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Preliminary Report on Hydrological Environment in the Shallow
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We investigate the hydrological environment in the shallow part of Usu volcano for
understanding volcanic phenomena caused by the interaction between magma and ground-
water such as a phreatic explosion and geothermal activities. The results summarized as
follows.

(1) Aquifers in and around Usu volcano are divided into three groups : Holocene series,
Pleistocene series and Neogene Tertiary system. The older aquifer shows the lower hydraulic
conductivity, and the difference of the hydraulic conductivity among each group is 1-3 in
order.

(2) The depth of magma head when the first phreatic explosion began in 1943~1945 eruption
activities is estimated at 50-100 m deep below the ground surface (50-100 m above sea level)
from analysis of leveling data (Yokoyama, 1995). It is presumed that repeated phreatic
phreatomagmatic explosion in 1977-1982 eruption activities occurred at the depth in the
range of 180-230 m below the ground surface (250-200 m above sea level) from the compari-
son of the depth of intrusion magma imaged by AFMT survey with the growth curve of
Sinzan (criptodome).
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(3) The comparison of these depths with spatial distributions of aquifers suggests that
phreatic-phreatomagmatic explosion occurred in Pleistocene series and upper Neogene
Tertiary system.

(4) A numerical experiment with one dimensional two-phase flow in porous medium reveals
that the over-pressure caused by contact between magma and water easily diffuses in a
permeable layer. This result implies that an impermeable layer provides the environment for
phreatic-phreatomagmatic explosion on the basis of the scenario proposed by Yanagitani et
al. (1995).
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Table 1. Classification of aquifer and hydraulic parameters
Thickness|Specific Yield| Hydraulic Porosity Screen Length | Apparent
Formation as Aquifer Conductivity Resistivity
(m) (m?/d) (X10-%cm/s) | (Formation Factor) (m) Q'm
9 talus deposits, Fan deposits 100~430 13~44
. E Somma Lava 510~3840 39~920 50~300
§ é 11
& ¢ Toya Pumice flow deposits (90) 11~94 0.6~2.2 ~ 50~120
OS’ § kami-Nagawa F. 18+ 25~T8& 1.2*~1,1* 55 50~300
‘g Takinoue Welded Tuff (130) 100
| & Yanagihara F. ~200 20~460 | 1.0~22 | 29~59(5~2) 5~200
Ta Muroran F. (700) | 3.3~17 | 0.46~0.77 ~50
% Upper Shikanosawa F. (300) 9.2~13 0.07~0.09* 200 ~30(80)
S Lowwer Sekenosava (200 | 0.2~0.7 [0.001~0.006| 5~53(462~3.6)|  ~ ~30(50)
“:’a Takinokawa 1?‘., (700) 300
8 Soshyunai F.
? Osarugawa F. 800+ 1.6~1.7 |0.009~0.012 | 3~23(1110~19) 10~30(200)




82 X - RE B

W Geothermal Well O AFMT sounding Site
O Water Well -8 Schlumberger sounding Site

Fig. 2. Location map of geothermal wells, water wells, Schlumberger sounding sites
and AFMT sounding sites. KU : Ko-Usu OU : Oo-Usuy, US : Usu Shinzan, OG :
Ogari Yama, SS : Showa Shinzan YY: Yosomi Yama.
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LD S FERILDBERIZ 221 72 igic, TEHOMERBEZARL 22 EVRIicRET 3 (L
i, 1995). HEROBMEKFET, LHOSHELRC &, EFHRL) LS blct—F—T2
~ 3FEEREI
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SEHRIC XTI 115 100~200 ohm-m D HIERFEICEH N 57%, ABT 12 fHi5 3 T <.
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Fig.3. The simplified geological column and electrical logging curve of

water well WL1, and the simplified geological column of geothermal
well GS-RI.
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Fig. 5. A Resistivity profile deduced by one-dimensional analysis of VES curves at
sites along Osaru river.
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BRINKERBRPBEL A TO2 /7 +=DBREIZDWTIE, Yokoyama (1995) 35 & U414
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mGeothermal Well o AFMT sounding Site
OWater Well —e-Schlumberger sounding Site

Fig. 6. Iso-depth contour map showing the base of Takinoue welded tuff.

