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INTRODUCTION 
Kealc<lcekuo. aa.y is shaJ?ed l argely by the Keala.ktkuu f ;:n.1J.t, a major arcuate 

nortnal f"ult along whicil part of the ~eaward flani< of Mauna Loa volcano has 
been dowrulroppc,d {fig. 3). The o n-land fault scarp ha~ topogrn.phic relief 
grnatcr than 250 m, even though i t is extensively draped by prehbtoric 
(pre-19th cer.tuvJ) lava flows from Maruia Loa. "- yoUl\g lava delta from one 
of th~sc flows built cook l'Oint (Ug. 2), wh=e Captain J emes Cook first 
landed in 1778. In 1951, a major earthc1uake (M - 6.1), accompanied b ~- a lo~al 
t suna.'1li, had i ts epicenter on the se"warJ en<l o~ t h .a. fault, although there 
was no known surface rupture. Aftershock epicenters were di~t:o.buted along 
the curving landward exten5i On for a distance of about 25 k m. The overall 
seismic-te;tonic pattern demonstrates south-side- down nor.ma! fa.ulti ng 
(~acdanald and Wentworth, 1}54) . 

A submarine eru?tion ocaurrcd offshore in the mapped area on 

\ 
\ 

~·ebruary 24, 1877 (Anonymous, 1B77) {fig. 3). This e r uption reportcad.ly occurred 
along a ~..est-nort:.west-trending l ine ex l:ending out 1. 7 km from PalematJo l'oi nt, 
an<l no active fissure vents or lava appeared on land. The "illlmad ne activity 
was mani fes ted hy boiling water, a strong sulfurous odor , appear ance of incan
descent scoriaccous basalt bloc..'<:s at the sea ~udace, a,r, J fish kills. 

MAR INE SURVEY METHODS 
'1:he ba.thyruetri c survey was c on<lucte<l w~th the U.S. Geoloqical Survey vcassc,l 

s. P, LEl! in late October, 1976. Fixes wc,rc obtained every fi-.-e minutes or less, 
usiny a c-ban<l radar t ransponder navigation ,system. Most fi>ces uUlhed range 
delta from three or four prnciso.ly lo~ated land-based 
rangCO error for the 2~5 fixes of the survey was 6 m. 
at 10- 11 km/l1r, wi th a general line spac~ng over t h e 
area of approximately 0.5 km {fig. 4) . 

~ra~spondcrs , the average 
Ship speed was maintain~d 

~aste rn p art of the mappo.d 

1'ho. bathymctric map {fig. 2) was derived from convnntimial 3.5-kH.z 
reflectior, prufiles. Depths were tuk en at all i nflecti on poi nts along the 
profile~ and converted to corrected meters, utilizing sound. velocity tables 
from Matthe•as (1939). I n addition to subbottom i~.Eonoat.lon on the 3.5-1<.Bz 
}'rofilcs, single-d1annel seismic-reflection profiles "'"'re genC!ratcd with an 
SO-kilojoule sparker sound .source. 

Records a'rom both the 3.5-k_c!z and 5parker-rnflection systems define 
three acoustic units, whici, have been utilized (wit£< ~UCl\1ers i ble observations 
and samples) to constr'1ct the geologic map (fi g. 3), 

1. Discrete zonc,s of aooustic base=nt with ve r y roe19h local 
relief that appear a~ numcrnu.s ov,:,rla?ping hyperbolic ecl,oes.
Uni ts sml, an<l sub. 

2. Scdiment-sm.:>othed slope~ with limited suJ,bottom aooustic rnflcac~ors. 
unit. fs. 

3. Relatively low- relief sea floor of acoustic basement; no oo;~Qrc,nt 
silllbottom reflectors are vi~ibl e. Unit c$. 

FiCJUre 5 pres,,ntB most of the profiles ~rom the survcoy projected normal 
to nort h-trnndi11g lines. 'l'his projeation standardizes horizontal distance 
along the profiles; as a result, t h e subbottom information i s interpr etive 
_and doe~ ::_01:.__repreBe,!t _;,_c~ual si.gnal _t'._r'c_CinE.:._ _Alj::i19.1N'.i n.2_t ,olQ_<!.r_ f_EQ"!._ ~.? 
iecord--1:races, 5ub.'IIElrSible oboerva.i i0..""ls indi.G.i.te that the sedir:>oants bank 
aqainst, overlap, or are in fault contac t with o utcrops of the, rough acoustic 
);as<>.roent (acoustic rmit ll. l\coustic un i t 1 is beJ.ieved to be largely lava 
flows. Acoustic unit 2 is associated witn a smooth sc,a floor underlain by 

