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in Jinjiang and its implications for optical dating
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A weathered deposit in South China is widespread on the coastal areas of Fujian and Guangdong
provinces, China. This deposit consists of slightly cemented, medium- to fine-grained sands, and is
characterized by its colors of red, brown red, light reddish brown or dark yellowish orange, and is
usually called “Old Red Sand”. The uncertainty in its formation age has been a major obstacle to the
study of this type of deposit. In this paper, optically stimulated luminescence (OSL) techniques were
used to date the “Old Red Sand” sediments from Jinjiang, Fujian Province, China. The effect of the
geochemical behavior of uranium and thorium in sediment during chemical weathering on estimation
of annual dose was investigated. The results show that the change in annual dose due to weathering
poses a major problem for the optical dating of such weathered sediments. The optical dating of these
weathered deposits will produce erroneous ages if average annual dose during burial cannot be cor-
rectly estimated. For the profiles studied, the OSL dates obtained on samples from the upper part do
not represent the burial age of the samples. Itis highly likely that they are underestimated due mainly to
the accumulated radioactive elements as a result of chemical weathering. It is concluded that changes
in annual dose due to chemical weathering must be considered when dating similar sediments in South
China. With a detailed analysis of the OSL dating results, the chronology of the marine terraces in this
area was suggested. The lowest terrace was formed at ~3.5 ka and the second terrace was dated to ~74
ka. The age of the highest terrace may not be established accurately, but is inferred to be older than the
apparent OSL date of ~77 ka and so is the Paleolithic artifacts from it.
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A Quaternary deposit, usually called “Old Red Sand”, in
South China is widespread on the coastal areas of Fujian
and Guangdong provinces, South China. This kind of
deposit consists of slightly cemented, medium- to fine-
grained sands, and is characterized by its colors of red
(10R4/8), brown red (2.5YR4/8), light reddish brown
(5YRS5/8), dark yellowish orange (SYR/5/8). It is dis-
tributed in the areas with modern coastal dunes along the
coast of South China and has suffered different degrees
of chemical weathering. This sand sediment, in the form
of single or multiple sand embankments, has continuous
distribution along the coastal plains, or on hillslopes
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near the coastline'?!. The sedimentary characteristics

and the genesis of the “Old Red Sand” sediment have
been widely investigated by Chinese scientists!' "\ Its
formation age has attracted the considerable attention of
geologists and geomorphologists, but has not been well
dated. Most of the dates of the sediment reported were
obtained by using radiocarbon dating for organic mate-
rials from sediments underlying or overlying the “Old
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Red Sand” sediment, or thermoluminescence (TL) dat-

5,79

ing and ESR dating for the sediment™ . The ages re-

ported range from 9 to 70 ka, concentrating on 10—30
ka, many of which were obtained by using TL tech-
niques.

Recently developed optically stimulated lumines-
cence (OSL) dating techniques for sediments have many
advantages over TL dating techniques!'®™'?. One of
them is that OSL signals are more effectively zeroed
than TL signals". The OSL “clock” of sediments is
very quickly zeroed when sediments are exposed to day-
light. After deposition, the clock starts to tick again due
to the radioactivity in the sedimentary environment. The
optical ages of sediments are the time since its last ex-
posure to daylight. Therefore, OSL techniques are a di-
rect dating method for sediments. Luminescence dating
materials are detrital minerals: quartz and feldspar grains,
and so it can be applied to almost all types of Quaternary
sediments''*!. Recently, precision and accuracy in optical
ages are greatly improved due to the development of
dating techniques[ls’w]. Coastal dune sand and beach
sand, either young sample (6+2 a)!'”! or old sample
(14147 ka)'®, have been dated using the optical tech-
niques. From an optically bleachable point of view, the
“Old Red Sand” sediment originated from wind-blown!"
or coastal sediments''”! at deposition along the coastlines
of Fujian and Guangdong provinces, China, should be
datable material for optical techniques. However, strong
weathering in the area may lead to changes in chemical
composition of the sediments which would have some
effect on the optical dating results.

