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ABSTRACT

Stable carbon isotoperatios of total dissolved inorganic carbon
(DIC) and particulate organic carbon (POC) for surface waters of
the Mei Hwa Lake (MHL; 50 m a.s.l.) and the Shuang Lian Pond
(SLP; 470 m a.s.l.), northeastern Taiwan collected monthly during
2003-2004, wer e investigated. The TOC/TN ratios of POC for both
lakesarelessthan 10, which indicate aquatic algal photosynthesisis
the main source for the POC. §°C-POC values range between
-21.1%o to - 28.9%0, as colder seasons showed relative depletions.
M oreover, the time-series of §°C-POC values for both lakes show
parallel decreasing trend for the isotope compaosition through time.
Generally, similar depleted trends for values of §°C-DIC in MHL
and SL P wererecorded except from March to August in 2003. The
8"C-DIC valuesin MHL tend to be enriched by 1- 3%.. Such heavier
8"C signaturesin DIC of MHL arelikely caused by alocal drought
episode during the early 2003.
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1. INTRODUCTION

Several characteristics of lakes, such as short residence time of element recycling, quick
response of biota, and high sedimentation rate, make them advantageous for monitoring climatic
changes on local ecosystems. Particularly, 8*°C values of dissolved inorganic carbon (DIC),
particulate organic carbon (POC), and sedimentary organics have been demonstrated very
useful for tracing the transportation and fate of carbon in lacustrine ecosystems (e.g., Quay et
al., 1986; Meyers, 1997; Cole et al., 2002; Street-Perrott et al., 2004). Using such isotope
tracer, Scartazza et al. (2004) indicated that stable carbon isotoperatio of photosynthetic products
and respiratory CO, in an ecosystem would reflect the seasonal climate change.

The §C-DIC within lake water is mediated by many factors, e.g., geochemical
compositions (e.g., DIC, pH, akalinity), morphometric factors (lake size and shape), biological
activities (gross primary production, respiration), and others (see Bade et al., 2004 and reference
therein for areview). Using amodel processed with data from 104 lakes, Bade et al. (2004)
concluded that ecosystem metabolism induce substantial variation in §*C-DIC around the
potential valuethat is set by geochemical factors of the watershed. However, works of McKenzie
(1985), Tabot (1990) and Leng & Anderson (2003) indicated the importance of isotopic
exchange of carbon i sotopes between agueous bicarbonate and atmospheric CO, which resulted
in greater §°C values in aqueous bicarbonate ion in lacustrine environment. This process
occurs potentially in a close-basin lake with large surface area, long residence time and high
evaporation (Leng & Anderson, 2003). Differentiating the long-term trend in 8**C-DIC from
seasonal variation and other specific factors of an individual lake is crucial for judging the
principal mechanism. Because the stable carbon isotope composition of lake water isinfluenced
by temperature effect, kinetic fractionation, lipid content of phytoplankton cell and carbon
source (see Descolas-Gros & Fontugne, 1990 and references therein for areview).

For deciphering the influence of major factor on variations of the stable carbon isotope
composition in lake water in the western Pacific East Asian Monsoon region, two adjacent
lakes at different altitudesin Ilan County (Figure 1), northeastern Taiwan were chosen to
investigate the 8*°C variations in organic and inorganic carbons during a two-year period from
2003 to 2004. The Mei HwaLake (MHL) islocated at 24.64°N, 121.72°E at elevation of 50 m,
and has an area of 18.2 hawith ~ 1 m of water depth. The Shuang Lian Pond (SLP), 4.6 hain
size and <2 min water depth, islocated nearby in ahilly endorreic basin at 24.76°N, 121.63°E
at 470 m above sealevel (as.l.). Both lakes receive mainly precipitation and little supply of
streamlet water along the slope of surrounding highland, and have only one outlet, respectively.

Thereversal of summer southwest and winter northeast monsoon in northeastern Taiwan
causes seasonal fluctuation on precipitation (Hsu and Chen, 2002). Thus, the cold and warm
seasons in this work are defined as the interval of dominated winter and summer monsoon,
respectively (cf. Peng et al., 2002). The monthly mean precipitation and air temperature during
the investigation period for the studied areas are shown in Table 1. We expect that the §°C
signals of these two lakes would reflect seasonal fluctuation due to local temperature and
precipitation effect, as well as caused by their differencesin lake size, altitude and climatic
responses.

