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We wish to especially recognize Gordon Macdonald and Agatin Abbott
without whose pioneering work and syntheses of Hawaiian geology this book
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I. INTRODUCTION

The intent of this book is to facilitate the comparison of Hawaiian and
martian volcanic features. Between 1976 and 1979, the Viking mission to
Mars acquired numerous remarkably clear pictures of the martian surface.
The pictures are full of bizarre and exotic features but some of the more
comprehensible are those of the large volcanoes. The martian volcanoes
are enormous by terrestrial standards. Olympus Mons is 27 km high and over
600 km across. In comparison, the Hawaiian volcanoes, which are the
largest on Earth, have a maximum height of 9 km above the sea floor and a
maximum width of 120 km. Despite the difference in size, the martian and
Hawaiian volcanoes have numerous characteristics in common. Specific
features such as lava channels, collapsed lava tubes, levees and flow fronts,
all very common in Hawaii, are also abundant on the flanks of some of the
martian volcanoes. Striking differences also exist, such as the apparent lack
of radial rift zones on some martian volcanoes and the paucity of cinder and
spatter cones. As we acquired higher resolution photography of the martian
features during the Viking mission, the similarities and contrasts became
more apparent and we recognized the need for more detailed comparison of
the martian volcanoes and one of their closest analogs on Earth, the
Hawaiian volcanoes. The intent of this book is to help meet that need by
bringing together some of the best photographs of martian and Hawaiian
volcanic features so that the reader can make his own comparison and draw
his own conclusions. We have deliberately avoided interpretation and kept
the Hawaiian and Mars sections separate to avoid imposing an interpretation
that might be implicit in the association of the pictures.

The fact that Hawaii has been chosen as the basis for comparison with
Mars does not imply that all martian volcanism is of Hawaiian style or that
Hawaii is necessarily the best terrestrial analog. Hawaii is representative of
one style of terrestrial volcanism, that which results in formation of a shield
volcano. The term ‘shield” is applied to volcanoes with the profile of an
inverted shield and formed largely by sustained accumulation of very fluid
lava. They generally have a summit crater and flanks that slope away at
angles less than 6°. Explosive eruptions of ash and cinders do occur but are
relatively infrequent so that tephra constitutes only a small fraction of the
edifice volume. Shield volcanoes thus contrast sharply with most strato-
volcanoes in which eruptions of lava commonly alternate with explosive
activity involving the production of large amounts of tephra. On the other
hand, they also contrast with flood basalt eruptions, in which the lava is so
fluid that large edifices do not form, only sheets of lava. Both stratovolcanoes

and flood basalts are probably also represented on Mars.




Other terrestrial volcanoes may provide better analogs for specific martian
features than those in Hawaii. The terraces on the flanks of the large vol-
canoes, for example, have no obvious Hawaiian parallels, but are similar to
features on some shield volcanoes of the Galapagos Islands. Nevertheless, the
Hawaiian volcanoes are probably the most intensely studied, the best docu-
mented,and consequently the ones with which comparisons can most readily

be made.

The first part of the book deals exclusively with Hawaii. A short overview
of Hawaiian volcanism is followed by several chapters illustrating different
features of Hawaiian volcanoes. The overview section is appropriately
referenced but the short texts at the start of each subsequent section largely
lack citations despite our heavy reliance on previously published work. The
second part of the book concerns Mars and includes a general summary of

the geology of the planet in addition to a discussion of the volcanic features.

The book is not intended as a scholarly or definitive work but more as a
guide. The emphasis is on the pictures; the text is kept deliberately short
with the expectation that the reader will turn to more definitive works for
fuller explanation of the features illustrated. Neither author claims to be an
expert on Hawaiian volcanism. What familiarity we have with the subject has
been gained largely in order to support our main interests which are the
Moon and other planets. M. Carr spent several weeks at the Hawaiian
Voleano Observatory during the summer of 1977 going through their files of
photographs and seeing many of the features from the air and on the ground.
Since 1969, R. Greeley has worked in the field in Hawaii largely engaged in

research in support of lunar and planetary studies.

