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Description of some highly porous soil profiles
on the Island of Bellona,
an emerged atoll in the Solomon Islands
By Kristian Dalsgaard

Abstract

The preliminary resulls of a soil survey on the island of Bellona wilh
special reference lo physical characleristics: bulk densily, porosily,
lexlure ele. of 8 soil profiles representing the most important cullivated
soil lypes.

Introduction

This paper treats the preliminary resulls of a soil survey in the
island of Bellona with speeial reference to physical characleristics:
bulk densily, porosily, lexlure ete. of 8 soil profiles representing the
most imporlant cullivated soil types. The author worked as an
assistant lo Sofus Chrisliansen, M. Sec., from the Geographical Insti-
tute of the Universily of Copenhagen, who performed an investiga-
tion of the Bellonese subsistence system (S. Christiansen, 1967). The
lerminology used is from the U.S.D.A. Soil Survey Manual and
U.S.D.A. Soil Classification, A Comprehensive System, 7th Ap-
proximation.

Topography

Bellona Island (Mungiki) is situated in the Pacific 160 km south
of Guadalcanal (fig. 1) al lal, 11°16’S and long. 159°45’I2 and belongs
to the Solomon Islands group. Geologically, Bellona has been deter-
mined to be no older than the Pleistocene (Grover, 1960). The dating
is based on fossils in limestone collected at 42 and 63 m altitude at
Tingoa in the eastern part of the island.

The island is a beautiful example of an emerged atoll The geology
and morphology have been described by Grover (1955, 1957, 1958,



69. bd.

Geografisk Tidsskrift

94

(G961) urw Bo apym bo (8961)
uasuvysiayr) snjog dayfs youbiap caapjordpiol apajpunyaq ap [o uaburiaopyd juins
autafurtlayfv-jpfsoj [v uasjapaiqpn Jasia dap ‘puplsy puopdg Jaao jioy ‘p By . %ﬂﬂﬂ_ou
“(9961) UMD PUD 21y M PuE ]
(€O61) wasunyysriy?) snjog 19338 umsy( "Sofrjoad [ros pajesysasur ay} jo uoIjwdo[ =
pue syisodap ajeydsoyd ayy jo vonnqrisip Jurmoys pus[s] vuoypag jo dejy 1 H14 $a52PUGsH
.\DSuZ
SAINWIHD NI LVHdSOHd 2111100 . =
LYHJSOHd DILIOO ¥O INIHIHOONI -
A8 NIVI¥3ANN AV1D DILVHJISOHJ v
AV1D DILYHdSOHd : spuois N\ .&
uowojog YANINOD
$31140¥d 1105 ‘ Pwo Ak
v w0001 008 o

4O¥JINO INOLSIWIT INVANNYY ONY 4334 o

4
O¥21n0 INoIsIWNY INVYONNEY aNY 4332 010



69. bd. Soil profiles of Bellona 95

and 1960) and by While and Warin (1965). 1L has Lhe shape of an
oblong trough wilh grealesl length 10 Kilomelres in the direclion
WNW-ESE and greatest widlh 2.5 kilomelres. The old lagoon floor,
now lying 8-16 m above sca level, forms a relalively flat area in the
central parl of the island. It is surrounded by old reefs which have
their best development in the castern part of the island, reaching
approx. 80 m. In the weslern parl, the highest altitude is approx.
60 m: in the oulermosl northwestern point no old reefs are found.

Al Lthe seaward side of the high areas there is a reef surface aboul
41 m (135 feel) a.s.1. and wilh a steep slope down to the beach. In
Lthis slope, nolches mark old sea levels at the following altitudes:
30 m (100 feet), 15-16 m, and 3 m, the lalter being developed as a
lerrace in several places, broadesl (almost 100 m) al the landing
place Ahanga. The whole island is surrounded by a 50-100 m wide,
recenl reef flal, oulside which the sea floor falls abruplly to more
than 1000 m deplh.

