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Thurston Lava Tube (or Keanakakina,
i.e. Tunnel of Thurston, keana meaning “the cave” and kakina being the
Hawaiian Name of Thurston), is a celebrated tourist attraction in the Hawaii
Volcanoes National Park. It is visited
daily by hundreds, if not more than a
thousand tourists. Since the National
Park does not open any other cave for
regular visits, it is also the only cave
readily accessible to the tourist in Hawaii. Hardly any other lava tube in the
world can match its popularity. In spite
of its many references in literature not
much is known about the speleogenesis
of this cave and previously published
maps have not been very detailed (Powers, 1920; Wood, 1979; Halliday, 1982).
In order to get a more detailed view we

surveyed it on March 9th, 1996 in high
precision, using a digital compass and
level mounted on antimagnetic tripods
to keep instruments at a fixed distance
from the rock (Figs. 1a,b,c; 2). We also
used forward and backward shots to
eliminate any magnetic influence of the
rock (which is small anyway according
to long-term experience from surveying
in Hawaiian caves). We also measured
width and heights every 5 m into the
cave. The most important results are
summarized in Table 1 below.
The cave was discovered 1913. Halliday (1997) reported an account signed
by Wade Warren Thayer in the visitors’
book of the Volcano House stating: “On
Aug.2nd a large party headed by L.A.
Thurston explored the lava tube in the
twin Craters recently discovered by Lorrin Thurston, Jr.
Two ladders lashed together
gave comparatively easy access to the tube and the whole
party, including several ladies,
climbed up. No other human
beings had been in the tube,
as was evidenced by the perfect condition of the numerous
stalactites and stalagmites. Dr.
Jaggar estimated the length of
the tube as slightly over 1900
feet. It runs northeasterly from
the crater and at the end pinches down until the floor and roof
come together. . . .”
The cave has two openings
used as an entrance and exit for
the tourist trail. The primary
entrance is reached via a bridge
(Fig. 3). It opens in the wall
of an elongated collapse hole,
called Kaluaiki, most probably very near to the site of
the former vent that delivered
Figure 3. Entrance of tourist section over a bridge
the lava producing the cave.
that leads across part of an elongated collapse
structure, called Kaluaiki.
The other entrance is a ceiling

hole, caused by roof collapse much after
the cave has cooled (Fig. 4). Here the
tourist is led out of the cave via a stone
staircase. The tourist section (Fig. 5) is
lit by yellow lights in order to minimize
lampenflora. The path is covered with
gravel (and often with puddles) obliterating the original floor structure. Beyond
the stairs, a gate is installed with a sign
advising tourists to visit this part of the
cave only with proper lighting, announcing that this section is 343 m long (357
m would be correct).
Vulcanologically the cave is important since it is situated very near to the
original vent of the Ai-la‘au Shield, the
site of the last massive summit eruption of Kilauea (Holcomb, 1987) that
lasted from about 500 to 350 aBP. The
Ai-la‘au lavas cover a very large area
east of Kilauea Caldera all the way to
the ocean near Hilo. They were tube-fed
pahoehoe lavas, containing not only the
longest lava cave known (Kazumura
Cave) but also a number of other very
long lava tunnels (Keala Cave, John
Martin Cave, Pahoa Cave). Since Thurston runs underneath the highest point
of the Ai-la‘au shield (the 3840 foot
contour), it appears to be the tube that
sustained the last active flow, possibly
producing the lava which reportedly
invaded Kazumura (Allred & Allred,
1997). Thurston is heading 45°N, ending just inside the Park Boundary. It
is aiming at a prominent flow bulge at
the NE of the Shield. The upper end of
Kazumura runs in parallel slightly less
than a kilometre further to the north
near the highway (Allred et al., 1997).
This makes is unlikely that both caves
belong to the same lava flow, unless
the northward turn of Thurston shortly
before its end indicates a sharp bend in
the tunnel system (Fig. 6).
When comparing the sinuosity and
slope of the cave with those of others in
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Figure 1a, b, c. Three-part map of Thurston Lava Tube.
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Figure 4. Exit with artificial staircase, looking mauka.

Figure 5. Tourist section looking makai.
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Figure 2. Longitudinal section of Thurston Lava Tube.

Figure 6. Modified clip of USGS Kilauea geological map (Neal & Lockwood, 2004).

AMCS Bulletin 19 / SMES Boletín 7 — 2006

Figure 7. Map showing locations of some of the major lava caves on Hawaii.
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Figure 8. Typical cross-section of Thurston Lava Tube.

Figure 9. Thurston Lava Tube ends in a Chamber, were the
ceiling sinks below the floor that appears to consist of material
up-welled from below forming a low bulge.

Figure 13. The floor of Thurston Lava
Tube is devoid of the otherwise in lava
tunnels typical flow-structures.

Figure 10. The first lava fall viewed mauka. The undercutting of
the bottom sheet is clearly visible.

Figure 11. The second lava fall viewed mauka. The bottom sheet
seems to have been warped, i.e. it was still plastic when the erosive back-cutting of the lava fall occurred.
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the flow field (at least for those for which
we have data) (Fig. 7) Thurston shows
similar characteristics (Table 2).
When inspecting the cave, a series of
questions arise. For the casual observer
the cave appears strangely dull, without
many detailed features (Fig. 8). Also
the typical smooth, continuous glazing
found in lava tubes is mostly missing.
And finally the cave ends at a kind of
lava “sump”, which poses quite a puzzle
(Fig. 1a and 9).
However, the more careful observer
will notice several interesting details.
Among them is the presence of two lava
falls (Figs. 10, 11), below which the cave
is wider and higher than above. When
viewed mauka (uphill) one can see the
undercutting of the former bottom sheet
of the tube and of the wall linings. Also
ledges are present (Fig. 12), bent downward at the lip of the lava fall. One can
follow them for some distance upstream,
indicating that the final flow in the cave
did not fill it entirely.
The cave also features ceiling cupolas of different sizes. Powers (1920)
noted that the cupolas become larger and
wider along the tube. For those nearer
to the entrance he suggested that they
resulted from a “blow torch effect”, i.e.
from the melting of the primary ceiling
by hot gas jets escaping from the flowing lava beneath. This certainly is an
interesting interpretation. However, the
blow torches should have been moving
makai with the lava flow and elongated
cupolas or ceiling notches should have
been formed. Some of the cupolas are