fine $Cilld and mud, COIM\On in areas of low relief predominating f u r ther offshore. 
Evidence for fol<ling and faulting is rare, although several unoonformities are 
present . Acoustic unit J oacurs on the, narrow coastal shelf and on steeeper 
slopes. It probably reprcs~nts aoarse volcfillic sand a..--od r ubble ,;enerated by 
disintegration of lava flows near the shor e line and may aiso include some 
lava flows. 

\ 
\ 

\ 
\ 

\ 

\ 

\ 

\ 

\ 
\ 

\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ \ 

\ 
\ 

\ 

\ 

\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

\ 
\ 

4 
0 
0 

"'o 0 

\ 
\ 

156°05' 

1--~- ~EXPLANAflON 

Ship !rocks 

Submersible bottom 
tracks, appro, imote 

i 

19°JO' -

l 

2100 --

19°2~' 
2800 

L 

,---

"' 0 
0 

~ 
0 
0 

~ 

0 
a 

·-". 

0 
0 

---" 
I 

i 
\\ 

" 

~ ~ 
O 0 
O 0 

\ 

,-

' ' 

. • 

\ 
' 

" 

'1 

:' 20/ 

I 
I 

··"· 

" 
Q\ 

'i . ' 
' ' ,, 

I 
' \ 

" ' 
I 

' ' ' 
I / ', ' •• \ I 

~ · ' 
• \ 

156°00' 

I 

\\ 
\ ' 

•. ' ' . 
\ \ 

\ 

-3 14 -:: 

I~~ 

/ 

' ' ' 

· .. 
/ 

'· 

\ 

\ 
\ 

I I 10 

\ 

\ \ 
·-,':, --- - 'i' 

·::~{ 
,t 

--~ 

\ \ \\ 
' 

' 
' ; \ \' 

', 4, 3 '. \ 2 

\ 
' 

\ 

; ' 
CONTOUR INTERVAL 100 MET ERS 

' ' 

' 

) \ 

\ 
\ 

5 ~ILOMETERS 

155°55' 

\, 
,, 

\ 

l, 

( 

. 
\ 
I 
\ 

I 
I, 

' 

~ - -~ _ _ _j_ J___ ·~ ~ -~-c" 
Figure 4. Location of survey conducted by U.S.Gcological Surve} ve,sel S.P. Lee in October, 1976. A -A' and B-B' indicate location of prol"iles shown on figure 6. 
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MISCELLANEOUS FIELD STUDIES 
MAP MF-986 

NORMARK AND OTHERS - BATHYMETRIC AND 

GEOLOGIC MAPS OF KEALAKEKUA BAY, HAWA II 

EXl'LANATIOlJ 

m 
Subr:iarin~-erq,ced ba~alt 
•· r est-., , slubby fillo•neL o.nd 
pahcGhoe lava flows :celatcd to 
sC!brca,i:1e veJLts . ?rcDuDly 
partly GruJ?tC!d i,, 1!!77. 
Acou~tic unit l 

t~-·.; ~I 

Fine scdime:ct 
Acou~tic unit 2 

=1 tsiJ 
Subaeri ally er,~pted basalt 
Somewhat altered, older pillo~·~J 
lava flows large l y erupted on land 
wh~cl, subSQ<;:ucntly flowed into the 
sea. 

coarsee s ediment 
Sand, rubble,, and perhaps 
some l a va. 
Acou.sti.c 1mit 3 

I,coustic unit l 

::x~/i_ .. 

Oni.and f ault (Keali<kek ua taul t) - Bur 
Cilld ball. on drn,'Ilthrm,,-, side 

Submarine fau lt-Base,l on buti,ymetry, 
Sf'!i.smic reflection and ~ubmersible 
surveys. Bar an,l Lull on dO\,'Il':hrown 
~i de . 

J\pproxiuate area of surfaCJe d i s!curl,anco 
c,ssociC<tf'!d with 1877 e~ui,tic"-. 

