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In an attempt to discriminate different sources of organic matter and reconstruct the paleo-environment of the Taipei
Basin, northern Taiwan over the past 250,000 years, organic carbon and nitrogen content (C/N ratios) and isotope compo-
sition (δ13C and δ15N) are measured for sediment samples collected from core Wu-ku drilled at the depocenter in western
Taipei Basin. The high δ13C values (up to –17.0‰) and high C/N ratio (up to 14.9 and 13.0, respectively) indicate that this
area underwent a period of relative aridity during MIS 2 and mid MIS 6. Another two periods of high and variable δ15N
values (up to 15.5 and 13.5‰, respectively) in MIS 1 and MIS 7 represent different nutrient condition in the basin. In MIS
1, high δ15N variability along with increasing TOC may reflect an unstable trend of aquatic productivity related to the
dynamic mixing ratios of seawater and fresh water. The high δ15N values observed in the sediments of MIS 7 could be
explained by the employment of a 15N-enriched nitrate from denitrification as the main source of nitrogen for primary
producers.
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levels (Teng et al., 2001). Based on this general sedimen-
tary history, the possible sources of the organic matter in
the sediments of the Taipei Basin are 1) terrestrial
biomass, soil and lithic fragments from the higher land
area, and 2) the organic matter derived from in-situ plank-
ton and benthic sources. This study employs δ13C and
δ15N values, bulk abundances of carbon (TOC) and ni-
trogen (TON) and atomic C/N ratios to diagnose detailed
paleoenvironmental information derived from the deep-
est core drilled in the Basin.

Bulk abundance of carbon and nitrogen (TOC and
TON) has been used as first-order indicators of organic
matter flux and diagenesis (Meyers, 1997). Although a
large number of individual factors influence the various
TOC and TON values of sediments, three master vari-
ables always apply: the input flux of organic matter,
diagenesis, and sedimentation rate (e.g., Tyson, 1995). If
the sedimentation rate is relatively steady in certain du-
ration, high TOC and TON indicate increases of the input
flux of organic matter. Furthermore, an X-Y plot of TON
vs. TOC can be used to examine the diagenetic degrada-
tion of carbon coupled nitrogen (Schubert and Calvert,
2001) to examine the reliability of the study material.
Atomic C/N ratios and isotopic analysis of bulk sediment
have been widely used to discriminate various organic
sources in order to reconstruct depositional environments,
or vegetation changes (Tenzer et al., 1999; Schubert and

INTRODUCTION

Taipei Basin, located in northern Taiwan (Fig. 1), is
triangular in shape and was tectonically created by nor-
mal faulting along its western margin (Wang-Lee et al.,
1978; Teng et al., 2000). Five radiocarbon ages were ob-
tained from the woody tissues collected from the
Sungshan Formation and two thermoluminescence (TL)
ages were used as age controls (Liu et al., 1988; Wei et
al., 1998). The fault-based subsidence has resulted in the
accumulation of sediments in the basin since 0.4 Ma.
Throughout its depositional history, the Taipei Basin has
been characterized by alluvial fans, fluvial plains, and
estuaries in response to the fluctuating sea levels of the
Pleistocene. At 200 ka, the Basin outlet was dammed by
the latest phase of volcanic activity associated with the
Tatun volcanoes in the north, turning it into a deep fresh-
water lake. At 30 ka, the Tahan River, one of three major
tributaries of Tanshui River, was captured into the Basin,
pouring in a great amount of coarse sediment to build up
a basin-wide alluvial fan. In the early Holocene, the Ba-
sin was again inundated by seawater and became a brack-
ish lake. The lake was subsequently filled up to its present
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Calvert, 2001). The C/N ratio is a good indicator of the
protein content in sediments. Plants, in general, have
higher C/N ratios than animals due to their low protein
and high cellulose content. The C/N ratios of organic
matter derived from lacustrine primary production have
an average value between 5 and 6, whereas that of higher
terrestrial plants are usually higher than 20 (Meyers, 1997;
Muller and Voss, 1999). Bordovskiy (1965) concluded that
a C/N ratio of <8 indicates an origin of aquatic organic
source, while a ratio of >12 represents the dominance of
a terrestrial organic source (Prahl et al., 1980).

