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By G. ,J. HOUGH, assistant chemist, and P. L. GILE, senior chemist, Division of 
Soil Chemistry and Physico, and Z. C. FOSTER, assistant soil S1lrllcyor, Division 
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INTRODUCTION 

In a. previous bulletin (7) 2 dealing with Hawaiian soils, particular 
attention was given to the kinds of colloidal material developed under 
high and low rainfalls. The analytical data reported were obtained 
from seven profiles developed under rainfalls ranging from 20 to 104 
inches annually. Fuurteen more profiles have since been analyzed. 
These include examples of exceedingly young, young, and old profiles 
e}"-posed to rainfalls of 18 to 273 inches. It is the purpose of this 
bulletin to show whu.t the available data indicate as to the general 
course of soil weathering in the Hawaiian Islands and the chemical 
types of soil profiles developed. 

It is realized that the deductions made here as to soil weathering 
and profile development in the Hawaiian Islands are not comprehen­
sil:e or conclusive. But even if they should 'prove to be erroneous, 
tlBy may help to develop the subject by directing inquiry or the 
a~uisition of more data. An adequate treatment of such a subject 
iSdtsualiy obtained only by growth.

::4 review of the literature dealing with the chemical composition 
of-JIawaiian soils is given in the previous bulletin (7) and in the book 
o~awaiian soils compiled by Moir et al. (11). 

':S§,mitted forpuhllcation June 5, 1940. 
1 Italic numbers in parentheses reler to Literature Cited, p. 4:<1. 
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DESCRIPTION OF THE PROFILES 


The analytical data pertaining to the seven proftles published pre­
viously are used in a recalculated form in many of the tables shown 
here. The profile numbers 15, 16, 17, 18, 19, 20, and 21 in this 
bulletin refer respectively to the proftles numbered 1, 3, 7, 6, 2, 4, 
and 5 in the previous bulletin (7). 

The 14 new proftles selected for differences in their ages and in 
the rainfalls to which they are exposed were collected by L. R. Smith, 
formerly of the Division of Soil Suryey, and by Z. C. Foster, of the 
Division of Soil Suryey, Bureau of Plant Industry. Their descrip­
tions of the proftles are given below. 

EXCEEDINGLY YOUNG PROFILES 

PROFILE 1, LABORATORY Nos. C1610 TO C1612.-Kilauea Spe­
cial. Rainfall, 100 inches; elevation 3,800 feet; parent rock, yolcanic 
cinders and clinkers from Yery young ej ecta. Samples taken May 
16, 1936, from fl, semiyirgin roadside location, on a gently sloping 
spur of Kilauea Volcano in the Kilauea truck-farm region on the 
island of Hawaii. 
01610, 0 to 7 ir..chcs, friable or soft friable, dark grayish-brown light clay loam, 

with poorly defined crU1llb structure; when moist, pressing out into %­
inch layers. Easy augur twist and pull; large number of small roots and a 
few worm channels. 

01611, 7 to 18 inches, friable, brown light clay loam, with poorly defined crumb 
structure; when moist, pressing out into lis-inch layers. Easy augur 
twist and moderate pull. Moderate number of small roots and a few worm 
channels. 

01612, 18 to 27 inches, friable, dark reddish-brown loam, with poorly defined 
coarse-crumb structure. Easy augur twist and moderate pull. Moderate 
number of small roots below 27 inches. Oinders and clinkers. 

PROFILE 2, LABORATORY Nos. 01613 AND CI614.·-0Ioa clay loam. 
Rainfall, 150 inches; elevation, 75 feet; parent rock, A.a lava rock, 
geologically recent. Vegetative coyer consisted of guava and lantana. 
Sample taken May 14, 1936, on Kinoole Street extension, at Villa 
Franca, Hilo, island of Hawaii. 
01613, 0 to 9 inches, mellow, granular, dark grayish-brown clay loam mixed 

with rock fragments. Moderate number of small roots and a few worm 
channels. 

01614, 9 to 24 inches, soft, friable, granular, yellowish-brown clay mixed with 
fragmentary rock. 

PROFILE 3, LABORATORY Nos. C1615 AND C1616.-0hia special. 
Rainfall, 175 inches; elevation, 1,000 feet; parent rock, moderately 
dense pahoehoe lava rock. Sample taken May 14, 1936, from a 
gently sloping area on Oloa plantation, Ohia; on a side road 2,429 
feet from highway between Ohia and Eleven-mile Homestead, Ohia, 
Olaa, island of Hawaii. 
01615, 0 to 7 inches, soft friable, dark brownish-gray light silty clay, with moder­

ately well-defined, coarse-crumb structure, plastic upon crushing. Large 
number of small roots and a few root channels. 

01616, 7 to 15 inches, soft friable, dark yellowish-brown silty clay with slight 
reddish cast, moderately well-defined crumb structure. Small number of 
small roots. Moderately dense prehistoric pahoehoe lava rock below depth 
of 15 inches. 
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YOUNG PROFILES 

PROFILE 4, LABORATORY Nos. C1627 TO C1629.-Waikiki. Rain­fall, 20 inches; elevation, 2,630 feet; rock material, volcanic ash.Vegetative cover: Akia, unhaloa, tarweed, clover, rattail, Natal gruss.Sample taken May 12, 1936, on moderately sloping land at edge of 11shnllow dry gulch, 4.4 miles towards Kona from Wl1ikiki turn-off atprison camp on main road. South Kohala, island of Hawaii.
C1627, 0 to 10 inches, dark reddish-brown light sandy clay loam. Friable,moderately well-defined cOfir~e-crumb structure. A large number of Slllallroots.
C1628, 10 to 21 inches, dark reddish-brown light sandy clay loam. Friable,moderately well-defined, large crumb structure, breaking down to a mellowmaterial. A moderate number of smal\ roots.C1629, 21 to 4.0 inches, dark brown with reddish cast, light loam. Mello,,',moderately well-defined small lIutlike structure. A few worm channels.

PROFILE 5, LABORATORY Nos. C1617 TO C1621.-Moaula light clayloam. Rainfnll, 50 inches; elevation, 1,600 feet; parent rock, volcMicash over lava. Taken May 18, 1936, 1 mile west of Pal1ll1a on slopeof Mauna Loa, Pahala; Kau, island of Hawaii.
CI617, 0 to 6 inches, dark grayish-brown light clay loam.
C1618, 6 to 23 inches, yellowish-brown silty clay loam. 
 Poorly defined fine-crumbstructure, soft and friable.

C1619, 23 to 42 inches, strong yellow-browlJ silty clay loam.
small-crumb structure, soft and friable. 

Poorly defined
Contains remnants of scoria.C1620, 'J2 to 75 inches, reddish-brown or reddish-yellow silty clay. Moderatelywell-defined coarse-crumb, breaking down to fine-crumb structure. Softand friable, but sticky when wet.

CHin, 75 to 96 inches, strong reddish-yellow silty clay. Moderately well-definedcrumb structure. Soft and friable; rolls to a sticky condition.
PROFILE 6, LABORATORY Nos. C1607 TO C1609.-ILonokohnll siltyclay lonm. Rninflill, 65 inches; elevation, 1,500 feet. Pnrent rock,at 25 inches moderately dense prehistoric pahoehoe lava. Vegetative('.o\'er: Crotalaria, honohonll, hilo grass, tarweed, guava, and coHee.Taken 11ay 4, 1936, on slope of 11auna Lon" 317 feet north of entranceto Hull's hotel on main highway. Honokoha,u, Kona, island ofHawaii. 


C1607, 0 to 9 inches, grayish-brown silty-clay loam, soft, friable, with moderately
well-defined small nutlike structure; breaking down to poorly defined granularstructure; when damp, pressing out into Ys-inch layers. Large nnmber ofsmall roots, moderate number of medium-sized roots, and a few root channels.(11608, 9 to 17 inches, yellowish, mellow to plastic, :,ilty clay; with moderatelywell-defined fine nutlike structure; breaking down to poorly defined small­crumb structure; pressing into Ys-inch layers when damp. Few roots andfew root channels.
C1609, 17 to 25 inches, brown, mellow to plastic, silty clay; with poorly definedsmall-crumb structure; when moist, pre:;sing into X-inch I!tyers. A fewsmall roots. Underlain by moderately dense pahoehoe lava.

PROFILE 7, LABORATORY Nos. C1633 TO C1636.-Kaieie heavy siltyclay. Rninfnll, 175 inches ; elevation, 900 feet; parent rock, 'Tolr-anieash. Sample taken May 14, 1936, on gently sloping side of a smnllknoll, 1.961'. ':€:; from inland on main cane road, Pepeekeo plantation,317 feet towards Hilo on a branch road; Pepeekeo, Hamakua, islandof Hawaii. 
C1633, 0 to 6 inches, pale yellowish-brown heavy silty clay; friable to plastic,granular.
C1634, 6 to 18 inches, dar!; yellowish-brown clay; soft, friable to. plastic, withpoorly defined crumb structure; when very wet, pressing into ~-inch layers. 
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C1635, 18 to 25 inches, brown Illay, friable or plastic, poorly defined crumb struc­
ture; pressing into )Is-inch layers when very wet. 

C1636, 28 to 38 inch~s, reddish yellowish-brown clay. Soft, friable to plastic, 
poorly defined crumb structure; very wet, pressing into Ys-inch layers. 

PROFILE 8, LABORATORY Nos. C2271 TO C2277.-Hilo silty clay 
loam. Rainfall, 188 inches; elevation, 200 feet; volcanic ash over 
lava. Vegetative cover: Grass with guava shrubs. Sample taken 
October 9, 1936, from a pit opposite Kalooa garage on mainroad, 1 
mile north of Papaikou, island of Hawaii. 
C2271 , 0 to 9 inches, pale medium-brown silty clay loam. The skucture in 

places is a medium crumb, bound into soft lumps by the numerous grass 
roots. The lumps are easily friable under moderate pressure, but ribbon 
roughly under hard pressure. The material is slightly plastic. It is wet, 
but the wetness is not apparent until pressed. Roots are plentiful. 

C2272, \} to 28 inches, yellowish-brown silty clay tinged with red. Moderately 
well-defined, irregular nutlike structure that is very easily friable to weIl­
defined firm flaky crumbs. These large crumbs may be Cl'ushed to a soft fine 
crumb under moderate pressure. Under strong pressure the material is 
slightly cohesive, and very slightly plast,ic. This layer is wetter than the 
surface layer, although the wetness is not apparent until pressure is applied. 
Roots are plentiful.

C2273, 28 to 31 inches, grayish-brown clay, containing numerous fragments of 
rotten rock. The rock vm'ies in color from grayish brown at 28 inches to 
rusty red at 31 inches. The material digs out in moderately firm, irregular 
chunks that may be crushed to medium crumbs under moderate pressure. 
This horizon is moderately plastic and much more firm and cohesive than the 
layer above. 'Wetness is similar to the layer above. There are numerous 
roots. 

C2274, 31 to 42 inches, yellowish-brown silty clay that digs out in irregular 
chunks easily friable to a well-defined, medium-crumb structure under 
moderate pressure. The crumbs may be broken down to very fine particles 
if care is taken. '1'he material is slightly plastic and is not strongly cohesive. 
The apparent wetness is greater than that of any layer above. Roots are 
present in moderate amotlnts. 

C2275, 42 to 72 inches, dull yellowish-brown heavy silty clay or clay. The 
material digs out in irregular chunks, the vertical cleavage planes of which 
have a glistening sheen and horizontal planes of which are dull. The mass 
is very slightly vesicular. The chuuks arc less easily friable thau the horizon 
a'i)OVe, to a moderat,ely well-defined, medium-sized crumb that may be crushed 
further if care is taken. The material is moderately plastic and more sticky 
than the layer above. It is similar in most physical characteristics except 
eolor and the presence of rotten rock to the material immediately above it. 
Roots are present. 

C2276, 72 to 78 inches, reddish-brown (splotched with yellow and yellow brown) 
sandy clay. The material digs out in irregular, soft pieces that are very 
easily friable to gritty, slightly granular crumblike fragments. The material 
is saturated with water. It is not plastic. There are numerous rotten rock 
fragments that hre the color of the soil. Roots are few to none. 

C2277, 78 to 88 inches, yellowish-brown sUty clay or clay with a reddish hue. 
The material digs out in irregular nutlike pieces that are moderately friable 
to slightly cohesive medium-sized crumbs. These crumbs cannot be broken 
down further under natural moisture conditions. The material is slightly 
plastic. It ifl very wet, but the wetness is not apparent as in the layer above. 
Roots are absent. 

PROFILE 9, LABORATORY Nos. C2278 TO C2285.-Kaiwiki silty clay 
loam. Rainfall, 273 inches; elevation, 1,150 feet; parent rock, 
volcanic ash over lava. Samples taken from cane land with an average 
slope of 12 percent, 3.2 miles north of Hakalau, iEIand of Hawaii. 
C2278, 0 to 9 inches, grayish-brown silty cln;v loam having a r('ugh nutlike struc­

ture that easily breaks down to crumbs. The immediate surface has a 
granular structure. Dehydrated particles are noticeable throughout. Very 
wet, slightly sticky, but not plastic. Some of next Jayer mixed in, due to 
deep plowing. 
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C2279, 9 to 14 inches, yellowish-brown silty clay with a reddish cast. Crumb 
structure that smooths out with pressure. Vesicular, friable. Apparently 
not as wet as surface soil. Low volume weight, numerous roots. 

C2280, 14 to 26 inches, dark-brown plastic silty clay with an irregular nutlike 
structure that breaks to a crumb and finally smooths out with pressure. 
Vesicular. Slightly sticky. More cohesive than above layer. Plastic but 
not strongly cohesive. Sticky and slight.ly wetter than above layer. 

C2281, 26 to 31 inches, dull-brown to dark-brown silty clay containing some 
fragments of a light, porous rocklike, material, locally called scoria. Struc­
ture about same as layer above. Blastic but not strongly cohesive. Sticky
and slightly wetter than above layer. 

C2282, 31 to 36 inches, slight yellowish-brown or buff-colored silty clay with a 
large irregular nut structure breaking to a crumb, destroyed by slight pres­
sure. Vesicular. Loosely friable but sticky with pressure. 

C2283, 36 to 42 inches, yellowish-brown silty clay with same structure as above 
layer but more friable. Apparently not as wet. More vesicular. 

C2284, 42 to 51 inches, brown silty clay splotched with light gray. Poor nutlike 
or poor crumb structure. Wetter, less friable, and less vesicular than above 
layer. 

C2285, 51 to 66 inches, massive grr,y clay with light specks of undecomposed 
rocks and white specks resembling fungus growth. Plastic and stiff. This 
layer is underlain by lava. 

OLD PROFILES 

PROFILE 10, LABORATORY Nos. 01646 to 01648.-Pulehu. Rain­
fall, 18 inches; elevation, 1,450 feet; parent rock, lava with probably 
some alluvium. Vegetative cover: Opuntius and several unidentified 
xerophytic plants. Sample taken May 18, 1936, on a gentle slope 
nt break of rondside ditch, 2.58 miles down old Wniluku road from 
Pulehu, island of Mam. 
C1646, 0 to 10 inches, dark yellowish-brown clay loam with slight reddish cast. 

Hard, friable, moderately well-defined large-crumb structure; breaking down 
into poorly defined granules. Large number of small roots, average number 
of medium-sized roots. 

C1647, 10 to 45 inches, pale-brown silty clay, with a slight cast of red. Hard, 
friable, to hard moderately well-defined clod structure, breaking down suc­
cessively to coarse nutlike and crumb structure; stiff upon moistening. 

C1648, 45 to 60 inches, dark grayish-brown silty clay. Hard, friable, moderately 
well-defined coarse-crumb struoture, plastic and sticky when moistened. 

PROFILE 11, LABORATORY Nos. 01655 to 01657.-Ewa. Rainfall, 
22 inches; elevation, 97 feet; parent rock, alluvium from old Trsidual 
materials. Sample taken May 20, 1936, where an alluvial terrace 
breaks into a gulch 317 feet ups~ream from road, just below and parallel 
to main highway to Waianae, island of Oahu. 
C1655, 0 to 12 inches, light grayish-brown clay ,dth slight reddish cast. Mellow, 

moderately well-defined fragmental structure, breaking down into poorly 
defined granules; moderate number of small roots. 

C1656, 12 to 32 inches, hard, friable, moderately well-defined fragmental struc­
ture, breaking down into hard-crumb structure. Dark yellowish~brown with 
slight reddish cast silty clay. Smallnulllber of small roots. 

U1657, 32 to 50 inches, dark yellowish-brown clay with slight reddish cast. 
Mellow, poorly defined fragmental structure; breaking into poorly defined 
granules. 

PROFILE 12, LABORATORY Nos. 01652 TO C1654.-Kipapa. Rain­
fall, 36 inches; elevation, 540 feet; parent rock, basaltic lava. Sample 
tnken May 20,1936, on the break of a level plateau to a gulch located 
on north side of main Kipapa gulch, southwest of bridge on old 
abandoned road grade, Wahiawa, island of Oahu. 
C1652, 0 to 14 indIes, dark-brown clay with a slight reddish cast. Mellow, 

moderately well-defined fragmental structure, breakilig down into poorly 

http:slight.ly
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granular; dry, easy to smear, stiff plastic and tight rolling upon moistening. 
Moderate number of small roots. 

C1653, 14 to 27 inches, yellowish, reddish-brown clay. Mellow, moderately 
well-defined fragmental structure; breaking down into poorly defined gran­
ules; stiff plastic when moist. 

C1654, 27 to 50 inches, reddish-brown clay. Hard, friable, moderately well­
defined fragmental structure; breaking down into hard moderately well­
defined coarse-crumb structure. 

PROFILE 13, LABORATORY Nos. 01643 TO 01645.-Lupi. Rain­
Jall, 100 inches; elevation, 1,000 feet. Parent rock, lava. Sample 
taken May 18, 1936, on a moderate slope from a cut bank scraped 
back to natural moistW'c conditions, 0.5 mile south-southeast from 
triangulation point on Kauai 0 Kamelmeha about halfway between 
rain gages located on Puimalei and Lupi camp, island of Maui. 
C1643,. 0 to 10 inches, yellowish-brown clay; stiff, plastic, with moderately \\'ell­

defined small nutlike structure; when very wet, pressing into X-inch layers. 
Large amount of small roots, and a moderate number of medium-sized roots. 

C1044, 10 to 25 inches, strong yellowish-brown clay with slight reddish cast; 
stiff, plastic, with moderately wcll-defined sIIlall uutlike structure; whcn wet, 
pressing into J4-inch layers. Modcrate number of small roots. 

C1045, 25 to 40 iuches, pale yellowish-brown stiff, plastic clay with slightly 
reddish cast, with moderately well-defined fragmeutal structure; breaking 
down into moderately well-defined crumb structure; when wet, pressiug into 
J4-inch layers. 

PROFILE 14, LABORATORY Nos. 01649 TO 01651.-WahiawaForest. 
Rainfall, 140 inches, elevation, 1,360 feet. Parent rock, basaltic lava. 
Vegetative cover: Noddin~ club fern, paperbark, species of Paspalum, 
hilo grass, guava, horsetml, and Koa. Sample taken May 20, 1936, 
on a moderate slope about 30 feet north of the road, 1J 341 feet inland 
from the forest reserve gate, east of Wahiawa, island of Oahu. 
C1049, 0 to 10 inches, grayish-brown, stiff clay, with moderately wel!-defined 

coarse-crumb structure, breaking down to poorly defined finer crumb s·l;ruc­
ture; when very wet, pressing into %-inch layers. I.u,rge amount of small 
roots, and moderate amouut of medium-sized roots. 

G1050, 10 to 25 inches. stiff, reddish-brown clay, with moderately well-defined 
coarse-crlmb structure: breaking down into plastic poorly defined granules; 
when wet, pressing into J4-inch layers. Small amount of sIllall roots. 

C1651, 25 to 40 inches, yellowish-brown, stiff clay, moderately well-defined fine 
nutlike structure; breaking down to moderately well-defined crumb struc­
ture; when wet, pressing out into J4-inch layers. 

