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ABSTRACT

Thisstudy presentsresults of magnetic susceptibility and
secular variation patter n of paleomagnetic intensity for a piston
core (3.69 m long) taken from Sun-Moon L ake incentral Taiwan.
A total of 145 specimens wer e analyzed. Four levels of the core,
at depths of 48cm, 201cm, 309 cm and 367 cm, have been dated
by C-14. The ages of these levels ar e proposed to be 540 + 50 yr
B.P., 5,150 + 50 B.P., 10,960 + 60 B.P. and 19,460 + 230 B.P.,
respectively (Lou, 1996).

Paleomagnetic intensity secular variation patter nshows two
peaks appeared at cor e depths of 280-300 cm and 205-235 cm.
Comparingthisrecordto previous studiesat Taipe Basin, Taiwan
(Lee, 1999) and Taihu area, China (Wang, 1998), the ages of the
center of these two levels could be assigned to about 10,000 yr.
B.P. and about 7,400 yr. B.P., respectively. They are quite
consistent to the C-14 age. However, no other high intensities
could befound in thetime interval prior to 10,000 yr. B.P. Thisis
very different fromtherecord of Taipa Basin where sever al other
peaks have been repor ted between 20000-10000 yr. B.P. Thus,
the results suggest that either there was a sedimentary
inter ruption during thelast glacial timeor C-14 agedated at depth
of 367 cm, about 19,500 yr. B.P., by Lou (1996) couldbe too old.

Magnetic susceptibility measurements indicate that high
values appear at depthsof 0-32 cm, 194-205 cm, 256-280 cm and
290-318 cm where the major constitution of sediments is mud.
Extremely low magnetic susceptibility valuesar e found at ther est
of the portions of the core wher e sediments are dominately peat
layers. Some of these layers even have zero or negative
susceptibility values Thisimplies that peat layer s contained fewer
magnetic minerals than muddy layers and might contain
diamagnetic material.
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High magnetic susceptibilities are found to consistently
appear at timeintervalslater than the occurrenceof cold and dry
events proposed by pollen assemblage analysis (Lou, 1996). This
phenomenon is unlike the results from Yuan-Yang Lake where
high magnetic susceptibility peaks were formed during cold and
dry periods according to the inter pretation of Lee et al. (1998).
The difference of the two recordsis consider ed to be due to the
sediment transportation system. The sediment source at the
studied area isrelatively far away from the coring site, and the
very fewinlet streamsat Sun-Moon Lake ar ea probably took more
time to transport the muddy sediments into the lake. That is
pr obably the main factor to causethe time delay between the
magnetic peaksand the cold and dry events proposed by the pollen
assemblage analyss. I n addition, the high magnetic susceptibility
found at the top part of the core studied could berelated to the
environment change caused by the construction of the dam.

K ey wor ds: magnetic susceptibility, lake sediment, NRM, ARM, paleo-intensity,
secular variation, environment change

INTRODUCTION

Paleomagnetic data including polarity reversals, secular variation patterns of the earth
magneticfidd and magneticsusceptibility records, have been consdered tobevery useful for
paleo-environment change studies. Thisis because that these results notonly provide high-
resolution continuous recordsfor stratigraphic correation and precise age controlled data, but
they also supply directinformation about paleo-environment changes. Inthelas two decades,
they have been broadly applied to analyze sedimentary sequences, such as sequences for
deep-sea cores, lake sediments and Chinese loess, etc. (Barton & McElhinny, 1981; Creer,
1974;1977; Creeretal., 1976; 1980; 1981; Hyodoetal., 1993; Turner and Thompson, 1981,
Thouveny etal.,1994).