Stable isotope ratios of organic carbon and nitrogen
are also useful tracers for delineating and identifying for-
mation processes and sources of organic matters
(Thornton and McManus, 1994; Middelburg and
Nieuwenhuize, 1998). The δ13C values of organic carbon
have long been recognized as providing the syn-
depositional signals for source identification (Arthur et
al., 1988; Talbot and Johannessen, 1992; Meyers and
Horie, 1993; Street-Perrott et al., 1997; Muller and Voss,
1999) and are relatively conservative in comparison with
nitrogen isotope values or C/N ratios (Thornton and

Fig. 1.  Map showing the location of core Wu-ku in northern Taiwan.
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McManus, 1994). Isotopic ratios are affected by a number
of factors (Stuiver, 1975; Hakansson, 1985) such as
[CO2 (aq)], temperature, and climate, which leave their fin-
gerprints in the carbon isotope ratios. Besides the primary
producer (i.e., algae), particulate organic matter buried
in sediments is often a mixture of material derived from
different sources (e.g., aquatic biomass, and terrestrial
plants: Meyers, 1994). Each of these sources is charac-
terized by different isotopic values (Deines, 1980;
O’Leary, 1988). Primary producers and macrophytes have
wide-ranged δ13C values from –17 to –27‰. On the other
hand, the source of terrestrial plants are dominated by
two distinct vegetation groups, C3 and C4 plants employ-
ing different photosynthesic pathways that produce dif-
ferent δ13C values: C3: –27.1 ± 2.0‰; C4: –13.1 ± 1.2‰
(Deines, 1980; O’Leary, 1988). Generally, in the semi-
tropical environment of Taiwan, C3 plant grows under
humid conditions, while C4 plant under relatively arid
conditions. Therefore, δ13C values can be used not only
as an indicator of the change of terrestrial plant
populations but also a good proxy of the history of cli-
mate change.

The natural ratio of 15N and 14N provides a way to
trace nitrogen sources among nutrient pools, which has
been widely applied in environmental studies (e.g., Macko
and Ostrom, 1994; Michener and Schell, 1994; Meyers,
1997). Nitrogen availability in lacustrine systems in fact
constrains primary production. Nitrogen isotope ratios
(δ15N) range from –3‰ for some plankton to more than
+18‰ for complex aquatic organisms (Wada et al., 1975;
Minagawa and Wada, 1984). On the other hand, terres-
trial plants have a δ15N range of –5 to +18‰ with an av-
erage of +3‰ (e.g., Schoeninger and DeNiro, 1984). The
sedimentary δ15N values in lakes are subject to the ki-
netic isotope fractionation effects during the biogenic
metabolism of dissolved and particulate nitrogen com-
pounds (Owens, 1987). Major biogeochemical processes
including ammonification, nitrification, denitrification,
and nutrient assimilation tend to result in the product with
δ15N values lower than their substrates. Previous studies
also suggest that the sedimentary δ15N values can be used
to infer the nature and fate of sinking organic matter, such
as productivity in the past (Brandes and Devol, 1997; Voss
and Struck, 1997).

Using a combination of stable carbon and nitrogen
isotopes and the C/N ratio of organic matter provides a
means to discriminate the different sources of organic
matter. Furthermore, it can also show the mixing trend
between terrestrial and aquatic source of organic matter
(Meyers, 1997; Ohkouchi et al., 1997; Muzuka and
Hillaire-Marcel, 1999; Muller and Voss, 1999; Huon et
al., 2002). The δ13C of C3 plants (–26 to –28‰) and C4
plants (–12 to –14‰); the δ15N of 3‰, and a C/N ratio of
>12 are used as the terrestrial end member. On the other

hand, the δ13C of –19‰ to –28‰; the δ15N of +2 to +5‰
and the C/N ratio of <8 are applied as the aquatic end
member.

The five radiocarbon and two TL ages are plotted next
to the lithological profiles in Fig. 2. Based on the
chronological results of the Linkou Tableland, Kuanyin
Volcano and Tatun Volcanic Group (Fig. 1), the com-
mencement of the Basin deposition has been suggested
as younger than 0.4 Ma (Wei et al., 1998). The sedimen-
tation rate estimated using 14C data are 0.72 cm/yr in MIS
1. The first grey line in Fig. 2, representing the bounda-
ries between MIS 1/2 (Martinson et al., 1987; Linsley
and Dunbar, 1994), is drawn based on age results from
the Taipei Basin. The upper and lower boundaries of MIS
5 are associated with a warm pollen zone (Liew et al.,
1997). The Chingmei Formation and Wu-ku Formation
therefore can be correlated to stage 2 and 6, respectively.