We would like to thank the staff of the Hawatian Volcano Observatory
who generously allowed us access to their files and allowed us to use
numerous photographs that had not been previously published. They also
provided logistical support and much needed advice. Deserving special
mention is R. T. Holcomb who took many of the pictures in the book and
aided in the location and interpretation of many others. The manuscript
was reviewed by D. W. Peterson, D. A. Swanson, and R. T. Holcomb.
Additional encouragement and support was provided by G. P. Eaton,
J. Lockwood,and P. W. Lipman. The work was supported by a grant from
the Planetary Geology Program Office, NASA Headquarters.
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II. HAWAITAN VOLCANISM

The Hawaiian Islands lie at the southeast end of a line of atolls, reefs, sea-
mounts, and submerged volcanoes that stretch for 6,500 km across the
Pacific. The chain, known as the Hawaiian Archipelago, extends from Hawaii
in an approximately northwest direction for about 3,500 km. At approxi-
mately 32°N, 174°E, the chain abruptly changes direction to form a north-
south chain of seamounts, the Emperor Seamounts. These can be traced for
approximately 3,000 km to the north, where they disappear into the
Aleutian Trench (Figure 2—1). Several lines of evidence suggest that the vol-
canoes that constitute the combined Hawaiian-Emperor chain were formed
successively. The oldest volcanoes are at the extreme northern end of the
chain and have ages probably in excess of 65 million years (Dalrymple and
others, in press); the youngest are at the southeast extremity of the chain

and form the Hawaiian Islands.
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FIGURE 2—1. Map of the Hawatian Archipelago. The small inset shows the
location of the islands in the Pacific Ocean. (From Macdonald and Abbott,

1970.)

The volcanoes within the chain do not form a simple single line but appear
instead to have an echelon arrangement, occurring along parallel lines
oriented at an angle to the main axis of the chain (Jackson and others,
1972). Individual volcanic centers are spaced at an average of approximately
75 km apart along these lines. Associated with each is a positive gravity

anomaly which suggests the presence of a core of relatively dense material.

Most of the Hawaiian Islands are composed of two or more volcanoes. The
Island of Hawaii, for example, is composed of five — Kilawea, Mauna Loa,
Mauna Kea, Hualalai, and Kohala. Each volcano is considered to have its
own individual conduit to a magma source within the mantle. The volcanoes




are, however, composite having numerous vents fed from the same central
conduit. The bulk of each volcanic edifice is below sea level. The Hawaiian
ridge rises about 5,000 m from the ocean floor to sea level, and on the Island
of Hawaii extends another 4,000 m above sea level. Primary slopes in the
subaerial portion of the volcanoes are relatively shallow and average about
6°. The submerged portions have significantly steeper slopes, averaging

approximately 10° down to the base of the edifice.

The age of the Hawaiian volcanoes follows the pattern of the entire
Hawaiian-Emperor chain. The youngest are at the extreme southeast end of
the chain where the two presently active volcanoes, Mauna Loa and Kilauea,
are located. The other volcanoes became progressively older to the north-
west such that Kauai, 520 km northwest of Kilauea, is approximately 5.8
million years old (Dalrymple and others, in press). These data suggest that
the center of volcanism has moved southeast at an average rate of 8 cm/yr
while the Hawaiian Islands have been building. Age data on lavas from
other islands and submerged volcanoes of the Hawaiian Archipelago to the
northwest of Hawaii indicate that this rate has been maintained for at least
65 million years (Dalrymple and others, in press). The change in direction as
recorded by the bend in the Hawaiian-Emperor chain appears to have

occurred approximately 43 million years ago.