2. METHOD AND MATERIALS
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Surface lake waters for stable isotope analyses were sampled monthly from Feb. 2003 to
Dec. 2004. In addition, rainfall samples were also collected on the 21% of Feb. 2005 for
comparison. Sample collection and preparation procedures for DIC, POC and water oxygen
isotope analyses are the same as described in Peng (1995), Kao and Liu (2000), and Peng et al.
(2002), respectively.
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Figure 1. Topographic map shows locations of the Mel Hwa Lake (MHL) and Shung Lian Pond (SLP)
in the Ilan County, northeastern Taiwan. Inset: Taiwan is situated between the East China Sea
(ECS), Pacific, and South China Sea (SCS). The small rectangle indicates the area of [lan County.
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Briefly, an aliquot of the water sample wasfiltered on site immediately using a Whatman
Cellulose membrane (5 um in pore size, 47 mm in diameter) for preparation of §*C-DIC
analysis. Then, barium hydroxide was put into the filtrate to precipitate enough amount of
dissolved inorganic carbon in the form of precipitate with chemical composition of BaCOs.
The purified BaCO; was then treated with orthophosphoric acid to release CO, in avacuum
system under 50°C. The released CO, was then introduced into a mass spectrometer for stable
carbon isotope analysis.

Table 1. Monthly data of stable carbon and oxygen isotope ratios (%o) of lake surface waters of Mei-
Hwa L ake (MHL) and Shuang-Lian Pond (SLP), and mean precipitation (MP, cm) and air temperature
(AT, °C) on studied area during 2003-2004. The monthly MP and AT at MHL and SLP are from
Suao Station, CWB, and from the Fu Shan Experimental Forest TERN (Taiwan Ecological Research
Network), respectively. DIC: dissolved inorganic carbon; POC: suspended particulate organic carbon.

MHL SLP

2003 §“c-pic  sPc-poc 50 MP AT §c.nic s“c-pOC §'%Q0 MP AT
Jan 74 16 5.3 10
Feb 6.5 18 -13.9 -23.8 43 60 13
Mar  -12.6 -22.5 150 1L 18 199 13
Apr  -13.2 -23.4 08 246 23 -14.6 -22.9 33 387 19
May 3.5 25 200 20
Jun  -12.9 -24.4 21 310 27 -15.7 211 43 578 22
Jul 0.4 30 7.5 25
Aug  -11.8 -24.5 1.0 112 29 -14.8 24.6 35 402 24
Sep 238 27 545 22
Oct  -15.5 -25.7 28 331 24 -16.2 -26.6 45 569 18
Nov 1048 22 389 16
Dec  -15.2 283 25 125 17 -15.4 -28.7 40 44 12
2004

Jan 146 -26.7 23 60 16 -15.9 -26.3 40 6.1 11

Feb  -144 -23.8 25 319 17 -15.7 -253 41 251 12
Mar  -15.2 -23.6 21 226 18 -14.4 -25.3 37 224 13
Apr  -14.7 -26.3 -7 65 21 -16.3 -24.1 3.7 34 19
May  -14.6 -26.1 0.6 138 25 -16.1 -23.5 3.7 4001 21

Jun  -14.1 -26.1 220 184 26 -15.8 -24.2 43 258 22
Jul -13.9 -27.1 22 208 28 -14.7 -24.8 46 264 24
Aug  -147 -25.6 07 221 28 -15.5 275 4.1 1190 24
Sep  -14.4 -23.6 42 629 27 -15.0 -24.5 65 536 22
Oct  -144 -28.9 31 269 23 -14.0 2254 550 33717
Nov  -143 -25.9 35 423 21 -14.9 278 51 344 16

Dec -14.2 -27.5 4.2 46.6 19 -14.1 -26.8 -55  80.1 14
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Another aliquot of water was also filtered on site as quickly as possible using a
precombusted (450°C) Whatman glassfiber filter (GF/F, 0.7 umin pore size, 47 mmin diameter).
Membrane with suspended particul ate organic matters covering on it was dried, acidified and
delivered for total organic carbon (TOC), nitrogen (TN), and carbon isotope measurements.

To measure the oxygen isotope composition of water, lake water was preserved in situ
within a bottle by addition of mercury chloride, and was equilibrated with CO, in a vacuum
system in thermostat at 30°C for two hoursin laboratory. The equilibrated CO, was subsequently
extracted to a mass spectrometer for measuring its stable oxygen isotope composition.