Based on seismic data (Wang et al., 1994, 1995), the
depocenter of the basin is located in the Wu-ku area, where
a borehole was sunk in order to secure a complete sedi-
mentary profile of the Basin (Fig. 1). This study utilizes
the sediments collected from Wu-ku core, which preserves
a continuous sedimentary record of 250 ka for a drilling
depth of 400 m (Fig. 2). Previous sedimentological and
foraminiferal studies have documented that most of Wu-
ku sediments were accumulated under terrestrial fresh-
water conditions, except for the marine incursion in the
early Holocene (Huang, 1995). The average annual run-
off of Tanshui River is 7043.97 × 106 m3/yr and the aver-
age annual sediment discharge is 11.45 × 106 MT/yr im-
plies that the terrestrial input from the river catchment
dedicate an important part of the sediments to Taipei Ba-
sin (Water Resources Bureau, Ministry of Economic Af-
fairs, 1995). Palynological studies suggest three warm-
cold climate cycles since the middle Pleistocene (Liew et
al., 1997). The organic carbon isotope study of Wei et al.
(1998), previously demostrated that the low sea-level
period is associated with high δ13C values in the Taipei
basin and the first-order paleoenvironment information
recorded in the Wu-ku core is in response to the global
glacial-interglacial transition. However, Wei used a sam-
ple interval of 10 m and only δ13C values and was unable
to probe the details and information derived from nitro-
gen context. This study presents longer and more dense
analyses including both abundance and stable isotope
values of carbon and nitrogen. More detailed informa-
tion of paleoenvironment is expected.

MATERIALS AND METHODS

Fresh plant tissues and surface sediments were col-
lected from the estuary of the Tamshui River (Fig. 1).
Sediments from the Wu-ku core were sampled in inter-
vals of around 2 m. Each subsample was dried at 60°C
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and then homogenized in an agate mortar. For the abun-
dance analysis, a portion of the ground sample was
wrapped in a tin capsule, and then combusted using a
ThermoQuest EA1110 elemental analyzer to measure the
total nitrogen and carbon content (TN and TC). Carbon-
ate was removed from subsample by adding 2N hydro-
chloric acid with occasionally agitation for 2 days. The
samples then were neutralized by de-ionized water and
dried at 60°C again. The same combustion process was
also applied to measure total organic nitrogen and car-
bon content (TON and TOC). The results are equivalent
to weight %.

For stable isotope analyses (δ15N and δ13C), the car-
bonate-free sample was combusted using an EA1110
CHNS analyzer connected via a Conflow to a Finnigan
Delta Plus mass spectrometer. Results for isotope abun-
dance are reported in per mil (‰) relative to Pee Dee
Belemnite (PDB) standard and relative to air N2, for δ13C
and δ15N, respectively. The error for TOC and TON is
±0.05 wt%. The errors for carbon and nitrogen isotopic
values are ±0.1‰ and ±0.2‰, respectively.

RESULTS AND DISCUSSIONS

Organic matter sources: applied by TOC, TON, C/N ra-
tios and δ13C

The TOC of the sediments varies from 0.07% to
1.45%, with an average of 0.52% (Fig. 2). The TON has
a similar downcore profile like TOC, with maxium 0.15%
and minimum 0.01%. Low organic carbon contents are
observed in same sample probably related to the dilution
effect caused by the high sedimentation rate and the poor
preservation of the fresh organic matter, especially in
coastal/fluvial environments in Taiwan (Oung et al.,
2001). Neither TOC nor TON decreases downcore (Fig.
2); thus no evidence is found for selective loss of either
C or N with time. Although some concentrations are close
to the detecting limit, most point sets generally fall along
a linear regression line pointing to origin with intercepts
of 0.027 to 0.051 wt% with the least square fitting method
(Table 2). Typical inorganic nitrogen excesses are usu-
ally reported on the basis of higher intercepts excess 0.05
wt% (Emmer and Thunell, 2000). Therefore the results
are indicating insignificant inorganic adsorption from

diagenesis interference. The only section in the study core
that has intercept of 0.051 ± 0.007 is data-points of MIS
7 showing the relatively more possible adsorption of
ammonium on clays.

