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HOLLOW VOLCANIC TUMULUS CAVES OF KILAUEA
CALDERA, HAWAII COUNTY, HAWAII

William B. Halliday °

ABSTRACT

I anddditiom fo lava b caves with commnly neted features, sizable spborstl spaces of several types
enisd o e Moor of Kilsues Caldern, Muost of these are formed by deinage of partially stabaluecd soleanic
saructunes enfurged or formed by injection of very (Tud Tavic beseath o plastic crust, Most conspicuous ane
Toolloww viamuli, possibly first described by Walkes in 1991 Wlker mapped and described the outer chamber of
Tumuilus E-1 Cave, Further eaplormtion e revealed that it bas a hypenbermic inges room beneath an djom-
ing tummlus it e coniection evident on the saeliwe. Twa lengehy, simoons hollow jumnb alsa are preseal in
Ml gt ol the caldera, These Todings suppon Walker's conclusions tha ollow mmuli provide saluahle
Pmsigbits i v bies Toamiing mechanisms. and provide smlformdion shoul the processes ol empliwemen of
ithichos sheet Mo,

Sevwrercda geomorphology, Tviccives, speleogenesis, Hawaii

INTRODIICTION

In aeleition w lava tube caves with commenly observed features, sizable caves of
several other types exist on the Noor of Kilanea Caldera. Most of these were formed by
drainage of partially stabilized suberustal structures enlarged or formed by injection of
very fTuid lava bencath o plastic crust, Most conspicuous of these are hollow umuli, of
which at Jeast twao distinet types are present. [nthis paper 1 follow the usage of Walker
(1991, thus differentisting tomuli from fava rises. Caves of the fatter show significant
differences from those discussed here, and will be the subject of a laer paper,
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TYPES OF HOLLOW TUMULI IN KILAUEA CALDERA

In 1991, Walker published dewails of a hollow wmuolos which he designaed as Tumu-
lus E-1 (Walker, 19910 Fig. |1 Inow oy be considered the prototype of hollow twumuli.
e described i as 24 mowide by 5.3 mohigh, with a cavern A3 m long, up (o 28 mowide,
and a5 mwch as .5 m high, He Tound that o bad been pushed up to 5 moabove is sur-
roumdings (Fig, 21 and that the cave extends o short distance beneath adjacent surfaces,
This wimulus bas o typical summit elefn, with By ouflow ongues and squeczeups. Tt
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Fig. 4 Mup of Twmwlus B= | Cave, Kilasea Crater, Hawann Voleanoes National Park. Sisweco Compassichiah lape survey,
21 August PP st field sevision 1996, Fliwain Speleological Sarvey.

witlls consist of tilted crusted plates lo-cally overrun by pahoehoe lava which welled up
and ot of e cleft. Innumerable wmuli of this type exist in the caldern, bot o date, this is
one of only 1wo found 1o be hollow in the extensive 1919 Postal Rift lava flow. A smaller
example with a simpler structure {("Standing Room Cave™) is located about 008 km farther
northeast in this Mow, Another small example is known in o 1883 flow, and still another
cuists outside the caldera, 2 km o the northeast (Halliday, 1991, 1994,

Walker enumermed several other twmuli and some lava rises near Tumolus B-1.
One of these (Tumulbus E-4) is about 20 m sombwest of Tumulus E-1. It is smaller and
much more conical than Tumulus E-1 and its summit crack is not conspicuous (Fig, 3),
Its general appearance is that of a wide-based driblet spire. Tumuli of this type are less
commaon in Kilavea Caldern than the B-1 type and Walker apparently was unaware that
any are hollow, Despite their proximity, there is no surface evidence of any connection
or relationship between Tumuli E-1 and E-4. Ooly through subsurface exploration in a
hyperthermal environment was it determined that Tumulus E-4 also is hollow, and that
its chomber is connected (o that of Tumulus E-1, forming a single cave (Fig. 4).



H W.R, Halliday

Fig. 5, View Irom calders mong
showing Almoss Toe Hol
Cave furmndus and i1y Tavie s,
Slecpmg Olis aml S leuping's
Sister cives’ Tomule alswe are
wvinible, Phobo b Lheer st

I-'|.|__l fi D nslope enild of
Adnwos Tosp Hen Cave wnnu-
I, showing extrcded Tava,
Fhustor by ihe sithor,

Fig, 7. (hnfice betweem k-1
ond E-4 chambers, shawing
sevmaread walls or hower el of
E-1 chamnber. Plhote by the
iutliar.