THE ANALYTICAL DATA AND METHODS 

Ohemical analyses of the soil material in different layers of the 14 
profiles are shown in table 1. This table also contains three analyses 
(01610A, 01613A, and C1616A) of lava fragments that were too large 
to be part of the soil material analyzed. These were picked from 
profiles 1 to 3 and m'e presumed to represent the parent material of 
these profiles. 
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01621 7.';-U6 a5.51 211.85 1.86 1.52 .03 .15 6.01 .24 .14 .2,'; lO.on 9U, 61 .Ra .01 ...---- . .. 0-- n.57 ~ 
{ CIG07 .sa _...... - 0.40 ~ PlIhoehoe lava... 65 (' 1608 9-17 

0-9 
:12.74 
33.71 16.16 

17.09 4.02 
ft. 12 2.12 

1. 74 
.08 
.75 

.14 
1 

2.86 
2.03 .4·1 

.:10 
.45 
.43 .05 

.UO 
20.37 
20. :12 

IOU 
HHI 

ti7 
17 

10.19 
9.56 

.{<7 
-

~ .. 
.. -_ -""-. 

.. - .. 
, 

~ 

.11 0.49 

01609 ]7-25 27. 06 21.32 2.1G 1. 77 1.00 V'1 3.29 •a9 .37 .57 2O.71l IOU 58 S.27 .4:1 
~------

~ 

0.00 Z 
{ 01633 

~-------

0'6 12.86 IIi. 54 1.09 .82 .24 .:lll 7. on .00 .5ti .60 :!I.71l 100. 44 20.20 .71l ------ .. .20 5.17 

Volcanic IlSh.____ 175 ~-'"'--- ..t. ______ 	 C1634 0-18 10. :1:1 27.00 1.13 .17 .20 .17 5.25 .11 l.3!! .48 20.72 lUll 35 Hl. ,() .34 .15 5.17 H 

01635 18-28 12.00 22.41 .84 .20 .33 .40 6.12 .18 1.25 .56 27.00 100 28 14.28 .50 
- .. ---- .. ~ '''''. 5.17 

28-38 12.73 24. :14 .58 .12 .44 .14 5.04 .17 2.01 .3S 25.69 10O, 55 10.02 • 20 -.. -."-" 4.92I..0-9 9.80 23.44 .78 .90 .25 .2,'; 6.33 .23 .02 .02 3Uii 99 93 17.1(\ .\l.~ .07 fl, t}% 

02272 9-28 1I.SS 28.28 . :\9 .3U .41 .04 0.02 .31 1.17 .41 2.1.77 100 29 7.47 .~\1 6.0 .06 5.69 ~ 02273 28-31 1II.93 32.01 .87 .0·1 .20 .)0 6.00 .25 1.10 .36 23.66 100 32 0.75 .2.'; 2.0 .OS 5.97 _____do. _________ 	 Ul 
9------- 188 02274 3H2 0.53 30.44 .31 1.11 .28 .J! 6.06 .30 .76 .35 2:1.04 ]00. :12 4.93 4.0 .21 6.05r~ 	

.20 I02275 42-72 13.27 2.1.70 .43 .48 AI .118 1l.5{\ .25 1.25 .43 22.42 100 04 7.30 .2.1 2.0 .17 6.10 
02276 72-78 4.1:1 :14.55 .40 .33 .06 1" 0.25 .13 .89 .35 23.69 100 30 2.56 .09 2.0 .0.5 6.10 
02277 78-88 8.08 32.70 .15 .45 .40 ('1 5.85 .20 .89 .3S 23.48 100, 35 4.14 .13 2.0 .07 5.95 

I Lava fragments from same layers liS soil samples 01610, 01613, Bnd 01616, respeclively. 
"l'rnce. ....... 
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00 TABLE I.-Chemical analyses of .'jails-Continued 

YOUNG PROFILES-Continued 

Profile 
No. 

1 

N8t~~t~rrPn~rent Raln­
rail 

Sample 
No. Depth SiO, Fe,O, ..1.100, I\IgO CaO K,O Na,O TiO, MnO SO, P,O. 

I!fii­
tion 
loss 

Total 
Or­

ganlc 
matter 

N So, Cr,O, pH 

I-'l 
t;:l 

~ 
'--­--­-----­--­-----­-­-­-­-­-­-­----­--­--­-­-­-­-­ ~ 

lnche. Inches 
Per­
cent 

P,,­
cellt 

Pcr­
celli 

Per­
cent 

Per­
cent 

Per­
cent 

Per­
cent 

Per­
cent 

Per­
cent 

Fer­
cent 

Per­
cent 

Per­
cent Percent 

Per­
cent 

Per­
cent 

P.p.m. Per­
cent ~ 

9_______ Volcanic sash____ 

------­

273 

-­

02278 0-9 
('2279 9-1-\ 
C2280 14-26 
('2281 20-31 
(,2~82131-30
('2283 30-12 
('2284 42-51 
('2285 5Hi6 

'--­

13.75 
12.81 
13.37 
10.79 
11. 39
9.85 

12.85 
29.41 

30.30 17.15 
31. 79 20.43 
30.32 21.32 
20.92 27.76 
31.37 22.88 
30.20 m.06 
29.30 23.84 
28.12 19.30 
-----­

0.57 
.55 
.79 
.49 
.47 
.47 
.52 
.72 

0.27 
.23 
.20 
.12 
.34 
.50 
.09 
.14 

0.47 
.62 
.70 
.29 
.50 
.51 
.77 

1.05 

0.11 
.18 
.23 
.02 
.1-1 
.16 
.19 
.23 

0.41 
5.50 
6.07 
5.90 
0.50 
6.44 
5.94 
0.95 

009 
.05 
.09 
.08 
.08 
.09 
.09 
.08 

071 
1.30 
1.50 
1.72 
1. 48 
1. i5 
1. 42 
.23 

0.41 
.30 
.37 
.30 
.2~ 
.25 
.27 
.07 

------­

29.72 
20. fJ4 
2·1.09 
25.9·\ 
24.79 
24.45 
21. 71 
10.00 

1(l().02 
100.52 
99.65 

100.33 
100.23 
99.73 

100.08 
100.50 

18. 52 
13.W 
11. 95 
10.35 
10.65 
10.68 
9.92 
3.14 

063 
.37 
.31 
.24 
.25 
.27 
.2.1 
.12 

4.0 
4.0 
2.0 
6.0 
2.0 
4.0 
2.0 
2.0 

0.11 
.10 
_07 
.OS 
.08 
.04 
.04 
.08 

4.05 
5.42 
5.43 
5.52 
5.19 
5.42 
5.30 
5.13 

~ 
t:J 
8 
H 

!7.l 

OLD PROFILES -1 
tit 
to:> 

10______ 
Alluvial material 18 

{ ('1646 
CI047 
C1048 

0-10 
)(1-45 
45-60 

31.00 
30.31 
aO.97 

20.75 
21. 97 
21.04 

26.74 
27.97 
28.74 

0.91 
.75 
.81 

1.00 
.84 

1.04 

0.81 
.02 
.47 

0.25 
.19 
.24 

4.05 
·1.71 
4.93 

0.80 
.84 
.39 

0.21 
.19 
.19 

1.10 111. r.;
1.31 10.34 
1. ~J 10.13 

99.9S 
100.04 
100.05 

2.52 
.71 
.50 

0.15 
.0.1 
.02 

0.5 
.4 
.4 

---.-. 
-----­
-----­

0.89 
0.65 
0.19 

~ 

::1 
11._____ _____do __________ 

22 
{ CI055 

C1656 
0-12 

12-32 
33.51 
31. 87 

22.57 
22.60 

23.38 
21;.20 

1.18 
1.13 

.9a 

.94 
.35 
.27 

.26 

.25 
5.57 
4.95 

.20 

.18 
.20 
.27 

.~J 

.27 
10.75 
11. 92 

OIl. 53 
99.91 

1.38 
2.43 

.07 

.14 
1.4 
2.4 

-----~ 

-----­
7.47 
6.57 '!' 

lL___ . Basaltic lava ____ 36 

01657 
01052 
Cl053 

32-50 
0-14 

14-27 

30.63 
21.90 
22.42 

24.42 
15.21 
15.85 

25.02 
35.52 
36.59 

1.05 
.57 
.53 

.04 

.63 

.51 

.20 
1.00 
1.03 

.21 

.21 

.10 

4,95 
2.11 
2.44 

.18 
3.80 
2.3i 

.22 

.43 

.30 

.31 

.29 

.2.1 

12.20 
18.72 
16.57 

100.03 
100.45 
100.00 

2.78 
3.95 
1.22 

.15 
.26 
.10 

4.0 
-_.-.. ­
--.-.- .. 

.-"',
0.00 

~ ---­ ~ 

5.43 
0.59 
0.79 ~ 

13______ Middle-aged 18\'6_ 

14______ _____do___________ 

100 

140 

01654 
01643 
01044 
C1645 
01049 
C1650 
CI051 

27-50 
0-10 

10-25 
25-40 
0-10 

10-25 
25-10 

27.81 
16.90 
6.10 

12.06 
21.41 
11.79 
19.85 

10.87 
37.18 
41.73 
33.87 
37.54 
48.35 
30.36 

35.09 
13.48 
23.30 
28.7-1 
7.45 

18.04 
24.22 

.;i3 

.OU 

.01 

.08 

.79 

.33 
,29 

.45 

.21 

.2) 

.3';" 

.42 

.51 

.29 

.85 

.02 

.27 

.23 

.71 

.40 

.18 

.03 

.34 

.00 

.15 

.29 

.08 

.06 

2.77 1.10 
10.0\ .00 
,;.97 .0·1 
5.87 .07 

19.60 .11 
4.70 

. 
03 

14.51_._05 

.31 

.33 

.30 

.2~ 

.42 

.44 

.4-1 

.31 

.22 

.18 

.13 

.19 

.16 

.27 

13.00 
20.32 
20.81; 
17.90 
11.41 
15.30 
13.65 

100.07
loo.ao 
99.(18 

100.30 
100.3l 
100.19 
100.17 

. 04 
11.00 
0.26 
3.17 
7.17 
5.24 
2.78 

.05 ------­

.45 14.0 

.1:1 ._. __ ._ 

:gg I--~:~~'. II _____ .. 
.05 14.0 

,,_0 .. -. 

.15 

.17 ____ .• 

.17 

.15 

.15 I 

5.00 
4.87 
4.755.10 
4.29 
4.49 
4.~ 

~ 
Sl 
15 

-­ ... -­-­ ---­ ------­ ~ 

~ 
~ 
t;j 



.9 ROCK WEATHERING IN THE HAWAIIAN ISLANDS 

Analyses of the colloidal materials isolated from the soil materials 
are shown in table 2. In both tables the analyses are divided into 
three groups according to the ages of the profiles, and within each 
group the profiles are ruTanged in order of increasing rainfall. The age 
ofa profile as exceedingly young, young, or old was estimated by the 
soil surveyor who collected the samples. The estimations were based 
largely on geological evidence and probably partly on observation of 
the soil profile itself. 

250057°--41----2 
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TABLE 2.-Chemical anc.lyses of colloidal materials 	 .... 
o 

EXCEEDINGLY YOUNG PROFILES 

;.,1 
Qunn· t.rl 

Qtlty 
of col· Il(nl. Or·Prome Nature of parent Rain· 8ampl~ Depth lold 810, F,·,O, AI,O, l\£gO CliO K.O N8.0 TID. ;\[nO SO. P.O. tllln Total ganlc OnO,No. material !~ll No. ~ ex~ loss matter 
trnet· 

cd 	 ~ 
Inches Inches Pet. Pct. Pcl. P~t. Pct. Pcl. Pd. Pct. Pet. Pet. Pct. Pet. P.t. Pet. Pel. Pet. ~ 

{CIOIO 0-7 0.5 21.10 10.37 14.00 3.03 3.08 0.52 0.38 0.9·1 0.14 1. 06 0.98 44.61 100.21 37.06 
~------L ...... Cinders•••••••••••••••• 100 01611 i-18 1.0 27.50 12.67 17.45 6.59 3.54 .29 .35 1. 81 .15 .56 .48 29.88 100.37 21.56 ------- ~ 

18-27 1.2 24.02 16.14 19.15 3.54 2.55 .19 .29 1.99 .16 .73 .42 29.96 100.04 20.23 
CI613 0-9 6.5 10.96 9.45 21.34 . i2 1.67 .14 .11 1.17 .14 .96 1.29 51.58 99.53 37.67 .-.---- H

{C1612 	 ------- t=J 
2•••••.• Aa lav8....•...•....••. 150 ('1614 9-24 1.7 20.08 4.51 36.87 .40 I. 23 .12 .21 .90 .06 .61 .76 33.92 9.67 18.10 --.---­

{C1615 0-7 4.3 10.85 17.54 17.78 .92 I. 50 .27 .23 2.29 .17 1.01 .75 46.98 100.29 36.23 ~ 3•..•••• Pahoehoe la\'a .•••_•••• 175 	 -------
CI616 7-15 2.1 5.76 31.89 20.00 .59 .50 .15 <I) 2.93 .18 .56 .55 36.30 99.50 22.78 ------- ... 

Co, 

YOUNG PROFILES "" 

r	 I ~ l627 0-10 13.0 30.54 13.85 28.13 0.56 1.60 0.53 0.48 2 .93 0.44 0.4.1 0.54 19.44 9.49 9.25 0.04 
4.••••• • Volcanic ash .•••••••_•• 20 C1628 10-21 6.6 45.90 10.61 24.33 1.10 1.13 .49 .46 1.45 .62 .16 .56 12.64 90.44 2.18 .02 Ul

01629 21-40 8.8 35.88 15.09 26.81 .86 1.68 .49 .23 2.3.1 .66 .27 .39 14.78 99.40 3.91 .03 
lBI7 0-6 5.9 26.67 16.37 22.01 .74 I. 39 .35 .05 2.88 .37 .57 1.32 27.72 100.44 18.01 .OC 

Cl618 6-23 8.1 33.06 17.36 27.98 .93 1.09 .14 .02 3 18 .24 .22 .43 15.55 100.20 3.90 .OC5. __ •__ · •••••do......._••••••••.. 50 	 01619 23-42 9.0 34.77 16.84 28.70 .68 .89 .12 .20 2 83 .22 .17 .42 14.41 100.25 2.70 .OC 
01620 42-75 14.0 34.02 16.51 29.31 .35 .8." .18 .02 2 68 .20 .1'; .47 14.77 09.51 2.69 .02r	 ~ 01621 75-96 8.5 36.92 17.46 27.18 .50 .94 .07 .09 2 \12 .10 .15 .as 12.70 99.50 1.4:1 .05 

{01607 0-9 14.8 22.84 16.60 26.06 .Rl 1.39 .3:1 .12 2.06 .37 (12 1.47 27.74 100.41 14.70 ----- ~-

6•..... · Pahoehoe lav8••.._.••• 65 01608 9-17 12.2 23.26 17.37 26.46 .57 1.45 .30 .07 2.51 .40 .62 26.00 100.45 12.701.44 	 ------- ~ 01609 17-25 3.6 24.25 18.24 27. 08 .75 1.14 .30 .01 2.55 .35 .51 .80 24.09 1011.16 10.80 --- ... --­
0-6 8.4 10.75 2,';.28 18.96 .34 .48 .43 .13 5 08 .08 .56 2.28 35. ';9 99.96 n90 .OU{016.'!:1 

7•.•••• · Volcanic ash._•.._••... 175 ~01634 6-18 5.4 9.23 30.64 24.34 .5.1 .24 .13 (I) 5.74 .18 .59 2.30 25.63 99.47 13.35 .10 
016.15 18-28 5.0 10.00 29.32 19.97 .40 .2:! .37 .16 .1 .55 .15 .55 2.05 :1l.03 99.70 18.75 .08 

r1 Clr.16 28-38 3.2 12.62 28.84 25.12 .54 .19 .38 .16 5 .34 .20 .77 2.50 23.60 100.26 11.22 .09 i.:l 
m 0..0 7.1 8.30 30.52 17.93 .00 .57 .is .23 4.25 .27 .73 J.\O 35.69 100.33 21. 71 -..----- ~. 

02272 9-28 42.1 10.86 33.00 23.51 .34 .39 .20 .11 4 .97 .33 I. 25 .6.1 23.87 100.21 0.75 ..-----­
02273 28-31 42.3 II. 75 29.27 27.07 .30 .38 .2:! (I) 4.75 .27 1.10 .61 24.22 100.55 9.30 ------­

8••.••• · •• _•• do._._._. __ •••.•.._. 188 02274, 31-42 49.5 10.40 36.45 22.68 .32 .32 .24 1.14 0.10 .32 .89 21.51 100. 11 7.67.65 	 ------­
0227.1 42-72 42.9 12.15 29.60 25.80 .35 .25 .27 .05 4 .42 .27 1.25 .70 25.06 100.17 0.42 ~ 
02276 72-78 36.8 8.18 41. 37 21.50 .40 .35 .04 <I) 7.17 .15 1. 21 .71 19.08 100.25 4.72 ~ 

t=JC2277 78-88 50.9 9.80 37.12 25.37 .40 .14 .18 1.11 5 .67 .21 1.02 .53 19.64 100.28 5.97 -------
I Trace. 



0-9 7.1 10.49 29.04 20.02 .40 .23 .56 .18 4.88 .00 .69 .52 32.88 100.01 29.7702279 9-14 48.3 8.11 32.5.'i 21.42 .42 .1:1 .43 .OS 5.09 .04 1.42 .25 30.24 100.18 14.1102280 14-26 50.3 9.83 29.53 24.18 .34 .16 .32 .4:1 5.17 .07 1.41 .31 28.43 100.18 12.89 _____do_________________ C2281 26-31 35.3 9.83 27.54 26.27 .24g.------ 273 .17 .25 .20 4.79 .07 1.72 .35 28.10 99.62 12.33C2282 31-36 RO 8.34 31.60 25.09 .26 .16 .30 .23 5.70 .05 I. 44 .33 26.26 99.76 12.31r=C22&1 36-42 45.5 7.13 35.64 21.63 .27 .21 .:12 .14 5.64 .08 1. 70 .23 211.78 99.86 12.23C2284 42-51 43.0 0.65 31.10 24.83 .ao .14 .46 .31 5.61 .07 1.30 .23 26.15 100.30 11.47C2285 5Hi6 51-8 21.47 30.32 23.84 .4G .04 1. 70 .25 6.12 .02 .25 .09 15.57 100.25 4.41 to o 
cOLD PROFILES pj.­

0-10 35.5 33.7810. _____ Alluvial materiaL _____ {CI646 13. 27 i 32. 78 0.55 0.96 0.7G 0.05 2.7i 0.25 0.22 1. 41 13.51 100.31 2.06 0.0318 C1647 10-45 37.1 33.99 13. 68 ! :12. i2 .48 .00 .72 .06 2.64 .32 .19 1.58 11.99 100.27 ~ .96 .02
.49 .16 2.43 .16 .17 1.17 13.16 100.35 .46 .02

('164S 45-60 39.6 35.73 10.98 34.72 .37 .81 
lL_____ _____ do._________________ {(,1055 0-12 38.5 39.60 13.75 28.00 .69 .86 .21 ~.25 2.00 .12 .17 .38 12.63 99.67 .88 .0522 CI656 12-32 25.6 37.56 13.19 30. ()9 .43 .96 .12 .44 1.90 .09 .20 .30 14.22 1lP.65 2.33 .06CI657 32-50 26.1 36.52 13.41 31.03 .36 .73 .14 .52· 1. 98 .08 .24 .27 14.47 99.80 2.75 .05r1052 0-14 14.6 23.29 13.99 37.19 .42 1.1312._____ Basaltic lava ___________ .01 .43 1.6? . 55 .37 .31 20.13 100.36 4.20 .0236 C1653 14-27 28.2 26.13 14.56 37.50 .26 .5.1 .74 .37 1.61 .27 .17 .20 17.94 100.30 1.45 .02CI054 27-50 42.2 2S.55 15.91 35.95 I.24 .49 .&6 .36 1.95 .24 .14 .22 14.99 99.73 .02 .0313______ {CI643 0-10 26.4 14.50 35.18 19.57 .57 .21 1.11 .23 5.05 .03 .36 .33 22.22 99.45 :<lMiddle-aged lava ______ 10.80 .00100 01644 10-25 52.1 7.55 36.25 28.06 .23 .19 .25 .19 3.80 .02 .18 .11 22.72 00.5.'i 5.88 .13CI645 25-40 52.3 12.32 26.89 35.02 .23 .10 .22 .13 2.95 .03 .18 .12 21.34 99.53 3.70 .1214______ _____ do______________ . ___ 1649 0-10 23.7 17.74 37.70 18.60 .38 .56 1.51 .44 4.07 .03 .26 .16 17.16 90.51 7.00 .14 

~ 
140 C1050 10-25 66.7 11.98 47.00 18.41 .12 .51 .14 4. ISt .30 I .oa .20 .13 15.85 09.60 4.97 .15 1-3em,1 25-40 57.8 22.70 32.48 25.12 .12 .33 .25 .23 3.08 .02 .15 .16 14.95 99.59 2.80 .12 

~ 
~ 
~ 
~ 
..... 
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12 TECHN'IGAL nULLE'TIN 752, U. S. DE'PT. O'F AGRWULTURE 

No mrchanical analyses of the samples are reported, as the results 
obtainrd by the usual annlytical procedure were found to be quite 
erroneous in many instances. Modifications in the standard pro­
cedure needed to give accurate results in the case of these soils have 
not :yet been devrloped, but tl1t1t the standard procedure is inade­
quate for soils of this kind is shown by the following facts. 