Origin of the Hawaiian-Emperor Chain

Wilson (1963) proposed that the Hawaiian volcanoes formed as the crust
and the rigid part of the upper mantle (now together termed the lithosphere)
moved northwestward over a fixed hot spot in the mantle. He suggested that
a ‘hot spot,” now under the active volcanoes Kilauea and Mauna Loa, has
been an almost continuous source of magma for several million years and
that volcanoes which form over the hot spot are carried to the northwest
and ultimately become extinct as they are cut off from the magma source.
As old volcanoes die new ones form to their southeast so that the ‘hot spot’
has given rise to the long line of volcanoes that we observe.

This proposal has gained wide acceptance and accords well with the
current theories of plate tectonics, in which the Hawaiian Islands are part of
the northwest-moving Pacific plate. Jackson and others (1972) proposed that
the “hot spot” is approximately 300 km across and currently centered about
50 km to the northeast of Kilauea to account for the width of the Hawaiian
chain and the location of its axis. The distribution and nature of xenoliths in
the Hawaiian magmas (Jackson and Wright, 1970) suggest that the magmas
originate at depths of 50-100 km. Such depths are consistent with early

seismic data (Eaton and Murata, 1960), although there have been few recent




earthquakes from these depths despite much volcanism. Gromme and Vine
(1972) determined the remanent magnetic pole orientation — and hence
latitude at the time of formation — of some 17 million year old lavas from
Midway Island, showing that, within the measurement errors, the apparent
latitude of Midway Island 17 million years ago was the same as Hawaii
today, indicating that the ‘hot spot’ has not shifted appreciably, at least in

latitude, in the recent geologic past.

While there is a concensus that the Hawaiian Archipelago formed
as the lithosphere moved over an essentially fixed hot spot beneath, con-
siderable uncertainty remains as to the precise mechanism. Wilson (1963)
envisaged that the lithosphere melted as it moved over an anomalously hot
region in the mantle but did not elaborate on the precise mechanism. Morgan
(1971, 1972a, 1972b) suggested that thermal instabilities within the mantle
could cause plumes or columns of upward-moving mantle rocks at various
locations around the world. As a plume impinges on the base of the litho-
sphere, a low density fraction of the mantle rocks is plastered on the
underside and becomes a source of molten materials for surface volcanism.
He postulated that such a plume is presently under Hawaii and has been
responsible for the Hawaiian chain. Alternatively, McDougall (1971) pro-
posed that the Hawaiian chain formed as a result of easy access of magma to
the surface through tensional fractures in the lithosphere. He suggested that
the fractures propagate themselves to the southeast as the lithosphere moves
to the northwest because the lithosphere rides over a high in the mantle
caused either by heating or upwelling. In yet another hypothesis, Shaw and
Jackson (1973) proposed that melting at the base of the lithosphere is
caused by shear as the Pacific Plate moves northwestward. The reader is
referred to Jackson and others (1972) and Dalrymple and others (1975) for

amplification of the above discussion.

Structure of individual volcanoes

Each volcano is a complex structure comprising a volcanic center often
with a caldera, from which typically radiate two to three rift zones, identifi-
able by lines of collapse pits, satellitic vents, fissures, and diverging flows.
Several lines of evidence suggest that swarms of near vertical dikes underlie
the rift zones. The dikes can be seen directly in old dissected volcanoes and
inferred indirectly from gravity and magnetic data. and from the sequence
of events during eruptions. It appears that the dikes form as magma is trans-
ported laterally from the center of the volcano to the flanks. Flank eruptions
along the rift zones may or may not accompany such lateral transfer. The
orientation of the rift zones is controlled largely by local stress fields caused




by the weight of the volcano itself and by the buttressing effect of adjacent
volcanoes (Fiske and Jackson, 1972). They are generally oriented in such a
way as to permit accommodation to intrusions of the dikes by the outward
movement of the edifice on its unsupported flank. Intrusions into the east
rift zone of Kilauea, for example, cause outward displacement of the
unsupported southeast flank toward the ocean (Swanson and others, 1976a).
Displacement of the northwest flank is prevented by the buttressing of
Mauna Loa. The orientation of rift zones on isolated volcanoes such as
Kauai, where there is no local buttressing effect, may be affected by regional

stresses but the data are not conclusive.

