U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY
155°37'30" 32'38° -

155°22'30"
19°52'30°

50°

L

-
N clgrme

£ 47'30"

L

e mmma s “ 2 ¥ . ) ; . f ) ; / 2 3 : b . { , . . Ky % P
. - " = ! b 2 ] p N g 4 v ' )~ r S\ 3000 5 ]

0 =5 i ~u - i - ; = ; = ' / -~ o’ 1 . i
ﬁ \
' lof [PTA] w\\,.

[ RSP

/mu@{t\mr RESE
.

] v ‘
, Il.\ .\.» I)., \\l
Ly : ... —Dﬁ 4.1_ _|0|l.»w,.

42°30° F 42'30"

N

- Humuula
Sheep Sta

L N A e R T A N —— 19°41"*

INTERIOR—GEOLOGICAL SURVEY, RESTON, VA—1997 155°22'30"

19°41" . o 1 - : 2 ; - 4 . E : me—— . S o e disod D WL o 3 ; e )
155°37'30" 32'30° 30

Base from U.S. Geological Survey, 10%e SCALE 1:24 000 2 Q Geology mapped in 1986-87
Ahumoa, Mauna Kea, Puu Koli, Puu Oo, 1382 1 12 0 1 MILE T
Universal Transverse Mercator projection = = — o>
gl S HAWAIIAN
2 e N S 1 KILOMETER iSlanbs wv
5 CONTOUR INTERVAL 40 FEET -

APPROXIMATE MEAN

DECLINATION, 1397 NATIONAL GEODETIC VERTICAL DATUM OF 1928 .

GEOLOGIC MAP OF THE SOUTH FLANK AND SUMMIT OF MAUNA KEA VOLCANO, HAWAII
By

Edward W. Wolfe, William S. Wise, and John P. Lockwood

% U.S. GOVERNMENT PRINTING QOFFICE 1997—573-066 H @@ -N

PROFESSIONAL PAPER 1557
PLATE 2

CORRELATION OF MAP UNITS
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DESCRIPTION OF MAP UNITS

[Unit symbol in parentheses on map sheet indicates map unit buried by younger flows
or air-fall deposits. Sample localities and radiometric ages plotted on plate 3]

MAUNA LOA VOLCANO
Lava flows and spatter ramparts

Kau Basalt (Holocene)—Consists of:

Flows—Basalt, aa and pahoehoe; vesicular; commonly porphyritic,
containing phenocrysts of olivine and, less commonly, plagioclase;
flow surfaces are reddish orange (oldest) to black and glassy (youngest)

Spatter—Basalt spatter rampart; brown, dark gray where freshly
exposed, vesicular, olivine-phyric; consists of agglutinated spat-
ter erupted from 2.5-km-long, segmented fissure vent

MAUNA KEA VOLCANO
Lava flows and cinder cones

Laupahoehoe Volcanics (Holocene and Pleistocene)—Consists
of:

Younger volcanic rocks member (Holocene and Pleistocene?)
Flows—Hawaiite-mugearite, predominantly aa and blocky aa; dense
pahoehoe occurs locally; aphyric to weakly porphyritic, contain-
ing small, platy plagioclase phenocrysts; trachytic alignment of
plagioclase commonly conspicuous; flow interiors dense, massive,
gray; flow surfaces brown to gray; stratigraphic and physiographic
relations, general absence of mantling surficial deposits, and 4C
ages indicate that unit postdates the Makanaka Glacial Member
(Imt, Imo) of the Laupahoehoe Volcanics. Laupahoehoe lava flows
(identified by letters in brackets) discussed in text: flow B from
cone B (lyc; see fig. 19); L, flow from Loaloa. Age of unit is
considered to be latest Pleistocene(?) and Holocene
Cinder cones—Hawaiite-mugearite, consisting mostly of vesicu-
lar lapilli, but containing some ash and bombs; agglutinated spat-
ter occurs locally; dark gray to red where freshly exposed.
Laupahoehoe cones (identified by letters in brackets) discussed in
text: B, cinder cone; C, spatter mound (see fig. 19); cone B, source
of flow B (lyf)