C/N ratios vary considerably between the lowest value
of 1.3 at depth of 340.0 m and the highest of 15.0 at depth
of 55.4 m (Fig. 2). The values are generally higher dur-
ing MIS 2 (average 8.5 ± 3.4) and part of MIS 6 (average
7.8 ± 2.8), whereas they are lower in the rest of the cores
(Table 1). δ13C values vary between –26.5 and –17.0‰,
showing higher δ13C values in the same intervals corre-
sponding to high C/N ratios. During MIS 1, 5, and 7, the
average values are close to –25‰ as values derived from
particulate organic matter in modern lagoonal or lacustrine
sediments (Fontugne and Jonanneau, 1987; Wada et al.,
1987).

Our results generally fall within the range of aquatic
plankton with occasional high values in the range of a
strong terrestrial input (>10). Correspondence of high C/
N ratios and high TOC has been postulated as a result of
a coupling between higher fluxes of organic matter and
improved preservation of its carbon content (Twichell et
al., 2002). In subaqueous sediments the source-deter-
mined C/N information is thought to be relatively con-
served. As nitrogen is more labile than carbon, organic
matter degradation usually results in an increase in C/N
ratio (Meyers, 1994, 1997). C/N ratios of MIS 7 are about
4 lower than in MIS 1, probably because of the adsorp-
tion of ammonium on clay from diagenesis and the in-
crease of microbial mat in the deep core. Furthermore,
this phenomenon has limited effect on the isotope com-

Stages 1 2~4 5 6 7

Depth (m) top–75 75–110 140–230 230–300 300–325 325–bottom

C/N 8.6 ± 2.6 8.5 ± 3.4 5.1 ± 2.4 7.8 ± 2.8 5.7 ± 2.0 3.6 ± 1.7
δ13C (‰) –24.1 ± 2.1 –21.2 ± 2.4 –25.2 ± 0.6 –22.6 ± 2.8 –24.7 ± 0.6 –24.9 ± 0.6

δ15N (‰) 5.4 ± 3.6 3.9 ± 1.5 3.7 ± 1.0 5.4 ± 2.1 4.5 ± 0.8 7.1 ± 3.4

n Intercept
total = 144 0.037 ± 0.003

MIS 1 24 0.036 ± 0.007
MIS 2~4 10 0.027 ± 0.009
MIS 5 26 0.032 ± 0.007
MIS 6 36 0.027 ± 0.008
MIS 7 18 0.051 ± 0.007

Table 1.  Average values of C/N ratio, carbon and nitrogen isotopic values of core Wu-ku

Table 2.  Intercepts of TON and TOC
correlation using the least square fitting
method with ±1σ
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position of the other part of the core, and the variations
derived form different sources can still be well-preserved.
The plot of C/N vs. δ13C demonstrated that the organic
matter source is mainly from a similar source of low C/N
and stable δ13C such as the autochthonous primary pro-
ducers (Fig. 4). By the trend of terrestrial input toward
high δ13C and C/N (i.e. C4 end member), the terrestrial
input of plant tissue that has high C/N in this area is strong
enough to show the main climate shift associated with a
C3–C4 transition in vegetation.

15N Enrichment in the Organic Sources
The δ15N values in the studied core fluctuate from 15.5

to 1.8‰ and 13.5 to 3.0‰ in MIS 1 and lower MIS 7,

respectively (Fig. 2). Comparing the δ15N results with the
sedimentary facies (Teng et al., 2001), reveals that while
the basin was dominated by fluvial processes in MIS 2–
6, the δ15N of organic matter was relatively low and steady
(average 4.3‰) (Fig. 2). Whereas in MIS 1 and 7, the
δ13C and C/N both show relatively small variation but
the δ15N varies considerably. Using plots of δ13C vs. δ15N
and C/N vs. δ15N, an enriched 15N input in this core can
be clearly detected (Figs. 5 and 6). This implies a differ-
ent 15N-enriched organic matter source in the above men-
tioned time periods. Based on an independent study on
sedimentary facies, MIS 1 and 7 are identified as
lacustrine or estuary, in which the possible reasons caus-
ing high δ15N value are DIN (dissolved inorganic nitro-
gen) source change, early sedimentary diagenesis, and

Fig. 3.  Plot of TON vs. TOC. Data points are divided into five
groups based on the depths and MIS.

