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Geomorphic Relationishiis of Oxisols vld Ullhioilm on Kauai, llawaii t 

F. H. BEINROTii, G. IJEUARA, AND H. IKAWA3 

ABSTRACT 

A succession of Eutrustos.Eutrorthox.Cibhsiorthox-4ibbsl. 
humox occurring in northeastern Knuai, Hawaii, is shown to 
be a climosequcnce. These soils developed synchronously on 
basic lavas forming one geoniorphic surface of Pleistocene age. 
Ultisols found along the knickpoint of this surface to recent 
erosion isrfaces are the result of soil creep. The mechanisms 
of clay mobilization by soil shear caused by creep are discussed. 

Additional lmlcx %Vords:soll-geornorphology, Oxisols, Uli. 
sos, soil creep. 

K AUAI. the northernmost of the main islands of the Ha- 

waiian chain, consists of two major geologic units: the 


Waimea volcanic scics of Pliocenc age which forms most 

of western Kauai, and the Koloa volcanic series of Pleisto-

cene age which predominates on eastern Kauai (Fig. I). 

There is a marked unconformity and hiatus between thesL
 
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. I-Generalized geologic map of Kauai, Hawaii, after 
Macdonald et al. (2), and location of transects. 
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"[he rainfall in northcastern Kauai is essentially of oro
graphic nature and conditioned by the prevailing northca,. 
terly tradewind and hy clc ation. It is, nicrefore, l vcst 
along the coaist and highest on the wjnd,.,:d side o1 the 
interior mountain On account of this i.aiinill p.,;.. 0n; 
flows of Koloa lava have hccn more acti cly er,,,c1 near 
the mountain ridge% while di%section has b:en less !i.:cnsc 
towards the coast. 'Ihi rcsiillcd in amphitlicatcr-hea, ed val-
Icys segmenting the gently %loping ; olo, las.s fls4, in 
wedge-shaped landscape c4,nCt1,. 

One such landform is found in thc Kainalonilo,, 
between the Kapaa and Anahiola straniis onie 6) ki,, north 
of Kapaa (Fig. 2). "lhis area wa selecd to sitItiv .Oil d1
tributior. and soil-geomorphic rclalionship. In .ddition. a 
physiographically similar area near the hamlet of Kilauca 
was investigated with the same ohje,.tive (For location of 
study areas, see Fig. I). 

RIESULTS 

Kamahomalo Transct 
Figure 2 depicts the general geomorphic i pc,. .-I this 

area and its soil pattern. A longitudinal cr,,,-ec.,i,, is
given in Fig. 3. The triangular interfluve h,,rdcrcd hy es
carpments caused by the Anahola and Kap.,a strt.rim and 

extending from the Kaneha reservoir to Kun..tnimi %,i;age 
on the coast is considered one geomorpl-. .rt,.'e tenta
tively named Kumukumu surface. 

The soil pattern along the central part . i ths s,i; ., 
logical and largely controlled by the am, nt ot r.'. I 
The sequence Eutrustox-Eutrorthox.Gihn,,:):,ox-(.s,1- i 
humox corresponds with a continuous incre.... in ,rckipi-

Y, 

"'gA"° 

xut N,-*u 

Fig. 2-Generalized soil.geomorphic patira . ,. 
surface, Kamalomaloo area, NE Kauai. Ilawiill . :% 
(Gibbsihumox); fin H-lanalei (Fluvaq'nc.it, , Is, 
Tropohumults) Kk Isapas (Gihbsiort.,, %I, I I h. 

(Eutrorthox); Pn = Puhi (Eutrorthos) sld rhi .. wgh
broken land, 

http:Fluvaq'nc.it
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Fig. 3-Xmalomaloo transect. Generalized longitudinal cross-section in central part of Kitnukurnu surface. 

mm (45 to 120") annually basic rocks such as the olivine basalts and melilite basaltstation from 1,100 to 3,000 
(Fig. 3). of the Koloa volcanic series. The central part of the wedge-