The active volcanoes appear to incorporate or overlie a relatively shallow
magma reservoir which is supplied by magma from a source region at much
greater depths (Eaton, 1962). Swarms of low magnitude earthquakes near
the summit of Kilauea occur in association with inflation of the volcano and
movement of magma within the edifice. Plots of the foci of the earthquakes
reveal an aseismic zone approximately 2 km across and extending from
depths of 3 to 7 km beneath the summit caldera. Koyanagi and others
(1976) suggested that this zone outlines a magma reservoir, a suggestion con-
sistent with results of studies of ground deformation during episodes of
inflation and deflation. Earthquake foci beneath the inferred magma
reservoir trace a possible conduit for the magma from the upper mantle. An
aseismic zone also occurs beneath the summit of Mauna Loa (Koyanagi and
others, 1975). It is as yet poorly defined, but appears to be significantly
larger than that for Kilauea, being approximately 10 km across and 15 to 30

km deep.

Evolutionary sequence of Hawaiian volcanoes

The Hawaiian volcanoes are each thought to be built by a similar sequence
of events. Early volcanism is believed to form a thick series of pillow lavas
which accumulate until the pile reaches sea level. As the edifice continues
to grow further, wave action around the periphery of the volcano forms a
crosscutting sequence of beach deposits buried by later lavas. Continued
orowth forms the characteristic domical shield with its central caldera and
rift zones. Eruption rates are fairly high and the lavas are almost entirely of
a type of basalt called tholeiite, which is the dominant basalt of the ocean
floor, midoceanic ridges, and oceanic volcanic islands. It is relatively rich in
silica and poor in alkalis compared with many continental basalts. Mauna
Loa and Kilauea are in the shield-building phase. According to Moore,
S|

the combined eruption rate for the volcanoes on Hawaii is 0.05 km* yr—*,

and Swanson (1972) estimates that the supply rate of magma to Kilauea in
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the last 20 years has been approximately 0.1 km yr_l. The main shield
building phase may last as long as one million years. It is followed, within
a few hundred thousand years, by a capping of more silicic rocks and alkalic
basalt, which is poorer in SiO9 and richer in KoO and NagO than the
tholeiite (Jackson and others, 1972). Flows and cinder cones of this phase
fill the caldera — if one were present — and generally alter the summit profile
that was built earlier. Hualalai, Mauna Kea, and Kohala have reached this
stage. Toward the end of this second phase, the rate of eruption decreases
significantly so that the erosion rate exceeds the accumulation rate and the
volcano becomes deeply dissected. Intermittent eruptions may, however,
continue at a low rate of several million years, after termination of the

second phase, before the volcano becomes completely extinct.

Sequence of events during an eruption

Although every eruption is unique, observations of eruptions on Kilauea
have revealed some recurring patterns. Eruption is generally preceded by a
period of inflation centered on the magma reservoir below the summit
caldera. Eruptions may occur at the summit or on the flanks, mainly along
the rift zones. Although there are exceptions, flank eruptions commonly
result in deflation of the summit region, whereas summit eruptions may
cause a net expansion. In both cases inflation generally occurs locally at the
eruption site. Swarms of small earthquakes in the general area of the vent
accompany nearly all eruptions and are presumably caused by the magma
as it works its way to the surface. In the case of flank eruptions, there may
be an increase in seismic activity along the rift zone between the volcano
center and the eruption site. The increase may be substantial or so small as
to be undetectable. The very small increases in seismicity in some eruptions
suggest that in these cases movement of magma along the rift zone is rela-
tively unobstructed (Swanson and others, 1976b). Intrusion of magma into
the rift zone also causes dilation which manifests itself by cracks and fissures
at the surface. Although common, such intrusions are not necessarily accom-

panied by flank eruptions.

