
[RADIOCARBON, VOL 22, No. 3, 1980, P 853-857] 

SOIL DATING BY FRACTIONAL EXTRACTION 
OF HUMIC ACID 

KUNIHIKO KIGOSHI, NOBUKO SUZUKI, and MARI SHIRAKI 

Gakushuin University, Tokyo, Japan 

ABSTRACT. The addition of organic materials derived from the upper soil layer yields, 
for samples at greater depth, younger 14C dates than the date of deposition. To find 
a criterion for the contamination with younger carbon in a soil sample, we examined 
the radiocarbon concentrations in two humic acid fractions and humin taken from 
the same sample. The humic acid extracted from a soil sample was divided into two 
fractions HA1 and HA2. HA1 is the first fraction extracted by 30 minutes' heating 
with 2 percent NaOH solution, and HA2 is the second fraction extracted by 2 hours' 
heating with 2 percent NaOH solution after the extraction of HAI. The residue was 
assumed as the humin (HM). 

Many of the peat or soil samples taken from the layer just above the nonpermeable 
layer contain appreciable amounts of organic materials transported from the upper 
layer after the sedimentation of the deposits. For the limited number of cases tested 
here, there is a trend in which the contaminants are selectively extracted by HAl or 
HA2. When the soil samples are contaminated the ages of the HA1 and HA2 fractions 
appeared to differ widely in most cases. Agreement between the HAI, HA2, and HM 
ages may be used as a criterion for the reliability of the soil dating. 

INTRODUCTION 

The addition of organic materials derived from the upper soil layer 
yields, for samples at greater depth, younger 1AC dates than the date of 
deposition. The elimination of secondary absorbed organic materials 
from the sample is difficult for peat and soil samples because the secondary 
absorbed materials have similar chemical properties as the originally 
existing organic materials. 

Many workers (Olsson, 1963; Miyazaki, 1971; Tate, 1972) have 
investigated the radiocarbon dates of the fulvic acid, humic acid, and 
humin fractions of soil or peat samples. Although the fulvic acid contains 
more younger carbon and the humin gives the oldest age in many cases, 
it is hard to say which date gives a reliable estimate of the date of forma- 
tion of the soil or peat layer. In order to get a reliable date of the forma- 
tion of the layer, it is necessary to have additional information about 
the existence of modern carbon contamination in the soil or peat sample. 
This paper presents the result of investigations which were aimed at 
finding a criterion for the contamination with younger carbon in a soil 
or peat sample. 

EXPERIMENTAL METHOD 

All samples used were clayish soil samples or peat samples containing 
2 to 20 percent carbon in their dry weights. We separated 2 or 3 different 
humic acid fractions from the samples by repeated treatments with alka- 
line solution. The chemical procedures for the separation of these organic 
fractions are shown in figure 1. The residue left after the alkaline solu- 
tion treatment was washed with hydrochloric acid and the carbon in this 
residue was recovered by combustion in an 02 stream and considered 
carbon of humin (HM) in this soil sample. In this paper, HAI, HA2, 
and HA3 indicate the humic acid obtained by the first, second, and third 
extractions, respectively. 
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All carbon in HM and HA are converted to acetylene using lithium 
metal. The 14C concentrations are measured by the usual dating proce- 
dure. The stable isotope ratios of carbon in acetylene gases are measured 
after the combustion of acetylene and all ages listed here are corrected 
for isotopic fractionation. 

RESULTS 

In order to examine the chemical behavior of the secondary absorbed 
organic materials in the alluvial deposits, we used a series of clayish 
peaty soil samples that were taken from a boring at Hisae, Noto Peninsu- 
la, Ishikawa Prefecture. All samples of this series have actual ages greater 
than 35,000 years BP. The secondary absorbed younger organic carbon in 
these samples can be detected by the 14C activities. The amount of young 
carbon contaminants in these samples are shown by the apparent ages 
of separated organic fractions in figure 2 with the profile of the sampling 
site. 

A series of clayish soil samples obtained by a boring at Toriya, Noto 
Peninsula, 2.5km from the former Hisae site, showed results similar to 
those in table 1. In this table the amount of recovered carbon is given 
as a percentage of the dry weight of the original soil sample. 

SOIL 
SAMPLE 

HAND PICKING OF 
MODERN CONTAMINANTS 

E----1N HCI (500 ml) 

HEATING, ca. 1 Hr. 

RESIDUE (WASHING) 

f--- 2% NaOH Sol. (1500 ml) 

HEATING, ca. 30 Min. 

CENTRIFUGAL 
112504(1:1) 

SEPARATION....-....) SOLUTION 1' >PRECIPITATE 1 

IF--6N 
HC1(300 ml) 

Residue V, 
HEATING, ca. 6 Hr. 