Carbonisotopic ratio of DIC and oxygen isotope composition of lake waters were measured
using a VG SIRA-10 triple collector mass spectrometer at the Institute of Earth Sciences,
Academia Sinica. Carbon isotope ratios of POC were analyzed using a Finnegan Delta Plus
mass spectrometer at the Department of Geosciences, National Taiwan University. The results
are expressed in d-notation with per mil (%o) relative to VPDB and VSMOW for carbon and
oxygen (Coplen, 1996), respectively. The precisions of the measurements were +0.06%o,
+0.10%o0 and +0.10%. for §*C-DIC, §"*C-POC and §**0-H,0, respectively.

Total organic carbon and nitrogen content of POM analyses follow the procedures
described in Ku et al. (2005). The decalcified sample was combusted using a ThermoQuest
EA1110 elementa analyzer to get the TOC and TN contents, and thus the calculated TOC/TN
ratio. The precisions of measurement for TOC and TN were both £0.2 wt%.

3. RESULTS AND DISCUSSION

3.1 Characteristics of §°C-DIC

Time-seriesof §°C-DIC valuesin both |akes showed seasonal variation with valuesranging
between -11.80%0 and -15.46%. for MHL, and -13.94%o. to0 -16.30%o. for SLP (Figure 2). The
mean §°C-DIC value of MHL (-14.14%o) was heavier than that of SLP (-15.16%o). The
8°C-DIC values of rainwater in winter season of 2004/2005 at the MHL and SLP were
-16.27%0 and -16.55%o. (Figure 2), respectively. Which are much depleted than the value -8%o
of air source (Langenfelds et al., 2002). The mean §"*C-DIC values of both lakes are close to
the rainwater sources, especially for the SLP, indicating that |ake waters source from rainwater
and are little affected by isotopic exchange between lake water and air CO,. Moreover,
photosynthesis of phytoplankton also affect the §**C-DIC of lake water, as evidently by
decoupled trends between values of §"°C-DIC and §**C-POC in the warm seasons during the
monitoring period.

On the other hand, our data also revea the impact of climate change on the §**C-DIC of
|lake waters. Heavier value from MHL during local drought episode from March-August, 2003
indicates the occurrence of enrichment of carbon isotope (Figure 2). During this drought period,
the mean monthly precipitation dropped while the §'%0 of |ake waters became heavier (Figures
3a; 49).

Apparently, §°C-DIC decreases with atitudes asindicated by the relative depleted value
in °C -15.16%o in SLP (alt. 470 m), as compared to -14.14%. in MHL (at. 50 m) (Figure 2),
which is similar to the trend of §'°0 in both lakes (Figure 4b). That is, therefore, more likely
dueto thelarger |ake size for the MHL would lead to stronger evaporation, and more extensive
isotopic exchange between water and air while the DIC pool is more enriched in **C. Bade et
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al. (2004) witnessed that the §*C-DIC of larger lake tend to be near isotopic equilibrium with
the atmosphere, owing to an increase in the gas-water exchange rate resulted from high wind
speed. Moreover, the §°C-DIC values in the SLP tend to show lighter values than that in the
MHL during the warm seasons in 2003 and 2004. We consider this as a result of a much
enhanced primary production deduced from §*C-POC values in the SLP during the intervals
(Figure 2).

