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Morphometric Study of the Lava Entering the Sea: the 1990 Kaimu Bay Flow
from Pu’u ‘O’o-Kupaianaha Vent, Kilauea Volcano, Hawaii

Miyuki Nonaka®, Susumu UmiNo™** and Jim KAuAHIKAUA™*

The Pu’u ‘O’o-Kupaianaha eruption of Kilauea Volcano has been active since 1983 and effused 2.3 km?® of
lavas by September 2002. In 1990, lava flows fed by tubes from Kuapainaha vent covered Kalapana Village and
entered Kaimu Bay. Kaimu Bay was covered with “main lobes” emplaced parallel to shoreline and “outflows”
emplaced between the main lobes. The edges and surfaces of main lobes are often covered with thin pahoehoe
lobes, and have clefts and pits on the surface formed by inflation of the lobes. Flow directions of main lobes
indicated from buckled ropy wrinkles were parallel to shoreline, and new lobe branched from edge of older lobe
also flowed along the older lobe. The lava lobes are holohyaline at their surface with sporadic varioles of
clinopyroxene, and become intersertal at the interiors with increasing microcrystals of plagioclase and
clinopyroxene. The solidification temperature of lava estimated from MgO content in the glass of the lobe surface
is 1140 (£3) °C. On the other hand, the temperature of lava on Kupaianaha and Pu’u-O’o lava lake is 1154 (£
3) °C, the difference is only 14°C when lava carried to Kaimu Bay over 20 km away from vent, hence tube system
keep high adiabatic effect. At the last period of Kaimu bay flow, the temperature of lava is 20-24°C lower than
the former period. This suggests that whole tube systems in Kaimu bay cooled by air, and molten lava stagnated
in lava lobes at the last period. As examined daily outline of expanding flow lobes from observation data of lava
flows from land and air by Hawaiian Volcano Observatory and morphometric survey of present lava lobe on
Kaimu bay, a mean supply rate of lava flux to Kaimu Bay was 88,000 m*/day during 87 days from 6 August to 26
October. It is consistent with other data of Pu’u ‘O’o-Kupaianaha eruption.

The emplacement and development process of lava lobes on Kaimu bay is inferred as following: When lava
entered the sea, front part of lava was solidfiedy by rapid cooling of water. Although following molten part
avoided solidified front part, it also entered the sea and was solidified by rapid cooling of water. Lava lobe makes
barrier to the sea and flow along shoreline. Soon, lava lobes stopped from gentle cooling by air and began
inflation due to injection of molten lava. Clefts on “main lobes” resulted from inflation of lava and “outflows”
from leakage of molten lava from clefts. When internal pressure rise due to injection of molten lava got over the
tensile strength of crust, cracking and large drainage of molten lava occurred, new lobe formed and flew along
older lobe. Finally, shallow zone of Kaimu bay was buried by many lava lobes parallel to shoreline.

Key words: Kilauea Volcano, Kaimu Bay, lava lobes, entering the sea, morphometry
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1. FL®HIC

1983 4EM S NI A B+ 5 v 2 7 KL K TR,
AT 2— 7> TREPBITHFLTO S, ok
T3 T A KIERIFT S O 7 A REFWFZE 70— 71T &
D RkGER IS BIA S N, RSB ESERS TV
(Heliker and Mattox, 2003 75 &),

INFETIRAKEBEROLKIZHITEET 50 (A
B, 1968; 111, 1994 75&), FEFRITTEE T 5B 0AE
SNBNRIEFITDIE V., SO D B bR
Moore et al. (1973) ICL 3 DT, 19714FICF 5 v 7
Kili» SUEK Ut = o F 9 VISR N9 25T
ZE IR OUKED GBI L, IBETF VIR T O S
244 hEIEEu—-TOHBEN G5 AR, K
i X O WL T & 5 Kalapana HI[X 1%, 1990 7> &
1991 FRITIAEA A Kaimu BAF T LB EAREZ DT TT
BO, NKEGRDOIHEEE AT 5 L cHEELBIE
LRI N TV A,

F1, IREROIZEER, AR, mEE, HIPe
FlsEcHiflsns 2 ERTFo 7y EREEITLD L L
Hl5MTW3 (Fink and Griffiths, 1992; Gregg and Fink,
1995 75.&) A3, FEBED AKIEE T OTZRE D HIHIERIIC
WTEESNIHB IO,

Z TTATRSCTIE, 1990 > 5 1991 4EIT Kalapana
X7 5 Kaimu BN N L ciaOIFREAGEH#E L, AK
e D5 — % & FAED Kaimu 72 O MU RIS 5 ik
SVWTIRE D — 7 OB, IR K O SR A
HEE L, AKIEEROEZEOHFIZERIC OV CERT 5.

2. HE R

2-1 kS

211 F5UTT7KRIUCEIFZEKE

NTAEF Ty T KO, 1983 4F 1 HIciEE)
ZEALTHOHAEE TICI~S DI EY — FITAHT S
N % (Heliker and Mattox, 2003 75 &), 1983 4E1 A5
1986 £ 6 HE COMMICHEMT ZIEY — F 1~47C
3, F7vx7KnlTES V75 OH 20km, Y 7 k
V= D Puu ‘0o KIOZEIEEHUL & L 2o fikei i o
HOIAEERP OO E, FREREOE W T 7IEER
D N30 Ll 2 - 72 (Ulrich et al, 1987; Wolfe,
1988). #5< T Y — F 48 TZ, MK Pu'u ‘O’ K
12> 59 3km JLH{H| D Kuapainaha ‘KII~NBEj L, 55
Fa—TEMES R A KA RS AT 2 EERIE K I
254k L 72 (Mattox ef al., 1993). 1991 4F 11 AICBIA L 72
T EV — F 49 LI IEHOTEEN LA Puu ‘00 KT
&) L (Kauahikaua et al., 1996), BIfF b i & Wit 1c
HLUFT T05, KinX T > Kalapana Hi[X Kaimu /%

i « Jim KAUAHIKAUA

() ————— 5 miles
0 Cm—c——— 5 ki)

S

—" aerophotos view
of Kalapana area
(Fig. 2)

[ 1983-1986 lava flow

|:| 1986-1991 lava flow
1

area of map
50 km

Fig. 1. Geologic map of Pu’u ’O’o-Kupaianaha flow
field developed during a period from January
1983 to February 1992 (Mattox et al, 1993).
Large square shows the area of aerial photo-
graphs shown in Fig. 2 and small square shows
the studied area.