The “Old Red Sand” sediment is broadly distributed
along the coast of Jinjiang, Fujian Province. It has been
widely investigated by many workers® ® **. The Jin-
jiang area is also characterized by ancient submerged
(21 paleoearthquake™ and Paleolithic sites”, and
it has been approved to be the Shenhuanwan National
Geological Park in Jinjiang, Fujian Province. In this pa-
per, the effect of weathering on optical dating is investi-
gated on “Old Red Sand” samples from the Xiangzhi
and Shenhu sections located at marine terraces in this
area. In particular, the effect of the re-mobilization and
migration of uranium and thorium in sediments due to
weathering were discussed.

forest

1 Geological background and sampling

The coastal area of Jinjiang is well known for the “Old
Red Sand” sediment. Based on elevation and sedimen-
tary features, three marine terraces in this area were
identified. The elevations above sea level (a.s.l.) of the
terraces are similar to those in the southeastern coastal
area of Korean Peninsula™?*!. The lowest terrace (T1)
is located at the coastal area close to the modern coast-
line. Its elevation is generally 3—5 m a.s.l., up to 10 m
a.s.l. in some places. The terrace deposits, consisting
mainly of grayish yellow clayey fine sand, are coastal
sediments. Three OSL samples (JJ-10, JJ-11 and JJ-12)
were taken from the Jintiancun (JT) and Shizhencun (SZ)
sections in farmland on this terrace. In order to assess
the degree of bleaching of coastal sediments, two mod-
ern dune sand samples (JJ-D1 and JJ-D2) and two mod-
ern beach sand samples(JJ-B1 and JJ-B2)were collected
from the coast of the Shenhuwan (SHW) Bay in Jinjiang
(Figures 1 and 2).
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Figure 1 Location map showing the study area and the section sites for
OSL sampling. XZ: Xiangzhi section, SHW: Shenhuwan section, SH:
Shenhu section, JT: Jintiancun section, SZ: Shizhencun section.

The second terrace (T2) varies from 20 to 30 m a.s.l.
The terrace deposits can be represented by the sediments
in the Xiangzhi (XZ) section (24°46'13.0"N,
118°45'43.9"E) (Figures 1 and 2). The color of the sedi-
ments changes from dark reddish brown at the top to

1) Yuan B'Y, Ceng R S, Li R Q, et al. A report of the Shenhuanwan National Geological Park in Jinjiang, Fujian Province. Institute of Geology and

Geophysics, Chinese Academy of Sciences, 2003
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Figure 2 Sketch map showing the three marine terraces in Jinjiang, Fujian Province, China, and the sections for OSL sampling. XZ, Xiangzhi section;
SHW, Shenhuwan section; SH, Shenhu section; JT, Jintiancun section; SZ, Shizhencun section.

grayish white at the bottom of the section, indicating
that the degree of weathering of the sediments is less-
ened from top to bottom. According to sediment color,
the section is divided into four units, the color between
units is gradual (Figure 2). The top unit is 0.3 m thick
cultivated soil, and underneath is a soil of 2.1 m thick
dark reddish-brown sand overlying on a 1.8 m thick
grayish-yellow middle-fine sand layer. At the bottom is
1.6 m thick very well-sorted grayish-white fine quartz
sand unit which appears to have hardly been affected by
weathering. Three OSL samples (JJ-07, JJ-08 and 1J-09)
were collected from this section (Figures 1 and 2).

The highest terrace (T3) has an altitude of 40—50 m
a.s.]l and a 10-m section is found at Shenhu (SH)
(24°36'53.6"N, 118°40"25.8"E) (Figures 1, 2). Based on
sediment color, the section is divided into three units. At
the top of the section, there is laterite consisting of
0.5-m-thick dark reddish-brown sandy clay. In the mid-
dle part of the section is 6.5-m-reddish-brown fine to
medium sand. The sediment at the bottom is gray-
ish-yellow fine sand believed to be ancient dune sand
(see footnote 1) on page 592). The intensity of weather-
ing decreases from the top to bottom of the section. A
vein quartz pebble with percussion bulb was identified

as a core with hammer percussion by archaeologists (see
footnote 1) on page 592). In this section, a total of five
OSL samples (JJ-01, JJ-02, JJ-03, JJ-04 and JJ-05) were
collected, and samples JJ-01 and JJ-02 are ancient dune
sand (Figure 2).

