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ABSTRACT

Stratigraphy is an important tool for understanding the
geologic history of the volcanoes of the Hawaiian lslands,
providing a framework for much information from other geo-
logic and related fields. Three major eruptive stages in a
Hawaiian volcano’s life—shield stage (tholeiitic), postshield
stage (alkalic), and rejuvenated stage (alkalic)—have generally
provided a basis for dividing the volcanic rocks into strat-
igraphic units. Such units are basic to stratigraphy, and suitable
nomenclature for them helps promote unambiguous scientific
communication regarding the spatial and temporal relations of
rocks. The stratigraphic nomenclature of the Hawaiian Islands
is herein reviewed and updated to reflect current scientific
needs and to be consistent with the most recent (1983) North
American Stratigraphic Code.

The major divisions of volcanic rocks on each island for-
merly called “Volcanic Series” are all considered to be of
formational rank and renamed accordingly. Their names reflect
either a predominant cemmonly accepted lithologic type {such
as “Basalt”) or the variety of volcanic lithologies in the unit
(those units are called “Volcanics”™). Only those subdivisions of
the major units that are currently considered to be useful as
formally named units of member or lesser rank are retained;
others are considered to be informal. Principal and other refer-
ence localities are designated for those well-established units
for which a type locality was not previously specified.

We give in tabular form a brief summary of each sirat-
igraphic unit, including its lithology, occurrence, thickness, type
and reference localities, stratigraphic relations, age, and any
stratigraphic changes made herein.

INTRODUCTION

Stratigraphy i1s an important tool for understanding the geo-
fogic history of the Hawaian Islands, providing a framework into
which much of the scientific information contributed by other geo-
logic and related fields can be fit in an organized manner.

The purpose of this paper is to present a brief summary of the
volcanic stratigraphy of the islands, and, because the discrimination
of stratigraphic units is basic to stratigraphy, to review the strat-
igraphic nomenclature for these rocks and update it as far as possible
to reflect current scientific needs and te conform to the most recent
North American Stratigraphic Code (INorth American Commission
on Stratigraphic Nomenclature, 1983). In order to present a better
view of the stratigraphy of the volcanic rocks of the islands, we begin
with a short discussion of the geologic setting.
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GEOLOGIC SETTING

The Hawaiian lslands consist of a chain of volcances that
stretches about 2,700 km (1,700 mi) across the northern Pacific
Ocean in a northwesterly direction from the Island of Hawait to
Kure Island (fg. 1.20). The principal (so-called Windward)
Hawaiian Islands of Hawaii, Mau, Kahoolawe, Lanai, Molokai,
Oahu, Kauai, Nithau, and Kaula lie at the southeastern end of the
chain. All of these islands are formed by large volcances, though
Kaula is only a small crescent-shaped erosional remnant of a wff
cone, presumably resting on a large submerged volcano. Some of the
islands are formed by a single volcano, others by two or more
coalesced volcanoes. The subaerial part of these volcanoes, which
constitutes only a small fraction of the total mass of each volcano, is
typically shield shaped. In older volcanoes, this shield shape is
largely modified by erosion. The rocks of the southeastern islands
are almost entirely of volcanic origin; only minor amounts of
sedimentary rocks occur. Northwest of the Windward Islands lie the
so-called Leeward Hawaiian Islands (fig. 1.20), which consist of
small volcanic islets and atolls; only few of the volcanoes there rise
above the sea.

The age of the volcanoes increases progressively from the
southeast end, where the volcanoes are still active, to the northwest
end, where the volcanoes are about 30 Ma. Maost of the volcanoes
have been extinct for millions of years. The only historical eruptions
have been at East Maui {Haleakala) Volcano on the Island of
Mauw, and Hualalai, Mauna Loa, and Kilauea Volcanoes on the
Island of Hawaii; Mauna Loa and Kilauea are frequently active.
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FIGURE 1.20.—Index map of Hawanan Islands. x, Lothi Seamount,

Hawaiian volcanoes go through four major eruptive stages—
preshield, shield, postshield, and rejuvenated stages—in their
evolution and growth, and each stage is represented by rocks of
distinct chemical and mineralogical composition. The stages used in
this report are from Clague and Dalrymple (chapter 1, part [); see
also Peterson and Moore {chapter 7) for discussion of alternative
nomenclature. All but the preshield stage are well studied and
documented (Stearns, 1940b; Macdonald and Katsura, 1964;
Macdonald, 1968). Although an individual volcane may become
extinct before all the stages are complete, the general sequence of
stages is typical of well studied Hawaiian volcanoes.

Very little is known about the preshield stage, which includes
the ‘earliest phase of submarine activity and, in the one known
example (Loihi Seamount, fig. 1.20), apparently consists of alkalic
basalt and basanite (Moare and others, 1982). The main volcanic
edifice (more than 95 percent of the total volume of the volcano) is
constructed, in perhaps a million years or less, by voluminous
eruptions of silica-rich tholeiitic basalt (and rare rhyodacite and
icelandite) during the shield stage. The shield stage, as used here,
includes the submarine eruption of tholeiitic basalt, which precedes
the subaerial shield-forming eruptions. During the shield stage or at
the beginning of the next stage, the postshield stage, a caldera may
form and be filled with tholeiitic and (or) alkalic basalt. This process
of caldera formation and filling was previously referred to as the
caldera-filling or caldera-collapse stage, but is here considered to be
a phase of the shield stage or postshield stage. During the postshield
stage, a relatively thin cap of alkalic basalt and associated differenti-
ated lava (ankaramite, hawaiite, mugearite, benmoreite, and tra-
chyte) covers the main shield. This alkalic lava makes up less than |
percent of the tolal volume of the volcanc. Later, after a relatively

long period of volcanic quiescence and erosion, a very small amount
of silica-poor lava (alkalic basalt, basanite, nephelinite, and
nepheline melilitite; rare ankaramite and hawaiite known on East
Maui Volcano only) erupts from isolated vents; this stage is referred
to here as the rejuvenated stage.

During the shield and postshield stages, eruptions are not
confined to the summit area of a volcano, but also occur along
extensive zones of fissures, called nift zones, that extend down the
flanks of the volcano. These zones are usually marked at the surface
by collapse eraters, cinder and spatter cones, and grabens, and
below the surface by large numbers of dikes. During the rejuvenated
stage, however, eruptions occur at vents unassociated with the
preexisting rift zones, with the exception of rejuvenated-stage lava on
East Maui Volcano.

The shield stage is represented by lava that is dark colored and
forms relatively long and thin flows. Most of these flows have sparse
to abundant olivine phenocrysts, and some have abundant large
phenocrysts of plagioclase. Pyroclastic deposits are minor compo-
nents during the shield stage.

The postshield stage is represented by lava that is commonly
lighter colored than shield-stage lava and contains pyroxene, olivine,
and plagioclase phenocrysts. This lava forms shorter and thicker
flows. Pyroclastic deposits are more abundant during the postshield
stage. There is little evidence of erosion between the eruption of
shield-stage lava and postshield-stage lava.

The lava that ponds in a caldera during the shield stage or at
the beginning of the postshield stage is usually massive and may show
columnar structure.

Rejuvenated-stage lava is alse dark colored, but usually forms
thick flows with few or no phenocrysts; pyroclastic deposits are
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common during this stage.

The shield, postshield, and rejuvenated stages have generally
formed the basis for the major stratigraphic divisions or subdivisions
of the racks of the Hawailan volcanoes (fig. 1.21)

PREVIOUS STUDIES

The geology of the Hlawaian Islands has been studied for more
than a hundred years {(see Clague and Dalrymple, chapter |, part I,
and Peterson and Moore, chapter 7, for summaries of geologic
investigations). Farly geologic investigations concentrated on the
main southeastern islands and were mainly reconnaissance and
general descriptive studies. These early studies were superseded by
detailed mapping of the eight major southeastern islands beginning in
the 1930’ and continuing for nearly 30 years. F.'T. Stearns and his
coworkers, in a series of bulletins published by the Hawait Division
of Hydrography, produced detailed geologic maps (at scale of
1:62,500, except Hawan at 1:125,000) and descriptions of the
Islands of Oahu (Stearns and Vaksvik, 1935; Stearns, 1939,
1940a), Lanai and Kahoolawe (Stearns, 1940b), Maw (Stearns
and Macdonald, 1942), Hawaii (Stearns and Macdonald, 1946),
Nithau (Stearns, 1947b), Molokai (Stearns and Macdonald,
1947), and Kauai (Macdonald and others, 1960; Stearns was not a
coauthor of this report, but did much of the geologic mapping).

These bulletins have provided the basic straugraphic frame-
work for subsequent petrologic, mineralogic, geochemical, and
geophysical investigations of the islands. Only a few stratigraphic
studies have been done since publication of the bulletins, and those

studies and detailed geologic mapping have been mainly on the
[sland of Hawan.

STRATIGRAPHIC NOMENCLATURE

The classification and naming of stratigraphic units {used here
as synonomous with lithostratigraphic units), although to some extent
arbitrary and artificial, helps promote concise and unambiguous
scientific communication as to the spatial and temporal relations of
rocks. Stratigraphic units can be formally or informally named; both
are useful n stratigraphic work. Formally named units, however, are
named and dehned in accordance with procedures outlined in the
Code, and any major changes made to them, such as boundary or
rank changes, need to be justified.

In the Hawaiian Islands, formal stratigraphic names have been
applied only to rock units on the eight main southeastern Hawanan
Islands (Hawaii, Maui, Kahoolawe, Lanai, Molokai, Qahu,
Kanai, and Nithau), and these names are almost entirely restricted
to voleanic rocks and the sedimentary rocks closely associated with
them. Other sedimentary units, such as beach and reef deposits,
have been formally named, but they are not discussed here.

Stearns and his coworkers divided the rocks of each volcano
mnto one or more major units that they formally named as “Volcanic
Series” (see remarks column in table 1,12). These “Series” consisted
of rocks resulting from a succession of extensive eruptions, Some of
the “Series” consisted entirely of volcanic rocks, whereas others
consisted of volcanic rocks, related intrusions, and their weathering

products. Some of the “Series” were not subdivided, whereas others
were subdivided either into formations or into members. Although
the use of “Volcanic Series” as part of a formal name conformed to
the “stratigraphic code” in use at the time the unit was named
{Ashley and others, 1933), it does not conform to later codes,
including the present (1983) code (American Commission on Strat-
igraphic Nomenclature, 1961, 1970; North American Commission
on Stratigraphic Nomenclature, 1983), which restricts the use of the
term “Series” 1o chronostratigraphic units.

The above inconsistencies, plus recent petrologic, miner-
alogical, and geochemical studies, have necessitated changes in the
stratigraphic nomenclature for the volcanic rocks of the Hawaiian
[slands! because (1) the lithic or descriptive terms of the names do
not conform to the current stratigraphic code or do not reflect
modern petrologic classification; (2) the ranks of the units are unclear
or inappropriate; and (3) formalization of some names is not now
considered to be necessary or useful.

The basic guidelines used in this report for updating the
stratigraphic usage in the Hawaiian Islands are those recommended
by the 1983 North American Stratigraphic Code (North American
Commission of Stratigraphic Nomenclature, 1983). Any changes to
the stratigraphic nomenclature made in this report, such as revision
{change of rank or lower or upper boundary), redefmition {change of
name), and abandonment of formally named stratigraphic units, have
been approached as follows:

{1) Formal names are retained only for units that serve a useful
purpose and require the stability of nomenclature that formalization
affords. As stratigraphic units of any rank become established by
repeated demonstration of their usefulness, those formal names that
have not been used for a few decades or are currently not thought to
serve a useful purpose are abandoned as formal names, but the
geographic term of their name may be used informally to identify
particular flows (and their associated cones) or beds.

(2} Major stratigraphic units on each volcano are all consid-
ered to be of formational rank, and are all formally named units.
The ranks of stratigraphic units are important in that they give some
concept of the scale of the units in relation to other units. Some of
these units could have been considered to be units of group rank, but
this does not seem necessary. The volcanic products of one volcano
{except for some ash deposits) do not occur on other volcanoes,
although they may overlap or interfinger at their boundaries where
two or more volcanoes coalesce. Therefore, the units of a volcano
can be considered to be essentially confined to one large “mountain,”
and group rank does not seem appropriate. This approach would
also give some consistency to the stratigraphic nomenclature of all the
islands.

(3) Formally named subdivisions of the major stratigraphic
units are those units of member or lesser rank that are distinctive and
(or) extensive. Many of the major units of the Hawaitan volcanoes

are very often difficult to subdivide because of rapid lateral changes
and lack of key beds.