NDIEEROWFETEY — F 48 TRXHRTH 5.
IKE T3, Kauahikaua et al. (1996) 12D %, =& —
F 48 1B BEKFITH>VWTEEL K kR 3B,

212 ITEYV—FABIZHIFEEAE

1986 4F- 7 H, ®EKdulahs Puu ‘0’0 ‘KI5 545 3km b
B> Kuapainaha ‘K [T~ #) L 7o (Fig. 1). MK
MR K b O BRI K A~NBIT L, i8S F 2 — 7%
BES R A R AEEDR T L. 57 & Pulama Pail
A Lic & A THIIPABLOZE IC X b ¥ — MR
Nz=LY, 1986 4F 11 A £ ClomEaficR®hE L 2%, db
AT EZ A, BOERHIC Kalapana HIX Dk
PEBICAIE 4 2 RE A KAIAATL,
ZO%3ER, BERIBET 2 —TNERTFL, Wi
AUEEIHEA L f2. 1987 FEt T A0 & 1989 4EIT T T
Kupaianaha ‘K [17» 5 fiE45 & 1 2 i85 O K5y % Kalapana
HIKICHERT 2 X5 ICh -1, IBETF 2 — 7 OBNOEE
L TEKERURTEIC X BIRE 0T 2mIc X IERL
r B 5 2RO LT, WEEAEIE L 72, 1990
3 H A D O ERIE Kaimu B[ WiaS 72, 8 A
AT 100 $F4R D OFEES ENEE 15-25m DIEEIC
fRAIAE N7, IR IE Kaimu B A DY TRAOH
WWHR L, #BERE 1990 55K % CTIonoiERR & » 300
m ik L7z, 1991 4F 1 ALEA 5 Kuapainaha ‘K[
5 DEELHADREICED L, RIS Puu ‘O’ KL
IRETIEANLI DSBS LR 2. 1991 4E 11 A, Pu'u ‘0o &
Kuapainaha ‘K [17> 5 R 12 78 5 B H A 2 - 7225,
Kuapainaha ‘K [17» 5 O /a5 G 582 fE ik L 7
(Kauahikaua et al., 1996).
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22 BEFa1-—TIVRFL
221 FS5YIT7KUCEIFEZREF2—TVRT
LFERKE

59T KILUOEKTIE, EERISEFEERICES
5L, BET o — 7ORBIERICHSE L, iEid v — MR
KT 5. e T 2 — 7 v AT L OEEGEIE L, T
W72 (Hon et al, 1994; Kauahikaua et al., 1998; Mattox
etal, 1993738) ICLOLITO X IR TS,

HERIDNE & A STV 2 RN 5k A R A A
D7v v MIGEICE YRR 5 A PBEILL, 0T
AEDEILT 5. —7, Ea e — 7 oNEICdiEE
e s Lo - 7HEBERT S, o— THENR
FUCEET B E KM 7 2k HSTEE L THERO BRI S
WL, #retingo—7%2EKd 3. CoBviRLIC
Lo CHEfELco - TRPBTRET 2 — 72T
5. RMM Mo~ A) oE#hicie s EELEL
BEmMICKAREL o - THEET B, F2— 70
T AR —BRR ISR 2 B & F 2 — TIEEBS RIS i
W LEAZES 2700, IEHHEI s NS LEAZEL 2
F 2 — T Skl L icisE st EANREAH COEE e - 7
LY, PNTHIBF 2 —T2FRT 3. ZDLS1C
LTF a—7VvRF L 3EHRIRICHEL, BERIEER
BT v — MRICELART 5. IRETTIE, Mattox et al.
(1993) ITkHEDE, TEY —F48IcBI2Fa—7T v
T LADFGERITOVTEF L b3,

222 ITEY—FBICBEFEF1—T I RTFLEESL

Kuapainaha ‘K [17> 5 DECATEHI 1 1998 FF % TIE R
HERHITH - 72h%, 1990 FEIC A B E ¥ H DIKIEI A D
Lot IEORIZES T = — 7HZERLL, 1
FOBEEORHENER L. KIEo®BICESEF 2 -7
PP CTHE L7 RESF 2 — 7hER S e, = E
Y — K 48 T3FIT Kapa’afu 7 = — 7, Kalapana F 2 —
7, Uy FF o T F a—TDIODEAEF 2 — THIEEK
S, 1988 4 5 A il P Icea 2 s LT
Kapa’afu 7 = — 7'(3, 1990 4£2 g = 72 k1 0 %
WWKED 5 24km NRTRAE L, AaSH-IERICHRE
L7, i85 E Kapa’afu 7 = — 7O HBZITIH > TR T
L, #Frictiisa s o — 7 (Kalapana F 2 — 7) %A%,
Kalapana HIX ® JLPE 2 km 12 £ THZE L 72 (Fig. 1). <
D% 1990 4 5 A £ T IC Kalapana 7 = — 7 (3 &[0l 1k
L, ZOHERPTHELBESHEEMBRICHK NS &
7.

6 AFEIDMRIEDH, Kalapana F = — 723K 5
2km FRTHEEL, ¥iicinsFa—7 (9y FF o7
Fa—7) 2L . A S 13RS 1T Kalapana
Fa—TWoYy RFy FIEEFa—TIBITLE

Yy KF oy 7 F 2 — 7 ORI HHE S s 3l
HENSHEAL, ThE TIJERS L CWLiEait Mg
LB A ED I TR OFE, 7 H 21 Hi< Kaimu /125
L, SolcEEEHICH LOLWESTF 2 — 72K
L, #HAR]T Kalapana HIX 1285 A2 L4469 2 FF A
HF a—7iIci o7, 8 A AN E 2 2 [ kiED
#%, Kalapana 7 2 — 7 [I5E2ICHEEREIE L 72, —7F
Uy KF o 7Fa—T7E BRI L 72 bOOHUES
M~ L.

1990 47K, ERHHSRPERICN > B L WIAEF 2 — 7
MIER L, @ v FF v 7 F 2 — T OEEHHS 3R
MoTWot, 1991F2HETICY v FF v TIHA
F 2 — 7 OiEHEE L, [FFFIC Kalapana HIX A O 7%
HIRABFET L1z (Mattox et al., 1993).

