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SHEET FLOW CAVES OF KILAUEA CALDERA,
HAWAII COUNTY, HAWAII

William K. Halliday *

ABSTRACT

Termmnal b of sheet Rows of pabaoclioe Laviesometimes form theee-dimensional pests, imtlly sopara-
el b partitions consisting of acereted “skins™ of each Jobe. Belting breaks down these partitions, fommmg o
uniform Tow umin [n BEilaven Caldern wer Inivoe Tound and mapgsed steable drained cavities m loweslope sheel
Mawes, Their general pattern inghodes, three-dimensional neses, with partialfy meled septe evident i some
cuwmples, Christmis Cave s the most extensive found o date, wath 632 meters surveyed on two levels. 1S
Tosgatend ot the Tower end of an inflaed sheet Mo gongoe which onderwent locil defBation s ioresslt ol
Urainage through the cave after its parameters were panially Gaed. Small vonduin remmmls persast in is bound-
ary eulges, The major part of P cave consisih of wide, o pestesd chambere, Meldimen of sucle partiticns is
cne ol the Tew eoplacenment mechamisms of @Beamal crosion whsch may oo imvelve any mechmeal clemeni,
Aakditional cives in this caliheraare being idemitied aml stahied.

Fevweendyy poomorphiobigy, voleanic coves, speleagenesis, i

INTRODUCTION

The 1990Fs have been a decade of grealy increased understunding of emplacement
of non-channelied pahochoe basalt Mows and the caves within them. Especially impor-
tant are ew concepts of emplacenient of sheet Mows resulting from studies ot the Mow
front of Kilauen Yolcano's current Puu Ch flowws (Hon et al, 1994),

In such sheet fAows, tube-fed lava advances in sequences mather than uniformly,
"with lava constaumly being fushed through the flow” (Hon ¢t al, 1991} by hydrostatic
pressune, The overall lengthening of such fow DGelds is o slower process than some have
assumed previously, Al the flow from, however, kva toes and other small breakouts are
emitted guickly and their surfaces chill rapidly, forming “skins” which imitially are guite
thin but have significam ensile strength. Upstream hydraolic pressure canses especially
liguidd Lava 1o be injected into Mow [obes supplying these breakouts, s elsewhere in the
floww field where peripheral resistance is comparatively Jow. At the Now front, this injec-
tion creates one of a stack of semicircular sheets, evemvally one o o few meters thick,
more or Jess seross the entine flow. Within this stack of liva sheets, rounded injection
masses sometimes form well-insulated three dimensional nests of fuid lava {Hon, Ken,
personal communication, 19971, Each unit in these nests originally is separated [rom
the others by thin partitions representing the apposed outer surface "skin™ ol each
roumded muss, The tensile strength of these sepl ultimately is destroved by prolonged
exposire to the intense heat in the interior of each unit, resulting in coalescence o o
continuous ligquid lava core benedth o single upper-crustal layer “with complete fuid
connection between adjucem lobes” (Hon et al, 1994,
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Fig. 1 Map of Chiristmas Cave, Kilavea Criner, Hivwati Volcanoes Mavional Fark, Hiwaii Conney, Hawaii - Cove deve-
'|.||1n| o e Lava Flosw ol P01, Cave Nianed for Byl $|1.;|Ih:r. Ferms und Circen Moss on Wall Insicde Man Ealeansee -
Congpos and Tape Survey, 20 June - 22 Sepeeinber. 1900,
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Fig. 3. East bosiidisry ridge
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Fig. 4. Fln weiling al colranee
WE al Clarestias Cave




(NEL] WKL Halliday

RING CAVE AND RINGLEADER CAVE
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RINGLEADER CAVE
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CAVES FORMED BY DRAINAGE OF INJECTION MASSES

In Kilauea TCaldera we have found evidence of drainage of some of these injection
masses prior 1o coalescence, producing interconnected cavernous chambers and pis-
sages with partial septa. To dawe, Christmas Cave is both the Frgest and most illusira-
tive of these. We have surveyed 632 meters on two levels inthis cave (Figo 1) Ias
the Tower end of an inflated sheet Now Tobe which underwem local deflation us o resalt
of partial drainage after its surlace features were parlly fixed (Fig. 2). Well-delned
boundary ridges remain on both sides of what now s @ sinuous central depression ter-
minasting al the main enrance of the cave (here the crust was too solidified to sag).
Sowall elongate rempants of the central conduit persist in both boundary ridges: much
more extensively within the cast ridge (Fiz. 33 The reninder of the cove consists of
wide, low nested chambers, two drain twbes (Fig, 4b, and two addivonal boundary ridge
passages in @ lower Tlow unit presumably emplaced earlier (Fig. L Lower level pas-
siges exdstin two separnte sections of the cave, The pested chambers are 1 o 2 m high
anel up to 20 meters i diameter, on both levels. Remnants of the melted partivions are
clearly visible in the cave and on the map.

Some of the diined ow lobe caves of Kilaoen Calders have a more comples ori-
gin. The Ring-Ringleader comples {Fig. 57 has three interconnected but dissimilar com-
ponents. The Ring Cave secbon is a small draiped Jiva rise or tumulus with central
hreakdown and an effluent crawlway, The Ringlesder Cave section is o simple primi-
tive-appearing tube within 2 fat-wopped lava rise which ends by a gentle slope m the
lower end of the cave (Fig, 63 It drained imo (and possibly Tormed) o small adjacent
lova tongne at a level -2 meters lower than the floor of Ringleader Cave, by way of a
simall hole which widened progressively downslope. This Tava tongue deflated. draining
inte Rime Cave, Y-l meter still lower, This deflation left inact its upslope boundary
ridpe which contains a crawlway passage connecting Ring Cave and Ringleader Cave,
It appears that these two caves originally were independent bodics of injected lva. The
small hiofe droining Ringleader Cave may have been o hydiostatic breakout, but the
widely patent opening between the main room of Ring Cave and the connecting crawl-
wiry appears 10 have been caused by g septum disruption,

Fig. 6 Looking sonih leom
it entmiee of Ring Cive o
s wrma bacey enilmmiees ocier),
abrmed luva tonguie {loseer Jeln)
amd entrnmee of Bingleader
Canvet (s k grewirsdy
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Meldown af sepia in these sheet flows is one of the very few emplacement mech-
anisms due (o active melting: true thermal crosion which may have had no mechanical
componenl. As more small caves are identified and studied in Kilawea Caldera, it is
likely that much more will be learned about these and related provesses,
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