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ABSTRACT

Long-term variations in eruptive behavior occurred as Kilauea's
present surface formed. These variations are revealed by geologic
mapping, dating, and morphologic analysis of lava flows.

The chronology is based on the secular variation of the geo-
magnetic field, reconstructed from paleomagnetic measurements of lava
flows dated by 14C. Key flows of unknown age are dated by comparison
with the history of variation, and relative ages of other flows are
determined from superposition and vegetation development.

Paleomagnetic dating precision varies with time and depends upon
the rate of secular variation and dispersion in the data. Typically,
variation rates are about 4 deg/century, and dispersions are about
4.5 deg. Principal sources of dispersion are imprecision in the 140
ages (3.0 deg), local anomalies in the geomagnetic field (2.2 deg),
and primary deformations of lava flows (1.7 deg). Dating precisions
are about 100 years during the past 500 years and about 250 years
during the preceding millenium. Precision should be increased to a
few decades by reducing the dispersion, refining the history of
variation, and adding paleomagnetic intensity to the record of variation.

About 70 percent of Kilauea's surface is younger than 500 years,
about 90 percent younger than 1000 years. A major hiatus in summit
overflows occurred between about 1500 and 1000 years B.P. Much of
Kilauea's present caldera dates from the 18th century, but an earlier

caldera developed about 1500 years B.P. and later filled.

xii



Behavior of prehistoric eruptions is revealed by the morphology
of their products. Eruptions are classified on the basis of duration,
which is expressed in the degree of channelization achieved by lava
flows. Lava flows are classified as aa, surface-fed pahoehoe, and
tube-fed pahoehoe. Flow types and vent features are used to classify
eruption assemblages corresponding to various eruption types. Type A
eruptions last hours to days and leave open eruptive fissures and
commonly a single lava flow consisting of surface-fed pahoehoe and aa.
Type B eruptions last for days to weeks and produce pyroclastic central
vents and multiple flows of surface-fed pahoehoe and aa. Type C
eruptions last for months to years and produce small lava shields and
many flows consisting of all three types. Type D eruptions persist
for decades to centuries and produce large lava shields and flow
assemblages dominated by tube-fed pahoehoe. Type E eruptions last for
days to weeks, and their phreatomagmatic explosions may produce craters
and sheets of pyroclastic material. This classification scheme
was refined during detailed mapping (1:24,000) of the Mauna Ulu
region and was then applied in mapping the entire volcano (1:50,000).

Kilauea's past behavior has varied in space and time. The chief
spatial variation is a decrease in typical eruption duration at
increasing distances away from the summit magma reservoir. Other
variations appear to be peculiar to particular localities. Changes
have occurred over intervals of decades and centuries; some have been
repeated and some may have occurred in evolutionary sequences. Two
Type E eruptions large enough to produce extensive pyroclastic
sheets have been followed by long intervals when most activity was

confined to a summit caldera. Rift activity waxed as summit activity

xiii



waned, and in one example the waxing sequence resembles an evolutionary
progression: Rift eruptions were at first brief and widely separated
in time and space but gradually became frequent along a restricted
segment of the rift zone and culminated in sustained activity at one
locality.

The causes of long-term eruptive variation remain undetermined.
Alternative phenomenological models are characterized as evolutionary,
cyclical, and steady-state; these alternatives differ greatly in their

implications on long-range forecasting.

xiv



CHAPTER 1
INTRODUCTION

This report deals with the long-term eruptive behavior of large
shield volcanoes. It focuses in particular upon behavioral variations
that occur during intervals of centuries and millenia in a volcano's
stage of pringipal shield growth. At one end of the time scale,
regional mapping has revealed much about the overall growth and
degradation of shields during intervals of hundreds of thousands
to millions of years. At the other end, much is known from detailed
real-time observations about the character of individual eruptions
persisting for hours to decades. Comparatively little is known,
however, about processes significant on intermediate time scales,
such as centuries to millenia. Nevertheless, variations over these
intermediate time scales may be the most important for human societies
making long-range assessments of volcanic hazards and geothermal-energy
resources. The work reported here has focused on such long-term
eruptive variations through an examination of the recent eruptive
history of a single volcano as revealed in the chronology and
morphology of its surficial lava flows. That volcano--Kilauea--
because of its accessibility, frequent eruptions, and much previous
study, is probably the Earth's premier example of a large shield

volcano.