Between 1832 and 1950 Mauna Loa averaged an eruption every 3.6 years
and was active 6.2 percent of the time (Stearns and Macdonald, 1946). The
longest lull in historic times was between 1950 and 1975. Activity since
1832 has been almost equally divided between summit and flank eruptions.
Eruptions on Mauna Loa usually start with lava fountains at the summit.
The first fountains generally emerge along cracks on the floor of
Mokuaweoweo, the summit caldera. The cracks may intersect the caldera

wall, causing eruptions inside and outside the caldera or on the caldera wall.




As eruption progresses, activity becomes restricted to a small number of
vents, perhaps just one, and cinder and spatter cones form around the
remaining vents. Eruptions that are restricted to the summit are generally
followed a few years later by summit-flank eruptions. These doublets
generally start with fountains at the summit. Activity may then shift con-
tinuously down one of the rift zones to a new center or, alternatively, may
cease and be followed a few days later by a new eruption lower down one of
the rift zones. As for summit eruptions, activity soon becomes limited to one
or a small number of vents around which spatter ramparts and cones may be
built. Most Mauna Loa eruptions last less than a month; only two historic
eruptions (1856, 1974) have lasted longer than a year.

Eruptions of Kilauea can be divided into four types: 1) lavalakes in the
caldera, 2) paroxysmal explosions, 3) flank flows, and 4) flows within the
caldera that resemble flank flows (Stearns and Macdonald, 1946). In historic
times Kilauea has been far more active than Mauna Loa. From 1800 to 1924
Kilauea caldera was almost continuously occupied by one or more active
lava lakes. From 1907 to 1924 the surface of the lake in Halemaumau
periodically rose and fell, sometimes spilling over onto the floor of the
caldera. Two kinds of magma were distinguished; a semisolid lava and more
fluid lava. The fluid lava rose and fell faster than the semisolid lava, some-
times leaving island-like masses poking up through the lava-lake surface. The
lake was constantly circulating, commonly with small fountains measuring
from a few centimenters to a few meters high playing at the surface. Flank
eruptions also occurred during this period, with prominent ones in 1823,
1840, 1868, and 1919-1920

In 1924 the style of activity changed dramatically. In February of that
year lava drained completely from Halemaumau to leave a fuming empty pit.
In late April the floor of the pit began to drop, accompanied by avalanches
from the walls. By the first week in May the pit was more than 200 meters
deep. Explosive activity then started and continued with extreme violence
for most of the month,resulting in the effusion of vast amounts of steam
and dust which formed clouds several kilometers high over the volcano.
Eruptions of this type, known as phreatomagmatic eruptions, are caused
by entry of ground water or sea water into the heated rocks below the
caldera. Between 1924 and 1934 Halemaumau erupted seven times, but
between 1934 and 1952 it was completely quiet. Since resumption of
activity in 1952, the volcano has averaged one eruption every two years,
except for the period from 1969 to 1974 when there was almost continuous
activity at Mauna Ulu in the east rift zone.




III. EDIFICES

The island of Hawaii is built by lava flows from five volcanoes — Kohala,
Hualalai, Mauna Kea, Mauna Loa, and Kilauea. Few of the lava flows have
been dated radiometrically, but there is general agreement about the relative
age of the five volcanoes. Kohala is the most eroded, yields the oldest K-Ar
dates (McDougall and Swanson, 1972), and hence is the oldest. Mauna Loa
and Kilauea are still active and in the tholeiitic shield -building stage, so are
almost certainly the youngest of the group. The relative ages of the main
tholeiitic shields of Hualalai and Mauna Kea have not been determined.
Although Hualalai erupted in 1801, Fiske and Jackson (1972) assumed it
was the older and reconstructed the growth of Hawaii as shown in Figure

3—-1.
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FIGURE 3—1. Stylized reconstruction of the growth of the Island of
Hawaii. Contours are of positive Bouguer gravity with 10 m Gal interval
(Kinoshita and others, 1963). (A) Early formed Kohala-Hualalai edifice; X
marks the site of the future Mauna Kea. (B) Later stage: Y marks the
site of future Mauna Loa. (C) Still later stage; Z marks the site of future
Kilawea. (D) Present configuration. (From Fiske and Jackson, 1972.)




