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Energies dissipated with Volecanic Activities
—C(Classification and Evaluation.

Kazuaki NAKAMURA
(Earthquake Research Institute, University of Tokyo)

Various energies released in relation to a volcanic activity are classified and evaluated
based chiefly on YOKOYAMA’s and SUGIMURA’s works. The energies are classified into four
different categories, i.e. 1) heat transferred by solid and gaseous volcanic products (Eth),
2) energy spent in expansion of volcanic gas (mainly water) (Ee), 3) heat lost by underground
conduction (Ec), and 4) work done against gravity (Ep).

Eth is estimated at(1.4::0.3)x 1010. M (ergs), where M is the total mass of solid eruptive
product in grammes. Ee is estimated at 1.5x10°- M (ergs) in which kinetic energy of ex-
plosion and of ground vibration is included. Ec is difficult to estimate in direct connec-
tion with M. Ec consists a part of excess value of terrestrial heat flow of volcanic belt
over non volcanic one. Therefore, it can be put out of consideration in the discussion
where heat flow values are calculated independently. Ep can be almost neglected when we
consider the energy economy including the crust and upper mantle as a whole, because
compensative work should be done for the gravity, below and around the volcano.

Thus, the order of magnitude of the whole volcanic energies are expressed as 1.6+0.4
% 1010. M ergs (+Ec) in terms of the total mass of solid volcanic product, which is the only
key to the magnitude of past volcanic activities.
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KU K DA X X I N AN AE RETERINS 5. BROENTXOMSZRT I LD
WK B (1945) OfE#E S 5. TSUYA (1955) 13K DRSS OREICILHIT 5 &
LT, BEHAOERIC X AR KRR 2 EE L7, BAKRRITEET 5 = X 0¥ — 1L LI
L HEE X TV 7228, YOKOYAMA (1956 b, 1957 a-b) (3 KO KRE I &2 DEH S L7
=R AF—TEOTHLbLE BEENE =51 ¥ —OFRTIEEEYDO L LR L= 31
FoRRAE N LERL, BHAEPLEAD= 2 AF—2HHL, @1 OEKDOARTK
QKT OWT AR U, KIWEENC X 5= % V¥ — OREIHEL 5 > 1 2721 DI
SUGIMURA et al. (1963), NAKAMURA (1964) 7z &35 5.

AETIREFERCE LB SN = 2 L ¥ -2 L0 b0/ filZ, EERROERR 5 XKT

NACSI| S-El ectronic Library Service



Vol canol ogical Society of Japan

82 B = B

DVWTRAL, RCBBEDO= 2 LF —-DEHFTOWTORR— RN /T B> THEEY
BLAKUFBHO= x L ¥ —~DBHBRERD S,

KILEEND 3 Fi

(1) SFEREBZRIU 1953~54 E£DEE)

T OBKIE, RIZDR5 1951 FOEEIHF S DTGB TO/PNHEL 30T, 53410
H5 B8 288 BETCHKRMICE 60 HAD oMk bhiz, ZEAOMIZA=Y 7
2 6x10*m?®) #2< b, ¥E (2.15x15°m?) kM L7z (TSUYA et al., 1956).

YOKOYAMA (1956 b, 1957 a-b) it Energetics in Active Volcanoes &+ 2% —B D%
NOE1VRTZ O KEFKD7Io*,

ETREWERT (4 =4.8km) OMBIHOEFEHE DTV L DHDREL FITF THEKITHED
FIRBYD = 2 v ¥ —2§) 1x10% ergs & 40307z, KILUMHIE IR K 1L £ DRI
KERZEFDLDV, MREZRISAL L 2 FER EOTBETI XD = FAF — 12 h7EH> 5)
X107 ergs TH 5,

BEhE L TOZ 5B L HbH Lc#= %+~ (Eths) 13 Yokoyama (1957 a) & (5
RICEOTRELN S,

Eths = M(4T xC+H)-4.18-107 (ergs) 1)