The 30 and 41 melre levels are found within the high reef, where
they are developed as lerraces. The 30 melre level shows as a flat
area, 30-31 m above sea level, around the village of Matahenua in Lhe
western partl of the island, whereas the 41 metre level is assumed to
correspond to the flal area about 50-52 m a.s.1. around the village
of Matangi in the easlern parl of the island.

The altitudes stated in feet have been measured wilh an altimeler
(Grover, 1960), whereas Lhe indicalions in melres are based on a
levelling carried out by the author from the shore at Ahanga, along
lhe main palh crossing the island to a point 600 m east of Matangi.
The recent reef flat at Ahanga was used as a datum level.

The difference in altitudes, viz. 135 feel ~ 41 metres on the sea-
ward side and the lerrace lying at an altitude of 50-52 metres a.s.l.,
is presumably due lo Lhe different ways of measuring, of which the
levelling should give the truer figure.

Climate

The desceription of the elimale is based upon measurements made
during the periods 15/3-1965-13/3-1966 and 13/6-1966-28/5-1967 in
the village Malahenua on the western part of the islands. The clima-
lological slation was established 31 m a.s.l. in the village square.
Data were recorded by maximum and minimum thermometers, a
thermo-hygrograph placed in a Stevenson Screen 2 m above the
ground, and a rain gauge with a 200 em2 opening, placed 0.75 m
above the ground.
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Table 1.
15/3-65 — 13/6-66 13/6-66 — 28/5-67
363 days 350 days

Maximum temperatures °C No. days in % No.days in %
33.0:and abo¥e ,ii.viviciiviiinsvsninis 2 0.6 1 0.3
32:05329 susnvnvacaTieatanELT 7 1.9 1 0.3
3 . o o 13 3.6 11 3.1
S S D s e e e e e 46 12.7 60 17.1
Total number of days with tempe-
rature of 30.0 and above ............ 68 17.8 75 20.8
Minimum temperatures °C
22:0522:9 sinciniiiimsiiva s 59 16.3 27 7.3
L0-2LL9 uivssnmssnmenisessnismesiias 13 3.6 9 2.6
) 13 3.6 1 0.3
19.9 and below ...oooviiniiininnnnn... 1 1.1 1 0.3
Total number of days with tempe-
rature of 22.9 and below ............ 89 24.6 38 10.8

In table 1 are seen the distribution of the extremes, the frequency
of highest daily maximum temperature and lowest daily minimum
lemperature recorded during the two measuring periods. The lowest
recorded temperature is 19.6° for the first period and 19.0° for the
second period. Maximum temperature is for the first period 33.6°
and for the second period 33.0° and in general the exireme tempe-
ratures are distributed evenly over the whole year; the only excep-
lion was the period 1-13. February 1966, where all maximum tempe-
ratures were 31.0°C or more.

On account of unavailability of material the average lemperalure
has not been calculated, but it is estimated to be about 25-27°C. On
the whole it can be ascertained that the temperature has a diurnal
fluctuation of 5-6° in the interval 22-31°. Temperatures above 31°
and below 22° rarely occur.

Table 2 shows the monthly distribution of precipitation and rain
days for the two measuring periods. It appears from the table that
the precipitation varies very much both as to quantily and to number
of rain days (a rain day is defined as a day with a registered precipi-
tation of 0.1 mm or more). The highest monthly precipitation was
recorded for March 1967 with 540 mm in 18 days, and the lowest in
July 1966 with 43 mm distributed on 8 rain days.



(9. hdl. Soil profiles of Bellona 97

Table 2. Rainfall.

1965 1966 1967

mm davs mm davs mm dayvs
January ...l 115 12 384 20
February oo, 234 16 184 18
March: ooaivgmcie 265 1) 16 168 2) 10 540 18
ApPiliaimaseswnsas 311 21 211 18
MY ioeasmmssranmess 375 22 367 1) 18
June oo 118 17 40 %) B}
July oo 381 22 13 8
August v 283 14 113 0
September ..o, 116 11 93 11
October ....iiceessees 200 17 102 15
November .....o........ 148 10 4506 16
December .............. 236 19 487 12
1) from 15/3 2) unltil 13/3 3) from 13/6 4) until 28/5

