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ABSTRACT _

STANLEY, D.J . and CHEN, Z., 2000. Radiocarbon dates in China's Holocene Yangtze delta : record ofsediment storage
and reworking, not timing of deposition. Journal of Coastal Research, 16(4), 1126--1132. West Palm Beach (Florida),
ISSN 0749 -0208 .

Evaluation of conventional and AMS radiocarbon dates, obtained for 65 Holocene sediment samples in 20 cores col­
lected in the Yangtze delta, China, indicates that only about one in 4 dates falls within an expected time range. In
this Holocene deltaic system, most radiocarbon-dated samples do not become progressively younger upcore, and there
is no direct relationship between age and depth . About one in 6 dates is too young, recording locally truncated strati­
graphic sections. Of particular note are the nearly two-thirds of all radiocarbon dates that record ages that are much
too old, by 1000 to 10,000 year s (23% are of Pleistocene age). This phenomenon results from the introduction of old
carbon during sediment storage and reworking along the dispersal path between headlands and the coast. Thus,
rather than recording final time of Holocene deposition at deltaic core sites, dates in Yangtze delta sediment appear
to indicate a time lapse that occurred during storage and tra nsport cycles in the fluvial valley and delta plain. There
is no simple, obvious or universal solution to this radiocarbon-dating problem in deltaic sequences. The problem
warrants attention since reliable dating of Holocene sequences is essential for measurement of rates of sediment
accumulation and delta margin subsidence relative to sea level, two of the parameters needed to help implement
protection measure s along the vulnerable low-lying Yangtze delta coast. At present, a multi-method dating approach
(amino acid racemization, isotopic analyses, archaeological determination, and others ) would constrain sediment age,
and provide a more reliable measure of deposition time in such settings than by radiocarbon dating alone.

ADDmONAL INDEX WORDS: Alluvial deposit s, climate change, coastal protection, cores, delta plain , deposition ,
erosion, Holocene, Pleistocene, sediment reworking , storage, subsidence.

INTRODUCTION

Shortly after it s development , the radiocarbon-dating
method was applied to the study of fluvio -marine sedimen­
tary sequences in the Mississippi delta (FISK and McFARLAN,
1955). However, difficulties in da t ing sediment core sections
soon became apparent (FRAZIER, 1967 ) and it was recognized
that only some of the 14C dat ing results could be used to es ­
tablish reliable chronostratigraphic records in this and other
deltas (STANLEY et al., 1996). The problem of incoherent ra­
diocarbon dates in studies of deltaic systems is usually not
elaborated in the literature, and has been approached in an
inconsistent manner. Not surprizingly, those radiocarbon
dates believed to be 'reasonable' ones (t hose that fall within
an expected and/or rational time range) are the ones usu ally
re tained and cited in publica ti ons, while dates that appear
anomalous or obviously spurious are not usu ally pu blishe d
and te n d to be ignored. Recent research addressing question­
able dates in core s from the Nile and Ga nges-Brahmaputra
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delt as ind ica tes that there is no simp le, obvious or universal
solution (STANLEY and HAlT, 2000).

In the present investigation we evaluate radiocarbon-dat­
ing results available for Holocene deltaic core sections recov­
ered on la nd and offshore in the Yangtze (Changjiang) delta
of eastern China (Figu re 1) . The predi cted seque nce of dates
sho uld be progressively younger upcore. In contrast with this
prediction, the sediment sample dates from the Yangtze delta
record up core reversals and presen t a confused stratigraphic
pattern oflate Pleistocene and early Holocene in the mid- and
upper Holocene seq uences (Figu re 2).

This investigation focuses on dat in g Holocene Yangtze del­
taic facies, incl uding channe l, wetland, chen ier and coastal
units that, previously, have been defined in this system (YAN

and Xu, 1987; CHEN et al., 1991). We recognize that there is
a problem with rad iocarbon-dat in g results in Holocene deltas
in general, and take note of the particularly prono unc ed var­
iability of dates obtained in the Yangtze delt a. In terpreta­
tio ns of the findi ngs are proposed , and a multi-method ap ­
proach to obtain a more reasonable approximation of Holo­
cene age of delt aic deposit ion is emphasized.
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Tabl e l. Summary of 20 sediment borings and evaluation of 65 radiocarbon dates (4 categories, I to N ) determined for Holocene core samples in the
Yangtze delta .