3.2 Characteristics of §°C-POC

The §"*C-POC values in these two lakes were similar and fluctuated seasonally (Figure
2). The §**C-POC values during warm seasons are heavier than those in the cold seasons. The
seasonal trend is apparently corresponding to thermal effect of CO, dissolubility. Dissolubility
of gaseous CO, in surface water decreases with elevated air temperature. The §*°C value of
dissolved CO, is more negative, while bicarbonate usually has aless depleted in **C of carbon
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Figure 2. Monthly variation of 6**C values of dissolved inorganic carbon (DIC, solid lines) and particulate
organic carbon (POC, dotted lines) in lakes MHL (filled squares) and SLP (opened circles) between
Feb. 2003 and Dec. 2004. The 6**C value of DIC in rainwater of Feb. 2005 isindicated with dash
and dash-dot-dot line for the MHL (MHL-Rw) and SLP (SLP-Rw), respectively. C and W indicate
cold and warm interval in time, respectively. Horizontal grey bar marks the drought period in 2003.
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Figure 3. Time-series of 5180 values of lake surface waters of (a) MHL and (b) SLP, and monthly mean
precipitation (MP) and mean air temperature (AT) during 2003-2004 in the studied area, respectively.
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SLP during years 2003 and 2004. (C: cold season; W: warm season).
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isotope value (Mook et al., 1974). Their work revealed that the discrepancy of §**C value
between these two carbon pools is around 7.9%. at 25°C. A relative depleted §*C-POC value
in surface water, therefore, reflects the increase of incorporation of dissolved CO, into organic
products during algae photosynthesisin cold period. This temperature-dependent phenomenon
has also been verified by Sackett et al. (1965). Fontugne & Duplessy (1981) and Rau et al.
(1982) showed that the phytoplankton §°C valuesin sea surface waters become more depl eted
in *C when the sea surface temperatures were lower. The greater discrimination in §"°*C-POC
at high concentration of CO, dissolved in water than at low CO, were also respectively
documented by Estep et al. (1978) and Sharkey and Berry (1985).

However, it is suggested that §**C-POC more enriched in **C in the SLP than in MHL is
aresult of enhanced primary production in the SLP during the warm intervals in years 2003
and 2004 (Figure 2). The growth rate of phytoplankton in SLP might increase in association
with the rising temperature or strengthening sunlight in the early spring (Table 1), resulting in
less selectivity on carbon sources between dissolved CO, and bicarbonate ion, and little
discrimination on their *C and **C. In areview work, Meyers (1997) noted that smaller lakes
are generally more productive than larger ones. Furthermore, Hollander and McKenzie (1991)
and Lehmann et al. (2004) also observed the same trend as our data: that the POM enriched in
3C asprimary productivity increased during spring in Lakes Greifen and Lugano, Switzerland,
respectively. The enhanced primary production simultaneously impacted on a much depleted
3C for the DIC pool in the SLP than that in MHL during the warm seasons (Figure 2; Table 1).

Additionally, the ratios of total organic carbon to total nitrogen (TOC/TN) in particulate
organic matter are always smaller than 10 (Figure 5), indicating an algal origin (Meyers, 1994).
The §"*C-POC values indicate that phytoplanktons in both lakes photosynthesize by the C,
pathway. The lack of correlation between §**C-POC and TOC/TN (Figure 5) suggests that the
photosynthesi s products are composed of lipids, proteins and sugars (Degens et al., 1968), and
the composition of primary producers might vary through the monitoring period.

4. CONCLUSIONS

This study shows that the §"°C values of DIC were generally heavier in the plain lake
MHL compared to the hilly lake SLP. We interpret that larger |ake size, higher evaporation
and less photosynthesis activity in MHL are the principal controlling factors for the differences.
A more enhanced primary production revealed by §**C-POC in the SLP than the MHL during
both warm seasons in 2003 and 2004 is suggested. The §*C-POC lighter trendsin both studied
lakes from warm to cold time reflect the strong thermal effect on amount of dissolution of CO,
during winter season, and the selective utilization of dissolved CO, immediately after
replenishment as well.

ACKNOWLEDGEMENTS

We are grateful for the helps of Drs. Shuh Ji Kao and Wen-Tzong Liang, Ms. Hao-Yi
Chi, Hui-Wen Huang and Myint Lwin Myint, and Messrs. Chao-Chih Chen and Gee-Sheng
Wang. This manuscript benefited from constructive and helpful comments by two anonymous
reviewers. The Central Weather Bureau (CBW) and Taiwan Forestry Research Institute (TFRI)



PR R E B BT R

56 Western Pacific Earth Sciences, Vol.7
-20 T T T T T T
m MHL
O SLP O
22+ 4
n
o]
:3 [ ] . 5) u
= 24 o O T
@) mn 00
) O
A l6 °u
2: -26 [ | .O a '
| ]
- o]
n @]
o]
28 I . i
- (@]
_30 1 1 1 1 1 1 1
3 4 5 6 7 8 9 10 11
TOC/TN

Figure 5. Plot of TOC/TN ratios against **C-POC of |ake surface watersin MHL and SLP during years
2003 and 2004.

are also thanked for providing precipitation data. Thiswork has been supported by funds from
the National Science Council projects, NSC 92-2119-M-001-003 and NSC 93-2119-M-001-
008, and from the Academia Sinicafor the Integrated Project, Asian Paleo-Environment Change
(11): Holocene High-Resolution Paleo-Climate Reconstruction in Taiwan and its Neighboring
Area

REFERENCES

Bade, D.L., Carpenter, S.R., Cole, J.J., Hanson, P.C. and Hesslein, R.H. (2004) Controls of
§"°C-DIC in lakes: Geochemistry, lake metabolism, and morphology: Limnol. Oceanogr.,
49, 1160-1172.

