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Mauna Kea1 Field Trip Guide 
Mauna Kea kuahiwi ku ha‘o i ka mālie 
Mauna Kea is the astonishing mountain that stands in the calm – Pukui, 1983, 2147. 
 Mauna Kea emerged from the sea ~400 ka, during the tholeiitic shield stage of activity.  

Since ~350 ka Mauna Kea erupted tholeiitic to alkalic basalts of the Hāmākua Volcanics 
[Stearns and Macdonald, 1946; Wolfe et al., 1997].  Post-shield Laupāhoehoe Volcanics are 
younger than about 65 ka, and range in composition from hawaiite to benmoreite (Figure 1).   

Mauna Kea contains geological 
evidence for three principal periods 
of glaciation, including extensive 
moraine deposits, steep lava flow 
fronts with crude pillow lava forms, 
local hyaloclastite, glacial polish and 
local striae on ‘a‘ā lava flows that 
have had their upper clinker layers 
removed.  The oldest event, the 
Pōhakuloa, is clearly older than the 
Hāmākua to Laupāhoehoe transition, 
and is thought to correspond to 
marine isotope stage (MIS) 6, about 
180 – 130 ka.  The Waihū Glacial 
Member probably occurred during 
MIS 4, roughly 80-60 ka, close to 
the transition from Hāmākua to 
Laupāhoehoe volcanism.  The 
youngest, the Mākanaka, was clearly 
underway by 40 ka.  Two ice-contact 
lava flows have been dated at 33 ± 

12 and 31 ± 9 ka.  The end of Mākanaka glaciation is generally taken to be about 13 ka, when 
Lake Waiau became an ice-free depression capable of accumulating sediment [Peng and King, 
1992].  Cosmogenic exposure ages of till deposits have been obtained in the range 16-21 ka, 
generally consistent with this chronology.   

The age of most recent volcanism on Mauna Kea is likely about 4500 yrs B.P.  Nine charcoal 
ages from beneath six stratigraphic units [Porter, 1979; Wolfe et al., 1997] yield calibrated dates 
from about 4500 to 8200 years before present [Sherrod et al., 2007].  Arguments for activity less 

                                                
1 Although the name Mauna Kea is commonly said to be derived from mauna keokea “white 

mountain”, alluding to the presence of snow that intermittently covers the upper reaches of the 
mountain, an alternate interpretation is that the name is a shortened version of mauna a Wakea 
(the mountain of Wakea).  This latter name also is fitting for the highest point in the Pacific 
because Wakea represents the sky.  Indeed Wakea (Sky Father) and Papa (Earth Mother) are the 
first parents of all human life on earth, i.e., the ‘first ancestors of the Hawaiian people, both 
chiefs and commoners.   
 

 
Figure 1.  Alkali-silica variation diagram for Mauna 
Kea samples.  Yellow field shows range of 
compositions for samples below 340 m in Hawai‘i 
Scientific Drilling Project core.  Green diamond shows 
the composition of the source rock for the Mauna Kea 
adze quarry. 
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than 4000 yrs B.P. [e.g., Porter, 1979, Porter et al., 1987], based on depth-age relations for 
tephra layers in sediment cores from Lake Waiau [Woodcock, et al., 1966], suffers from large 
analytical errors of the ages of the bounding sedimentary strata and assumptions of uniform 
accumulation rates.  Sherrod et al. [2007] note that the permissible range of calibrated ages for 
these tephra, 3130-5380 yrs B.P., overlaps with the ages of known eruptions from dated lava 
flows, and cite an age of ~4.6 ka for the youngest volcanism on Mauna Kea, in concurrence with 
Wolfe and Morris [1996].   

Mauna Kea Field Trip 

The road up Mauna Kea leaves the Humu‘ula Saddle Road near Pu‘u Huluhulu (Hairy Hill), 
a Mauna Kea cinder cone, partially surrounded by 1935-6 Mauna Loa lavas.  A 1.5 m-high wall 
of loose stones built during the late 19th century west and northwest of Pu‘u Huluhulu  was 
sufficiently strong to stop forward movement of 1935  pāhoehoe in several places, attesting to 
the limited momentum of Hawaiian pāhoehoe.   
Hale Pōhaku 

At an elevation of 2880 m is the Mauna Kea Visitor Information Station.  The prominent 
cinder cone across from the visitor’s center contains abundant “cored bombs”.  These are spindle 
bombs erupted during strombolian activity of this Laupāhoehoe vent, which formed around 
large, primarily gabbroic xenoliths.  Pre-historic Polynesians fabricated sinkers and lures from 
these xenoliths in a nearby “workshop”. 
Mauna Kea Summit 

The summit of Mauna Kea is dominated by cones and flows of the Laupāhoehoe Volcanics.  
At least three of these units contain evidence of contact with glacial ice (Figure 2).   