However, before the '90s, most secular variations and polarity studies on sedimentary
rocksdealt only withthe directional pattern of the pdeomagnetic field but nottheir paleo-
intengty. Thisisduetothe factthat therma remanent magnetization (TRM) acquiredby volcanic
rocks hasthe 'activity' property of partid TRM, butdetrital remanent magnetization (DRM)
acquired by sedimentary doesnothave. Inaddition, oxidationof magneticminerasof sediments
often occurred during heaing processes. These makeitvery difficult to Sudy paleomagnetic
intensity of sediments. Tric etal. (1992) used anhy steres sremanent magnetization (ARM) to
simulate theacquigtion of natural remanent magnetization (NRM) and successfully conduded
that the stratigraphic variation patterns of the ratio of NRM to ARM both after 20 mT cleaning
could monitorthe existing discretepa eo-intensity recordsandyzed from volcanicrocks Since
then, several similar studieshave been madefor lacustrineand marine sediments(Meynadier
etal.,1992; Vdet& Meynadier,1993;Y amazaki & 10ka, 1994). Suchintensity secular variaion
patterns have been extended to about 4 million years before present (Valet & Meynadier,
1993).
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Togudy paleo-dlimatechangesincentrd Taiwan, Lou (1996) analy zed pollenassemblages
of alacustrine sediment coretaken from Sun-Moon Lake. For agecontrol, hechosefour leves
to do AMSC-14 dating. Based on these four age data, he constructed a timehistory forthe
core gudied and indicated that thiscore covered the information for thelast 20,000 years. He
reported several periodsof pa eo-climate change duringthistime period. In addition, he pointed
out that there was avery low sedimentation rate between 10,000 to 20,000 yr.B.P. In order to
edablish more precisetime series, we decided to do apaleomagneticintendty andysisfor the
same coreand itwill bepresented in thisstudy. In addition, amagnetic susceptibility analyss
fora coretaken from Y uan-Y ank Lakein northern Taiwan hasprovided information about
paleo-climate changes for the last 4,000 years in that area (Lee €f al., 1998). Theresults
indicated thathigh magnetic susceptibilitieswere oftenfound inassociaionwith cold and dry
seasons based on pollen analysisin that area. To see whether magnetic susceptibility could
alsoreflect sgnalsof pa eo-climate changesin central Taiwan, thevariation pattern of magnetic
susceptibility of ssmpleswasalo analyzed inthis study.

Touse scular variation pattern for stratigrgphic correlation and age control, thebest way
isto havethe regional recordsfor comparison. Itisdueto that the core sudied usudly hasshort
time gpan, the characteristicsof dipoleand non-dipole effects of the earth magnetic field need
tobetaken into consdertion. In Taiwan anditsneighboring area, therewerealready two pal eo-
intensity secular variation records available(Lee, 1999; Wang, 1998). These two data sets
covered anageinterval of thelast 21,000 years. They could beused asa basefor correlating
theresultsof this study to them.

GEOLOGICAL SETTING AND LITHOLOGY OF THE CORE

In central Tawan, there aremore than 10 lakebasinstrendedin NNE-SSW direction.
These basinsspread about 30 kmalong N-Sdirection. Most of them are dried at present day
except the Sun-Moon Lakebasin. Sun-Moon Lakeisthe largest lake in Taiwan now, which
coversan areaof about 20 km? snceadam has been congtructed for dectricity supply in 1950.
Itslocationis23°51'N of | atitudeand 120°54'E of longitude (Fig. 1). Originally, the heightof the
lake surfaceis about 726 mabove sealeve and the water depthisabout 4.6 m. However, the
lake surface can raiseby 18 mduring rainy seasonin summer.

The Sun-Moon Lake basin was developed during Late Pleistoceneto Holocene. Ithas
already accumulated morethan 30 meters thick lacugrinedeposits. Thelake could be divided
into two parts: the larger one, Sun Lake, inthenorth and the smaller one, Moon lake, inthe
southwest (Fig. 1). The source of lake water generally comes fromthe rainfalls, only very
minor of itcomesfrom itsthree inlets: two small streamsin the wes and onein the east. The
yearly ranfdl in the sudied areaisabout 2,340 mm in average.