20 NaOH Sol.(1500 ml) 

HEATING, ca. 1 Hr. CENTRIFUGAL SEPARATION 

SEPARATION 
CENTRIFUGAL------> SOLUTION RESIDUE (WASHING) 

14-HC1 (Make 
solution 
pH=0.4) 

F--- 112504 (I:1) E-- 2 o NaOH Sol. 
(500 ml) 

RESIDUE PRECIPITATE 2 
1 

WASH AND 
DRY AT 100°C 

UN 

SAME TREATMENT 
AS FOR 
PRECIPITATE 1 

CENTRIFUGAL SEPARATION 

SOLUTION 

H2SO4 (1:1) 

HUMIC ACID i 
HUMIC ACID 

HA2 

HAl 

Fig 1. Chemical procedure of the separation of organic fractions (HA1, HA2, and 
HM) from a soil sample. The amounts of reagents given in parentheses are typical 
for peat samples of about 200g (dry weight). 
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The amount of modern carbon contaminant and its chemical be- 
havior in these series of soil samples are characterized by the following: 
1) Most of the young carbon contaminants can be extracted in the sec- 
ond fraction of humic acid for the samples taken from a layer above the 
nonpermeable layer. 
2) The young carbon contaminants are mainly extracted in the first frac- 
tion of the humic acid for samples from the upper layer. 
3) The peaty soil just above the nonpermeable layer contains larger 
amounts of young carbon contaminants than upper layer soils. 

The chemical behavior of secondary absorbed young carbon extracted 
in these boring samples in the second humic acid fraction is seen also in 
some other cases (see fig 3). This behavior can be explained by a hypoth- 
esis that the young organic materials transported from the upper layers 
would be able to bond strongly on the fresh surface of clay minerals 
that has been created continuously by the weathering in the clayish soil 
layer. This process of absorption may occur simultaneously with the 
process of desorption of already absorbed contaminants. This means that 
the renewal of contaminants in the soil samples has been taking place in 
the soil layer. 

The above hypothesis on the absorption and desorption processes 
of young organic materials agrees with the fact that even in the very 
old soil, the contaminating young carbon is almost modern. It is natural 
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Fig 2.140 concentrations in organic fractions (HA1, HA2, HA3, and HM) separated 
from a series of clayish soil samples taken from Hisae, Noto Peninsula, Ishikawa 
Prefecture. The amounts of recovered HA1, HA2, and HM are similar to those 
indicated in table 1. 
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TABLE 1 

Apparent ages of organic fractions extracted from peaty soil 
from Toriya, Noto Peninsula 

Code no. Depth Organic recovered 
(m) fraction (%) BP 

GaK-6451 6.0-6.1 HA1 190 
HA2 0.50 10,310±410 
HM 0.36 6750 ± 890 

GaK-6452 23.65-23.75 HA1 
HA2 1.8 >33,810 
HM 2.9 15,320 ± 330 

GaK-6453 49.1 - 49.2 HA1 1110 
HA2 2.6 20,630 ± 630 
HM 3.4 >35,240 

GaK-6454 60.35 60.45 HA1 650 
HA2 0.59 14,580 ± 270 
HM 0.92 33,130 ± 3130 
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Fig 3. 14C concentrations in three organic fractions (IHA1, HA2, and HM) taken 

from peaty soil samples. 
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to suppose that young age HA2 fractions in these two series of experi- 
ments consist of mainly very old (perhaps original) organic materials 
with a small amount of very young materials. If the contaminants would 
be a continuous mixture of modern to old carbon, and have an old age, 
the HA2 fractions would have to be composed mainly of contaminants. 
But it is very hard to suppose that such clear-cut separation of secondary 
absorbed materials is possible by a simple alkaline treatment used here. 

The sample underlain by the nonpermeable layer generally contains 
larger amounts of contaminants than the sample taken from the water- 
permeable strata, when the 4C dates of a series of boring samples do 
not follow the stratigraphic order, a nonpermeable layer is often present 
just below the discordant sample. 

CONCLUSION 

The amount of contaminants in a soil or peat sample is appreciable 
when the sample is taken from above the nonpermeable layer. The 
presence of secondary absorbed younger materials generally results in a 
substantial age difference between the first and the second humic acid 
fractions. 

The consistency of the ages obtained for the HAI, HA2, and HM 
organic fractions provides a criterion for the reliability of the soil 14C 

date. 
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DISCUSSION 

Haas: Between collecting HAl and HA2 fractions, shown on your dia- 
gram to be done with two subsequent NaOH extractions, was there a neu- 
tralization or acidification step? If there was no such neutralization or 
acidification step, the distinction between HAl and HA2 is not optimal 
because HA2 is going to contain some diluted HAI. 
Kigoshi: There is no neutralization or acidification step between the 
extraction procedures of HAl and HA2. We only wash with hot water, 
so HA2 contains about or more than 1/10 of HAl fraction. But such 
amount of contamination of HAI into HA2 may not give a significant 
effect for our data. 
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