The main masses of the volcanoes are below sea level. Little is known of
the early shield-building phases but long accumulation of pillow lavas must
have taken place before the edifice reached sea level. Upon reaching sea level,
erosion, and possibly enhanced phreatic activity, may produce a zone rich in
tephra and erosional debris between the submarine and subaerial sections.
As the volcano grows, its shape is controlled by the rift zones. Only if the
volcano is isolated, such as west Maui, is the edifice circular. More commonly
broad ridges form along the line of the rifts.

During the growth phase, collapse at the summit forms a caldera. When a
caldera first forms is unclear, but collapse and refilling is repetitive and may
continue throughout the shield-building stage. Kilauea and Mauna Loa are
in this stage. It is not clear whether all the shield volcanoes develop a summit
caldera. No evidence of a summit caldera has been found at Hualalai, for
example, but this may be due to burial by later deposits.

After the main shield-building period, a cap of lava flows and pyroclastic
material is built over the top of the shield and completely buries any existing
caldera. The cap is generally steeper and less extensive than the previously
built edifice and substantially changes the summit profile. In the shield-
building phase, the edifice has a smooth profile with a relatively flat summit.
After the capping stage, the profile is jagged at the summit and the slopes
steeper. The change in style of volcanism is caused partly by a change in the
composition of the lavas. Instead of tholeiites, the late stage lavas are mostly
alkalic basalts or various non-basaltic rocks and result in more explosive
activity. After termination of this phase, the volcano may become com-
pletely extinct. Activity may, however, continue very sporadically for an
extended period of time to build new volcanic landforms on the erosional

remnants of the main shield.

During the main tholeiitic stage, the flanks of a shield may become
unstable and fail along faults approximately parallel to the edge of the
shield. Traces of huge landslides have been found on the ocean floor around
Hawaii. These probably form mainly by failure on the steeply sloping
underwater part of the edifice. Failure also occurs on the subaerial parts.
The Hilina Pali and Holei Pali on the southeast flank of Kilauea are fault
scarps with the outer portion of edifice moving down and out toward the
ocean. A large earthquake in 1975 was the result of such a seaward move-

ment of the volcano flank.
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FIGURE 3—2. Map of Hawaii showing the five major volcanoes that make

up the island and historic lava flows to 1969. (After Macdonald and Abbott,
1970.)
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FIGURE 3—3. Profile of Mauna Loa as seen from the southeast. The profile
is smooth and relatively flat toward the summit. Two ridges extend from the
summil to the northeast and southwest along the rift zones. (Photograph by

R. T. Holcomb, 1972.)




FIGURE 3—4. Looking west toward the Mauna Loa summit on the left and
the Mauna Kea summit on the right; between the two peaks is the Humuula
Saddle. Hilo Bay is to the right. The more jagged summit of Mauna Kea is
due to capping by later stage lava flows and pyroclastic deposits. (U. S. Navy
photograph 0066, 1954.)




FIGURE 3—5. View to the southeast across Hualalai toward Mauna Loa.
The steep profile and jagged summil of Hualalai contrasts with the smooth
profile of Mauna Loa. The flows in the foreground are from Hualalai, the
youngest of which was erupted in 1801. (U. S. Navy photograph 0070,

1954.)
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FIGURE 3—6. View of the east across Hualalai with the summit of Mauna
Kea to the left and the northeast flank of Mauna Loa to the right. (U. S.
Navy photograph 0058, 1954.)