Older volcanic rocks member (Pleistocene)

lof Flows—Hawaiite-mugearite, predominantly aa and blocky aa; dense
pahoehoe occurs locally; local ice-contact fabric, which is com-
mon in some flows, includes mosaic jointing, cavernous voids in
bases of flows, and oxidized and brecciated spiracles; aphyric to
weakly porphyritic, containing small, platy plagioclase phenocrysts;
trachytic alignment of plagioclase commonly conspicuous; gabbroic
and ultramafic xenoliths occur in some flows; flow interiors dense,
massive, gray, having some interleaved aa breccia; flow surfaces
yellowish brown to dark brown and, in general, partly mantled by
unmapped eolian or colluvial deposits. Laupahoehoe lava flows
(identified by letter symbols in brackets) discussed in text: flow A,
from cone A (loc; see fig. 19); PH, flow from Puu Haiwahine; PPH,
flow from Puu Pohaku; PPL, flow from Puu Poliahu; PTA, flow
of Pohakuloa Training Area; PW, flow from Puu Waiau
Cinder cones—Hawaiite-mugearite, consisting mostly of vesicu-
lar lapilli but containing some ash and bombs; agglutinated spat-
ter occurs locally; mostly dark gray to red where freshly exposed
and yellowish brown where weathered; in some cones, locally altered
lapilli and ash are grayish orange to yellowish orange and weakly
cemented; cones locally mantled by unmapped loess, particularly
in western part of map area. At Puu Huluhulu, cone includes an
unmapped dike injected from younger impinging flow of Kau basalt.
Laupahoehoe cinder cones A, D, and E (identified by letters in
brackets) discussed in text (see fig. 19); cone A, source of flow
A (lof)
Flow—Benmoreite flow in northwest corner of map area; aa and
blocky aa that has dense, massive, light-gray interior; aphyric, dis-
playing trachytic alignment of groundmass plagioclase; mantled by
unmapped eolian deposits; vent not exposed

Hamakua Volcanics (Pleistocene)—Consists of:

Flows, undivided—Basalt, predominantly aa; porphyritic, containing
abundant plagioclase phenocrysts and less abundant phenocrysts
of olivine and clinopyroxene; dark gray where fresh, yellowish brown
to brown where weathered; discontinuously mantled by unmapped
eolian and colluvial deposits

Cinder cones, undivided—Basalt, consisting mostly of vesicular
lapilli but containing some ash and bombs and agglutinated spat-
ter; porphyritic, mostly containing abundant plagioclase pheno-
crysts and less abundant phenocrysts of olivine and clinopyroxene;
cones and associated flows (hf) exposed only in northwestern part
of map area; locally mantled by unmapped loess deposits

Liloe Spring Volcanic Member
Flows—Basalt, aa and rare thin-layered pahoehoe; aphyric to sparsely
porphyritic: plagioclase phenocrysts predominate (as much as about
2 volume percent), occurring as randomly oriented, subequant crystals,
1 to 2 mm in diameter; scattered, small (generally 2 mm or less)
olivine and clinopyroxene phenocrysts are common but generally
total less than 1 volume percent; dark gray, brown where weath-
ered; ice-contact fabric, which is common in some flows in up-
per part of unit, includes mosaic jointing, cavernous voids in bases
of flows, and oxidized and brecciated spiracles; lenses of yellow
palagonitic tuff and red to reddish-brown scoria occur locally; unit
is discontinuously mantled by unmapped eolian and colluvial deposits.
Both paucity of phenocrysts and predominance of aa help to
distinguish these flows from most (older) basalt flows (hhf) of the
Hopukani Springs Volcanic Member; additionally, occurrence and
habit of sparse phenocrysts and absence of trachytic texture distinguish
them from the (younger) flows (lyf, lof) of the Laupahoehoe Volcanics
Cinder cones—Two basalt cinder cones composed of weakly por-
phyritic, reddish-brown lapilli, ash, agglutinated spatter, and dark-
gray, dense, spatter-fed flows
Porphyritic basalt flows—Aa that contains about 5 volume percent
plagioclase phenocrysts, 2 volume percent or less olivine pheno-
crysts, and scattered clinopyroxene phenocrysts
Porphyritic basalt cinder cones—Two porphyritic basalt cin-
der cones composed of reddish-brown lapilli, ash, agglutinated spatter,
and dark-gray, dense, spatter-fed flows; phenocrysts similar to those
in porphyritic basalt flows {(hlpf)