We will walk down through a ~40 ka hawaiite flow erupted from Pu‘u Hau Kea, the prominent 
cone to the east.  Ultramafic and gabbroic xenoliths are locally common in the flow.   

Lake Waiau (swirling water, also the name of the goddess who protects this place) is bound on 
one side by Waiau cone and on the other by the steep-fronted Pu‘u Hau Kea lava (Figure 3).  Ice-
contact features, including mosaic jointing, pillow-like forms, and cavernous voids are exposed 
in the flow edge and base on the north rim of the cone. 

Lake Waiau, at an elevation of approximately 3700 m, is a perched water body lying more than 
3000 m above the water table of the Big Island.  The Pu‘u Waiau cinder cone consists of layers 
of scoria and bombs, alternating with layers of ash and lapilli.  The latter become relatively 
impermeable upon alteration, and have been suggested to be responsible for the retention of 
water in Lake Waiau [Wolfe, 1987].  An alternate explanation is that the impermeable layer is 
permafrost [Woodcock, 1974].  The lake level has dropped dramatically in the last few years.  

 
From Lake Waiau we descend over glaciated Laupāhoehoe lavas toward Pu‘u Ko‘oko‘olau.   

Pu‘u Ko‘oko‘olau is a cone of Laupāhoehoe hawaiite, which produced virtually no lava flow.  
Below Pu‘u  Ko‘oko‘olau is a low ridge, interpreted by Porter [1979] as an ice-bound terminus 
of a flow from Waiau, and by Wolfe et al. [1997] as a fissure vent system of older alkali basalt 
(Liloe Spring Member of the Hāmākua Volcanics).  This flow unit shows much evidence of ice 
contact, including mosaic jointing and local outcrops of hyaloclastite. 
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Figure 2. Geologic map of Mauna Kea summit and south side, based on geology of Wolfe et al. 
[1997].  Laupāhoehoe ice-contact lavas are shown with a darker outline. 
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The Mauna Kea Adze Quarry 
The Mauna Kea adze quarry complex is by far the largest known pre-historic Polynesian 

quarry for extraction of raw stone used for the fabrication of tools essential in everyday life.  The 
entire complex extends over an area of almost 20 km2, although the most intensive use was 
confined to an area of about 4 km2 between 3350-3780 m elevation, including extraction areas 
and chipping stations along with religious shrines and habitation rock shelters [McCoy, 1990].  
The principal extraction area lies along the escarpment running close to the 3750 m elevation.  
Early Hawaiians found these outcrops to be especially suited for adze production, despite that the 
area is >30 km from any known permanent habitation sites and at high elevation.   

The lava exposed here is aphyric and lacks vesicles and large crystals, features which 
constitute defects in tool-grade materials.  Ice contact also imparts a fine-grained, interlocking 
texture reflecting the unique cooling environment.  Mauna Kea adze material has groundmass 
grain size <0.01 mm; microphenocrysts of plagioclase and rare olivine are typically < 1mm in 
size [Cleghorn et al., 1985].  In addition, ice contact produces a mosaic pattern of cooling joints 
along the flow margin.   This feature is of paramount importance because it allows for easy 
initial extraction of a volume of massive rock that already has the general form of a large tool, a 
huge labor saving feature of ice-contact lavas.   

Although Wolfe et al. [1997] documented 4 summit Laupāhoehoe flows with ice-contact, 
mosaic jointed margins (three are shown in Fig. 2), these lavas were not extensively quarried, 
presumably because they lacked one or other of the textural characteristics of those that were.  
The sheer scale of the quarry operations here argue for this being an export quarry, an 
interpretation supported by the widespread presence of Mauna Kea adze material in acheological 
sites throughout Hawai‘i island and also on Maui and O‘ahu.  Most of the 23 radiocarbon dates 
on archeological materials within the Mauna Kea quarry complex cluster between A.D. 1300-
1800, but three older ages suggest possible use as early as ~AD 1100.   
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