'G.A. Macdonald had planned to revise the stratigraphic nomenclature of the Hawaiian
Islands (written commun. to R.W. Kopf, 1976, 1977) before his untimely death in 1978.
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{4) Formal names of the major stratigraphic units consist of a
unique geographic term followed by a simple and generally accepted
lithic term, such as “Basalt,” or by the term “Volcanics.” The initial
letter of each term Is capitalized. “Basalt” 1s used for umts that
consist entirely or almost entirely of basalt, whether tholeiitic or
alkalic. An example is the Puna Basalt. The general term “Vol-
canics” (equivalent to the term “Formation™) 1s used for units that do
not have a predominant rock type or are composed of rock types
such as hawaiite, mugearite, trachyte and basanite. Examples are
the Lahaina Volcanics, Hamakua Volcanics, and Henolulu Vol-
canics (table 1.12),

The term “Formation” was not used because it does not convey
that the unit is composed of volcanic rocks. The term “Volcamc
Complex,” which indicates a diverse assemblage of extrusive volcanic
rocks, related intrusions, and their weathering products, could have
been used for some units. However, we tentatively have opted for the
term “Volcanics,” because it 1s a shorter term, has precedence of use
in the Hawaian Islands, and does not introduce a new term until the
need is confirmed by future investigations.

In general, the term “Basalt” is used for units that represent all
or part of the shield stage, although a minor part of the postshield
stage may also be represented. The term “Volcanies” is used for
units that represent all or part of the postshield stage and for units
that represent both shield stage and postshield stage. All units that
represent the rejuvenated stage, with the exception of the Kiekie
Basalt of Nithau Volcano, are termed “Volcanics.”

(5) Formal names of subdivisions of the major units consist of a
unique geographic term followed by the appropriate rank term—
“Member,” “Flow(s),” or “Bed(s).” An intervening lithic or
descriptive term may be used in member names and is used in bed
and flow names. The initial letter of each term is capitalized.
Examples include the Napali Member, Kahele Ash Member,
Makanaka Glacial Member, Mokuone Breccia Beds, and Mauna
Kuwale Rhyodacite Flow.

Members, flows, and beds can also be informally named.
Informal members are designated solely by their lithology or by their
stratigraphic position, and none of the imtial letters of their names 1s
capitalized, Examples are ash member and lower member. The
terms “historic member” and “prehistoric member” are not used in
this report because age should play no part in differentialing
hthostratigraphic units. Informal flows and beds are similarly desig-
nated, such as lower flow, upper flows, ash bed, and breccia beds,
but may also combine a geographic term with the unit term or terms;
only the initial letter of the geographic term is capitalized. Examples
are the Kona ash beds, Kilea flow, and Makapipi flows. With one
exception (see Waianae Volcano), all named flows in the Hawaiian
Islands are considered to be informal in this report.

{6) A principal reference locality is herein designated for some
well established units for which a type locality was never specified.
For units that previously had more than one type locality specified,
the one here considered to be the more accessible is retained as the
type, and the other localities are redesignated as reference localities.

A designated stratotype (type section or type locality) is
essential in the definition of a formal stratigraphic umit because it

serves as the standard for the unit and constitutes the basis for its
recognition. [t should therefore be representative of the concept of
the unit. Because of the nature of Hawaiian volcanic activity, the
stratotype for many of the Hawaiian volcanic units is not truly
representative of those units, and reference sections or localities
become invaluable in illustrating the hithologic diversity within a umt
or the stratigraphic relations with other units. We have not attempted
to specify additional reference sections or localities in this report, but
we hope this will be done in future stratigraphic studies.

STRATIGRAPHIC SUMMARY

The stratigraphy of the eight main Hawaiian Islands 1s briefly
discussed below by island and voleano from southeast to northwest.

A summary of the formally named stratigraphic units used in
this report is given in table 1.12, including a brief description of the
lithology, occurrence, thickness, type and reference localities, strat-
igraphic relations, and age of each. The descriptions of the units
were largely taken from the sources cited in the remarks column.
Informal units are listed if they were previously formally named.
Type localities are used throughout the table, even though some of
the units have specified type sections.

Almost all of the isotopic ages shown in the table are K-Ar
ages. Numerous radiocarbon ages have been determined for the
youngest volcanoes but, with a few exceptions, are not shown. For a
summary of radiocarbon ages for the [sland of Hawaii, see Rubin
and others (chapter 10). The relative ages assigned to the strat-
igraphic units are based on the Decade of North American Geology
time scale (Palmer, 1983), which has the following epoch bound-
aries: Miocene-Pliocene, 5.3 Ma; Pliocene-Pleistocene, 1.6 Ma;
and Pleistocene-Holocene, 10 ka. A correlation diagram of the
major stratigraphic units 1s presented as figure 1.22.

Stratigraphic changes that are made in this report, using the
guidelines of the Code and the approach discussed previously, are
indicated in the remarks column and discussed below. Former names
that have been applied to the units are also indicated in the remarks
column. We have not used glottal stops in the geographic part of
lithostratigraphic-unit names, although some authors have used them
in other publications.

HAWALL

The Island of Hawan, the largest of the Hawaiian Islands,
consists of five coalesced volcances: Kilauea, Mauna LLoa, Mauna
Kea, Hualalai, and Kohala (fig. 1.23). Mauna Kea is the highest of
these volcanoes; Mauna Loa is the largest by volume. Little erosion
has occurred on these volcanoes except on the northeastern sides of

Kohala and Mauna Kea.

KILAUEA VOLCANO

Kilauea, the youngest volcano of the island and still very
active, consists entirely of shield-stage tholeiitic lava that issued from
the summit caldera and the east and southwest rift zones. The rocks
of the volcano are divided into the Hilina Basalt (older) and the
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Ficure 1.22.---Correlation diagram of isctopically dated major volcanic stratigraphic units of southeastern Hawaiian volcanoes. Modified from Clague and Dalrymple
(chapter |, part [, fig. 1.6) Diagonal lines indicate overlapping or uncertain ages. Epoch boundaries from Palmer (1983}

Puna Basalt (younger), generally separated from one another by the
Pahala Ash (see subsection “Mauna Loa WVolcano™; see also
Easton, chapter 11). The Hilina Basalt is exposed only in fault
scarps located along the south flank of the volcane. The Hilina
Basalt includes the Halape (oldest), Kahele, Pohakaa, and Moo
{youngest) Ash Members (Easton, chapter 11). The Puna Basalt

!

covers akmost the entire surface of Kilauea and essentially consists of
all post-Pahala lava (see discussion below). The Puna includes the
prehistoric Uwekahuna {older) and historical Keanakakoi (vounger)
Ash Members.

The ages of the Hilina and Puna Basalts are not well known.
The Hilina Basalt is probably older than the approximately 31-ka
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younger lava (see Porter, 19721
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radiocarbon age obtained from the base of the Pahala Ash on
Mauna Lea, and the oldest exposed Hilina flows are estimated to be
about 100 ka (Easton, chapter 11). Most of the Puna Basalt was
erupted during the last 10,000 years, but a Puna flow intercalated
with the Pahala Ash at Puu Kaone was radiocarbon dated at about
22 ka (see Easton, chapter |1). The Uwekahuna Ash Member of
the Puna Basalt has radiocarbon ages ranging from 2.17 ka to 1.04
ka; however, the age of the eruption or eruptions is uncertain. The
ash could have been deposited about 2.1 ka (Casadevall and
Dzurisin, chapter 13; Lockwood and Rubin, 1986) or about 1.5 ka
(Holcomb, chapter 12).

MAUNA LOA VOLCANO
The lava of Mauna Loa, like that of Kilauea, is ali shield-stage

tholentic lava that has mostly issued from the summit caldera and
southwest and northeast rift zones.

The oldest exposed rocks belong to the Ninole Basalt, which
forms a series of steep-sided hills on the southeast flank of the
volcano. The Ninole, which was originally named the Ninole Basalt
by Stearns (1926), was later called the Ninole Volcanic Series by
Stearns and Macdonald (1946). Recently, Lipman (1980) used the
name Ninole Volcanics. As the Ninole is all tholeiitic basalt, the
term used by Stearns {1926} is more informative and is used here.
The Ninole was thought to represent remnants of an earlier shield
volcano mostly buried by lavas from Mauna Loa (Stearns and
Macdonald, 1946), but recent studies indicate that it may merely be
deeper parts of the Mauna Loa shield, no more than a few hundred
thousand years old, that have been uplifted along normal faults
(Lipman, 1980).

Unconformably overlying the Ninole are the Kahuku Basalt
(older} and Kau Basalt (younger) (table i.12) which are separated
by the Pahala Ash. Lipman (1980) recently used the terms Kahuku
Volcanics and Kau Volcanics, but as these units are composed |
entirely of basalt, they are here renamed the Kahuku Basalt and
Kau Basalt, respectively. The Kahuku Basalt crops out on the east
and south sides of the volcano, The Kau Basalt covers most of the
surface of Mauna Loa and consists of all post-Pahala lava.

The Pahala Ash is a distinctive yellowish vitric ash that has
been largely altered by weathering to a reddish brown mixture of
clay minerals and hydrated oxides. The thickness of the unit varies
constderably, but it 1s locally more than 15 m thick {Easton, chapter
1)

These ash deposits were originally the uppermaost part of what
Noble and Clark {in Washington, 1923} called the Pahala Series,
which also included the underlying flows. Stone (1926) used the
term Pre-Kilauea Series for the uppermost ash and underlying flows,
and restricted the name Pahala to the uppermost ash deposits,
calling them the Pahala Ash. He applied the name Pahala Ash to
ash deposits of Mauna Loa and Kilayea, but not to those of Mauna
Kea. Stearns and Clark (1930) used the name Fahala Basalt for
both the uppermost ash deposits and the underlying flows. The flows
of their Pahala Basalt are herein called the Kahuku Basalt on |
Mauna Loa and the Hilina Basalt on Kilauea. Wentworth (1938) :

used the term Pahala Tuff in the same general sense as the Pahala |
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Ash of Stone (1926), but also used the term Wajau Formation
(recently abandened by Porter, 1973) for equivalent ash on Mauna
Kea and the term Glenwood Tuff for equivalent ash on parts of the
east slope of Mauna Loa. Stearns and Macdonald (1946) and
Davis and Macdonald (in Awvias and others, 1956), however,
considered the Pahala Ash to be a persistent ash formation that was
derived from several sources. They believed the Pahala occurred on
all the volcanoes, separating their major units on Kilauea (Hilina
and Puna Volcanic Series), Mauna Loa (Kahuku and Kau Vol-
canic Series), and Mauna Kea (Hamakua and Laupahoehoe Vol-
canic Series) and capping the older unit (Pololu Volcanic Sertes) of
Kohala and a member (Waawaa Volcanics) of the Hualalai Vol-
canic Series of Hualalai.

Current mapping on Mauna Kea, Hualalai, and Kohala
indicates that the extensive surficial ash deposits on these volcanoes
were locally derived and are genetically distinct from the Pahala
Ash on Kilavea and Mauna Loa (E.W. Wolfe, oral commun.,
1986). Therefore, we are geographically limiting the Pahala to the
occurrences on Kilauea and Mauna Loa.

The age of the Ninole Basalt is considered to be no more than
a few hundred thousand years. The single published K-Ar age of
0.54 Ma has an estimated uncertainty of 0.4 m.y. (see Clague and
Dalrymple, chapter 1, part I). The Kahuku Basalt and the Kau
Basalt are approximately coeval with the Hilina Basalt and Puna
Basalt, respectively, of Kilauea. The Pahala Ash on Mauna Loa
and Kilauea is considered by Easton (chapter 11) to be entirely of
Pleistocene age (between about 30 ka and 10 ka).

MAUNA KEA VOLCANO

Mauna Kea last erupted about 3.6 ka (Porter, 1979a). The
volcano passed through the shield stage into the postshield stage and
produced a cap of differentiated lava that almost completely buried
the original subaerial shield, [t is uncertain if a summit caldera
existed; however, a small caldera has been inferred to lie buried
beneath the younger lava {Porter, 1972). Rift zones are less
pronounced than on Kilauea and Mauna Loa, but westerly, south-
erly, and easterly rifts are suggested by alignments of cinder cones.
The lower northeastern slope of the volcano has guiches cut inte it,
whereas the other slopes are generally httle affected by erosion. The
upper slopes of the volcano were glacialed during the Pleistocene.

The rocks of the volcano were divided into the Hamakua
Volcanic Series and the overlying Laupahoehoe Volcanic Series by
Stearns and Macdonald (1946). The Hamakua represents the
shield stage and part of the postshield stage; the Laupahoehoe
represents the rest of the postshield stage: These units, considered to
be of formational rank by Stearns and Macdonald (1946), were
subdivided by them into informal members.

