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Geomorphic Relationships of Oxisols snd Ultisols on Kauai, Hawaii®

F. H. BrinrOTH, G, UEHARA, AND H. IKAWA?

ABSTRACT

A succession of Eutrustor.Eutrorthox-Gibhsiorthox-Gibbsi-
humox occurring in northeastern Kauai, Hawaii, is shown to
be a climosequence. These soils developed synchronously on
basic lavas forming one geomorphic surface of Pleistocene age.
Ultisols found along the knickpoint of this surface to recont
erosion surfaces are the result of soil creep. The mechanisms
of clay mobilizetion by soil shear caused by crecp are discussed.

Additional Index Words: soil-geomorphology, Oxisols, Ulti-
sols, soil creep.

AUAL the northernmost of the main islands of the Ha-
I( waiian chain, consists of two major geologic units: the
Waimcea volcanic series of Pliocene age which forms most
of western Kauai, and the Koloa volcanic series of Pleisto-
cene age which predominates on castern Kauai (Fig. 1).
There is a marked unconformity and hiatus between thesc
formations. Koloa lavas unconformably overlie both the
dissected Waimea formations and old sediments derived
from these rocks which form pediment-like surfaces graded
to a former base level (2).
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Fig. 1—Generalized geologic map of Kauai, Hawail, after
Macdonald et al. (2), and location of transects.
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‘The rainfall in northeastern Kauai is essentially of oro-
graphic nature and conditioned by the prevailing northeas-
terly tradewinds and by clevation. It is, therefore, lowest
along the coast and highest on the windw.rd suic o1 the
interior mountains On account of this samtall pai-cor. the
flows of Koloa lava have been more actively eroded near
the mountain ridges while dissection has been less niense
towards the coast. Thiy resulted in amphitheater-heaaed val-
leys secgmenting the gently sloping Koloa lava flows n
wedge-shaped Landscape elements,

One such landform is found i the Kamalomaloo
between the Kapaa and Anahola streams some 6 ki, north
of Kapaa (Fig. 2). This arcis way sclected to siudy soil dis-
tribution and soil-gcomorphic relationships. o wddition, a
physiographically similar area ncar the hamlet of Kilauea
was investigated with the same ohjective. (For location of
study areas, sce Fig. 1).

Ha

RESULTS
Kamalomaloo Transect

Figure 2 depicts the general geomorphic asper. of this
area and its soil pattern. A longitudinal crososecoun is
given in Fig. 3. The triangular interfluve bordered by es-
carpments caused by thc Anahola and Kapau strcans and
extending from the Kaneha reservoir 1o Kuni.kumu vijage
on the coast is considered one geomorph.. ~ .rtuce tenta-
tively named Kumukumu surlace.

The soil pattern along the central part - i this suti .ot o
logical and largely controlled by the am. nt of ranta
The sequence Eutrustox-Eutrorthox-Gihos. vritwx-C ot o
humox corresponds with a continuous increass i reaipi-
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Fig. 2—Generalized soil-geomorphic patiern wne . 0

surface, Kamalomaloo arca, NE Kauai, Hawaii 1§t

Gibbsihumox); Hn =. Hanmalei (Fluvaquentss, o i ".'..
Tropohumults); Kk - hapaa (Gibbsiort.x), 1! . shue
Eutrorthox); Pn = Puli (Eutrorthox) and rhav ... aeyh

broken land,
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Fig. 3—Kamalomaloo transect. Generalized longitudinal cross-section in central part of Knnukumu surface.

tation from 1,100 to 3,000 mm (45 to 120”) annually
(Fig. 3).

Figure 4 shows three cross-sections perpendicular to the
long axis. The sections indicate that Tropohumults are typi-
cally encounterced on the knickpoint of the Kumukumu sur-
face to the upper backslope of the recent erosion surfaces
associated with the Anahola and Kapaa streams (Fig. 4,
sections a-a' and b-b'). Where these backslopes are steeper
than 207 *'rough brokea land” (rRR) replaces the Ultisols
(Fig. 4, scction ¢-c!),

On the lower part of the Kumukumu surface the soil
pattern is somewhat more complicated because erosion en-
croaching onto the surface from the coast caused some dis-
section. In general, however, Ultisols are again mapped on
the more sloping sites whercas only Oxisols are found on
the smooth parts of the landscape (Fig. 4, scction a-at).

Kilauea Transect

This transect is located in a similar geomorphic position
as the Kamalomaloo transect. In fact, the geomorphic sur-
face at Kilauea is considered part of the Kumukumu sur-
face. The soil pattern follows an identical trend and the
sequence Eutrustox-Eutrorthox-Gibbsiorthox-Gibbsihumox
correlates with annual rainfall increasing from 1,250 to
2,500 mm (50-100") (Fig. 5).