Ilolocane 

Quatern ary 
Plc istoaen,; 

L ____ _J_ _ _ ___ c_ _ ___ ~ _ _ _ _ _L _ _ __ ~ - - - - -'-- - - - ~-- - - ~ --- -;~::::-.--- l----1,~ - - ~ ~ --~" 
Figure 3. Lnterprctive geologic map of Kcalakekua Bay area. 
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Figure 2. Topography ·and balh_y me try of Kealakekua Bay Hrea. Topographic base mo1ified from U.S. Geolo_gical Survey 7.5-minut~_ quadran.gl_e _m aps; Bonaunau.. 19.59;.Kealakekua, l 960. Inshore bath¥metry modified from National Oceanic and Atm_ospheric Administration chart no. 19332 11 :l 0,000). 

Several dives ¥ere made in the tn<tpped area (see approximat"' tracks, 
fig. 4) by the U.S .. Navy Submcorsible DSV #4 SEA CLXFF during l'.174 and 1975 . 
Bottom subtoer~1.ble navigatiun was by dead reckoning, con t r olled by r adar 
f ixes for t!te surface ten<ler at the s t art and end o~ each dive; consequently, 
it i s of lower reliability than th<a surface ship survey of the s. P . Lllll. 
'l'he result~ or these d i ves wi ll be reported in detail elsewhere, but they 
have been utiliz<ld in refining thf'! geolo g i c interpretation reported hem. 

SUBMARINE LITHOLOGIC UNITS 
Four submarine lithologic units are depicted on t he geolog'.Lc ma1, 

{fig. 3). l'ney have be= defin<ld by t t,Q acoustic sign aturces supplemented by 
submersible obser·,ations and exam:i..nation of subtoersible-collect<S<;. samples. 

Submannee-erupt e <l La sult. (.smb) .--'!'Wo S"1all areas of f r esh b asaltic lava 
flows were seen on two submersible, dives about 1.8 AA< south of tl)c, sea~·ard 
ex-cension of the Kealakekua fault. The area covered by theae flows is not 
~·ell e~tablishe<l, because o f w>eertainties in submersible navigation an<l 
beca u~e o~ the :i..rregul.ar reflection s i gnal obtarned fr.om the surface ship 
due to the steep slope. 

Inspection of thC!SQ flows from the sui,,,eo·sible reveale<l fresh hullow 
broken :;,ill""1s and slabby pah oehoe lava, lightly mantled witJ1 a fow rniUimeters 
o f wh 1te b i ogenic se<>.iment in depres.s i ons. '?te flo~.,, are apparently derived 
from local submarine fissu~e v e n t~ with an estimated N70°!l trend ) t;,ey cosrc,r a 
surface of fine sediment and rubble. "rhe lava is extremely fresh; palagoru.tic 
alteration of glassy pillow rims is less t:1an 5 ~m thick, and encrustations of 
ano are absent. Relatively high ~'J.lfur concentrations in sam:;,lcs of basalt 
glass indicate that the flows were erupto.d underwatf'!r a)ld have not degc,ss~d, 
as woul<l be expected fo r s illla~riully eru1,ted lava (M:Jore and Schilling, l 'l73). 
These data suggest that t:.~ese fresh flo"'s may be rnlated to the Hl77 eruption , 
,ihich was observed a "- the sea sur f ace about 1.5 to 2. 5 km e as t of the map;:,cd 
lava {lmonyroous, 1877, p . l; !!itci:tcock, 1911, p. 115-117; Westervelt, 1%3, 
.P• 102-184) C 

f'ine se<lirnent {f.s),--Fine sediment, showing ac,oustic unit 2 signaCure, 
is prGsent in areas o f low relief anrl p re,iomin,~tes in the ,ie~tern part of the 
mapped area in deep water. Such sediment is also pondc!d several hundred meter s 
thiak on th~ north side of the west-trendi ng r idge of subacrially eruptc,d 
bas1tlt (sab) . It probably represents firua mat eri al carri ed by p revailing 
southerly current s along t he west ~oast of HawaiL 