Recently, Porter (1979a, 1979b; see also Porter, 1973, 1974;
Porter and others, 1977) formally redefined the Hamakua and
Laupahoehoe to include glacial deposits, raised them to group rank,
and subdivided both units into formally named volcanic and glacial
formations. They subdivided the upper part of the Hamakua Group
into the Hopukani Formation {volcanic) and the Pohakuloa Forma-
tion (glacial), but Porter (1979a, 1979b) called the lower part of



1. THE HAWANAN-EMPEROR VOLCANIC CHAIN

the group the “lower member of Stearns and Macdenald (1946).”
Porter and others (1977; see also Porter, 1973, 1974) oniginally
subdivided their Laupahoechoe Group into three volcanic forma-
tions— Liloe (oldest), Hanaipoe, and Waikahalulu (voungest) For-
mations—and two interstratified glacial formations—Waihu and
Makanaka Formations. The Makanaka included the Kemole Mem-
ber, a volcanic unit. This usage was superseded by a threefold
subdivision of the Laupahoehoe Group (Porter, 1979a, b), in which
all of the volcanic rocks were assigned to the Waikahalulu Forma-
tion; the names Liloe, Hanaipoe, and Kemole were abandoned as
formal names of lithostratigraphic units and were formally applied to
chronostratigraphic units—the Liloean, Hanaipoean, and Kem-
olean Slages.

Because the use of the Hamakua and Laupahoehoe as units of
group rank s not consistent with the approach used here for the rest
of the volcanoes of the Hawaiian Islands, these units are here
reduced to formation rank and renamed the Hamakua Volcanics
and Laupahoehoe Volcanics. Their subdivisions are reduced to
member rank and renamed to reflect the overall nature of their
lithologies (see table 1.12).

The Hamakua 1s considered to be of Pleistocene age and the
Laupahoehoe of Pleistocene and Holocene age on the basis of K-Ar
and radiocarbon dating (Porter, 1979a) (table 1.12).

HUALALAI VOLCANO

Hualalai Volcano last erupted in 1800-1801, when several
flows issued from the well-defined northwest rift zone. Less well
defined rift zones trending north and southeast are marked by
numerous cinder and spatter cones. It 1s not known whether the
volcano had a summit caldera. Shield-stage tholeiitic lava is not
exposed on Hualalai Volcano, but tholeiitic rocks are known to
occur in the subsurface and in the submarine part of the volcano
{Moore and others, chapter 20; Clague, 1982}

The entire subaerial surface of the volcano consists of post-
shield-stage alkalic basalt, with minor hawaiite and trachyte, named
the Hualalai Volcanic Series by Stearns and Macdonald (1946).
They included within the Hualalai a trachyte cone and fow, which
they called the Waawaa Volcanics. Though they gave the Waawaa
what is now considered to be a formational rank name, they clearly
considered it to be a member of the Hualalai {Stearns and Mac-
donald, 1946, p. 143), and it is so considered here {table 1.12).

Stearns and Macdonald (1946) did not apply a name to the
ash deposits that mantle the slopes of the volcano, although Went-
worth (1938) had earlier called these deposits the Kona Tuff
Formation. Later, Davis and Macdonald (in Avias and others,
1956) presumably included the Kona Tuff Formation within the
Hualalai, effectively giving the Hualalai group status. R.B. Moore
(oral commun., 1986) suggests that this unit should never have been
formally named; it is here abandoned as a formal name and the unit
1s informally called the Kona ash beds. Thus, the Hualalai is here
reduced to formational rank and renamed the Hualalai Volcanics.

The Hualalai Volcanics is largely of Holocene age, but the
oldest flows are of Pleistocene age (Moore and others, chapter 203
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The Waawaa Trachyte Member has a published K-Ar age of
0.4x0.3 Ma (Funkhouser and others, 1968), but recent
unpublished K-Ar determinations by G.B. Dalrymple {oral com-
mun., 1986) indicate the trachyte is about 0.105 Ma.

PART I

KOHALA VOLCANO

Kohala Volcano is an oval volcano built up around northwest
and southeast rift zones, It is deeply dissected on its northeast side.
Avrcuate faults near the summit of the volcano suggest that a caldera
formed during the shield stage but was later buried by the younger
lava in the postshield stage.

The volcanic rocks of Kchala Volcano were oniginally divided
by Stearns and Macdonald (1946) into the Pololu Volcanic Series
{older), composed of shield-stage tholeitic basalt with caldera-filling
postshield-stage alkalic basalt near the top, and the Hawi Volcanic
Series (younger), consisting of differentiated- alkalic lava of the
postshield stage (table 1.12). Neither of these unmits has been
subdivided, and they are here renamed the Pololu Basalt and Hawi

¢ Volcanics, respectively, to reflect their lithologies. The Pololu

Basalt and Hawi Volcanics are of Pleistocene age on the basis of K-
Ar determinations (McDougall, 1969; McDougall and Swanson,
1972) (table 1.12).

MAUI
The Island of Maw (hg. 1.24), the second largest of the

Hawaiian Islands, consists of two large coalesced volcanoes, East

: Maui {or Haleakala) Volcano and West Maui Volcano, connected

to one another by an isthmus formed when lava of East Maui banked
against the already existing West Maui Volcano. The Maui vol-
canoes are more dissected than the volcanoes of the Island of
Hawaii.

EAST MAUI (OR HALEAKALA) VOLCANO

East Maui Volcano last erupted about 200 years ago and has
a large summit crater called Haleakala Crater, which is primarily of
erosional ortgin {Macdonald and others, 1983). East Maui is the
youngest Hawaiian voicano to have rejuvenated-stage lava.

The rocks of the volcano were originally divided by Stearns
and Macdonald (1942) into the Honomanu Volcanic Series
(oldest), Kula Volcanic Series, and Hana Volcanic Series (young-
est), representing the shield, postshield, and rejuvenated stages,
respectively (table 1.12). The Kula eruptions tock place along
southwest, east, and northwest rift zones. The FHana eruptions are
unique among Hawaiian rejuvenated-stage eruptions because their
vents are aligned along preexisting rift zones (southwest and north-
west rift zones), the erosional period preceding these eruptions was
rather short {<<0.4 m.y.), and ankaramite and hawaiite are present.

The Honomanu Volcanic Series is almost completely buried by
later lava and 1s only exposed in the seachffs along part of the north
coast. The Honomanu Volcanic Series was not subdivided by
Stearns and Macdonald (1942), and it was more recently called the

Honemanu Formation in the Haleakala Crater area by Macdonald
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(1978). As it consists entirely of tholeiitic basalt, it is here renamed
everywhere the Honomany Basalt.

The Kula Volcanic Series of Stearns and Macdonald {1942),
which was later called the Kula Formation by Macdonald (1978), 1s
here renamed the Kula Volcanics to reflect its vared lithology.
Rocks in the lower part of the south wall of Haleakala Crater that
Stearns and Macdonald (1942) had originally assigned to the
Honomanu were excluded from the Honomanu and named the
Kumuiliahi Formation by Macdonald (1978). As these rocks
appear more properly to be]ong to the Kula (Macdonald and

others, 1983, p. 391), they are here tentatively included in the Kula,
and the name Kumuiliahi Formation is not used.

The Kula was named by Stearns (1942) for the settlement of
Kula (now called Waiakoa) along the roads leading to the Kula
Sanatorium or Hospital on the west slope of the volcano, but he did
not designate a type locality. Macdonald and Davis (in Avias and
others, 1956), however, did specify the type locality as *Kula, a
district on the west slope of East Maui Mountain.” This “locality” is
here considered to be along Highway 37 near Waiakoa (Kula Post
Ofhce), about 7 km northeast of Kula Hospital. Other accessible
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sections of the Kula, according to Stearns, are along the Kaupo-
Kipahulu road near Kipahulu and along Halemauu Trail in the
Haleakala Crater area; these are here considered to be reference
localities.

Stearns and Macdonald (1942) subdivided the Hana Vol-
canic Sertes into many local formally named units in the Keanae and
Nahiku areas along the northeast coast. [t was not clear whether
they intended these units to be of member or formation rank (see
Stearns and Macdonald, 1942, p. 94, 93), but they applied
formational-rank names to these units. Macdonald and Davis (in {
Avias and others, 1956) considered them to be formations. In
Kipahulu Valley in the southeastern part of the island, however,
Stearns and Macdonald (1942) included only the Kipahulu Mem-
ber within the Hana. The Kipahulu was later raised in rank by
Macdonald and Davis (in Avias and others, 1956) to Kipahulu |
Formation, though in later publications by Macdonald and Abbott '

|

(1970), Macdonald and others (1983), and Stearns (1985) the term
Kipahulu Member is used. Thus the Hana had previously been |
considered to be of group rank. Macdonald (1978) did reduce the !
rank of the Hana in the Haleakala Crater area, using the name
Hana Formation, but he did not address the status of the formationai
rank units in the Keanae and Nahiku areas.

Therefore, the following changes are here made to the Hana:
The Hana 1s reduced to formational rank everywhere and renamed
the Hana Volcanics. Its subdivisions in the Keanae and Nahiku
areas, being mainly single flows of very limited extent, are aban-
doned as formally named units and are used informally (table 1.12).
The Kipahulu is retained as a member of the Hana because it is a
fairly extensive umt and is separated from earlier Hana flows by an
erosional unconformity. The historical lava flow of about 1790 in the
Cape Kinau area {(Oostdam, 1965} is considered to be part of the
Hana, although it was not included in the Hana by Stearns and
Macdonald (1942), and they gave “17503” as the date of the flow.
Finally, to correct an error in Kercher and others (1966, p. 1976),
the Hana does not include the Kaupo Mudflow.

The Pleistocene age of the Honomanu Basalt and Kula
Voleanics is well documented by K-Ar determinations {Naughton
and others, 1980) (table 1.12). No isotopic ages have been
determined for the Hana Volcanics, but it is here considered to be J

\
|

Pleistocene(?) and Holocene. The Kipahulu Member is probably
Pleistocene, judging by its relations to older units. |

WEST MAUI VOLCANO

West Maui Volcano is incised by deep valleys and is consid-
ered to be extinct. Lava was erupted from a small central caldera
and from the north and sputheast rift zones.

The rocks of West Maui Volcano were divided by Stearns and
Macdonald (1942} into three major units— Wailuku Volcanic
Sertes (oldest), Honolua Volcanic Series, and Lahaina Voleanic
Series (youngest). These units represent the shield stage and
postshield caldera-filling phase, the postshield stage, and the rejuve-
nated stage, respectively. !

Stearns and Macdonald did not subdivide the Wailuku and :
Honolua, which are here renamed the Wailuku Basalt and Honolua l

i
i
|
1
|
i
/
)
|
|
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Volcanics, respectively. They did, however, include two forma-
tional-rank units, the Kilea Volcanics and the Laima Volcanics,
within their Lahaina Volcanic Series. The Lahaina was recently
reduced to formational rank and renamed the Lahaina Volcanics by
Clague and others (1982), but they did not address the status of the
Kilea and Laina. The Kilea Volcanics and Laina Volcanics are two
small flow units with associated cinder cones; because they are of
such limited extent, they are here abandoned as formally named units
and their names used informally (table 1.12). The name Lahaina
Volcanics of Clague and others (1982} is retained here.

Isotopic age determinations of the Wailuku Basalt and Hono-
lua Volcanics (McDougall, 1964; Naughton and others, 1980)
(table 1.12) indicate a Pleistocene age for both units. The Lahaina
Volcanics is less well dated, but it is also considered to be
Pleistocene. The single K-Ar age of 1.30+£0.10 Ma (Naughton
and others, 1980) is considered to be too old on stratigraphic
grounds.

KAHOOLAWE AND LANAI

Each of these islands consists of a single shield volcano with a
summit caldera, and each has been little dissected.

KAHOOLAWE VOLCANO

The lava of Kahoolawe Volcano was erupted along a promi-
nent southwest rift zone (fig. !.25). The caldera was almost
completely buried beneath a cap of later lava.

The rocks that form essentially all of the [sland of Kahoolawe,
the smallest of the major islands, were called the Kanapou Volcanic
Series by Stearns (1946). The Kanapou, which is not subdivided
and is here renamed the Kanapou Volcanics, represents the shield
stage, a caldera-filling phase of both the shield and postshield
stages, and the postshield stage. The small rejuvenated-stage vents
that occur in the sea cliffs on the west side of Kanapou Bay were not
considered by Stearns (1946) to be part of the Kanapou, and they
are not so considered here,

The alkalic part of the Kanapou Volcanics has been dated at
about | Ma (Naughton and others, 1980); the tholeiitic part is
undated, but 15 presumed here to be Pleistocene also. The rejuve-
nated-stage vents are not sotopically dated. They were considered
to be of Holocene age by Macdonald and others (1983), but this
age 1s probably too young.