3. KaimuBAgoO—7

ARETE, N7 A KBTI X - TR S hicZE
BT R OREETIC & 0 FE EROZEhh SiTbh
72K 24 O Kalapana HiI[X Kaimu /& O LD 5,
IETRIBOIART 282 2BE L, Ric, BHgHE X
DS DTS - fo Kaimu BiEH 0 — 7 O ERISFEK %
PR RS 5.

3-1 Kaimu ZAEREBOIEKX

AN A KIERRIFRE, 1990 4F 2 A Kalapana F 2 — 7
MBI THIEE L Kalapana HIX ~NES R N 2150 Th
SIREHHAHRET 5 1991 422 H £ T, Kalapana HiI[X
DOFE RO ZEdhm & OB AT - 7o, T oMd i
S N7 3D Kaimu BOZEREE) 5, EERKOL
KOBETA2IRD & 5 1 figgi Lic, 19904FE 5 H 7 HiCldiE
AHild Kaimu B~EREL TH 59 (Fig. 2a), 8 H 18 H
WA EDNBOEHZE > T WA (Fig. 2b). 12 7H
I 3R ZEHAL Tz (Fig. 2¢). & 518, HEITIA
T 5 iE Dl O BIEGLER (Fig. 3) 705, Ia itk
RKOBEFZHEICFEMICHEGE L., IFER38HALIHM®S
Kaimu ZITiA LG, [FE 10 H 26 H & TITERAUE
1IEL7. 8 A 1 HIZiEa» O vEfl DU ITIn > Tt
n, 15 0 F TR HEITD LSl sk s &
BHAG, 40m iFEADILITH > CILILEICHE L /2. 8
H15H7 59 H 25 Hich W CTlE@mIBIcZ/bid i, 9
H 26 HICHRASHEBI L, FEMNC 100m 550K 5 & &
b, DL 1 HTEICH - TILHEIC 450m 13 EHiE L
72. 9 A 26 H» 5 iEa 3D Lol R Lishi s
BIZif - THEL, Kaimu B2 T/, 1017 H
H 5 26 HIZH I CEERIOZA 72 <, 10 A 26 HITHE
HOIRIGTAICKE L .
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Kaimu B0 cinao — 703, EL Ao — 7

&, B OHHBLEBEL TWEWASD — 7515
(Fig. 4a). AimTld, WELALB GO — 7% A4 v o—

Fig. 2. Aerial photographs of Kalapana flow field
taken by HVO, USGS on 7 May (a), 18 August
(b) and 7 December (c), 1990.
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7, ZOMAEY bk ED — T AR — 7 EERT
5. mORHDA 4 v o —TRALE500m, §E100m T
s, A4 vo—TFEEERECRHe-7X0 b
BA—bVBELTWE, x4 vo—7OXMIES 1
mPFOHVWRHe - 7ick->TEODNTVWE T &N
2w, F72, A4 vo—7 FiTiEd, S 0.1~3m OE|Nn
H (Fig. 4b), RUES 1~4mOEMBIZEENS
(Figs. 4c,d). TI T, BHEEKICL-T, x4 va—7
Digh, BNH EEMD S, KD U omRi
ShB A4 o= 70N %R L /2 (Fig. 5). kI,
A OGO E R L, &£ 4 v o — 7O Nl
PR BT A~ 7o (Fig. 6).

322 [EEEEIME (lava-inflation cleft)

A4 va—7kicid LG LZMEAMISETRENE
MIEES % (Figs. 4b, 5). ZOENHEZ, BHEo—70D
TG~ DILRAME L U 7ot & INEA~ DS D 8 23 HkE
Liciedica —7hlgik L, Rz 7 2 b osgiRIGIIC
Lo ThlE N IAERERE NS bo T, EEEINE
EMEEN B (Walker, 1991).

AEEINEITIZ A 4 v o — Todil FicRET 2 b0
L, - T7oMBfHIicRET S bO0nb 5. g i
FE L RN HRZEEE TH 201 L, v -7
I FeE L 2 fikEIn E 12, o — 7 odhlficms - ¢
R 2 @R D 5. figskEln HNEIC d B OO
5IBRIS I3 2 Matk-fhaiiE 7 5 2 b OIRE D&
& > TH U 7o @itk (crease structure: Anderson and Fink,
1992) 254 5 2 LMk B ONE « 55, 1999; Umino
et al., 2000; 2002).

LD S em &, FEFSBEIN R TREN 5 25
T, ZO NIIE 10~150cm DIKEHEAH 5 (Fig. 4b).
BEEA 5 ZF L IKERITIE 10~50 cm FEAEE O HARETE

ighwa
E154° 130

59'30"

[-N19°22"

= 29 Sep.
== 30 Sep.

1 Oct.
= 6 Oct
e 7-8 Oct.

. mmmm 9-10 Oct.
. mmm 11 Oct.
== 12 Oct.
C==0 27 Sep. wmmm 17-26 Oct.

0 e—— — 300 M

Fig. 3. Growth model of Kaimu Bay flow field
observed by HVO, USGS from 1 August to 26
October.
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Fig. 4. Major structures of (a) main lobe several meters high and outflow emplaced between main lobes. (b)
Side wall of lava-inflation cleft shows the structure of lava crust. The upper crust consists of surface black
glass and less vesicular gray columnar jointed layer, and the lower crust is vesicular and shows elongated red
and gray stripes parallel to lobes. (c) Lava-rise pit on Lobel, 15m diameter and 3.7m deep. (d) Pit floor
and buckled-up flow margins surrounding of the pit shown in (c¢). (e) Ropy wrinkles on main lobes. (f)
Ropy wrinkles on outflow. Note that surface folds of (e) are larger than (f). Both of those indicate flow
direction from right to left in photos. Scale is 1 m in (e) and 20cm in (f).
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n lava-rise pits
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flow directions of lava
decided by field observation
1 lobe number indicating
order of emplacement
0 300 m

Fig. 5.
the main lobes.