Core Total Expected Too Too Old Too Old
Yangtze Delta Core Elevation Holocene Dated Age Range Young (Holocene) (Pleistocene)

Core Sites Number ( rn ) Thickness ( rn ) Samples (I) (II) (III) (IV)

South Yan gtze delt a 0 -1 4.5 23.3 5 1 2 2
(n = to) Ch-5 2 28.9 2 2

T-4 3 11 3 3
ZX-l 2.5 15 to 1 4 5
Z-4 3.07 11.15 3 3
T-l 3 3.27 2 1 1
0-2 2.4 2.8 5 1 4
J LQ 5 14.5 1 1
SL 4 7.6 1 1
Wc-l 2.5 2.75 2 1

Nor th Yan gt ze delt a Qd-l 2.5 36.7 4 2 1
(n = 5) T-16 3 35 2 2

BP 3.5 35 1 1
T-12 2.5 26.1 3 3
HQ 3.6 37.8 1 1

Yangt ze estuary CM-97 2.5 41 11 2 3 6
(n = 2) Ch-4 2 53.4 3 1 2

Offshore delt a Cj-4 - 10 44 2
(n = 3) Ch- l - 24 36 2 2

Ch-3 - 31 33 2 2
Land delt a 17 sites 2 to 5 2.8- 53.4 59 14 (24%) 9 (15%) 23 (39%) 13 (22%)
Offshore delta 3 sites - to to - 31 33-44 6 1 (17%) 1 (17%) 2 (33%) 2 (33%)
All core data 20 sites 5 to - 31 65 15 (23%) 10 (15%) 25 (38%) 15 (23%)

METH ODS

The suite of 65 radiocarbon-dated sediment samples eval­
uated here were obtain ed from 20 cores in th e Yangtze delta
(Table 1). Forty-four of these were by conventional analysis
and 21 by accelerator mass spectrometry (AMS). Dated sam­
ple material included peat, organic-rich mud and shell (Table
2). All borings, 17 on land and 3 offshore, were of sufficient
length to attain the underlying late Pleistocene section and
recover continuous Holocene sequences. On the basis of lith­
ostratigraphy, th e suite of dated core samples considered
here for evaluation is identified as Holocene (commonly olive­
grey mud facies ) and not confused with underlying alluvial
and continental margin sections of late Pleistocene origin
(Figure 2). The position of Yangtze cores is shown in Table
1, and data on th e 65 radiocarbon-dated samples, including
stratigraphic depth, nature of sample material selected for
analysis, and reference sources are liste d in Tabl es 1 and 2.

All dates are in radiocarbon years before present (years BP)
and corrected for isotopic fractionation, but not calibrated to
calendar years. The age data are plotted on a graph depicting
radiocarbon age versus depth in the Holocene sequence (Fig­
ure 3). The base of the Holocene section is readily identifiable
in most cores by lithofacies analysis . Thickness of the Holo­
cene section varies considerably from core to core (- 3 to > 50
m), and thus th e depth of each dat ed sample has been nor­
malized, i.e. calculated as relative thickness, from 0% at the
top of the boring at the modern delta surface down to 100%
at th e base of th e Holocene sect ion (cf STANLEY and HAlT,
2000).

A set of three baselines plotted on the graph help evaluate
plots of time of sample deposition versus Holocene depth. The
lines depict a hypothetical uniform rate of sedimentation, ex­
tending from 6500, 7000 and 7500 years BP at the base of

the Holocene section (cf STANLEY and WARNE, 1994, 1997;
STANLEY and HAlT, 2000) to the present delta plain surface.
The basal dates correspond to marked changes of climate (Hu
et al., 1999) and sea level (BLANCHON and SHAW, 1995) re­
corded in the early Holocene . While we recognize th at the
rate of delt aic sediment accumulation has by no means re­
mained constant through time, the baseline set is provided
as a general gauge for comparative purpose. It serves pri­
marily to characterize those dates that are within a reason­
ably coherent range (coded I in Table 1) in contrast to those
that are too young (II) or too old by 1000 or more years (III
= Holocene , IV = Pleistocene) for the depth at which th ey
were collected .