FIGURE 3—7. Panorama of Mauna Iki, in the Kau Desert on the southwest
rift zone of Kilauea, as viewed from Footprint Trail. Mauna Ikt is a low
shield (Greeley, 1977), 1.5 km across with slopes less than one degree. I
formed in late 1919 and 1920. Most of the flows are pahoehoe. (Photograph
by R. Greeley. July 1978.)
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FIGURE 3-8. A 7.2 magnitude (Richter scale) earthquake struck Hawaii
on November 29, 1975, centered in the Kalapana area on the southeastern
coast of the island. The south flank of Kilauea Volcano moved along old and
possibly new faults, with downward and seaward displacements as much as
3.5 m and more than 6 m, respectively. This subsidence is dramatically
illustrated here: (A) shows the Halape area from Puu Kapukapu prior to the
earthquake: (B) shows the same area after the earthquake; note palm grove
that is now submerged and the offshore island that is nearly completely
inundated. (From Tilling and others, 1976.)
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IV. SUMMIT AREAS

The appearance of the summits of the Hawaiian volcanoes differs dra-
matically according to their stage of evolution. The younger volcanoes,
represented by Kilauea and Mauna Loa, have a summit pit, or caldera, in
contrast to the summits of the older volcanoes, such as Mauna Kea, Hualalai,
and Kohala, where numerous cinder and spatter cones and younger flows
cover all traces of any calderas that may have been present formerly. Eroded
shields on older islands reveal evidence of calderas, so Kilauea and Mauna
Loa are not thought to be unique. Calderas in Hawaii form primarily by
collapse, probably as a result of withdrawal of magma from below. It is not
known how early the caldera starts to develop but it is believed to occur
when a magma reservoir is contained within the edifice. The calderas are
generally roughly elliptical in outline, with flat floors and steep walls. They
have a complex history of filling, upwelling, and collapse, sometimes around
different centers. The walls are fault scarps along which collapse has
occurred. Exposed as layers in the walls and apparently cut by the wall faults
are numerous flows which must have originated from vents at elevations
above the present caldera floor. Collapse may stop before onset of the late
alkalic stage, when the caldera becomes filled with flows and pyroclastic

deposits and numerous cinder cones dot the summit regions.

Kilauea caldera is approximately 4 km long and 3 km wide and ranges in
depth from 120 m in the northwest to a few meters at its southern edge.
Its rim stands close to 1,130 m above the ocean floor. In the southwest part
of the caldera is an 800 m diameter pit, Halemaumau, which is at the summit
of a small shield built within the caldera of recent lava flows. Just east of the
main caldera is a similar but smaller feature, Kilauea 1ki, a little over a kilo-
meter in length and approximately 400 m wide. During its recorded history,
Kilauea Caldera has undergone numerous collapses and refillings. Knowledge
of activity in the Nineteenth Century is sketchy. In 1823 most of the caldera
was occupied by a pit, the floor of which was about 200 m below the
present rim. Around the pit, at a level of about 60 m below the present
floor, was a black ledge believed to have formed by a then-recent collapse of
the floor. A succession of eruptions followed such that by 1832 lava had
once again reached the level of the black ledge. The central part of the
caldera then collapsed again only to be refilled by 1840 when there was yet
another collapse. During the next 25 years, the whole caldera rose en masse

until the level of the floor was above the level of the former black ledge.
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Further collapses took place in 1865, 1886, and 1891. In 1894 subsidence
occurred in the Halemaumau area and the lava level withdrew and ultimately
disappeared altogether. There followed a 13 year period of relative quies-
cence. Eruptions resumed in 1907 and the period 1907 to 1924 was one of
almost continuous activity. In 1919 and 1921 Halemaumau was filled to the
brim with lava and was the source of several flows which partially covered
the caldera floor. In 1924 extremely violent phreatomagmatic eruptions and
collapse of the walls of Halemaumau followed withdrawal of magma into the
east rift zone. After the eruptions had subsided, the pit was found to be over
400 m deep with the bottom consisting of fragmental debris from the walls.
Lava soon returned to Halemaumau and minor activity continued until
1934, after which there followed an 18 year quiet period. Activity resumed
in 1952 and has continued episodically since that time. Thus, the history of
the Kilauea Caldera is a complex succession of lava lake activity, relatively
quiet eruptions onto the caldera floor, risings of the floor, violent phreato-
magmatic eruptions, collapses, and quiescent periods. The causes of the

constantly changing eruptive and tectonic activity are not known.