DHBEICHGZE L TV 5. BT S5 20 & LRIk
13, a0 — 70EE LEIN BB 2 5 =2
LI NIT A TVt s 5 2 OB TH % &
ET Y (0

fatk 7 5 2 + O F» SEEGEEINH O T, Fal
e oREEo s ol cnaha s, REw
L TR KBRS HICHER VIR L, HEaa—T &
SEITICRE IR E 2 R L T WV B4 (Fig. 4b) 238 5.
RO IZBZEED K 5RO 0.1~1 mm OFIFHIC
DHFEL, v — TNEBOBEEICIEER LSV, R
KB DIEIZE cm~50cm T, R & KR ORIC
FREN I 2AEOEEPHIRICBREICTELTwaE T
B0, EORBAREINEIZ EBOARENEH - . TR
CHEOPMEINT A OF 2 £ 5 20ERENEHTLIELIE
BlEsn, BRERIHRIEA G T 2 ROBEEICET
ELEE, BEadHifll~g ERBShTTEiedbo
tEZoNDG. Wlks 52 b p o FOREBES VIR
ol &K & R, 7 5 2 b REREM: & et
LOERATHM L LA RT EEZSNS (Honet al.,
1994).
fEaREINHICRY SN 2 REOEOA 5 ik bk

Outlines of main lobes, lava-rise pits, lava-inflation clefts and flow directions indicated by ropy wrinkles on

HETO—RIOBHHICHIR L, EEOREIE, BoKRLY
5 A bR L 7o & AR T ONIE - B8, 1999). X A
vo—7 o 37EricB LW TiAEENH BRI NS
@Ol 52 b &, ZOE NICdH - THa ks
ECHishicrs SR boEsEZZhTREE L2 & C
A, ZNZENTFEN 32em K 130em Th - 12

3-2-3 [®5R7FL (lava-rise pit)

A4 ve—=7 R, EEEm»S20m, FS 1~4
m OMEOEHINEHE SN S (Figs. 4c, d). MHIEOEH!
EIIEFL EFRIE L (Walker, 1991), # A v o — 7D
ITfLET 5 2 ENZV, BERIE, A4 vo—T7Kme
BANCIE O 2 5 2 F DStk IcEIN, HRAS & L
THOAHMIZEBAA TV S, EfE, BIELTOLEL
OB O — 7 TEDLONTVE, A4 va— T IIEEBER
R4 BT, BEET B A4 v o — T EREAES L
LIFLIEIEE D — 7 DEET 50, A4 vo—-JEHoS
H—ENEEETICED, FBEO A A v o — 7 DEEE,
SR N cAE R, RERILAIERT 5

fEeRFL & FAML U 7o i & U A& L (collapse pit:
Walker, 1991) 238 %. Fai%fLiE, F 2 — 7%ROZER I
L 0iEE o — 7OTE EEAEE L 2 b0 T, FLoAMIZ
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h7ZE8cdh 3. Maxflid KaimuED A 4 v o—7 FETld
BRSO,

FEREFLOES L, 2 A v o — 7EBRICHEL &
I DOWADOR/NMEEZTRLTWS, b ARMD A v o—
7 Lobe3 @ 3 EHpT CRARFLOE S ZHIE L1 & 2 A,
100 cm, 220 cm, 365cm T&H - 72, fif > T Lobe3 I3 EE %
Wi &b I~4mERLIcEEA SN 5.

324 BELLERTAM

HeE o — 7OERIC I LI LIZEERORE UhaE
& N5 (Figs. e, f). /i UbBEEDH N 515, /&
Ho— TEENE CNTERESNG, #-T, BElb

al e Land
59' 30"
L N19°22' .
Buried area
Sea
1A
B 7 Aug.
B 9-10 Aug.
11 Aug.
A B 5 Aug.
m\z .\\\\\b}\ 0 300m
b E154°
Bt Land

-N19722" g

[J1-15Aug.

0

HW130'
- 10/6

[]1Aug.-1 Oct. B 17-26 Oct.
0 300m

Fig. 6. Growth of main lobes in Kaimu Bay during
1-15 August (a), 16 August-1 October (b) and
6-26 October (c).

ORBED L UNEDiRE D — 7O N AR OHEENTA]
fEThB. T, Wb (Fig. 5SHhORHD) &4 4 vo—
7 DT 28T (Fig. 5 o ALAD ZHHICEIE L, #
1 vo—TDRET 2 BEEGAI - 2. M THE
L 7z Lobel [375ITi% N LT Lobe2 2RS¥ 5. Lobe2
B OPGHIZ DT BiEE v — 7 ORI - TR
150m IFEWH N L, FEkE» S Lobe3 k4L 72, Lobe3
13 Lobe2 DAl DRI » TILHIFANIT 500 m (& &7
N U, #AIfES S Lobed Z kA4 L 72. Lobe4 13
Lobe3 Dl dfFicin > TR & JLEICZ 24 150m ¢
SHKNLz, TokIi, IRELIA M ve -7, &
WEE LA va—Tith-> Tz oz FLoo
BEEDT T TV -7 E VWA 5.,

4. BEO—TOEEANE

Kaimu a0 — 7 OGNS A T 5 72D il
RIEZIT - 7.

41 RIEFRE

o — 7 O 2001 4E 8 & 2002 4F 8 HiciT-
2. 2001 A3~ 7 A KL FT O R R N D iR R
% (Laser Atlanta Optics #1: Rangefinder) ZfiiH L TfT -
fo. BUOMEBEIOEITNEEREA F, EEA SEE T 2
R D IREEREE N O E S A RE U7, SRR R
DIETRA R S 1.35m D XITEE L, S I3
75 00m, 1.05m, 1.70m @ 3 HOWFNHhZHES &
HIER S O EEEZETIR U CHE L7z, e, Ei Lo
e BL-1A, BL-1B, BL-1C, BL-3A }% 0" BL-3B & ftho
HIE B & OFREEN O & 22 % 15%E L, Kalapana HiI[X @
24,000 43D 1K (7 # ) A SREMVEEEATRIT) &
BESELEITL->T, EEasRic. 2002 FEOHIE
&, BRRF R O EREANEED LIRS (Measure-
ment Devices Limited (MDL) # LaserAce 300) %\ T
1T 7o, DO R 2 A, StlEs» o E T
DFREE, (I, Ff, KEERE S EE S RE L
fo. AR OEIEO & S (FHE A 5 1.32~1.57m @
BlTdh -7, KEHEIZEE 2.00~3.70m IZHE L 72, K
TN OB o il 2> © O S I APERFICELER L T8
X, BICHIEL7, £/, EEi2bBBLTolkE~EIc
BEG B0, lloEA v F 2 OHHE COEEES
AE L, ESOMEEE E Lz, Kaimu BI85 H
FEINZALIZH 1.1m T, #HOBIE AT - 72 2002 £F 8
A7 HIEFEE 8 HOIEFTIEM 15cm O EEENA L
5 DSGEZEHIPE & LIS A #E K Om & L7, 2001 ZED
HIE TIMFE DORIEEITDE D - 12, IR % Fig. 7D
FALC/R L7z, 2001 AR HH U 7o e % 8L, Lobe
I D200l FE DO EHA/NS W ZHEHA, £ LT
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@ control points