All the samples for optical dating were collected by
hammering metal tubes horizontally into freshly cleaned
vertical sections. Once removed, the tubes were imme-
diately sealed tightly at both ends with tinfoil and tapes
to ensure that the samples had retained their natural wa-
ter contents.

2 Experimental details
2.1 Annual dose

The radioactivity of sediment is mainly from the radia-
tion decay of 235U, 23’8U, 22Th and their daughter nu-
clides, and K in the sediment. The radiation dose ab-
sorbed by mineral grains during burial depends primar-
ily on the contents of radionuclides in sediment and
dated grains themselves. The U, Th and K contents of
these samples were determined using Neutron Activa-
tion Analysis in China Institute of Atomic Energy. The
cosmic ray contribution to annual dose was calculated
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using the function suggested by Prescott and Hutton'>",

The water content (the ratio of the weight of water to the
weight of the dry sample) was determined by weighing
sample before and after drying. Uncertainties in water
content were assigned to 10% for all samples. Finally,
the elemental concentrations were converted into annual

dose according to Aitken!'.

2.2 Equivalent dose

Under subdued red light in the laboratory’s dark room,

materials at both ends of the sample tubes were removed.

The remaining samples (interior parts) were then treated
with H,O, to remove organic material, and then dilute
HCI to dissolve carbonates followed by washing with
distilled water. The samples were then dried, and sieved
to obtain 150—250 um grains for equivalent dose (D)
measurements. They were etched by 40% HF to remove
feldspar contaminants in order to obtain pure quartz. The
etching duration depends on the residual IRSL signals of
the treated samples. Finally, the quartz extracts were
mounted on 0.97 cm diameter aluminum discs using
silicon oil.

The equivalent doses of the samples were estimated
using the single-aliquot regenerative-dose (SAR)
method!">*®!. The advantage of the SAR protocol is that
sensitivity changes during the measurement procedure

can be corrected by using a signal induced by a test dose.

Regenerative beta doses including a zero dose and a re-
peated dose were employed, and the corresponding sen-
sitivity-corrected OSL signals (regenerated OSL signal
divided by the subsequent test-dose OSL signal) were
used to construct growth curves (Figure 3). The value of
D. (single-aliquot D.) was estimated by interpolating
sensitivity-corrected natural OSL onto a growth
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Figure 3 Growth curves for sample JJ-07 obtained by the SAR method
(see text). Open squares represents natural OSL signals and solid circles
refer to regenerative signals.

curve. All OSL signals were measured for 40 s at a sam-
ple temperature of 125°C.

All luminescence measurements, beta irradiation and
preheat treatments were carried out on a TL/OSL reader
(Rise-TL/OSL-15) equipped with a *°Sr/*°Y beta source.
Blue light (470£30 nm) LED stimulation (90% of 50
mW/cm® full power) was used for OSL measurements.
Luminescence was detected by an EMI 9235QA pho-
tomultiplier tube with three 2.5 mm Hoya U-340 filters
(290—370 nm) in front of it.

3 Results and discussion
3.1 Annual dose

The uranium, thorium and potassium contents of the
samples and their calculated effect annual doses are
listed in Table 1 and displayed in Figure 4. For the dune
sample (JJ-D2), its U and Th contents (0.91+0.05 and
5.66+0.18 pg/g, respectively) and annual dose (1.09+
0.03 Gy/ka) are similar to those of coastal and inland

17,2731
(7. ! from other areas, but are lower

dune samples
compared to the other samples from Jinjiang. The U and
Th contents and the annual doses of the samples (JJ-10,
JJ-11 and JJ-12) from T1 are much higher than those of
the coastal dune sample (JJ-D2). The U and Th contents
of the samples in the Xiangzhi and Shenhu sections de-
crease with depth. The annual dose of the samples from
the Shenhu section is reduced from 3.25 Gy/ka at the top
to 1.42 Gy/ka at the bottom of the section (Table 1; Fig-
ure 4).