Hopukani Springs Volcanic Member
Flows—Basalt, predominantly thin-layered pahoehoe; mostly strongly
porphyritic, containing abundant phenocrysts of olivine, plagio-
clase, and clinopyroxene; picrite and ankaramite, as well as aphyric
and weakly porphyritic basalt, occur locally; vesicular; dark gray
in fresh exposures, brown on weathered surfaces. Abundance of
phenocrysts and predominance of pahoehoe largely distinguish these
flows from (younger) basalt flows (hif) of the Liloe Spring Volca-
nic Member
Cinder cones—Two eroded basalt cinder cones composed of lapilli
and ash, agglutinated spatter, and spatter-fed flows. Cone on north
side of Waipahoehoe Gulch, at approximately 2,560-m (8,400-
ft) elevation, consists of strongly plagioclase-phyric basalt that
contains about 15 volume percent plagioclase phenocrysts and less
abundant phenocrysts of olivine and clinopyroxene. Cone on south
side of Waipahoehoe Gulch, at approximately 2,860-m (9,400-
ft) elevation, consists of less porphyritic basalt that contains scattered
phenocrysts of olivine, clinopyroxene, and plagioclase

Dikes

\n:_oa Dike of the older volcanic rocks member of the Laupahoe-
hoe Volcanics (Pleistocene)—Hawaiite-mugearite, medium gray,
aphyric, and 2 m wide; intrudes cinder cone (loc) along Waikahalulu
Gulch, at approximately 2,500-m (8,200-ft) elevation

* hid | Dikes of the Liloe Spring Volcanic Member of the Hamakua
Volcanics (Pleistocene)—Basalt, dark gray, aphyric to weakly
porphyritic, and 0.3 to 8 m wide

Air-fall deposits

laf | Air-fall deposits of the Laupahoehoe Volcanics (Holocene and
Pleistocene)—Lapilli and ash, unconsolidated, bedded; black where
freshly exposed, yellowish brown where weathered; locally includes
black ash-dune deposits; only most extensive and continuous ex-
posures mapped
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Glacial deposits

Laupahoehoe Volcanics (Pleistocene)—Consists of:

Makanaka Glacial Member
Till—Diamict, massive, poorly consolidated; contains angular to
subrounded cobbles and boulders as large as 2 m or more in diameter,
in unsorted, finer grained, gray to light-yellowish-brown matrix;
cobbles and boulders mostly dense, light- to medium-gray hawaiite-
mugearite; boulder surfaces mostly light gray to tan or yellowish
brown
Outwash—Gravel, unconsolidated; consists of subrounded to rounded
cobbles and boulders similar to thaose of the till (Imt) of the Makanaka
Glacial Member

Hamakua Volcanics (Pleistocene)—Consists of:

Waihu Glacial Member
Glacial drift—Diamict and gravel. Diamict, massive to crudely
layered; consists of subangular to subrounded cobbles and boul-
ders derived from basalt flows (hlf) of the Liloe Spring Volcanic
Member, enclosed in moderately indurated, gray to yellowish-brown
to reddish-brown, unsorted matrix. Gravel, composed of layered,
sorted cobbles and boulders similar to those in diamict, occurs as
local lenses or tongues. Cobbles and boulders, concentrated as
lag deposit on surface of unit, are weathered dark gray to brown
or, locally, reddish brown; many are spalled. Dark color and spalling
of basalt boulders in unit contrast with much lighter color, absence
of spalling, and general freshness of hawaiitic boulders in both
the till (Imt) and outwash (Imo) of the Makanaka Glacial Member
of the Laupahoehoe Volcanics. Unit is predominantly till but may
include some local outwash immediately adjacent to the till
Outwash—Gravel, light gray, coarse, bedded, indurated; composed
of cobbles and boulders derived from basalt flows (hif) of the Liloe
Spring Volcanic Member; exposed only in two small outcrops at
approximately 2,560- and 2,620-m (8,400- and 8,600-ft) eleva-
tions in shallow gulch southwest of Liloe Spring