722l M OTEEHE (gr), H 3@ o sk (cal/gr), C 3BT YOKOYAMA IS5
7L LT 0.25cal/gr 'C & & o7,

EHEYOREIIESEY 2.5gr/cm®, TOMOIWH%E21ET5E 6x100gr L7n5b, AT 1%
1100 (C), H iZoWTHRD X 5% T 10cal/gr £+ %, YoRovaMmMa (1957 a) ik H &
LT 50cal/gr #5275 ZHIXEHYSEEEICR DS ITHEYST S, BRIZEMRD
DEFHBHTADEETHELPLINEDIINIIVWEEZLNS, ZTRETF A 80% %
HO5HELTThbITHs, ULofEixd 1) KA S &, Eths=7.1x10ergs 2B 5N 5.
[ YOKOYAMA (1957 a) DHIIEEZ /NI HAD232TH 57D 6.7x10% ergs THh %,

BKICE LTS h o E 8= 2 v ¥ — (Ek) DRV ICTEEHOVMELLETH S, B
Wir data XA BHLHVDOT, BHRILOWTIE Smfsec, #BMIZ >\l 50m/sec &k
X052 5E, Ek 12 1.0x10%ergs fBEE 71 5,

FiT YOKOYAMA (1956 a) 1IME KERESE2>5 3 » AoM%E &1 MO IREE O RATHZE(L
b, =/<BY)DORI L, TZXHBRINBELHEL TWVD, BRSNS OELE

B R ANF OV TURE WM TITES R TV 5,
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HWTFDOHBFIZLDHLDE LTCEORS 2~ /< RVDES LB L, @HE T 1.6km 25T
W5, E7, HEOA LT MAZ X HRHOBLE A LTS hBE LS LT 1.9x10*
ergs wig7:.

R E o LT L7cfhE (Ep) L LCRERE~s7~B bR TdeEXLHE 1.3
x10% ergs & 7% (YOKOYAMA, 1956 b OfEix 1.6x10% ergs),

RS OZEALZ T DIRGEDIREZEACITIFT 2B OS5 E, HWAREIE ABITH & DIRRE
CETHHMINLLERS D, ZOENZDEFATIERBBEL T2y (YOKOYAMA, 1956
b). UYEDA (1961) X D ELmIRd 2 72017, ERED b DIz KOnbLH iz O ¥R
430 m OMERE 2 T 3km SRR BT~ 100°C 225 350°C ~hnEh =T w< =
F M XD THIBARIR G OF ML Z BB L7z, Zo=F M~ 7~ B0 208 L
LTWwinwl, EEICEREOMICEAT HLEIR ., ERERITHE KT W2 288 E LT
XD 2LLH LB D, ELROEFHIMEOEFHIC, LORBECHIAIN5:E
BSLE T 13 YOKOYAMA DO FLOHBE LR L TH 5,

UYEDA D& F A< L, HABBE CITHT 3km DIRICEBINEET 8.4%
10 ergs C, YOKOYAMA D& F A D 54E s, BMHEWBENCH L TR L-AEL2
feLin b,

LA 0> 1953~7"54 SEOIEBN T DVWTE L0 5 &, BRSO » ARICHT 3km LiEo
BT A SIS E D 5 B 100~1000 4300 1 B EEAE KIT X 2T K A5 5 EIEE K4y o #h

Table 1. Estimated energies of different forms as released
during a single volcanic activity. See text.

Oshima Volcano, Izu | Usu Volcano (1943-1945)

Energy released by e e
1 1953-1954( x 102t ergs) ! 1950-1951( x 1023 ergs) M (Showa shinzan) ( x 102¢ ergs)

heat transferred by = 71 6 7100 = 9.6~7.5x100 | 3.2 100

solid product (Eths) | ‘ !
| tremors 1x10-2 2x 10—+ “
ground vibration (Ev) ! - L. —— w >1.8x10-5
local _ - I
chocks ~ 9x10—¢ | 2x10-5 ‘i
explosive ejection (Ek) | <5310+ | <7.3%10~4 (>3. ox }821)
. | ; .
work done against - ] - - -
gravity (Ep) : 1.3~2.5x10-! >4.2~3.5%x10-1 2.9%x10—1
Energy supplied - -
to the realm of 1.9~8.4x108 ! >1.1x10% T~

volcanic activity - i
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=R AF - LUTHESh, BMEOEFCHEIYOER) = x L+ — L LCHBEINFIIER
D 10~ F 100 53> 1 TH>7- (Table 1).

