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The Kamakalepo Cave System (first
mentioned by Bonk, 1967 and Kempe,
1999) consists of four larger sections of
a once much longer tunnel in Mauna Loa
lavas. It is situated south of Na‘alehu,
Hawaii (Figs. 1, 2, 3). The system is entered through two pukas (holes) (Fig. 4):
Lua Nunu o Kamakalepo (Pigeon Hole
of the Common People) and Waipouli
(Dark Waters). Both of these pukas give
accesses to uphill (mauka) and downhill
(makai) caves totalling almost 1 km in
length (Table 1) (Figs. 5, 6, 7, 8). Within
the Lua Nunu Puka, a small cave along
the W-Side has also been discovered
(see Fig. 6). Two further pukas belong
to the system, “Pork Pen Puka” (mauka
of Lua Nunu) and “Stonehenge Puka”
(makai of Waipouli) for which no local
names are known. Pork Pen Puka is
a depression set into the roof of Lua
Nunu Mauka, the bottom of which is
a secondary ceiling to the cave below.
Stonehenge Puka is a 60*40 m large and
up to 20 m deep crater, which not only
issued lava as a rootless vent but from
which large blocks were swept out that
today mark its rim (and therefore the
puka bears a certain resemblance with
the real Stonehenge) (Fig. 9).
Waipouli is occupied by a 200 m
long lake (see Fig. 8; Fig. 10), ending
in a ca. 30 m long underwater cave,
first explored by German divers in 2000
(i.e., Herbert and Christine Jantschke,
Andy Küchl, Wolfgang Morlock). The
lake level is 34 m below the surface and
shows tides. Depending on groundwater
discharge rate it contains either fresh
or brackish water. The lake is up to 10
m deep and sometime a halocline can
be observed at depth. The groundwater
has a temperature of around 20°C and
is low in dissolved CO2, suggestive of
a high altitude source.
The Kamakalepo System is formed

by very olivine phenocryst-rich, picritic
lavas of high density and moderate vessicularity (Fig. 11). Olivines are up to 3
mm in size and iddingsitized along fractures, coloring them giving them brown.
Similar flows, belonging to the same age
group crop out further to the west, from
which one 14C age is available, dating
the flows to 7360±60 a BP.
Lua Nunu plus Pork Pen and Stonehenge form two local kipukas, i.e. they
are situated on topographic crests, not
overrun by later lava flows. They are
covered only by a relatively thin layer
of ash (a few decimetres) possibly winddeposited and derived from the thicker
genuine Pahala Ash deposits mauka. The
three pukas formed when the flow was
still active (so called “hot pukas”) and
they served as rootless vents, issuing
lava, thereby forming local shields that
rose above the surrounding topography.

In contrast to this the site of Waipouli was
covered by two consecutive a‘a-flows
(Upper and Lower Waipouli Flows)
(Fig. 12 and Fig 13). The Waipouli Puka
therefore is a “cold puka” collapsed
thousands of years after the activity of
the tube. Detailed geological mapping
(by Philip Stankiewicz and Stephan
Kempe in 2000, unpublished; Fig. 13)
of the area shows the presence of a series
of up to ten individual post-ash flows,
among them a wide-spread black pahoehoe flow that thinly covered much
of the area (Table 2).
This black pahoehoe played a vital
role in transforming the Kamakalepo
System to its present state by intruding it
at several places. First of all, it (or a lava
comparable to it) entered a puka of the
Kamakalepo system mauka that today is
no longer visible. From there it flowed
down the tube eventually sealing its

Figure 10. View of the underground lake in Waipouli from the entrance (note small rubber dingy in about a distance of 30 m from the lake shore).
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Figure 1. Map of Hawai‘i with major cave systems.
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Figure 2. Google Earth picture of the southern tip of the Island of Hawai‘i.

Figure 3. Aerial picture of Kamakalepo
area. The light area is marks the grasscovered “Pahala Ash” outcrop.
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Figure 5 a. Map of Lua Nunu o Kamakalepo Mauka Cave.
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Figure 4. Location of pukas and caves and some archaeological features in
the Kamakalepo area.