OBSERVATIONS

The thickness of Holocene sect ion, as recorded by the 20
borings (Table 1), is highly variable in the different sectors
of the Yangtze system (cf STANLEY and CHEN, 1993). The
shortest Holocene sections (-3 m) are recorded by 3 cores
recovered in the central depression of the south-central delta
plain (cores T-l , D-2, We-I) , while intermediate thicknesses
(-8- 29 m) are indicated by the 7 other cores positioned east
of the short borings in the southern delta plain (D-I , Ch-5,
T-4, ZX-I, Z-4, JLQ, SL). The five cores obtained in th e north
delta plain (Qd-l , T-I6, BP, T-I2, HQ) record more important
(-26-38 m) thicknesses. Still greater (- 36 to 53 m) Holocene
sections are recorded by 5 cores : two are positioned in the
delta estuary (Chongming Island; CM-97, Ch-4 ); and three
were recovered offshore (East China Sea; Cj-4, Ch-I , Ch-3).

The data summarized in Table 2 and plotted in Figure 3
show that only six dates obtained in two cores of the southern
delta Holocene section (T-4, Z-4) record a positive relation
between age and depth, and show progressively younger
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Table 2. Radiocarbon data for 65 Holocene samples collected in 20 borings in the Yangtze delta. Dates and depths in cores are plotted in the graph in
Figure 3.

Total Depth Sample Age
Core Holocene Sample From Core Radiocarbon Estimate Material

Number Thickness (m) Depth (m) Top (rel %) Date (code) Dated Reference

D-1 23.3 9.3 39.9 3140 ± 155 I organic-rich mud Li et al., 1986
12.6 54.1 5725 ± 250 III organic-rich mud LI et al., 1986
16.5 70.8 7950 ± 55 III organic-rich mud LI et al., 1986
17.7 80 10,025 ± 250 IV organic-rich mud LI et al., 1986
20.6 88.4 10,165 ± 625 IV organic-rich mud LI et al., 1986

Ch-5 28.9 10.6 36.7 6440 ± 200 III organic-rich mud QIN et al., 1987
18.8 65.1 9450 ± 210 III organic-rich mud QIN et al., 1987

T-4 11 3.1 28.2 2540 ± 200 I unknown LI and WANG, 1998
5.1 46.4 3650 ± 190 I unknown LI and WANG, 1998

11 99.9 8225 ± 300 I unknown LI and WANG, 1998
ZX-1 15 1.1 7.3 2850 ± 60* III peat STANLEY et al., 1999

4.7 31.3 10,900 ± 60* IV organic-rich mud unpublished
6 40 13,300 ± 60* IV organic-rich mud unpublished
7.9 52.5 11,150 ± 45* IV organic-rich mud unpublished
8.9 59.3 6850 ± 80* III organic-rich mud STANLEY et al., 1999
9 60 11,460 ± 60* IV organic-rich mud unpublished

10.6 70.6 10,200 ± 50* IV organic-rich mud unpublished
12.6 84 7750 ± 50* III peat STANLEY et al., 1999
14.1 94 7820 ± 35* III peat unpublished
14.2 94.6 7900 ± 35* I organic-rich mud STANLEY et al., 1999

Z-4 11.15 3.1 27.8 2450 ± 200 I organic-rich mud LI et al., 1986
5 44.8 3650 ± 190 I organic-rich mud LI et al., 1986

11.1 99.6 8225 ± 300 I organic-rich mud LI et al., 1986
T-1 3.27 2 61.2 1369 ± 180 II peat LI et al., 1986

3.2 97.8 7064 ± 300 I organic-rich mud LI et al., 1986
D-2 2.8 1.1 39.3 2370 ± 80 I organic-rich mud unpublished

