEKE A,

320-580m EEHRIK-IK-IKHERLAE.
<HERJIIE>

580-880m K H-IK-IRIGEEIKE A,

880-1,620m BAMKIK-#RIK-IK 18- K v F B8 IKE
. —EREEREEL,

1,620-1,640m EEFIK-FRIKEZRILA,

1,640-1,910m BERFIK-FIK-IKEE L * BERIKEE.
<KERE>

1,910-1,980m EEHKIK- KB BEZILE,

1,980-2,190m BEGKIK-IKEEL FEEKES., —i
VEF+A4 ML,

DO DD DD
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SEMBBMRORBF L BAEE (B BRE - ZEIER)

2,190-2,280m FERRIK-FRE-IK A BRI, BERGE.
2,280-2,320m BAARIE- K- IK A EBKEWES.
2,320-2,340m BBOLIE,

2340-2,400m fRIK-IKEH-HERIKERIKEVES, &
SRel, —EV €+ 1 M. :
2,400-2,500m EEREK-IKEBLILE, —&Y €7
M.

2,500-2,540m BERRIKEEIKEMES, —5Y €+ 4
~E. :
2,540-2,560m MERIKELILE, EERGE.
2,560-2,580m FRIKEBIKE S, —FY €+ A4 M.
2,580-2,610m MEREIKEL LS, —&8Y €+ 1 M.
90N-25P : IR EEVE /7 DAZE508. 0m#h s & 0, TERHE
DL DEE2,700mET/ YAy R—) Y7 HOET
ZEE, FUEMSTEOMESNZ60° (55112167, FLOMLE IR
FEANT 7 OFEEIME, HEERWE L, B Tio
RETEZEL.

< AWRE>

0-20m =+,

20-100m %F-EHBH-FIK-IKEA-HRKOWES.
100-140m  BHARIK-IK BB IKE A,

140-260m &V —7B-BE4 ) — T IKARES.
<IKEFIE >

260-380m  fRIK-HERRIK -BE HFIK Z LA,
380-440m B4 [K-RIKEEEIKE .

440-460m  FEIK LA,

460-480m  BEARIK-EEIK B K E A,

480-490m BEFIKE&ILIE.

490-640m  BEARIK-HRIK-IK H-IK g K E .
<ETRELE>

640-680m AV — 7 EB-JKH-KEAREE.
<#ERJIE>

680-740m  FEHRIK —RRIK-BARRIK-BEIK 5V BB E
H., —EEekgs. —&Y) €A M.

740-760m EEKEBELAE,

760-1,460m ARk PK -5 K B A% PK - IK B - K185 PR K
By FERIKES, —#BEgks. —8Y €+ 1 M.
1,460-1,560m [KAGEIRACE, BHERGE,
1,560-1,620m AV — 7KK BLLSE, —EY
54 MMt

1,620-1,700m HERRIKELV FEEKES, —5V €5
4 Mk

1,700-1,740m EHRIKEZLE, —8Y €+ 4 M.
1740-1760m HARRIK L FEEIKES. BHRHGEIE.
—EY e+ 4 M.

< KhRE >

1,760-1,880m JK-JKH-#RIK-BHRIKE LV F HEIKE
a. EERIE.

1,880-1,900m MERIKEL LR, HEKEL.

1,900-1,980m BAMFIK-FRIKELV FBEKES. &k
SR,

1,980-2,120m AV — 7 K-BARIK B EE, HEkdE.
,120-2,380m  BARRIK IR BB B E S,
,380-2,400m EERRIKEZILAE, FHEREE,
,400-2,420m  FRIKERDEGEKES.
,420-2,460m FERIKEELE, FEKGE,
,460-2,500m  BARRIK-RRIKE LV F EEIKE S, Bk

DO DD DN DN

2,500-2,520m WERERIKGBZILE, BRI,
2,520-2,600m BHRIK-RIKEBEL FBEIKES, Eik

2,600-2,660m FEHRIKELLE, FHERGE.
2,660-2,680m KAV FEEKES., L.
2,680-2,700m REEKGLLE, EERIE.

92N-26P : # DERE R F O E443m#t g & D ERHE
DIZED2210.TmET/ Ya7R=V >, HOBETFIR
EHE, FEHTORAERNIHN60°(FF41221°). FIOME X
WFEANT N, BEFWEILEL B Tlio MR
BErEL.

<WFIEE>
0-260m  PX-JK H-WARIK CBE K E .
<IKEFRE>

260-280m MEK-EEEES.
280-340m FK GBI,
340-360m K I - AR e KB A
360-400m fRIKEZLE.
<ETFIRELE>
400-480m  EK-IKEIREE.
480-520m RIKEAZEILE,
520-540m EE-IKHEEES.
<yiRIE>
540-880m  JK - YehRIK LBt IR E 2.
880-1,880m MHRIK-IK-IKEH-FIKEBV FHEIKE

(24

=8
<AKIERE>
1,880-2,060m [K-¥&kIK-HkIK-IK B B B 8 IKE

583

=N
2,060-2,140m  FRIK-WRAFIK -BERRIK-IK H LV F B 5
JKEE.