Methods

The samples were taken wilh a brass eylinder, 48 X 150 mm, and
placed in a paper bag which itself was pul inlo a plastic bag. Each
sample was weighed and air-dried before final packing and despatch
from the island. The later laboratory work included determination of :

the colour of the dry sample Loss on ignition

according lo Munsell Colour Cards Conlent of calcium carbonalc
Parlicle size distributlion Partlicle densily

Conlent of hygroscopic waler pH-value

Conlentl of organic malerial

Particle size analysis:

A sample of 45 g is oxidized with 6 % H,0, and air-dried. One
third is taken aside to determine the particle densily; to the remaind-
er, in a 500 ml bottle, is added 350 ml 0.002 M sodium pyros phos-
phate. This is shaken for 16 hours with 50 circular rotations per
minule. The sample is then set aside for 2 days to control whether it
has dispersed; if nol, more 0.002 M sodium pyros phosphate is added.
However, 2 | is the maximum, in order not to get loo thin a solulion
for the sedimentation analysis. If the sample slill flocculates, the
concenlration is raised to 0.004 M sodium pyros phosphate. This may
not always be able to prevent flocculation. If it does not, the clear
liquid over the flocculating material is removed, and once again
0.004 M sodium pyros phosphale is added. Then, through decanta-
tion, the sample is divided into sieve fraction d > 50 p and sedimen-
tation fraction d < 50 p, using a 20 em sedimenlation height during a
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period of 80 seconds. According to Stoke’s Law Lhis will give approx.
50 u dependent on particle density and aclual temperature. The
sample > 50 y is rinsed with distilled water, dried at 110°C, weighed
and then left in the laboratory for some days to absorb waler from
the air. Thereafter, it is again weighed and sieved. The following
sieve sizes are used: 2.0, 1.0, 0.5, 0.25, 0.125, and 0.063 mm. The sedi-
mentation analysis is made by means of an “Andreasen” pipette
(Andreasen, 1939). Samples are taken out after 0, 5, 15, 45, 150,
1440, and 2880 minules, corresponding to a sample > 50y, 24y,
14, 8y, 4, 1.4y, and 1y equivalent diameler, varying with par-
ticle densily and temperalure. The results are calculated on the basis
of the initial sample less organic matter (C % - 100/58) and the frac-
tion > 2 mm, and are indicated in relation to the fraction < 2 mm.

Hygroscopic water is determined on a 15 g sample, air-dried over
night (16 hours) at 110°C, and indicated in relation to the weight
at 110°.

Loss on ignition is determined on a sample of 5 g, dried at 110°,
and stated in percentage of the weight at 110°,

Organic matter (C % - 100/58) is determined at dry combustion
according to the Ter Meulen-Heslinger method (Spilhost, 1933) ; C is
stated in percentage of air-dried matter.

The figures in table 3 indicating the bound water have been arri-
ved at by subtracting organic matter and CO, from the loss on
ignition.

Calcium carbonate is measured with a Scheibler instrument. A
sample of 5 g is treated wilth 10 % hydrochloric acid and the volume
of the developed CO, is measured and indicated as the equivalent
quantity of CaCO, in percentage of air-dried matter. Pure CaCOg is
used as standard (Kjer, 1969).

Determination of particle density with a pyenometer is carried out
on an untreated sample, dried at 110°, and on a sample treated with
H,0, and then dried at 110°. The pH-value is measured on a 1:1
s0il-H,O and on a 1:1 soil-N KCl solution. A pH-meter with glass
electrode is used.

Soil Description

Several profiles were dug out and the horizon boundaries measu-
red on the basis of differences in colour and consistency. Samples
were laken for laboralory analysis. The description of structure is
not complete as it was difficult to discern differences in the struc-
ture, with the exception of the upper few centimetres, because the
soil was wet during the whole period of field work.(See pp. 100-107]
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Fig. 18. The well-developed gra-

nular structure characteristic of

the upper part of the A.l1-hori-
son. The matchbox is 5 cm.