Coale, J.J., Carpenter, S.R., Kitchell, J.F. and Pace, M.L. (2002) Pathways of organic carbon
utilization in small lakes: Results from awhole-lake **C addition and couple model: Limnol.
Oceanogr ., 47, 1664-1675.

Coplen, T.B. (1996) New guidelinesfor reporting stable hydrogen, carbon, and oxygen isotope-



BRRS © SR KR E R
Yang et al.: Lake water 6**C variations of DIC and POC, Northeastern Taiwan 57

ratio data: Geochim. Cosmochim. Acta, 60, 3359-3360.

Degens, E.T, Behrendt, M., Gotthardt, B. and Reppmann, E. (1968) Metabolic fractionation of
carbon isotopes in marine plankton, part I1: Deep-Sea Res,, 15, 11-20.

Descolas-Gros, C. and Fontugne, M. (1990) Stable carbon isotope fractionation by marine
phytoplankton during photosynthesis: Plant, Cell Environ., 13, 207-218.

Estep, M.F., Tahita, R., Parker, P.L. and van Baalen, C. (1978) Carbon isotope fractionation
by ribul ose-1,5-bisphosphate carboxylase from various organisms: Plant Physiol., 61, 680-
687.

Fontugne, M.R. and Duplessy, J.C. (1981) Organic carbon isotopic fractionation by marine
plankton in the temperature range - 1 to 31°C: Oceanol. Acta, 4, 85-90.

Hollander, D.J. and Mckenzie, JA. (1991) CO, control on carbon-isotope fractionation during
aqueous photosynthesis: A paleo-pCO, barometer: Geology, 19, 929-932.

Hsu, H.H. and Chen, C.T. (2002) Observed and projected climate change in Taiwan: Meteor.
Atmos. Phys., 79, 87-104.

Kao, S.J. and Liu, K.K. (2000) Stable carbon and nitrogen isotope systematics in a human-
disturbed watershed (Lanyang-His) in Taiwan and the estimation of biogenic particulate
organic carbon and nitrogen fluxes: Global Biogeochem. Cycles, 14, 189-198.

Ku, H.-W., Chen, Y .-G. and Liu, T.-K. (2005) Environmental change in the southwestern
coadta plain of Taiwan since late Pleistocene: Using multiple proxies of sedimentary organic
matter: Terr. Atmos. Ocean. <ci., 16, 1079-1096.

Langenfelds, R.L., Francey, R.J., P&k, B.C., Steele, L.P., Lloyd, J., Trudinger, C.M. and Allision,
C.E. (2002) Interannual growth rate variations of atmospheric CO, and its §"°C, H,, CH,,
and CO between 1992 and 1999 linked to biomass burning: Glob. Biogeochem. Cycles,
16, 1048, doi: 10.1029/2001GB001466.

Leng, M.J. and Anderson, N.J. (2003) Isotopic variation in modern lake waters from western
Greenland: The Holocene, 13, 605-611.

Lehmann, M.F., Bernasconi, S.M., McKenzie, JA., Barbieri, A., Simona, M. and Veronesi,
M. (2004) Seasonal variation of the §°C and 8N of particul ate and dissolved carbon and
nitrogen in Lake Lugano: Congtraints on biogeochemical cycling in aeutrophic lake: Limnol.
Oceanogr ., 49, 415-429.

McKenzie, J.A. (1985) Carbon isotopes and productivity in the lacustrine and marine
environment. In Chemical Processes in lakes (Edited by Stumm, W.), pp99-118, Wiley.



PR P N E B E ETE
58 Western Pacific Earth Sciences, Vol.7

Meyers, P.A. (1994) Preservation of elemental and isotopic source identification of sedimentary
organic matter: Chem. Geol., 144, 289-302.