The Xiangzhi and Shenhu sections are “typical”
weathering profiles for the “Old Red Sand” sediment in
the coastal areas of South China, the intensity of weath-
ering decreases with depth. The tendency to decrease in
weathering from the top to bottom of the sections can be
observed in the following aspects: (1) clay mineral con-
tents and the degree of cementation of the sediment are
reduced, and the clay contents are 6.31%, 3.15%
and1.33% at the depths of 1.3, 3.6 and 4.6 m in the
Xiangzhi section, respectively!®. The clay consists
mainly of kaolinite formed during chemical weather-
ing[4]. (2) SiO; content increases, but Al,Os, Fe;,O; and
FeO contents decrease!!)
tion caused by chemical weathelring[3 233 (3) Sediment
color changes from dark reddish brown to grayish white,
reflecting the degree of oxidation of the “Old Red Sand”
sediment®®’. Based on the above criteria, it is considered

, resulting from element migra-
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Figure 4 U, Th and K contents, annual dose, D., OSL age and U/Th
ratio for the samples in the Shenhu (a) and Xiangzhi (b) sections.

that the degree of weathering of the sediments in the
Shenhu section in T3 is higher than that of the Xiangzhi
section in T2.

The decrease in U and Th contents with increasing
depth in the Xiangzhi and Shenhu sections results from
element migration and enrichment caused by chemical
weathering. This can be explained by the geochemical
behaviors of uranium and thorium in sediments during
weathering”™ ~**). For example, chemical weathering
causes U and Th in rocks to be redistributed in weather-
ing products®**?), and be enriched during later pe-
dogenesismﬂs]. In these two sections, the bottom sam-
ples (JJ-01, JJ-02 and JJ-07) are less affected by weath-
ering, their U and Th contents are very similar to those
of the modern dune sand (sample JJ-D2), suggesting that
their U and Th contents have been constant since depo-
sition. For the upper samples, the increase in U and Th
contents is due to migration or loss of other elements
such as Ca and Si, resulting in a relative enrichment of

U and Th in the upper samples. On the other hand, for
the top samples, their U contents are also affected by
long-term fertilizer applications, which results in accu-
mulation of uranium™*!,

Uranium migrates preferentially, and thorium is rela-
tively immobile during weathering”™**!. This suggests
that the U/Th ratios would be reduced when the degree
of weathering increases'*®). The U/Th ratios of the sam-
ples in the Xiangzhi and Shenhu sections remain con-
stant from top to bottom. The ratios of the samples from
the Shenhu section in T3 are much higher than the ratios
of the samples from the sections in T1 and T2. The latter
are similar to the ratio of the modern coastal dune sam-
ple (JJ-D2). This suggests that weathering did not lead to
loss of U in the “Old Red Sand” sediment in this area.
This may imply that U-containing minerals in the “Old
Red Sand” sediment are derived from the weather-
ing-resistant minerals in the weathered granite while the
weathering of the marine beach deposits was dominated
by the process of desilication coupled with Al-enrich-
ment.

As shown in Table 1 and Figure 4, the K content de-
creases downwards in the Shenhu section but is higher
in the Xiangzhi section on T2, varying in the range of
1.52%—1.92%. The causes of such K distribution and
its effect on the calculation of the annual dose are un-
clear and require further investigations.

The above discussions demonstrate that chemical
weathering causes changes in chemical composition and
a relative enrichment of U and Th in weathered sedi-
ments. The change in composition depends on the de-
gree of weathering. Therefore, the annual dose, calcu-
lated from the contents of radioactive elements deter-
mined presently, only represents the recent annual dose
of the sample, not the average annual dose during burial.
In this case, assuming U- and Th decay series in radio-
active equilibrium, the calculated annual dose would be
overestimated for age calculation due to an enrichment
of U and Th in weathered sediments. Nevertheless, if the
samples at the bottom of the Xiangzhi and Shenhu sec-

tions are relatively little affected by chemical weathering.

Their annual doses should be close to the average annual
doses of the dated samples during burial.