[EECE L CHE P DR I N D7c= 2 L F - Dl b OF 3T, —AEA L=~
DEODENIBAITHRT 5 LITXDTHBINDDOTIEELA S0, ZOZ L3ERTEX
% Kilauea OB K7 EOFHE LIX L IFHEINR S, HWPH TR km k2% LThE
UYEDA OE=F VDRI EIVRITOLNL I3 ICHZD, OB LTHHURIT< /<8
FHEETHZ LTS,

(2) P KRE=RIU 1950~1951 FED1EE)

ZOEENIRE KIUDOBRREZ SO LEN5 & LRI WS 1777~92 FE % 5K K
KUABOBE K & LT X 1912~14 OB A E 212 BADOHEE 0L DT H 2% (NAKAMURA,
1964), MEKIX 1950 FE7 16 A~9H 230 (W70 B) LFFE2H4H8~6H281 (125 H)
D 2T 7D T, &L TEE (2.3x10'm?) DM & ko $ (fire fountain) 1%
B (229 7k 3.6X1.08m?) &Ko7,

YOKOYAMA (1957 a) 1% 1953~54 EDJEBHC O WTITI 272D & [F UHE: T tremors 2
I B = 2 F—% 2Xx10%ergs, RHMEMEIZIX 502K 2x10%ergs BEL Z0 3
o7 BEEEHEHO LB LB 2L — 1k, M=6.3x10%(gr)%, 4T = 1100(°C), C =
0.25cal/’Cgr, H=10cal/gr &3+ % & (1) X5 9.0~7.5x102% ergs &7 %. YOKOYAMA
(1957 a) 1¥ M=7.6X10', AT =1000, H=50 & LT Eths = 9.6x13®ergs & L 7=

B = F ¥ — (Ek) 12D WTiE 1953~'54 FEB)DOBHE LA U HET 7.3X10* ergs &
EELic s, BT 543 (Ep) Tl RIKITAKE (1951) @€ F L IcE>C 5.5km & THh
¥ 4.2~3.5 x 102ergs 7%, HAESNABBCZODWTHREUEF L 2621F 1.1 x 1028
ergs 7%, LrLZNBOEFFIETORXS5i1C, UYEDA D= 7 /LITHE X iE MR 15
PCREL LD EEZEZLND,

WTFRIZLTh I N = 2 F— D&kl LTOE AT 1953~'54 FEOEBDOBE &
FIERCTdH B (Table 1),

(3) BE kL 1943~1945 OIEE) (FEFIEF L)
ZOEENX 1943 £ 12 A 28 BT 4 E0 9 BEETH 600 Bithbil 5% Y hiEET
o7 (ISHIKAWA, 1947 « 1950 7x &), #ioo#) 180 BT Kiz ey >HEIAT, 1ZUHD 8

* lava, 2.5 gr/cm3, scoria, 1.5 gr/cm3 » L7:{H.
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~9 MIFAFXUEHCE L SN, TORTEBETRINCER LN ME»Z ko7 H
FRCHRBORKEMIUE D, 100 BH S WebEREEALS, SRICH LR oMECBE L
TWVWDo7rz, 274~y 2 A0EBRIMNIF 130 Acxoiic 15 EOEELERE1 DD 4.76X
10° ton OB A 7z (MINAKAMI, 1947). EBRIDOERIZERE LToSwie, L
D300 A2 EL L CERIIOKRE - & 31220 BICEEMABEESER S, & ORI
FECEERHERER S D7,