Meyers, P.A. (1997) Organic geochemical proxies of paleoceanographic, paleolimnologic,
and paleoclimatic processes: Org. Geochem., 27, 213-250.

Mook, W.G., Bommerson, J.C. and Stauerman, W.H. (1974) Carbon isotope fractionations
between dissolved bicarbonate and gaseous carbon dioxide: Earth Planet. ci. Lett., 22,
169-176.

Peng, T.-R. (1995) Environmental Isotopic Study (8"°C, §'®0, *C, T) on Meteoric Water and
Groundwatersin I-Lan Area. Ph.D. thesis, National Taiwan University, 248p. (In Chinese
with English Abstract)

Peng, T.-R., Wang, C.-H. and Liu, T.-S. (2002) Hydrogen and oxygen isotope variation in llan
precipitation: Taiwanese J. Agricul. Chem. And Food Sci., 40, 336-346. (In Chinese with
English Abstract)

Quay, P.D., Emerson, S.R., Quay, B.M. and Devol, A.H. (1986) The carbon cycle for Lake
Washington - A stable isotope study: Limnol. Oceanogr., 31, 596-611.

Rau, G.H., Sweeney, R.E. and Kaplan, |.R. (1982) Plankton C**/C*™ ratio changes with latitude:
differences between northern and southern ocean: Deep Sea Res., 29, 1035-1039.

Sackett, V.M., Ekelmann, W.R., Bender, M.L. and Bé, A.W.H. (1965) Temperature dependence
of carbon isotope composition in marine plankton and sediments: Science, 148, 235-237.

Scartazza, A., Mata, C., Matteucci, G., Yakir, D., Moscatello, S. and Brugnoli, E. (2004)
Comparisons of 3*°C of phytosynthetic products and ecosystem respiratory CO, and their
responses to seasonal climate variability: Ecosys. Ecal., 140, 340-351.

Sharkey, T.D. and Berry, J.A. (1985) Carbon isotope fractionation of algae as influenced by
an inducible CO, concentrating mechanism. In Inorganic Carbon Uptake by Aquatic
Photosynthetic Organisms (Edited by Lucas, W.J. and Berry, JA.), pp389-401, American
Society of Plant Physiologists.

Street-Perrott, F.A., Ficken, K.J., Huang, Y. and Eglinton, G. (2004) Late Quaternary changes
in carbon cycling on Mt. Kenya, East Africa: an overview of the 8°C record in lacustrine
organic matter: Quat. ci. Rev., 23, 861-879.

Talbot, M.R. (1990) A review of the palaeohydrological interpretation of carbon and oxygen
isotopic ratios in primary lacustrine carbonates: Chem. Geol., 80, 261-279.



BRES © GERILESEIOZKRFA R,
Yang et al.: Lake water 6**C variations of DIC and POC, Northeastern Taiwan 59

&8 RIS RAE R E ST Ak B AL & HeAE 4k

BrRb' CHEZEEYR - E2gE CRTET e’

m‘

1. ¥ 5} R IR sk A 25 2 P
2. A G REWEHNELEMEA
3. Bl E K L3k SR F 2 4

W =

2003 4 % 2004 41 > 4t & M R a AR ERE KETH
M TR RS MR R RRRL R A e 0043 R Bl R LB A o A

WEBRII SR AR BERBHEL T AREAWE £+ AR
TLARSLAE G IR o R a R R KRR AR A AR 2 o BUELE SIS
A BA oyt AR (<10) > BESm AR R AR A b R R & %
B84 AR 0 Hek Bl AL E LEAE A7 -21.1%0 F0-28.9%0 2 4] > 4B ¥H#k & th
R B RFAFE o sbsh 0 ERFRGBPZ R A5 10 0 R
Z REk A M R b A AR AT 4T 0 BRI MR S sds o M
TR RE Ak Bl R A Z B R A 514G 0 A 2 B R AR
£ #e ok Bl AL LAl B LA 3 o ) Sh e HE T B A4t 4) 2003 4= A
EANAHM > BEREEREEMALERERREEL 3% - tb—&
A RE MR Bl F EL A B E R 0 T AR 2003 4734 & A 9L
FHEM -

BoRsR  RARRS BARAR A > AR R C RS A MR BTREME - 68

1. 5K E T EHER © tnyang@earth.sinica.edu.tw



60

PaRFEFEMERZE FTE
Western Pacific Earth Sciences, Vol.7