O survey points (2001)
(O survey points (2002)
Kaimu Bay —= present shorelines
Costal lobes=== survey lines

0 300 m

Fig. 7. Survey lines and points and positions of cross sections shown in Fig. 8.

Large circles BL-1A, BL-1B, BL-

1C, BL-3A and BL-3B are reference points to determine the altitudes of other points.

Kaimu 218 % H85# 4 5 2002 FOMIE S = —EAL, Al
BigisREcRLE. D EOREX D, HEL X, &%
A Y i, B FollE R A~ b BL-1A ZFAE Lz
XY R (m) SikEEEETORA v FIZOWV TR
¥, HIERERR BRI W T, Wi A 7ER L
7= (Fig. 8).

42 RIERER

200l FFOPERE R, S, IO KBEDOA A v —TF
Lobe3 % ##llfid-% LinelA, LinelB, LinelC, LinelE S U*
LinelF OWHX % ER% L 72 (Fig. 8b). %72, 2002 4E0D
HIEFSE RS 5, Kaimu (B2 % #5119 % Line2, Lined J%
U Line5 & (Fig. 8a), #ID/N 2 A o — 7 244
% Linell, Linel5, Linel6, Line21, Line22a, Line22b, Line
24 J; 0¥ Line26 Z{ERY L 72 (Fig. 8¢). A4 Hilid 2
WX (Fig. 8a) » 5, FHAHIRAE S X 1 veo—-T70D
KIS, itk 3~10m TH B T EAhr b, Fig 7a
1 Line2 (& Lobe3 FDiZsRFLEMMN L Tk b, Kl
#1m LINTd 5. Fig. 8b 1 LinelF (% Lobe3 L TH %
DRI ORI AR LT v, FLOMEKERE I3 1m
Thb, O EPLEREBRDZLHEIOA A va—7
FHO#ERK GHEISSE A2 BT Im I - &F

Zohb, A4 vo—7 FICREROBESFEEL TL
5. Ihldx A e — 7R, ROz E Y
S LBEORENRE LidRtio —7TbH % (Fig. 8b).
SEIIT, &SP LinelA 7> 5H MO LinelF ICH1T
THICONIHEEEPETFL, 24 vo— 7Rz 3
it e — 7 DRGEREL b3 {HAICH 5. Fig. 5T
RENZAA vo—TOFTFAHAICE S E, Lobel &7
MOEAF NB D, LinelA 13 Lobe3 DIRICAUL, Linel
F 3 RIS OWIcH 25, TNODT &hb, &
EEEDOA A vo—7 FREE—HCEEY Im T, o—
T IRAES & Ll U TR T DR ORRE (/NS - 7
EEZOLND.
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O’o-Kupaianaha MK O fl ] o 7775 HAA R & PR L 72,

5-1 REAHE

Fig. 6 IOk L - B OA SR M omiEE ko 5 7
WOIT, WAV EREREZ 2+ » 5 —THDASL
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8. Cross sections of flow lobes along Lines 2, 4, and 5 (a) and Lines 1A, 1B, 1C, 1E and 1F (b) traversing
the Kaimu Bay, and coastal main Lobes 7, 8, 9, 11, 12, 14 and 24 (c). Positions of lines are shown in Fig. 7.
Numbers above the sections indicate the lobe numbers. Lava-rise pits are shown by gray filled concaves and
lava-inflation clefts are shown by gray notched lines.
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Table 1. Daily and periodic expanded areas of lava lobes in the flow field of Kaimu Bay.
Period Date Days Number Lobe Lobe Daily expansion Cumulative Periodic ion Periodic
since 1 Aug, 1990 of main lobe| area area area area area rate
erupted (pixel) (m?) (m?) (m’) (m?) (m?*/day )
#1 1-Aug 0 1 35903 67026 67026 67026
7-Aug 6 1 3389 6327
2 848 1584 7910 74936
9-Aug 8 1 1021 1905 1905 76842
10-Aug 9 1 182 341 341 77182
11-Aug 10 1 11261 21023 21023 98205
15-Aug 14 1 17594 32847 32847 131052 64026 4573
Repose #1-#2: 16 Aug-25 Sep
#2 26-Sep 56 1 31550 58900 58900 189952
27-Sep 57 1 25583 47761 47761 237713
28-Sep 58 1 10656 19893
2 7664 14308 34200 271913
29-Sep 59 1 9931 18539
2 7325 13675
3 2487 4643
4 693 1293 38150 310063
30-Sep 60 1 16792 31348
2 10281 19192 50540 360603
1-Oct 61 1 966 1803
2 4094 7644 9447 370050 238998 47800
Repose #2-#3: 2-5 Oct
#3 6-Oct 66 1 24236 45246
2 7081 13218 58464 428514
7-Oct 67 1 2079 3881
2 15119 28226
3 6161 11502 43609 472123
8-Oct 68 1 651 1216 1216 473339
9-Oct 69 1 40583 75764 75764 549103
10-Oct 70 1 1648 3076 3076 552179
11-Oct 71 1 41178 76874
2 2639 4926 81799 633978
12-Oct 72 1 4808 8977 8977 642955 272905 45484
Repose #3-#4: 12-16 Oct
#4 17-26 Oct 77 1 7044 13151 13151 656106 13151 2630
End of activity
#1-#4 1 Aug-26 Oct 86 1 656106