mGeothermal Well o AFMT sounding Site
OWater Well -e-Schlumberger sounding Site

Fig.7. Iso-depth contour map showing the base of Yanagihara Formation.
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Fig. 8. Resistivity cross-section along the line A-B shown in Fig.2 by
audiomagnetotelluric soundings (the upper) and simplified structure model (the

lower). R and C in the lower figure denote resistive and conductive bodies
respectively (after Ogawa et al. 1998).
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Fig. 9. Comparsion of deduced geological formations with the top of the intruded
magma estimated from the growth curve of the lava dome by Yokoyama (1997,
personal communication).
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koyama (1981) R BERAILBRARTIC L D BAIE N E LH LN T 5 (Fig. 11). =7 =D EFERL
FLDOBEREIFE L WERET 2 L, KER— <72 KERBRIWBE - 2RA T <TRES
DNEBEIZBAELN L 40~60mBELS, WK 40m~210mich- e HWEENS, ZORML VI
BN b HEEINZ 1978 F3 A5 197 8F 8 AL TODHWISICHEKEII D - Il= T =i
HWR200mBEICE TER L) Z & (KB, 1979) & AL T 5 (Fig. 12).
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Fig. 10. Resistivity structure, hypocenters, P-wave velocity anomaly, gravity anomaly
and magnetic anomaly along the line A-B in Fig. 2.
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Fig. 11. Growth curves of Ogariyama (OG) and New mountain (NM).
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Fig. 12. Temporal variation of the gravity on the southern mountainside and intruded
magma body deduced by gravity change. The gravity changes from Oct. 1977 to
Mar. 1987 are explained by the hatched magma body (density=2.5gr/cc). The
gravity changes from Mar. 1978 to Aug. 1978 are also explained by the magma
body lied on the hatched magma body. The gravity changes from Aug. 1978 to
Oct. 1978 is explained by magma ejection from the top of intruded magma body.
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A WD, BURREDEERESHRILF IR 2 2MEM»H 52 &5, ME-E?» S
EHR LB CARER -~ 7/~ KERBREIREL 2 EBEEINE, INLDOMBICX L —
F—DHESN T3 GS-R1 TiE, KER— <7 vKERBRORE IR 2 kAT ZE B ¢
H&n7:Z & (Watanabe, 1983) X0 1977-1982 SEiEB) %58 L CAMIE T A &, E@pEik & &
DI ERIZELTCWBZ E (Fig 13) 25, N LDHBHIKER — < /> KELBRNA
hT, HAFEBHICLE(BEEL Wb Z L2 dbes,

v. & =

W4 (1996) 13 KEFI L 2 BN EBFA— 7 ic &k DIMBABEEERY &H, LE+DLZEHE LD
FANTEZDREL, 2L BEN2 L —NT B2 A= X ADHMMICERI N, WEmE
RBZHFITENVERL, BBICES L) BRABENL T ) F #8EL T3,

DT ) FIhE ) BABREORERESL, SREIKD 5 72 KB £ 0BRGN TR S
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N5 L) PR L SRR O—RITZMRE TV B 2.1F, Delaney, 1982) % v THEt
L7z, #HECIIEr BRI S = 3 v —2— ‘STAR (Maxwell Lab. Inc.) %L, kK
D% WHERKE % Fig. 14 D L ) I ® T MELETE 4T > 72, Fig. 15 I BH OB 30%, *
72#oKE% 1.0813X106 Pa(8R X 100 m), BES 15C, =7 =DIiEE% 800C & L€, SEAKEK
75 10X 107" (FRNEAARE 1 X 10 %cm/s) B & UF 10X 10~ (B 5hE K455 0.001 X 10~°cm/s) D
BDFTEBRETRT.

Porosity=30%
Thermal conductivity=2.09 w/m/TC
Heat capacity=1x103 J/kg/T
Density=2200x103 kg/m3 Hydrostatic pressure
=1. 0813x106Pa
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Fig. 14. Model for numerical simulation with one dimensional two-phase flow in
porous medium.
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Fig. 15. Simulation results. Numbers in graphs indicate lap time in second after
contact between magma and water in the permeable layer.
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411z SCHUMBERGER W.S.C (Schlumberger, 1949) ¢ Deperture Curve % F L CIR
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(2) No Invasion (JeKDHIGHA~DHEAD L, WICHIE K TLICRATERS N, B
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HRE22R L CaEnBE— 2 REE2BAZ.