.

LANAI VOLCANO

The [sland of L.anat was butlt by eruptions from the summit
and along northwest, southwest, and southeast rift zones (hg. 1.26}.
The caldera was mostly filled by lava flows, but its remnant is now
covered by alluvium,

The volcanic rocks of Lanai represent the shield stage, includ-
ing the caldera-filling phase, and they were called the Lanai
Volcanic Series by Stearns (1946). Wentworth (1925) had orig-
inally applied the name Lanai Basalt to the lava Hows of Lanai
Volcano and the name Manele Basalt to the small crater remnant
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that forms the headland <cuthwest of Manele Bay. Stearns (1946)
redefined the Lanai to include not only the lava flows but also other
associated rocks (pyroclastic and intrusive rocks) in a unit he called
the Lanai Volcanic Series; he did not include Wentworth’s terms
Lanai and Manele Basalts as part of the Lanai Volcanic Series.
However, Macdonald and Davis (in Avias and others, 1956)
included (improperly) the Lanai Basalt, which included Manele
Basalt, in the Lanai Volcanic Series, seemingly giving group status
to the later umit.

The Lanai Volcanic Series of Stearns (1946) is here reduced
to formational rank and renamed the Lanai Basalt, Though there is
a chance of confusion with the Lanai Basalt of Wentworth, which
consisted only of the lava flows, it would be more misleading to call

; 20°56'F-

the unit “Lanai Volcanics” because it consists totally of shield-stage
tholeiitic basalt. ‘

The term Manele Basalt is here abandoned as a formal name
because it has essentially the same lithology and same age as the
Lanai Basalt, as used here, and is of extremely limited extent and
the term has been applied to a former high stand of the sea.

The Lanai Basalt is of Pleistocene age based on a K-Ar
isochron age of 1.28+0.4 Ma (Bonhommet and others, 1977)
(table 1.12), ;
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MOLOKAI

The Island of Molokai is ancther volcanic doublet, made up of
two coalesced volcances—East Molokai and West Molokai Vol-
canoes {(fig. 1.27) East Molokai Volcano had a summit caldera;
there is no evidence that West Molokai Volcane had one. Both
volcanoes are deeply dissected along their northern coasts.

EAST MOLOKAI VOLCANO

East Molokai Volcano was built principally by eruptions from
the summit caldera and along east and northwest rift zones.

The volcanic rocks of East Molokai Voleano were divided by
Stearns (1946, 1947a) into the East Molokai Volcaric Series
(older) and the Kalaupapa Basalt (younger).

The East Molokai Valcanic Series, here renamed the East
Molokai Volcanics, was subdivided by Stearns into two informal
members—lower and upper members. The lower member repre-
sents the shield stage and part of the postshield stage; both stages
include a caldera-filling phase. The upper member represents the
rest of the postshield stage.
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The Kalaupapa Basalt, which consists of alkalic basalt and
basanite, is here renamed the Kalaupapa Volcanics to reflect the
range of compositions present. The Kalaupapa has been proposed
as a separate shield (see Macdonald and others, 1983; Holcomb,
1985), but it is here considered to represent a rejuvenated-stage vent
associated with East Molokai Volcano on the basis of its age and
chemistry (see Clague and others, 1982).

The East Molokai Volcanics is largely Pleistocene, but its
lowermost Alows are Pliocene or the basis of K-Ar age determina-
tions on its lower and upper members (McDougall, 1964; Naugh-
ton and others, 1980) (table 1.12). The Kalaupapa Voleanics has a
Pleistocene age based on K-Ar determinations of (.57 +0.02 and
0.350.03 Ma (Clague and others, 1982).

WEST MOLOKAI VOLCANO

West Molokai Volcano was built by eruptions principally
along a northeast rift zone that crosses the summit area (Puu Nana)
and along a northwest rift zone. There is no evidence of a summit
caldera.

All of the volcanic rocks of West Molokai Volcano were called
the West Molokat Volcanic Series by Stearns (1946, 1947a). The
West Molokai Volcanic Series, which was not subdivided by
Stearns, is here renamed the West Molokai Volcanics to reflect its
varied rock types. The West Molokai Volcanics represents the
shield and postshield eruptive stages.

The age of the West Molokai Velcanics is considered to be
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Pliocene and Pleistocene on the basis of K-Ar determinations by | are now two northwest-trending ridges shaped mainly by erosion.

Naughton and others (1980) (table 1.12). ! Both volcanoes had summit calderas.
OAHY | KOOLAU VOLCANO
This island is made up of the highly dissected remnants of two The lava of Koolau Volcano was principally erupted from the
shield volcanoes—Koolau Volcano (east) and Waianae Volcano | caldera and along the northwest and southeast nift zones. A major
{west) (hg. 1.28)—that have lost their original shield outline and | dike complex oceurs in the rift zones (Walker, chapter 41). The vents
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for the youngest lava (rejuvenated stage) show no relationship to the
preexisting rift ones.
The rocks of this volcano were originally divided by Stearns

{1935, 1939) into three major volcanic units—the Kailua Volcanic |

Series (oldest), the Koolau Volcanic Series, and the Honolulu
Volcanic Series (youngest). The Koolau and the Honolulu represent
the shield stage and rejuvenated stage, respectively. Stearns orig-
mnally believed the Kailua Volcanic Series represented an older lava
series that was under or close by the summit caldera of Koolau
Volcano, but that it was not part of Koolau Volcano. He later
(Stearns, 1940a) recognized that the Kailua was part of the Koolau
Volcano, representing the caldera complex. Macdonald and Davis
(in Avias and others, 1956) included (improperly) the Kailua
Volcanic Series in the Koolau Volcanic Series. Although the ranks
they intended for these units are not clear, it is here presumed that the
Kailua Volcanic Series was of formational rank. .

More recently the Koolau has been considered to be of
formational rank. It was called the Koolau Formation by Wentworth
(1951) and the Koolau Voicanics by Lanphere and Dalrymple
{1979) (table 1.12). It is here renamed the Koolau Basalt because it
consists entirely of shield-stage tholeiitic basalt. Although Went-
waorth (1926, fig. 15) also used the term “Koolau basalt” in the
explanation of a page-size geologic map of a small area of Oahu, he
did not deseribe the unit and there does not seem much chance of
confusion with the Koolau Basalt as used here. The Kailua
Volcanic Series is here reduced in rank and renamed the Kailua
Member of the Koolau Basalt.

The Honolulu Volcanic Series was defined by Stearns (1935)
to consist of rejuvenated-stage lava that erupted from more than 35
vents on the southern slopes of the volcano. These lavas are strongly
alkalic and form a variety of cones (tuff, cinder, spatter), many with
associated lava flows. The eruptions presumably did not come in
rapid succession, but occurred over a long period of time. Their
general sequence {Macdonald and others, 1983) (table 1.12} has
been based largely on the relative degree of weathering and erosion
and on relations to stands of the sea because few superpositional
relations are known and isotopic ages are considered unreliable.

The Honolulu Volcanic Series was of group rank as defined by
Stearns (1935, 1939) because it was made up of numerous formally
named units of formational rank (1able 1.12). Hay and Ipima (1968)
and Clague and others (1982) also considered the Horolulu to be of
group rank. Lanphere and Dalrymple (1979) and Clague and Frey
(1982) used the formationa)-rank term Honolulu Volcanics, but did
not address the status of its formally named subdivisions. The
Honolulu is here considered to be of formational rank, and the term
Honolulu Volcanics is retained to reflect its range of lithologic
compositions.

The formally named eruptive units that make up the Honolulu
could have been reduced in rank and retained as formally named
members, but, because most are single flows of very limited extent,
this seems unnecessary; they are here all considered to be informal
units (table 1.12).

The age of the Koolau Basalt is Pliocene based on K-Ar ages
ranging from 2.7 to 1.8 Ma (Doell and Dalrymple, 1973);
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however, a Pleistocene age cannot be ruled out for the youngest lows
{table 1.12). The Katlua Member has not been isotopically dated,
but is probably Pleistocene.

The K-Ar ages reported for the Honolulu Volcanics range
from about 0.9 1o about 0.03 Ma, but there are large differences
(sometimes a factor of ten) in the ages reported by different
investigators for the same eruptive units {see Clague and Dalrymple,
chapter 1, part I; Macdonald and others, 1983). The Honclulu is
certainly in part Pleistocene on the basis of published K-Ar ages,
but because of the unreliability of some of the ages, a Holocene age
cannot be ruled out for the youngest flows.

WAIANAE VOLCANO

Waianae Volcano was built by eruptions from the summit
caldera and along the principal northwest and southeast rift zones.

The rocks of the volcano are divided into the Walanae
Volcanics, representing the shiefd and postshield stages (both
including a caldera- filling phase), and the Kolekole Volcanics,
representing the rejuvenated stage (Sinton, in press). The Waianae
was originally named the Waianae Volcanic Series and subdivided
into three informal members (lower, middle, and upper) by Stearns
(1935). He described these members but did not map them
separately (Stearns, 1939). The Waianae has recently been sub-
divided by Sinton (in press) into three formally named members—
the Lualualei {oldest), Kamaileunu, and Palehua (youngest) Mem-
bers. These members are, for the most part, equivalent to Stearns’
lower, middle, and upper members, respectively (table 1.12; see
Sinton, in press). The Kamaileunu Member includes the Mauna
Kuwale Rhyodacite Flow and several icelandite flows. These are
the only known occurrences of rhyodacite and icelandite in the
Hawailan Islands. The rhyodacite flow was given formal status by
Sinton (in press), and because it is of such distinctive lithology it is
also considered to be formal here.

A Pliocene age for the Waianae Voicanics is inferred from K-
Ar determinations ranging from 3.9 to 2.5 Ma (Doell and Dalrym-
ple, 1973) (table 1.12). Funkhouser and others (1968) reported an
average K-Ar age of about 2.4 Ma for the Mauna Kuwale
Rhyodacite Flow, but this age is inconsistent with their reported
ages for the overlying lava flow (4.3 Ma) and dikes (about 3 Ma) -
cutting the rhyodacite. According to Sinton {in press), the Mauna
Kuwale probably has a minimum age of 3.2 Ma. The Kolekole
Volcanics has not been isotopically dated but is tentatively consid-
ered by Sinton {in press} to be Pleistocene.

KAUAL - .
KAUAI VOLCANO

The Island of Kauai (Ag. 1.29} consists of a single deeply
eroded shield volcano with a summit caldera 15-20 km across, the
largest in the Hawaiian Islands, and at least two flank calderas, the
only ones known in the islands. lLava erupted not only in the
calderas, but also from northwest and southeast rift zones. After a
period of erosion, rejuvenated-stage lava erupted from about 40
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vents scattered over the eastern two-thirds of the island; these vents
show no relation to the older nft zones.

The rocks of Kauai Volcano were originally divided by
Stearns (1946) into the Waimea Volcanic Sertes (older), later
renamed the Waimea Canyon Volcanic Series {Macdonald, 1949),
and the Koloa Volcanic Series (younger). The Waimea Canyon
represents the shield stage including the caldera-filling phase.

Postshield-stage hawaiite is rare and occurs only at the top of the
Waimea Canyon (ig. 1.21, table 1.12). The Koloa represents the
rejuvenated stage.

The Waimea Canyon Volcanic Series was subdivided by |
Macdonald and others {1954, 1960} into four formally named i
formations—the Napali, Haupu, Olokele, and Makaweli Forma-
tions. The Makaweli Formation as defined by Macdonald and |
others (1960) included associated sedimentary deposits, which were
called the Mokuone Member,

In order to have a nomenclature consistent with the other
volcanoes of the Hawaiian Islands, the following changes are here
made to the Waimea Canyon Volcanic Series: The Waimea Canyon |
is reduced to formational rank and renamed the Waimea Canyon °

Basalt to reflect its predominant lithology. Its subdivisions are
reduced to member rank and called the Napali, Haupu, Olokele,

. and Makaweli Members. The sedimentary unit included within the

Makaweli is reduced in rank and renamed the Mokuone Breccia
Beds {table 1.12).

Although the Napal, Haupu, Olokele, and Makaweli Mem-
bers consist of essentially the same rock types, they are distinguish-
able and extensive units. The Napali Member consists of thin-
bedded flank flows, whereas the Olokele and Makaweli Members
consist of massive or thick-bedded flows. The Olokele is separated
from the Makaweli and from the Napali by faults. The Haupu,
which presumably represents a small caldera on the southeast flank
of the volcano, also consists of thick-bedded flows, but it is isolated
from the Olokele and Makaweli Members and is surrounded by
older thin-bedded flows of the Napali Member.