Most of thr samples from profiles 8 and 9 seemed to cont!!,in less 
than 10 pt'l'cent of clay or colloid and a, high percentagr of fine gravel 
when a.nalyzed by thr usual method. Yet nearly 50 percent of 
colloid was isolatrd from most soils for analysis, and the undispersed. 
residue was found on microscopic examination to be made up chiefly 
of colloidal material. 

There is no doubt but that these soils are made up almost entirely 
of colloidul material. Soil 01618, profile 5, contained about 4 percent 
of colloidal material according to the usual analytical method, 
whrreas 8 percrnt of colloid was isolated for analysis. Mechanical 
analyses of tho samplr wel'(' tlwn carried out with the standard pro­
cedure modified t.o include agitation in the Bouyoucos high speed 
rotary stirrer in addition to the customary shaking overnight in a 
rpcipl'ocating shaker. 'Vhpn ngitnted for 1 hour in the Bouyoucos 
l11arhine the prrcrnt.nge of clay wns 13 percrnt; when agitated for 8 
and 10 hoUl's the pel'crnta,ges of clny were 34 and 40 percent, respec­
tiwly. The p(lIwntagrs of combined bases in the sample indicate 
that more than haH of thr sample is colloidal material. It S0('ms 
evident that in tilt' case of these soils an nCCUl'llte estimation of ulti­
mate pm-ticle sizp can only br obtained by employing a more effective 
disprrsion nwnns. 

The mpthods followed in the chemicaJ analysis of the samples, 
rxtmction of the colloid for analysis, and determination of the hydro­
gen-ion concrntl'lltion were tlw snme as those d<:'scribed in the previous 
publication (7). The splrnium detcrminations were made by K. T. 
Williams according to the method described by Williams and Lakin 
(12). Ohromium was d<:'iermined as described below. 

One grnm of soil was fused with anhydrous sodium carbonate and 
a little potassium nitrate. The fused mass was extracted with hot 
water and allowed to stnnd on the steam bath until completely dis­
integrn.trd. A few drops of alcohol were added, and, after warming 
on the st<:'am bnth to reduce manganese, the insoluble material was 
flitcrrd o£l' flnd wnshrd wdl. The solution was acidulated strongly 
with hydrochloric flcid nnd C'vaporated to about 100 cc. To the 
solution, now fl, pnlC'-grrrn color, ammonia was ndded in slight excess. 
Thr prc'cipitnt-P of chromium and silica formed was washed wrll and 
then transfel'rrd to a bl'aker with very little water. It was boiled 
with 10 cc. of 10-percent sodium hydroxide. About one-half of a 
cubic centimeter of 3-pl'rcent hydrogen peroxide was added and the 
solution was boiled to expel hydrogen peroxide. About 100 cc. of 
hot water was .tdded and then 4 gm. of ammonium chloride crystals. 
The contents of the beaker were stirred, nllowed to settle, and flitered. 
Thp filtratp WflS acidulated with 1 to 5 sulfuric acid, 1 cc. of 5-percent 
potassium iodide was adcleq, then a starch solution. The solution 
was titrated with twentirth normal sodium thiosulphate, 1 cc. of 
which was equivalent to 0.0012 gm. of 01'20 3• 



13 ROCK WEATHERING IN THE HAWAIIAN ISLANDS 

SPECIAL CHEMICAL CHARACTERISTICS OF THE SOIL 
SAMPLES 

Before the analyses are considered for indications as to the effects 
of weathering, certain characteristics of the samples should be pointed 
out. These are chiefly characteristics imparted by the parent ma­
terials. 

Like other Hawaiian soils the samples differ from most soils of 
the continental United States in being particularly low in silica and 
high in iron, alumina, and titanium. This is owing to the fact that 
t~e lavas and volcanic ashes, from which these soils were derived, 
contain practically no quartz and are usually high in titanium. 

.An outstanding feature of many of the soils is the quantity of organic 
matter present and the depth to which it has ppnetrated in the soil 
profile. Many of the soils contain more organic matter at 3 feet 
than well-drained soils of the mainland contain in the first 6 inches. 
Presumably the high rainfall is pmtly responsible for this, as the 
accumulation of organic matter deep in the soil increases with the 
rainfall to which the soil is e:x-posed. It should be mentioned that 
profiles 2 and 3 do not contain so much organic matter in the whole 
mass of soil material as the analyses indicate. These profiles contain 
a large proportion of lava fragments too coarse to be included !p the 
material subjected to analysis, and all the organic matter is concen­
trated in the fine material analyzed. 

Some of the soils contain somewhat exceptional percentages of 
constituents that are usually present in small amounts. Profile 12 
is high in manganese; profiles 7, 8, and 9 are unusually rich in sulfur; 
profiles 6 and 10 are exceptionally high in phosphoric acid; and 4 is 
higher than usual in soda and potash. These are presumably due to 
variations in the parent materials. 

The exceptionally hlgh contents of selenium in profiles 13 and 14 
should be ment.ioned. These are among the highest yet encountered 
in soils that do not produce seleniferous vegetation. It is presumed 
that selenium in these soils is present as an insoluble ferric selenite (8). 

In the course of the general analysis there were indications that 
some of the soils contained .an appreciable amount of chromium. 
Determinations of chromium were subsequently carried out to gain 
an idea of its general distribution. It seems to be generally present. 

Nickel is also probably present in somewhat greater amounts than 
in the average soil of the mainland United States. Sample 01634 
contained 0.19 percent NiO, sample 0164.5 0.09 percent, and samples 
01615 and 01616 both contained 0.07 percent. 

WEATHERING OF HAWAIIAN ROCKS AND FORMATION OF 
HAWAIIAN SOILS, AS SHOWN BY ANALYSES OF THE WHOLE 
SOIL MATERIAL 

Some idea of the formation of Hawaiian soils may be obtained from 
the foregoing chemical analyses of old and young SOlIs developed under 
high and low rainfalls. If the compositions of soil materials of differ­
ent degrees of weathering are compared with the compositions of the 
unweathered parent rocks the course of weathering should be apparent. 
The obvious uncertainties in this procedure lodge in determining the 
compositions of parent materials and in estimating the relative degrees 
the soils have been weathered. 
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The 14 soils cannot well be arranged in 1 series according to order 
of weathering, but after the soils have beell divided into 3 age groups 
the relative weathering within the group should be roughly proportional 
to the annual rainfall that is well known. Estimations of the age 
groups to which the profiles belonl$ wer3 made in the field by soil sur­
veyors on the basis of geological eVIdcnce. They should be reasonably 
certain and the analysis of the data which follows indicates thr.t they 
are correct. 

The chief uncertainty in determining the course of weathering from 
the soil anulyses lies in the fact that it is necessary to assume a compo­
sition for the lllweatherecl parent rocks of many profiles. In the case 
of the exceedingly young group of soils, compositions of the parent 
rocks are known from analyses made of lavp, fragments taken from 
within the profiles. These profiles were made up lar'gely of lava 
fragments. Analyses of the lava fragments are shown in table 3, 
calculated to an ignition-loss-free basis. 

TABLE 3.-Composition of Hawaiian lava.> 

Sum or hnslls 
(Jl,fgO.CaO,Materials SIO. 1'10. K,O.lInr! 

Na,O) 
-----------------1------------1----

Percent Percent Percent Percent Percent 
Highest percentage In anyone of Oross's43 samples W.---. 62.10 22. ()a 18.87 5.35 30.89 
Lowest percentage In anyone of Oross's 43 samples W---- 3.i. Stl 4 .• i5 7.119 .12 12.15 
AverageofCross·s43samplesW ••••_._ .••.. _____________ 48.lm 1a.8.1 1a.00 2.29 20.72 
Standard deviation. CT. for samples averaged.____________ .,.27 a. &1 2.00 1. 15 4. Oil 
Lava fragments from profile No. L_______________________ 48.53 14.18 14.22 2.28 20.02
Lava fragments from profile No.2 I ______________________ 48.21 14.77 14.44 2.13 19.07 
Lava fragments from profile No.3 ,_______________________ 30.73 1Ii. on 13.74 .9! 28.25 

, 'rhe aDalysls Is calculater! to a basis frce of ignition loss. 

In the case of both the young and olel soils, all the material within 
the profiles was more or less weathered. It was assumed for these soils 
that the parent rocks had the same composition as the average Hawaiiall 
lava. This of course is probably more or less wide of the truth for all 
soils, but a fair estimate can be made of how much the assumed compo­
sition pl'obably diffel's fl'om the true composition in the majority of 
cases. In most cases differences between true and assumed values 
should not be more than the standard deviations of the constituents 
shown in table 3. 

A composition for the average unweathered lava was obtained by 
calculating the average of the 43 analyses of Hawaiian lavas reported 
by Oross (4). In this calculation, minor constituents were omitted, 
the monovalent and divalent bases were lumped together, and ferrous 
oxide was converted to ferric oxide without recalculation of the per­
centages of other constituents for the slight difference this change 
involves. This average value is shown in table 3 together with the 
ma}':imum and minimum percentages of the constituents found in any 
one sample. The standard deviations for the different constituents 
were calculated hy the usual formula. If the standard deviations are 
compared with the average values, it will be seen that the 43 samples 
are least variable in silica, most variable in titanium, and about equally 
var'iable in iron, alumina, and sum of monovalent and divalent bases. 

In order to follow the changes attending weathering, the analyses 
of whole soils shown in table 1 have been calculated to an igni tion-loss­



ROCK WEATHERING IN THE HAWAIIAN ISLANDS 15 

free basis. Organic matter lwd combined water, included in ignition 
loss, are lacking in the unweathered parent materials. It is therefore 
necessary to eliminate these constituents before comparing the soil 
analyses with analyses of the lava. The recalculated analyses are 
shown in table 4. Also, in order to facilitate comparisons, these 
analyses of separate horizons have been averaged to one analysis, 
shown in tu.ble 5, representing the avcrage composition of all the 
material in a profile. In calcula.ting the average analyses, the analy­
sis of each horizon was weighted according to the thiclmess of the 
horizon. ·Weathering changes that might be peculiar to certain 
horizons in a profile have been obscured in this use of Il,YC'rage analy­
s(>s. In calculating the average analyses of the profiles, the 51- to 
G6-inC"b layer in profile 9 was omitted, as, aeeording to the soil SlU'­

yeyor who collected the sample, it was prcsumed to be of different 
parent material from the rest of the profile. The GO+.- and 31 +-inch 
layers were also olnittecl from profiles 17 and 18, because it was im­
possible to weight these for depth. 



TABLE 4,-Chemical constituents of soils a7ld of extracted colloidal material,~ calculated on an ig7lition-1088-/ree basis 
[Combined water calculated on material free of organic matter; organic matter lind qualltity of colloid exlrncled calculated on welgbt of whole soli) f-' 

EXCJ>J>DlNGLY YOl'NG PHOFILJ>S 	 ~ 

A III1IY5l'S pi whole solis 	 Analyses of extrnclcd colloids I t4 
: SUIIl Of l Burn of t.:1 

Rain· 	 Quan· blls,-s ('am· o 
E'nml1le i b'lses ('om. tity 	 j:IjProtJIeNo. filii Depth 	 (l\fgO, billedor~anJ ('INNo. 810, Fe,O, 	 pH colloid 810, Fc,O, .~h03 '1'10,AhO, '1'10, I	(~llfS' hltll'd eno, water ~ 

1\.20: water K,O. 
mlltter ratio ex-	 ,.. 

tmeledNn,O) 	 Na20) 

----1-----------	 ~ 
fnches 	 lnc~f., Percent Percent Pacent Perren/. 'Perrent Percenl Percent Percent Percent Percent Percent Percent Percent Percent 

lOIO 0-7 47.75 12. III I 13.5\1 ~:W i 22.02 O.(Ji) 5.72 15 ' 0.12 0.5 38.09 lB. 72 25.2B 1. 70 12.00 12.00 
L .•...•........ 100 ('1611 7-1B 47.~·\ 13.7·1 I 12.01 22.98 .07 2.10 14 5. 1m 1.0 39.22 18. 07 24.B9 2.58 14.07 10.61 ~ 

ClO12 18-27 47, flS 
J:J. 01) I 14.2·1 2.51 I 21.50 t<.5-1, 2.58 15 'I (I. 45 1.2 35.58 23.04 27.34 2.84 0.38 12.20 

('1013 0-0 30.15 22.05 !!-I.35 3.311 12.la 
10. in I 30. f>3 13 ' 0.72 0.5 22. fl.1 19.52 44.07 2.42 5.45 22.32 t:J 

('1014 9·2·1 37.57 14.RO ~9.85 2.57 I 1-1.30 10.00 11.00 14 I 5.!l5 1.7 30.30 1 0.83 I 55.80 1. 30 ,..,r2.•••.•.•••••••• 150 2.97 19.32 8 
{eIOiS 0-7 2g:6~ i 3a.08 I 33.5332.59 27. jn 15.27 3.90 I IS.BO 7. on 32.00 17 i 5.I):l 4.3 4.32 5.51 10.85 

3............... 17li ('1016 7-15 22.211 :H.57 ~o.~o 3.0:1 17.8., 10.5.1 15.32 IS [ 5.60 2.1 50.00 I :11.40 4.00 2.09 , 17.51 ~ 
~,YOCW I'HOFlT,gs 

, 	 , ""Ir l027 0-10 4-1.05 17.15l 25.55 3.00 I n.2:1 7.03 f 4.02 11 6.93 13.0 37.91 l]i. 19 34.92 3.01 3.93 11.2.1 ~"" 
4••••••••••••••• 10-21 57.40 9.70 21,38 0.22 0.50 .59 9 7.40 0.0 52.54 12.15 27.85 1. 00 3.6'; 10.00

20 I('1028 	 ~.8! I 

rC'1029 21-40 51.31 12.74' 2·1. H) .. 40, 9.10 0.55 J. 24 0 7.27 8.8 ·12.10 17.71 31,40 2.70 3.83 11.31 :=i 
lOli 0-0 ·12.48 IS.SIl! IO.:m 4.9\) , 12.59 7.19 8.80 12 5.35 5.0 30.45 a.08 3.50 11.8·1ao. 90 I 22.05 e lOIS 6-23 3\1.17 23.01 I 2:1.ua 5.8·' 7.00 10.07 3.47 12 0.09 8.1 39.15 20.50 33.13 3.77 2.58 1~.12 (n 

5••••_•••_.•••__ 23-12 :18.18 2·1.65. 24.07 0.01 0.10 10.40 2.15 12 0.42 9.0 40.02 19. ~B 33.53 3.31 2.21 12.oa 
50 I ('\(Jill(,102(j 42... 75 	 30. a5 20. 77 I 211. \13 5.61 3. ;2 10.113 2.48 14 0.20 14.0 3U.1I2 19.37 34.39 3.14 1. 04 12.41 i::I 

(' 1621 75·00 311.85 i 24.86! 23.4n 0.75 4.00 10.15 .ltl 12 0.57 S.5 42.2!l 20.00 31.13 3.34 1.83 I I. 4:1 t=l 
(rll .01') TJ "'J IJ! flO IJ!) 3.59 10.12 11.3·1 10.10 10 O. ·\0 14.8 :11.01 22.97 30.00 2.85 3.67 15.20 H

f'101I76•••••__ •••••••• fh'j . ('1008 IH7 4i:ilo !iifis. 21:45 3. os 8.1i 11. 90 11.50 10 0.40 12.2 al. 43 2:\.47 35. iO 3.39 3.2:1 15.23 ,.:j 
i ('IIJOO 17-25 34.15 27.112 i 20.01 4.15 0.22 13.02 R. 27 11 . O. 110 :1.0 31.115 2·1.0:1 35.07 3.36 2.90 I·\. 00 

0-0 18. H5 ·11. 87' 2·1. 2·1 10.35 3.58 14. ·10 20.20 1515.17 8.4 17.011 3\1.25 20.44 7.89 2. H 1O.4tl oT'IO:l:l 	 7 -,) j.1. 17 
7••••••••••••••• - i C'lf>3·' tl·1S H.IO 37. a5 30.84 7.10 2.2B 17. g·1 10.70 18 5.17 5.·1 12.41 41. 20 :l2.7:l .I- 1.24 Jo::11,5 . ('1035 18-28 17.20 3S.8!! 30.70 8.38 2.42 14.8·\ 1·1. 28 Ii ! 5.17 5.0 14.50 42.51 28.95 B.05 1.08 Iii. 11 

28-:\S 17.13 	 38.01 32.75 7.50 1. 72 17.41 10.02 3.2 10,52 3i.75 32.88 6.99 1.011 13.\1·1 :-­j ('10:10 	 20 14.02
('2271 0-0 14.ao 30.02 34. III 0.23 3.18 Ii. 25 17.10 15 5.0·1 7.1 13.0., 47.46 27.88 6.0L 2.25 17.SIl Cl 
C2272 1J-28 15.58 ~5. 58 37.10 7.00 1.50 Ii. 02 7.47 15 5.09 42.1 H.27 44.21 30.88 6.53 1. 48 15.65 ~ .....(;2273 28'31 H.32 30.70 ·t2.72 7.86 2.37 18. 13 6.75 16 5.97 42.3 15.51 38.02 30.51 0.27 1. 20 10.-15 

B••••• _•••••••• _ 188 (,227~ 31-12 12.38 aO.15 all. 55 7.87 2.35 19.0., 4. \1:1 14 • 0.05 4\1.5 13.30 40.44 28.00 i.77 I. 30 H.99 
i ("'2275 42-72 17.10 31l.70 3a.24 8.40 1.80 10.31 7.ao 18 6.10 42. \I 10.21 39.50 3·1.43 5.00 1.23 17.27 ~ ; C2270 72-78 0.20 37.48 45.28 8. JU 1.19 21.09 2,50 10 0.10 30.8 10.11 51. 12 26.08 8.80 .08 15.07 

('2277 78-88 	 10.50 :10.00 42.73 7.05 1.39 20.18 4.1·1 18 5.!!5 50.9 12.:11 40.19 31.57 7.UO 1.03 14.54 ~ 
('2278 0-0 	 10.50 4a.20 2·1.40 0.12 2.02 13.75 18.52 Ii 4.05 7.1 15.6:1. 43.27 20.83 7.27 2.13 I~. 2B 

~ .JI) 5 4') 	 1. 52('2270 O-J.l 	 Ii. 40 ·1:1.3:1 27~85 7.58 2.15 14.80 1:I.110 48.3 11.03 46.06 30.71 7.30 18.7B t:J
C2280 14-20 17. if, 40.20 28.31 8.00 2.55 14.47 II. \!5 43 50.3 13.73 41.20 3:1.79 7.22 1.70 17.84 
('2281 20-31 H.57 :lO.35 37.48 7.97 1. 24 17.30 10. as 25 5.52 :i5.3 13.07 38.:10 0.60 I221 5