Kilauea Volcano

Kilauea is a shield volcano on the Island of Hawaii (Fig. 1)
at the southeastern end of the Hawaiian archipelago (Macdonald and
Abbott, 1970). It is one of the most active and best known volcanoes
in the world, and much of our present knowledge of volcanism is derived
from studies of it.

Kilauea has erupted frequently for a long period. According to
Hawaiian oral traditions, eruptions from Kilauea "had taken place
during every king's reign, whose name was preserved in traditionm,
or song, from Akea, first king of the island, down to the present
monarch" (Ellis, 1827, p. 194). The recent rate of magma supply is
similar to the rate inferred to have built the islénd as a whole
(Swanson, 1972), and there is no evidence of significant intervals of
erosion on Kilauea, so the eruption frequency is likely to have been
roughly similar during most of the volcano's span of development.

Its frequent activity makes this volcano especially well suited for
research on many volcanic phenomena.

Kilauea may be the most intensively studied volcano in the world.
Its eruptions have been well recorded since the arrival in its vicinity
of the first Christian missionaries in 1823, and continuous scientific
studies of its behavior have been made since the Hawaiian Volcano
Observatory was established on its caldera rim in 1912. The Observatory
has become one of the world's foremost centers of volcanological
research, and a wide variety of investigations by many workers have
been carried out at Kilauea. These include visual observations of

eruption processes, measurements of the physical properties of lava,



Hawaiian Islands

G
0“'-*‘:« Oahu
Meolokai

Honolulu w
Lans

Reui | BV, o
o3> T
e

Kahoolswo

Island of Hawaii

Hawaii

Mauna Kea

. -
" s s e

Hilo

Mauna Lea

o

\
Puu Larmahs 22 0
~

Pahoa
/ 7 N X -7 X Kapoho
._,G’lemvm q“\\ HA’U‘(;‘MAMA.; Con
/7 H «\#Puu Heayauld/
’ 7 ] - y)
& " e s Ipoho'kt
Kiladea Cildora .. H Puulena . t
RN -~ Zitewa ) Puu Kaliu
% >~ @Volcano ilewa
/ / MK i . + Opihikao
Prd Y} Kitaued ki Heihetahulu
7 s Cone - -~ 1
Pe \ Kene Nui O Hamo 'k Kalalua
* Puu Kamoamea
Ownspau

Kaena Peint

Naliikakan Peint Kl la uea VO ,CdTl o

° L4 20 30 Kilometers
L 1 1 ]
Punaluu
Explanation
o Inter-velcano peusdary ) Crater
_—-@'" Majer road
“wvrrer Major scarp e S 1 Pepeine
. . a . . 2 Ahw
e Promineat fisure flajer Wipsts 3 Keana Bibopa ® Sattiement
& Nere

Fig. l--Index maps showing the location and principal features of Kilauea.



geochemical and petrologic studies of magma evolution, geophysical
studies of volcano dynamics and gross rock properties, and various
applied studies such as investigations of volcanic hazards and
geothermal resources and experiments in the control of lava flows
(Macdonald, 1947, 1976; Hawaiian Volcano Observatory Staff, 1974).
Many of the general approaches and particular techniques in the study
of volcanism were first developed at Kilauea, and Kilauea is often
used as a standard against which other volcanoes are compared. As

a result, any significant advances in our understanding of Kilauea
are likely to have more general applications elsewhere and to comprise

significant contributions to the science of volcanology.

Statement of Thesis Problem

«":.

Despite the great amount of research done at Kilauea and the
detailed record of its activity since 1823, it has become apparent
recently that a gap in our understanding is posed by the lack of an
eruption history prior to the Nineteenth Century. The carefully
preserved oral history of the region was lost with the destruction
of the Polynesian culture early in that century, and only a few
scattered traditions have survived from the Polynesian period. The
accumulation of knowledge had to begin anew with the development of
the modern Hawaiian culture, and until recently there was little
reason or means to reconstruct the earlier history. Recent advances,
however, in the understanding of lava-flow morphology and dating
techniques have rendered such work feasible, and the need to evaluate

volcanic hazards and geothermal resources has made it desirable.