Figure 5 b. Longitudinal section of Lua Nunu o Kamakalepo Mauka Cave.
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Figure 6. Map and longitudinal section of Lua Nunu o Kamakalepo Makai Cave.
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Figure 7. Map and longitudinal section of Waipouli Mauka Cave.
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Figure 8. Map and sections of Waipouli (Makai) Cave. For longitudinal section of entrance Puka see Figure 7. [A larger copy
of this map appears in the supplementary material on the CD.]
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Figure 9. Map and cross-section of Stonehenge Puka.
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Figure 11. Petrographic thin section of the Kamakalepo-Waipouli-Stonehenge olivine
vesicular picrite (plain light). The groundmass consists of opaque oxides; plagioclase is
absent both as phenocrysts or in the groundmass; olivine is euhedral, forming a glomeroporphyritic texture with two generations of crystal sizes (large and medium-sized).
Section from sample of Stonehenge Puka. (Petrographic description pers. com. A. AlMalabeh, Hashemite Univ. Zarka, Jordan).

Figure 12. View of the Waipouli Puka looking west. Note the two a‘a flows overriding
the Kamakalepo tunnel system before the puka collapsed (so-called “cold puka”).

upper end. Enough heat was transferred
into the system to oxidize much of the
surface in the mauka part of Kamakalepo
rendering it hematite-red. The black lava
apparently was only stopped by breakdown. Further down, the black pahoehoe
flowing on the surface intruded the Pork
Pen Puka situated on top of the Lua Nunu
Mauka section filling it partly. Next the
black lava cascaded into Lua Nunu from
its eastern and southern rims forming
veritable curtains and large stalagmitic
columns (Fig. 14). Inside the tunnel the
lava flowed mauka, covering the original
floor up to a point where it was stopped
by breakdown. Makai it flowed all the
way into Waipouli Mauka Cave or even
further, thereby sealing the connection
between Luna Nunu and Waipouli caves.
In Waipouli Mauka Cave, its surface
reappears as rough a‘a while it is still
pahoehoe in the Lua Nunu Makai section; there it even formed its own tube
that can be entered. The Hawaiians
deliberately hid this “Secret Passage”
(campe Fig. 6). Finally, large volumes
of the pahoehoe intruded Stonehenge
Puka through a breech of its rim in the
east, sealing the former entrances to
the tunnel below at both ends (Fig. 15).
Internally, it had enough head to flow a
few hundred meters mauka to seal the
lower end of Waipouli, where is appears
underwater covered with glass shards,
indicating that the tube was water-filled
already at the time of the black pahoehoe
intrusion (Figs. 16, 17). The makai section of Stonehenge was probably filled
completely.
The pukas give opportunity to study
the roof sequence of the Kamakalepo
System. Two profiles were inspected in
more detail: that of the Lua Nunu Mauka
(Fig. 18) and that of Waipouli Makai
(Fig. 19). These sections show that the
formation of the cave itself appears to
have been a complex process. The evidence that the primary cave roof at those
profiles was formed by repeated inflation of pahoehoe sheets is inconclusive.
Such a process would have produced a
roof consisting of a set pahoehoe sheets
stacked upon each other, with the oldest
sheet on top, having a rope pattern on
its surface (e.g., Kempe, 2002). This
mode of tube formation is observed in
present day Kilauea lavas (e.g., Hon et
al., 1994) and is applicable to most of
the long lava tunnel caves so far known
on Hawaii.
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The profiles show that the cave roof
is composed of a very thick stack (in
Waipouli Makai 18 m thick) of thinbedded pahoehoe, often showing surface
ropes. These sheets are intercalated with
a few, relatively thin a‘a layers. It appears
that these sheets are overbank lavas,
produced from root-less vents situated
mauka. Multiple vertical linings appear
in the ceiling of Waipouli Mauka, on
the walls of Lua Nunu, and on the walls
of Stonehenge Puka indicating that at
those places the roof of the cave was
open and lava emerged to form thin, irregular overbank lava sheets. In both of
the profiles we were able to identify the
one pahoehoe sheet which became the
ceiling interface of the evolving tunnel
below. It is marked by glazing on the
lower side and, in case of the Waipouli
Profile, by conical stalactites. This ceiling was thickened downward by multiple
accretionary linings, well visible in the
roof of Waipouli Mauka. This lining also
extends downward to cover the walls in
thick sheets. In some of the places the
lining has sagged or slid from the wall
behind. In the Waipouli Profile two a‘a
layers were noticed behind the lining,
indicating that the lava flow has cut down
into pre-existing layers. These are also
of picritic lava, probably belonging to
a related but earlier flow of the same
volcanic activity.
The evolving lava conduit therefore enlarged downward, until it was
large enough to accommodate the flow,
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Figure 13. Geological map of the Kamakalepo area (by P. Stankiewicz, 2000, unpubl.,
University of Darmstadt). Stratigraphy (from top to bottom). Black Pahoehoe Flow
(BP); Clover A‘a Flow (C); Table-top A‘a I and II flows (T1, T2); Upper Waipouli A‘a
Flow (UW); Lower Waipouli A‘a Flow (LW); S Waipouli A‘a Flow (SW); “Pahala” Ash
(PA); Kamakalepo Lava (7360±60 a BP ) (KL). Further flows, younger than the Kamakaleopo Lava but older than the Black Pahaehoe Flow occur to the SW; yellow marks a
thin layer of wind-driven marine carbonate sands. [The color version of this figure in the
PDF file is clearer.]