HEN LA VO AMIC TUAMULUS CAVES OF KILAUEA CALDERA. HAWAL COLNTY, HAWA Ly

Two ecxamples of a rmdically different tvpe of hallow tumulus now are known aboul
0.5 ki east of Tumulus BE-1. These are lengthy sinuous wbular structures partially
rassed above the caldern Moor, Axial clefts confinn them as wmuli. The whular caves
within them lack the rheogenic features of classcal lava tube conduits teg. Tow lines,
dowwneut trenches, ete.) From the rim al the caldera, the iwmulus contaiming Almost Too
Hut Cave is easily seen 1o have been a pressurized drain tube for an unnamed guadrila-
eral lava rise with o small central depression (Fig, 51 The upper end of this cave is
within one boundary rdge of the lava rise, and the tomulus itsell is @ lateral extension
fronn the boundary ridge. It rises fwo (o three meters above the surrounding Liva, ls
lower end is quite abrupt, with fesioons of pahochos outflows (Fig, 6.

The other sinuvous tumulus (which coniains Sleeping's Sister Cave ) has the appear-
ance of having “appearcd out of nowhere”_ s lower cnd is much Tike that of the Almos
Tiser Hot Cave tumulos, ban its upper end consists only of small Tava folds not much Lae-
gor than ordinary pahochoe ropes, Downslope, ils heizght and width inerease rapidly as
it seemingly curls partway around the Sleeping Chia complex described below, [1s long
downslope section closely resembles that of the Almost Too Hot Cave tumwlus, and it
too, s an axial cleft. While it also clearly was the result of injection of very fuid lava
beneath o plastic crust, the source of the injected lava is not apparent and presunably
wis well helow the surface of the fow. Presumably solid tumoli of this type have been
veporied in Kalapang Aows on the seaward fank of this voleana ( Kauahikava et al,
19900 and seemingly innumerable ridges ol similar appearance are present on the
calderst Noor AL this time, no others are known o be hollow, Too Hot Cave may be
within anather example, but has pot been explored due 1o 3 minimum cotrance lempera-
lure uf 62.5°C.

FEATURES OF THE CAVES

The most important feature of the Tumulus E- 1 chunber is the orifice Walker
C19%HY ermed 8 "deain tube” (Fgs 1L I0s 2w 3 om long and ca. 15 m in diameter,
opening widely w boath ends. It slopes downward from the Tumuolus B-1 chamber and
apens into the similar chamber beneath and within Tumulus E-4, Air temperature with-
in the Lanter is relatively high under optimum conditions: up o 56°C, Dense steam hin-
ders observations and photogruphic documentation but the presence of Tumarolic
cracks and white mineral encrustamtions are seen eusily. Its walls were not closely
inspected but appeared to be relatively femoreless, At times of less than optimuam con-
ditions, a dense plume of steam emerges from this inner chamber and rises ) or more
meters whove the entrance of Tomuolos 15-1, The surfuces of the connecting orifice are
durk amel palished in appearance (Fig. 710 e appears o be a meltdown opeming through
the walls of adjacent sheet flow lobe chambers influted above the surface of the sur-
rounding lava, Commaenly the air temperature is sbout 38°C an its ceiling, with wisps
of stesm drifting in and our. In the E-<1 chamber, most of the walls have a thin acere-
tioary lining. Along the hanging wall appasite the entrunce are numerows vernlonm
lavar stalactites. lis lower end has been scoured of the aceretionary lining. revealing
dense bedded Lava in the wall (Fig. 71 In this area, the cave Noor slopes o the orfice,
with sagaed fragments of Livi crosn “welded” o1t A well-defined ledge abour Yy m
high 1= present where a considerable body of still-Auid laeva pulled away from more
sulidified Lava which forms a level floor clsewhere in this chamber. Fumarelie cracks
with white mincral deposits are [ess prominent than in the E-4 chamber, but oveor
especially in its Tow northern extension,
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Within the Almost Too Hot Cave tumulus (Fig, 8), the air temperature upslope
{roum the main entrance usually is greater than 36°C, During one visit, the maximum in
this main emrance chamber was only 47.8°C and a crawlway extending 237 m to a
smaller entrunee was observed. It 15 not shown on the map becanse a localized arca of
air temperature of 51°C halted exploration. Mapped length of the remainder of the
cave i about 150 m, In the Big Room near its cast (lower) end, its width is 200 meters,
The remainder is narrower and lower, The Big Room is walking passage; upslope from
it the ceiling height is | o 1Y meters, In the Big Room the pussage cross section is a
flattened cylinder; upslope it is narrower. An unusual little infeeder opens on a ledge
on the north wall of the Big Room: iis air temperature is greater than 36°C. The interi-
or of this cave lacks flow lines and other commaon rheogenic features of lava tube
caves. Patches of small vermiform lava stalactites and other lava dripstone are present.
Much of the cciling is vesicular. Especially when hot and sieamy, transient white
fumarolic mineral deposits are extensive in the upstope end of the cave, and elsewhere
adjacent o hot cracks.