A particular barrier to the study of long-term eruption histories
has been the feeling that little would be learned from such studies
because the volcano's behavior has remained monotonously similar for
long periods, having, in fact, no real history to reconstruct. This
view arose from mapping done 25 to 50 years ago. From the geological
survey of the Hawaiian Islands by H. T. Stearns and G. A. Macdonald
during the 1920s to 1950s, an ideal life history of the typical shield
volcano was synthesized (Fig. 2). According to this synthesis a
volcano goes through several distinct stages of development during
its evolution. Among these stages are a youthful shield-building
period and a mature caldera stage, differing distinctly from each
other. The youthful stage prior to caldera formation is regarded
as an uninterrupted series of monotonously similar eruptions producing
lava flows that accumulate steadily to build the shield. Caldera
development comes at the end of this period when the magma supply
can no longer overcome a tendency for the summit region to founder
into the magma chamber (Macdonald, 1965). The presence of a caldera
is taken as a sign that a volcano's principal growth is done and
that stagnation has begun. According to this view Kilauea, the
youngest and most active Hawaiian volcano, has entered its mature
stage because it has a caldera. The caldera is thought to be young
and the volcano to have only recently entered its mature stage.

It has just emerged from its long period of monotonous accumulation,
and the events that preceded caldera formation were uninformative and
not closely related to what is occurring now. There is thus little

incentive to study its earlier history.



3 Subaerial shield-building stage

m”sq;;z%% S
Corol reef and other sediments

~
~

| Deep submarine stage 2 Shallow submonne stoqe
Sc'.am g(fl 1/,
Hydro-explosions
ash cone St
. E . St
Shield volcono shiekd *piosion
L debnis
/ - ‘\\\
4  Caldera stage 5 Posi-caldera sthe
L ——
\f’/__"' Cinder cones <.~ V
/ .' T \ SL /
7 Stage of reef growth 8 Stage of post-erossonul eruptions
Q) /-
P ~ ( )\ ~tinder cone
- S lavo flow, L4 - oah cone
/’/ r’/-/\\ \" SL i _sL SL'
; tFr'mqmo coral f““ﬂ
(reefs becoms wide if upward growth
accomponies sinking of island)

9 Aatoll stage

Sand istand
f Reef

(formed above and just below sea level
and ioter submerged)

Fig. 2--Life stages of Hawaiian volcanoes, after Macdonald and

Abbott (1970).



In opposition to that prevailing view, however, is the idea that
Kilauea's present caldera was preceded by at least one ancient caldera
that was completely filled and obliterated before the present one
formed (Powers, 1947; Holcomb, 1976a, 1978). If this alternative idea
is correct, the present caldera may have been preceded by many earlier
ones, and it is possible that instead of passing through distinct
youthful shield-building and mature caldera-forming stages the shield
volcanoes undergo numerous repetitions of caldera formation and filling
as they grow (Holcomb, 1976a, 1978). In this modified view of volcano
evolution the presence of a caldera has no particular significance
regarding the stage of development of the volcano. Events that
occurred before caldera formation may occur again, and a knowledge of
past history may really be useful in predicting future events.

Moreover, repeated formation of calderas may be associated with
long-term changes in eruptive behavior of the volcano. If summit
collapse is due to withdrawal of magma during eruptions or intrusions
low on the volcano's rift zones (Richter and others, 1970), then very
deep submarine events may produce profound collapse in the upper
parts of the rift zones too and disrupt the highly elongated dike
systems thought to transport magma laterally from the summit region
(Fiske and Jackson, 1972). Caldera collapse might then be associated
with temporary changes in eruptive activity in the various parts of
the volcano. If caldera formation is repetitive it might be accompanied
by repetitive changes in eruptive behavior at intervals of centuries,
millenia, or whatever times separate the major collapses. If they
occur and can be identified in the geologic record, such changes

in behavior might tell us much about the internal structure and



operation of the volcano, and they might lead to much better predictions
of its future behavior.