2,140-2,210.7m [KA-BEEORERKES.
92N-27P : FHDBFEHE A DEE443mib s & D, tEFHE
DI X DEEE2,411.7TmE T/ a7 R=Y 7, HIOE
TIREE, THTORKERIZHI60°(FA2367). HLOfL
BIEIBTFERAINT N, BEEFEEILE, ERTimom
REExE <.

<WFERE>

0-20m F*+.

20-80m JK-4 ) — 7 IKEBIKE vV NEA.
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WMEBEBEMA®REB8E FT7 5

80-260m [K H-JK-HERRIK -BE K R K E A, BAaER
BRIKEE, 4V —7K-IK-BKAEV FBERIKEE.
<FKEFIE>

260~-280m  BARRIK-IK-IK H BB S, SEERELD &,

280-300m EERIK-IK A& LA,

300-320m BHA VU — 7EBRKE S, HEERHL.

320-380m RIK-IKEZIE, Bk R,

380-420m  BARRIK-#RIK-IK B E S, BRI &,
<ETRELE>

420-480m [R-IK HEJREERIKES.

480-540m JK-FERRIK-BEA4 U — 7K éfmza
<®RNIE>

540-920m JKHE-IK-RIK-BHRIK BB E A, HEkL
D,

920-1,540m BARRIK-IK - IK-IKBa vV S B @K E
. —EPEEREE.

1,540-1,560m [K-JK 5B E &,

1,560-1,720m FRIK-BERKIK-IK-IK AV ¥ EEIKE
=

1,720-1,740m EEREZEILA,

1,740-1,760m  JK-FEIK-IK A BB E A,

1,760-1,900m HERRIK-RIK-IK-IK BV 3 EERIKE

Ly

.
<KIgRE >

1,900-1,940m BAZ V-7 IK-BARIKERKEDE
.

1,940-2,300m HRFRIK-RIK-IKE-4 Y — 7 K-IK &
VX BERIKE S,

2,300-2,360m #BIK-KEZILE,

2,360-2,411.7m REIY,

92N-28P : EIREF DEFI0mMtiSA LV, ERHED 12
T DBEE284. TMET, /a7 A=Y I FIOE T
HHE, FEBTORAERIIHN60° (HF01236°). FLOME X
BWFEAINTZN, BRERKE L ERCloiREE
2EAL.
<WFIEE>

0-20m FE+.

20-160m  JK-JK E{@%%F BWERE, IKO-AKK-IKE
WEEIKES,
<FKEF[E>

160-400m  BHRKIK-IK B- K BBIKE &,
<wERINIE>

400-620m WEKEE. K-IKE-BARIKE. IR,

620-680m JKEE-IK B -IIIK-IK IR B RIKE &,

B =,

680-1,680m #FEK-BERKIK-IK H-BHRIK-BE B IK-FIK
BV EEIKEE. IR,
<KigRE>

1,680-1,720m 7V — 7 IK-IKEg KB E A,

1,720-1,760m HERRIK-IKEfv FBRIKES, #Hk
ﬁ»’Z{’J E—

1,760-1,780m [JK-K A EEIKEWES. Bk &,

1,780-1,880m HERRIK-IKAt L FHEIKES, Bk
O,

1,880-1,900m MFKE-IKEOWEE.

1,900-2,284.7m ZREX.

92N-29R : HDBE T OEE435mIME L D, ERHE D
WX OEELS10.lmE T/ ya v R=Y v/ OB T
FEE, THTORRMERNIK60T (H514146°). FLOME
BRFEI VTSN, EREEREE.
<BFIKE>

0-40m F+.

40-60m FBIK-IKH-IKEV T EWEE.

60-80m R[EX.

80-160m [JK-JKE-IKA4 V) — 7 - KEEEIKE Y Vv
MER., BV EE, BARBER S,

160-280m [K#E-IKHEBIKES, KE-AEZK- K5
AV — Ty FERIKEE,

280-300m E-JK-RIKERESR.

300-360m K-V — 7 EERKES, KH-RKAaL
FEBIKESE.
<HRER>

360-380m [KE-BARIKERERIKES. Bk E.

380-480m [K-JKH-#4 Y — 7 EERIKERESE-BE
BIKEE,
<FKEF[E >

480-540m JK-IKE-BRERKERES BIKES.

540-600m Fik-KEELIE,

600-620m JK-IK A EBRBERIKES.

620-820m BHRRIK-RRIK-IK-IK B ey FEHEIKE A,
<HETRAEE>

820-880m JK-
ﬁ% _[\__.
<#RJIE>

880-1,180m HARKIK-FKIK-IK B-IK v ¥ HEIKE
o, HEGE.

1,180-1,510m SRENY,

AV — 7 B-PRIKOEKERES. ®
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