Fig. 16 1z WL 2 (Fig. 2 B) &5 17z B IEHEIE &, FAFKE (163~175m) B &
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Fig. 16. Electric logging curve for WL2 (left) and plot of apparent resistivity on the a
chart of resistivity departure curves (right).
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> 2 TF EEE, Ro My HEAK T 100%i:2 LT 5 & = nihfg HiEHE, Rwiz
HEKIEDT, Rt iZHMEOEDIEDIE, Sw i KGR TH D, 72, aldfel, mide x> 57—
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WEICH 72> TiE, Sw=1 2REL, REFKOMWB TIZa=1, m=1.3, EFHL2HETIza=
L, m=2 %R, &7, RwiZDO»TREHKEHE) SN T2 RkOBRUREEDOWEEL D 5
B3 ENE2HEHL, 2 UM LS THED & NaCl SMEE 2 Ko, BERET— 2 2 Hv
TIRERIIE % i U g K Ight & L 72,

HEATRER % Table 2 125RT. WL 2 3 & f WL 3 #fEREIc>WTi3, REKOW -BE TR
TARIHBHICTHEERAT 2 Z 5%V E W) IIE (1962) HFEFEIZ 0 5 > T Rw=Rm #{5E L
72, ZO%E, MEEHKIZ F=Rt/Rw=Rt/Rm & % > T, BXREGEH» 5151 5 Rt/Rm #»°
WEREE 52 5,

EADH - BETH B WL 2 TEL NI ILBEERIZ 29% S B E L TId R4 2B TH 55, WL 3
DW - BT 5T% ERRKED L E T -7z, 1.D.16 TIRIEERMINBITHT L T 16%~53% & v
SHIBEIEL N, HOLPETIBERIZBEAS TR LN, B AESIBERE & - 25M
BKIBERIKE TH 5%, S LAT, ZOMEICIIRORERMIHES. RMORKABEICHL
TIZFLBER DT 23~28% L 1TIT—E L 2l b iz,

Table 2. Summary of resistivity log analysis

Depth e T Rm Ra rt Rw F ¢
@) Rock facies (m) (C) (Q-m) Q-m (Q-m) (Q-m) (%)
Rm RI R2 R3 |Rt/Rm;i Rt Rw F ¢
135~ 145 | gravel-sand 10.5 13.7 15.6 66 87  — 5 78 - 51 29
163~175 | gravel-sand 12 14.0 156 68 8  — 5 78 - 5( 29
80 90 | gravel-sand 10 89 19.2 35 40 — 2 | 38.4 — 2| 59
42~ 65 | welded tuff 23 21.0 7.0 35 39 36 5 35 - -1 =
76~ 92 | welded tuff 16 215 7.0 19 21 20 3 91 - - -
131~139 | tuffaceous sand 8 29.5 1.3 18 19 - 15 19.5 - — —
146~157 | tuffaceoussand | 11 30.6 1.3 6.4 88 — | 21 | 27.3 Tl ol
" 282~307 | tuff 25 36.0 1.15 4.4 54 — 4 4.6 - =
344~355 | tuffaceous sand 11 37.8 1.12 3.5 4.5 — 3 3.36 - =
690~704 | dike 14 65.9 0.73 16 23 — | 2 |18.98 - - -
717~760 | lappili tuff 43 67.6 0.71 4.4 56 — 6 | 4.26 1.2 3.55| 53
865~882 | dike 17 745 0.68 32 52 — | 60 | 40.8 1.1 37.09| 16
882~890 | tuff breccia | 8 7.7 066 13 18 — | 21 |13.8 1.1 12.6| 28
906~922 | tuff breccia 6 77.7 0.64 14 21 — | 31 |19.8¢ 1.05 18.9| 23
970~982 | tuff breccia 12 8.6 058 13 19 — | 31 |17.98 0.98 18.35] 23

kness of bed T : Temperature Rm : Mud resistivity Ra : Apparent resistivity
stivity of bed Rw : water resistivity F : formation facter ¢ : porosity