Fig. 18. Den veludviklede granu-

leere strultur, som er karalkteri-

stisk for den overste del af A.1-

horisonten. Tendstikesken er 5
cem lang.

Discussion

All the profiles analysed have a stable granular structure in the
upper centimetres (fig. 18). In the more finely textured profiles, the
consistency changes from friable in the A.1-horizon to firm in the
A.12- and the C-horizon. Both stickiness and plasticity are low.

In the A.1-horizon the colour is very dark and lies low in value and
chroma, viz. dark brown 10YR 3/3 and very dark brown 10YR 2/2.
In the C-horizon the colour is yellowish brown 10YR 5/6-5/8 except
where the content of calcium carbonate is high enough to give the
colour a pale shade.

For most of the profiles the depth is small, only for profiles 4 and
7 was no limestone found within the first metre and, furthermore,
the limestone surface was irregularly developed. This is in accor-
dance with the report by White and Warin (1965), who performed
a great number of borings down to the limestone surface in their
investigations of the phosphate deposits.
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Fig. 19. Profile 10. The matches demarcate the developed horizons indicated in
fig. 15. The limestone shows in the lower, right corner. Graduation of yardstick
in centimetres and decimetres.

Fig.19. Profil 10. Tendstikkerne viser grenserne mellem de udviklede horisonter
vist i fig. 15. Kalkstenen ses i nedre hojre hjorne. Mdlestok-inddeling: ¢cm og dim.

Texture

The Lexlure of the profiles analysed here can be divided into three
groups, cf. texture diagram (fig. 20). The samples of profiles 1 and
11 were taken in the area of sandy loam and sandy clay loam. As
table 3 shows in detail, the texture is gravelly coarse sandy loam in
the A.1 horizon, all samples conlaining more than 60 % coarse and
very coarse sand, and the content of gravel diminishes downwards.

Profiles 3 and 10 have a clay loam and loam texture with more
than 40 % coarse and very coarse sand in the A.1-horizon, whereas
lhe C-horizon is clay with a high content of coarse and very coarse
sand. The gravel content diminishes downwards in profile 3, bul
increases in profile 10.

A high content of silt and clay characlerizes profiles 4, 5, 7, and 9.
Profile 5 has a very high conlent of sill, the A-horizon 65 % and the
C-horizon 63 %. The sand and gravel of the latler are mixed with
limestone fractions. For lhe other profiles the clay content in-
creases downwards.
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4be Fig. 20. The values of
the diagram were
found by transferring
the figures from table
3 to semi-logarithmic

silty

clay g graph paper and read
R the values correspond-
m 7 X sty clay ] ing to 0.050 mm and
‘4a 0.002 mm.
loa
Fig. 20. Veerdierne
R .5 s
/"’\/ 2 \‘? brugt i diagrammel er

fremkommet ved at af-
seelle tallene fra tabel
3 pd semilogaritmisk
papir og aflese verdi-
erne svarende til 0,050
« Percent sand (50 -2000 ) mm og 0,002 mm.

Other data analysed in the laboratory

The bulk densities of the samples fall into two groups. Profile 11
shows high values > 1 g/cm3, and this presumably applies to profile
1 also, as the two correspond in all other characteristics. For the
remaining profiles, the bulk density is < 1 g/em3, being lowest for
profile 5 with 0.38 g/cm3; whilst the others lie between 0.45 and
0.81 g/me3. The variations cannol be explained salisfactorily on the
basis of the presenl invesligations.

For all samples, particle density is high, which is due to the fact
that the inorganic part of the Bellona soil does not contain the sili-
cium-bearing minerals that normally constitute the main part of the
soil.

Because the variation in particle densily is small compared with
the variation in bulk density, the porosity values follow those for
bulk density. The high porosity in connection with the well devel-
oped granular structure in the top soil explains the observation
made during the field work that even great amounts of precipitation
disappeared rapidly from the surface, and this agrees well with the
fact that the island has no ponds or rivulets.