The corestudied was taken from the northern part of the Moon Lake. Sitelocality is
shownin Figure 1 wherethe water depth isthedeepes part of the whole lake. A coring system
(madeby ETH) wasemployed to raise cores The recovered length of the coreanalyzed inthis
study is3.69 m. Itismainly condituted of peat layers, mudlayers and organicdebris Generdly,
the peat layersaredark-brownto dark-gray in colored and themud layersareyéd lowish-brown
orlightgray in color. The detaled lithology of thiscoreisshowninFigure?2.
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Figure 1. Sketch map of Sun-Moon Lakeshowing the site locality of the studied core(denoted as*).

SAMPLING AND LABORATORY ANALYSIS

A total of 145 sampleswere taken from the sedimentary piston core by using plastic
boxeswith thedimension of 2.0 cmx 2.0 cmx 1.6cm. Thedratigrgphica heightsof the studied
samples werecarefully documented.

Low field magnetic susceptibilities (c ) of thesamples were measured on aBartington
M2 susceptibility ingrumentat its low frequency mode. Thenatural remanent magnetization
(NRM) of thesamples and their demagnetization treatments were carried out on ahorizontal
type of cryogenic magnetometer (modd SRM 755 of the 2G Enterprise Company, equipped
with a three-axis AF demagnetizer). Demagnetization employed progressive increasing
alternating field (AF) and the steps arefrom OmT to 100 mT with an increment of 10 mT.
After, anhysteressremanent magnetization (ARM) of the sampleswas built up by goplyinga
stable magnetic field of 1 Gauss inassociated with an AF demagnetization field of 100 mT
(peak value) @ the sametime. Finally, the samples' ARMsweremeasured and demagnetized
agan with the completely same procedures asthose treated for NRMSs.

Stratigraphical variation patternsof c/NRM and c/ARM at different demagnetization
steps werefirg compared. Itisfor thepurpose of choosingthe optimum level for paleomagnetic
intensity study. Tosimulate the intensity secular variation pattem, NRM vs. ARM pattern at
thechosen demagnetization stagewasthenandyzed. I n orderto establish aprecise timesequence
for the corestudied, the NRM/ARM pattern iscompared to the other recordsin Taiwanandin
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China (Lee, 1999; Wang, 1998) in consideration of all the dated C-14 ages. Finally, the
stratigraphical pattems of NRM and ARM (both before demagnetization treatment) and the
magnetic susceptibility were set up, andapplied to investigate theevents of paleo-environment
changes.
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Figure2.Lithology of the studied coretaken from Sun-Moon Lake.
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RESULTS

Four levels, & depths of 48 cm, 201 cm, 309 cmand 367 cm below core top, have been
subjectedto carry out the AMS C-14 dating. Theresultsindicate that the calibrated C-14 ages
of these four levelsare 540+50 yr.B.P., 5,150+50 yr.B.P., 10,960+60 yr.B.P., and 19,460
+230yr.B.P., respectively (Lou, 1996). They were generally referred for constructing time
sequence in this gudy, but their accuracy will be discussed later.

Figure 3showsthestratigrgphicd variation paternsof c/NRM and c/ARM at four different
demagnetization steps O mT, 10mT, 20 mT and 40 mT. Theresultsindicatedthat at both 0 and
10 mT stages, patternsof ¢/NRM and ¢/ ARM aremore similarthan the others In consideration
of NRM before AFdemagnetization may contain some secondary components, thus, theresults
after 10 mT deaning stageis considered to be the most representative dataset to be used for
monitoring paleomagneticintensity variation. Theintensity secular variationpatern smulated
by the NRM/ARM at 10 mT demagnetization sage isshown in Figure4. From thisfigure, two
high peaks gppeared at depthsof about 290 cmand 250 cm could berecognized.

Stratigraphical distributionsof magneticsusceptibilities, NRM and ARMintenstiesbefore
AFdemagnetization treatments are shownin Figure. 5. It could be found that high magnetic
susceptibiliiesappear atthe depthsof 290-318 cm, 256-280 cm, 194-205 cmand 0-32cm,
especially the first three zones. However, the other parts of thecore have extremely low
magnetic susceptibility values, someof them even appear to have zero or negativevalues. It
could dso befound that thetrend of magnetic susceptibility isdifferent from thoseof NRM and
ARM. What the ggnificance of these trends and theirimplicationsto environmental changes
will bediscussed |ater.