BERONEIBD © 7 2 VE A BEIEEY 7 + IP-Lab
L - TRl L7, P EE FOH 5 UHHllEL TH
W EUS OB RE OEE S — 4 A VWT R F v+ v
L7cligho 1 €7 2V 2 KB ORE (m) ICiE T 5
&, HHPESTIA] 1.48 m/ pixel, FEAL7 ) 1.26 m/ pixel & 75
3. ZTTCEHIIL 72 € 7 2 VD b EBR O (m?) %
1.86m?/pixel> & L THE Lz, ZOLHICLTRDIA
HROMHE & £ OfEFE4 Table 1 U Fig. 9 1T/R7
52 RIEHER
IBERODHNRE IR L 28 H1H» S
158 GERAD, 9 A26 A5 10 1 H (HRI2), 10 A
2605 11 H (fE3), L TI0H 17H”»526H
(k4 o4 fifficd 5. IR, HE2 L3 T—H
Mt ZNE N 48,000m? [T 45,000m® TH - 7275,
A1 & 4TE5000m® % 1,000m® &7 -7, 8 H7H
M5 10 26 HE T 87 HRENCTHH L 72 s O HiTE
13 660,000m> & 75 > 7.

a0 — 7 ORENEY SR iaE o — 7 EE O
PR 5.7 m, BROITCOKENRAKTH 6m TH %
PE->T, A SNIBEDOES %2 11.7Tm &9 5 &, &
BITS IE 7Ov 4 DIEFE I 7,700,000m* 12750, 8 A 1 H

510 H 16 H O S0 75 5
88,000m* (77m*/min) & 75 %.

Kalapana HIX O 5 0 — 72k LEAEDE S 12
% F TOHRIC> W TIERNGEOEAE LIS 0as,
M OEIEZ > ©, Kalapana HIX D55 0 — 7 O E &
DES FKEI0cmBEETh T EBbhr>T0
%, Fi1o, 1983 40 SikFid % Pu'u ‘O’o-Kupaianaha &
KIZBWT, MEFIICERE Loy — MRSV EER
BB ICEEERIET 2 b0, IRl TIcHuERE
9 % T &5 (Kauahikaua et al., 1998), Kalapana #i[X
BV TEEDILADMEIE L 72 10 H 26 H OF LTl
Ho—7RBEADESICELTVWEVWEEIOLNS. T
2T, WEEBIALIRI Q7S 0 — 7 OIE S 2R &gk
HETO6mMm &ELTERADE, At RoRIMEE L
T1HY7D 46,000m* (32m*/min) NESN 3. Thd
Dl KIEI 2 A 725 A 19 H2 5 30 H @ Kalapana
HIX T 81 % 5 A AR 68,000 m®/ 0 &R TH 5
(Mattox et al., 1993). F7z, 198841 23~25 HD#%
Ho— TOMHER 1.2~66m*/ 5y & I TH % (Hon
et al., 1994).
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Fig. 9. (a) and (b) shows daily and cumulated areal
growth of Kaimu Bay flow field, respectively.
6. & A

XA v o — 7 OHMENROE LA L, £
ERIOBEBRIEDE W EELE L 12,

61 RAEBEMEICLZEHEBE

LHIESICSD &, x4 vo—7DEKMO~3cm & EKEmH»
5 15~40cm D2 Bk o4 v F VAL, #E %
RS L 72 & 2 A, BEESHOEOIHE S .

A A vw— 7 OKMA (Fig. 10a) ZFITH 7 2 51
EhTws, BHEELTEROI~ImmDN v 5 v
4, Ef£0.1~03mm OFREAKGER 0.1 mm f2E D
TElEOAEED. AR, REOX0H3mm T TRAS
2DHEDP RSN TVEY, L0 FETRMEA, &
WEOOMENRO NS, WEE G 3R 2 E LRk
W2 29 5. BREOBEREIA M ve—-T7RKHALDH
3mm T 10~100um T& 5755, 20mm NHTld 0.2~0.5
mm [3ES S, AEMEAOERIE, A4 vo—TEH
L0 3mm T 10~50um TH 355, 20cm N TIRE
£01~03mm ITEL, WEFNLEHREE T 5. RISk
RN N TEZE 10~50um TH 5. £ EifHH» 5
2mm PIETIRER 1~2mm OXJANERE Th 3 DIt
L, boEHETEIUENREISH L THTE L v k%

5
0T
Pl-dendrite ™

% Cpx-variole

Fig. 10. Texture of a glassy part from the surface
(a) and a crystalline part from the lobe core (b)
on Lobel6.

£9 5. XAED 3mm TERER 2~5mm OB O X
DIEAEL, SUaE-LAE L Tk L 230 bBIRS
7.

—71, A4 vo—T7KHA»S 15~40cm NEBIZ, BHE
G & B OFEENTEE TH B (Fig. 10b). H v 5 v
A, BHEAA R OB 75 & ORG R A B 25 78
HLTW3, #v 5 yHRER0LI~Imm T, A1 ¥
o — 7RMOMEEFEUEKE LTw b, GEMELD
FE&130.1~03mm T, #HREET S, i/, HEXO0S
mm OERIKOE @A ESERPBIEI NS, ol
REAYH Y v ASENRD ONE T ENDS, ALY
o—7RECTHEISNIERPEEFRIL D EEZL SN S,
Sl I~2em ICFEL, FEHICZ LVES 0.1 mm D
NEEICEDN TV S,

62 ET— M

iz, A4 ve—7EEENSOERhOfEREE
HIE L te, E L 7o OB 2 A v o — 7% & INH
TZNEN 2L 10 oS 21k L, £hZhic
SOVTHRIFUIE 0.2 mm EIfRICRE LKA v b h o v
Y —ZHWTEMER 2000 4~ FOMIE L, fHES
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Table 2. Modal compositions of (a) glassy part from lobe surfaces and (b) crystalline

part from lobe cores.
a.

Each texture is shown in Fig. 10.