The Napali, Olokele, and Makaweli Members had more than
one type locality specified by Davis and Macdonald (in Avias and
others, 1956) and Macdonald and others (1960} One of the
localities is here retained as the type locality for each unit, and the
other localities are redesignated as reference localities (table 1.12.).
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The Koloa Volcanic Series, as defined by Stearns (1946) and |
Macdonald and others (1960), included within it a sedimentary unit |
that they named the Palikea Formation. The Palikea Formation
consists largely of breccia underlying and interbedded with Koloa
lava Aows. The breccia, which grades laterally in some places into
stream-laid conglomerate, 1s primarily made up of fragments of the
Waimea Canyon Basait and represents the rapid shedding of debris
from the steep slopes of the volcano before and during Koloa time.
Clague and others (1982) reduced the Koloa Volcanic Series to
formational rank and renamed it the Koloa Volcanics, but they did
not discuss the status of the Palikea Formation. The Palikea is here
reduced in rank and renamed the Palikea Breccia Member of the
Koloa Volcanics.

The Waimea Canyon Basalt is largely of Pliocene age, but the
oldest lows may be Miocene, as indicated by K-Ar ages ranging
from about 5.1 to 3.6 Ma (McDougall, 1964; 1979). The age
relations between the caldera-filling-phase members are not known,
but the Olokele Member s considered to be older than the
Makaweli Member, and the Haupu Member is thought to be coeval
with the Olokele.

The Koloa Volcanics is largely Pleistocene, an age indicated
by all the published K-Ar ages, but unpublished K-Ar ages of 2.59
and 2.01 Ma (G.B. Dalrymple, oral commun., 1986) suggest that
the oldest flows are Pliccene. The age of the Palikea Breccia
Member is not known, but it is probably Pliocene and Pleistocene
on the basis of its stratigraphic relations to Koloa lava flows.

NHNHAU

NIHAU VOLCANO

The Island of Nithau (fig. 1.30) is the deeply eroded remnant
of a shield volcano. The central highland area, which consists of
shield-stage tholeiitic lava, is fringed by a low coastal platform,
which consists of rejuvenated-stage lava. The shield-stage lava was
erupted from a southwest rift zone; the summit of the shield {and
former caldera?) was presumably northeast of the present island.

The rocks of the volcano were divided by Stearns (1946,
1947b) into two major units—the Paniau Velcanic Series {older)
and the Kiekie Volcanic Series (younger) The Paniau almost
entirely represents the shield stage; a single postshield-stage vent that
oceurs at Kaeo and a couple postshield alkalic basalt dikes along the
east coast of the island are also considered in this report to be part of
the Paniau Basalt. These units are here renamed the Paniau Basalt
and Kickie Basalt, respectively. Although all of the rejuvenated-
stage units on the’other islands are called “Volcanics,” the name
Kiekie Volcanies is not used here because the Kiekie consists entirely
of alkalic basal.

No isotopic ages for the [sland of Niithau have been published.
However, unpublished K-Ar data for 11 flows of the Paniau indicate
a Miocene and Pliocene age (G.B. Dalrymple, oral commun.,
1986). The Kiekie Basalt was considered to be of Pleistocene age
by Stearns (1947b) on the basis of its relations to Pleistocene
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shorelines, but unpublished K-Ar ages (G.B. Dalrymple, oral
commun., {986) indicate a Pliocene and Pleistocene age.
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[Volcanic rocks and closely associated tntrusive rocks and sedimentary deposits only. Units on each volcano are listed from youngest to oldest; see text for further explanation. All isotapic ages (in

parentheses) and K-Ar ages (in millions of years), recalculated from new decay constants. unless otherwise noted;: see summary

Clague and Dalrymple (chapter |, part [} The term “partly” (in

parentheses) preceding a former name indicates that the unit as then defined is equivalent to only part of the unil as used here; the term “part” {in parentheses ) following a former name indicates that
the unit as used here 18 equivalent to only part of the unit as then defined]

Unit {this report)

Description

Age

Remarks

HAWALL

Kilauea ¥Yolcano

Puna Basalt

Keanakakoi Ash
Member

Uwekahuna Ash
Member

Pahala Ash

-

Shield-stage lava of tholeiitic basalt and
picritic tholeiitic basalt. Historic and pre-
historic lava flows and minor intercalated
pyroclastic deposits. Exposed over most of
surface of Kiltauea. Maximum exposed thick-
ness: » 100 m. Type locality: Uwekghuna Bluff
at Kilauvea Crater (caldera). Reference local-
ities: at Napau, Makaopuhi, and Kilayea [ki
Craters, and near Keana 8ihopa (see Easton,
chapter 11). Overlies and is locally interca-
lated with Panala Ash; interfingers with Kau
Basalt of Mauna Loa Volcano, Includes
Keanakakogi Ash Member and Uwekahuma Ash Member:

tithic and vitric ash. Pyroclastic surge and
minor airfall deposits. Mainly represents
explosive eryption of A.D. 1790, but has
slightly alder reticulite pumice at base and
post-1790 but pre-1R23 reticulite pumice at
top. Dccurs around Kilauea Crater (caldera).
Maximum exposed thickness: ~ 11 m. Type local-
ity: just southwest of Keanakakoi Crater. Is
interbedded with historic Puna lava flows.

Mostly ash. Mainly pyroclastic surge deposits
Exposed near base of Kilauea Crater (caldera)
and on southeast flank of Mauna Loa. Maximum
axposed thickness: ~5 m. Type locality:
Uwekahuna Bluff., Interbedded with prehistoric
funa lava flows.

¥itric ash, laryely palagonitized. Dccurs on
Mauna Loa and Kitauea Volcanoes (see text).
Maximum exposed thickness: =15 m. No type
locality designated; named for exposures near
town of Pahala on south slope of Mauna Loa.
Principal reference locality: Moclelo, just
southwest of Keana Bihopa; reference lccali-
ties: Puu Kapukapu and Puu Kacne, all on
Kilavea Yolcano [see Easton, chapter 11).
Cverlies Hilina Basalt on Kilauea and Kahuku
Basalt on Maura Loa.

Holocene and
Plﬁistocene

(**C, 1,13-22.6 ka)
{see text)

Holocene

Hgiocene
(?ac. see text)

Pleistocene

Puna Basalt {Easton, chapter 1!},
formerly: Kamehame Basalt {part)
{Stearns, 1926, 1920); Puna
Volcanic Series (Stearns and
Macdonald, 1946); Puna Formation
(Easton and Garcia, 1980},

Keanakakoi Ash Member (Easton,
chapter 11). Formerly: Xeanakakoi
Formation (part) (Wentworth,
1938 Powers, 1948); "aa" ferro-
neously for ash?] member {part)
of Puna Volcanic Series (Stearns
and Macdonald 1346, p. 108);
Keanaxakoi Formation {part) of
Puna V¥olcanic Series (Davis and
Macdonald in Avias and others,
1956); Xeanakakoi Member ({part}
of Puna Formation (Easton and
Garcia, 1980); (partly)
Keanakakoi Formation (Malin

and others, 1983).

Uwexahuna Ash Member (Easton,
chapter 11). Formerly: Uwekahuna
Ash of Kilauea Series (Stone,
1926) ; \wekahuna Formation
{Wentworth, 1938; Fowers, 1948);
Uwekahuna Tuff of Pura Volcanic
Series (Stearns and Macdonald,
1946, p. 194); Uwekahuna Ash of
Puna Yolcanic Series {Macdonald,
1949, p. 65, 67; Davis and
Macdonald in Avias and others,
1956); Uwekahuna Member of Puna
Formation (Easton and Garcia,
1980).

Geographically restricted (see
text). Pahala Ash (Easten, chap-
ter 11). Formerly: Pahala Series
(part) (Noble and Clark in
Washington, 1923); Pahata Ash of
Pre-Kilauea Series {Stone, 1926);
Pahala Basalt or Formatior (part)
(Stearns, 1930); Pahala Tuff
(Wentworth, 1938); Pahala Ash
(part) [Stearns and Macdonalg,
1946; Davis and Macdonald in
Avias and others, 1956); Pahala
Farmation (Easton and Garcia,
19307},
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Unit (this report)

Description

Age

Remarks

75

HAWA] [--Continued

Kilauea Yolcano--Continued

Hilina Basalt

Moo Ash Member

Pohakaa Ash Member

Kahele Ash Member

Halape Ash Member

Shield-stage iava of thelefitic basalt, oli-
vine tholeiitic basalt, and picritic tholei-
itic basalt. Predominantly flows with associ-
ated pyroclastic deposits. Exposed in Hilina
fault system escarpmenis along sguth flang of
votcano. Maximum exposed thickness: =300 m.
Type locality: just south of Keana Bihapa.
Reference localities: Keana Bihopa and Puu
Xapukapu. Base not exposed. Includes Moo,
Pohakaa, Kahele, and Halepe Ash Members, all
intercalated with #itina lava flows.

Mostly yellow-brown ash and palagonite. Max-
imum exposed thickness: ~3 m. Type locality:
Xeana Bihopa. Reference locality: Puu
Kapukapu.

Thickest of ash members. Yellow- to reddish-
brown-weathering palagonite, vitric ash, and
soil. Exposed thickness: 1-4 m, Type local-
ity: Pohakaa Arroyo, about 3 km southwest of
Keana Bihopa. Reference Tocality: Puu
Kapukapu,

Crudely bedded red clay with palagonite.
Exposed thickress: 10-125 ¢m, Type locality:
Pohakaa Arroyo, about 3 km southwest of Keana
Bihepa. Reference locality: Puu Kapukapu,

Palagonite and poorly bedded clay. Fxposed
thickness: 10-50 ¢m. Type Tocality: Keana
Bihopa. Reference locality: Puu Kapukapu.

Pleistocene
{see text)

Pleistocene

Pleistocene

Pleistocene

Pleistocene

Hilina Basalt (Easton, chapter
11). Formerly: Pahale 8Sasalt
(part} (Stearns and Ciark, 1930);
Hilina volcanic Series (Stearns
and Macdonald, 1946); Hilina
Formation (Faston and Garcia,
1980; Decker and Christiansen,
1984},

Moo Ash Member of Hilina Basalt
{Easton, chapter 11). Formerly:
Moo Member of Hilina Formation
{Easton and Garcia, 1980},

Pohakaa Ash Member of Hilina Ba-
salt {Easton, chapter 11}. For-
merly: Pohakaa Member of Hilina
Formation . {Easton and Garcia,
1980) .

Kahele Ash Member of Hilina Ba-
salt (Easton, chapter 11), For-
merly: Kahele Member of Hilina
Formation {Easton and Garcia,
1980} .

Halape Ash Member of Hilina Ba-
salt (Easton, chapter 11). For-
merly: Halape Member of Hilina
Formation {Faston and Garcia,
1980) .

Mauna Loa Volcano

Kau Basalt

Pahala Ash

Kahuku Basalt

MNincle Basalt

Shield-stage lava of tholeiitic bhasalt, oli-
vine tholeiitic basalt, and picritic tholei-
itic basalt. Historic and prehistoric lava
flows and minor intercalated pyroclastic
deposits. Expused over most of surface of
Mauna Loa. Maximum exposed thickness: > 185 m.
Type locality: west wall of Mokuawsoweo Crater
{caldera). Gverlies Pahala Ash and Kahukuy
Basalt: interfingers with Puna Basalt of
Kilauea Volcane.

See description under Kilauea.

shield-stage lava of tholeiitic basalt, oli-
vine tholeiftic basalt, and picritic tholei-
itic basalt. Lava flows and minor intercalat-
ed pyroclastfe deposits. Exposed on east and
south sides of Mauna Loa. Maximum exposed
tnickness: 180 m. Type Jocality; Kahuku Pali,

a fault escarpment running north of Ka Lae,
Overlies (fault or unconfermity) Ninole Basait.

Shield-stage lava of tholeiitic basalt, oli-
vipe tholeiitic basalt, and picritic tholei-
itic basalt, Lava flows with pyroclastic
deposit near top. Exposed north of Waiohinu
on southeast siope of Mauna Loa. Maximum
exposed thickness: ~800 m. Type locatity:
walls of valley at Puu Enunhe, near Ninole
Gulch. Base not exposed.

Helocene and
Pleistocene

Pleistocene

Pleistocena

Pleistocene
(0.54+0.4)
(see text)

Renamed, Formerly: Kamehame
Rasalt (part) (Stearns, 1976,
1930); Kau Volcanic Series
{Stearns and Macdonald, 15946};
Kau Formation {Porter, 1371,
1974); Kau velcanics (Lipman,
1980) .

See “Remarks" under Kilauea; see
also text under Mauna Loa.