DISCUSSIONS

Itiswd| known that magneti ¢ secular variation pattern could provideage control in addition
totheC-14 dating. To dothis, theobta ned sequenceshould be correl ated tothe exiged records.
Ingeneral, local or regional recordsare better than globd eventsfor the correldion. Thisisdue
tothecharacteristics of dipoleand non-dipole componentsof the earth magneticfield. Previous
pdeo-intensity studiesof the sedimentary cores sampled from Taipei Basin, Tawan and from
Tahuarea, Chinahave supportedthisargument (Lee, 1999; Wang, 1998). Severd highintensity
peak areas have been investigated inthesetwo records.

Inthe presentstudy, two high intensity peakscould befound at depthsof 280-300 cm and
205-235 cm (Fig. 4). In comparison this resultto thetwo previousrecords by Lee (1999) and
Wang (1998) and taken the C-14 data of thethree records into account, the center part of the
two high peak areacould beassigned to havethe ages of about 10,000 yr.B.P. and of about 7,
400yr. B.P, respectively. However, unlike the two previousrecordsto show the existence of
someother highpeakshagppened at the ageinterva between 10,000to0 21,000 yr. B.P., nothing
could befound a the presenttime sequence. Ste localities of the three recordsarenot very far
apart. Thus thethree different areas should show the same geomagnetic behavior because
they are under the same dipole and non-dipolefield control. Why the three recordsare so
differentisworthy of further investigation.
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Figure 3. The stratigraphical variation patterns of ¢ (magnetic susceptibility) v.s. NRM and ¢ v.s.ARM
at different demagnetization steps.
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Figure4. Thestratigraphicd variation pattem of NRM v.s ARM at 10 mT demagnetizationstepmonitoring
thesecular variation of paleomagneticintensity.
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Figure5. Thestratigraphical digributionpatternsof magnetic susceptibility, ARM and NRM intensties
before demagnetization treatment of the studiedcore taken from Sun-Moon Lake, Central Taiwan.
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A possibleinterpretation isthat sedimentary interruption occurred during thetimeinterval
between 19,000 yrB.P. and 13,000 yrB.P. Thisis due to that two high intensity peaksfound at
the record fromTaipel Basn appeared at dbout 13,500 and 17,500 yrB.P. (Lee, 1999), butthey
are not recognized in the present study. The proposed time interval for the occurrence of
sedimentation interruption is quite possible, becauseitis just located within theperiod of last
glacial maximum. Low organic production and low water leve probably preventthe sediments
fromdeposition duringthat time.

Comparing the magnetic susceptibility trend shown in Figure 5 to the lithology of the
studied core (Fig. 2), it could be found that the constituents of the samples appeared high
magnetic susceptibilitiesdominate mud sediments and the others are peat layers. Obviously,
mud layers contained much more ferromagnetic minerasthan the pea layers. Furthermore,
zero and negative magnetic susceptibilitiesappeared a peat |ayers may reflect that these layers
contaned only the paramagnetic and/or diamagnetic materials. The different kindsof magnetic
minerds contained in different portions of the core undoubtedly result different magnetic
properties. Thisimplies that the anount of magnetic minerals might not be the only factor to
reflect magnetic behaviors of the sediments. Thisis proved by the fact that the NRM and
ARM patterns did not show the same trend as tha of the magnetic susceptibility.

L ee etal. (1998) studied magnetic susceptibility pattern of asediment coretakenfrom
Y uan-Y ang Lakeand indicated thathigh magneticsusceptibiliies wereinvegigated to occur
during cold and dry seasons. They interpreted the phenomenon asreative large amount of
detritussedimentswere eroded fromthene ghboring rock formations and were brought into
thelake during thosetime periods. Rock sediments usudly contained much moreferrimagnetic
mineralsthan the layers of organic materials Thisisthereason for forming high magnetic
susceptibilities duringcold and dry time. If this isal sothe mechanism for the Sun-Moon Lake
area, the 4 high magnetic susceptibility peak zones shown in Figure 5 should represent 4
different reative cold and dry periods.