Fig. 4.  Comparison of δ13C and atomic C/N values of sediment
samples to elemental and isotopic indicators of bulk organic
matter produced by aquatic algae, C3 and C4 land plants
(adapted from Meyers, 1994).

Fig. 5.  Plot of δ15N vs. C/N ratios showing comparison with
the end members of marine algae, and land plants.

Fig. 6.  Plot of δ15N vs. δ13C showing comparison with the end
members of marine algae, C3 and C4 land plant.
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change of aquatic population.
In most sedimentary environments, the source of ni-

trogen for primary production is limited. Thus, primary
producers tend to assimilate most DIN, giving δ15N val-
ues of organic matters close to the source DIN (Horrigan
et al., 1990; Altabet and Francois, 1994). If the origin of
DIN has been enriched in 15N by certain processes, the
final organic products will show high δ15N values.
Denitrification, for instance, occurred at suboxic or an-
oxic conditions, causes a large fractionation factor α �
1.04 and makes the residual nitrate have much higher δ15N
values, e.g., +15 to +30‰ (Michener and Schell, 1994;
Handley and Raven, 1992). Later utilization of the re-
sidual nitrate from denitrification of primary producers
would result in heavier δ15N values (Sigleo and Macko,
1985; Altabet et al., 1995; Ganeshram et al., 1995, 2000;
Altabet et al., 1999; Emmer and Thunell, 2000).

Early diagenesis might also lead to high δ15N values.
Isotopic fractionation during decomposition is typically
thought to result in heavy isotopic composition of the
residual material (Altabet and Francois, 1994; Thornton
and McManus, 1994; Ostrom et al., 1997; Sachs and
Repeta, 1999). Figure 3 shows a relatively high propor-
tion of TON in MIS 7, probably indicating that early
diagenesis has affected this section. Besides, the corre-
sponding TOC is low, suggesting that the aqueous envi-
ronment was oxic and inappropriate for TOC preserva-
tion. As a consequence, high organic matter δ15N was re-
corded in this section.

The last possible explanation is the change of aquatic
population. In general, high δ15N values may indicate high
aquatic productivity. High δ15N values and C/N ratios in
the sediments of estuarine cores have demonstrated an
increase in autochthonous organic matter input such as
macrophytes (Muller and Voss, 1999). At 9,000 years ago,
seawater inundated and turned Taipei Basin into a shal-
low brackish bay, which might be habitatable for man-
groves and macrophytes like the present-day estuary of
the Tanshui River. The analyzed results of fresh materi-
als of dominated aquatic population collected from the
Tanshui estuary (Table 3) well support this hypothesis.

The macrophytes show relatively higher δ15N values than
other organic matter sources. The surface sediments have
average δ15N value of 3.9‰ (δ13C = –24.6‰). The high-
est δ15N value of 11.3‰ (δ13C = –26.8‰) was measured
from Entermorpha intestinalis, while the lowest value of
6.6‰ (δ13C = –24.2‰) is found for one sample of Ulva
sp.