DISCUSSION

The occurrence and distribution of different Oxisols on
the central part of the Kumukumu surface is a logical con-
sequence of the pedogenetic conditions prevailing in this
arca. The Kumukumu surface is less than 1 million years
old and thus much younger than most surfaces where in-
situ Oxisols are customarily encountered. However, it
should be noted that the process of formation of oxic hori-
zons is significantly accelerated by readily weatherable

Table 1—Classification of soils of the study area according to
US Soil Taxonomy

Order Subg roup Family Serles

Onlsols Tropeptio Eutrustox olayey, koallnitic, {schyperthermie Likue
Tropspiie Eutrorthon clayey, oxidie, ischyperihermie Publ
Typlo Otbbalorthon olayey, oxldio, ischyperihermie Kapas
Typie Olbbathumon + slayey, lerrillo, 1sothermio Halll

Ultisole  Orthonio Tropohumulia olayey, oxidie, Isohyperthermio lolean

basic rocks such as the olivine basalts ana melilite basalts
of the Koloa volcanic serics. The central part of the wedge-
shape landscape clements (Fig. 2) that have beer aftected
neither by paraticl slope retzcat nor by sheet crosion under
natural vegetation, constitutes a stable surtace. It is consid-
cred onc geomorphic surface because it onginated 1 all
parts during the same voleanic activity und because no cy-
carpments or knickpoints could be detecied “Thus, time
zero for soil formation is equal everywhere on the surface,
While no precise figure can be given for the age of the
Kumukumu surface, it must be between 0.5 and | million
years, because Koloa volcanism began probably in late
Pliocene time and extended through midPleistocene (2).

The climate during the period since soil formatipn
started on the Kumukumu surface until today has not begn
constant. Climatic changes concurrent with glacial and {n-
terglacial epochs during Pleistocene caused fluctuations ‘{n
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both rainfall and temperatures. These changes affected rain-
fall and temperatures intensities but not the pattern (2).
Relative weathering inteasities on the Kumuhuma surface
were, therefore, identical to those of today.,

Table 1 shows the classitication of typical soils of the
sty area, The listing indicates a sequence in soil miner-
alogy from kaolinitic to oxidic to ferritic when going from
ustic 1o udic soil maisture regimes. Because all soils on the
central undissected part of the Kumukumu surface are de-
veloped in situ, occur un one geomorphic surface, and
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Fig, 8—Shear planes in Ioleau soil. Note root mats along sev-
eral slope-parallel shear planes.

there is no appreciable difference in lithology on this sur-
face, the formation ol different Oxisols must be controlied
by the amount of rainfall, both past and present, ‘The suc-
cession Futrustox-Lutrorthox-Cabbsiorthox-Cibbsibuniox s
therefore clearly a climosequence. The geness of the Gibb.
sihumox has been studied in detail by Sherman et al. (4),
The formation of the Eutrustox is likely related to a paleo-
climate with higher rainfall than today. ‘The relatively high
hase saturation status of the Eutrustox and Eutrorthox may
he partially caused by splash carried inland by the prevail-
ing easterly winds from the ocecan.

The Oxisols-Ultisols relationships on northeastern Kauai
arc intnguing. As shown on Fig. 4, Ultisols generally occur
on steeper slopes than Oxisols on surfaces related to the
present dussection of the Kumukumu surface. These steeper
surfaces appear to be less stable than the almost level sur-
faces vhere Oxisols occur. An indication of the instability
arc shear planes that were observed in the upper soium of
the Ultisols. Figure 6 shows such shear planes which are
accentuated by roots growing along the plane. These shear
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Fig. 7—Sketch illustrating different stages of dissect. .o of an
Oxisol-surface and the resulting Inceptisol-Ultisol-Oxisol pat.
tern. a . ., undissected; b . . ., modeutely di.sected; and
c...strongly dissected. »
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planes result from soil creep along and below the knick-
point of the Kumukumu surface to the recent erosion
surface, This shear process causes i breakdown of the struc-
tural skeleton of the clay and a disruption of the interpar-
ticle bonds of the stable fabric (1). The clay which is
apparently immobile in Oxisols is reactivated in this man-
ner, can be translocated and thus form the clay films that
give rise to an argillic horizon. This model which was de-
veloped for the geomorphic relationships between Lihue,
Puhi, .and toleau soils on Kawdi could also exoliain the
Wahiawa-Manana (Futrustox-Tropohumults) on Oahu, Ha-
wail, and Niu-Pan Opae (Haplustox-Tropohumults) associ-
ations on Kaual, Hawan, Figure 7 shows a schematic sketch
of an Ovisol-surface in different stages of dissection and the
ensuing soil pattern. This pattern is consistent with and cx-
plains the detmled soil maps prepared by the Soil Conser-
vation Service, USDA (5).

An ointeresting case presents ibselt when Oxisols essen-
tinlly devoid of siticate clay are subjected to soil creep. No
clay skins can be gencrated in this case and Oxisols should,
therefore, juxtapose Inceptisols, A situation substantinting
this point was actually encountered on a steeper sarface next
to a Puhi soil. In this case Oxisols are found on rather steep
slopes, but it must be stressed that they did not form there.

From the discussion above, it is evident that the adjoin-
ing Oxisols and Ultisols must be essentially identical in
their chemical and mineralogical properties. This is re-

.

flected in the classification of the Puhy and loleau soils:

Tropeptic Eutrorthox; clayey, oxidic, isoliyperther . 0 vs,
Orthoxic Tropohumults; clayey, oxidic. iwobyp. : :nue,
In a logical application of the concepts prosented - e, it
must be concluded that the soils adjacent o the 1, ails

on steeper vlopes should be classificd as Oxic Hap. © taiiy,
clayey, kaohmitic, isohyperthermic,

The concepts and models outlined dhove W i
cal ot this point and are basad on limited ficld o v o2y
However, they appear substantial enough o wirrin. thoe
testing through more extensive geomor;hic and micsemor-
phologic studies in Hawair and elsewhere. Vhis should con-
tribute to a better understanding of the ninicute Oxiso'ss
Ultisols relationships in the tropics.
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