Figure 4 shows three cross-sections perpendicular to the shape landscape elements (Fig. 2) that have beer aftected 

long axis. The sections indicate that Tropohumults are typi. neither by parallel %loperct,-a! nor by %hceterosion kinder 

cally encountered on the knickpoint of the Kumukumu sur- natural vegetation, constitute'% a stable mni face. It is consid
face to the upper backslopc of the recent erosion surfaces ered one geomorphic surface hecause it orinated in all 
associated with the Anahola and Kapaa streams (Fig. 4, parts during the same volcanic activity nd hecaiv,e no cj
sections a-a' and h-h'). Where these backslopcs are steeper carpments or knickpoints could be dclecctd 1hus, time 
than 20% "rough broken land" (rRR) replaces the Ultisols zero for soil formation is equal everywhcre on the surface. 
(Fig. 4, section c-c'). 	 While no precise figure can he given for the age of the 

On the lower part of the Kumukumu surface the soil Kumuktmu urface, it must he between 0.5 and I million 
pattern is somewhat more complicated because erosion en- years, because Koloa volcanism began probably i late 
croaching onto the surface from the coast caused some dis- 'liocene time and extended through midPleistocene (2). 
section. In general, however, Ullisols are again mapped on The climate during the period since soil formation 
the more sloping sites whereas only Oxisols are found on started on the Kumukumu surface until today has not be~n 
the smooth parts of the landscape (Fig. 4, section a-a'), constant. Climatic changes concurrent with glacial and in

terglacial epochs during Pleistocene caused fluctuations .in 
Kilauea Transect ELEVATION 

This transect is located in a similar geomorphic position INm I ,,tAo 
as the Kamalomaloo transect, In fact, the geomorphic sur- -- Oa"--- Y 

face at Kilauea isconsidered part of the Kumukumu sur- o./ 
C-'

face. The soil pattern follows an identical trend and the 13I 0 

Y /sequence Eutrustox-Eutrorthox-Gibbsiorthox-Gibbsihumox W35 

correlates with annual rainfall increasing from 1,250 to N 
2,500 mm (50-100") (Fig. 5). 

DISCUSSION 

The occurrence and distribution of different Oxisolis on AM 0 
AVthe central part of the Kumukumu surface is a logical con- so '.- 'WAY 

sequence of the pedogenetic conditions prevailing in this SW NE 
area. The Kumukumu surface is less than I 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- No,os ,Ase, . t, N too Lem I* ,M " 

zons is significantly accelerated by readily weatherable 75 II 1111" I 

Table 1-Classification of soils of the study area according to 401 I1. 
US Soil Taxonomy 	 0'I fa-ag 

KA A 1 	 AmAOLA AmmOLANUMUKUMU 
Order SuWIgroup ramly Ierlee ISTRAM SclOOi. STCAM 

Ol ta 	 Troppio Eiruetoa €layey. koliallne, Ieokyperthetmle L/M e 
Tropept Euatortho ctayy, oxdie, lohypert@rmic Paki 8 
Typic Oibbalorthox laysy, oidlo, Iohyperthrmle Kape 
Typis Olbbalkbo elayy, terrlto, Ioermio IiIII Fig. 4-Kamalomaloo transect. Cross.soctlons of Kunul uiu 

Utileele Oefboale Tropohclke l'l*. e0411die, 100"F9116 11 Wa surface perpendicular to long axis. See Fig. 2 for legend. 
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Fig. 5-Kilauea transect, longitudinal rros.s'ction. 

both rainfall anti temperatures. These changes affected rain- there is no appreciable dilfcrce in lithology on this sur
fall and icnipe;tues intensities but not the pattern (1), face, the formalion oL diflereilt ()xiso(i mts,,the conlrolled 
Relative wc."itheling intensities on the Kuntkunw surface fly the amount of rainfall, both past and present, I he stc. 
were, therefoi e, ideat ical ito those o1 today. cession I ll rrIhix.(,0hlbiolthox.( *hhsi hunti Iurustox-is 

Table I .hov% the clasilication of typical soils of the therefore clea ly a clinioequence. I he gencs, of the (iihb.stuldy aire,"lhe listing indie.ates ;isequence in soil niner- sihunox has been sttulied in detail by Sherman ct al. (4). 
alogy from kaolinitic to oxidic to fcrritic when going from Ihe formation of the EI.utrustox is likely rclatcd to a palco
ustic to udic %oilmoisture regimes, Because all soils on the climatc with higher rainfall than today. i he relatively high
central undissected part of the Kumukumu surface arc de- base saturation status of the lFult~stox and l".trorthox may
veloped in situ, occur on one geomorphic surface, and be parti~lly caused by splash carried inland by the prevail. 
Pi% 0 0. r"-,: .R Or" T ,' ing easterly winds from the ocean. 