Subaerially erupteU basalt (~ab) .--An ineCJUlar 2 by g k n arna of acousti c 
unu l occur.s along a broad irregular r idge w\ ich eztendo J,:,wnslope to depths 
of more than 2000 m. Submer s ibles observations i ndicate it is built of basaltic 
pillow lava lightly mantled by sedhtent. Th~ lava pillO\,~ appc,ar older than 
thee silllmunne flows tC! the nortl\ea.s t , as they sho·a a g r e a ter degree of 
weathering and are covered with more 
10-40 µmo~ both f"tlagonitee anJ MnO, 

sediJt:ent . The p illows are encru~te.d wi t h 
l'hey ar~ much ltl(}re sulid than the pillm,"S 

in ~ubnari ne-erctpted ba3alt, c~ntral cavities are ~maller or 11),sent , und 
vesicu lari t y is lower. Basalt glass shows l ow ~ulfur concentrations, indicating 
degassing during subaerial eruption D~fora entering the sea. 

A second smaller a r ea dis!'laying acoustic signature l occurs near shore 
in the southc,ast =mer of the map. I t probi>bly represents a lava flow that 
orig i nated on l and, but it has not Peen re lated to any pilrticulur suboeri~l flo,i 
and ha:a not bQGn visitc,d by sub.nC!rs ~ble. 

Coarse sediment (cs)o--Coarse sediment an<l rubble with rare s\illbotton 
retlectors (acoustic unit 3) are present primarily on t h e n a r row shelf and 
steep .sl.opes adjacenc to i t. Such 1naterial also occurs in &ecper waCc,r 
primarily south of Che west-trendi ng l ava r idge ,, It is lar<;ely volcani c
derived sfil!d and rubble, gencratc,d by quenah-rnduced dis integration of lava 
flows crossing the shorell.ne, aa ~·ell as c,rosion and br~akdown of l"v" in 
the curf zon<a. Some partly buried lava flows nay be inc luded. 

BATHYMETRY AND GEOLOGY 
The Keala.1s:ekua fault, trending ~oughly east-west an<l Jowntllrown to the 

soutn, has grea'Cl\' modified the west slope of Hauna l.oa in t he mapped area. 
South of the fault is an eastern stepbac..'c of the coastline and an anomalou sly 
flat coastal ben ~h. The subtn.arine shelf' i s about 2.5 km wi<le north o f the 
fault :md 1 km wide south of the fa·~lt {f i gs. 2, 5)o Tha submarine s lope 
north of the fa ult falls r a.th~r smoot.hly fro" ' th~ s"1<elf e<lge to abyssal df'!f)ths 
(r, g. 6, A-A'). l t is stec,_p,,~ t. just b e>'ond the shelf e<lge {2~ 0 ) and averages 
lB 0 5 km seawe1rd of the shelf e<lge. South of the fault, the bat._'oymetry and 
gf'!ology are complc,;: (fig. 6, B-B'), ap?arnntly modified by extC!nsive see>ondary 
fault i ng. 

'i'hesa relations sugges t that t h e Kcalakckua fault bounds the north side 
of a la rge shonp stni.ct ure, ana tha t the landwar d en<l of the f ault curves south, 
:OOunding th"- c,ast side of -t:~e slump on the, h ighar suba.eria.1 slopas of Mauna !.oa. 
Topographic expres~ion o f the fault is indistinct here because of extensive 
mant l i n g by yOlll"'< S flows erupt e,l from the summit and southwe~t rift zone o f the 
volaano. llistoric activit;, oZ t h is sc,award-rr.ovin,; slum? is verified by, 
(ll the ma-j or carthq wake cpiso<le in 1951 on the Kcalakekua fault, (2) t.I,e 1877 
silllmuri ne eruption adjacent t o the ,fault, [J) the t'ecurrence 0 1' a S '#,'-l"fn o f s hallow 
c,arthq:iakes off t;-:,.c, ,rost-central Hawaiian coast (Koyanagi and Gkamnra, 1%5) , and 
14) the historic sub.s 1den~e of the coastline at Honaunau (fig. 2) at the 
southe.-:,.slern corner of l:he ma.ppe<l area , a t a r.ate of. 3 ""1/yr (A?ple and 
Macdonald, 1%6) , much of thi s subsidcmco is the resuU of eustatic and 
isostatic processees, but ~ome may be due to large-scale slumping (Moore, 
1970) . 