:	 30.M 1.32 17.9!1 
D•••••••••••.••• 273 02282 31-30 15.1·1 ·11. iI aO.42 B.04 1. \!3 15.8:1 10.05 25 5. II! 44.0 11. :11 42.85 34.02 7.73 15. III 

1.211 I02283 36-12 	 13.04 474 U2 25. ~1 B.52 2.17 15.·12 10.flS 2:1 5.·12 45.5 \1.74 48.08 2D.54 1.28 16.587.70 I 
('2284 42-51 	 Ii. 07 311.0\ :1I.66 7.SIl 2. Ill! 16.·12 1I.\!2 2a [,.oD ·1:1.0 1:1.07 42.10 3:1.02 7.60 1.04 10.58 
C2285 51-60 	 32.00 . 31.45 21.59 11.la 3.011 7.?~!:1. 11i i 5.1:1 51.8 25. .fa a5. \ll 28.24 7.25 3.04 11.07 
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t'i 10______________ {C1&16 0-10 an.2fJ 23.40! 3. an 	
­5.2018._. __ 01617 	 30.27 0.39 2 •. ~210-45 3~.81 24. f>() 31.20 	 10 I0.80 I 35.5 30. Of) 15.34 37.00 3.205.25 2.1i.~ 0.70 .71 8 	 2.68 1l.690 (' 1648 	 n.nr, 37.1 38.02

Q 11H'oO 3·1,40 23.·11 31. 98 5.40 2.85 	 15.51 37.18 3.00 2.45 11.14O.llR .lill 15 0.1Il 311.6 41.14:: 11 __ .. _____ ...... _.. _ {Cl05.; 0-12 3i. [J8 2.'i.2\1 20. ~~) 0.2·1 	 12.6·1 39.oa 2.80 2.11 12.7622. __ ._ CI056 	 :1.10 IUO 1.38 II 7.47 38.512·32 30.18 25.7:1 2KOI :;.02 	 41i.32 15.74 33.15 2.211 2.30 11.M2.IH II••3 2. ,13 	 10 0.57 25.6 43.79Clfi57 32-no aUlO 2'.RI 28. r~1 5.6·4 	 lli.::S 35.08 2.32 2.27 12.172.30 !l.OO I 2.7R[ 1)-11 2fi.1I4 IS.71 ·la.70 	
11 ';.·13 20.1 42.70 15.68 30.28 2.31 2.05 12.002.00 3.04 1538 3.95 6.59 1t614-27 28.117 10 IH) 43.80 

2. 02 1 2.08 10.54 1.22 7 0.79 28.2 
211.16 17.02 10.,';0 2.03 3.62 10.63('1054 27-50 32.3:1 I m.1l I ·10.80 3.22 2.n5 13.41 
31.84 17.74 45.70 1.06 2.32 16.73('1l1·I:l 0-10 21.21 ·11l.OO 10.02 

.64 7 5.60 42.2 33.58 18.72 42.211 2.211 2.00 ~2. :13 10. ·17 11.00 	 14 4. a7 14.2:1I ~:~~~~~~~~~~~~~~ 
36 ... _ ('1053 	

l 
9 

1011. ... 011141 111-2.5 	 7.78! fi2.'2 20.4 18.76 45.23 25.16 6.40 0f"'" 211. H I¥:~~ll 1.45 	 15.56 2S 4.75 52.1 2.73 12.03('111-15 ~5"1O. 1·1. 6n 	 41. 2.5 I :15.01 ~.2~ l O. Ii 40.91 36.31 4.92 1.117. Iii 1.08 1ft. 21 	 .1.1, ' 31 5.10 52.3 17.89 Fl
{C16.11l 	 44.52 3.7514. __ • ___ • __ • ___ n·1Il121.17 .12. a7 l 22.12 2..19 	 15.60 t 34.19 .80 1a.32140.••. ('11150 10-2" 13.02 SH.lli 

8.·1\ 4.57 i. 17 I 1:1 4.211 2.1.7 21.41 45.51 22.53 6.0021. 311 J.5t; 	 1Il.1i2 2R 4.49 3.49 10.05CI051 25-10 22.00 I 42. II iI. 
li2 1 ,i. 24 1 60.7 14.24 50.73 21.88 4.9728. Of, 5.22 .95 	 II. 18 2.78 32 4.69 57.8 26.69 38. j9 211.54 3.62 

1. 34 11.45 ~
1.00 12.50 

PRF:SUl\IAIlLY OLD PHOFILES'
-	 - ~ 

I 	 ~
(Ha712 

0-3 I 31l.37 I 27. 13 J 27.77 5.71 I. 75 10.75 3.80 12 I 0.2 	
...... 

15. __ •___ ••.• ___ H371a 3-15 30.70 27.28 27,05 0.58 1.3\1 10.74 1.60 10 ; 
27.1 1 43.09 17.45! 30.[>6 1.06 0.72 12.40 Z20 .... Hail4 11;-35 30. ti2 20.·18 28.12 0.57 

0.2 31.8 I 43.8.1 17.53; 36.98 1.77 .71 H.72 01.45 11.03 .07 19 'H:l7IS 35..16 37. II 20. no 2\1.82 0.23 1.08 11.24 .63 
5.2 IS. I H.Zl 10.92 1 37.03 1.88 .63 12.36133710 4n-00 45. no 	 9 4.0 22.5 401.17 ......\U.I~) 28. [>6 ·1.17 	 1.63 10.17 W. 97136. 07 l.a7 .59 12. ,;1

0-2 3li.52 .18 \0 	 2l{]35791 	 20.18 211.71 4.93 a.32 O. IS 6.2716 ______ . _______ 20••••• 	 HfJ71l2 2-7 3\;,75 ~~;.·15 30.m -I.RIi 2.45 8.01] 
12 6.7 27.4 . ---ii.2.5 la.52· 35.~ii· 2.07 ·---Tii7" --'i2~iiti

11579a 7-28 35.4n 2.68 10 5.5 33.0 42.10 18. II 30.92 825. !i2 31.25 4. \15 	 2.2·1 10. HI 2.13 2.01 1.40 11.491J57114 28-50 35.90 26.21 aO.1l2 4. ·17 2 III I lUll 
\l 0.11 I a:l.9 41.911 la.OI a7.03 1.85 1. 46 1l.41 Picn'l6 o-Il 28.1l8 :l3.7:l i I.W 13 0.8 27.0 42.18 18.32· 37.08 tr:I

C9-17 11-13 30.6R 
2·1.R1l 3.38 to.1i1l 7.60 13 , 5. I 0.9 :18.18 2'2. 07' 35. 04 

I.ao 1.00 11. fil
31. 03 :lO.O:1 	 2. U2 III. ti7 2.03 2. 00 12.2.;17___ • ____ ••• _ •. 52... _. 	 CII·18 13-25 30.211 31.mi 28.S·1 ~~In.71l ~. 2S III.U2 

3.90 I 15 4. Q 211.2 37.114 26.1I1i 37.00 2.35 1.211 12.54 Pi
CIl-IIl 2':Hl 211.112 2.67 I 16 4.8 23.7 3G.Sl HI. 78:l3.03 27.70 0.05 	 2.2!1 IIl.-Il 1.5S 15 

'61.14 2.23 1.63 12.27 i>-
Cllf" 4H1O 2<J.12 3UH 27.mj 7.m 2.00 

4. Ii 2t1.0 40,27 IU.OO 37.28 2.22 .8·1 12. 28('051 11.67 I.as 13 4.4 J!),7 41).112 18.4500+ 33.8il 27.73 31.07 .;.43 2.U2 37.72 2.21 .99 12.01ir (,IH2 2:l. 7·( 48.57 la.Ol 111.·11 a.11 18.32 30.2.'i 2.62 1.01 12.07 ......()·7 11.03 2.0. 20 0.2 11.0 41.91 	 ~
1a_____________ • 80 	 ('11·13 7-lll 8.02 O.S8 IS 4.0 0.3 23.93~~I. 48 ·I6,-lIi 22.n5 7.15 2.HS 42.63 26. 3.~ 4.42 3.18 10.301('!)l4 111·31 IS, .;0 41Ui! 27.(»1 

II. 12 0.11. 2:1 4.9 13.0 18.30 ·IS. (Xl 27.71 4.13 ~4.02 2.02 1.87 11.13CIH!i 31+ 2'l.liO 3U.51 30. a7 -l.ll! 2.37 
111.0\ 5. liS 27 4.9 14.5 111.01 47.09 211.83 1.02 1.65 • 12.77 Z

a717 IH 12. \III 4fi.tll 3(1.83 8.03 
15.17 4.51 33 4.7 21.3 20,28 44.04 2\1.40 ~. 2·1 I. 41 12.04I. 2·1 10.74 	 ......10 .. ____ • __ • ____ IKl.. .•. lJ:lil8 4-10 11. 85 40.30 :11.57 a.oo 

8.80 19 5.4 19.0 17.00 44.97 30.3;; 5.72 .05 (fl1.03 16.45 7.3;; 	 2.; 5.1 14.48n:l7Io 10-33 12,23 ·1Il.72 ZR.BI 	 2:1.3 12.57 45.34 34.39 0.53 1.(168.01 .76 15.34 	 5. :17 39 5.2 i6.07rD3720 33-180 12. ~J 44.01 30. (Xl 6.00 .50 17.5S 2.52 49 5.2 
40. I 15.52 47.12 211.13 5.85 I. 24 13.01 ~

20. _____________ { n57S7 IHi 2-1.!IfJ 5:L r.g 4.07 12.411 3.IHI I.n:l 0.10 18 4.7 I 
'.!7.3 25. i3 37.44 31.00 4.59 1.21 12.89 Z

II)!!.. .• n57R8 O-!l 22."5 53.95 8.84 	 1·1.0 a~!. 50 all. 38 20.0.; 5.41110.05 3. fiI 	 4.48 7.23 t::l4.115 6.1l1 I 20Ilfii8!1 Il·an 1\1.10 48.·la 2:1.IH 5.32 2.:t! 11.:1:1 7.117 I ·11 
4.5) 21.9 2:1.UI 411.27 .1i.72 5.13 3.m 1I.la m

115iIKI :10..10 24.62 27.44 :1II.·11i 3.55 :1.48 14.52 45 
U I!l"!j I\l. 40 45.71 28.40 a.no 1.7:1 l.i.24 

21 ...___ • __ ._ .._ 	 ·1.11 7.88{ CII:~~ 
j-
fl·

J5
7 :11. iR 	 43.70 n.5H 14.21 2.7:l 8, 

52 
1 5.U I 5.3 I 27: 114' . --.....('\1:19 HI. 2:1 1',.1.07 	 10 .1. 0 40.:~1 21. 55 3.25­104. ... 10.08 7. \~I 1.80 lIl.a2 0.71 	 H.83 ill. 110rn·1O 1.;-22 :19. f>I 16.33 40. nil 2.27 1.19 13.80 

ali 4.3 0.3 I 15.84 M.SI 22.68 4.53 1.40 1:1. 71C911 22-30 3\1.0a 1. 73 1 a:l 
~:~ I :l1l.1i:1 15. '1.7 40.02- 15.110 	 40.53 2.24 1.26 12.20 I. 2'; 30 t~ :~9.IHI 1:1.93 40.31 

t. .50 0" 16.::S
1.20 .46 16.71 I-'

Is expres~ed as percentage of the whole soli. '-l
, In TechnfCIII Bulletin 584 the qllllntfty of collofd extrncted L~ expressed as percentage of the quantity of collof,) fndfCllt~d by the mcchanfCIIlanaly~fs. In thf~ table the quantity 

I-	 . ­
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TABLE 5.-Average composit,ion of the soil material in the whole profile 

[Constituents calculated on (gnit!on.loss·free bll&is. I'XOOpt combined water calculated on orrlSnic-free basis, 
and organic matter cwculated on weight of wbole soUl 

EXCEEDINGLY YOUNG PROFILES 

Sum of 
bases. Or· Loss of Pro· Nature of Com· 

flle parent Rain· SIO. }'e.O. AhO, TIO, ('aO, blned ganlc 81O,IBMes tm..~~ 
fall MgO, mat· lost I lost I + lossNo. material waterK.O, and ter SiO, 

Na.O I__1_-

Per· Per· Per· Per· Per· Per· 

1 Volcanic eln· Inch•• cent cent cent cent Percent cent Cfnt 


dcrs•••.•••••• 100 47. flO 13.51 13.53 2.1iIl 22.41 0.39 3.24 
.~~" ­

2 Aalll\·a...•••. lliO 37.04 17.52 27.70 2.87 13. ~a 10.69 18.32 ·o.ilO' '0:05' 1.0S 
3 Pilhochoe la\'8. 175 27.10 31.36 18.04 3.76 18.29 9.33 23.10 .63 i .65 1. 0.'1 

YOCNO PROFrLES 

4 Volcanic Ilsh•.• 20 51. 19 13. OJ 23.il 2.43 9.17 0.81 1. 91 0.38 0.74 1.05 
5 .do.•. flO 38.31i 24.86 24.59 6.07 5.4ll 10.29 2.6.'1 .56 .85 1.52 
6 Pahoehoe lava: 6.~ 30.32 24.42 22.78 3.80 8. !!.~ 12.25 0.37 .04 .. ii 1.43 
7 Volcanic asb .•. 175 16.48 38. 6.~ 32.16 8.10 2.37 16. ~4 12.INi .88 .00 1.00 _.... do _________8 1!18 14.31 36.16 37.18 8.21 1.88 17.00 7.3.1 .80 .07 1. ()9 _____ do________..
9 273 16.80 \41.52 28.91 8.27 2.10 15.25 12.53 .88 : .97 1.10 

I 

OLD PROFII,ES 

18 34.21 24.06 31. 24 5.21 2.84 9.64 0.00 0.69 0.94 1.36lY 1.~I.d3~1~~\U"::: 22 36.05 26.37 2i.09 5.78 2.78 9.00 2.30 .63 .93 1.48 
12 Basnltic la\'a ... 36 29.71 10.20 42.41 2.97 2.49 14.53 1. i2 .80 .06 1.20 
13 IMiddle-aged 

la\'a_ ........ 100 13.73 46.91 28.40 8.65 1. 76 14.16 6.29 .92 .97 1.05 
14 ___..do......___ 140 19.87 47.64 20.61 9.60 1.57 9. 32 4.80 .88 .98 1.11 

PRESeMABLY OLD PROFILES FROM T. B. 584 

La\'a_ • ______..15 20 138.70 2.,.16 28.30 5.72 ! 1.43 10.80 0.60 0.61 0.97 1 59 
__...do....____•16 20 35. i1 25.!l4 30.92 4.73 2.2i 9.47 1.92 .67 .95 1.42 _____do......___ 

_..__ do.._..__.. 
17 33.05 27.63 6. 'l4 2.38 10.33 2.80 .74 .95 1.28 

18 80 20.47 46.09 22.00 7.14 2.75 12.31 5.91 .88 .06 1.0!l 
52 \ 20.57 

___..do..___..__19 90 12.27 44.74 34.91 7.1B . r,s 17.27 3.25 .92 .09 I.Il8 _____ do _______..20 44.40 23.60 6.30 2.95 10.19 '1.25 .86 06 1.12100 121. 64 __ .._do. ________21 104 32.43 82.66 26.13 6.55 1.75 10.33 4.37 .72 .96 1.33 

I Calculated IlS a fraction of the QUllntity in th~ original la\'8. 

Soil analyses reported in a previous bulletin (7) were also recalcu­
lated in the manner just described. These analyses are shown in 
tables 4 and 5 along v.rith the present analyses. The profiles in this 
collection were not characterized as to age, but they are presumably 
all fairly old, because they are all made up almost exclusively of silt 
and clay particlrs. Arranged in order of rainfall they provide a 
series to compare with the old proHles. 

No elaborate consideration of data is needed to show the general 
net results of weathering. All soils in table 5 except profiles 1 and 4 
a.re higher in iron, alumina, and titanium and lower in silica and sum 
of monovalent and divalent bases than the average unweathered lava. 
This is plainly due to the fact that the losses, if any, of iron, alumina, 
and titanium by leaching are on the \v-hole less than the losses of silica 
and sum of monovalent and divalent bases. A more detailed picture 
of weathering, especially with respect to the changes taking place at 
different stages of weathering, may be obtained from the data in 
ta.ble 5. 

If the percentages of iron and alumina are compared it will be seen 
that in each age group the pl'oporti.0ns of these two constituents show 
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a re£nIlar variation with rainfall. In the exceedingly young group 
profile 1 should not be considflred, because, according to its composi­
tion and its lack of combined water, this is practically unweathered, 
but in profile 2 the alumina is higher than iron; whereas in profile 3, 
of higher rainfall, iron exceeds alumina. In the young group of 
profiles, alumina exceeds iron in the profile receiving 20 inches of 
rainfall. Alumina and iron do not differ markedly in profiles receiving 
50 to 188 inches of rainfall, and iron exceeds alumina where the rainfall 
is 273 inches. In the old group of profiles alumina exceeds iron in 
profiles receiving up to 36 inchps of rainfall and iron exceeds alumina in 
profiles of 100 and 140 inchps of rainfall. In the presumably old 
group of soils from Technical Bulletin 584 the pattern is similar; 
alumina eXI~eeds iron in profiles recf'ivlng 20 inches of rainfall, and 
iron exceeds alumina in five profiles recei,ing 52 to 104 inches of 
rainfall. 

These changes in the proportion of iron to alumina may, of course, 
be due to chance variations in the parent materials, but the odds are 
against this. Thref' of the 12 soils containing more iron than alumina 
ha,-e iron-alumina ratios of 1.88, 2.13, and 2.31. In the average lava, 
iron and alumina are about equal and no one of the 43 lavas reported 
by Cross contains iron and alumina ill a ratio higher than 1.80. It 
is especially improbable that the correspondence between iron­
alumina ratio and rainiall should be due to chance. In proceeding 
from profiles of low rainfall to those of high rainfall, the pattern of high 
alumina, approximately equal iron and alumina, and high iron, obtains 
for all four groups of soils, wholly or in part. ~10reover, the pattern 
is more m!I.Tked in the groups of old profiles than in the young group. 

A more probable explanation of the data is that at some stage in the 
weathering of Hawaiian soils derived from lava, alumina becomes more 
soluble than iron. The point at which this takes place apparently 
corresponds to, or is dependent upon, the development of a certain 
hydrogen-ion concentration in the soil material. In profiles where 
alumina markedly exceeds iron most of the horizoI).s have pH values of 
6 or more; whereas in profiles where iron markedly exceeds alumina. 
the horizons are in most cases more acid than pH 5.2. There is a 
fairly sharp line of demarcation between the two classes of soil at pH 
-5.0 to 5.2. 

Titanium increases with rainfall in each age group almost as regularly 
as iron. The correspondence of titanium to rainfall should be some­
what poorer than that of iron, for titanium varies more widely than 
iron in Hawaiian lavas, as shown in table 3. It seems that titanium 
is fully as resistant as i,ron to leaching, or slightly more so, as the 
proportion of iron to titanium in the soil is about the same as in the 
lavas. The average percentages of iron and titanium in the 43 analy­
ses of lava (4) are in the proportion of 6.4 to 1, and in the 21 soils of 
table 5 the a,erage iron-titanium ratio is 5.5. There is no evidence 
in table 5 of titanium being more insoluble at one stage of weathering 
than' at another, but other evidence on this point will be given later. 

The percentages of silica are on the whole in good correspondence 
with the rainfall data in all four grouIJs of soils. Although there are 
'some dil'lcrepancies, these may reasonably be attributed to differences 
in parent material or to differences in the ages of soils in the same group. 

There is also a reduction in the silica content ",-jth age. This is 
;apparent in the low rainfall soils, but not in soils of high .rainfall, if the 
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exceedingly young group is ex('('pt('d. SufficiC'nt data are not avail­
able to teD whether depletion of the soil in silica reu.ches a minimum; 
i. e., a point where other constitu('nts and silica are lost at the sume 
rate. Some Hawaiian soils have been analyzed that contain l('ss 
silica than any of those shown in table 5 (11), but it is not known 
whether their extr('me composition is due to exceptional weathering 
or to a parent matl'rial of unusual composition. 