ceasing the overbank activity. It is conceivable, that the Kamakalepo System
formed by the often cited mechanism of
a crusting over channel, but the internal
structure of the roof is not entirely clear
to accept this hypothesis. Specifically,
observations of the roof structure about
100 m into the Waipouli tunnel show a
more regular picture. Here the primary
roof consists of a stack of pahoehoe
sheets covering the tunnel uninterrupted
from one side to the other. This clearly
speaks for the inflationary mode of tube
formation. It is possible that this was
the general mode of formation and that
the primary roof collapsed in places,
forming rootless vents and overbank
Figure 14. View of large stalagmite created by black pahoehoe lava intruding
the pre-existing Lua Nunu o Kamakalepo
Puka. View is from the mauka cave entrance south.
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Figure 15. Panorama view (south) of the 60 m long and up to 20 m deep Stonehenge
puka. Its rim is marked by large agglomerated lava boulders ejected from the puka when
it served as a root-less vent when the Kamakalepo lava tunnel overflowed. From the SE
the puka was later intruded by the black pahoehoe lava, marking the youngest lava event
in the area.
Table 1. Length of Kamakalepo Cave System (north to south).

Figure 17. Petrographic thin section (polarized light) of Waipouli
terminal black lava intrusion of olivine-plagioclase vesicular
glassy basalt. Composition is about 40% glass, 40% vesicles, 15
% microlitic plagioclase and 5 % phenocrysts of euhedral olivine
and plagioclase (no pyroxene phenocrysts). Glasses are slightly
to medium palagonitized (yellow to light brown rims of vesicles).
(Petrographic description pers. com. A. Al-Malabeh, Hashemite
Univ. Zarka, Jordan).

Figure 16. Underwater photograph of
the black pahoehoe lava at the end of the
Waipouli (makai) Cave. (Picture by A.
Kücha, for scale. first author).

Figure 20. At the end of the lake in Waipouli (makai) Cave, a
huge block (ca. 12 m wide, 8 m long and 6 m high) that floated
on the lava in the tunnel is welded into the ceiling.
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Figure 18. Stratigraphic profile of the
Luna Nunu o Kamakalepo Puka at the
mauka entrance.
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Table 2. Stratigraphy of the lavas forming and overlying the Kamakalepo-WaipouliStonhenge Cave System (rock identification pers. com. A. Al-Malabeh, Jordan, 2006).
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lavas locally. In any case, the resulting
cavity was enormous, at one place 23 m
wide and 13 m high. It is the widest and
oldest lava cave reported from Mauna
Loa thus far. The flow it sustained must
have been substantial since in Waipouli
Makai a block 12 m wide, 6 m high and
8 m long, was carried as a floater on
the lava, jammed into the ceiling and
welded to it (Fig. 20; compare Fig. 8
for location).
All of the caves and their surrounding
contain ample traces of past occupation
by Hawaiians (see Kempe et al., this
volume).
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Figure 19. Stratigraphic profile of the Waipouli Puka at the makai entrance.