The summit caldera of Mauna Loa, known as Mokuaweoweo, stands at
4.000 m above sea level. It is elongate in a northeast-southwest direction,
along the line of the two main rift zones. To the southwest, the main caldera
is connected to a smaller pit crater known as South Pit. Further southwest
are two near circular, 400 m diameter pit craters, Lua Hohunu and Lua Hou.
To the north the remnants of a 2.5 km diameter pit crater, North Pit, forms
a shelf slightly above the level of the floor of the main caldera. Within North
Pit is a smaller pit crater Lua Poholo. In the southern part of Mokuaweoweo,
close to the west wall, is a 75 m high spatter cone that formed during the
1949 eruption.

Although it is poorly known, Mokuaweoweo appears to have had as
complex an eruption history as Kilauea caldera. In 1840 Mokuaweoweo
could be divided into three pits: a central pit approximately 3 km in
diameter. and two crescentic benches to the north and south which stood
about 60 m above the floor of the central pit. Numerous eruptions during
the last century gradually filled the central pit, and in 1914 lava flooded
onto the north bench. The north bench was covered completely in 1940, and
the southern bench in 1949. At that time lava which erupted within the
caldera flowed into South Pit, partly filled it, overflowed its southern rim,
and flowed down the side of the mountain. Of the 38 eruptions of Mauna
Loa since 1832, listed by Macdonald and Abbott (1970). and including

the 1975 eruption. 22 were at the summit.
|
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FIGURE 4—1. Map of Mokuaweoweo Caldera,
Mauna Loa, in 1841 (after Wilkes, 1845). The
caldera consisted of a central, nearly circular pit

* % with benches to the north and south and two
™ {::é / additional pits, North Pit and South Pit. Flows
now fill the central pit and benches to a similar
level. (After Stearns and Macdonald, 1946.)

Hualalai is the only other volcano on Hawaii that has erupted in historic
times (1800—-1801). It appears to have just entered the late stage in the
eruptive cycle. No tholeiite flows have been found on the subaerial part of
the volcano; most are alkalic basalts with some hawaiites. More than a
hundred cinder and spatter cones occur at the summit and along northwest-
southeast trending rift zones, so its appearance is dramatically different from
Mauna Loa and Kilauea. A summit caldera, if one ever existed, has been
completely buried by later deposits. The eruptions appear to have been less
explosive than on Mauna Kea and Kohala, as evidenced by the smaller cones
and larger proportion of spatter. There have been no historic eruptions at the
summit; the 1800—1801 eruption was at a 1,800 m elevation on the north-

west rift zone.




On Mauna Kea tholeiitic flows of the main shield-building phase have
been almost completely buried by subsequent flow and tephra. Little trace
of a former summit caldera has been found, almost certainly because of the
thick cover of late stage alkali basalt and other rocks. The cinder cones and
flows of the summit give Mauna Kea a significantly steeper and more jagged

prol'il(‘ than Mauna Loa.

Traces of a former caldera occur close to the summit of Kohala, but it
also has been buried by late stage lavas and pyroclastic deposits. Volcanoes
on islands other than Hawaii are all too old to preserve their primary vol-

canic morphology.
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FIGURE 4—3. Summit of Mauna Loa. North Pit with its smaller pit crater,

Lua Paholo, stands at a slightly higher level than the main caldera, Mokua-
weoweo. To the south, the main caldera intersects South Pit, which was
filled to overflowing by the 1949 eruption. One dark 1949 flow is visible,
extending from the south rim down the mountain to the southeast. Two
other pit craters, Lua Hohonu and L<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>