The problem addressed by this research has been the nature of
Kilauea's long-term behavior. I have worked toward answers to these
questions: What kinds of eruptions typify Kilauea's behavior over
long intervals? How widely do individual eruptions vary from the
typical? Have long-term changes in behavior occurred? 1If changes
have occurred, does the 150-year historic record characterize most
of the past behavior, or is it typical of just some intervals scattered
among other times of very different behavior? Or is the historic
record completely atypical? If long-term changes have occurred,
have they been associated with other events such as caldera collapses?
Have such events occurred completely at random through time or in
recognizable patterns that might lead to testable models of Kilauea's
plumbing system and to long-term forecasts of future activity? What
are the consequences of this information on practical affairs, such
as our understanding of volcanic hazards and the development of

geothermal-energy resources?

Approach and Technques, Progress, and Acknowledgements

In this research the problem of Kilauea's long-term behavior
was approached from an historical point of view. The work focused
upon the few thousand years during which the topmost layer of lava
flows was spread over the surface of the volcano. A history for this
interval was pieced together from a program of geologic mapping,
age determinations, and morphologic analysis of lava flows. This

history was then used as the basis for generalizations about the



volcano's past and future long-term behavior. Inasmuch as some of
the techniques used are themselves new, this research comprises a
contribution to the methods of volcanology in addition to an increased
understanding of volcanic behavior. I made a conscious effort in
this work to develop new ways of investigating volcanoes and hope
that it can serve as a model for similar studies elsewhere.
This project has spanned about eight years of part-time effort,
from about 1972 to 1980. It began informally with a few questions
that began to nag at me while I was working on the staff of the
Hawaiian Volcano Observatory, and it has culminated over the past
three years in a directed effort to answer these questions through
my doctoral research at Stanford. I owe many people a great deal
of thanks for their help and encouragement at many points along the way.
The roots of this work extend to the years 1971 to 1975 when I
served on the Observatory staff. It was then that I was introduced
to the problems of Hawaiian geology and immersed in observatiomns of
eruptive activity. My experiences were shared by a group of especially
able and congenial colleagues that included Don Peterson, Bob
Christiansen, Wendell Duffield, Bob Tilling, Charlie Zablocki, and
the other members of the Observatory staff, as well as Don Swanson,
Howard Powers, Gordon Macdonald, and a host of visitors passing
through. The observations, ideas, and methods described here were
shared with many others, and I am grateful to them all. I owe much
especially to Bob Christiansen and Don Peterson for their unflagging
interest in the volcano. They have always been ready with an encouraging
word, penetrating question, apt observation, or sharp rejoinder

whenever they were needed. Chris has had the amazing ability to
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understand immediately anything I had to say, no matter how poorly

it was expressed.

The existence of ancient buried calderas on Mauna Loa and Kilauea
were proved to my satisfaction in 1973, and the basic problem of
Kilauea's long-term behavior was well-defined by the end of 1974. From
a general familiarity with Kilauea it appeared to me that the volcano
might have undergone long-term changes in its eruptive behavior, and
at first I saw such variations as possible tools for recognizing even
earlier calderas whose existence was otherwise completely obliterated
by later events. It soon became clear that long-term variations could
not be useful in this way because they could arise from causes other
than caldera formation. But once their existence was entertained it
was equally clear that such variations could be important for other
reasons, and I determined to evaluate their existence.

My first directed attempts to attack the problem were made in
1975 to 1977. 1In 1975 while still at the Observatory I made a series
of photogeologic maps of Kilauea that served to define the particular
problems involved in working out a chronology and interpreting the
morphology of lava flows. At this point Jack Lockwood and Pete Lipman,
newly arrived at the Observatory, provided a healthy dash of skepticism
that incited me to further exertions. They doubted that lava-flow
morphology could be used in the way that I proposed, and they saw
no evidence from my crude maps for any changes in Kilauea's behavior.
It appeared I would have to start over again from scratch, with more
rigor. I recouped and then made a concerted effort to map the recent
lava flows of the mauna Ulu region in some detail as a pilot study