The percentages of the combined monovalent and divalent bases 
agree with rainfall data fully as well as the silica percentages in the 
young and old groups of soils. But iu the group of presumably old 
soils from Techuical Bulletin 584 the1'l' is practically no correspondence 
between bust'S and rainfall. And in the old group where the bases 
stand in the snme ordl'r us the rainfall, the percentages of bases are 
all so low thut it seems that they might easily be put out of order by 
chance conditions. From the data available it spems that the silica 
content is a more reliable indicator of degrpe of weathering than the 
base content. Organic matter is presumably responsible for the 
slight or irregular vn,riation of bases with rainfall. Part of the bases 
are associated with the organic matter and this generally increases 
with rainfall. If it were possible to subtract the bases held by organic 
matter from the total, the remaining bases would probably show a 
good correspondence with rainfall. 

In Hawniinn soils the removal of bases evidently proceeds almost as 
far under low rainfall as under high rainfall, given sufficient age. 
Four old profiles (Nos. 10, ll, 15, and 16), developed under 18 to 22 
inches of rninfall, arc no higher or only slightly higher in bases than 
the soils developed under 100 or more inches in the young und old 
groups. Possibly silicn likewise u,pproachcs the minimum under low 
rainfall in soils sufficiently old. More data bearing on this point are 
needed. It is evident, however, that the removal of silica proceeds 
at a slower rate than the removal of bases under low rainfall. 

Thr compumtive rates nt which silica und the buses are removed 
is not shown so plainly by the percentage compositions of the soils 
as b)~ calculu,tions of the losses that have occurred during the develop­
ment of the soil from the pal'rnt lava. In the case of soils 2 and 3 
the lOHse's of silica and bases can be calculated, because analyses of 
thp actual parent lavas are available. The general method of cal­
culating weuthp!'ing losses is described by Merrill (10). In the cuse 
of soil 2 it was assumed that no alumina was lost in the transition from 
la,a to soil and in the case of soil 3 iron was assumed t.o be the most 
insoluble constituent. For soil 2 the calculated 10ss('s of silica nnd the 
bas('s are 0.60 and 0.65 of th(' quantities present in tIll' fresh Invn und 
for soil 3 the losses are, resp('rtiYely, 0.63 and 0.65. Thus the r('lution 
between th(' fraction of silicft lost and the fraction of buses lost is 
almost identical for the two soils, although the pnrpnt lavas of the 
two soils contain silicn and bases in difi'er('nt proportions, as shown in 
table 3. The lava of soil 2 contains 2.41 times ns much silica as 
bases and the lava of soil 3 contuins silica nnd bast'S ill the proportion 
of 1.41 to 1. Oonsidered simply as w('ight of material lost, the loss ill 
silica is 2.23 times the loss in bases for soil 2 nnc! 1.37 times the loss ill 
basl;'s for soil 3. The data on these two soils indicate that the absolute 
weights of silica and the bas('s lost aI'l;' detcrmint'd larg('ly by the 
proportions in which these constitu('nts are present in the par('nt lava. 

It seems that the fractional loss of bases is always great~r than the 
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fractional loss of silica. This holds for soils 2 and 3 and for theremaining soils in table 5 and for lava boulders and their contiguoussoil layers analyzed by Kelley (see Moir et al. 11). The calculationsmade for soils 2 and 3 were also made for the remaining soils in table 5.Analyses of the actual parent la,vas not being available, the data ofreference in these cases was the assumed average lava. The fractionalloss of bases calculated was in each case greater than the fractionalloss in silica, the differences being much greater for the low rainfallsoils than for the soils of high rainfall. The general trend of thevalues obtained is probably correct. They are in harmony with cal­culations made by Moir and his associates (11) from Kelley's data.Kelley's analyses were made of unweathered cores of lava boulders,and the weathered shells of adhering soil material found in the Wah­iawa region, island of Oahu. Moir et al. calculate that in the develop­ment of the soil material from the fresh lava the loss of silica is 80percent of that present in the fresh lava and the losses of lime, mag­nesia, sodn, and potash average 94 percent of the quantities originallypresent. These losses are of the same order as those calculated for thehigh rainfall soils of the young and old groups and for soils of mediumrainfall in the old groups; in other words, for soils 7 to 9, 12 to 14,and 17 to 2l.

Further evidence on the course of weathering may be obtained fromanalysis of the extracted colloidal materials, but the conclusionsdrawn from the soil analyses may be briefly recapitulated. Aluminaseems to be the least soluble constituent in soils that have not beenmarkedly weathered or in soils exposed to low rainfnll. In the morehighly weathered soils iron is evidently less soluble than alumina;titanium is probably slightly less soluble than iron, but it varies con­siderably more than iron or alumina in the unaltered lavas. Silicaand the sum of monovalent and divalent bases are by far the mostsoluble constituents in the soils and lavas. The bases seem to belost more rapidly than silica, particularly in the early stages of weather­ing. Under high rainfall the loss of bases may be diminished some­what by increased organic matter. The best index of degree ofweathering seems to be the silica content of the material.According to the preceding conclusions, a series vf soils derived fromthe same parent lava but weathered to markedly different e}.--tentsshould show the following changes in composition when arranged inorder of decreasing silica content. The base content should be highwhere the silica is high, but \vith a moderate drop in silica the basesshould drop to a low level where they should fluctuate more or lesswith the organic matter. Alumina should increase markedly with thefirst small decrements in silica, remain fairly constant with furtherdecrements in silica, and decrease when -the silica content becomeslow. Iron and titanium should increase with decreasing silica content,but the increases accompanying the first decrements in silica shouldbe less than those accompanying subsequent decrements.It seems as if it should be possible to test the preceding conclusionsby an examination of existing data. However, few ultimate analyseshave been made of Hawaiian soils. Moir et al. (11) report only 11 suchanalyses. These were made by Magistad and are of surface layersonly. No informat.ion is given regarding the 11 soils except that theyare from 6 different islands and are devoted to pineapple growing.These analyses are given in an abbreviated form in table 6, arranged 
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in order of decreasing silica content. Only the major constituents are 
shown an.d these have been calculated to an ignition-loss-free basis, 
except water which is calculated on the material free of organic matter. 

TABLE 6.-Analyses by Magistad (11) of 11 Hawaiian pineapple soil8 

[Calculated to IlD ignltion·loss·free basis] 

Bum of bases CombinedI,aborn· S[O, Fe,O, AbO, 'I'iO, (CaO, MgO, wat(lrtory No. K,O, No,O) H,O' 
-

Perct.f Percelll Percent Percellt Perctni Ptrrent 
620 46.64 31.(H 12.211 4. Ii 8.5i 12.05 
913 a8.25 24.82 25.1,~ 4.30 5.72 10.88 
917 311.86 28.7:1 23.64 4.12 4.71 10.13 
636 3n. LU 28. {17 21. 39 8. ,19 3.12 10.40 
919 3:1.52 33.2:1 22.3:1 6.53 3.84 17.43 
918 30.59 37.70 20.39 ti.9Q 2.20 12.71 
621 30.16 35. tiS 22. n9 5.85 3.94 11.83 
631 18.06 f>8.21 7.75 12.92 3.11 8.86 
626 648 02.12 17.60 9,,12 4.51 16.60 
920 0.45 {~1.40 7.79 16.58 2.32 3.20 
625 5.18 !)8. no 17.46 10.04 8.34 26.50I 

, Calculated on organic·free basis. 

It will be seen that this series of soils conforms fairly well to the 
pattern predicted for materials weathered to markedly different 
degrees but derived from the same parent material. Most of the 
deviations in iron, alumina, and titanium from the ideal trends are 
such as might reasonably be attributed to differences in parent lavas. 
The fact that the titanium percentages show more pronounced ir­
regularities in their upward trend than the iron percentages show is 
in harmony with the idea that the irregularities are mostly due to 
differences in parent lavas, as titanium is a more variable constituent 
of Hawaiian lavas than iron. 

WEATHERING OF HAWAIIAN ROCKS AND :FORMATION OF 
HA WAIIAN SOILS, AS SHOWN BY ANALYSES OF THE COL­
LOIDAL MATERIAL 

The preceding conclusions as to the effects of weathering were based 
on analyses of whole soil material. Because whole soils usually con­
tain unweathered minerals together with the weathered residues of 
minerals, whereas the colloidal fractions of soils are made up chiefly 
of the weathered residues, it might be expected that analyses of the 
colloidal materials would giye a clearer picture of weathering than the 
soil analyses. 

Compiete analyses of the colloidal materials extrfl.cted from the 
different horizons of the soil profiles are shown in table 2. The main 
constituents of these analyses calculated to a basis free from i~nition 
loss are shown in table 4. These analyses are comparable WIth the 
analyses of whole soil also shown in table 4. In some cases, in order 
to facilitate compruisons of the colloidal materials in different profiles, 
a single analysis for each profile was obtained by averaging the 
analyses of all the horizons in a profile. These average analyses, 
shown in table 7, are comparable with the soil analyses of table 5. 
In calculating the average analysis for a profile, the analysis of each 
horizon was weighted according to the thickness of the horizon, but 
it was impossible to weight the analysis for the percentage ·of colloid 
present in a horizon, as .this was uncertain. 
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If the data of table 4 are compared it ",ill be seen that the e:xtracted 
colloids and whole soils are for the most part much alike in composi­
tion. The most consistent differences between whole soils and col­
loids occur in the first 6 profiles. It seems that the first 6 profiles 
are made up of lava. minerals and varying amounts of colloidal 
material, whereas the last 15 profiles are made up almost entirely of 
colloidal material. The evidence for these conclusions follows. 

TABLE 7.-Average composition of the colloidal materials extracted from profiles 
1 to 6 and the compositions of the lavas from which they were formed 1 

[All constituents e,cept water calculated on mnterlal free of Ignition loss. Wat.er calculated on material 
free of organic matter only] 

I 8um of Com­
Material 810, 'I 0 'T'10 bases (['nO, binNI'I' , MgO,K,O,-'" wall'rNa,O)

-------·---------1----------------1-­
P"CMt Perant Perant Percent Percellt Percwt

A"crngc lavI1.____________ ..___..________..________ 48. 69 1~. 85 IS. 99 !. £9 to. 7£
Colloid profilo 4. 2O·lnch raluf"IL________________• 43.92 16.05 31.33 2.68 a.80 11. 12 
Colloid protlle 6, 5O-Inch rainfaIL_________________ 40.25 19.98 33.04 3.38 2. 08 12.03
Colloid profile 6, 65-lnch rainfaIL________________ . 31.66 23.47 35.84 3.19 3.28 15.15
Lava fragment, protlle L_...__ .__________________ 48.,~3 H.18 t.J!81~.£S !!O.6t .00 
Colloid proflle I, l00-lnch ralnfalL_______________ 37.71 19.90 25.81 2.44 12.15 11.50
Lava fragment, profile 2 _____ •____________________ 48.S1 14.77 14.44 f.I~ 19.97 £.87
Colloid profile 2, 150-inch rainfaIL..__ ..__________ 27.48 n.59 51.40 1.76 
Lava fragment, protlle 3_ ••.. _____________..____• 39.7S 16.99 1~. 74 .91 £8.£5 t.01

3. 90', 20.45 

Colloid profile 3, 175-lnch ralnfaIL____..__________ 14.37 42.14 32.39 4.47 3.69 1i.20 

I Italics used to distinguish lava from colloid analyses. 

In the 15 profiles following profile 6 the only consistent difference 
betweel1 whole soils and extracted colloids lies in the titanium con­
tents. This constituent in almost every horizon is markedly higher 
in the whole soil than in the axtracted colloid_ In the lava titanium 
is frequently present as illmenite (FeO. Ti02 ), a mineral very resistant 
to weathering. It may be that part of the titanium in the soil is 
present in the original illmenite particles larger than colloidal size, or 
it is possible that when minerals containing titanium break down the 
titanium does not become part of the clay minerals but forms an 
oxide not readily dispersable. 

Except for the titanium contents many of the whole soils and 
extracted colloids in this group of 15 profiles are practically identical 
in composition. In some profiles differences occur, but they are not 
such as would be caused by the presence of unweathered minerals in 
the soils, as the calculated analyses of residues remaining after 
remoyal of the colloid samples do not correspond to unweathered 
lava minerals. Differences between soil and colloid that occur in this 
group of profiles are evidently due to the extracted colloidal material 
not being representative of all the colloid in the soil. The colloidal 
material that is difficult to disperse and is not extracted evidently 
differs in composition from the extracted colloid. Data bearing on 
this subj ect t),re given in two previous publications (3, 5). 

In profiles 10, 11, 15, 16, and 17, iron is considerably lower in the 
extracted colloids than in the whole soils and this difference accounts 
for the somewhat higher percentages of silica and alumina in the 
colloids. The profiles mentioned are all old profiles expoBl'd to low 
rainfalls. Presumably- here some oithe iron has become dehydrated 
and consequently reSIstant to dispersion. In profiles 13, 14, 18, 20, 
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and 21 thp soil and colloid are nearly alike in the lower horizons, except 
for titanimn, but in the surface horizons a condition obtains similar 
to thnt 111 the Jow rainfall profiles. Here the extmcted coHoid is 
much higher in alumina and combined water than the whole soil. In 
profilt,s ] 4 and 20 the surface horizons are so low in alumina and 
combillCd wat.pr thnt after the quantity of colloid actually extracted 
is removed the residue is made up almost entirely of silica, iron, aod 
titanium with vl'ry little combined water. It seems that in these 
~urface horizons the soil material is made up of two g('neral classes of 
colloidal makrial-fL dispersable part that is the usual hydrated 
alumino-silicat(' complex and a part that is difficult to disp('rs(' made 
up largdy of part.ially dehydrated oxides of iron, silicon, und titanium. 
An X-my ('xflTninat.ion of t]1('se soils and their extracted colloids 
would be' of inter('st. 

In the first 6 profilps th(' diifl'rences bptw('en soil and colloid are 
fairly consist('nt and are distinct from thl' diff('r(,llces obtaining in 
th(' last] 4 profil('s, exc('pt for titanium ill profil('s 5 and 6. As com­
pared with th(' ('xtracted colloids, the soils are, with few exceptions, 
higher in silicn, lower in alumina and iron, higher in basps and lower 
in combined wa.t('r. Thcsp arp all characteristics that would be 
impnrtpd by the prl'S(,I1Ce of unw('uthcrpd IfLva minerals. The difIer­
('l1eE'S an' roost pronounced in profile 1 and least pronounced in 
profile 6. Profile 1 is obviously made up almost ('xclusivE'ly of 
1ll1WNlthered miIlPra!s. This is shown by the virtual p bsence of 
combin('d wutpr in the soil mat.prial. The soil matE'rial of profile 6, 
on the other hand, is evi(h-ntly made up largely of material colloidal 
in its degreE' of wpat.llPring with some UllwE'atl1('red minerals. In the 
othpr profilE'S the proportions of paf('nt minprals and colloidal mate­
riul fire prpsumably intermediat(' bE'tweE'n those obtaining in profil('s 
1 find 6. 

It S(,('111S fairly certain from ill(' preceding comparisons thut the 
first 6 proHles contain some ul1wE'athcrE'd lava minE'rals in addition 
t.o colloidal material, whE'rens the last 15 profiles arE' made up almost 
pxclusivply of colloidn,! materinl. Colloidal material in this particular 
connection is takpn as menning t.he insoluble decomposition products 
rNHllting from tIl(' hrE'nk-down of the parent lava minprals. Whetll('r 
t;\1('8e products arE' rpadily dispprsab!p or not probably dl'pends in 
purt upon chang<'s t.hat the colloidal complexps have undC'I'gone since 
th('y W('f(' formed. As shown in table 4, tIl(' lnst. 15 profilrs diffE'r 
widely in composition and the difl'erpl1C<'s ure related to the nges of 
thr profih's and t.1ll' rainfalls to which thpy arE' e:xpos('d. Granting 
f.llllt, thpsp profilps eonsist IUTgely of colloidal mn terial, it s(,pms 
pyjdl'nt thnt weathl'ring has nlt.prNl the colloidal matrrial soml'what. 
Howeypr j there is considerable pvidrnce that the eomposition of the 
colloid is drterminedlargely at. tIl(' time it is formpd. Some light on 
t.hesE' qUl'stions may bp obtuin('d from the ana.1ytical data reported 
hrrr. 

The analyses of the extraetC'd eolloids of proHlps 1 to 6 are of par­
t.icular intE'rest, for it seems tJwy I'Pprpsent j or are closl' to, the compo­
sitions of the freshly formN} eolloidl1l materials. ThesE' profiles are 
obviously less weathered than the others. Profiles 1 to 3 n.re especially 
young n.nd only slightly weathered, as they contain n. considerable 
proportion of large lava fragmpnts that are practically unweathered. 
It required painstaking work to extract about 1 percent of colloidal 
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material from the fine material of tbese three profiles. The fact that 
these profiles 1 t06 apparently still contain minerals of the pareP.t 
lavas indicates that the extracted colloids may be .essentially as when 
.first fonned. The decomposition of these minerals with liberations of 
soluble constituents should tend to maintain the conditions that ob­
tained when colloidal material was first formed. 

To ble 7 shows the average compositions of the colloidal materials 
extracted from profiles 1 to 6. .Average analyses for a profile were 
calculated .as described on page 22. 

Granting that the analyses are those of freshly formed colloids, it 
appears that rainfall has considerable effect on the kind of colloidal 
materials formed when tbe parent minerals break dO\\'l1, as when the 
analyses are arran~ed in order of rainfall, the major differences in com­
position show a faIrly definite trend if the analysis ·of profile 1 is omit­
ted. This analysis may be excluded from the comparison as the base 
content of the colloid, the low combined water of the soil material 
from whicb it was extracted, and the small quantity of colloid that 
could be extracted suggest that this colloid may contain unweathered 
or partially weathered minerals. When profile 1 is excluded the series 
of analyses shows with increasing rainfall a regular decrease in silica, 
an almost regular increase in combined water, a regular increase in 
the sum of iron and alumina, a practically constant level of bases, and 
irregular amounts of titanium. There is no plain trend in the percent­
ages of iron alone or alumina alone. 

The constant percentage of bases in the colloid is doubtless a fallacy 
produced by calculating the constituents on a basis free of organic 
matter. Part of the bases must be associated with the organic matter 
rather than with the inorganic constituents, and the organic matter 
in the colloids increases with increasing rainfall from about 4 percent 
to nearly 30 percent. If a correction could be made for bases carried 
by the organic matter the bases of the inorganic constituents would 
doubtless show a regular decrease with increasing rainfall. 

It is probable that the decrease in silica, the increases in combined 
water and in sum of iron and alumina, and the presumable decrease in 
bases are due to differences in rainfall. The irregular percentages of 
titanium are probably due to differences in the parent material, as 
titanium is one of the more variable constituents ·of unaltered lavas. 
'Vhether the irregular proportions between iron and alumino. are due 
to differences in rainfall or to differences in parent materials isa 
question. Obviously much more data than those given in table 7 are 
needed to show wH,h any degree of certainty the comparative effects 
of rainfall and parent material on the chemical composition of the 
colloids . 

.An examination of these colloids for the types of clay minerals pres­
ent would be of .considerable interest, as they contain widely varying 
proportions of silica, alumina, and combined water and yet are derived 
from parent rocks that are presumably much alike. In the colloid 
from the profile of .20 incbes of rainfall the proportions of silica alu­
mina, and water plus bases .are about what they should be if kaolinite 
is the chief constituent. 