Modal compositions ( % ) KP-14A KP-16A KP-16C KP-17A KP-18A KP-19A KP-20A KP-21A KP-21C KP-22A KP-23A KP-24A Average
Phenocryst Olivine 2.30 1.56 7.30 8.06 4.61 5.93 5.02 6.02 3.55 5.70 424 4.37 5.07
Plagioclase 575 6.34 2.02 213 249 3.46 1.33 4.09 8.14 2.76 5.88 3.95 3.65
Clinopyroxene 4.26 5.51 2.18 1.38 4.33 3.46 3.18 1.81 13.42 1.53 5.06 2.47 2.99
Groundmass Pl-dendrite 1.04 0.31 11.29 0.28 3.23 1.38 6.25 3.13 15.79 217 0.59 0.25 1.89
Cpx-variole 1.84 1.77 37.03 7.78 13.00 4.94 50.31 1.32 5.35 2.64 6.47 11.61 9.26
Olivine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00 0.02
Magnetite 0.00 0.10 0.00 0.07 0.09 0.30 0.31 0.06 0.00 0.06 0.00 0.00 0.09
Opaque minerals 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 53.55 0.00 0.00 0.00 0.02
others 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.06 0.00 0.08
Glass 8481 8441 4017 80.30 7226 80.53 3340 83.56 0.00 85.14 76.71 7735 76.96
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.02
Vesicularity 56.55 51.90 6.06 2740 4575 4940 5120 1695 2835 1490 5767 3912 41.09
b.
Modal compositions ( % ) KP-14B KP-16B KP-17B KP-18B KP-19B KP-20B KP-21B KP-22B KP-23B KP-24B Average
Phenocryst Olivine 0.87 0.72 1.39 1.57 3.00 2.92 1.38 424 2.30 2.51 2.06
Pl-dendrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Clinopyroxene 4583 5099 3254 4638 56.40 5250 5861 47.80 3176 30.78 44.79
Groundmass Plagioclase 1079 2222 1415 16.88 18.09 13.19 2372 1891 12.31 11.29 16.11
Cpx-variole 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Olivine 244 0.30 0.07 0.22 0.44 0.21 0.00 0.00 0.26 0.33 0.40
Magnetite 0.00 0.06 0.00 0.07 0.00 0.07 0.69 0.67 0.00 0.00 0.15
Opaque minerals 40.00 2553 5179 3488 2207 31.04 1561 2837 5338 5509 3645
others 0.08 0.18 0.07 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.04
Glass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Vesicularity 3750 1666 2448 33.05 4346 2793 3422 3305 2152 24.03 2961
LA RS .. A4 v e — TREOREEHIB VT 6-3 EPMA &7

I3, FA»SES 2em ¥ TEERFRICHIE L 2. RIEA
IOV, BE 0 — 7RI T & A EABRSZIR
MORIR TR TE 24, WHlTRliEOXEIHKE T
BB, FEDTREARKRE LTk- 7. E@lEs
bEREI, PlITIRE &y TEEAREREE L., 5
B 5 B, EE 10um O F 4 Vi s Ebn 3 B
D ERIRGE & OTREKIE & b1 2 AR oS AL Y
s N BT X 2581, T othoi s LThIfE
WCHIE L 7. HIEFSE SR % Table 2 (12"

A A vo—T7OXKHAO0~3cm (&, 75 AN T7%%
EW B, Y5 AR 5.1%, RHEA AR OB
B8 3.7% T/NEIDEHREE AN 1.9% TH 5. EElia
&, RIOFERD 3.0% TR 27 2 b DA19.3%
T 5 (Table 2, Fig. 10a).

—h, A4 va—7 K5 15~40cm HNEE (Table 2,
Fig. 10b) T3, #5 R@EELIBV. H v 5 v AERIE
2.1% &, R 04 fEITED LTV a. RIEAEREK
OB AERR T NENHIL T 16.1%, 44.8% T
bHote, a—TREICBVT, HEREGEEEH LK
R EREATS5.5%, TG 123% 50T, S
BENZN 2.9 5RO 3.6 N7z &5 B,

FIARE O, KA T 41.9%, WET 29.6% TH -
1< (Table 2).

Kaimu 7125\ C, MR 2~4 124249 3 1990 4 9 H
260N SEFEI0H 1THICEB LIcAA va—TDHE
[fi% EPMA %3#7 L 72 (Table 3). fi# 74 5 2 D MgO i
2, W 2~30% v 7 udi6l~6.4wt.%, M4 D
MgO fHIE 5.1wt.% TdH - 1z.

—7}, Kalapana HIXIZ/EED T L7 1990 41 A
5[E4E 11 H % < D Kupaianaha ‘K 3T 12 E & L 7274
HOLFEN 5 2D MgO B, 6.6~72wt.% TH - 1-.
F7, [ERHO Puwu ‘0o KIOFHTITER L s D
MgO fHF 7.0~7.3wt.% T - (Mangan et al., 1995).
KaimuBICEB Lz x4 v o — TREHDLES F 2D
MgO {3, FFOKOHEOEE & vhs <, B
4 IRV EE R T,

ﬁm

7. B

71 BEOSHBRE

Kaimu & D A A v o — 7 KM & N EB O MK
Kaimu /& O 7% & Pu'u ‘O’o-Kupaianaha ‘K 11511 D 74
EHOLFMS A B L, F 2 — 7 RHOGEEBEIRIT S W
THES 5.

HEA R OMEERELONIE, »4 vo—7KAEHHO
FHARZ Lt U 7B IR, 2501 & LN NEB BT, & AR X
BIASIS L, BRCHBETTHh -7z, T, NETXIED
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Table 3. Chemical compositions of glass from the surface of main lobes.
Glass compositions (% ) KP-14A KP-16A KP-17A KP-18A KP-19A KP-20A KP-21A KP-22A KP-23A KP-24A KP-25A
Date erupted 29-Sep 9-Oct 6-Oct 28-Sep 27-Sep 26-Sep 26-Sep 8-Oct 10-Oct 17-Oct 11-Oct
Days since 1 Aug, 1990 59 69 66 58 57 56 56 68 70 77 71
Period #2 #3 #3 #2 #2 #2 #2 #3 #3 #4 #3
Compositions Si0, 50.3 50.4 505 507 50.7 50.5 50.5 50.6 50.4 50.5 50.5
Al,O; 133 13.3 13.3 13.0 13.0 13.3 13.3 13.3 13.3 16.6 13.4
FeO* 11.2 11.0 10.7 111 10.8 10.9 10.8 10.9 10.8 8.8 10.8
MgO 6.25 633 634 6.07 6.30 629 625 6.28 6.19 510 6.31
CaO0 107 10.8 10.9 10.6 10.9 10.9 10.9 10.8 10.8 11.4 10.8
Na,0 24 25 24 2.4 24 25 24 26 24 26 2.3
K0 047 044 043 0.47 0.45 044 044 045 0.45 0.37 0.43
TiO, 277 267 267 278 267 266 268 265 266 213 260
MnO 0.18 0.17 0.19 0.18 0.16 019 019 0.18 0.18  0.13 0.17
Cr203 0.04 0.03 0.01 0.02 0.02 0.03 003 0.02 0.03  0.02 0.03
NiO  0.03 0.02 0.01 0.00 0.01 0.02 002 0.01 0.01 0.02 0.02
V,0; 0.03 0.00 0.04 0.08 0.05 0.00 0.03  0.00 0.07 000 0.00
Total 9768 97.58 9748 97.34 9746 97.78 9748 97.77 97.24 97.64 97.34
MENKED -7, Thkb, A4 va—THBHLERE 5FETICTF 2 —7HRATE 2I850BHINET ON