Glacial drift of the Pohakuloa Glacial Member—Diamict and
gravel. Diamict, massive, unsorted; consists of subangular to
subrounded cobbles and boulders composed of largely vesicular,
porphyritic basalt like that of the underlying basalt flows (hhf) of
the Hopukani Springs Volcanic Member, enclosed in moderately
indurated, light-gray, silty to pebbly matrix. Gravel, light gray,
layered, sorted, framework supported; consists of cobbles and boulders
similar to those of diamict; locally interlayed with diamict. In the
only exposure of the upper surface, at approximately 2,930-m (9,600-
ft) elevation on the south side of Waipahoehoe Gulch, boulders
are weathered dark brown; unit there is predominantly till but contains
some local intermixed glaciofluvial gravel

Surficial deposits

ac Alluvium and colluvium (Holocene and Pleistocene)—Sand and

gravel, derived from lava flows and pyroclastic deposits; distrib-

uted by both running water and downslope movement that is

accentuated by repeated freezing and thawing at higher elevations

s Slope deposits (Pleistocene)—Interlayered fluvial, eolian, debris-
flow and air-fall deposits. Fluvial deposits consist of gray and yel-
lowish-brown to brown, bedded, unconsolidated sand, pebbly sand,
and sandy gravel. Eolian deposits are dark-gray, laminated to
crosslaminated sand, Debris-flow deposits are yellowish-brown to
brown, massive, moderately indurated diamict that contains subangular
to subrounded cobbles and boulders in massive matrix of very fine
sand to pebbles. Cobbles and boulders in both fluvial and debris-
flow deposits are lithologically similar to nearby lava flows or boulders
in nearby glacial deposits. Matrices in fluvial, eolian, and debris-
flow facies consist predominantly of very fine grained to fine grained
volcanic sand that apparently is largely winnowed volcanic ash.
Air-fall deposits are bedded lapilli and ash identical to the air-fall
deposits (laf) of the Laupahoehoe Volcanics

Eolian deposits (Pleistocene)—Sand, dark gray, unconsolidated,
crossbedded, very fine to fine grained, angular to subangular; grains
are black to yellowish-orange, glassy, vesicular ash fragments. In-
terpreted as ash dunes derived from tephra erupted with the
Laupahoehoe Volcanics along lower southwestern flank of Mauna
Kea

|M|;N Contact—Dashed where inferred or approximately located; dotted where
concealed (unit symbol in parentheses indicates buried map unit).
Showing relative age of lava flows and cinder cones where ob-
served (O, older; Y, younger). Arrow indicates direction of lava
flow from its source vent. Internal contacts distinguish individual
lava flows and cinder cones

Glacial features

s Contact between older (O) and younger (Y) Makanaka end
moraines
—m=_..=m.. Jce-contact flow margin—Dotted where interpreted to be buried
by till. Teeth identify zones of ice-contact fabric (see text) on margins
of flows erupted onto or within Makanaka icecap
Lava-flow surface eroded by the Makanaka icecap

S
RONA | Lava-flow surface glacially eroded only by the Waihu icecap
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—+—++—+—+++ Fissure vent—Marked by elongate deposits of spatter

++++++++ Inferred fissure vent—Partly buried linear ridge with discontinuous
outcrops of agglutinated scoria

* Point vent—Lacking mappable pyroclastic deposits
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INDEX MAP SHOWING U.S. GEOLOGICAL SURVEY 71/2' QUAD-
RANGLE BOUNDARIES (DASHED LINES) AND AREA OF MAJOR
MAPPING RESPONSIBILITY (W.S. WISE, E.W. WOLFE, THIS RE-
PORT; J.P. LOCKWOOD, UNPUB. MAPPING, 1986-87)
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