The rounded, lava-festooned downslope end of the lumuolus (Fig. 6) comesponds
wilh the downslope end of the Big Rooni, As shown on Fiz, 100 low terminal crawl-
wity blocked by lava dripstione continues an unknown distanee in the general direcetion
of Sleeping's Sister Cave, On the surface at the approximate location of this terminal
crawlway, o narrow width of pahochoe has a pattern of small, closely spaced ripples
extending in the same general dircetion,

Just upslope from the Big Room. the cave's south wall is vertical rather than curved
as elsewhere in the cave. Nearby 1s a small cross-cormidor ledge almost hidden by [ocal
breakdown. These features suggest block movement during cooling,

While the Big Room often can be visited in comfort, on other oceasions dense
plumes of hot steam arise from one or both principal entrances of the cave and it is
much oo hot w emer. The direction of wind in the caldera clearly controls ambient air
temperature and stewm oupu.

In Slecping's Sister Cave, the maximum air lemperature usually is 38°C or less, and
the entire cave usoally can he examined. On occasion, o reciprocal relationship has
been observed between steam concentrations in these caves.

In general. Sleeping's Sister Cave is a smaller version of Almost Too Hot Cave. [is
fengih is abowt 33 meters and its maximuom width, 12 m (Fig. 93 Only in parts of its
Big Room, downslape from is single entrance, is it possible 10 stand erect comfortably
{Fig. 109, Unlike Almost Too Hot Cave, the axial cleft of its lumulus penetrtes the ceil-
ing of its principal section. This is the result of breakdown after cooling and the ceilings
of both caves lack manifestations of the luva ouflows from their axial clefts, Less lava
dripstone s present than in Almost Too Hot Cave, and its walls otherwise are similarly
featurcless. Fumarolic cracks with white acrosolic minerals are present locally, The
cave's tapering upper end permits crawling almost 1o the point of disappearance of the
twmnulus on the surface, When the cave was mapped, a cool inward breeze wis present
in Lhis area,

RELATED CAVES

Hawaii Spelealogical Survey teams have found other caves within and heneath
vther mounds and ridges of the 1919 Postal Rift Liva Mow. To daie, however, the surface
features of these structures are much less clearcur than the examples cited sbove, and
their caves are much less closely ussocined with surface features, Sleeping Ohia Cave
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SLEEPING'S SISTER CAVE

Kilauea Crater
Hawaii County, HI
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22 July 1936

Hawall Speleological Survey

Fig. & Map of Sleeping’s Sister Cave, Kilanen Crter, Hawan - Sisteco Compasses and cloth tpe. 22 July 1R Tl i,
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is an example (Fig, V. T s adjacent to Sleeping’s Sister and Almost Too Hot Caves,
I entrance and part of its main room are within o small wmulus with one side col-
lapsed. dividimg its main room (Fig. [ Much of the cave, however, is bevond the lim-
its of the wmwlus, and beneath ill-defined piles of breakout flows piled up imegulbarly,
Within the wmuolus section, part of the floor slumped into o drain tbe extending
duwpslope from the twmuolus, without surface manilestation. Although the entrance of
this cave s only 200 m from that of Sleeping'’s Sister Cave, and pans of the caves are
much closer together. they are independent entities.

Some other caves in small lava mounds of this Aow are merely drained lavir break-
outs with a simiple remnant cavity, The origin of others is not well understood and
requires additional study,

CONCLLUSIONS

The additianal findings reported here support Walker's assertion that hollow wmuali
provide valuable msights into wmolus-forming mechanisms (Walker, 1997 ) They alse
support conclusions of Hon et al (1994} about the process of emplacement of pabochoe
sheet flows, cspecially relating o drainage of some interconnected low lobes, The
long, sinuous type of hollow wrmudus is believed 1w be o previously undescribed form.
Mo conclusions are vel possible about any relationships which may exist between irs
caves and Liva wibe conduits,
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