CO—HEDOFEI L O TELAE IN=FALF-1XROEIITHOLHLN S, KIZAWA
(1957 - 1959 + 1960) 13 iR E s X O HE RO MER L~ thtih AT I Bl -
LATHEEZEOEESZMRL, M (4=69km) TOBAKER»LSLO=21F— (Bv) 2R
o FhIck s E ARHERLY 11.5x10%ergs, BAIIX 6.1x10%ergs TH %, i 1.8
X 10 ergs TH 5%, DRV ICFBTRESNRPOLHCEEOS, BERIPOH
B (MINAKAMI, 1947) X5 ENTWRWIADLERIIZA I DLV RENEBEbiLs,

BRO= 3L+ — (Ek) 1%, KE-PAE (1944) 12 X>T 15 BOEERBROEOE Y
B, ElowmE (120~80m) & 225 3.6x10%ergs & BRod 5T v%, ISHIKAWA (1950)
o Fig. 7 » LW EAIHET 2 L 2x107m® T, FHEEL 0.5 L/PIDITRFESTL
1x107ton 7D AKERN - HOREDOK 2 f£TH 5, ZHIANOT RIS 7L EFIT
X5LDOBEENTHI20 L, BORMOBENIOREDDIDTHD Z LDFAFEZRLT
WAHDTHAHD,

B D 4 B Lo 2L E — 05 B EBRINTIIC IR0 L LA b Drk, K
b R (1944) O H D AT =500C CESEE LTk RETELrb L0k, H
=0, M > LT Ei2o0flizfis & cnLi Eths =2.0~4.2Xx 102 ergs &75 5,

SRR OIS o iR OERBIIMFEL T LA LTS~ 7 <D Z R L Ty
BE#FEZHND, BAZL (1957) BHEHHOFEIHL TR WA OEENRCBER L7 BELE
Z 1.2x10°m® L ho4 0 T\w5h, F724F (1950) 0F 3N (EEFHHRK) ZE>THEEK
7 LR 1.38x10°m? TH DS, A% (1950) BEHME LFUEEOEL P D <
=D EEE L 2.2~2.3gr/cm® X RO HUES O EEIT 900~1000°C (MINAKAMI,
1947) i F oo~ 7 <D EF 10000C (MATUO, 1961) LiEEShTw5, (1) KT Mp=1.3
%10 cm?, 4T = 1000°C, H = 10 cal/gr, p =2.2gr/cm® L 3% &

Eths = 2.9 101 (1000 x0.25-+10) X4.18 X107 = 3.2x10** ergs  (2)
LA, TR LI O—IRIEERESE T 20 FLEAORELHE SN OOHL3D0TH
D, B VATO IEBRCRE S hcE LORE,
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BHow L Clhshictb®E (Ep) 13, EEMEHO VL S0 MEMO W< S 0EDE
BOREN1 720X T 10km FitETH 5 (KIZAwa, 1960) & &, BEMOEVHEIL 5
km DETH 25z & (MINAKAMI, 1947) 75 &5 10km 55 FA L7522 E 2% BELE
ERED <7 =h 10km EA L7z 00,

Ep = 2.9x10"*X10?x10°=2.9x 10% (ergs) 3
L85,

PLEOfERD Table 1 IZFEALTH S, ZOEBCOWTEH, KEMHD~ 7 <o ERAIHE
KETHOTICEME LIt Tl Shic= 3 L F - DEEIIKEDEE LITFH Lo/t >Tw
5.

FaOIXLF—DHE*

KIUTEE), FHOBEDZNOKRE XML T2 0 BHERE X >THDh 5> 2EHEOR
L (L, ThE2 3 LIELRFERCEETH D). LarnOTTRTO= X 0¥ -8
HHYE M OB E LTHObT M TENEHFREGTH S, —H KIS £ Tt
SNH=FAF¥F—ix Table 2 DX ST hbiFTELZLNS, KETIEINDOMOENBIER
BGRT D,

Table 2. Classification and general evaluation of various energies released by
volcanic activities. M denotes the total mass of eruptive product