If the freshly formed colloids are compared with the parent lavae 
it can be .seen that marked weathering changes accompany the forma­
tion of colloidal material under high rainfall. In table 7 the composi­
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t.ivns of t.he colloids and of the parent lavas, either actual or assumed, 
are brought together. The lava analyses for profiles 1 to 3 are analyses 
of rock fragments found in these profiles, whereas the lava anaiyses for 
profiles 4 to 6 are tbf)se of the average lava which is assumed to be 
similar to t,he actual parent materials. It wjll be seen that the colloidal 
mat,erial formed under 20 inches of rainfall diffrrs from the parent lava 
in containing twice as much alumina, much more wa~er, and one-fifth 
as much tot.al bases. In the colloids formed under 150 and 175 inches 
of rainfall these differences are accentuated and in addition the col­
loids contain much less silica than the parent lavas. The mhliwum 
weathering losses responsible for these differences in composition can 
be calculated assuming that either no iron or no alumina is lost, accord­
ing to which has increased more in percentage. If this is done it 
appears that when the minerals decompose to colloidal material undpr 
low rainfall there is a marked gain in combined water, most of the 
monovalent and divalent bases arc lost, and considerable silica is lost. 
When the minerals decompose under high rainfall the losses are prac­
t.icalJy tIl(' same excrpt they are greatly accentuated. There is a sug­
gestion, howen~r,jn thp colloid of 175 inches of rainfall that more 
alumina may be lost than iron. This should be substantiated by more 
data. 

Bpcause thr par'rllt lava miurrals haY(' apparently disappeared in 
the last 15 profilrs it may be assumed that the collodial materials in 
these profilps hllve brPll weathrred more or less. If this is true, an 
idea, of thr ('ffects of wrathering OIl coUodial material already formed 
mlly be obtained by comparing the colloids of the last 15 profiles 
with the freshly formed colloids in profiles 2 to 6. The colloid from 
profile 1 is exeluded for th(' reasons given on page 24. As previously 
menti01lPd, the last 15 profi]('s srrm to br made up almost entirely 
of colloidal material; 11('nce thr whole soil ,analyses of the last 15 
profiles shown in table 5 may be compared with analyses of the ex­
tracted colloids shown in tablr 7. However, only colloids exposed 
to similar rainfalls should be compared, as the compositions of the 
freshly formed colloids vary with the minfall. In order to facilitate 
the comparisons, analysl's of thr last 15 profiles in table 5 have been 
condeusl'd to 5 by avel'llging the analyses of profiles exposed to similar 
rainfalls. These average analyses of weathered colloids are brought 
together with analysrs of the frl'shly formed or unweathered colloids 
in table 8. 

Th('c weathrrcd and uIlw('ca1.hrred colloids exposed to 175 inches or 
more of rainfall, shown in the last line of table 8, may ba considered 
first. These colloids do not differ from each other appreciably in 
any cOIlstitul'nt rxcrpt titanium, which is considerably higher in the 
we'athered colloid. T.ht' lower titanium of the unweathered colloid 
of profile 3 should .probably be disregarded as a parent material 
difference, as th(' lava from which this colloid was derived contains 
only 0.91 percent titanium o).-ide. Had the lava contained the average 
amount of titanium (2.29 percrnt Ti02) the unweathered colloid 
might have been sinlilar to the weathered in titanium also. With 
the titanium content disregarded it appears that colloids formed 
under very high rainfall change little or very slowly under subsequent 
weathering. It is regrettable that more data are not available to 
support this important conclusion. 
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TABLE S.-Presumably unweathered and weathered colloidal material8 compared 

[All constituents except water calculated on material Iree 01 Ignition loss. Water calculated on material 
Iree 01 organic matter.) 

Sum 01 
bllSe5 

Profiles' represeuted In ORO, CombinedRalnlall' RiO, AbO. TIO,
anal~'sc~ 01- MgO, ...ater 

K,O, 
N'tI,O 

._- --,-,,--- --._- ----.-,-~--

"0 "C "0 "C "C "0 '0 
Un· :=: ::: '0 :=: f ~ "0 'C "0'" t '0 "0~:E "''0 '"''0 ~"Oweath· Weathered ~:s .cOO .c. ­.... 'C -0_0 

I~ '" " ..,0 '" ..-
5'0 .. 'C ":;0 "'0~red colloid No. ",.- +>- ~:E "'0 t:E t::! -:"E ~:= '" '" 

~2 .co <0- .cC .cO .cO <0_ .cO"'- ,,­
l·ollr.ld +>:::: ~g -:::: 2:::: ~=5 .zoE "'- c.- .. ­c:c ,,2 1<'-' 

0;-

~g ~~ fg ~=g ~o ~2 fg :::f: 
:;, ~ ::> :::. :;;, ~ ::> ~t.. :::. ~ p ~ p ;:; 

1\"0. c c Cit> c C C C i~ C ...C,. g 

-_..-~ ~-- - - - ----.- -- - - - ­
~ n. ~L~LP~~L~.P~ ~LP~~LhLhLM. 

c •..••••. 10,11,15,16.... 20 204:l.9230.1816.0525.3831.3329.oo 2.68 5.39 3.80 2.3311.12 \).89 
5 •• _•.••__ .12,17._ ...... 50 4440.2529.64 19.9S 26. 13 33.0435.02 3.3S 4.91 2.08 2.4412.0:i12.43 
6 .._____ • 13,18,10,20,21. 65 95 ~1. 0620.1723.4743.1435.84 'n.03 3.19 7.10 3.28 1. 9615.1512.85 
2.. .. ___ .•• 14......_.... If~l 140'n.48119.8711.5947.6451.4020.61 1.769.00 3.90 1.5120.45 9.32 
3.__ ...__ 7,8,9......._., 175, 21214.3715.8042.1438.7832.3032.7.0; 4.47 S.lO 3.09 2.1217.20 16.53 


1 

I "-bere more then one profile Is represented the analysis Bill! rainlall are averaged, 

In the four other comparisons of colloids exposed to less rainfall, 
the weathered colloid is considerably lower in silica, somewhat lower 
in alumina, and considerably higher in titanium and iron than the 
unweathered colloid. Oonsidering the quantities present, the in­
crease in titanium is greater than the increase in iron, hence titanium 
should be taken as the most insoluble constituent of the colloid. 
Translated into weathering losses, these changes in composition 
mean that as freshly formed colloids weather, silica, alumina, and 
iron are lost. More silica is lost than alumina and more alumina is 
lost than iron. There are evidently considerable loss('s of the mono­
valent and divalent bases also, although these cannot be calculated 
because of interfering organic matter. 

The weathering of lava to colloidal material may now be compared 
with weathering of the colloid after it is formed. The most marked 
differences in the two stages of weathering evidently concern iron, 
alumina, and titanium. In the first stage of weathering alumina is 
the most insoluble constituent, except -possibly under 175 inches 01' 

more of rainfall; some iron and titan.ium are evidently lost. In the 
second stage of weathering, however. iron and titanium are more 
insoluble than alumina, and titanium seems to be the most insoluble 
constituent. There are appreciable losses of silica and bases ill 
both stages of weathering, but the proportions of silica lost in the two 
stages are somewhat different from the proportions of bases lost. 
Most of the bases disappear in the first stage of wf'athering under 
any rainfaU whereas most of the silica disappears in the first stage 
only under high rainfall. 

A rough estimate may be made of the minimum total losses that 
accompany- the two stages of weathering in these particular soils. 
These estIDlates are shown in columns 3 and 6 of table 9. Losses 
accompanying formation of colloidal material from the parent lava 
are calculated from the alumina contents of the lavas and colloids 
shown in table 8. In the case of profile 3, however, the titanium 
contents are used as the basis of calculation, because in this profile 
titanium increases more in the colloid than alumina. Losses that 
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accompany weathering of the colloid after it is formed are calculated 
from the titanium contents of the unweathered and weathered col­
loids. Data for this comparison are taken from table 8 where averages 
of several weathered colloids are compared with presumably un­
weathered colloids of similar rainfalls. The last figure in the last 
column of table 9 is probably far too high if the weathered colloids, 
7, 8, and 9, were derived from lavas of average titanium contents, 
because, a8 mentioned on page 26, the unweathered colloid was 
derived from a lava low in titanium. 

Probably the onlv conclusion that should be drawn from table 9 
is that colloidal material after it is formed is subject to considerable 
losses by weathering and that these losses, given sufficient time, 
may be as great as the losses accompanying decomposition of the 
parent minerals to collodial material. Losses of the first stage of 
weathering vary markedly with rainfall and probably vary consider­
ably with the nature of the parent minerals, and obviously losses of 
the second stage should vary with time. Much more data would be 
needed to estimate the effects of these variables. 

TABLE 9.-Total loss of constituents accompanying weathering of lava to colloidal 
material, and loss accompanying weathering of colloidallllaterial 

Total lossTotnlloss of con· or can· stituentsstituents Profile No. as per­as per· represented AverageProfile No. from which colloid was extracted Roinfoll centagescentages in 'o"enthcred rainfall or weightof weight colloid 
or origi­ of Cl<­

tmctednnJJav8 colloid 

4_____________________________________________ _ Inch.. Percent Inche8 Percent 
5______________________________________________ 20 &5 10,11,15,16 20 50 
6______________________________________________ 50 58 12,18 44 31 
2_____________________________________________ _ 65 61 13, 18, 19, 20, 21 95 55 
3______________________________________________ 150 72 14 140 82 

175 80 7,8,9 212 45 

In the preceding discussion of the effects of weathering the combined 
water has not been considered. The presence of combined water in 
the soil material is an important fen.ture of soil weathering, because 
it is associated with the colloidal material. The data in table 5 show 
that the combined water increases with rainfall to a ma:x-imum and 
then decreases under the highest minfall in each age group. It follows 
a course similar to that taken by alumina. In fact, variations in com­
bined water parallel variations in alumina fail'l}T closely in most of the 
analyses reported in tables 4 and 5. This is satisfactorily explained 
by lihe fact that both alumina and water are constituents of the clay 
minerals. In the extracted colloids the ru.tio of the percentage of 
alumina to the percentage of water fluctuates around two values, 
2.8 and 2.0. These are the proportions of the percentages of alumina 
and watel' in kaolinite and gibbsite, respectively. Kaolinite, or a 
closely related mineral, seems to be the most widely distributed of the 
colloidal minerals identified, but gibbsite has not yet been reported. 
It may be, however, that the two ratios are reIat'a to different con­
stitutions of the colloids, because, with the exception of profile 2, the 
ratios close to 2.8 are found in profiles exposed to 52 inches of rainfall 
or less, whereas the ratios nem' 2.0 occur in profiles receiving 80 inches 
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or more of rainfall, It is possible that in the colloids e).."]Josed to high 

rainfalls some of the wn.ter is n.ssoC'in.kd witlt the Jerric oxidf', It 

seems eyideut from Iv1n.gistad's :tllulyses (11), the last four in table 5, 

that tn some ell,ses tIll' iron oxide is highly hydl':1.ced and tn other cases 

it mllst be pmetically dehyclmted, 


The conelusions drawll from the colioid analyses as to the net effects 

of weathering are the same as thosp dmwn from alltl,lyses of the whole 

soils, Th(' eolloid analyses, 11m\"('\"('[', luwe addpd some dc·t.ails to the 

picturt', The limitn.tions of t,lll' ('ondllsiolls n.rrin'd nL ('nl} be defJer­

mined onl~' b~~ thp ncelllIlul:tt lon of mol'(' data, It is to be eXI)('ct.ed 

that lhp wt'I1t1H'l'ing ('(I'('('1.s dNlu(,pd apply to most well-dmilwd 

Ill1waiian soils del'in~(l from lnnts but, pl'obltbly not to all such soils, 

Y('IT littlp pvid('tl(,p hns hC'PIl obtlLllH'd as t.o tIl(' d{c'cts of Yltrintions 

in ihe pILI'('nt lant Oil i.h(, ('olllposit.lnl1 of th(' colloidal 11ut1pl'ial and 

tlip \\'l'athl'I'(,d soil. Bp('ausp most of tIl(' data constciPred han' bt'(!U 

avprtt!!(' itlltLl,\'s('S of all thp mnil'I'ial ill It profile, llO indications haye 

bp('tl oblnln('d of WPtttlll'l'illg dl'('ds pPC'ulill,r to any horizons, 


THE nOHJZO.:\AL CHARACTEHlSTICS OF 11A\~'AIIA~ SOIL 

PIWFJLES 


In tIl(' preceding discussion of ,,'(\aillt'l'ing, the mat.Pl'ial of th(' "'hole ~ 

soil Pl'oJil(' WitS considpl'C'll as n unit, 1\0 Mtl'ntion WitS paid to pmf:rle 
"-PlLtll('lill~; that, is, t.o ([en'lopllwnt of dilJprences in tIl(' soilllOl'izons, 

In most soils the horizons n,I'(' dill'PI'pntinLed eiJiC'ilv by t.lH' eiay or 

colloid conknis. but horizons in iiLl'se Hnwi1iian soils (,~LIlnot bp'dis­

tin~llish('d ill this \my, As prp\'iolls1y pOlnt('e! out, a l'('lilLblc' d('t<'rllli­
11ntiol1 of the colloid contellt of t11P5(' soils is not obtnilH'd by thp usual 

method of 111eclulIlictLi nnnlysis, ..'Usn, in matlll'p Iluwuiinll soils, the 

uJtimnte' pnrtid('s t1I'(\ probtthl~- llmri:r all colloid!!.l, bpCl1lHW in the 

pf~rent, !twas the' milleml ptlltieil's tll'P nIl small nne! primary millC'mls 

as l'e'sistn,nt to wl'nchpl'ing ItS qUtLl'tz 11,1'(' pl'n,ctienlly abspnt. Chemical 

composition, tllPrdorl', bpeomcs t.h(' chid Ct'itprion of difl'('reuces in 

the horizons, 

The compnmtive compositions of ill(' difl'C'l'ent horizons cnllnot be 
seen so w('H in th(' ol'igill111l1nnlyse's (table 1) us In t.he pnl'tiul analyscs 
calculated to a basis frpp of ol'gnnic matter and combined ,,'atpr . 
(table 4), In some prof:rl(\s ill(' i~11itioll loss is so high filld ntl'i!tble 
as 1,0 afl'N't, 111lltprinliy the pCJ'('ellla~e's of othe'l' eonstitu(,llts, HOI'i­
zOllal clifl'C'rC'llC(,s nl'o pe'I'haps 1110St plfiinly shown in the' l'C'lative 
figure'S gin'll ill tnble 10, This tnbll' is bnspcl on the abbrp\riat.ed, 
recalculated data of tab1p 4, It shows for each constihlC'nt the 
comparative percentagps in the difl'erpnt horizons of a Pl'OfjJ(" In 
the cnsp of n,ny cOllstitlwnt tIl<' highest pel'('('ntn.ge occurring in nny 
of the horizons is taken as 100 nnd the' percentngps in otht'I' horizons 
,If the profile nrc c).."]JI'C'ssed rphttin' to 100, 

The 46- 50-inch laYPI ill profile 15 WflS ornittt'd from tnble 10, 
because it is apparent from the' composiLion that this is pal'tl:y in or 
near the pal'pnt material. This applips also to the' 180- 240-inch 
layer of profilp 19 and tht' 60+-inch IllyPr of pl'Ofilp 17, '1.'11(' 51- 55­

,inch layer of profile' 9 is omitu'd bp(,llllsP. IIc('ording to obsPl'vations 
of the surveyor who ('oll(,etNI this pro/il(' , thp parent material of this 
layer is presumably difl't'rcnt from tIll! t of the layers above, and the 
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analytical data indicate tilis is the case. Profile 1 was omitted entirely. 
The analyses show that this profile contains such a small amount of 
weathered matt' rial that it is essentially a profile of parent material 
and as such is of DO interest in thls connection. 

TABLE lO.-The comparative percentages of constituents in different horiz01ls of the 
p:ofiles 

EXCEEDINGLY YOUNG l'ROPILES 
---.-- ­ l I ,

I I Com· Or·Ruin· SampleProfile No. 	 SiO, Fe,O, I AhO, . '1'10, Buses Ibined gnntefnll No. matter ____1______waterI \ 
ll1chu Percl'lIt P<rcmt ,P,rullt !Percnrl Percent Pucelll Percent 

{ Clm3 90 82 ]00 8.1 J()O 100 
C1Hl4 100 100 7ti 100 99 :162.. ~ ...... ___ ...... __ .. ~ ......... __ .... 150 
 I~l

{ ('Hil5 100 80 75 lOU 100 76 1,,03...._._ ".' __ .•.•• ,_. __ .•. liS CIIliO ()8 100 ]00 93 95 100 48 
I 

YOUNG l'IWFll,ES 
-~---~------~. 

Clfi27 100 100 JOO ]00 100 100 
4 ... _..._......... __ •• __ . 20 !{ ('1628 100 5i 84 fiU 100 &1 13
nl

C16~'9 89 74 94 80 \19 SO 27 
CI617 100 il 72 74 100 66 100 
CI018 92 B8 89 87 5(\ 92 39 

5•.• " ................... 501 CIIBO 00 92 89 98 48 96 24 
Clli20 80 100 100 84 30 100 28 
C 1621 \ 04 oa 8i 100 32 93 9 
C!f107 100 81 75 87 100 83 100 

6.......................... 05 ()JOOg 97 85 80 89 81 87 94 
CHillll 81 100 100 100 GI 100 81 
('11;:13 100 ]00 ("i 100 100 81 100 
CW:14 75 80 100 60 CH 100 53 

1 

1.........._.• __ .......... 175 
 1 emln 92 93 8."\ 81 e.S S~ 71 
CW:l(l 91 III 71 ~8 97 50 
C2271 R4 9S 100 lUO 80 100 
(,22i2 III fl5 82~g I ru 47 81 4-1 
C227:1 S4 R2 04 8.1 84 39S.___ ••________ • ______ ... (",227·\ 72 \16 I 87 S5 74 B8 29 
(,,1)'>-:-..... ,., !IS .100 7a 92 57 75 43 
(,2'276 36 100 1(10 80 37 100 15'~'l 	

.5 

('2277 U2 \16 1,4 sa 44 93 24 
('22iB IUO 00 1i5 100 .79 79 1110 
C2270 SO UO 7-l 8a 8{ 85 75 
C2280 01 84 71i 88 100 83 0511______________••• __ ..... _ ')-3 I C2281 74 711 100 87 49 IOO 56 
C'2'".!8~ ii 87 81 95 71l 91 58It_f 	 C22'l:1 tii 100 67 93 85 81! 58 
(,2284 87 81 84 87 82 94 54 

OLD PROFILES 

CI&16 100 96 96 100 100 

1 
10."_'.__._......"....__ •• 18 0lCH7 96 100 98 90 80 100 28 

01648 liS 90 100 100 85 IOU 20 
Cl055 100 91 92 lOll HlO 98 50 

95\ 97\ 

I L ....___• __• __• _________ 22 	 CIMO flO 93 100 90 95 100 87 
01657 93 100 100 90 77 100 100 
01(;52 sa 90 1(10 SI 100 99 100

12...___• _. ____•• _..___ .... 36 	 OH;'13 87 97 100 91 88 100 31 
0lM4 100 100 93 100 67 80 16 
Cl643 100 SO 48 100 100 ti7 .100

13._____••_.______• __ •••_•. 100 	 C1644 :17 100 84 60 62 100 57 
0]645 t\9 78 100 57 72 98 2Il 
CI649 100 75 30 100 100 41 100 

14. ___________............. 
 140 	 C!linO 58 100 76 25 63 95 73 
elMI 95 74 Ion 24 38 100 39 
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TABLE lO.-The comparative percentages of constituents in different horizons of the 
profiles-Continued 

PRESUMABLY OLD PROFILES 

Snmple 	 com-I Or-IProfll~No. RniD- BiO, Fe,O, AhO, TiO, Bn~s bined gnnlcNo.fnll 	 water matter 

fnchC!! Percent p(!Tt:Cllt -;::;,;;. p=rn,i-;::;';;~'I-;::;';;
Da712 98 99 oa 87 i 100 I un Joo15. ______________•_______ " D:m3 DO 100 OJ 100 j 79 06 4220 {	1l:17I4 Oil IIi 04 J{)(J sa 9S J8 
D:mfi Joo 0, HK) 79 62 100 17
m,lJ! 011 90 05 HXI 100 00 11M) 

16_____• _________ • _._.____ 1l.5ilr2 Ull JOO 06 OS 74 S·I 4:120 {	11570:1 00 uo 100 100 67 100 :14 
U571]'! 100 Oil 9\1 no n5 SS 10 

('0-10 0·1 110 8:1 100 101) 08 JOU 

52j 	
;2 .('947 100 01 100 7R 08 iiI 

(,fHS 99 oa un SO 67 100 35 
('1l·1\) 0, 97 92 Ss (is 95 21 
('050 115 100 02 oa 50 S9 18 
('042 m1 100 45 JIJIl 100 50 100 

18••_••• _,. ___ •• ______ • _. _. ('0·13 86 uO 73 72 Sli 00 82 

17____..___________________ 

80 { CI144 i8 96 SO ~7 8·1 IDO 81 
('045 05 81 100 4n 76 115 1m 

113717 100 02 SO 117 100 05 JOO 
19_____ •__________ •_____ •. 8371S 91 113 88 100 8:1 9·1 84

90 { n.)719 94 101) so 110 Of 87 IH 
n:l72o 95 Sg 1110 78 40 100 ~'Il 
85787 100 911 10 100 HID 11 72 

20_.... _._________________ il5788 90 100 2!! SI 89 34 78 
Hm { n.1789 i7 90 fIl 4:1 511 is 83 

858110 99 51 100 28 8S 1110 Hlili ('038 711 81 10 1()(1 !Ou :1O 100 
21..__ • ____ .._____________ 1 104 C030 48 lOll 40 51; U8 78 85{ ('1140 99 30 11m 111 44 100 22 

C941 100 30 100 16 46 88 16 

Certain features are common to nearly all profiles. The combined 
water varies with the alumina in all profiles except possibly profile 19. 
Here the combined-water determination is less ('xa,ct than in the other 
profiles owing to the higher percentage of organic ma.tter; hence it 
may not be an exception. In many profiles the parallelism between 
water and alumina is exact within probable limits of accul'Ucy of th(' 
combined water determination. However, the ratio between water 
and alumina varies somewhat in different profiles according to the 
rainfall as previously mentioned (p. 28). The. parallelism between 
variations of the two constituents in d.ifferent horizons is obviously 
due to the fact that the combined wa,ter and alumina are both con­
stitu('uts of the same colloidal compounds. Owing to this parallelism 
it will be necessary to explain only the vm'iations of alumina within 
the profiles. . 