1.7 60.7 2020 ± 70 II organic-rich mud unpublished
2.2 78.6 1090 ± 50 II peat unpublished
2.3 82.1 1790 ± 70 II peat unpublished
2.5 89.3 2350 ± 70 II organic-rich mud unpublished

JLQ 14.5 11.5 79.3 7400 ± 80 III shell YAN and HONG, 1987
SL 7.6 5.9 77.6 7370 ± 140 III oyster shell YAN and HONG, 1987
Wc-1 2.75 0.33 12 5020 ± 75 III organic-rich mud CHANG et al., 1994

2.75 99.9 11,280 ± 90 IV organic-rich mud CHANG et al., 1994
Qd-1 36.7 20.2 55 7370 ± 90 III shell LIN et al., 1992

24.3 66.2 4460 ± 90 I shell LIN et al., 1992
32.7 89.1 5060 ± 110 II shell LIN et al., 1992
36.6 99.7 8320 ± 170 I shell LIN et al., 1992

T-16 35 32.9 94 9100 ± 110 III peat LI and WANG, 1998
34.4 98.3 9920 ± 110 III peat LI and WANG, 1998

BP 35 29.9 85.4 8420 ± 120 III organic-rich mud unpublished
T-12 26.1 19.9 76.2 10,025 ± 310 IV shell LI and WANG, 1998

25.2 96.6 11,220 ± 380 IV peat LI and WANG, 1998
25.5 97.7 11,780 ± 370 IV peat LI and WANG, 1998

HQ 37.8 29.6 78.3 9360 ± 130 III organic-rich mud unpublished
CM-97 41 7 17.1 1900** III *** HORI et al., 1999

17.9 43.7 1420** II *** HORI et al., 1999
18.1 44.1 1400** II *** HORI et al., 1999
18.2 44.4 1410** II *** HORI et al., 1999
20 50 4000** I *** HORIet al., 1999
21.8 53.2 4400** I *** HORI et al., 1999
22.1 53.9 5010** III *** HORIet al., 1999
24.2 59 6000** III *** HORJet al., 1999
24.8 60.5 6900** III *** HORIet al., 1999
25.4 61.9 8200** III *** HORIet al., 1999
39 95.1 9700** III *** HORI et al., 1999

Ch-4 53.3 20.2 37.9 9800 ± 240 III organic-rich mud QIN et al., 1987
35 65.7 13,230 ± 280 IV organic-rich mud QIN et al., 1987
40.1 75.2 13,950 ± 300 IV organic-rich mud QIN et al., 1987

CJ-4 44 22.4 50.9 1570 ± 620 II shell CHENG and WANG, 1994
33.6 76.4 5700 ± 550 I shell CHENG and WANG, 1994

Ch-1 36 19.9 55.3 12,990 ± 400 IV organic-rich mud QIN et al., 1987
36 99.9 10,700 ± 125 IV peat QIN et al., 1987

Ch-3 33 8.5 25.8 6300 ± 170 III organic-rich mud QIN et al., 1987
18.4 55.8 7090 ± 230 III organic-rich mud QIN et al., 1987

Note: * denotes AMS dates; ** dates and *** material dated (shell, organic matter) unspecified, with HORI et al., 1999 (their Figure 3).
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Figu re 1. Map of the Yangtze delta, eastern China, showing posit ion of 17 lan d and 3 offshore cores tha t provided th e 65 radiocarbon- da ted sedime nt
samples evalua ted in th is st udy. Cores Ch-4 and CM-97 were recovered on Chongming Island in the Yan gtze est uary.

dates upcore. Moreover, basal samples in only five of the 20
cores (T-4, ZX-1, Z-4, T-1, Qd-1) provide dates th at fall within
th e expected basal age range (- 7000-8300 years BP) of the
Holocene section. The age of the basal Holocene in the other
15 cores with radiocarbon dates ran ges to > 13,000 years BP.