The effec'cs of l<1rJe-scale downdro;, of a coastal block, in addi tion 
to sh.i.,fting Che coustHn':' ea.st~·ar<J, ~·oul<l be t~e rapid cunstruc'cion of a 
=ast ... b~nch by coalescing lava del tu,; where .Lava flows tend to widen at t he 
s h orel ine ,:ather than flow actively into the sc,a. 

'J.":-ie four. of the of:'shorc, shelf provi des infomation on the tl.I<ling of 
of fset on the Ke.alakekua fault. North of the fa.ult, t he shelf i s 2. 1- 2. 7 km 
Nide with i t s o u ter e,l,;e at a depth of 122 + l'i m. South af t h~ fault, the 
8helf is about l Jen wide with its oute>:" edg;, a t a depth of 1 5 0 + 10 m. 'l'his 
sholf probably Cormed ue a subaerial coastal fla t. by g r ading of-subaerial 
flui <l lava flow~ to sea lovcl during o n e o r n,c,re of the Pleistoc~ne eustutic 
lowadngs of the seea. siroila1 benches oaaur on Oahu at an a,.-eragc, dc,pth of 
1C5 m (Ruhe and others, 1%~) and on Molokai at 115 to 15.? i:t depth (Mathewson, 
1969). The last major moc,rgc,nce oi; th~ bland occurred during the Wisconsin 
Glaciation, whi ch peaked arn,roximatdy 1 7 ,000 ye<>r~ ago with a worldwidce sea
level lowering of about lOO m (Dillon and Olda!e, l97B). Sinc:e tha t time, the 
~helf has b een narrmred south of Ch e faul t , probably by coalescing lava deltas 
a<lvancing the aoaslline ~eawur <l. The reasor, l:hat lava flows have r_ot advancc,d 
the coa.ztli ne seaward north of t:~e fault is that the fault. scai:p on lan<l tends 
to divert flo-.,s to the south, 

COnseguently, t h e VQrt:i..cal offset of the Kealakf'!kua fault on land which 
has produced ,-, cliff. and Eteepend~d slope over 250 ,n high aw,aars to Jla·•e 
occurred primarily more, than 17,000 years ago. ~erhaps about 2B rn of downdrop 
south of t he fault has occurred since fonnation of the h cmch. South of 
Maa.nui PDint (fig. 2), the shelf has apparnntly Leen substantially modified, 
although bathynetric data are incomplete . The ~reater C:c,pth of t he sheH 
b reak north of the, fault (-1 50 m) as comparnd with t hee Wisconsinan minllllum 
stand of sea level (-lUU ml _1?artly re,, or.ds regional subsidence of tlce ioland. 
.E'l.fty rooter.s per 17000 ~-ears amounts to 2.9 re~1/yr, which conpares to t he 
p r esent rate, o f s1¥,)si<lenc~ as c1easured at the Hi l o ti<le gage of 4.1 mm/yr 
(thore, 19,70) . 

The silll1llClri ne slovc south of the Kealakek ua fault is i rregular when 
cornp.;,red wit!, the generally UI,lfom slope to the nort ll. In g:coss aspect, 
this irrngularit:, is caused by a broad arrg;,hi theater shallower than about the 
1, 400 m ~onto u r and lly a welt that can be to:aced from t he 1,400 m contour 
nearly 13 km offs'1ore to a t least 2,600 m depth. only about the northern 6 km 

of the anphitheat.er and welt are defined on the 1Mp, but r egional bati ,yru,try 
(fig. 1) indicates that thi~ ff'!«turn has a north-south width of about 1 5 km 
i>.rd extt11ds so•~th to lat. ,19°21 'N, which is also L'1e southern limit of tl1C! 
flat suhaerial coaswl bench. 

This large feature is rc,gard.ed as part of landslide or slump which has 
modified t he steep flank of the volcano, e><tendi ng a t least 15 km offshor e and 
reaching inlan<l about 5 km. i'he irregular bat;~ynetry in its central part i s 
iciter preted as the, result o f faulting. l.n atter.tpt has been made to map the 
largar faults on the bas i s of bathymet ric scarps anJ auhbottom irrc,gularities , 
as well a~ by utilizing suJ-,roQrsiblc, ob=rvations (fig. 6). Incividual scarps, 
observed from tl".e submersible, are as much as 150 m high , ranging in slope £rom 
45' to near vc,rtical. 
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Figure 5. Subbottom profiles along ship tracks projected to north-south lines, See figure 4 for location. 
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