3.2 D, measurements

To determine appropriate preheat conditions for D, es-
timation, preheating plateau tests were carried out on
sample JJ-05 in the temperature range of 160—260°C.
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Table 1 Results of optical dating

Lab No. FiledNo. Depth(m) U (ugg™)

Th (ug-g™)

U/Th ratio

K (%)

Cosmic dose rate

Water content (%)

Total dose rate

D. (Gy)

Age (ka)

(Gy'ka™) (Gy'ka™)
Shenhuwan (SHW) modern beach
PKU-L282 JI-B1 0.1 nd nd nd nd 0.027+0.022
PKU-L283 JJ-B2 0.1 nd nd nd nd 0.004+0.003
Shenhuwan (SHW) modern coastal dune
PKU-L284 11-D1 1.0 nd nd nd nd 0.09+0.02 0.08+0.02?
PKU-L285 11-D2 35 0.91+0.05 5.66+0.18 0.16+0.01 0.35+0.02 0.19 3.7 1.09+0.03 0.20+0.05 0.18+0.05
The first marine terrace (T1) in Jintiancun
PKU-L295 JJ-10 0.8 2.12+0.07 11.80+0.28 0.18+0.01 1.23+0.04 0.19 3.1 2.60+0.06 9.10+1.90 3.5+0.7
PKU-L296 JJ-11 0.5 2.10+0.06 11.40+0.26 0.18+0.01 1.02+0.04 0.19 1.6 2.4140.06 0.16+0.04 0.07+0.02
The first marine terrace (T1) in Shizhencun
PKU-L297 JI-12 0.4 1.70+0.06 9.36+0.25 0.18+0.01 1.33£0.04 0.19 14.9 2.16+0.06 0.70+0.03 0.32+0.02
The second marine terrace (T2) in Xiangzhi (SZ)
PKU-L292 11-07 5.1 0.78+0.04 4.77+0.17 0.16+0.01 1.52+0.05 0.09 1.7 2.03+0.06 149.5+17.3 73.8+8.8
PKU-L293 1J-08 3.8 1.16+0.05 7.55+0.22 0.15+0.01 1.95+0.05 0.11 32 2.68+0.07 159.60+8.50 59.5+3.5
PKU-L29%4 1J-09 1.5 1.45+0.06 9.17+0.24 0.16+0.01 1.70+0.05 0.16 44 2.64+0.07 132.60+11.20 50.2+4.4
The third marine terrace (T3) in Shenhu (SH)
PKU-L286 JJ-01 8.5 1.08+0.04 4.38+0.17 0.20+0.01 0.90+0.04 0.06 3.7 1.42+0.05 109.50+10.70 77.0+8.0
PKU-L287 JJ-02 7.4 1.32+0.05 4.56+0.17 0.24+0.01 1.04+0.04 0.07 2.8 1.64+0.05 114.00+12.00 69.3+7.6
PKU-L288 1J-03 6.0 2.52+0.06 9.15+0.25 0.28+0.01 1.02+0.04 0.07 4.4 2.17+0.06 86.40+6.60 39.8+3.2
PKU-L289 1J-04 3.5 2.53+0.07 10.50+0.26 0.29+0.01 1.33+0.04 0.11 8 2.49+0.06 101.20+6.00 40.742.6
PKU-L290 1J-05 1.0 3.63+0.09 18.00+0.36 0.2540.01 1.3840.04 0.17 9.4 3.25+0.08 104.80+6.70 32.242.2

a) Calculated with the dose rate of sample JJ-D2.



For the other samples, their D.s were determined using
the preheats of 200°C and 260°C for 10 s with a cutheat
of 160°C. The results are shown in Figure 5. It can be
seen that D, is independent of preheat temperature at
least in the range of 200—260°C except for sample
JJ-07. Figure 5 also shows the scatter of the D, values
obtained using a preheat of 260°C is larger than that
using a preheat of 200°C. In addition, the growth curves
obtained using a preheat of 260°C for some aliquots
exhibit a saturation trend compared with those obtained
using a preheat of 200°C (Figure 3). This phenomenon
requires further investigations.
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Figure 5 Plot of equivalent dose versus preheat temperature.