A second feature common to nearly all profiles is the decrease of 
organic matter downward in tht, profile. This generality, of course, 
needs no explanation. The two exceptions to the rule, profiles 11 
and 20, where the organic matter apparently increases downward, 
are not readily explained. These two anomalies in the d.istribution 
of organic matter are not connected with any anomalous features in 
the distribution of inorgnnic constituents in the profiles. 

The sum of the monovalent and divalent bases, like the organic 
matter, decreases downwnrd in the profile. The two exceptions to 
this generalization are profiles 2 and 9. The decreases are not strictly 
regular throughout t.he profiles for either organic mntter or bnses, 
but they are fairly regular. Because there is a parallelism between 
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,ariatiolls in these two constitutc:;::('';, it is far from being as close as 
that obtaining bptwpell combined water aud nlumllla. 

In somc cUSl'S thc npproximate Tl'lntion betw(,l'n clecl'rusc in bases 
and decrease in organic matter ma.y be l'xpillincd on tbe grolmd thut 
part of till' bast'S are combined with the organic mntter. In other 
cnses diil'l'rene('s between horizons in organic matter are not suffi­
ciently lnrgl' to account for the difi'l'rl'llce in bases, as 1 gm. of soil 
organic maLLeI' would not be expectrd to combine with more than 
0.05 to 0.10 gm. of bnses. But in nll CuS('S the quantity of organic 
mntter in the surface nulY be taken as an index of the bases bl'Ollght 
to the surfnce by vegetation. A higb content of organic matter in 
the surfuce ml'aIlS that the basl's rxtrnctrd from the 10we1' horizons 
by plnnt roots unci deposilPd nt til(' surface by d('cay of the v('geLnti\'c 
cover must have be('n large. As the v('gC'tntivl' con'r increns('s with 
rninfn.11, tIll' mngnitude of tbis mov('n1('nt should iucrease with rain­
fluI. Ho\\"rvel', thc opposite e/l'('ct, the leaching out of the bases, 
also increase's with raiJ1fall. Undpr exeessiw rainfall, 150 inches or 
mon', the v('ge'tativc translocation of bas('s would not be expected 
to afJect til(' distribution of bases in the profile. The marked decrruse 
in bases downward in p1'ofil('s 5 and 6, \vhich will be discussed later, 
probably is not cOlUlcctl'd with tIl(' organic matter. 

The pamlklism bl'twppn eombined wutrr und alumina und the 
dccrense in buses and orgnnic mutter downwurd, which llOld for prac­
tically all the profiles collpet('{] I may be considerpd characteristics 
of soil profiles in gt'IlCrn.l. T1H'I'p nre other J'plutions between the 
compositions of the' horizons Lhllt sern to distinguish one kind of 
soil profile from un 0 tlll'l·. 

It will be shown tbat among- tIlP old soils and the presumably old 
soils from Terllllicul BuUl'tin 584, two distinct types of profilp are 
1'ej)l'l'sl'llted. Thes(1 are kntatiyply cnll('d thp uniform and podzolic 
typl'S of profile. Thp podzolic profile is cOllsidel'('d a more mature 
01' higbly w('ath(,l'l'd type thnn tlll' uniform, lWei, in some cns('s, it 
s(,pms to be' dpYPloped from the uniform typC'. Certnin members 
of Hl(' group of olel profiles are nppnrc-ntIy in n stage tmnsitiontll be­
tW('('1l til(' two t}1)l's. The remnining profiles in this collection, 
which comprise tbp young nnd excl'l'dingly young soils, seem to be 
in HI(' pro('l'SS of dC'Yrloping into 011(' or the othl'r of these types. 
The eyidpncl' upon which these conclusions are based is discussed in 
the following pnges. 

THE UNIFORJII PROFILE 

Among the ]2 old profiles there are four, Nos. 10, 11, 15, and 16, 
that n.re 1'emarkably' uniform in composition. The different horizons 
of these profiles do not yary from one Iwother in silica, iron, alumina, 
and titanium by more than 5 percPllt of tbe quantities present in most 
cases. These profiles are considered to represent a fairly elefinite 
type of profile chemicaJly, For convenience we shall call this the 
"uniform" type of profile, rcnlizing that this term has no general 
significance in pedology. 

rrhese profiles were nTI classified as old by the soil sUlTeyors who 
collected the samples and all are of considera.b1e matW'ity with re­
speet to weathering, because. as previously pointed out (p. 24), they 
seem to be made LIp almost ('xdusivcly of colloidal material; i. e., 
most of the primary mincmls have been decomposed, Tbe tendency 
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of weathering in these cases, then, has evidently been to develop a 
profile with horizons of uniform chemical composition. Fortunately, 
mthe case of these profiles the parent material cannot be invoked to 
explain the horizonal characteristics. If the parent ma,terials were 
not uniform vertically, weathering has overcome the differences, and 
if the parent materials were uniform, weathering has maintained the 
uniformity. 

The four uniform profiles were all developed under low rainfalls 
ranging from 18 to 22 incbes, but this type of profile is obviously not 
developed only under low rainfall. Profile 19, developed under 90 
inches of rainfall, is evidently of this same type, .although a slightly 
less perfect example. 

It is believed that the uniform type of profile is more or less trl1nsi­
tiona!. But the development away from uniformity may be so slow 
or so long delayed under low rainfall that the type may be fairly per­
manent under these conditions. If this is so, the uniform profile 
should be character.istic for rainfalls of about 20 inches. This sup­
position can, of course, be tested by the examination of more samples of 
mature profiles from low rainfall regions. Under rainfalls of 150 
inches or more, the uniform profile may be so short-liYed that good 
examples of the type would be very rare in districts where such rain­
falls preyail. This idea is suggested by the young profiles, Nos. 7, 8, 
and 9, developed under rainfalls of 175 to 273 inches. 

Profile 7, of 175 inches rainfall, according to its acidity, seems to be 
slightly more weathered tlwn profiles 8 and 9, and this profile, as ....ill 
be shown later, seems to be in an incipient staO'e of de'·elopment 
toward the podzolic profile, which is a more highly weathered type 
than the uniform. Profiles 8 and 9, which are of mixed composition, 
might be approaching the uniform type or developing from it. The 
latter supposition seems a little more probable. These two profiles 
possess some unusual features that -will be discussed later. 

A uniform soil profile as 11 fairly mature deyelopment is not in accord 
......~th the common idea that weathering of a soil profile should be more 
or less progressive from top to bottom. Inasmuch as the profile 
deepens from the bottom, the lower pa,rt of the profile is younger and 
seemingly, as a consequence, should be less leached. However, the 
four profiles, 10, 11, 15, and 16, are certain evidence that uniform 
profiles do develop. The immature profiles, 2 to 6, should give a 
clue as to the course of weathering leuclinO' to a uniform profile. 
These profiles, as pointed out on page 24, still contain a considerable 
part of the unweathered minerals and, according to the hypothesis, 
profiles 4 to 6, at least, should be on the way to becoming uniform. 

Analyses of the whole soil, shown in table 4, indicate that profiles 
5 and 6 are distinctly more weathered in the lower part of the profile 
than at the top. This is particularly e,-rident in the bases, but the 
silica, iron, alumina, .and titanium contents also indicate more weather­
ing in the lower layers. The higher percentages of bases in the upper 
part of the profiles cunllot in these cases be attributed to veget.ative 
action. The different compositions of the horizons in the Ctt-..:e of 
these immature soils are presumably associated with different propor­
tions of primary minerals and colloidal material. It seems then that 
the lower layers contain more colloid than the surfu('·e layer. If this 
is partly due to illuviation of colloid from the surface liLyer, weathering 
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is Dot necessarily more intense in the lower po.rt of the profile, although 
the lower pn,rt is more highly weathered in its composition. 

It "..-HI be Doted that the colloidal matrrial extracted from the 
horizons is somewhat more uniform than the whole soil. This is 
particularly evident in profue 6. Probably by the time the primary 
minerals hfn~e bN'n ckcomposed in all the laY('l"s the colloidal materinl 
remaining will be quite uniform ill compo;;ition. So lon~ as l"radily 
decomposabh' priml1ry minrnus are prescnt in a lnyer, the colloidal 
matrrial in tbr profile is pmbably protrcted morC' or kss from altera­
tion by the d('('omposition products of the minerals. Thr e£frct se('ms 
to br most prolloullc('d 011 th(' colloidal matN·ial in thr same lit.F'r n.s 
t11r minrrals, for in profil('s 3 and 4 the' compositions of the extrnctrd 
colloids ytU"y somrwhat with th(' compositions of tIl(' whole soils. 

It seems probflbIl' that thl' dl'Y(']opml'nt of a fairly maturr uniform 
profile iR not llpcpssarily pn'c<'Cl('d by t1 \lJ1iform wrathering of all 
horizons or of a whoh' y('rticul R('ction. W('ath('ring in the begiuning 
mny b(' m01"(' intense in tl1(' top or bottom lnyprs, dppending on UIP 
moistul"P.condition:'; of the In:Hrs os aU·pcteel by clrainng-p, minfnll, and 
p\'nporatlOn. Profi1p 2 s('('ms slig-htly morr w<'flthrJ"{·d ill th(· first thall 
in til(' srcond In.yrr; in profilr 3 tbt' rr,\('l"sr is tnLP; in protilt' 4, with 
onl~T 20 inch('s of rninfall, th(l top and bottom layers are morr \\·C'ath­
('rpel tllfill thp middle la=\('r; and in profilps 5 ond 6 the bottom layprs m·(' 
til!' most w(·nthpl"pd. ThC':w difTt'l"{'nces may of course br purtly dll(> to 
illu\·iution of thp colloidal maLl'rial. Thr uniformity dp\'riops ns the 
primary mirH'rnls disapprar from lhr profile. '''hrn the miof'rals ha n~ 
b('('l1 dpcomposl'cl, thp resiclunl colloiclalmatrrial making up the profile 
should be fnirly uniform. 

TUE Pouzouc PnOFlLE 

Pronotlllc('d ('xmnples of tllr uniform pl"ofilrs account for 4 of tllr 12 
old pl"ofilps. Among till' l"<'Illaining 8 old profilrs thl're m·e five', Nos. 
]3, 14, 18,20, !llld 21, that ha\"(' horizons of markrcUy differpnt com­
position, mld thr horizontal Ynrintiolls in nl! 5 of these profiles conform 
to the sanl(' pnltt'rn. 

Tlw cltaraclpristics of this profrlP o,r(l as follows: Titanium decrrasrs 
markC'cl]Y downward wlwJ"('HS alumina iucn'nses dOW"J1Ward in nIl 
('fIually Illnrkpd m:llltH'r. Tht'rl' is a clost' inn'rsr I"t'lation brtwt'cn 
tlIt' dpcrl'tls('s in titanium and the iucreasps in alumina. Iron uud 
"ilica an' Ipss YHriublt' in tIl(' profil(l than titanium and alumina. Iron 
is 10w('s! at till' bottom of the profilr nnc! in foUL" cases out of five it is 
high(·st in tl)(' lUYl'r IH'xt to till' lop. Thf' lo\\-rst silica content occurs 
in th(' laYl'l" abo\"(' tIll' maximum alumina content; in somr eases this 
is coincidrnt with the maximum iron contl'l1t, in other cases it lies 
brt.w('('n tllp highrRt iron and the highrst alumina eontent. The com­
bined wutC'r incrt'uses markrdly dowllwnrd. As in the other profiles, 
it is elosrly rrialed to the tuumina content. The carbon-nitrogen 
ratio of the organi0 matter is sinlilur to thut of other profiles in the 
upper part of thr profile, but in thC' lo\\'rr part the ratios are eX0rption­
ally high. 'fhl' pronounced change ill this ratio occurs in the layer in 
which the silica content is lowest. 

It spems wholly improtnble thnt the variations obtaining within 
these 5 profiles could be d ut' to diffel"t'llces in the parent materials 
from ,,-hic11 the horizons wrre drriwd. Geological clifferences could 
hUJ"Clly aecount for such an elaborate profile pattern being reproduced 
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so perfectly in 5 profiles out of 20, especially when the 5 profiles were 
taken in four widely separated localities. Furthermore, the pattern 
distinctive of these 5 profiles is shown faintly and somewhat imper­
fectly by 2 other profiles of high rainfall (profiles 7 and 19). It seems 
certain that the pattern characteristic of these 5 profiles is the result 
of soil-forming processes and is not a geological coincidence. 

There is a suggestion in Magistad's analyses (11) of surface soil that 
this type of profile is not unusual in the Hawaiian Islands. Two oi the 
eleven analyses reported in table 6, Nos. 631 and 920, are obviously of 
the same character as the surface horizons of the five distinctive pro­
files in this collection. The combined 'water, titanium,alumina, and 
iron contents are very similar. Of course it is not certain that the 
deeper horizons of 11agistad's soils have the same pattern as the 
profiles in this collection, but it seems probable. 

The type of profile represented by profiles 13, 14, 18, 20, and 21 is 
evidently 11. more mature stage of development than the uniform type 
of profile represented by profiles 10, 11, 15, and 16. TIle members of 
this group of five nre all old soils exposed to high rainfall. They are 
also more acid than the soils having uniform profiles. The two soils 
that seem to have this distinctive type of profile in an incipient stage 
of development (profiles 7 and 19) are also exposed to high rainfall. 
Probably at an earlier stage of development the five profiles under 
consideration were as nem'ly uniform in their horizons as the mature 
low rainfall soils are now. 

The weathering changes that have brought about the markedly 
different compositions of the horizons need explanation. Of course, 
any such explanation is speculation until the subject is investigated 
further, but certain possibilities may be pointed out. 

There is some suggestion in the horizon analyses of a movement of 
silil:a and iron upward in the profile. The lowest silica content is in 
the middle of the profile and the highest percentage in the top. In 
the case of iron the lowest pen'en tage is in the lowest horizon and the 
highest percentage is nem' the top. An upward movement of sili('a 
and iron would be in harmony 'with the results of Harrison's (6) care­
ful study of laterite profiles in British Guiana. The British Guiana 
profiles are exposed to about the smne total annual rainfall as most 
of tIle Hawaiian profilei'l, whi('h is about 100 inches. In the region of 
the British Guiana profiles there is a distinct dry period of about 3 
months, during which a pronoun('ed upward movement of salts would 
be possible. In the case of the Hawaiian profiles no such dry period 
obtains. The rainfall is quite uniformly distributed throughout the 
year .and one of the pronounced examples of the Hawaiian profile is 
exposed to 140 in('hes annual rainfall. Under these Hawaiian condi­
tions it does not seem reasonable to expect a movement of salts 
upward. 

Also, a movement of silica and.iron upward would explain only part 
of the profile pattern. If silica and iron did move upward, it would 
be necessary to assume a more pronouneed upwm'd movement of 
titanium and a leaching of alumina from the uppermost horizon. 

An obvious idea. is that differences in the horizons are due simply 
to different degrees of lea('hing; the surface horizons being older have 
been leached more than the younger, lower horizons; and the con­
stituents showing the greater increases in percentage, as compared 
with the average lava, have been leached less than the others. This 
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hypothesis is seemingly eon tradicted by the remaining uniform proflies. 
As previously pointed out, most of the other profiles nre pra.etically 
uniform in composition from top to bottom, indicating thnt leaching 
of constituents from the profile is not so much a progressive move­
ment from horizon to horizon us it is a removal from the profile as a 
whole. In some of the uniform proflies tbe dillerence in age between 
the uppermost and 10W'est horizons of the profile must be fully as 
great as the dillerence in nge betw('('n the first nnd second horizons of 
tite distiudin' type of profile; yet then' is not the characteristie difl"er­
ence in composition. Also, some of the proflies with eonsiderably 
more uniform horizons flilow fully us 1l1Lleh leaching in their average 
composition (tahle 5) as tile profjJes with the distinctive pattern. 
PJ'ofiles 8 Illld 9, for instauec, in theil' silic'u, buse, iTon, lllld titanium 
contents, seem to he at least ns highly weathered ns the fin' proflies 
under consideration. It is true, howeY!'T, that in the ('use of proflies 
8 nnel 9, developed under lligh minfall, probably most of the con­
stituents were lost in the wenthering of the minerals to colloidal 
mu.teriul. 

The hypothesis thnt the difTI:'l'cnt compositions of the horizons are 
clue to different amounts of len.ehing, whieh are proportionul to the 
ages of the horizons, does not sutisfnetorily explain some of the ('har­
acteristic feature!'> of the profile' pattern. TIle minimum p£'reentage 
of si1ieu, in th(' s('('ond or third horizon and the mnximum pereentages 
of irol1 ill the !'>('('ond horizon (in one profile the first horizon) nre not 
explained by this hypothesis. In the first nnd seeond, or in the first, 
second, and third horizons, there are marked variations in titanium 
without ('orrespondin~ variations in iron. It seems e\"ident that if 
the different ('ompositions of the horizons rep1'es('nt diiJ'erent degrees 
of t1le same kind of weathering, it is a diif£'rent kind of wenthering 
from thttt affecting HIP other profiles. ThE' higb titlwium and low 
aluminlt pel'eentnges in th£' surfuce horizons indiente extJ'£'me wenther­
ing, but the silicll pel'C'entuge indicates only moderute weathering. In 
other words, silictt lJi\s been remo,ed less rnpidly thun alumina from 
the surfu('(' hori7.on;.;. Also, in the ·welLihel"ing eil"e('ts found to hold 
for profiles as 11 who]1:' (in ble 5) iron alld titanium increase together 
and silic'a decreases ItS weathering advances. These relations do not 
hold within this type of profile. 