1. Heat transferred by volcanic product X M(gr) x 10t ergs

a. lavas and pyroclastics (Eths) ' 1.2+0.2
b. gas (water) (Ethw) } 0.22
|
c. dissociation of gas from magma (Ed) i 0.003
2. Energy expended in the expansion of gas (water) (Ee) i 0.15
(a. Kinetic energy of explosion (Ek) <<0.18>
: (0.01)
b. ground vibration (Ev) \ 0.01
3. Heat lost by underground conduction x -
(@ part of terrestrial heat flow) (Ec) - [<0.6x107¢ caljem?® sec]
Total 1.6+0.4(+Ec)
(4. Work done against gravity (Ep) ‘ ?11:1(1)8 Ex))

* AHE52SUGIMURA (in press) {2355 & & 5tk X o,

NACSI| S-El ectronic Library Service




Vol canol ogical Society of Japan

KWL EB O = & o4 F - 87

(1) KIUEHDIZ Lo GERRRINDEL

Z#ui Table 2 DX 5T 32iCbFTELLNS. BEHEHMIC LS L @ (Eths) IXHIA
TEL7A, 1) R/T 4T = 1050+100°C, C = 0.20~0.25 OHHENEZ LN D, H 3HR
R IR T ZIVEE N 7 T A Th H0ErEEZ LLENRD 50, THRERIC TR
BiZin 50 THLHPLFDL S IRERFEOMEE LTH2 5 & &2l YoRoYAMA (1957 a)
DX HiT 50cal/gr L 5H5RERKAS, DT

Eths = 1.240.2x 10" M (gr)ergs (4)

L5,

MK DOEZEME = LTHIF T KLU F A 0#E (Ethw) 2503 57201 D X 5 R K7E
BT 5, ETHARTRCKEZ AL 1IGEFTHEEGEL, Fic 20C £TwHT 5D
DET 5L, Hhabl Lok (Cp) % 0.5cal/gr 235 & X OREX

(950x0.5+539-+80) x4.18 X 10*" = 4.6 x 10 erg/gr 5)
&85,
L 7D 5% ThHoMEL, KEITNTHEE LA~/ ~fzgEhT vz & Th
i,
Ethw = M x5x1072x4.6 %101 = 2.2 x10°M(ergs) 6)
Ll b,

FEROFEER IR EEN L S, TOBEIKEOHEEZFEZ5LHT X0THS
5. K~ 2 < LT BB 513 5 B (Ed) (21X SUGIMURA (in press) QRO 225
%. 513 Ed = (RT?/Co) 6Co/0T = KENNEDY (1955) D 7 5 7 5 X A & D7z AT 10
cal/gr %87z (R: S4h%EH, T: W, Co: VRS 5km T 6.5%). > TKEZKER 6.5

% &9 nE
Ed = Mx1072x6.5X10X4.18x107=2.7 x107- M (ergs) (7)

Eths, Ethw, Ed ® 3 0% &57 2% L#ERBEHYC XTI bR I 58EE, 1.420.3X
10°- M(ergs) B - RE L 5N 5 (Table 2),
(2) kur A (KER) oBRCHbhDL=*x1¥— (Ee)
Z IO Wi YOKOYAMA (1956 a) iZ k% 700cal/gr £ \5 523 0 3dd, Tk
T DEFM, Ethw OFfF & | CAREIC 72T,
Ee = M x5x1072x700% 4.18 X 10" = 1.5x10°- M (ergs) (8)

* 2o L 2 XK (1953) 1% 1950~51 £ED K DU K TREIN B ED 14wt% { OEIG%E LoD
BRDOHL T EEREE LTS, —HKESOHRSEE U TEEREE Lo, FRIIERLRE
DR OEE L Z_EXTHA 5D 0.5 LIV bAVNEWTHA S,
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BREAEKZ B3R5I Ee O b OFGFaEREO= x ¥~ (Ek) L LTHESHL
%5, WESCKREICL ST ZHEhs =&+ — (Ev) & Ee 0—#& LT ENTE B,
Ev % Table 1 TIIBRADEETH Ethsx1/700 TH %, KEICIZH 5P LREVWEELD
5L ThEVEV Eths @ 1/100 BETH A 5.