for the more extensive work I proposed to do. This preliminary mapping
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seemed like an imposing bit of work at the time, and I am grateful

to Patrice de St. Ours and the Beatles for helping me through the long
nights needed to complete it, My first complete geologic map of Kilauea
was photocompiled and field~checked in 1977, and I thank Steve Oriel

and Bob Tilling for encouragement and support at this stage of the work.
I am grateful also to Tim Bralower for field assistance and to Bill
Della Sala, Martha Komohai, John Martin, Bill Yeoman, Bud Doty, Rick
Edwards, and many other residents of Ka'u and Puna for their hospitality
and information. Gordon Eaton and the HVO staff gave logistical
support, and Jim Jacobi, Rick Warshauer, and Holly McEldowney provided
much useful information about the flora and cultural history of the
region, as well as their friendship. Robert P. Sharp and George W. Walker
provided valuable comments on aeolian processes and the stratigraphy

of Kilauea's south flank.

My tenure at Stanford was made possible by a tuition grant from
the Piton Foundation of Denver, Colorado, and Bob Compton, Harvey
Weinstein and my fellow students helped me through some of the rough
parts of my return to a university campus. I am thankful to Jerry
van Andel and Bob Ballard for providing an opportunity to enlarge
my understanding of flow morpho;ogy through a study of submarine
lava flows, and to Jon Fink, Paul Delaney, Sue Karl, and Dave Pollard
for many fruitful discussions of flow morphology.

The final phase of the project was undertaken in 1978 to 1980
after I had settled on the method to be used in defining a volcano-wide
chronology. Being familiar with Duane Champion's paleomagnetic work
then in progress on the Snake River Plain, I enlisted the collaboration

of Duane and Mike McWilliams in a study of Hawaiian geomagnetic
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secular variation. I am grateful to Duane and Mike for seeing this

work through to its end expeditiously despite their deep involvement

in other concurrent projects. The work could not have been executed

without Duane's stellar performance in the field and Mike's ability

to keep the magnetometer operating. I am thankful also to Lisa Kanter,

Sue Karl, and Jim McGill for assistance in the field and laboratory,

to Jack Lockwood and Pete Lipman for information on 14C-dated lava

flows and discussions of Mauna loa stratigraphy, to Norm Banks,

Dick Moore, and Mike Easton for similar information about Kilauea,

to Sherm Grommé and Allan Cox for advice on paleomagnetic techniques,

and to Jim and Zoe Jacobi, Paul Higashino, and John and Annette

Orr for hospitality in Hawaii. Funding for this phase of the work

was provided by the U.S. Geological Survey through its program for

geothermal research, and logistical support was provided by Bob Decker

and the staff of the Volcano Observatory. Anne Berry typed beautifully!
My sincere apology is extended everyone I have neglected to

mention here by name. Above all others, I am grateful to my family--

Annette, Chris, and Maui--who have put up with it all.

Previous Work

Because so much research has been done at Kilauea it is not
practical to attempt a general review in this report. Instead, only
a few contributions of particular pertinence to this work are summarized
briefly. These include the foremost contributions to the general
understanding of the volcano, the interpretation of lava-flow morphology,
the determination of lava-flow chronologies, and the geologic mapping

of Kilauea's surface.
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Contributions to General Understanding

Kilauea was well known to the ancient Hawaiians, who interpreted
its eruptions as the acts of gods and its summit sites of most
frequent activity as the homes of those gods. Eruptions brought much
grief to the Hawaiians, and a priesthood developed to watch for signs
of activity and appease the gods. Over the centuries a large body
of mythical knowledge must have accumulated about the patterns of
eruptions, but nearly all of this was lost soon after Hawaii's discovery
by Europeans. The mythological view of the volcano was replaced by
a new edifice of understanding based on principles of Western
scientific rationalism. Unfortunately, the factual basis of the ancient
traditions was ignored, and a detailed oral history of the volcano
apparently was not written down. Only a few traditions about specific
eruptions and a spare, tantalizing outline of Kilauea's Polynesian
history have survived (Westervelt, 1916).