In most cases there is a poor, or no, direct relationship
among th e radiocarbon dates, both conventional and AMS,
and core surface elevation, subsurface depth of sample in the
Holocene sequence, material used for dating (peat , organic­
rich sediment , shell), and geographic position of core site rel­
at ive to th e delt a coast. A somewhat higher proportion of
samples with near- expected dates is found in th e southern
part of the Yangtze delt a , while 'old' dates prevail at Chongm­
ing Island in th e delta estuary . The majority of borings, even
those among the more closely-spaced groups of cores collected
within a single region (for example ZX-1, T-1 and D-2) depict
a remarkably inconsi stent Holocene age-core depth pattern,
readily apparent by irregular date sequence and inversion of
ages upcore. A typical example is illu strated by the 10 AMS
dates in core ZX-1 (Figure 2) that provide an upcore strati­
graphic record as poor as that obtained in other borings dated
by conventional radiocarbon analysis.

Only about one in four (n = 15), or 23% of all 65 dated sam-

ples, approximate an expected age, while three of five (n = 40,
or 61%) of terrestrial and offshore delt a samples are older
than expected (Figure 3). Six of the 65 available dates , col­
lected in the upp er 30% of Holocene core sections, are older
(one by - 5000 years ) than expected (Figure 3). Of those dat­
ed as too old throughout the system, 25 (38%) are of Holocene ,
and 15 (23%) are of Pleistocene age . The graph also shows
that less than one in six dates (n = 10, or 15%) is younger than
expected.

DISCUSSION

Radi ocarbon dates that are too young likely indicate hia­
tuses in stratigraphic sections, i.e. incomplete and/or trun­
cated Holocene sequences where sediment ha s been removed
by erosion (GOODFRIEND and STANLEY, 1996). More preva­
lent are the data indicating that most radiocarbon ages of
Holocene core samples are too old, by 1000 to 10,000 years
(Figure 3), and tha t dates are commonly sequenced irregu­
larly upcor e (Figure 2). A comparison with similar graphs
plotted with age versus depth data from Nile and Ganges­
Brahmaputra deltas (STANLEY and HAlT, 2000, their Figure
3) reveal s that th e Yangtze delta is characterized by a higher
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Figure 2. Core ZX-1, recovered in th e sout hern Yangtze delt a , showing
irregular upw ard chro nostratigraphic sequ ence of 10 AMS radiocarbon
dates in the Holocene section of this boring. Five dat es are clearly too
old.

proportion of older radiocarbon dates, i.e. some are of late
Pleist ocene age to as old as 14,000 years BP.

These findin gs suggest the importance of sediment rework­
ing, most likely by episodic channel migration and overbank
events that prevail at t imes of Yangtze fluvial valley and del­
ta plain floods. Rather than ind icating ra pid unidire ctional
transport from source uplands directly to the sea, sediment
is apparently subject to cycles of te mporary storage and epi­
sodic exposure by channel scour and redeposition along it s
path toward th e coast (cf MEADE et al., 1965; MEADE, 1988;
DUNNE et al., 1998). Th ese dynamic processe s, well docu­
mented in studies of the Yangtze estuary (YANG, 1999),
would result in the incorporation of variable amounts of 'old'
carbon in the form of particulate carb on detritus and fine­
grained organic matter (cf NAMBURIDI et al. , 1980; GEYH et
al., 1983; MACDONALD et al. , 1991; MARTIN and J OHNSON,
1999). Prob ably also involved are effects of percol ation and

groundwater uptak e, and th e introduction of dead carbon
from detrital carbonate (cf TORNQVIST et al ., 1996, 1998; So­
TER and KATSONOPOULOU, 1999).

Data points on the graph indicate that storage of reworked
materi al in the Yangtze valley and on th e delta plain is of
variabl e, commonly milleni al , duration. Proportions of older
dates, likely recording increased incorporation of old carbon,
are particularly high in mid-Holocene core sect ions (Figure
3). This phenomenon may be related to altered sedimentation
patterns induced by climatic change at that tim e in eas tern
China. An increasingly wetter phase in the ea rly to mid-Ho­
locene has been recorded by th e pollen record in Yangtze del­
ta cores (WANG et al., 1984; MENG et al., 1989), including
boring ZX-1 (STANLEYet al., 1999). It is likely th at intensified
flooding would have induced a greater frequency of rese di­
mentation events in this fluvial system during mid-Holocene
time.