Renamed. Formeriy: lower member
of Pahala 8asalt (part) {Stearns
1930); Kahuku Volcanic Series
{Stearns and Macdonald, 1946);
Kahuku Yolcanics (Lipman, 1980).

Ninale Basalt {Stearns, 1926,
1930) (see text). Formerly:
(partly) Ninole Tuff (Wentworth,
1338} ; Ninole Volcanic Series
{Stearns and Macdonald, 1946);
Ninole Volcanics (Lipman, 1980}.
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Unit {this report)

Descriptian Age

Remarks

HAWAII--Continued

Mauna Kea Volcano

Laupahoehoe Yolcanics

Waikahalulu
Volcanic Member

Makanaka Glacial
Member

Wathu Glacial
Member

Hamakua Volcanics

Pohakuloa Glacial
Member

Hopukant Volcanic
Member

-

Holocene and
Pleistocene

Postshield-stage alkalic lava flows and asso-
ciated volcanic and sedimentary deposits.
Occurs on mast of surface of Mauna Kea. Typi-
cal exposed thickness: 50-100 m, Type local-
ity: near town of Laupahoehoe, Reference
localities: in Waikahalulu and Pohakuloa
Gulches, Conformably overlies Hamakua Volcan-
ics. Divided inte Waikahalulu Volcanic Member,
and Makanaka and Waihu Glacial Members:

Halocene and
Plsistocene
(' and K-Ar,
N.0045-0,19)

Postshield-stage lava predeminantTy 0f hawai-
ite, but some alkaiic basalt and ankaramite.
Flows and associated pyroclastic deposits.
QOccurs on upper and lower slopes of velcanc.
Typical expesed thickness: %0-100 m. Type lo-
cality: in Wailkahalulu Gulch. Reference local-
ity: in Pohakuloa Guich, Conformably, and lo-
cally unconformably, overlies Hamakua Volcan~
ics, Interstratified with Makanaka and Waihu
Glacial Members.

Gravel and diamicton, Exposed on upper slopes Pleistocene
of volcano, Exposed thickness: > 10 m. Type

locality: Puu Makanaka, Reference localities:

in Waikahalulu and Kemcle Gulches, Interca-

lated with Waikahalulu lavas. Younger than

Waihu Glacial Member.

Mainty conglomerate and diamictite, Exposed Pleistocene
mzinly on upper slopes below summit of Mauna

Kea. Exposed thickness: generally < 30 m,

Type locality: near Wazihu Spring. Reference

Yocalities: in Pohakuloa Gulch and near Waihu

Spring.

Divided into three members: upper two Pleistocene
formally-named members represent postshield-
stage lava flows and pyroclastic cones and
associated sedimentary (glacial) deposits;
informal 1ower member represents shield-stage
lava flows. Type lecalfty: in south wall of
Laupahoehoe Stream gulch. Reference locality:
Pohakuloa Guleh,

Gravel and diamicton, Exposed mainly in Pleistocene
Pohakulpa and Waikahalulu Gulches. Maximum

exposed thickness: =40 m. Type locality:

west wall of upper Pohakuloa Gulch. Reference

Tocality: in Waikahaluly Gulch. Locally over-

1ies upper flows of Hopukani Volcanic Member,

Pleistocene
{n.27+0.04,
0.375£0.050)

Postshield-stage lava of alkalic basalt,
ankaramite, and hawaiite. Flows and cinder
cones. Exposed mainly in gulches on lower
windward slopes of Mauna Kea and in saddle
between Mauna Xea and Kohala Volcanoes. Ex-
posed thickness: ~25 m, Type lotality: in
south wall of Laupahoehoe Stream gulch. Refer-
ence localities: in Pohakuloa and Watkahalulu
Gulches, Overlies lower member.

Reduced in rank and renamed {see
text). Formeriy: {partly)
Laypahpehoe Volcanic Series
{Macdonald, 1945; Stearns and
Macdonald, 1946); Laupahoehce
Series (Porter, 1971); Laupahoe-
hoe Group (Porter, 1973, 1974,
197%a, 1979b; Porter and others,
1677).

Reduced in rank and renamed (see
text), Formerly: (partly} Laupa-
hoehoe Volcanic Series (Stearns
and Macdonald, 1946); (partly)
Waikahalulu Formation of Laupa-
hoehoe Group (Porter, 1974,
Porter and others, 1977);
Waikahaluluy Formation of Laupa-
hoehoe Group {Porter, 1979a,
1379b) .

Reduced in rank and renamed (see
text}. Formerly: Makanaka Drift
(Wentworth and Powers, 1941; see
also Stearns, 1945); Makanaka
Formation {part) of Laupahoehoe
Group (Parter, 1974; Porter and
others, 1977); Makanaka Formation
of Laupahoehoe Group (Porter,
1979a, 19795).

Reduced in rank and renamed {see
text). Formerly: Waihu Drift
(Wentworth and Powers, 1941).
Waihu Fanglomerate (Stearns,
1945) ; Waihu Formation of Laupa-
hoehoe Group {(Porter and others,
1977, Porter, 1974, 1979a, 1979b).

Reduced in rank and renamed (see
text). Formerly: (partly) Hamakua
Volcanic Series (Stearns and
Macdonald, 1946); Hamakua Group
(Porter, 1973, 1974, 1979a,
1979b; Porter and others, 1977)
{see text),

Reduced in rank and renamed (see
text). Formerly: Pohakuloa Drift
{Wentworth and Powers, 1941};
Pohakuloa Formation of Hamakua
Group (Porter, 1974, 1979a,
1379b; Porter and others, 1977)

kReduced in rank and renamed (see
text). Formerlty: upper member of
Hamakua Volcanic Series [Stearns
and Macdonald, 1946); Hopukani
Formation of Hamakua Group
{Porter, 1974, 19792, 1979b;
Parter and others, 1977).
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Unit (this report)

Description Age

Remarks

HAWATT--Continued

Mauna Kea Velcano--Continued

lower member

Shield-stage lava of tholeiitic basalt, oli- Pleistocene
vine tholeiitic basalt, and picritic tholei-

itic basait. Exposed in sea cliffs and gulch-

es along northeast coast of Mauna Kea (sc-

calied Hamakua coast) and near mouths of

valleys between Hilo and Laupahoehoe. Txposed

thickness: probably ~~150 m. Base not exposed.

Formerly: lower member of Hamakua
Volcanic Series {Stearns and
Macdonald, 1946, p. 154, fig.

31) (see text).

Hualalai Volcano

Hualalai Volcanics

Waawaa Trachyte
Member

Holocene and
Pieistocene

Postshield-stage lava of alkalic basalt and
rare hawaiite. Historic and prehistoric lava
flows and associated pyroclastic deposits.
Covers entire surface of Hualalai Volcano,
Maximum exposed thickness: ~150 m. Type
Tocality: around town of Kaitua. Interfingers
with Kau Basalt of Mauna Loa Volcano, Base not
exposed. In¢cludes Kona ash beds (informal) and
Waawaa Trachyte Member (formal} (see text).

Kona ash beds

Pieistocens

Trachyte cone and flow. Occurs in Puu Waawaa-
{0.105, see text)

Puu Anahulu area. Exposed thickness; ~~275 m.
Type locality: Puu Waawaa. Base not exposed.

Reduced in rank and renamed [see
text). Formerly: Hualalai
volcanic Series (Stearns and
Macdonaid, 1946},

Abandoned as formally named unit
{see text). Formerly: Kona Tuff
Fermation (Wentworth, 1938);
unnamed unit of Hualalai Volcanic
Series (Stearns and Macdonald,
1946) ; Kona Tuff Formation of
Huaialai Yolcanic Series (Davis
and Macdonald in Avias and
others, 1956),

Renamed. Farmerly Waawaa Volcan-
ics [Member] of Hualalai Volcan-
t¢ Series (Stearns and Macdonald,
1946, p. 143) (see text).

Kohala Volcano

Hawi Yolcanics

Pololu Basalt

Pleistocene
(0.061+0.001,
0.261£0.005)

Postshield-stage lava of mostly mugearite and
hawaiite with some trachyte and benmoreite,
Lava flows and associated pyroclastic depos-
its. Occurs in summit area and parts of slopes
of Kebhala Volcano. Exposed thickness of fiows:
~30 m, Type locality: in Xumakua Gulch, about
1 km east of Hawi. Underlies {Juaternary sur-
ficial deposits. Conformably, Jocally uncon-
formably, overlies Poleclu Basalt.

Basalt.

Pleistocene
{0.308+0.n91-
1.459+N.028)

Shield-stage lava of tholeiftic basalt, oli-
vine tholeiitic basalt, and picritic tholei-
itic basalt; postshield-stage caldera-filling
alkatic basalt near top. Thin lava flows and
associated pyroclastic deposits. Occurs on
upper and lower slopes cof Kohala. Maximum ex-
posed thickness: ~90C m. Type locality: on
northwest sige of Pelolu Valley. Base not
exposed,

Renamed. Formerly: Hawi Voltanic
Series (Stearns and Macdonald,
1946) .

Renamed, Formerly: Pololu
Volcanic Series (Stearns and
Macdonald, 1946).



78

VOLCANISM IN HAWALII

TABLE |.12.—Summary of stratigraphic units for main southeastern Hawaiian fslands-~~Continued

Unit (this report)

Description Age

Hemarks

MAUT

East Maui {Haleakala) Volcano

Hana Volcanics

Kipahulu Member

Kula Volcanics

Honomanu Basalt

Holocene and
Pleistocene(?)

Rejuvenated-stage lava of alkalic basalt and
basanite; rare ankaramite and hawaiite. Lava
flows and associated intrusive rocks and
pyroclastic and sedimentary deposits. Exposed
in summit region and on eastern and south-
western slopes. Exposed thickness: > 300 m.
Type locality: viilage of Hana, Unconformably
overlies Kula Yolcanics. Includes Kipahuly
Member in Kipahulu valley. Also includes
historic flaw of A,D, 1790 in Cape Kinau area
and numercus informal flows in Nahiku and
Keanae areas (see text) that are listed below
in sequence {youngest to oldest) from Stearns
and Macdonald (1942):

Nahiku area:
Hanawi flow
Paakea flow
Kuhiwa flow
Mossman flow
Kapaula flow
Makaino flow
Waiaaka flow
Makapipi flows
Big Falls flows

Keanae area:
Keanae flow
Waiokamilo flow
Piinaau flow
Ohia flow
Wailuanui flow
Pauwalu flow
Late alkalic rejuvenated-stage lava of alka- Pleistocene(?)
1ic pasalt and basanite; rare ankaramite and
hawaiite. Lava flows. Exposed thickness:
> 400 m, Type Tocality: Kipahulu Valley,
ynconformably overlies Hama Yolcanics (older
flows), Xula ¥Yolcanics, and Honomanu Basalt.

Postshield-stage lava of hawaiite with some Pleistacenre
ankaramite and alkalfc basalt., Lava flows with (0.46-0.86,
associated intrusive rocks and pyroclastic and N.4140.09)

sedimentary deposits. Exposed in summit region
and on all slopes. Maximum exposed thickness:
~~600 m. Type locality: near Waiakoa, on west
slope of volcano; reference localities: near
K#ahulu and along Halemauu Trail (see text}.
Overlies Honomanu Basalt.

Pleistocene

Shietd-stage lava of tholeiitic basalt, oli-
{0.75+0.04)

vine thoieiitic basalt, and piceitic tholei-
itic basalt. Lava flows and associated intru-
sive rocks and rare pyroclastic deposits,
Exposed in summit region and on north, northe
east, and southwest slopes. Maximum exposed
thickness: ~~250 m, Type locality: in Honomanu
Stream valiey, Base not expesed.

Reduced in rank, revised to
include historic (A.D. 1790)
flow, and renamed {see text),
Formerly: Hana Volcanic Series
(Stearns, 1942); Hana Formation
(Macdonatd, 1878); Hana Group
(Clague and others, 1982},

Apandoned as formally named units {see
text). Formerly all in Hana Volcaric
Series (see Macdonald, 1942; Macdonald
and Davis in Avias and others, 1956):

Hanawi Basaltic Andesite
Paakea Basalt

Kuhiwa Basaltfc Andesite
Mossman Picritic Basalt
Kapaula Basaltic Andesite
Makaino Basaltic Andesite
Waiaaka Basaltic Andesite
Makapipi Basalt{s)

Big Falls Picritic Basalt(s)

Formerly all im Hana Volcanic
Series {see Stearns, 1942):

Keanae Basalt
Waiokamilo Basalt
Piinaau Basalt
Ohia Basait
Wailuanui Basalt
Pauwalu Basalt

See text. Formerly: Kipahulu
Member of Hana Volcanic Series
{Stearns, 1942}: Kipahulu Forma-
tion of Hana Volcanic Series
(Macdonald and Davis in Avias and
others, 1958); KipahuTy Member of
Hama VYolcanic Series {Macdomald
and Apbott, 1970; Macdonald and
others, 1983; Stearns, 1985).