elongated, others not. For the cupolas
further down Powers suggested breakdown as their cause, the blocks of which
have been carried out of the tube during
its activity. Most of the cupolas have
received a new lining and some have
horizontal rims, indicating former lava
stands. Our survey shows (Figs. 1, 2),
that there are seven cupolas in the ceiling of the first two thirds of the tourist
section and eight in the beginning of
the wild section. None occur further in.
That they become wider makai cannot
be corroborated. There are smaller and
more cylindrical and larger and more
elongated cupolas in both sections. All
of them occur in the center of the passage. This, and their forms, speak (at
least for the cylindrical) against their
origin as a breakout cupolas. We suggest
that they are former hornitos, vents in
the primary ceiling to allow hot gases
and spatter to escape. Thin secondary
overflow, reinforcing the roof may have
buried and closed them in the final phase
of the eruption.
Powers (1920) suggested that the
“Great Hall” (Figs. 1, 2), shortly before
the end of the cave is actually a window
(caused by breakdown of the intervening ceiling in between) up into another
tube above Thurston, explaining why the
cavity has an upward rising floor above
the Thurston tube. This certainly merits
a closer look and if it were true, then
Thurston may not represent the latest
flow from the shield.
The floor is astonishingly devoid of
flow lobes (Fig. 13), indicative of very

Figure 12. Ledge of former lava-stand. It bends downward at the
lip of the lava falls.
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hot conditions when the flow stopped,
not allowing sufficient cooling of the surfaces skin to be rippled. In the lower part,
many cracks are noticed in the floor and
walls, forming large polygons. Cracks,
possibly caused by cooling, extend deep
into the floor (Fig. 14), deeper than the
thickness of the bottom sheet of the
cave is extending (which is just a few
cm thick), again indicative of very hot
conditions far beyond the bottom sheet
of the cave. There is also a significant
number of squeeze-ups (termed “volcanoes” by Powers, 1920) (Fig. 15),
partly related to the cracks, forming very
flat, glazed mounds, again indicating
very hot conditions when they where
extruded from the underlying lava by
the expanding gas during solidification.
On the walls many runners occur, partly
“bleeding” in series out of horizontal
partings in the wall (Fig. 16).
Overall, ceiling, walls and floor are
irregular on the cm-scale. The mm-thick,
continuous, and shining glazing, so typical for most lava caves, is missing (Fig.
17), possibly being destroyed by the
ongoing degassing of the lava surrounding the cave after the evacuation of the
cave, again speaking for sustained and
very hot conditions. Also the typical
cylindrical lava stalactites are missing,
save for short stumps (Fig. 18). They
may, however, have been removed over
the years by visitors since the initial
description of the cave talks of a “rich
decoration” (see above).
Regarding the lava “sump” at the end
of the cave (Fig. 9), the floor appears

Figure 14. The floor is criss-crossed by deep cracks.
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Table 1. Survey data Thurston Lava Tube.

* Because the cave roof starts earlier than the cave floor, we can use only the cave floor
length, which is shorter than the total cave length, in order to calculate slope.
[for comparison length by Powers (1920): 1494 feet total (455 m), straight: 1360 feet
(425m); slope 2.5°]

Figure 15. One of many low, dome and cone shaped mounds on
the floor that seem to be squeeze-ups from below.

as if the lava welled up from underneath. Powers (1920) already noted
its “convex” surface. No flow lobes or
ropy textures are noticed which would
indicate that the flow in the cave just
filled the tube to the roof at a low spot.
Thus it is not entirely inconceivable that
Thurston represents an upper level of a
much larger conduit system, as suggested
by the hypothesis of Halliday (1982),
stating that the cave is part of a “Jameo
System”, i.e. a multi-leveled lava conduit. The fact that the cave floor starts
further makai than the cave roof, i.e. that
“something” collapsed right underneath
the present entrance, could be taken as
a hint towards the existence of a cave
below. If this is so, then the two caves
above each other were certainly not
created by down-cutting and consecutive formation of a secondary ceiling
separating a canyon-like tunnel. Such
separations are clearly later additions
and can be recognized at cross-sections
(Kempe, 2002). Inspection of the lava
below the cave at its entrance shows
that there the floor of Thurston is not a
secondary ceiling. If Thurston belongs
to a multi-storied cave system, then it
must have formed during an increase in
eruption volume, exceeding the capacity of the lower tube and establishing a
contemporaneous upper conduit above
it, which, when lava supply subsided,
fell dry and was sealed at the end by
lava up-welled from the lower conduit.
Technically speaking only the end of
Thurston might possibly fulfil the criteria
of a secondary ceiling.
Another feature speaks also against

Figure 16. Runners form where residual melt is squeezed out
from the cooling lava of the walls.
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Table 2. Topographic data of some of the tubes from the Ai-l‘au flows.

posed in the paper suggest that we do not
understand the speleogenesis of Thurston Lava Tube very well, in spite of
the fact that it may be the most visited
and the most often mentioned lava tube
world-wide.
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largely missing.
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Figure 18. This is an exceptionally “well decorated” section of Thurston Lava Tube
which is otherwise devoid of spectacular stalactites.