The modern understanding of Kilauea and other Hawaiian volcanoes
is based largely on observations that accumulated rapidly during the
first half of the Nineteenth Century. The earliest written allusions
to Kilauea were by members of the Cook expedition in 1777 who were
impressed by the many lava flows of the Kau district of Hawaii and
recognized their general nature but supposed the volcanic activity to
be extinct (Ledyard, 1783; Beaglehole, 1967). Vancouver (1798) first
recorded activity at the volcano, and Ellis (1825) made the first
detailed description of Kilauea and recorded some oral accounts of
previous eruptions. Other missionaries following Ellis recorded its
summit activity and began to inquire into the nature of the volcano's

edifice as a whole. Goodrich (1829), for example, observed that
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Mauna Loa, from which Kilauea was not then differentiated, is ''one

huge pile of lava" that has accumulated from volcanism continuing

over a long period. The first scientific studies of Kilauea were made
by members of Wilkes' United States Exploring Expedition in 1840-41.

J. D. Dana, the geologist of the expedition, recognized Kilauea's
distinctness from Mauna Loa, the general nature of Kilauea's rift

zones, the faulting of its south flank, and the repetition of growth and
collapse in its summit region, and he first posed many of the funda-
mental problems studied down to the present day (Dana, 1849, 1890).

In the later 19th and early 20th centuries the local missionaries
and many visitors continued to record Kilauea's activity, and
several geologists, such as C. E. Dutton (1884), contributed further
observations on the structure and history of Kilauea and its neighbors.
Comprehensive reviews of knowledge about the volcano were written by
Dana (1890), Brigham (1909), and Hitchcock (1909). During this period
much attention was given to hypothetical large fractures in the Earth's
crust thought to localize the volcanoes, to the causes of the rise
of magma, and to the possible relationships between the magma sources
of neighboring volcanoes.

From their regional survey of the Hawaiian Islands, H. T. Stearns
and his associates derived an idealized life history for a typical
Hawaiian volcano. This generalization has provided a point of departure
for many special studies of recent decades. Reconnaissance efforts
have been made, for example, to describe and interpret the submarine
underpinnings of Kilauea (e.g. Moore and Fiske, 1969; Moore, 1971),
and considerable attention has been given to the gross structure of

the volcano. Fiske and Jackson (1972) discussed the role of gravitational
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stresses in the development of Hawaiian rift zones, and Moore (1964;
Moore and Peck, 1965) drew attention to the large-scale slumping that
has affected the flanks of the shields. Opposing points of view have
been published on the relative importance of large-scale slumping and
forceful intrusion of magma as processes responsible for the dilation
of Kilauea's rift zones (Moore and Krivoy, 1969; Swanson and others,
1976). Some previous explosive eruptions from Kilauea's summit have
been identified (Powers, 1948; Swanson and Christiansen, 1973), and
their relationship to caldera collapses is currently under study

(R. L. Christiansen, work in progress). At least one ancient filled
caldera has been identified and the relationship between caldera
collapse and long-term variations in eruptive behavior discussed

(R. T. Holcomb, 1976b, 1978). Temporal variations in magma

chemistry have also received recent study (Wright, 1971). Though
Stearns' idealized life history has held up well through several decades
of critical evaluation, some of the recent contributions regarding
large-scale slumping, phreatomagmatic eruptions, and caldera develop-
ment have suggested revisions to the general model.

Especially important contributions have been made recently regarding
the ages of Hawaiian volcanoes and their significance in the global-scale
tectonics of the Pacific region. Dana (1849) had recognized that some
volcanoes, such as Kauail, are much older than others and suggested
that the volcanoes are generally younger toward the southeastern end
of the chain. This progression was generally accepted in the century
following Dana's exploration, but there was considerable disagreement
over the relative ages of particular volcanoces. Stearns and Macdonald

(1946) first suggested a strict southeastward progression, but they
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believed all the volcanoes to be older than the ages now assigned.
They argued, for example, that the Pololu volcanic series of Kohala,
the oldest lavas on Hawail, are of Pliocene age. Radiometric dating
has confirmed the strict southeastward progression (Macdougal, 1964)
but has shown that the volcanoes are much younger than was thought
previously. The age of the Pololu volcanic series, for example, is
less than 0.5 m.y. (Macdougal and Swanson, 1972). Wilson (1963)
explained the southeastward progression in terms of the theory of global
plate tectonics as arising from the northwestward movement of the
Pacific lithospheric plate over a comparatively stationary source of
magma in the mantle, and this interpretation has been developed,

with variations, in the ensuing years (Dalrymple and others, 1973).