Renamed. Formerly: Kula Volcanic
Series (Stearns, 1942); (partly)
Kula Formation (Macdonald, 1978).
includes rocks formerly called
Kumuiliahi Formation by Macdonald
{1978} {see text}.

Renamed. Formerly: Honomanu
Volcanic Series (Stearns, 1942);
(partly) Honomanu Farmation
(Macdonald, 19781,
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Unit {this report)

Description Age

Remarks

MAUI--Continued

West Maui volcano

Lahaina volcanfcs

Honolua Volcanics

Wailuku Basalt

Rejuvenated-stage lava of basanite and picrit- Pleistocene

ic basanite, Lava flows and associated pyro- {1.30+0.10, see
clastic deposits. Exposed in small areas on text)

west and southeast sides of West Maui. Exposed

thickness of flows: 3-20 m; cones, ~45 m. No

type locality designated. Principal reference

Tocalityl: Puu Laina. Unconformably averlies

Honolua Volcanics. Locally inciudes two

informal flows:

Laina flows and cinder cone
Kiltea flow and cinder cone

Fleistocene
(1.18-1.20,
1.5040.13}

Postshield-stage Tava of mugearite, trachyte,
and hawaiite. Lava flows and associated domes
dikes, and pyroclastic deposits. Caps ridges
on a1l flanks of volcano. Maximum exposed
thickness: ~~300 m. Type locality: village of
Honotua. Overlies Wailuku Volcanics.

Pleistocene
(1.32¢0.04,
1.58-1.97)

Shield-stage lava of tholeiitic basalt, oli-
vine tholeiitic basalt, and picritic tholei-
itic basalt, and postsnield-stage caldera-
fitlirg lava of alkalfc basalt, Lava flows
with associated intrusive rocks and pyroclas-
tic and sedimentary deposits, Widely exposed
on West Maui Volcano, Maximum exposed thick-
ness: > 1,500 m. Type locality: south wall of
[ao Valley. Base not exposed,

Lahaina ¥olcanics (Clague and
others, 1982} (see text). Former-
ly: Lahaina Volcanic Series of
Stearns (1942); Lahaina Group
(Naughton and others, 1980}.

Abandoned as formally named
units. Formerty of Lahaina
Volcanic Series (Stearns, 1942):
{aina Volcanics
Kilea yolcanics

Renamed ., Formerly; Honolua
Volcanic Serfes (Stearns, 1942).

Renamed, Formerly: Waikulu
volcanic Series {Stearns, 1942},

KAHOOL AWE

Kahoolawe Volicang

Kanapou Volcanics

Postshield-stage lava of alkalic basalt and Pleistocene
hawaiite; postshield-stage caldera-filling {upper alxalic
lava of alkalic basalt: shield-stage caldera- part,

filling lava of tholeditic basalt; shield- 1.03:0.18}
stage lava of tholeiitic basalt and olivine

tholeiitic basalt, Lava flows and associated

pyroclastic deposits and intrusive rocks.

Forms essentially all of isiand., Maximum ex-

posed thickness: —~450 m, Type Tgcality:

cliffs of Xanapcu Bay. Base not exposed.

Renamed, Formerly: Kanapou
Volcanic Series {Stearns, 1946;
Macdonald and Davis in Avias and
others, 1956). -

LANAT

Lanai volcano

Lanai Basalt

Pleistocene
{1.2810.4}

*Shield-stage {including caldera-filling phase}
lava of tholeiitic basalt, olivine tholeiitic
pasalt, and picritic tholeiitic bhasalt, Lava
flows and associated pyrociastic deposits and
intrusive rocks. Forms almost all of island,
Maximum exposed thickness: > 1,000 m, No type
locality designated. Principal reference
localityl: Maunaiei Gulch on northeast side of
istant {J.G. Moore, oral commun,, 1986). Rase
not exposed,

Reduced in rank and renamed (see
text). Formerly: (partly) tanai
Basait and Manele Basait
{Wentworth, 1928); Lanai volcanic
Series (Stearns, 1946); Lanai
Yolcanic Series {which [improper-
1¥] included Lanai Basalt, and
Lanai Basalt [improperiy]
included Manele Basalt) Macdonald
and Davis in Avias and others,
1956 -
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Unit (this report)

Description Age

Remarks

LANAT--Continued

Lanai Volcano--Continued

(Manele crater remnant)

Abandoned as formally named unit
{see text)., Formerly: Manele
Basalt (Wentworth, 1925); Manele
Basalt of Lanai Basalt of Lanai
Volcanic Series (Macdonald and
Davis in Avias and -others, 1956}.

MOLOKAL

East Molokaf VYolcano

Kalaupapa ¥Yolcanics

East Molokaf
Yolcanics

Pleistocene
(0.35+0.03,
n,67+0.02)

Rejuvenated-stage lava of alkalic basalt and-
basanite. Lava flows and associated cone,
Makes up Kalaupapa peninsula, Maximum exposed
thickness: ~~125 m. Type locality: Kalaupapa
peninsuia. Unconformably overlies East Molokai
Volcanics.

Pleistocene and
Pliocene
{1.35-1.49,
upper member;

Divided into two informal members. Upper
member: pastshield-stage lava of mugearite,
with lesser amounts of hawaiite and trachyte.
Lava flows and associated pyroclastic deposits
and intrusive rocks. Lower member: shield-
stage (including caldera-filling phase) lava
of tholeiitic basalt, olivine tholeiitic
basalt, and picritic tnoleiitic basalt, and
postshield-stage (including caldera-filling
phase) alkalic basalt. Lava flows and associ-
ated intrusive rocks and pyroclastic and sedi-
mentary deposits, Makes up almost all of East
Molokai, Maximum éxposed thickness: > 1,500 m.
Type locality: cliff south of Kalaupapa penin-
sula. Locally overlies West Molokai Volcanics
of West Molokat Volcano. Base not exposed,

Tower member)

1.52 and 1.76¢0.07,

Renamed. Formerly: Kalaupapa
Basalt (Stearns, 1946, 1947a;
Clague and Frey, 1582).

Renamed. Formerly: East Molokai
Yolcanic Series {Stearns, 1946,
1947a) .

West Molokai Volcano

West Molokai
vYolcanics

Pleistocene and
Pliocene

Postshield-stage lava of hawaiite and alkalic
basalt; shield-stage lava of tholeiitic
basalt. Lava fiows and associated intrusive
rocks and pyroclastic deposits. Forms most of
West Molokai. Maximum exposed thickness: > 400
m. Type locality: West Molokai mountain (Mauna
Loa). Locally overlapped by East Molokai
Volcanics. Base not exposed,

1.8420.7,
1.90+0.06}

1.52+0.6, 1.89,

Renamed., Formerly: West Molokai
Yolcanic Series (Stearns, 1946;
19473}

OAHU

Keolau Yolcano

Horolulu Yolcanics

Holocene(?) and
Pleistocene
(0.03-n,9)

(see text)

Rejuvenated-stage tava, ranging from alkatic
basalt, basanite, and nephelinite to melili-
tite. Exposed on southwest and northeast
flanks of Koolau Range. No type locality
designated; named for exposures in city and
county of Honolulu., Homolulu Yolcanics con-
sists of an assemblage of local informally
named lava flows, cinder, spatter, and tuff
cones, and ash deposits {see text and below;
sequence listed below from Macdonald and oth-
ers, 1983). Unconformably overlies Koolau
Basalt.

Honotulu Yolcanics {Clague and
Frey, 1982} {also Lanphere and
Dalrymple, 1979]. Farmerly:
Honolulu ¥Yolcanic Series
{Stearns, 1935, 1939); Honolulu
Series (Winchell, 1947); Honoiulu
Group (Hay and lijima, 196%;
Clague and others, l982}.
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Unit (this report) Description Age Remarks
CAHU--Continued
Koolau Volcano--Continued
Abandoned as formally named units
see text). Formerty all in
Honolulu Voltcanic Series
{Stearns, 1935, 1939, 1940a; see
also Avias and others, 1956, for
other former names):
Hawaiiloa flow (and associated cone) Hawaiilioca Volcanics
pali Kile flow (and associated cone?)
Pyramid Rock flow Pyramid Rock Basalt
Moku Manu tuff cone Mcku Manu Voleanics
Ulupau tuff core (and flow?) Uluepau Tuff {alse Ulupau Head
Tuff); Mokapu Basalt (part)
Mokolea flow Mokolea [misspelled Mokulea by Stearns
(1935)] Basalt; Mokapu Basalt {part)
Kalini flow {and associated cone) Kalihi Volecanics
Haiku flow (and associated cone) Haiku Volcanics
Rocky Hill flow {and asscciated cones) Rocky Hill ¥olcanigcs (Basalt)
Manoa cinder cone {and lava flow?)
Aliamanu flow (and associated cone) Aliamanu Tuff {Rasalt)
Kaneche flow [and associated cones) Kaneohe Volcanics
Luakaha flow (and associated cone) Nuuanu Yolcanics (Basalt) {part)
Makuku flow (and associated cone) Nuuaru Volcanics (Basalt) (part)
pali flow (and associated caone) Pali Volcanics
Makawao tuff and breccia deposits Makawao Breccia
Kaau flows (and associated tuff and Kaau Volcanics (Basalt, Tuff)
mudflow deposits}
Mauumae flow (and associated cone) Mauumae Volcanics
Salt Lake tuff cone Salt Lake Tuff
Makalapa tuff cone Makalapa Tuff
Ainoni flow {and associated cone) Ainoni Volcanics
Castle flow {and associated cone) Castle Volcanics
Maunawili flow {and associated cone) Maunawili Volcanics
Training School flow (and associated cone) Training Scheool Volcanics
biamond Head tuff cone Diamond Head Tuff [also Diamong
Head Black Ash; Black Point Ash]
Kaimyki flows Kaimuki Volcanics (Basalt)
Black Peint flow Black Point Basalt
Kamanaiki flows Kamanaiki Basalt
Punchbowl flows {and associated cone) Punchbowl Volcanics
Manana tuff cone Manana Tuff
Xoko Crater tuff cone Kokc Volcanics {part}
Kahauloa flows [and associated cone)
Hanauma tuff cone Koko Volcanics (part)
Koko Head flow (and associated cone) Keko Volcanics {part)
kKalama flow {and associated cone) kalama Voicanics
Kachikaipu flow (4and associated cone) Kachikaipu Volcanics
Kaupo flow {and associated conelet) Kaupo Basalt
Round Top cinder and ash deposits
Sugarloaf flow (and associated cinder cone Sugar Loaf Basalt
and ash deposits}
Tantalus flow {and associated cinder caone Tantalus Basalt
and ash depostts)
Xoolau Basalt Shield-stage lava of tholeiitic basalt, oli- Pieistocene{?} Renamed (see text). Formeriy:
vine tholeiitic basalt, and rare picritic and Plipcene Koolau Basaltt (Wentworth, 1926);
tholeiitic basalt; near top, rocks transition- (1.8-2.7) Koolau Yolcanic Series [Stearns,

al between tholeiitic and alkalic basalt. Lava
flows (typically thin-bedded) with associated
intrusive rocks (dikes} and minor pyroclastic
and sedimentary deposits. Widely exposed in
¥oolau Range. Maximum exposed thickness of
flaws: probadly > 1,000 m. No type locality
designated, Principal reference localityl:
Nuuaru Pali. Locally unconformably overiies
Waianae Velcanics of Waianae Volcano, Base not
exposed. In¢ludes Kailua Member:

t935) ; Koolau Series [Wentworth
and Jones, 1940; Winchell, 1947);
Koolau Basalt Series (Wentworth
and Winchell, 1947); Kootau
Formaticn (Wentworth, I951);
Koolau Voicanics (Lanphere and
Dalrymple, 1979).
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Unit {this report)

Description

Age

Remarks

0AKU--Continued

Koolau Volcano--Continued

Kailua Member

Shield-stage caldera-filling tholeiitic basalt

and glivine tholefitic basalt, Thi
lava flows and dikes cutting them,
near town of Kailua. Exposed thick

ck-bedded
Exposed
ness: ~500

m. No type locality specified. Principal
reference locaiityl: Kaiwa Ridge. Reference
localityl: east side of Pyu Papaa. In fault({?)
contact with Koolau extracaldera fiows. Base

not expnsed,

Plefstocene(?)