The content of calcium carbonate varies between the profiles,
Profile 5 has more than 8 % left in the upper 0-15 cm. The more
than 90 % in the transitional zone (sample 5b) between A1 and
limestone indicate that the limestone has a very high content of
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calcium carbonale. Profiles 1 and 11 conlain belween 3 and 5 % cal-
cium carbonate. Sample 1 ¢ containing 18 % was taken in the tran-
sition zone between soil and limestone, where a higher value was to
be expected. The great difference in values found for samples 5 b and
1 ¢ can be explained by the localion of profile 1 in an area with ooli-
lic phosphale (White and Warin, 1965) cf. fig. 1, whereas profile
5 lies outside the phosphate-bearing areas.

Profiles 3 and 10 have almost 2 % calcium carbonate left. Profiles
4-7 and 9 have a very low conlentl of caleium carbonate, less Lhan
0.5 %.

It is remarkable that, apart from the wealhering zones in profiles
1 and 5, there is no differentiation down through the profiles. The
explanation must be that the soil is very porous and therefore highly
permeable with the result thal the calcium carbonate is removed
at the same rate everywhere in the profile.

The pH-value measured in Hy,O is neutral to mildly alkaline with
the exception of the strongly carbonate-bearing samples 1 ¢ and 5b
which are moderately alkaline. Apart from these and profile 11,
the pH-values for the profiles show little variation as was the case
for the content of calcium carbonate.

The slight differences in pH measured in H,O and N KCI must be
explained by their low cation exchange capacity, which is due to the
fact that the soil contains no clay minerals.

The content of bound water, i.e. loss on ignition minus CO, and
organic matter, falls into the same groups as the content of calcium
carbonale. Profiles 1 and 11 have low percentages of bound waler,
3 and 9 lie between 10 and 12 %, 4, 7, and 9 show a relatively high
content of bound water, namely 15-17 %. As in profile 5 the great
difference between sample a and b (12.3 and 3.6 % ) can be explained
by the lack of bound waler in the calcium carbonate.

Conclusion

The most imporlant characteristics of the profiles analysed appear
from table 5. Profiles 1 and 11 (from the terrace), developed at a
shallow deplh, have a coarse sandy texture and, because of this and
the weakly developed structure, a high bulk density. The content of
bound water is low, as is the content of clay, and there is still some
carbonate. Profiles 4, 5, and 7, located in the old lagoon floor, fall
into two groups depending on the occurence of phosphatic clay.
Profiles 4 and 7 lie in an area containing phosphatic clay and are
characterized by a low bulk density, fine-grained texture, a high con-
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tenl of bound water together with a high content of silt and clay.
They have a very low carbonate content and the profiles have a deep
development. Profile 5 lies oulside the arcas with phosphatic clay
and has developed on carbonale-bearing limeslone, which musl ac-
count for the very shallow depth of the profile and the fact that it
still contains much carbonale. The very high content of organic mal-
ter must have resulted in the low bulk density.

Table 5. Profile characleristics.

Pro- Bulk Content Contentof fil
file R = Texture of bound calcium Pro llc Location
No. density water  carbonate depth
1 High Coarse Low Some Shallow  Terrace
Moderate . < 4
3 Low sokise High Low Shallow  Slope
4 5 : 2 Old lagoon
4 Low Fine Very high Very low Deep floor
> - . . Very 0O1d lagoon
5 Very low Fine High High chatlowe fio0r
0Old lagoon
7 Low Fine Very high Verylow Deep floor g9
] Low Fine Very high Verylow Shallow  Slope
Moderate
10 Low conbee High Low Shallow  Slope
11 High Coarse Low Some Shallow Terrace

Profiles 3, 9, and 10, taken from the slopes, are developed only to
shallow depths and have a low bulk density. In 3 and 10 the texture
is characterised by ils content of oolitic sand and these profiles still
contain some carbonate. The high content of bound waler indicates
that the silt and clay fraction has the same composition as that de-
lermined for profiles 4 and 7. Profile 9 resembles profiles 4 and 7
apart from the mentioned shallow profile depth, although it is lo-
caled oulside the areas wilh phosphate, indicated by While and
Warin (fig. 1).
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