BRI KT L 5 EBh = x L ¥ — (EK) 1k Mv?2 THEzZBNh5 (v 3B OE), —i
IR O—EBIBERWCERINE2E, ML TEERZ ENE, 2= 1F—fD Ek
DEEGE LT IEERAELRS. v IPERT 1~2x104(cm) BE (MINAKAMI, 1950) TdH
5, BrHL EBINEEOEE B80km*) TH % Krakatau, 1883 SEOHEKTH, B -
g (1960) OXEZFTIELTHES &,

H(km)x10® = 2.2x v (cm/sec)? (H 1 IEEOFHE) 75

vo =6x10*(cm) TH 5%,
U7esioT Bk (ORAT) 13, 5 Mo* = 1.8%10°- M(ergs), FRIEDIKTIE 0.5~2x10%
Mergs BETH 5. Ek ORKED Ee L3 —FHTHZ LI3ERLL2E5 LW,

@) =7/ =~BRELTrHMRCIET 5 ETOMCERCI>TRbh LB (Eo)

Ec YR s EARBRICD 50EL O D BREETH D, L L~/ <~DRE—
MEK &S &fhpiz @ 10578 SE-EFEIIT Tz d O &F 2 U, BAED KL &I RUH
LI BT LBHREDE, # 0.6x107¢cal/cm? sec (UYEDA and HoRAI, 1964) oz Ec iz
I AFENRSHSENTWELETH S, TDEFITDWTIX RIKITAKE and HORAT (1960) D %
DR DHDH, T XNEEEROBEORYE Ec WRT 2 LREETCE VWIS THx
%, HBEFAEEIC X 0T 100~6° EH O T DM O « ZHESA (B KILOK & Har)
b M L OENEIRR DS,

(4) WEHRE IR LT Licf3E (Ep)

FHITRT 543 Mgh(cm) = 108H (km)- M(ergs) T 3505 < 7/ =2 X 100 ¥+
km 25 EALTLE Ep=Eths &7 2, WTFERMC~ s/ ~B0d 0, BEABHETIC
RPN THEET <7/ <B3TTIREBV 2L LTWAS EEZNE, BIfIOZHERD X 5 ICErRIC
BHENE=F A F -5 B0 55FITIB IR >VWTHELNTI Vv, H=10km &¥
HiE Ep =0.1x10"°-M Lig D 2EA~OFELEIT/NMI W,

—7F 1043 L W H RIZ DI O—HBRUEBSL2AEZEZ DX 5 BBH T~/ ~DORET

* WiIiLLiaMs (1941)

NACSI| S-El ectronic Library Service



Vol canol ogical Society of Japan

KW HE B o = ko4 F - 89

HLEBEZBIBC L FER Sk, L LKA &I RGWEIFIZZ D T < EEITBIR L 7o
BetheE2 2T Ep REEAEOSENEEZONS, HAOWERE»DLEXT
HFE km DUECZIZCERVWEEZLNL RS, EALI< 7 ~0h LD RREICHNST
HEDHEREINLEREPLTHS, HL, BE=FLF—-L LTEXLNY, EFADED
BRI LTREDNLZGRDDHLEEZLNLDTEL 0 TERWES S,

»H & K &

M OkEERIZE 2T Table 2 ITHRASINT VWA, KUEBIZ X > TSN =3 1%
—~ DREVE, 1.620.4x10°-Mergs BETHH (M 1 IEEWE (gr), T 80% I1ZEME
HHOd bR B XL F—-Thsb, ZOHFTEZIDIERIT 5720100%, EHRBSIUCED
BRI EN D KEKOEZMOLENRD .

T OMICHT CEEIC X o TR i, heat flow O—F Lo TWELRH L. TR
Z T IE, SBEOKINEEYOE LR EZMSZ LIZXDOT, KIUEEHZL b= 21—
DRESICHHBIERL EZHEET 52 X TE D,

it 2
ez L TF SO BAHIRICE# T 5.
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