However, analyzed pollen assemblagesof the samecore, Lou (1996) pointed out that the
sediments have been disturbed dueto theconstruction of the dam since 1950. So, thehigh
magnetic susceptibility zone found at the top 32 cm of the coreprobably rdated to such event
of environment change. Furthermore, healso indicated that dry periodsappeared at thedepth
bdow 320cm, 290-280 cmand 230-170 cm. Thethirdzoneissomehow consigentfor both the
two datasets But, for thefirsttwo periods, obvioudy, the appearance of dry season proposed
by pollen assemblageis earlier than that by magnetic susceptibilities. Itis believed that the
difference mightbe dueto differentconditionsof thedeposition environments. Congdering that
the high peaks of magnetic susceptibility were due to accessthe rock sedimentsfrom the
surrounding rock formations, then, itcould be foundthat rock formationsare much doserto the
depostion areaof lacudrinesedimentsat theY uan-Y ang L ke area than that at the Sun-Moon
Lake area. During cold and dry periods, sediments eroded from the rock formations could be
transported very fastintothe Y uan-Y ang Lake,i.e. thetimelagisrelatively very short. However,
itwould not happen at Sun-Moon Lakearea. It hasmentioned beforethat the Sun-Moon Lake
coversan areaof about 20 km? and very few inlet streams could be found in it surrounding
area. It impliesthat beforethe dam iscondructed, the site locality of this Sudy should befar
away from the surrounded mountain relativeto the Yuan-Yang Lake area. Very few inlet
streamsexisted mightmean that sedimentserodedfrom therock formationswere very difficult
to betrangported into the deposition areaduringcold and dry periods. Until wet periods, when
theinlet Sreamshaveenough energy, then therock sedimentswere broughtinto thelakearea.
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This might be the reason for the inconsistency of indicating theappearance of cold and dry
period by high magnetic susceptibility peaksand pollen analysis & the Sun-Moon Lakearea.

In summary, the high magnetic susceptibility zones, found in the Figure 5, should not
representthe cold and dry periods as thatindicaied atthe Y uan-Y ang Lakearea. Instead, it
may represent atimelagdueto different depositiona environment, an environmentchangeetc.
This certainly needsto be further sudied.

CONCLUSIONS

Inthis gudy, pdeomagnetic intensity secular variation patern was not only successfully
used for helping C-14 dating to set up a more precisetime seriesof alake sediment coretaken
from Sun-MoonL akeat central Tawan but d o corrected theC-14 dating. Twopeaksgppeared
at core depths of about 280-300 cmand 205-235 cm areassigned to be about 10,000 yr.B.P.
and 7,400yr.B.P., respectively. Noother high intenstiescould befound prior to 10,000 yr.B.P,
which is very different from the other record from Taipei Basin. Thisimplies that either
sedimentary interruption had occurred between 10to 20 kyrB.P. or the C-14 age dataat depth
of 367 cm(Lou, 1996) may bedated too old.

Magnetic susceptibility variation pattern indicated that high peaks gppear at depthsof O-
32cm, 160-190 cm, 194-205 cm, 256-280 cmand 290-318 cm wheresedimentsaremostly mud
incomposition. Thereg portions of the corearedominately by peatlayers where the magnetic
susceptibility measurementsare extremely low, some of them even have zero or negative
vaues. Thisimpliesthat peat layerscontained much lessmagnetic minerdsthanmuddy layers.
Furthermore, the high magnetic susceptibilities zonesare found to appear at the time interval
later than the occurrenceof cold and dry events proposed by pollen assemblageanadysis(Lou,
1996). If thehigh magnetic susceptibilities reflected the amount of rock sediments eroded
during coldand dry periods, the5 recognized high magnetic susceptibility zonesof thissudy are
proposed to appear within the warm and wet periodsingead of cold and dry timeintervals. This
propostionis differentfrom that proposed atthe Y uan-Y ang Lake areabecause of the difference
of depositional environments of the two lakeareas.
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