Indiscriminate use of radiocarb on dates, many th at are too
old, res ults in calculate d rates of deltaic sediment accumu­
lation and land subsidence that are too low (STANLEY, 1997).
Measurements using such dates result in averaged Yangtze
subsidence rates ofless than 2 mm/yr , while seismic and dril­
lin g surveys ind icat e higher rates that range from 3 to > 4
mm/yr (STANLEY and CHEN, 1993, 1996). Thi s 'age too old'
artifact has rami fications with regard s to impl ementation of
protection measures for th e vulnerabl e, low-lying Yangt ze
delta coast affected by high tid es, monsoon storm surges and
relative rise in sea level. Th ere is a need, therefore, to use
several methods concurrently, although we recognize that
some of thes e can also record th e effects of sediment rework­
ing. Based on results in other delt as, these would include
AMS dating of macrofossils in basal and in situ peat layers
(TORNQVIST, 1998), amino acid racemization (GOODFRIEND
and STANLEY, 1996), interpret ati on of pollen and phytolith
records, and isotopic analyses of fauna (GEHRELS and BELK­
NAP, 1993; VAN DE PLASSCHE, 1995; REINHARDT et al., 1995;
TORNQVIST et al ., 1998). Concurrent archaeological identifi­
cation of associated artifacts is also most useful , as demon­
stra ted in the Yangtze (STANLEY and CHEN, 1996; STANLEY
et al ., 1999), Nile (WARNE and STANLEY, 1993) and other sys­
tems. The multi-method approach will constrain th e age of
deposition and provide more reli abl e dates with which to de­
termine rate of delt a margin subsidence.

CONCLUSIONS

The pattern of convent iona l and AMS rad iocarbon dates of
Yan gtze land and offshore delta core sa mples, as a group,
records a poor correlat ion between age and depth in Holocene
sequences. Nearly two-th ird s of ava ilable radiocarbon dat es
record ages that are much too old, by 1000 to as much as
10,000 years . The se excessively old dates likely result from
organi c material that was initi ally incorporated and stored
upstream for a peri od, th en remobili zed and finally deposited
on the delta pla in . Rad iocarbon dates fall between th e time
of formation of old carbon material and th at of carbon formed
at the final depositional site. For the most part, the dates
ind icate residence time (period between stora ge and remobi­
lization) along the dispersal path, rather than the tim e of
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Figure 3. 65 uncalibrated radiocarbon dates (in years BP; data listed in Table 2) plotted versus dept h (relative thickness of Holocene section) in cores;
the graph shows that most dates are too old. Baselines, extending from 6500, 7000 and 7500 years BP to present delta surface, serve as general gauges ;
shaded field to th e right of these baselines enclose sample age data that are too old. The recorded 1 sigma error bars , ranging from 35 to 625 year s BP
(Table 2), are not shown on the graph due to small size of data points.

burial. Some previous studies recommend using th e oldest
age to date th e timi ng of final deposition (MARTIN and J OHN­
SON, 1995), but res ults of our present investigation indicate
that use of younges t dates is preferable .

There is a need to obtain reliable core sa mple dates in this
depocenter so as to accurately measure sedime nt accumula ­
tion , land subsidence and re lative sea level rise, information
needed for implementation of viab le coastal and delta plain
protection measures in this densely populated region threat­
ene d by flooding. For example, the August 1998 Yangtze
flood, for exam ple, took 2100 lives and cost China an esti­
mated 30 billion dollars. Moreover, the Three-Gorges Dam,
presently under construc tion and to be completed ea rly in the
21st Cent ury, will substantially alte r th e present fluvial re­
gime and sedimentation patterns on the delta plain and its
coastal margins and estuary. Obtaining a more reliabl e mea­
sure of the age of Yangtze deltaic sequences, an d quite likely
of other such systems, requi res a strategy th at involves con­
current use of several ind epend ent dating methods.
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