Sh, AEPICEHEEG B X OREGERSREEL, &
ABEG LI EBEZL N5,

Helz and Thornber (1987) i&, 7Y T T7AIVFTIH
52kmHOF 5 v T 4 FIREHEHNIC X 35401k
OO AV b FEER AT, AREROEERG & Ok
EAoBHIcEnGEA 5 2o MgO BT 2 C
EaRL, EEEHEOREN—RXT (C) =20.1
MgO+1014 (£3) EEKEBL I ELAERLI.

Mangan et al. (1995) (Z 1991 1 A» SR L oz &
Y — K 49 1 Kupaianaha ‘K113 X U Pu'u ‘O’ ‘KD
ED RIS 5 2 % EPMA 731 L 72458, Kupaianaha
KIAD LIS 5 ZAD36.6~T1wt.% TH5DITHL,
Pu'u ‘0’0 K[1TIE 7.0~73wt.% LSV iliE & 5 T &M
Db - 1z, Pu’u ‘O’o-Kupaianaha ‘K [1fH T U % MgO
HOH#E 1, HEHICHEH L EoRs0REELS X
9 & &% 51, Helz and Thornber (1987) ORERR L b
Kupaianaha ‘K [178% (3 Pu'u ‘0’0 ‘K IIAS £ O K 14C
KETHEHLALEEZ 5.

Kaimu Z12 BT, W 2~4 1<H244 % 1990 49 A
26 HMSEIFEI0H 17THICEB LIAA va—TDFHE
[fiZ EPMA /3t L7, % 0558 % Table 2 10779, fKE
HFADMgO E, H2~3D% v 7 uhn61~63
wt. %, HiEl4 © MgO it 5.1wt.% TH -7z, WIhb
[G]HF ] O Kupaianaha ‘K [TO RS & H~vha <, Wil 4
BRGNS WEZRT. Kaimu BRaHHEETH 5
Kupaianaha ‘K [0 DA% & X MgO [EA/NE WFIK &
LT, %475 Kupaianaha ‘K[> 5 Kaimu /&1 E#E S 11

5. HAff 2~3 @ Kaimu {4755 & Kupaianaha ‘K 1D/
HO MgO DNz NE N 6.3 wt.% KT 7.0 wt.%
T, BHEESZNEN 1140 (£3) C K 1154 (£3)
C&, BEZIDLTPI4CTH- . REEREED
Kuapainaha ‘K117 5 20km PI_E#fN 72 Kaimu /2 % T
Az I IERAE b 0T, Fa—-TF%
DFROWIBEGHERA R SN S, £ 7, W4 12 Kaimu &
ICEE L7235 D MgO B 13 5.1wt.% T, Wi 2~31c
FEE LD LD HHIC2024°C KW 1117 (£3) CT
BEH L7, N3 Kaimu 7B O s B 3 IPCER IS [a) >
W, Fa— TRNTESNIHD, EEOEHINETLE
fehEEbns.,

72 BEO—TORRERE

BEECDLOLREIDS&A A v o — 7R & T
BHRLiEELZON, DL BHKE Y — VIFRD &
IMAHN=RLCERFT 2 EEZEZONS.

TR Licima m — 705 Bl Uik & e %
&, bR S NERET 5. BE 7 e v DEREL
IisE T 7oy 7 &b, InER) CHITTEORK
TERIAENCIR T L& D &4 308, M7k & QBRI 4
LT B0, fEE, BEEEZLRT 2 X O IimRc
BTG, COXI I LTEER — 7 EHIEORKH
RARITIE L, BERICEHTICR N2 EEA 5N 5.
PHRTRKUC L BBEHIDHER 2 7 2 FWE(LL, &
BHo— 7 OIKELT B,

—F, KaimuBR3W2bD A va—-T&, A4V
o—7hoRELIRHe—-7h50, 24 ve—-7
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FicHET 2HNHOFEAELGTRDP &, RO X5 155
% 7 =X LWEZ NS,

BT — T OIERDMEE U iR IS a3 s
SN 572, [WRPIAE 5. IBikd 2BRICEKIE 7 5
2~ OEINED SiEE e — 7NE O RERS A S 2R H
L, o —7& LCinan —7RIEEES. a0 —
7 OWRNEE 7 5 A b OIRSIORFICEST 5 &K
S5 2 MO, RS e — TR O RERE A O KBS
PEthmie < v, Friciaimae — 7 ilicit g 5
(Fig. 5 HOAHD. #Hirciiaso — 7 bEkIC, ke
OEMES 2SS NERET 5700, LcCELo—7
iR - CHIERTT 5. CoBEOREYKRLIZL->T
Kaimu ZDEan — 73RS NicEEZL 6N 5.

BRI TICIER L cida o — 7 h o icins
o — 7R L, IRA LN MEE IR S 8 5
B2, Pu’u ‘O’o-Kupaianaha I K 1%\ T Kaimu 511
ADBREIH CREBIEINTWE WS TH S, Fink and
Griffiths (1992) 12 & % &, IEAROIERRIE FIcima s
LR OHIABERNCIRH S 1 3. Kaimu 5 AKIEETROT
AR 13 Puu O’o-Kupaianaha Bk O {5 o 77525
MREERITH D, FLOERIZLV, —F, HEE
A, Kaimu & & LG D g & T RIRICS S 5.
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