Environmental change
MIS 7 (bottom to depth of 325 m)  The relatively steady
δ13C and C/N represent a constant organic matter source
from a mixture of autochthonous and terrestrial C3 plant
material input that indicates a relatively warm period.
Based on the above discussions of nitrogen isotope pro-
file and the sedimentary environment facies, MIS 7 shows
an oxic bottom-water condition that tends to give high
δ15N (average 7.1 ± 3.4‰) (Table 1).
MIS 6 (depth of 325~230 m)  At the beginning of MIS 6
at depth of 300–325 m, laminated and fine muddy layers
indicate a deep anoxic lake. The averaged δ13C and C/N
ratio are –24.7 ± 0.6‰ and 5.7 ± 2.0, respectively. The
δ15N shifted from 7.1 ± 3.4‰ in MIS 7 to an average of
4.5 ± 0.8‰ but was relatively steady. This all implies that
the source of organic matter was mainly from in situ pri-
mary producers with constant or almost no C3 terrestrial
input. After the dammed lake period, the fluvial sediments
restarted and recorded one of two significant arid periods
in this core. δ13C values and C/N ratio at that time shifted
to –22.6 ± 2.8‰ and 7.8 ± 2.8 respectively, indicating
that the terrestrial input increased, and C4 plants became
an important source of organic matter. This could further
imply that the climate was relatively arid, which is con-
sistent with the pollen records. For instance, the chemi-
cal signal is consistent with palynological studies in con-
tinental shelves of eastern Asia which concluded a grass
blooming event in MIS 6 due to the arid climate derived
by weaker summer monsoon and stronger winter monsoon
(Hope et al., 2004).
MIS 5 (depth of 230~140 m)  MIS 6 ended at a thick layer
of gravel. The study area reverted to a lacustrine and
riverine environment in MIS 5. The δ13C values and C/N

*Bracketed number indicates the measured samples.

Table 3.  Abundance and isotopic composition of plants collected from Tanshui
modern estuary

TOC (%) TON (%) C/N δ13C (‰) δ15N (‰)

Ulva sp. (4)* 34.41 1.04 34.9 –24.9 8.7
Ulva lactuca (3) 33.58 2.14 15.7 –25.3 7.1
Entermorpha intestinalis (3) 32.04 2.62 12.2 –25.5 9.6
Mangrove (4) 54.93 3.93 14.0 –25.6 11.3
Reed (2) 44.20 3.01 14.7 –13.6 7.8
Surface sediments (19) 0.44 0.07 6.1 –24.6 3.9
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ratios remained steady, implying that the environment was
relatively stable and C3 plants became prevalent again.
MIS 4~2 (depth 110~75 m)  The sea level lowered again
during MIS 4–2, leading to an environment with relatively
strong erosion and less deposition. It resulted in only about
50 meters of deposition in MIS 4–2. Simultaneously ris-
ing C/N ratios and δ13C values indicate increasing terres-
trial C4 plant input, which was accordingly triggered by
the arid climate.
MIS 1 (depth of 75 m~top)  In the early Holocene, the
Basin was inundated by seawater and turned into a brack-
ish lake. The climate became humid and mild, similar to
the present-day. The δ13C values and C/N ratios both vary
in the beginning then remain steady later on, indicating
that the environment became relatively stable, and C3
plants were dominant again. Our results of high δ15N val-
ues and constant C/N ratios in late MIS 1 possibly sug-
gest that the mangroves and macrophytes were the main
aquatic organic matter source in the estuary. This infer-
ence is also supported by the increasing TOC in this pe-
riod.

CONCLUSIONS

The sedimentary organic δ13C, δ15N and C/N ratios
measured in the Wu-ku core allow us to trace organic
matter provenances of the paleo Taipei Basin. Early
diagenesis due to the oxic-bottom water in the lower part
of MIS 7 was recorded by increased δ15N values of sedi-
mentary organic matter. In the beginning of MIS 6 the
Wu-ku area became a deep, freshwater lake. The source
of organic matter deposited was mainly in situ primary
producers, which have steady δ13C values and C/N ra-
tios.

The major shift of δ13C values and C/N ratios indi-
cates that the terrestrial input increased in MIS 6, and C4
plant became an important source of organic matter. This
implies that the climate was relatively cold and arid, which
is consistent with the pollen records. MIS 6 terminated
by a thick layer of gravel bed, and the Wu-ku area there-
after returned to a lacustrine and riverine environment in
MIS 5. The δ13C values and C/N ratios became relatively
steady, implying that the environment was relatively sta-
ble. In the meantime, δ13C values reveal that C3 plants
was dominant. Sea level was low during MIS 2–4 and
only ~50 meters of sediment was deposited at Wu-ku.
Coupled rising C/N ratios and δ13C values are the indices
of increasing terrestrial C4 plant material input in response
to the arid climate. In early MIS 1, the Taipei Basin was
inundated by seawater and turned into a brackish lake.
The climate became humid and mild like the present. The
mangroves and macrophytes were the main aquatic or-
ganic matter sources, and aquatic productivity increased
at that time.
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