Geologic Mapping

The first systematic geologic mapping of Kilauea was made as a
part of the U.S. Geological Survey and Hawaii Division of Hydrography
study of the geology and water resources of the Hawaiian Islands,
begun in 1921 (Stearns and Clark, 1930; Stearns and Macdonald, 1946).
A prominent ash layer exposed at scattered localities on the south
flank of Kilauea (Fig. 3) was chosen to differentiate between two
mappable units, the Puna volcanic series above and the Hilina volcanic
series below (Fig. 3). Most surficial rocks of Kilauea belong to the
prehistoric part of the Puna volcanic series and were not differentiated
further during that work, being described only in a general way in
the project reports.

Later more detailed geologic maps (Fig. 4) were made of two

7.5' quadrangles that included parts of Kilauea (Peterson, 1967;
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Fig. 3--Gross stratigraphy of Kilauea, reduced and simplified from
Stearns and Macdonald (1946). Note the small number of historic
flows and coverage by lava outside of the caldera during a
long period prior to this mapping. In the short interval
since this map was made, the frequency of eruptions and lava
flow coverage has increased substantially. The Hilina volcanic
series is exposed only in scattered parts of fault scarps of
the south flank.
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Fig. 4--Current status of topographic and geologic maps of Kilauea.
Unstippled areas have topographic coverage only. Geologic
maps at a scale of 1:24,000 have been published for the stippled

areas:

1.
2.
3.
4.
5.

Peterson, 1967
Moore, 1969
Walker, 1969
Macdonald, 1971
Holcomb, 1976

The part of Kilauea in the Kau district was included in the map
of Stearns and Clark (1930) at 1:62,500, and the entire volcano
was included in the map of Stearns and Macdonald (1946)

at 1:125,000.
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Walker, 1969). Though this mapping was done quickly, the Puna volcanic
series was subdivided on a local basis and considerable detail was
shown. The chief deficiency of these maps today is their lack of a
volcano-wide stratigraphic framework and their failure to differen-
tiate certain large fields of pahoehoe lava into smaller meaningful
units. These deficiencies arose from the rapidity of mapping, a

lack of techniques suitable for regional correlations, and a lack of
understanding at that time of the significance of certain morphologic
variations in lava flows.

The only other published maps of Kilauea are special-purpose
maps by Moore (Moore and Koyanagi, 1969), Duffield (1975), and
Holcomb (1976). Moore mapped the historic eruptions from the middle
part of Kilauea's east rift zone, and from vegetation patterns in the
rain forest he also inferred the distribution of latest prehistoric
eruptions. Flows were not classified except by relative age, and
prehistoric flows were not traced away from the rift zone onto the
flanks of the volcano. Duffield mapped the central part of the Koae
fault system as part of a structural analysis. The Koae structures
were mapped in great detail at a scale of 1:7500, but stratigraphic
units were not shown. Holcomb mapped a segment of Kilauea's upper
east rift zone and south flank, giving considerable attention to
the classification of rock units but dealing only with the latest

historic lava flows in the area.

Lava-Flow Morphology

The morphology of basaltic lava flows, at Kilauea and elsewhere,

has received much attention in the past, and a large body of literature
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has accumulated that deals with it. Early discussions tended to treat
the morphologic variations merely as curiosities, but with the passage
of time it has become apparent that these morphologic variatioms can
reveal useful clues to the nature of basaltic lava and the eruptions
producing it. As a result, considerable efforts have been made to
understand the origins of various morphologic types and apply this
understanding to the solution of geologic problems. The particular
problems attacked, and the points of view of the attackers, have been
diverse, and a resulting welter of morphologic types, processes,

and controlling parameters has been described. Only a sampling of
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