[lie Oxisols-Ultisols relationships on northei.wein Kauait are intriguing. As shown on Fig. 4, UItisols generally occur 
Ion steeper slopes than Oxisols on surfaces related to the 

pr:sent d:,section of the Kunukunit surface. [hess steeper 
" ""- .. surfaces appear to be less stable than the almost :e'el ,,ur. 

i, , ,~' faces vheie Oxisols occur. An indication of the instability 
. .. 
 are shear planes that were observed in the upper sokum of 

. the Ultisols. Figure 6 shows such shear planes which are 
,"- accentuated by roots growing along the plane. These s'car.i 

LT ULTI" 
SOLS SOLS so'S I 

t * -SHElARi KAlNlIS _- SOIL CRII[P 

- ,, g"u "" 
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• A. ii . . [ 

C 

.. L4 _. O*l'L'I0
 
$
-- ISL O I O LS OLot 

II NCP - u i IIN, I 

• . C O-,.O,* .S ..


, ,,., .€ ., i d ., . ll Fig. 7-Sketch Illustrating different stages of dissect. ,n,I'Ai. 

Oxisol-surlace and thle resulting InceptisoI.Ultisol.O~d~ol pat.
Fig. 0-Shear planes in Ioleau soil. Note root mats along sev. tern, a . . . undissccted1 b , . . moderately di sected; and 

era! slope-parallel shear planes. ce... strongly dissected. . ... 

I 
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planes result from soil creep along and below the knick-
point of the Kunkumu surface to the recent erosion 
surface. This shear process causes a breakdown of the sitic-
tural skeleton of the clay and a disruption of the intcrpar-
ticlo bonds of the stable fabric (I). "[hc clay which is 
apparently imnobile in Oxisols is reactivated in this man-
ncr, can be Iranlocatcd and thus form the clay filns that 
give rise to an airgillic horizon. Ibis model which was de-
vcloped for the gcomorphic relationships betwcen L.ihtrc, 
Puhi. and lole soils on Kauai could also exsIlain the 
Wahiawa-MNianana ([utriistox-Tropohumults) on Oahu. Ha-
waii, and Ni u Ilaehitox-1 roohutiits) associ-\-I Ojxi" 
ations on Kauai. ILmai . Figure 7 shoms, a schemaitic sketch 
of an Oxisol-surface in different stages of disseclion and the 
ensuing soil pattern. This pattern is consitenl %%ith and cx
plains the detailed soil maps prepared by th- Soil ('onser. 
valion Serkice. U.S)A (5). 

Ant inies"itc-ig case pimt'its itscll sOhwn ()xisols escn-
lially devoid (if sii.atc clay ,ire s',ijecicc it) soil creep. No' 

clay skins cart le generated in thik case and Oxisols %hould, 
therefore. juxiaposc Inceptisols. A situation substantiating 
this point was acltually encountered on a steeper surface next 

tO Phon ate rther steepOxisols ae found onto a Puhi soil. In this case 
slopes, but it niust be stressed that they did not form there. 

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

flected in the classification of the Ptuhi and Iolcau soils: 
1ropeplic 1:hurorlhox; clayey, oxidic, io. &>.wrtiw' vs. 
Orthoxic "iropTohtomulls; clayey, oxidic. ;,u!yp. mic. 
In a logical ;i)plicalion of the concCpt, r, SCA,0,; ,. it 
must be concluded that the soil%adjacent to I., ai 
on steeper rlopcs should be classified as Oxic flap. : iis, 
clayey, knolinitic, iohyperther inic. 

The concepts and modcls outlined :; ... 
cal at this point and are hasLd o limitcd fleihi ',. . ,),s 
However, they appear subslantia! enough _, wl. ;, 
testing through more extensive eeonior,,hic and nic;en,,r
phologic studies in ilawaii and clsehero. 'h shotilJ cor,. 
tribute to a better tinderstanding of the ,.iricatc x:so!o 
Lllti%ols relationships in the tropics. 
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