Reduced in rank (see text)}. For
merty: Kailuaz Volcanic Series
(Stearns, 1935); Kailua Vofcanic
Series of Koolau Volcanic Series
[improperly] (Macdonald and Davis
in Avtas and others, 1956).

Wajanae volcano

Kelekale Volcanics

Waianae Volcanics

Paiehua Member

Kamaileunu Member

Mauna Kuwale
Rhyodacite
Flow

Lualualei Member

Rejuvenated-stage alkalic lava. Fl
cones, Occurs mear Kolekole Pass a
end of Waianae Range. Thickness at
ity: ~2 m.
conformahly overlies flows of Waia
ics and alluvium,

Postshield-stage lava of hawaifte

ows and
rd at south
type local-

Type locality: Kolekole Pass, Un-

nae Volcan-

with rare

alkalic basalt and mugearite; postshield-

stage caldera-filling lava of alka

lic basalt;

shield-stage caldera-filling lava of tholei-

itic basalt; shield-stage lava of
basalt, olivine tholeiitic basalt,
ic tholeiitic basalt. Flows and as
intrusive, pyroclastic, and sedime
Exposed over most of Waianae Range

tholeiitic
and picrit-
sociated
ntary rocks.
. Base not

exposed, Divided into Palehuva {youngest},

Kamaileunu, and Lualuatei (pldest)

Members .

Postshield-stage lava of hawaiite with minor
alkalic basalt and mugearite. Flows and ass0-

ciated pyroclastic deposits. Occur
elevations througheut Waianae Rang
exposed thickness: » 300 m, Type 1
near Palehua. Conformably, locally
mahly, overlies Kamaileuny Member.,

s at higher
e, Maximum
ocality:
uncorfor-

Postshield-stage caldera-filling lava of al-
kalic basalt, hawaiite, and rare ankaramite,
grading down into shield-stage caldera-filling

lava of tholeditic basalt and rare

icelandite,

Thick flows and associated rocks. Well exposed
in ridges bounding Waianae, Lualualei, and
Makaha Valleys. Maximum exposed thickness:

> 600 m, Type locality: Kamaileunu

Ridge.

Reference lgcalities: near Puu Heleakala and

Pohakea Pass. Conformably, locally

unconform-

ably, overlies Lyalualei Member. Inciudes
formally named Mauna ¥uwale Rhyodacite Flow:

Rhyodacite, Exposed gn Mauna Kuwal
Kavaopuu ridges. Exposed thickness
Type locality: Mauna Kuwale. Under

e and
: ~~135 m.
lies hawat-

ite and overlies jcelandite of Kamaileunu

Member.

Shield-stage lava of tholeiitic ba

salt, oli-

vine tholeiitic basalt, and picritic tholei-
itic basalt. Thin-bedded flows and associated

rocks. Occurs mainly in Lualualei
Exposed thickness: > 450 m, Type i
Puu Heleakala. Base not exposed.

Valley.
ocality:

Pleistocene

Piiacene

Pliocene
(2.5-3.2)

Pligtene
(3,n-3.5)

Pligcene
{see text)

Pliotene
{3.0-3.9)

Kolekole VYolcanics {Sinton, in
press). Formeriy: (partiy)
Kolekole Volcanics (Stearns,
1946; Macdonald and Davis in
Avias and others, 1956).

Waianae VYolcanics {Sinton, in
press) {see text), Formerly:

Waianae Volcanic Series (part}
{Stearns, 1935); Waianae Vol-
canic Series (Stearns, 1946).

Palehua Member of Waianae Vol-
canics (Sinton, in press). For-
merly: upper member {part) of
Waianae VYolcanic Series {Stearns,
1935); upper member of Waianae
Volcanic Series (Stearns, 1946).

Xamailteunu Member of Waianae Vol-
canics {Sinton, in press). For-
merly: lower memper {part) and
middle member (part) of Waianae
Volcanic Series (Stearns, 1935},

Mauna Kuwale Rhyodacite Flow of
Kamaileunu Member (Sinton, in
press). Formerly: part of lower
member of Waianae Volcanic Series
{Stearns, 1935), part of upper
member of Waianae Volcanic Series
(Stearns, 1940a); Mauna Kuwale
Trachyte [McDougall, 1963, 1984);
Mauna Kuwale Rhyodacite of upper
Waianae Volcanic Series {Funk-
houser and others, 1968).

Lualualei Member of Waianae
Volcanics {Sinton, in press}.
Formerly: lower member {part) and
middle member (part) of Waianae
volcanic Series {Stearns, 1935).
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Unit {this report}

Description

Age

Remarks

KAUAL

Kauai Volcano

Koloa Yolcanics

Palikea Breccia
Member

Waimea Canyon Basalt

Makaweli Member

Mokuone
Breccia Beds

Olokele Member

Haupu Member

Rejuvenated-stage lava of alkalic basalt,
basanite, nephelinite, and melilitite. Lava
flows and associated pyroclastic deposits.
Widely expased over eastern twe-thirds of
island. Maximum exposed thickness: =650 m,
Type locality: vicinity of town of Koloa.
Unconformably overlies Waimea Canyen Rasalt,
Locally includes Palikea Breccia Member, which
underlies and is intercalated with Koloa lava
flows.

Breccia and lesser conglomerate. Exposed in
narrow bands over eastern two-thirds of is-
land. Maximum exposed thickness: ~2Z15 m.
Type locality: Palikea ridge, about 5 km
southeast of Kawaikini peak.

Shield-stage lava of tholeiitic basalt, oli-
vine tholeiitic basalt, and picritic tholei-
itic basalt; rare postshield-stage hawaiite
near top, Lava flows and minor pyroclastic
deposits. Widely exposed. Total exposed thick-
ness: ~B800 m, Type locality: walls of Waimea
Canyon, Divided into Makaweli, Glokele, Haupu,
anc Napali Members,

Shield-stage caldera-filling lava of tholei-
itic basalt, olivine tholeiitic pasalt, and
picritic tholeiitic basalt; postshield-stage
hawatite flow near top of unit. Represents
south flank graben. Predominantly thick-bedded
flows. Exposed in southwestern part of island.
Maximum exposed thickness: =450 m, Type
localityd: West wall of Makaweli River canyon.
Reference localityl: east wall of lower Waimea
Canyon. Imcludes Mokuone Breccia Beds at base
of and intercalated with flows. In fault con-
tact with Olokele and Napali Members,

Breccia with lesser conglomerate, Exposed in
narrow bands 7n southwestern part of island.
Maximum exposed thickness: =300 m. Type
Tocality: walls of Wokuore Valley, west of
Kahililoa.

Shield-stage caldera-filling lava of tholei-
itic pasalt, olivine tholeiitic basalt, and
picritic theleittic basalt; postshield-stage
hawaiite flow near top. Represents iarge sum-
mit caldera. Thick-bedded flows and associated
pyrociastic deposits, Exposed in central part
of island. Maximum exposed thickness; —800 m,
Type localityi: wallis of upper Olokele Canyon.
Reference localitiesl: walls of Popomaa, Koaie,
and Wajalae Streams, [n fault contact with
Makaweli ang Napali Members.

Shield-stage caldera-filling lava of tnolei-
itic basalt, olivine tholeiitic basalt, and
picritic tholeiitic basalt. Represents south-
east flank caldera. Thick-bedded flows exposed
on Haupu ridge. Maximum exposed thickness: -
500 m, Type locality: south side of Haupu
ridge, Separated from Napali Member by buried
caldera faults(?).

Pleistocene and

Pliccene

(0.62, 1,21, 1.46,
2.01, 2.59)

(see text)

Pileistocena{?)
and Pligcene(?)

Pliocene and
Miocene{?)
{3.6-5.1)

Pliocene
(3.60-4.15)

Pliocene

Pliocene

Pliocene

Koloa Volcanics (Clague and
others, 1982} (see text). Former-
ly: Koloa Series (Hinds, 1930):
Koloa Volcanic Series [Stearns,
1946 ; Macconald, 1949; Macdonmald
and others, 1954, 1960; Macdonald
and Davis in Avias and others,
1956) .

Reduced in rank and renamed (see
text}. Formerly; Palikea Forma-
tion of Koloa Volcanic Series
Macdonald and others, 1954, 1960;
Davis and Macdonald in Avias and
others, 1356),

Reduced in rank and renamed (see
text}. Formerly: Xauai Lavas
(Hinds, 1930); Waimea Velcanic
Series (Stearns, 1946); Waimea
Canyon Volcanic Series
(Macdonald, 1949; Macdonald an¢
others, 1954, 1960; Davis and
Macdonald in Avies and others,
1956 Stearns, 1867).

Reduced in rank (see text).
Formerly: Makaweld Farmation of
Waimea Canyon Volcanic Series
{Macdonald and others, 1954,
1960; Davis and Macdonald in
Avias and others, 1956).

Reduced in rank and renamed {see
text). Formerly: Mgkuone Forma-
tion {Macdonald and others,
1954} ; Mnkuone Member of Makaweli
Formation (Davis and Macdonald in
Avias and others, 1956; Macdenald
and cthers, 1960},

Reduced in rank (see text).
Farmerly: (lokele Formation of
Waimea Canyon Yolcanic Series
(Macdonald and others, 1954,
15360 Davis and Macdonaid in
Avias and others, 1856). —

Reduced in rank {see text)
Farmerly: Haupu Volcanic Series
{part) (Stearns, 1946); Haupu
Formation of Waimea Canyon
Volcanic Series (Macdonald and
others, 1954, 1960},
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Unit (this report)

Description Age

Remarks

KAUAI--Continued

Kauai Volcano-~Continued

Napali Member

Shield-stage Tava of tholeiitic basalt, coli- Pliocene and
vine tholeiitic basalt, and picritic tholei- Miocene(?)
itic basalt. Mostly thin-bedded flows and {4,3-5.1)

associated pyroclastic deposits. Widely
exposed, Maximum exposed thickness: ~800 m,
Type locality : west wall of Waimea Canyon,
Reference lotality : northwest coast of island
(Napali coast). Base not exposed.

Reduced in rank [see text),
Formerty: Napali Formation of
Waimea Canyon Volcanic Series
(Macdonald and others, 1954,
1960} .

MEIHAU

Niihau Volcano

Kiekie Basalt

Paniau Basalt

Rejuvenated-stage lava of alkalic basalt. Pleistocene
Lava flows and pyroclastic deposits. Forms and Pijocene
low cpastal plain. Maximum exposed thickness: {see text)

~90 m, Type locality: town of Kiekie, Uncon.
formably overlies Paniau Basalt.

Shield-stage tava of tholefitic basalt, oli- Pliocene and
vine thofeiitic basalt, and rare postshield- Miocene
stage atkalic basalt. Lava flows and associ- (see text)

ated intrysive rocks, minpr ash. Single post-
caldera stage atkalic vent at Kaeo, Comprises
central highlands of island. Maximum exposed
thickaess: =350 m, Type locality: east side
of Paniay hill. Base not exposed.

Renamed. Formerly: Kiekie
Yolcanic Series {Stearns, 1946,
1947b}; Kiekie Volcanics {Clague
and others, 1982).

Renamed. Formerly: Paniau
volcanic Series (Stearns,
1946, 1947b}.

lHere designated.

Some units on the Islands of Hawaii, Mauil,

Addendum

and Qahu listed in table 1.12

and discussed in the text were also formerly called "Formations'" as follows
(listed in alphabetical order): Hana Formation {East Maui Volcanc, Maui);
Hawi Formation (Kohala Volcano, Hawaii); Homelua Formation (West Maui Volcano,
Maui); Honolulu Formation (Koolau Veolcano, Oahu); Honomanu Formation (East
Maul Volcano, Maui); Hualalai Formation (Hualalai Volcans, Hawaii); Kahuku
Formation (Mauna Loa Volcano, Hawaii); Kau Formation (Mauna Loa Velcano,
Hawaii); Kolekole Formation {Waianae Volcano, Qahu}j Koolau Formation (Koolau
Volcano, Oahu); Kula Formation (East Maui Volcano, Maui); Lahaina Formation
(West Maui Volcano, Maui); Kinole Formation (Mauna Loa Volcano, Hawaii};
Pololu Formation (Kohala Volcano, Hawaii); Waawaa Formation (Hualalai Volcano,
Hawaii); Walanae Formation (Walanae Volcano, Qahu); and Wailuku Formation

(West Maul Volcano, Maui). See Easton, R.M., and Gaiswinkler-Easton, M.,
1983¢ A guide to the geology of the Hawaiian Islands--Hawaii, Maui, and
Cahu: Joint Annual Meeting of the Geological Association of Canada,

Mineralogical Association of Canada, and Canadian Geophysical Union, Fieald
Guidebook, v. 2, p. 1-91.