A third e).l)lnnation of tlIe pattern of IJl"ofiles Nos. 13, 14, 18, 20, 
and 21 is based on the iden that there has been a tmnsfer of certain 
constituents from tllC upper horizons to Hie 10\\,('1'. Caieulu:tions were 
made to see what translo('ation of constituents would explain tlle com­
positions of the horizons. The caleuln,tions nre based on four assump­
tions; namely, first, that the titanium is the constituent Illost resistant 
to lea(·hing; second, Ulnt titanium is the constituent leust subject to 
movement in the profile; tbird, that prior to the trnnslocation of ('.on­
stituept,s ench horizon of tt prome had a ('omposition the sume fiS the 
('.omposition that is now the average of tbe whole profile; fourth, tlIat 
no constituents have been lost from the l))'ofile during the trnnslo('u­
tion pro('e5s. The last two assumptions He doubtless considembly 
wide of the trut11, but they serve to simplify the ('alculntions. The 
loss of constituents from the profile, which undoubtedly has taken 
plaee,would uot ail'ect tl)e nature of til!' eukulated trnnslocations but 
would merely lll('reaSe the calculated losses from ('ertuin horizons. It 
is also jndil'el'tly assumed that the }JTOfile docs not change in depth 
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during the translocation. As a matter of fact, each horizon is prob­
ably growing at the8xpense of the horizon below while movement 
from one horizon to another may be taking place, but this again would 
ovly affect the magnitude of the calculated figures, not the general 
trend of results. 

The following is a description of the calculations. According to 
assumptions 1, 2, and 3, titanium originally was evenly distributed 
throughout the profile and has never moved except as the whole mass 
of soil has moved. Previous to translocation, all horizons had the 
same composition, which was the weighted average of the percentages 
now obtaining in the different horizons of the profile. A higher than 
average percentage of titanium in a horizon now is due to the removal 
of other constituents from the horizon, and a lower than average 
percentage in any horizon is due to the augmentation -of other con­
stituents. WOe assume that all horizons UTe of the same real and 
apparent specific gravity, now and before translocation. Then a 
percentage of titanium twice the average in a given layer means that 
this layer was originally twice as thick and that its thickness has been 
reduced one-half by the loss of otller constituents. Likewise, a per­
centage of titanium one-hnlf the ayerage in a present layer means 
that this layer was once half as thick and that its thickness is now 
twice as great O\\wg to the illuviation of other constituents. The 
titanium percentages (the average percentage in the profile, and the 
percentage in a giyen horizon) are used as the busis for calculating 
changes in the other constituents. 

An example of the method of calculation is given for the moyement 
of silica in the 0- to 1O-inch horizon of profile 14. The losses or gains 
of other constituents are calculated in the snme manner. The ayerage 
percentages of titanium and silica in the whole proflle are 9.60 percent 
of Ti02 and 19.87 of Si02• The 0- to 1O-inch horizon now contains 
22.12 percent of Ti02 and 24.17 of Si02• It is easier to visualize the 
movement in pounds, so we shall consider the movement in an area 
such that each inch of thickness weighs 100 pounds. The 0- to 1O-inch 
horizon, which is now 10 inches thick, contains 1,000 pounds of 
material, of which 221.2 pounds is Ti02• Originally 1,000 pounds of 
material would have contained only 96.0 pounds of Ti02• Hence, the 

· h h . . . all 22.12 2· h· k ..0- to 10-IDC OrIzon wus ortgm y 9.60 or .31 tlmes as t IC - as It IS 

now, or 23.1 inches thick. The original layer, 23.1 inches thick, 
weighing 2,310 pounds, originally contained 19.87 percent of Si02 or 
459.0 pounds of silica. The present 0- to lO-inch layer, weighing 1,000 
pounds, now contains 24.17 percent of Si02 or 214.7 pounds of silica. 
There has thus been a loss of 217.3 pounds -of silica (459.0-241.7) in 
the development of the present 0- to 1O-inch horizon. 

The calculated losses and gains of constituents from the different 
horizons are shown in table 11. These gains and losses superimposed 
on uniform profiles of the compositions assumed in the calculations 
would reproduce the actual compositions of the horizons. The data 
in general show a movement of silica, iron, and alumina from the 
upper horizon or horizons and a deposition in the lower. Alumina 
moves a little farther downward than iron. The movement of silica 
parallels that iof alumina fairly well in that the losses and gains of 
silica are larger in the horizons where the losses and gains of alumina 
are larger. The relation between the quantities of these two con­
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stituents gained or lost is far from being exactly quantitative, but it 
suggests that alumina either moves downward as a silicate or that 
there is a precipitation of alumina and silica as an alumino-silicate 
in the lower horizon. 

TABLE ll.-Quantities of constit1/enis gained or lost by different layers oj soil in the 
development of the present soil profile 

'\ I fl Originnl
ProtlleNo. R~tl~ I D"l'lh I SiO, Fe,O, AJ,O, depth oC

" \ I layer ___________ - ----I '-.____________~-""_ _ 
inrh(s I Po""d.' (POUI"/. Po"lld. Inr"~. 

CIM3 i o~ 10 +13,1 -215 -2H 14.52 
13 _•••••••• __•••_••_.•_. ____ • __... _••".{ 10,25 -()3 +177 +70 13.08CIUH('W15 I !!.Hll +;.0 I +37 +1i3 12.40 

Clrrl9 (HO -217 -080 -392 23.05 
14 ••---.-.---.-.--••-.-...---.....-.... \1 CW;.o • 1O·2~ +:H +431 +138 8,79 

C lUil 25-10 +J83 !' +24:1 +253 8.16
('9·12 IJ-7 -43 -J.lO -130 10.21 

18.....___...._.___......_.......____ •.. :{ ('IH3 .-19 -11 -31 -12 12.52 
('044 19-al +53 +J 71 +142 !l.Ti 

ll5it.:7 (J.n - J07 -.205 -256 11. 86 
llSiS,q 6-9 -36 -;;0 -86 4.78

20 ---------..-.----- --.--. - •••-. --, ••. ", l{ umso +10 +85 17.729·30 +231 
llf,i\l() 311-40 +124 +24 +262 5. ()3 

CI138 6-7 -270 -}OO -35l 15.19 
21. ••_____ • ________________•______._. ___ \{ C939 7-15 -J61 +J17 -124 9.65 

C940 15·.22 +109 +36 +222 2.40 
Cg.lI 22·3') +241 +38 +253 2. isI 

I The deptlL~ oC tbe layers are those obtaining no'\". It is assumed thai layers showing a net loss oC ron· 
stlturnts wcre orl~inlllJy thicker Ilnd layers showing II nct gain oC constituents were originally thinner. 

, Pounds gained or lost per unit nrcn sucb tbat 1 incb thick weighs InO pounds. Tbe assumed tbicknesses 
of the unit areas are given in ·the last column. 

There are general grounds for believing that the quite distinctive 
profile pattern is due to translocations of silica, iron, .and alumina, 
probably not the exact quantities shO"\\'n in table 11, which were 
calculated for an ideal Cllse, but a movement of this general character. 
The fact that the gains and losses shown in table 11 e:\.-plain all the 
peculiar variations in the percentages of constituents in different 
horizons of the profile is, of course, no proof that the e)..-planation is 
eorrect, because these calculations were based on analyses of the 
horizons. But the fact that the translocation hypotl1esis should lead 
to a method of calculating a movement of constituents capable of 
explaining the profile pattel'll is in itself some evidence that the 
hypothesis is correct. Stronger evidence that the hypothesis is cor­
rect lies in the fact that the calculated movement of constituents 
turns out to be a ~eneral process of soil development. 

The translocation of iron and alumina downward, the alumina 
slightly in advance of the iron, is not a new type of soil weatllering; it 
is the typical podzolization process. This process accounts for the 
chief horIzontal differences in a large part of the temperate region 
soils. Marbut (9) found evidences ofpodzolization throughout the 
Amazon Valley, and several Cuban soils discussed by Bennett and 
Allison (2) are markedly podzolized. It does not seem improbable 
that the process should be pronounced in some Hawaiian soils. 

The translocation of silica indicated in table 11 may not be in 
accord with the general idea of the podzolization process, because 
in the A horizon of a typical podzol there is marked concentration of 
silica. It seems probable, however, that in the development of even 
a typical podzol some silica is translocated,although less of the silica 
would be moved than of the iron and alumina. Most podzol profiles 
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are derived from rocks containing considerable quartz and it is probably 
the quartz residual from these rocks that accounts for most of the 
silica in the A. horizon. Silica or silicates resulting from the decom­
position of feldspars, micas, and other soil-forming minerals presuma­
bly is more subject to movement. Some of this doubtless is leached 
from the entire profile along with the bases while a podzol is being 
developed. Some may be :removed from the A horizon and deposited 
in the B. Because alumina in the colloidal material seems to be 
present as a silicate, and because alUmllla is concentrated in the B 
horizon, it seems Ilecessary to assume either that alumina carries 
some silica with it into the B horizon 01' that alUlllilltLfixes some silica in 
the B that would otherwise escape, both of ~which amount to a trans­
location of silica. 

Quartz above colloidal size is practically lacking ill the parent 
material of the Hawaiian soils. Th(' JHll'('nt In.\·as are made up of 
feldspars, augites, and olidnps. OJ) exnminillg the soils petrog'raphi­
ealiy, 1. C. Brown found more quartz in the sllrface horizons than in 
the horizons below, bu t ('veIl in the slu'f nee horizons tll('re is less than 
}~ of 1 percent quartz. If in the ordinary podzol, the silica of the 
A horizon is mainly J'(,sidual qllHrtz, tllp dewlopment of Hn oJ'dinary 
silicpous podzol in~ Hawaii is obviously precluded by the natun\ of 
the parent mat.erial. VYllilt silien th('re is in Hawaiian soils is f)vi­
denlly derived from the mixed minemls and therefore has presumably 
been freer to move than quartz. 

In the Hawuiian soils titanium seems to be the most insoluble 
constituent of the parent lavas. This may be regarded as taking the 
place of qunrtz. We then have a titaniferous podzol that looks 
similar to the ordinary siliceous poc1zol, except that the iron does 
not seem to increase from the surface downward (Lnble 10) ns it 
should in a typicnl podzol. But this is only nn nl'ithmetical Yllgllry. 
''fIlen the silIca, iron, nnd nlumina pel'centugl.'s aTe ('xpl'essed r('lative 
to the titnnium perOt'ntnges tnkl.'u as unity (tilble ] 2) it can be seen 
tIlat iron relative to titaIllnm is mnrkedly lower in the slIrfnce horizon 
thnn in the horizon below. 

TABLE 12.-Thc percentages of silica, iron, awl alumina rdatil'l' to titanium in 
different horizons of the pocizolic 1Jrojilcs 

J'rofilo No. ISIlIllJl'e N0'I~)(~I:th! SIO, l F('20, I AI,O, ! TiO, 

.----'-;;(he.'-I~'I' per;:;;:--;;;;;;I'~ 
U-1O I

i13 ....._____________._._____• __ •___ .. __ .. 

14...__________ ._.__ • ______ .._. __ . ____., 
, 

{ 
18.___ ._. ___• ______________•____________ . 

{ 
20_.._____________• ______•____..._...__ --

I 
{

21-_. __________________________________ 

('16431
('1(l44, 
C'1G-15 ! 
Clr.IP
('10r,() 
(' lGel 

('942
C01:\ 
C'OH 

B57R7 
jl~~~~ 
B5700 

('0:10 
('938 

~~!~ 

10-25 
2.'-40 
o-W

10-25 
2;>-40 
0-7
7-19 

1\1-31 
0-0 
t~o 

3()-;111 

i-1ft 
0-7 

~ti 

I. Oil
1.03 
2.05 , 
1.119 I
2. ,18 I 
4. ~fl I 
2.28
2.7ii 
a.77 
2.005: ~~ 
6.94 

2.43 
2.24 

1U~ 

a.71
0.99 
~. Ii 
1.'12

10. liS 
S.07 
4.07
6.23 
g.17 
4. :lll8: rI 
7.7:l 

6.83 
3. OS 

~: :~ 

1.:15
3. flO 
I. !l()
.:nt

3.711 
5.37 
1.31
2.96 
5.50 
• :13 

4: ~ 
11 II 

2. OJ 
• 16 

i~: ~ 

1
1 
I 
1
1 
1 
1
1 
I 
1 
: 

1 
! 

1 

It can be seen from table 11 that if the percentnge composition 
assumed for, the profiles prior topodzolizatioll is correct, the quantities 
of iron removed from the first or first and second layers are on the 
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whole about as sreat as the quantities of alumina removed, and if, 
prior to podzohzution, the percentage of iron was less than the 
assumed percentage, the movement of iron would be less than that 
shown in table 11. Inasmuch as the calculations shown in table 11 
aTe supposed to sive only a qualitutive ideu of what hus tuken place, 
there is no certumty as to the relutive amounts of iron and alumina 
removed from the upper horizons. It is evident, however, that an 
equal movement of iron and alumina is not incompatible with the 
analytical datu, provided the translocation hypothesis is correct. 

One pronounced feature of profiles 13, 14, 18, 20, and 21, not explained 
by the calculations shown in table 11, is the murked change of the 
carbon..nitrogen ratio in the lower part of the profile, shown in table 4. 
The organic ma.tter of the second or third horizon has a carbon-nitrogen 
ratio about double that of the first horizon. This marked change in 
the chamcter of the orgunic matter is not associated wi.th any unusual 
change in the quantity of organic ma.tter. The percentage of organic 
matter decreases regularly downward in all profiles except profile 20, 
just as in the uniform type of profile. The change does occur, how­
eyer, at a definite place in the profile, 1. e., in the horizon of lowest 
silica content. This is the upper part of the zone assumed to be 
illudated according to the calculations shown in table II. 

A similar increase in the carbon-nitrogen ratio does not seem to be a 
characteristic of any of the profile types studied thus far. Of the 
many profiles tabulated by Anderson and Byers (1), only the Beckett 
loam from :Massachusetts shows similar yariations in the mtio. In 
this case the results are calculated from organic matter determined by 
hydrogen peroxide, and the data are at variance with those of five 
other podzol profiles. 

In the case of the fixe Hawaiian soils this pronounced change in the 
orga.nie matter is obviously a profile characteristic. As such it should 
be e..xplained, for it ma,y throw light on the mechanism by which the 
whole profile pattern is de\~eloped. But no explanation that could be 
called a hypothesis is at hand. The point in the profile at which the 
change in ratio occurs-the highly illuviated layer-suggests that 
organic matter low in nitrogen may be concerned with the fixation of 
iron and alumina into the lower horizons. Possibly organic compounds 
low in nitrogen form rehtively insoluble iron and alumina "humates" 
in the lower horizons. 

There are grounds for believing that this type of profile, which may 
be called "podzolic" for convenience, is a more mature development 
than the uniform type. In other words, it seems that in profiles 13, 
14, 18, 20, and 21 the horizons were originally uniform and that they 
differentiated later. The two types of profile seem to be connected, for 
profiles 7 and 19 show the distinctive podzolic pattern faintly and 
profiles 8, 9, find 17 show the most pronounced features of the pBttern 
lffiperfectly. In the latter three profiles titanium is hio-hest in the 
surface horizon and decreases irregularly downward, and alumina is 
low in the surface horizon. Of course, if the two types of profile are 
connected, it does not necessarily follow that the podzolic developed 
from the uniform; it might be better the other way around. But it 
certllinly seems more probable for a highly differentiated profile to 
develop from a uniform one than for tl. uniform profile to develop from 
a differentiated one. 
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More conclusive evidence of the podzolic profile being more mature 
than the uniform type lies in the field observations. The five pro­
nounced examples of the podzolic type are all old profiles developed 
under high rainfall. The most pronounced examples of the uniform 
type are the young and old soils of 18 to 22 inches rainfall, and the 
soils showing some of the podzolic features are either young soils of 
very high ramfall or old ones of intermediate rainfall. 

The hydrogen-ion concentration of the profile seems to indicate 
roughly when the podzolic type of profile should develop. The pH 
values of different horizons in some profiles vary considerably, but if 
these are averaged to give a single value for a profile, a rough compari­
son can be made. The 5 pronounced podzolic profiles have pH values 
of 4.9, 4.7, 4.9, 4.7, and 4.5. The 5 profiles having some podzolic 
features have pH values of 5.2, 5.6, 5.8, 5.3, and 4.9. The remaining 
11 uniform or mdeterminate profiles have pH values ranging from 5.3 
to 6.9. Presumably the process producing the so-called podzolic 
profile storts when the soil becomes sufficiently leached to have a 
pH around 5.5, but a pronounced example will not be developed until 
the soil is leached below pH 5.0. 

SUMMARY 

This bulletin deals with the effects of weathering on Hawaiian soil 
material and on the chemical types of soil profiles that develop from 
Hawaiian lavas. The study is based on the chemical analyses of 21 
soil profiles derived from exceedingly young, young, and old volcanic 
ejecta exposed to rainfalls ranging from 18 to 273 inches. The com­
positions of the soil materials are compared with those of the parent 
materials. In the case of three exceedingly young profiles, the 
compositions of the parent lavas are known, but in the case of 18 
profiles the parent materials are assumed to have a composition the 
same as the average of Hawaiian lavas. 

The comparisons indicate that alumina is the least soluble con­
stituent in soils that have not been highly weathered. But in the 
highly weathered soils iron is evidently less soluble than alumina, and 
titanium is probably slightly less soluble than iron. Silica and the 
sum of the monovalent and divalent bases are by far the most soluble 
constituents of the lavas and derived soil materials. The combined 
bases seem to be lost more rapidly than silica, particularly in the early 
stages of weathering. 

The kind of colloidal material formed by decomposition of the lava 
minerals (the first stage of weathering) varies with the rainfall. 
Colloidal material formed under high rainfall is lower in silica and 
higher in iron, alumina, and combined water than that formed under 
low rainfall. There is evidence that the parent material also affects 
the composition of the colloidal material somewhat. As the freshly 
formed colloids weather (the second stage of weathering), silica, 
alumina, and iron are lost. More silica is lost than alumina and more 
alumina than iron. Titanium seems to be the most insoluble constitu­
ent of the conoidal material. Under low to moderate rainfall, the losses 
accompanying the second stage of weathering may be as great as those 
accompanying the first stage, but under very high rainfall the greater 
losses probably take place in the first stage of weathering. 

Certain features that are common to practically all the profiles are 
considered characteristics of soil profiles in general. These are: A 
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relation between combined water and alumina, and decreasing per­
centages of organic matter and of combined monovolent and divalent 
bases downward in the profile. Other variations in the compositions 
of the horizons serve to distinguish two distinct types of soil profiles. 
These types are tentatively called the "uniform" and "podzolic." 
Profiles that are not good examples of either the uniform or podzolic 
types appear to be developing towflJ'd one 01' the other of them. 

Of the 12 old profiles in the collection, 4 are considered good ex­
amples of the uniform type. In these profiles, the horizons in most 
instances do not vary from one u,nother in silica, alumina, iron, and 
titanium by more than 5 percent of the quantities present. They 
seem to be made up n,lmost exclusively of colloidnl material and were 
all developed under low rainfall. During the development of the 
uniform profile the different layers of the soil do not seem to be weath­
ered uniformly. Probably uniforrruty is attained when all the 
primary minerals have been decomposed. It is believed that a 
uniform profile may be developed under a fairly high ro,info,ll, but its 
life under these conditions is shorter tho,n under a low rainfall. 

Five of the twelve old profiles are pronounced examples of the so­
co,lled podzolic type. The features of this profile are a marked de­
creo,se in titanium n,ncl a proportiono,lly mo,rkecl increase in alumina 
downward in the profile. Iron is lower o,t the bottom of the profile 
tho,n at the top. The silica content is lowest in 0, lo,yer above that 
containing the mo,ximum percentage of alumino,. The carbon­
nitrogen ratio is exceptiono,lly high in the lower po,.rt of the profile. 
The :five profiles were developed under 80 to 140 mches of annual 
rainfoll, evenly distributed. The pattern of this profile seems to 
hayo been produced by 0, transloco,tion of constituents from the upper 
to the lower ptnt of the profile. Cnlculations indicate that some 
silica, iron, and alumina haye been removed from the s~lr£ace layers 
of the profile and deposited in the lmyer layers. Alumina moves 
fo,rther dowl1wo,rd than iron ,mel the movement of silica parallels 
tha.t of o,luminn.. Tills is podzolization of a soil material lacking in 
quartz and high in tHallium. It seems that this type of profile may 
be deyelopecl when \jue soil materin.l has been leacheel to about pH 5. 
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