In order to further test the suitability of the preheat
conditions determined by the above preheat plateau tests,

[47,48] .
were carried out on sample

dose recovery tests
JJ-05. The natural OSL signal from an aliquot was com-
pletely bleached out by exposing the aliquot to the blue
light in the OSL reader at room temperature. It was then

irradiated with a beta dose (given dose). The irradiated

aliquot was measured using the SAR method, and a
“measured dose” was obtained. The ratios of “measured
dose” to “given dose” are plotted as a function of pre-
heat temperatures (Figure 6). It demonstrates that the
“measured doses” are in agreement with the given dose
within error limits in the preheating plateau. This sug-
gests that the D.s obtained for this sample using the
preheat conditions determined by the above preheating
plateau tests are reliable.
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Figure 6 Results of dose recovery tests for sample JJ-05.

The average D, values for these samples are listed in
Table 1. The distribution of D, values for sample JJ-03 is
displayed in Figure 7, which indicates that these samples
were well bleached at the time of deposition. On the
other hand, for old samples such as JJ-03, the uncer-
tainty in zeroing of the OSL signals is relatively insig-

47481 The large scatter in D,

nificant for age calculation
is most likely to be due to heterogeneous of radionu-
clides in the sediments. For comparison, Figure 7 also
gives the results of the D, values of the modern dune
sample (JJ-D1). The average D, for this modern sample
is 0.09+0.02 Gy. In addition, the average D, values for
the two modern beach sand samples (JJ-B1 and JJ-B2)
are 0.03%0.02 and 0.004+0.003 Gy, respectively. There-
fore, it is inferred that the residual signals of these “Old
Red Sand” samples at deposition are negligible for age
calculation. Hence, their optical ages cannot be overes-
timated due to their residual signals at deposition.

3.3 Optical ages

The optical ages are obtained by dividing average D,
values by annual dose using Griin’s program”. The cal-
culated results are listed in Table 1. The optical ages of

1) Griin R. Age.exe. Computer program for the calculation of luminescence dates. Unpublished Computer RSES, Canberra. 2000
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the two modern coastal dune sand samples are 0.18+
0.05 and 0.08+0.02 ka, respectively. The ages of sam-
ples JJ-10, JJ-11 and JJ-12 from T1 are 3.5+0.7, 0.07+
0.02 and 0.32+0.02 ka. Samples JJ-11 and JJ-12 taken
from near the ground surface of the section located at
the cultivated soil might be affected by human activities.
Samples JJ-07, JJ-08 and JJ-09 from the Xiangzhi sec-
tion in T2 were dated to 73.8+8.8, 59.5+3.5 and 50.2+
4.4 ka, respectively. The optical ages of samples JJ-01,
JJ-02, 1J-03, JJ-04 and JJ-05 from the Shenhu section in
T3 are 77.0+8.0, 69.3£7.6, 39.843.2, 40.7+£2.6 and 32.2+
2.2 ka, respectively. The optical ages of these samples
are all in stratigraphic order. However, the difference in
age among the samples from different depths of the
Xiangzhi and Shenhu sections may result from the erro-
neous estimation of annual dose, these ages are not their
true burial ages.

The annual doses of the samples from the Xiangzhi
and Shenhu sections decrease with increasing depth
(Figure 4). The D, values of the samples from the upper
and the lower parts of the sections are very similar. This
may suggest that the change in age with depth is caused
by the different annual doses of these samples. As dis-
cussed above, chemical weathering results in a relative
enrichment of U and Th in weathering products, and
therefore the annual doses of the weathered samples

598

calculated from the contents of radioisotopes determined
presently are larger than their average annual doses dur-
ing burial. The overestimation of the annual doses of
these relatively strongly weathered samples at the upper
part of the sections results in their underestimated ages.
By comparison, if the samples at the bottom of the sec-
tions are little affected by weathering, then the radioac-
tive elements should remain largely unchanged, and
hence the calculated annual dose should represent the
average dose during burial. The similarity in annual dose
between the dune sand samples (JJ-01 and JJ-02) at the
bottom of the Shenhu section and the modern coastal
dune sand sample (JJ-D1) may suggest such a case.
Therefore, the optical ages of these relatively less
weathered samples should be closest to their true burial
ages.

3.4 Ages of marine terraces and Paleolithic artifacts

Based on the above analysis of dating of terrace deposits,
it is deduced that the first terrace (T1) formed at ~3.5 ka.
The second terrace (T2) was dated as ~74 ka. while this
is slightly older than the ages of the second terrace in the
southeastern coastal area of Korean Peninsula[49’50], the
lack of well-dated regional sea level change data im-
pedes further evaluation of the OSL age and its geologi-
cal implications. The third terrace (T3) was dated to
yield an apparent age of ~77 ka. For the geomorphologic
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evolution of the marine terraces, the third terrace should
be older than the second terrace. The OSL age of the
third terrace is therefore an underestimated date. If the
beach deposits in the region are generally developed
during interglacial times, the sediments on the bottom of
the T3 would be 125 ka or older. In this case, the Paleo-
lithic artifacts from T3 should be much older than the
apparent OSL age of ~77 ka. More dating studies are
clearly needed to improve the chronological framework.

3.5 Implication for optical dating of sediments in
South China

In optical dating, it is equally important to determine the
equivalent dose and the annual dose of a dated sample. It
is usually assumed that the annual dose remains constant
during burial®"!. This means that the amount of energy
absorbed per year by quartz or feldspar grains from
natural radioactivity in the surrounding material should
have been constant since burial. In this case, an average
annual dose during burial can be calculated by analyzing
the contents of radioactive elements.

Quaternary near-surface sediments in South China are
readily affected by chemical weathering due to humid
tropical and humid subtropical climates. Weathering
results in changes in chemical compositions of sedi-
ments and redistribution of elements, and causes some
elements to migrate and to be relatively enriched in the
weathering products. Weathering also affects the struc-
ture, fabric, porosity of the sediments®”. It is not easy to
deduce the timing and the rate of change in chemical
compositions of weathered sediments due to difficulty in
determining the timing and the rate of weathering. Ra-
dionuclide contents determined in the laboratory today
do not always represent the average contents during
burial. Furthermore, if the weathering causes U-series
disequilibrium in weathering products”™, then the an-
nual dose estimation would be even more complicated.
Therefore, it is difficult to determine the average annual
dose of weathered sediments during burial. The lumi-
nescence ages reported previously for the weathered
sediments from South China should be interpreded as
underestimated dates or minimal ages if the effect of
weathering on annual dose was not properly considered.
In dating Quaternary sediments such as “Old Red Sand”
from South China, especially for strongly weathered
sediments such as laterite, the effect of weathering on

annual dose should be thoroughly investigated. In dating
weathered sediments, the best way is to find fresh sam-
ples at the bottom of a section which may be unaffected
by weathering. If potassium feldspar can be found in
weathered sediments, the recently developed potassium
feldspar “isochron” methods"**>
changes in external dose rate, and reliable dates might
be obtained. In this case, potassium feldspar isochron

can overcome

age and quartz OSL age of weathered sediments would
allow establishment of the timing of weathering and
calculation of weathering rate. This would be not only
significant for the study of earth surface processes but
also useful for environment engineering.

4 Conclusions

Chemical weathering results in changes in chemical
composition of the “Old Red Sand” sediment from the
coastal areas of South China, which in turn could affect
environmental radiation field. Therefore, for weathered
sediments such as the “Old Red Sand”, the annual dose
calculated from U, Th and K contents which are deter-
mined presently in the laboratory cannot represent the
average annual dose of a dated sample during burial. In
the view of luminescence properties, the “Old Red
Sand” sediment is suitable for optical dating, but it is
difficult to determine their average annual dose during
burial. Nevertheless, the samples from the bottom of
“Old Red Sand” sections may be less affected by weath-
ering, so their optical ages are likely to be close to their
true burial ages. Alternatively, the potassium feldspar
isochron dating methods should be applied to these
weathered sediments.

Three marine terraces in the coastal areas of Jinjiang,
Fujian Province, China, were identified. The first terrace
formed during Holocene. The sediment from the terrace
was dated as ~3.5 ka. The “Old Red Sand” sediments,
developed in the second and the third terraces, have dif-
ferent degrees of weathering. The age of the “Old Red
Sand” sediments from the second terrace is ~74 ka. The
sediments and the Paleolithic artifacts from the third
terrace are inferred to be older than the apparent OSL
age of 77 ka, possibly corresponding to the last or an
earlier interglacial.

We thank Dr Gu Zhaoyan for helpful suggestions.
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